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Ji - Video or AudioNisual training. material 

INTRODUCTION 

This Technical Procedure provides the information necessary for the preparation and sealing of the 
spud bar holes. 

RESPONSIBILITY 

The Project Engineer will ensure that all necessary materials and equipment required for the job are 
available and that relevant procedures have been developed for the process. 
The Superintendent will ensure that the established procedures are used to complete the work and 
that appropriate competent personnel are available to carry out the works. 
The Shift Boss will be responsible for ensuring that the correct grouts and epoxies are used for the 
correct application. 
The QA Engineer shall be responsible for correlating spud bar hole sealing information. 

EQUIPMENT REQUIRED 

Welding gun 
Shotpatch 20 
Barra Emulsion AC 
Lokset Rapid or similar 

SAFETY EQUIPMENT REQUIRED 

Personal Protective Equipment 
Goggles / glasses. . 

Gloves (Rubber PVC) 
P2 dust mask when breaking / handling premix dry pack. 

ENVIRONMENT 

Dispose of waste materials and packaging in the approved location. Runoff must be controlled and 
collected for treatment before release from site. 

PERMITS 
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Not Applicable 

PREREQUISITE COMPETENCY SKILLS 

All personnel must complete the site surface induction prior to commencing work or entering the site. 
All welding personnel must complete either a Partec Welding Course or the Roslok welding training 
course. 

FREQUENCY OF ACTIVITY 

Each spud bar hole 

REPORTING 

POJV Inspection and Test Plan 
POJV Shift Report 
POJV Spudbar sealing checksheet 

ACTIVITIES 

Spud bar holes will be sealed using the following method. 

a) Each spud bar hole will be thoroughly cleaned and any laitance, hardened slurry, grease and/or dirt 
will be removed from the hole so that only sound grout is evident. The uPVC around the outside of the 
hole will also be cleaned. 

b) Dry pack the spud bar hole with Shotpatch 20 using a small amount of Barra Emulsion AC to 
moisten the mortar. Dry pack the entire hole to within 30 - 50mm of the uPVC lining. Allow the 
mortar to harden. 

c) Roughen the interior of the remaining 38mm hole to ensure a good key joint using a wire brush or 
wire brush wheel. 

d) Apply by gun - Lokset Rapid or equivalent. 

e) Fill the remaining 30 - 50mm of spudbar hole with the epoxy paste. The paste will have the same 
consistency as plasticine to enable it to stay in place in the overhead holes. 

f) Place the uPVC disc centrally over the epoxy filled hole and firmly push home so that the "T" is fully 
encased in epoxy. Clean away any excess epoxy and ensure weld area is clean.The disc will 
overlap the uPVC liner and will temporarily be held in place by duct tape until the epoxy sets. 

Note: When the disc is placed on the uPVC liner ensure that the "T" runs longitudinally. ie along 
the length of the tunnel. 

g) Weld uPVC. Refer - In Tunnel Joining Technical Procedure 25321M1\41. Note: The minimum time 
before welding the uPVC disc must be 3 hours to allow the epoxy to set. 

RISK/HAZARD CONTROL 

DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 
Risk Assessment 

Dry packing 
Eye injury Wear goggles 

2532 \MI \079 - Spud Bar Hole Sealing, Revision 1 (Uncontrolled Copy) Page 2 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 4 of 542



Skin injury Wear disposable overalls or long 
sleeved shirt 

Compressed air injury Secure air lines with 
chains/minsup clips 

Wrong mix Use only bagged approved mix 

ATTACHMENTS 

Inspection and Test Plan 
Spud Bar Hole Sealing Checksheet 
Lockset Rapid Technical Data Sheet 
Shotpatch 20 Technical Data Sheet 

Audit Checklist 
Last Page of 253211v111D061 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Title: ITP: Spudbar Hole Sealing 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Andrew P Ridout 

Joint Venture 

Reference ITP-2532\MI1079 
No: 

Status: Approved 
Revision: 1 

Revision 05/03/2001 
Date: 
Date: 05/03/2001 

Scope of Dry packing and sealing of spudbar holes. 
Work: - 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria . 

Insp. 
P: Project 

- C: Client 
D: Designer 

M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

--- - - 

1 Health and Safety Each Shift Ventilation on and 
safety gear in use 

P: HP 
C: S 

Shift Report 

2 Design of spudbar 
sealing 

Sealing 
method 

Approval from 
uPVC 
manufacturer 

P: WP 
C: S 

Manufacturers 
correspondence 

3 Dry pack material DS-04.2 & 
TS-301.1 

Each material Installed as per 
manufacturers 
data sheet. 

P: WP 
C: WP 

As per manufacturers 
data sheet 

4 Spudbar hole clean 
and roughened 

For each 
spud bar hole 

Hole clean and 
roughened 

P: WP 
C: S 

Spudbar Hole Sealing 
Checksheet 

5 Dry pack spud bar hole Each spud 
bar hole 

Dry pack tamped 
correctly and 
installed to within 
30mm - 50mm of 
uPVC liner, 

P: WP 
C: 

Spudbar Hole Sealing 
Checksheet 

6 Epoxy grout 
.- 

Each Spud 
bar hole 

Epoxy mixed and 
inserted correctly. 

P: 

C: 
Spudbar Hole Sealing 
Checksheet 

7 Place uPVC disc Each Spud 
bar hole 

' 

Fix uPVC disc and 
hold in place with 
duct tape or similar 
until set 

P: 
C: 

Spudbar Hole Sealing 
Checksheet 

8 Welding of uPVC discs Each Spud 
bar hole 

As per TP 
25321MI1041 

P: 
C: 

2532\MI \041 attachment 
Manual Welding Record 
Sheet 

TP & ITP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: Spudbar Hole Sealing 

Date: 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty. Limited. 

Response VVorkflow 
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GBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\079 - Spud Bar Hole Sealing 
Title: 
Attachment Spud Bar Hole Status: Approved 
Title: Sealing Checksheet 
Category: Mining Revision: 1 

Location: 51 Sewer Tunnel Project: 2532 
Date: 12/09/2000 

Date: Liner No: 

Spudbar Locations : (Mark on map below and number) 

Invert. 

Crown 

Invert 

Hole No Hole 
cleaned 

Hole 
roughened 

Drypack 
installed 

Epoxy uPVC disc 
placed 

Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16. 
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17 

18 

Signed EOJV: Signed Brisbane Water: 

Last Page of Spud Bar Hole Sealing Checksheet 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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set .Rapid 

- Twin cartridge gun applied fast set 
polyester injection anchor system 

Uses 
High strength fast set anchoring of a variety of sizes and 
types of bolts and bars into concrete, rock. masonry and 
brickwork where high speed of instalkeion and early 
application at bad Is required. 

Permanent installation of reinforcement starter bars, 
foundation bolts, base plates, balustrades, barriers and 
safety fencing, railway tracks, tie-back anchors, 
reinforcemerd doweling abutments, ground anchors etc. 

Advantages 
Rapid strength gain. 

Provides extremely high pul out loads. 

Non-sag for anchoring in vertical and overhead 
applcations. 

Weston resistant - energy absorlikig of dynamic and 
repetitive bad forces. 

Can be used to install a variety of anchor bolts and 
starter bars eg: black, zinc plated, galvanised and 
stainless steel. 

Convenient - built-in mixer nozzle provides a uniform. 
consistent mix with minimal wastage. 

Moisture tolerant - application can occur while the 
substrate is wet or submersed in water. 

Description 
Lokset Rapid is part of the Parbury Technologies range of 
structural adhesives and grouts for use in the construction 
industry. It combines ease of mixing and appkation with 
high strength performance and features a non-sag, paste 
Eke consistency before hardening. 

Lokset Rapid is supplied in a convenient 330 ml twin 
cartridge pack complete with static mixer head. Lokset 
Rapid application guns are also available through your local 
Parbury Technologies branch. 

Technicsai support 
Parbury Technologies offers a comprehensive range of high 
quaky, high performance construction products. In addition, 
Perbury Technologies offers technical support and on-site 
service to specifiers, end-users and contractors. 

Design criteria 
Lokset Rapid is used where hole diameters are less than 
25 mm greater than the bar or bolt diameter. 

Lokset Rapid is used in overhead and horizontal holes 
where the thixotropic nature of Lokset Rapid minimises 
flow of material out of the hole. 

Working loads - concrete (refer table below) 

Anchor 
Thread 

Size 
Hole 

Diam. 

Min 

Anchor 
Embed 

Max . 

Tightening 
Torque 

Working Loads - 
Tension & Shear (kN) 

Concrete Compressive 
Strength 30 Mpa 

Minimum 
Distance 
Between 
Anchors 

Minimum 

Edge 
Distance 

Tension Shear 
?.$9 lOrrrn 00mm fiNrn 4.3kN 4.5kN 50rmi 5Orrni 

M10 12rrrn 90rrtrn -15Nrn 5.9Wl 7.1kN 60nrn 60mm 
M12 14rrm 110orn 30Nrn &4kN 10.61cN 7Crrrn 70nrn 
M16 16nrn 129nrn 70Nrn 12.3kN 20.0kN 100rrrn 10Crryn 
M20 24rrrn 150arn 140Nkw 19.7kN 302kN 12Cnrn 12Orron 
M24 28rrrn 1813= 230Nm 22.7kN 43.6kN 14Orrrn 140mrn 
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Properties 
Data quoted typical for this product but does not constitute 
a specification. 

Gel time: 

Temp (°C) Gel time (mins) Minimum ante 
before load (hours) 

5 30 5 

10 20 4 

20 10 2 

30 5 1 

Compressive strengths: 

After the minimum time before load, the grout 1M:sly 
attains a compressive strength in-excess of 20 We. 
Lokset Rapid typically achieves art ultimate compressive 

strength of 90 MPa. 

Sheer strength: 30 MPa. 

Chemical resistance: 
- - -- 

The cured resin is resistant to petrol. oil, grease and most 
acids, alkalis and solvents. 

Application instructions 
Hole preparation and formation 

Drill the hole to the correct diameter and depth for the 

particular size stud bolt being installed. Optimum 

performance of Lokset Rapid requiress rough sided, dust 
free hole. Use of a rotary percussive drill with air or water 
flushing is recommended. 

Cast holes should preferably be of inverse dovetail 
configuration. If parallel sided holes are cast they should 
be rough to provide adequate keying. 

Brush the hole using a round pipe cleaner type brush. 

Blow out all dust. 

Bar preparation 

All bars should be degreased and all flaky rust removed. 

Installation 

Before any new cartridge Is introduced to the hole, holding 

the cartridge upwards at 45' to the ground, disperse the 
first part (20 mis) of the cartridge until the mixed resin Is an 
even consistent colour. 

Insert the nozzle and fal the hole to at least half the drill 

depth. 

Before the resin gels, insert the bolt into the hole and rotate 
to tufty coat the threads of the bee. Continue to fill until 
resin flows around the top of the hole when the stud bolt is 
fay pushed home. 

After the resin has fully cured, attach the fixture and tighten 
the nut. 

Cleaning 

Guns and excess resin should be cleaned within the pat life 
of the Lokset Rapid. Fosroc Solvent 10 is available for this 
purpose. 

Supply 

Lokset Rapid - 330 ml cartridge 

Storage 

This product should be stored away from naked flame and 
high temperatures. 

Shelf life of 12 months at 20°C cart be expected. This is 

reduced if exposed to higher temperatures. 

Pre es.a u ti one 

Avoid contact with skin and eyes and avoid breathing 
vapours. Use only In well ventilated areas away from heat, 
sparks or naked flames. Wear protective gloves and eye 
protection when mixing or using. 

If poisoning occurs, contact a Doctor or Poisons 
information Centre immediately - phone 13 11 25. If in 

eyes, hold eyes open, flood with water for at least 15 

minutes and see a doctor. tf skin contact occurs, remove 
contaminated clothing and wash skin thoroughly. 

A product Material Safety Data Sheet is available to users 
on request to their nearest Parbury Technologies Branch. 
Read MSDS. Data sheet and label carefully before first 

use. In emergency, contact any Poisons Information 

Centre. 

Fire 

Lokset Rapid resin is flammable. Confined areas must be 
well ventilated and no naked flames allowed. DO NOT 

smoke during use. 
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neehttance and creep 

At operating temperatures above 40°C, the creep of Lokset 
Rapid under load may become significant. Resin based 
anchors should not be used where structural load bearing 
performance has to be maintained in anchors subjected to 
fire conditions. 

Flesh point 

Laicset Rapid: 35°C 

Faeroe Solvent 1D: 27°C 

Additional information 

Lokset is only one product in the Parbury Technokvie'S 
range of constructbniv-oducts. Parbisy Technologies also 
manufactures a wide range of comphenerdary products 
which includes joint sealant; waterstops, waterproofing 
membranes, grouting, anchoring and specialised flooring 
materials. In addkion, a wide range of products spealcally 
designed for the repair and refurbishment of damaged 
reinforced concrete is available. This irciudes hand-placed 
and spray grade repair mortars, fluid micro-concretes, 
chemical- resistant epoxy mortars and a comprehensive 
package of protective coatings. 

Manufacssed and sold under ficense from Fosrce ritemadortal Linited. 
England. Foe= the Fosse logo and Lokset are Yale marks of Fosrce 
international Limited. used under kens°. 
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SHOTPATCH 20 -Sh ()twitch 200 
PramIxed cement -based shotcmte mortar 

DESCRIPTION: 
Shotpatch 20 is a ready-to-use, mufti -component, 
cement based shotcrete mix. It is specially 
designed for durable repairs or overlays LsrIg either 
the wet or dry mix shotcrete application system. 

RECOMMENDED FOR: 
Repairs to the underside of bridge decks, 
bridge piers and beams, tunnels, sewer pipes, 
drains, sea waits, and culverts. 
Protection of steel work e.g. fireproofrig. 
Tunnel linings and embankment stabisation. 

FEATURES AND BENEFITS: 
Built -In factory quality control for uniform 
results. . 

Easy to use - requires only the addition of 
potable water for miring. 
Economical reduces handling and clean- 
up costs. 
is easily pumped using the wet mix 
shotcrete system. 
_Good working time - over one hour at 

- :21°C. 
Can be used with Barra' Emulsion AC 
acrylic-polymer bonding additive to 
provide Increased bond strength and 
greatly reduced permeability. 

TYPICAL PERFORMANCE DATA*: 

Age Compressive 
Strength. Mpa. 

Flexural 
Strength MPa 

1 aay 30:0 "- 3.0 

3 days 45.0 4.0 

7 days 60.0 5.0 

28 days 70.0 6.0 

Shotpatch 
20 

Shotpatch 20" 
Polymer 
Modified 

Permeability 
(metres/sec.) 
(Taywood Method) 4.1 x 10.., 2.5 x 10.', 

Volume of 
Permeable Core 
Space (Voids) 
(ASTM C642-74) 11.3% 6.6% 

Water Absorption 
(ASTM C642-75 
Procedure A) 5.2% 1.7% 

'Shotpatch 20 modified with Barra Emulsion AC (1:1 

Barra Emulsion AC to water) 

)Shotpatch 20 modified with Barra Emulsion AC 
(1:1 Barra Emulsion AC to water) 

All performance data is determined by testing of 
actual, in-place shotcreted specimens such as 
cores and beams taken from test panels. 

Reasonable variations from the data shown can be expected. depending on the care taken in 
evaluating test specimens, and jibbsite conditions 
such as the quality of substrate preparation, level 
of expertise of the nozzle man, curing procedures 
and weather. 

APPLICATION DIRECTIONS: 
Prepare the surface to be shotcreted by removing 
all unsound concrete, dirt, dust and debris. 
Saturate the property prepared concrete surface 
for a minimum of 7 hours prior to shotcreting. 
Mix Shotpatch 20 with approximately 2.0-3.0 
litres of water per 25kg bag. 
Shotpatch 20 can be shotcreted in depths 
ranging from 10mm to 150mm in one pass. 

CURING: 
Proper curing is extremely important. Wet curing is 
recommended for the first 3-5 days, after that time 
continue curing by the use of a quality curing 
compound such as MBT Masterkure 410, or 
Masterkure 402. If Barra Emulsion AC is mixed 
with Shotpatch 20 then only Masterkure 410 can 
be used. Do not use solvent-based curing 
compounds such as Masterkure 402. 

YIELD: 
One 25kg bag of Shotpatch 20 mixed with 10% 
water yields approximately 12.4 litres (0.0124m3.) 
Allowance must be made for rebound and cut off 
for finishing which will reduce the coverage 
accordingly. As a guide only the following 'may 
assist in estimating: 
For a 10mm layer, allow 28-32kg/m2 including 
rebound and cut-off for finishing. 
For a 30mni layer, allow 75-90kg/m2 including 
rebound and cut-off for finishing. 
Without allowing for cut-off, an allowance of 10% 
can be made for rebound. This is for an 
experienced nozzleman and ideal conditions. For 
overhead spraying the rebound allowance should 
be increased 50-100% depending on the 
admixtures used. Refer to your MBT technical 
representative for further advice. 

PACKAGING: 
Shotpatch 20 is supplied in 25kg paper bags. 

PRECAUTIONS: 
Shotpatch 20 is not toxic, but as with other 
products containing portland cement it has an 
alkaline nature and thus can be irritating to skin 
and eyes. Wear simple dust masks and gloves 
when handling. Keep out of reach of children. 
Wash off splashes of mortar with clean water. If 
irritation persists, seek medical advice. 
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OBAYAStil 

Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321MI1038 Status: Approved 
Title: Setout - Liner Installation Revision: 3 
Job Location:. S1 Sewer Tunnel Issued: 31/10/2000 
Job Number: 2532 

Mining 
Checked By: Steve BertonS1 
Approved By: Argot G Ansons 

L - Video or.AudioNisual training material 

INTRODUCTION 

This technical procedure details the methods to be followed to position uPVC liners in the EPB driven 
tunnel, i.e. the Perry Park to Albion Park section of the S1 Main Sewer Interceptor Project. 

RESPONSIBILITY 

Project Manager - will ensure that all aspects of the liner installation and setout (as described by this 
procedure) complies with the specifications of the contract. 

Project Surveyor- will provide survey control for the installation for the liners. 

General Superintendent - will ensure that the established Liner Installation procedure is used in 
conjunction with this procedure, to complete the work and that the appropriate competent personnel 
are available to carry out the works. 

Shift Supervisor - will ensure that each liner is installed within tolerance in accordance with the Shift 
Surveyors set out sheets. The Shift Supervisor is responsible for completion of each liner set out 
record sheet. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
enviromental documentation 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 
Volume 1 DS-06 Work-As-Executed Drawings 

DS-4.6 Tunnel Alignment 
TS-103.3 Survey and Alignment 
TS-203 Survey and Monitoring 
TS-324.7 Liner Installation 
TS-328.2 Laying and Jointing of pipes. 

Volume 3 Schedule 4 

Schedule 5 

Schedule 6 
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All above as modified by this Technical Procedure and amending design documentation 

REFERENCES 

POJV Safety Management Plan 
Technical Procedure - Installation of Liner 
Technical Procedure - Supply of uPVC liners, lengths and mitres required. 
Calibration Register - Central Filing 28.02 

DRAWINGS 

2532 M 090 to 2532 M 095 inclusive 

EQUIPMENT REQUIRED 

Leica TCRM 1103 Total Stations. 
General survey prisims, legs etc. 

Spirit Level Frame and string line 
Self centering string line guide bar 
2 bubble Spirit level (700mm long) 

SAFETY EQUIPMENT REQUIRED 

PPE as outlined in induction manual 

Fire extinguishers 

ENVIRONMENT 

All works will be conducted in accordance with POJV Enviromental Management Plan (Rev. 2) 

PERMITS 

Nil 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner installation 

Grade Not Less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

Note: Alignment refers to As-Built Design Alignment. 

Calibration 
Survey Equipment Calibration of set out equipment managed by the Project Surveyor, ensuring that 
calibrations are documented and completed as required. 

Monitoring 
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The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 
The Shift Surveyor will randomly check that Shift Supervisors are following this procedure and co-sign 
liner set sheets where random checks have been carried out. 
Quality Assurance Audits will specifically include the survelliance of recorded information as required 
by this Technical Procedure. 

PREREQUISITE COMPETENCY SKILLS 

POJV underground induction. 

All relevant-statutory certification for equipment operators i.e. Alimak man hoist, Underground Loco 
and other site specific equipment as required. 

Supervisors to sign off on current Technical Procedure and standard working procedures relevant to their work activities. 

FREQUENCY OF ACTIVITY 

Each liner installed 

REPORTING 

S1 Tunnel Liner 0/S Pro-forma 
Work-As-Executed Drawings or data Files produced in a Spread sheet format 

ACTIVITIES 

Procedure for S1 tunnel liner setout 

1 General - Survey Software 

c 
Using 'road +' alignment file sets 

EPB (for EPB tunnel) 
HRT (for Hard Rock tunnel) 

(Ensure correct .aln, .prf, .crs & .sta files are selected) 

Alternatively 

Using 'ref-line' points files 
EPB-PTS (for EPB tunnel).GSI 
HRT-PTS (for Hard Rock tunnel).GSI 

(Ensure configuration - 'level interpolation' is set to 'baseline' - not 'first point') 

Note:- 
(1) all horizontal data is on A.M.G. and field distances need to be scaled by a factor of 0.9996. 
(2) the alignment and points files are generated as a series of segments relative to the design 
centroid (1.2m above liner I.L.) of each liner length (nominally 3m, 6m or 9m + adjustment for join) 

2 Plastic liner Setout 

Chainages of ends of each liner (nominal 3m, 6m or 9m lengths) are tabulated on plastic liner setout 
sheets. Example sheet - Plastic Liner Set Out Sheet - Attachment to this T.P. 

25321M1\038 - Setout - Liner Installation , Revision 3 (Uncontrolled Copy) 3 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 15 of 542



As per 'S1 tunnel liner o/s pro - forma' (Attachment to this T.P.) four nails or pins are to be placed in the excavation wall / segment lining at the exact design chainage of the liner section end. 

(a) one to the left of centreline at wire height (0.240m above invert, 0.960m below centroid) (b) one to the right of centreline at wire height (0.240m above invert, 0.960m below centroid) (c) one on centreline in the obvert - 

(d) one on 0.240m off set centreline in obvert 

Paint pipe number & the chainage on the wall at each pipe end 

S1 tunnel liner o/s pro-forma: 
Complete `S1 tunnel liner o/s pro-forma' showing: 
(1) chainage of the end of the liner 
(2) offsets of pins (a) to (d) relative to design inside / outside face of liner 
(3) height above pins (a) and (b) to set the wire 

uPVC Liner setting: 
The liner is placed in position. 

Air bags are used to position the free end of the liner according to the pin offset distances and chainage on the liner o/s pro-forma. 

The Spirit level frame and string line is used for centre line alignment between pin (a) and (b) and a 0.7m self centering string line guide set at the end of the previous installed liner formwork. 

Formwork setting: 
The formwork is primarily set by the invert section being set prior to the obvert section of the formwork being installed within the liner. 
(a) 3m invert section placed inside the liner with locating beams fixed to the previous invert. (b) a 0.7m self centering string line guide is placed across the rails in the last form of the previously installed liner. 
(c) The spirit level frame and string line are firmly mounted in place on the precast segments (d) The spirit level frame and string line are set on correct alignment and height relative to pins (c) & (d). 
(e) a 0.7m self centering spirit level is used align the-form relative to the string line for both direction and height and to check the rails on both sides are at the same level. Spud bars are used to adjust the form location relative to the string line. 
(f) the obvert section is then travelled down and installed on the invert segment 
(g) this procedure is repeated for the number of forms required for that length of pipe (1,2 or 3 forms relative to 3m, 6m and 9m liners) 
(h) the string line and 0.7m self centering spirit level will need to be removed to allow for placement of the next invert segment and then replaced to set the new segment being installed to complette formwork installation within the 3, 6 or 9m uPVC liner. 
(i) a final check is performed through the full length of the form in this liner to ensure no intermediate movement has occurred. 
(j) once the liner / formwork is firmly locked in position by all the spud bars the actual (as 

constructed) offset of each pin to the inside / face of the liner is filled in at the relevant location on the pro-forma. The relative to design column is then calculated and filled in. This then becomes our Q.A. Survey record. 

Note:- 
Ensure the offset invert distance (0.240m below wire) is maintained. (Shift Supervisor & Shift Surveyor) 
always check both bubbles on the spirit levels to confirm both are giving the same reading (Shift Supervisor & Shift Surveyor) 
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 regularly calibrate the adjustable bubbles on the spirit levels (Project Surveyor) 
monitor as constructed pipe liher chainage after each pour. (Shift Supervisor & Shift Surveyor) 
If the as constructed chainage is incorrect in either direction it may be necessary to either 
arrange for installation of an odd sized pipe to allow for the discrepancy or recalculate the 
remaining alignment based on the as installed pipe liner location. (Shift Supervisor & Shift 
Surveyor) 

As-Constructed Pick Up: 
Take levels on the invert of the liner after pouring at approximately 150m intervals, to be used as 
constructed levels for hand over to the client. This can be done at the same time as setting out of 
following pours. 

Setting Equipment Description: 
(a) EPB pins are to be 18mm long hilti nails set in quick set epoxy in a 20mm deep 5mm dia 

hole drilled in the segment liners. This will give room for minor_adjustment of pin position 
within the drilled hole. 
hard rock pins are to be 120mm long 5mm rods inserted into 100mm deep drilled holes if 
required. 

(b) Spirit Level frame is set to correct offset and level using a plumbob from pin (d or c) and the 
known height. The stringline is run from the frame to the self centering string line guide 
placed in the previous set invert. 

(c) a 0.7m self centering string line guide that is placed across the rails in the last invert form of 
the previous liner. It is indicatively constructed from 25 x 75 RHS. It has a self centering 
lugs underneath it to position it centrally between the rails. At the centreline between the 
two self centering lugs, on the top of the bar, will be a centreline guide marker. 

(d) a similar bar (0.7m spirit level) with two starret 98 series 98-4 100mm adjustable precision 
levels mounted on top is constructed for use across the rails, of the invert sections of the 
forms, as they are placed in position. The centreline guide marker on this bar will be 5mm 
lower on the bar, than the string line guide in (b) above. This will allow for alignment and 
level to be achieved, without the string line being deflected by the guide marker on this bar. 

Survey Control:- 

1. Ensure all stations installed will not cause any restriction of movement of the uPVC lining traveller 
(minimum. Diameter 2.43m when carrying liner) 

2. Maintain consistent record of survey utilising a standard point coding system along with standard 
job file naming system and job register. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

ATTACHMENTS 

Attachment No.1 - Plastic Liner Set out sheet - Example 
Attachment No.2 - S1 Tunnel Liner 0/S Proforma 
Attachment No.3 - ITP: Survey Tunnel Liner Set Out 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

. ABN 68 067 084 708 

Procedure 
Title: 

- Setout - Liner Installation 

Attachment Plastic Liner Set Out Status: Approved 
Title: Sheet - Example 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 18/09/2000 
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START 
POINT EAST NORTH PIPE HORIZ 

LENGTH CH'GE 

START START 
VERTICAL CENTROID 
CH'GE R.L.(IL+1.2GRADE 
3620.879 -10.832 0.000909 

PIPE I 

ANGLE SHORT I 

(.DEC) - SIDE 

5001 3993.224 64149.578 8.985 3614.500 3614.500 -10.826 0.000909- 0.000 9.057 
5002 4001.041 64154.160 8.985 3623.561 3623.561 -10.834 0.000909 0.000 9.057 
5003 4008.864 64158.746 8.985 3632.629 3632.629 -10.843 0.000909 0.000 9.057 
5004 4016.688 64163.332 8.985 3641.698 3641.698 -10.851 0.000909 -0.250 9.057 
5005 4024.496 64167.954 8.985 3650.772 3650.772 -10.859 0.000909 -2.500 9.057 
5006 4032.135 64172.939 8.985 3659.893 3659.893 -10.867 0.000909 -2.500 9.057 
5007 4039.548 64178.252 8.985 3669.014 3669.014 -10.876 0.000909 -2.500 9.057 
5008 4046.723 64183.883 8.985 3678.135 3678.135 -10.884 0.000909 -2.750 9.057 
5009 4053.624 64189.856 8.985 3687.261 3687.261 -10.892 0.000909 -2.750 9.057 
5010 4060.230 64196.153 8.985 3696.387 3696.387 -10.901 0.000909 -2.500 9.057 
5011 4066.551 64202.728 8.985 3705.508 3705.508 -10.909 0.000909 -2.750 9.057 
5012 4072.553 64209.603 8.985 3714.634 3714.634 -10.917 0.000909 -2.000 9.057 
5013 4078.302 64216.670 8.985 3723.745 3723.745 -10.926 0.000909 -2.250 9.057 
5014 4083.772 64223.963 8.985 3732.861 3732.861 -10.934 0.000909 -3.750 9.057 
5015 4088.770 64231.623 8.985 3742.008 3742.008 -10.942 0.000909 -3.750 9.057 
5016 4093.257 64239.595 8.985 3751.155 3751.155 -10.950 0.000909 * -0.750 9.057 
5017 4097.609 64247.569 8.985 3760.239 3760.239 -10.959 0.000909 -2.250 9.057 
5018 4101.658 64255.736 8.985 3769.355 3769.355 -10.967 0.000909 -0.500 9.057 
5019 4105.620 64263.905 8.985 3778.434 3778.434 -10.975 0.000345 -0.750 9.057 
5020 4109.477 64272.130 8.985 3787.518 3787.518 -10.978 0.000345 0.750 9.057 
5021 4113.441 64280.304 8.985 3796.603 3796.603 -10.981 0.000345 0.000 9.057 
5022 4117.398 64288.463 8.985 3805.671 3805.671 -10.985 0.000345 0.250 9.057 
5023 4121.393 64296.610 8.985 3814.745 3814.745 -10.988 0.000345 -0.250 9.057 
5024 4125.353 64304.775 8.985 3823.819 3823.819, -10.991 0.000345 0.000 9.057 
5025 4129.310 64312.934 8.985 3832.888 3832.888 -10.994 0.000345 0.000 9.057 
5026 4133.268 64321.094 8.985 3841.956 3841.956 -10.997 0.000345 0.000 9.057 
5027 4137.225 64329.253 8.985 3851.025 3851.025 -11.000 0.000345 0.000 9.057 
5028 4141.182 64337.413 8.985 3860.094 3860.094 -11.003 0.000667 0.000 9.057 
5029 4145.140 64345.573 8.985 3869.162 3869.162 -11.009 0.000667 0.250 9.057 
5030 4149.135 64353.720 8.985 3878.236 3878.236 -11.015 0.000667 0.000 9.057 
5031 4153.128 64361.862 8.985 3887.305 3887.305 -11.022 0.000667 -0.750 9.057 
5032 4157.021 64370.070 8.985 3896.389 3896.389 -11.028 0.000667 0.250 9.057 
5033 4160.945 64378.252 8.985 3905.463 3905.463 -11.034 0:000667 1.000 9.057 
5034 4165.018 64386.377 8.985 3914.553 3914.553 -11.040 0.000345 -0.500 9.057 
5035 4169.015 64394.529 8.985 3923.632 3923.632 -11.043 0.000345 0.000 9.057 
5036 4173.008 64402.671 8.985 3932.700 3932.700 -11.046 0.000345 -0.250 9.057 
5037 4176.968 64410.836 8.985- 3941:774 3941.774 -11.049 0:000345 0.000 9.057 
5038 4180.925 64418.995 8.985 3950.843 3950.843 -11.052 0.000345 0.000 9.057 
5039 4184.882 64427.155 8.985 3959.911 3959.911 -11.055 0.000345 0.000 9.057 
5040 4188.840 64435.315 8.985 3968.980 3968.980 -11.058 0.000345 0.000 9.057 
5041 4192.797 64443.474 8.985 3978.049 3978.049 -11.062 0.000909 0.000 9.057 
5042 4196.754 64451.634 8.985 3987.117 3987.117 -11.070 0.000909 0.000 9.057 
5043 4200.712 64459.793 8.985 3996.186 3996.186 -11.078 0.000909 0.000 9.057 
5044 4204.669 64467.953 8.985 4005.255 4005.255 -11.086 0.000909 1.250 9.057 
5045 4208.815 64476.048 8.985 4014.349 4014.349 -11.095 0.000909 1.000 9.057 
5046 4213.100 64484.064 8.985 4023.439 4023.439 -11.103 0.000909 1.500 9.057 
5047 4217.598 64491.975 8.985 4032.539 4032.539 -11.111 0.0005 2.000 9.057 
5048 4222.375 64499.733 8.985 4041.650 4041.650 -11.116 0.0005 1.750 9.057 
5049 4227.384 64507.336 8.985 4050.755 4050.755 -11.120 0.0005 1.750 9.057 
5050 4232.622 64514.784 8.985 4059.860 4059.860 -11.125 0.0005 1.750 9.057 
5051 4238.086 64522.068 8.985 4068.965 4068.965 -11.129. 0.0005 1.500 9.057 

Mining50§gcti6R4Waltic$.4fbAgi:Out ShAt9 ittxa41 T&.00 3 4Q7RGOOloolledtb04 0.0005 2702 9.057 
5053 4249.603 64536.165 8.985 4087.171 4087.171 -11.138 0.0005 2.250 9.057 
5054 4255.746 64542.899 8.985 4096.287 4096.287 -11.143 0.0005 1.500 9.057 
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Joint Venture 
EROC 
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Procedure 
Title: 

2532\MI\038 - Setout - Liner Installation 

Attachment S1 Tunnel Liner 0/S Status: Approved 
Title: Proforma 
Category: Mining Revision: 3 
Location: S1 Sewer Tunnel Project: 2532 

Date: 18/09/2000 
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013AVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Title: 

Location: 
Job No: 

Category: 

Prepared By: 

Scope of 
Work: 

ITP: Setout - Liner 
Installation 
S1 Sewer Tunnel 
2532 
Mining 

Stephen C Berton 

Inspection & Test Plan 

Joint Venture 

Reference ITP-2532\MI\038 
No: 

Status: Approved 
Revision: 3 

Revision 21/09/2000 
Date: 
Date: 21/09/2000 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records! 
Comments 

Verification 
(Initial & Date) 

1 Survey-As-built of 
tunnel precast 
segments 

3m interevals Each interval 4 

points picked up 
P: HP 
C: S 

Data reduced 

2 Analysis of As-built 
data 

DS-4.6; 
TS-103.3; 
TS-203; 
TS-324.7: 
TS-328.2 

All data Produce As-built 
Design Alignment 

P: HP 
C: WP 

As-built Design Alignment 
produced, providing 
design invert levels and 
design centroid for uPVC 
liners 

3 Analysis of As-built 
design alignment 
relating to uPVC liner 
survey set out data & 
uPVC liner length and 
mitre requirements 

All data Each 
Pipe' 

Produce spread 
sheet providing set 
out information for 
liners and lengths 
and mitres for 
liners 

P: HP 
C: S 

Spread sheets 

4 Survey set out & 

installation of liner set 
pins 

Each Liner All nails installed 
as required 

P: HP 
C: S 

Survey field records - 
electronic or field book 

5 Installation of uPVC 
liner - set location 
record 

Each Liner Checklist - off set 
measurments 
within tolerance 

P: HP 
C: WP 

Completed checklist 

6 uPVC liner installation 
Aligriment Ai.-built 

DS-4.6; . 

TS-103.3; 
TS-203; 
TS-324.7: 
TS-328.2 

Each Liner 
. 

Within tolerance 
. 

P: HP 
C: WP . 

Completed checklist 

7 uPVC liner installation 
Invert level As-built 

150m of 
tunnel 

Within tolerance P: HP 
C: WP 

Survey field records - 
electronic or field book; 
data recorded on Works 
As Executed drawings 

TP & ITP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, St Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: Setout - Liner Installation 

Date: 

© Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty. Limited. 
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OBAYASHI 

Obayashi Corporation 
. Incorporatad in Japan 

ARAN 002 932 756 

Technical Procedure 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321M11012 - Status: Approved 
Title: Primary Grouting of Segments Revision: 2 
Job Location: S1 Sewer Tunnel Issued: 16/10/2000 
Job Number 2532 

Mining 
Checked By: Nick Kure 
Approved By: Argot G Ansons 

Video or AudioNisual training material 

INTRODUCTION 

This TP provides necessary information for thr primary grouting of the Segmental Liner behind the 
EPBM for the S1 Sewer project. 

RESPONSIBILITY 

The grout plant operator will be responsible for use of correct mix design and placing of cleaning balls 
at set intervals. 
The. Segment crew will be responsible for the correct instalation of the grout, including checking and 
recording grouting pressure,time quanity and position of grout hole. They will also remove cleaning 
balls. 
The Project Engineer is responsible for submission and trial of mix designs and admixture details. He 
is also responsible for analyising that enough grout is in place based on pressure and quanity. 

SPECIFICATIONS 

TS - 326.12 
TS - 327 

Cavity grouting of Segmental Lining 
Grouting of Cast In Situ Tunnel Lining 

REFERENCES 

N/A 

DRAWINGS 

T143M05 - Soft Ground Tunnel Precast Segment Lining Typical x-sectional area. 

Grout Plant - Surface - Sketch 
Grout Plant - TBM - Schematic 

EQUIPMENT REQUIRED 

Grout Batching plant inc. Pumps (surface) 
Grout pump & Tank (u/g) 
Hoses & Adaptor for segments 
Plugs for segments 

2532%111012 - Primary Grouting of Segments, Revision 2 (Uncontrolled Copy) 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 24 of 542



SAFETY EQUIPMENT REQUIRED 

PPE 
Signage as required 
Wet weather gear if required 
Goggles, disposable overalls or long sleeved shirts 
Barrier cream 
Gloves 
Eye wash bottles & refills 
P2 dusk masks when breaking bags 
PPE applicable to use with the additives 

ENVIRONMENT 

Disposal of waste in appropriate location 
Run off u/g is controlled through existing tunnel water management system 
Surface spillage controlled through currect waste water treatment on surface (all treated prior to 
leaving site). 
Precations must be taken to minimise the amount of dust and Bentonite dust 
Additives handled & stored in correct areas and caution taken to avoid release. ie drip trays & 
stored in bunded area. 

PERMITS 

N/A 

TESTING/CALIBRATION/MONITORING 

Grout for segments will be a mix of Cement, Bentonite and retarder, established after test trials. 
Testing will be carried out to every 100m3 of grout produced to ensure compliance with specifications. 

PREREQUISITE COMPETENCY SKILLS 

Current site induction including u/g induction. 

FREQUENCY OF ACTIVITY 

Continuously as EPBM advances - grouting is carried out during the propulsion of the TBM. 

REPORTING 

PMS inspection and test plan 
PMS Shift report 
PMS EPBM operator report 

ACTIVITIES 

Grout Mixing - Surface 
Water & Bentonite to be mixed in colloidal mixer 
Cement and admixture added & mixed in colloidal mixer 
Bentonite/water/cement transfered to grout mixer (5 batches to fill grout mixer) 
Transfer grout into agitator stock tanks 
Repeat mixture 
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Filling u/g stock tank 
The u/g stock tank will be filled by a manual valve. The surface grout pump is lifted with a Eloncia 
pressure switch to turn off when the EPB holding tank is full. 

Line Cleaning 
The lines need to be cleaned with a foam ball and water once per shift. This will be done by the 
grout mixing personel and ball recovered in the u/g tank. 
Cleaning will also be carried out when a delay of more than 24hrs is encountered. 

Grouting behind Segment 
The attachment will be screwed into the segment and the pump activated. 
The pressure guage fitted will be monitored to ensure that the grout pressure is correct and not 
over the specified limit. 
The limit of grout pressure will be 1 bar above the working pressure of EPBM. 
Grouting will comence at the highest segment in let to let the grout flow down and fill the void. 
Care must be taken to ensure that the grout take is not accessive. Design valve is 7801 per ring. 
if excessive volumes are encounted this may indicate the grout is passing through the tail 
section seal and may cause entrapment of the machine and difficulty in moving forward. 
If design take is exceeded by 20 percent (1501) the suspend grouting and report to shift boss. .. When grouting is complete, remove.connector and screw in segment plug: -- 

The sequence for adding the additive is: Start pumping grout 
Open additive valve 

Pump until grouting complete 
Close additive Valve 

Stop pumping grout. - 

This will avoid the grouting nozzle being blocked with setting grout and help to keep it clean. 

Grout Mix Design 
Item Quanity Method 

. 

Water 500L 1. Add 90L water into colloidal mixer 
Bentonite 31kg 2. Add 6.2kg with water in colloidal mixer. 

3. Mix for 90 seconds 
4. Transfer to grout mixer 
5. Repeat steps 1-4 5 times to fill grout mixer. 

Cement 125kg 6. Add cement until 125kg has been added 
Stabiliser 2.5L 7. Add stabiliser until 2.5L added 

8. Mix for 2 minutes 
9. Transfer to holding tank 

Add sodium Silicate at nozzle at the rate of 40L per 1m3. 

Transport of Accelerator 

The Accelerator will be transported to site in a 1000L drum which will be set up on the surface. It will 
be transported to the face in 20L drums and stored on the EPBM. the drums will be trasported in the 
Alimak, and then on the flatcar to the face. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Mixing Hand damage due to hand in 
mixer 

Guard & inform personel of 
danager 
Tag out procedure 
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 Mixing Grout Grout eye mix 
Cement dust 
Back cement bags 

Approve design 
Wear mask 
Back safety training 

Grouting Grout eye injury 
Grout skin irritation 

Compressed hand injury 

Grout pump failure 

Wear goggles 
Disposable overalls 
Long sleeved shirt 
Secure lose ends 
Correct lines for pressure 
Precaution maintained 
Clean regulary 

Pumping Grout Excess Grout EPBM 

Grout mixer crush finger/limb 

Standard valve known - stop 
with 20 percent excess 
check for grout around seals 
Ensure guarded 

14nnellino Are.aletrntrir 
_________... ___........_____ Burns from Accelerator Safety Glasses 

Long Sieve shirt 
Gloves 
Fresh Water availible 

ATTACHMENTS 

Audit Checklist 

Status: 
Request ID: 
Cr6ator: 
Author: 
Notify these people: 

Approved Editor 
Names: 
Workflow Details: 
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Nick Kure 

on 
07/04/2000 00:00:00 
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0 Copyright Eroc Pty. Limited. MN 611067 0847D8 

This document or any part thereof may not be reproduced, 
transmitted, copied or stored without permission in writing from 

Eroc Pty Limited. 
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Nonie M Twigg 
Nick Kure 
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Technical Procedure 

OBAYASH1 

ERIC 
Obayashi Corporation Joint Venture Eroc Pty Limited Incorporated in Japan 

ABN 68 067 084 708 ARBN.002 932 756 

Document No: 25321111111065 Status: Approved 
Title: Installation of Liner - North Quay to Revision: 1 

Perry Park (Hard Rock Tunnel) - T 
joint 

Job Location: S1 Sewer Tunnel Issued: 1211212000 
Job Number: 2532 

Mining 
Checked By: Andrew P Ridout 
Approved By: Argot G Ansons 

- Video or Audio/Visual training material 

INTRODUCTION 

This technical procedure details the methods to be followed to transport, position and install liners in 
the hard rock driven tunnel, i.e.the North Quay to Perry Park section of the S1 Main Sewer Interceptor 
Project. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary ,materials and equipment required for the job are 
available and that procedures are developed .for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

General Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
enviromental documentation 

Shift Personnel will ensure that the works are undertaken as per the documented procedures and in 
a safe manner.. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 
Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 
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As modified by this Technical Procedure and associated documentation. 

REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - Liner installation - Survey Setout 

Technical Procedure - Supply of corrosion resistant uPVC liner 

Technical Procedure - Roslok Liner Tube - In tunnel welding 

DRAWINGS 

Drawing No 2532M035 Rev 0 - Hard Rock Tunnel Final Lining Details 

EQUIPMENT REQUIRED 

- - Liner nose protector 

Liner transport and uPVC liner position traveller 

Internal formwork sections obvert/invert 

Spud bars 

Air bags; Jockey wheel uPVC liner traveller 

Small tools 

Services 

SAFETY EQUIPMENT REQUIRED 

PPE as outlined in induction manual 

Fire extinguishers 

ENVIRONMENT 

All works will be conducted in accordance with POJV Enviromental Management Plan (Rev. 2) 

PERMITS 

Not Applicable 

TESTING /CALIBRATION /MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

25321N/11\065 - Installation of Liner - North Quay to Perry Park (Hard Rock Tunnel) - T joint, Revision 1 (Uncontrolled Copy) 2 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 29 of 542



Refer to seperate Technical Procedure for the survey liner setout. 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

PREREQUISITE COMPETENCY SKILLS 

POJV underground induction. 

All relevant statutory certification for equipment operators i.e. Gantry crane, alimak man hoist. 

Supervisors to sign off on current Technical Procedure and standard working procedures relevant to 
their work activities. 

FREQUENCY OF ACTIVITY 

Completion of tunnel liner installation. 

REPORTING 

Shift Report completed for each shift worked. 
Liner installation checksheet - each liner. 

ACTIVITIES 

Introduction. 

The installation of the liners in the Hard Rock bored section of the tunnel will be undertaken in four 
seperate phases: 

liner preparation; 
transport of liner; 
installation of liner using internal formwork; and 
Concreting of liner. 

Prior to the installation of the liners, the bored tunnel section will be surveyed and an installation plan 
of the tunnel alignment prepared. Also produced will be liner installation requirement criteria i.e. length 
of each liner and the mitre cuts for curves to be calculated. 

Generally uPVC Liner installation will be from North Quay and progress towards Perry Park. Although 
initially five uPVC liners will be lowered into the tunnel from North Quay site, and travelled into the 
tunnel via the jockey wheel traveller. 

These liners will be set in position and concrete poured from North Quay shaft. The fifth liner will be 
installed first followed by the remaining liners heading towards North Quay. Once these liners have 
been concreted in position the form work will be moved through the completed liners and liner 
installation will commence heading towards Perry Park. Hence uPVC liners lowered into the tunnel at 
Perry Park and transported up the tunnel for installation. 

Liner preparation (by manufacturer) 

Each liner will have a final visual inspection prior to being transported to Perry Park to ensure that 
they are free of damage and that they have met all of the manufacturers pre delivery requirements. 
(Refer checksheet in TP Supply of corrosion resistant uPVC liners) 

Each liner will be numbered to denote its position in the installation sequence. The liners will be 
checked and then the liner will be transported to site. 

2532\MI\065 - Installation of liner - North Quay to Perry Park (Hard Rock Tunnel) - T joint, Revision 1 (Uncontrolled Copy) 3 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 30 of 542



Liner preparation (by site) 

Upon -delivery of each liner to site a POJV representative will sign receipt of the liner, confirming all 
manufacturer requirements have been met. 

The liner will then have temporary internal bracing installed in two-locations within the pipe (each 
approximately 2 metres from each end), during site storage. 

Liner Mitre / Length trimming 

Each liner will be trimmed to its required length and mitre on site. (This currently being carried out by 
the liner manufacturer) Its leading end ie the end travelling up the tunnel first (end of pipe closest to 
North Quay) will be mitred to suit the angle of deflection for the alignment curves. The liners trailing 
end will be cut square. 

Mitre / length trimming carried out on site will be supervised and managed by the manufacturer. 

Mitre/length trimming work procedure. 

Mitre/length requirements are obtained from survey alignment design. Where tunnel records indicate 
installation creep site survey adjustment of length_and mitre maybe required in order to maintain the 
predetermined liner lengths and mitres established by asbuilt survey alignment generation. 

Transport of Liners 

Installation of the liners within the bored tunnel will generally be from North Quay and travel towards 
Perry Park. 

The first five liners will be lowered into the tunnel from North Quay. These liners are travelled from the 
base of the shaft to the set position via the jockey Wheel traveller. - 

Following the installation of the liners from North Quay the remaining liners will be transported to Perry 
Park and off loaded for storage or lowered directly down the shaft onto the waiting traveller using 
spreader bar and straps. 

Before being lowered into the shaft the storage stiffeners are removed and the liner lowered into the 
shaft. 
Each liner will be lowered down Perry Park shaft and seated on a specially designed traveller. A nose 
protection piece and two internal supports.will be placed on the front of the liner to protect it from any 
damage that may occur while travelling up the tunnel 
The liner will be secured to the traveller and transported down the tunnel to the previously installed 
liner. 

Liner Installation 

Rail Removal: 
As each liner set installation sequence requires, existing tunnel rail is removed and the tunnel 
excavated surface (obvert and invert)-cleaned in preparation for liner installation. 

Following cleaning of the excavated surface the exposed rock is inspected for ground water control 
measures. Ground water control measures will be installed as and where required. Measures include 
but are not limited to, any single or a combination of geotextile and plastic sheeting installation, poly 
pipe installation, seal grouting, plastic sheeting, geotextile. 

The excavated ground conditions will also be inspected for suitablility to provide form work support via 
the spud bars. Should the ground conditions be determined as inadequate, split sets securing butterfly 
plates are installed in spud bar locations for spud bar bearing. 
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Spud bars may be required to be extended (ie. length increased to suit ground conditions) by installing 
lengths of 32mm NB pipe on the end of the spud bar. These pipe extensions are pre cut and used 
following measurement from within the forrriwork to the excavated surface. The pipe section is placed 
on the end of the spud bar and spud bar installed. 

Should there be no requirement for ground water control within the liner set installation sequence, 
following removal of the rail and cleaning of the excavated ground a "Sliding Floor" is installed in the 
invert. The sliding floor replaces the exisiting tunnel rail allowing the pipe traveller to position the 
incoming liner directly in its required location ready to accept tunnel internal formwork. The sliding 
floor is a manufactured curved (to excavated tunnel profile) plate with rail (flat bar) fixed and supported 
to allow the liner carrier to travel from the height of the existing rail to a lower level, providing 
clearance for the liner carrier to be located beneath the liner invert level and allowance for the carrier 
to lift the liner into position, ready to accept the internal form work. 

The liners will butted together with a "T' piece inserted between the liners. The "T' piece will be 
positioned and then held in place by the formwork. The joins will be fully welded after the liner has 
been concreted in position. 

) 

PREVIOUS LINER 

FIELD WELD 
"T" PIECE FIELD WELD 

The "I"' piece is inserted following completion of setting of adjacent liners. 

NEXT LINER 

T piece support is via expanding rings (similar to EPB tunnel) - however additional liner support is 
installed alongside the expanding ring (where required) due to angles required to follow tunnel 
alignment. All the liner and T support are secured in position using a cam system secured between 
adjacent sections of the internal form work. (see attached sketch) 
The cam system is to be installed on each connection bolt between the formwork. 

Formwork setup and dismantle 

Each formwork move will consist of moving the invert through the existing formwork by the formwork 
monorail together with an obvert section of formwork collapsed over the formwork traveller in the 
following sequence. 

Obvert dismantle 

Remove bolts between obvert / obvert (Ring to Ring) 
Remove bolts along interface invert and obvert panel 
Remove spud bars (in obvert only) 
Position traveller and then raise to take obvert section 
Connect stripping cylinders to side panels 
Remove shear brackets / locators. 
Remove locking pins in crown/side hinge 
Collapse side panels using stripping cylinders. 
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Lower crown 

Invert dismantle 

Move traveller into previously set formwork to enable the invert panel to be dismantled. 
Remove bolts in the invert to invert section (Ring to Ring) 
Remove bolts from the longitudinal invert hinge. 
Remove invert spud bars. 
Position the traveller so that the cantilever arm and cylinders are over the invert section. 
Connect the hydraulic couplers for the invert cylinders. 
Switch hydraulic flow to invert cylinders. 
Lower invert cylinders and connect to invert panel. 
Raise the invert panel and connect ties to invert. 
Lower invert cylinders to fold up panel. 
For 6m section connect the inverts together using the plate tie and release pressure from the 
cylinders to enable movement of the invert trolleys. 
Switch hydraulic flow back to the traveller. 
Disconnect hydraulic couplers for invert cylinders. 
Push folded invert between obvert, adjusting side panels to suit. 
Travel to next setup. 

Invert setup 

Remove lower stiffener brace 
Position the traveller at the end of the form - ensure that the safety chain is across to prevent the traveller from travelling of the end of the invert segment 
Roll the invert form out along the cantilever arm 
Connect the hydraulic couplers 
Switch hydraulic flow in invert cylinders 
Raise invert cylinders to open out invert panel. 
Disconnect ties to invert. 
Lower invert section into position. Use traveller to position invert against previous invert and insert bolts. 
Install invert hinge bolts and level section. 
Align invert section for line and grade ensuring that the plastic liner position is correct. 
Cut a 38mm hole, at spud bar locations, in plastic liner to take spud bars. Install collar seal, spud bar bracket and insert spud bar. 

NB: Spud bar holes must not be cut through any welds on the plastic liner. To avoid this move the spud bar hole. 

Obvert setup 

Switch hydraulic flow to traveller. 
Disconnect hydraulic couplers and roll invert cylinders away. 
Position traveller for the obvert section. 
Raise traveller evenly and match crown panel to previous crown. 
Install bolts between crown panels 
Push side panels out 
Install shear brackets. 
Disconnect side stripping cylinders and tighten bolts in shear brackets to snug tight. 
Raise front of traveller until the liner is firm. 
Position shim plates between side panels and invert panels and install locking bolts for shims so they don't vibrate out. 
Lower traveller and return for next ring. 
Install bolts between rings ( minimum 2 bolts per panel) and remainder of bolts in invert hinge. Install remaining spud bars. 

Once the formwork is in position it will allow the side and top of the liner to be spudded to the 
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excavation so that it is held in its design position while being concreted. Nominally six (6) spudbars will be used around the liner circumference every three (3) metres. 

Liner Encasement Concrete 

Formwork Preparation 

Upon completion of setting all liners in the liner set installation sequence, the bulkhead is attached to the formwork. 

The internal form work vibrators are attached and checked for operation. (see attached sketch detailing location of vibrator connection brackets within the formwork). 
Vibrators are to be located and operated (consequently relocated during the pour) to coincide with the filling of the concrete around the formwork. 
Inspection holes in the formwork bulkhead and tapping (sound testing) on the internal skin of the 
formwork will indicate the location of the concrete around the formwork during the pour. 

- - 
( Concrete Delivery 

Concrete is delivered to the site in accordance with Technical Procedure 25321MI\052 Batching, - "'Transport and"Supply of Concrete. 

Concrete is delivered to Drop Holes which have been drilled lined with concrete delivery pipe from the surface to the tunnel. Drop holes have been located along the tunnel alignment generally at 300m centres (including current Maintenance Hole Shafts as drop holes). 
The drop hole used for concrete delivery is the closest hole to the bulkhead of the pour when heading towards Perry Park. The only exception to this, when the bulkhead is within (nominally) the length of the next liner installation sequence length. 

A concrete pump is connected to the top of the drop hole concrete line - where delivery agitators will discharge. 
At the base of the drop hole the tunnel concrete delivery line is connected and piping supported as required. 
A hydraulic shut off valve is installed at the base of the drop hole and tunnel delivery line bend. This is used at the commencement of pouring and when pouring is stopped for any reason. 

The concrete delivery line along the tunnel is located in the invert of the excavated tunnel to the side of the existing rail - ensuring clear passage for tunnel vehicle movements. 

The delivery line is ramped to the height required to continue into the formwork. 

Within the formwork additional rail has been placed and small travel bogies to support the concrete line within the formwork. The concrete line extends along the formwork to the injection port. Injection ports for concrete are spaced at three metre centres, located in the crown of the formwork. 

The formwork traveller is relocated within previous poured liners supported by uPVC liner internal trolley (rail) sections. These are moved with the formwork as the liners progress. Similarly the 
concrete delivery line (within the formwork) may be stored on the the liner internal trolley when not in use. 

As concrete fills the form work the concrete line within the formwork is shortened as required, hence moving to injection ports to continue pumping of concrete. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 
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Transport of liner. Storage yard 
- site 

Vehicle accident Radio contact / Qualified 
operators 

Unload liner - personal injury Marked set down area 

Lower liner down shaft Personal injury Flashing light system to make 
personnel aware of lowering liner 

Noise Explore limitations of site 
Damage to liner Training procedures, adequate 

lifting equipment 
Insert wrong way down shaft Check sheet prior to insertion. 

Seat liner on traveller Incorrect orientation Correct orientation on surface 

Transport liner down tunnel Derailment Rail maintenacne, clean up of 
area before transport 

Damage to liner Design of carrier 
Personal injury / run over Design of carrier does not 

obstruct view of driver, PPE 

Locate liner with previously 
installed liner 

Incorrectly matched, unable to 
weld 

Correct orientation during 
transport quaility assurance 

Invert Install Personal injury Operator ensure all persons 
aware 

Drive the traveller too far forward Rail stops / training 

Dismantle invert formwork As per invert 

Install spud bars Spud bar hold on joint Procedures, training - personnel 
aware 

Dismantle obvert As per install invert 

Install obvert As per install invert 

Position of formwork Incorrect grade Survey check sheets 
Incorrect alignment Survey check sheets 
Incorrect installtion . Check sheets - shift supervisor 

shift report 
Install bulkhead Under-inflation Maintain air pressure regulator 

Damage to bulkhead before 
installation 

Back-up bulkhead material - 
timber 

Bulkhead blowing out Communications to pump 
operator clear 

Concrete liner Inconsistant concrete Test cylinders and slumps 
Concrete blockages & clean out Muck skip for excess concrete 
Leakage through spud bars Installation of compressible 

washers 

ATTACHMENTS 
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 Shift report - Liner Installation. 

Liner Intallation Checksheet 

Pre pour inspection sheet 

Inspection and Test Plan 

Audit Checklist 
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OBAYASFH 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532%41\065 - Installation of Liner - North Quay to Perry Park 
(Hard Rock Tunnel) - T joint 

Attachment Tunnel Liner Status: Approved 
Title: Installation 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 19/09/2000 

Date:. - 

, IgiiPtith: - ,4 '' '" i',1,0t*PP,..s Ordri 40 iiiti 
Tunnel invert and wall clean Yes / No 
Ground water control 
measures installed 

Yes / No 

Spud bar location - ground 
conditions checked for form 
support 

Yes / No 

Liner Installation 

Liner No 
/ 

Liner No / 

Liner "T" joint installed 
correctly 

Liner set within tolerance Yes / No Yes / No 
Formwork installed correctly Yes / No. Yes / No 
Spudbars installed correctly Yes / No Yes / No 
Spudbar seals in position Yes / No Yes / No 
Minimum gap between liner 
and rock mm mm 
Liners checked after 
installation of formwork and 
still within tolerance 

Yes / No Yes / No 

Comments: 

Mining - Section - Tunnel Liner Installation: Rev 1 - Uncontrolled Copy Page 1 
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Peabody Supervisor: Date: / / 

Last Page of Tunnel Liner Installation 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 38 of 542



Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
E ROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 25321M1\065 - Installation of Liner - North Quay to Perry Park 
Title: (Hard Rock Tunnel) - T joint 
Attachment Pre Pour Inspection Status: Approved 
Title: 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 19/09/2000 

Pour-Number: 
Date: 

Liner- 
Nos: 

, 4 
; A: 

. 
1 " Mir to , 11 II' ' I 1 .§ '' .6.4 i , et§,_ 

1 Liner installation completed (Form 
completed) 

. 

2 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Concrete Line installed; Couplings 

clipped and secure 
5 Vibrators installed and checked for 

operation 
6 Liner traveller removed from pour area; 

Located in previous poured liners 
7 Services available at pour , 

8 Bulkhead installed 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: Date: / / 

Last Page of Pre Pour Inspection 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 

Mining - Section - Pre Pour Inspection: Rev 1 - Uncontrolled Copy Page 1 
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GBAYASI-Il 

Technical Procedure 

EROC 
Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Joint Venture Eroc Pty Limited 
ABN 6B 067 OB4 708 

Document No: 253211'011039 Status: Approved 
Title: Liner encasement grouting Revision: 3 
Job Location: S1 Sewer Tunnel Issued: 27/10/2000 
Job Number: 2532 

Mining 
Checked By: Andrew P Ridout 
Approved By: Argot G Ansons 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure provides the information necessary for the liner encasement grouting of the 
corrosion liner from Perry Park to Albion Park. 

RESPONSIBILITY 

The Project Engineer will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 
The General Superintendent will ensure that the established procedures are used to complete the 
work and that appropriate competent personnel are available to carry out the works. 
The Shift Boss will be responsible for ensuring that_the correct grout mix is used for the correct 
application. 
The QA Engineer shall be responsible for submission of trial mix designs and admixture details and 
data sheets to the Superintendent and also the testing of grout batches. 

40\ SPECIFICATIONS 

DS-04.2 Tunnel Secondary Concrete Lining* 
TS-301.1 Class of Concrete* 

*As amended by this Technical Procedure and associated Specification documentation. 

REFERENCES 

Technical Procedure 25321M1\036 Rev 1 - Installation of Liner - Perry Park to Albion Park. 

DRAWINGS 

Not Applicable 

EQUIPMENT REQUIRED 

Grout Mixer 
Grout Pump 
Grout holding tanks 
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SAFETY EQUIPMENT REQUIRED 

Personal Protective Equipment 
Goggles / glasses, disposable overalls or long sleeved shirts and barrier cream. 
Gloves (Rubber PVC) 
Eye wash bottles and refills to be at grouting site at all times. 
P2 dust mask when breaking / handling cement or kaolite. 

ENVIRONMENT 

Dispose of waste materials and packaging in the approved location. Runoff must be controlled and 
collected for treatment before release from site. 

PERMITS 

Not Applicable 

TESTING /CALIBRATION /MONITORING 

Testing of grout will be undertaken to ensure the following: 

Max. Water Cement Ratio 0.45 
Compressive Strength 

28 days 40 Mpa 

Compressive strength of the grout will be tested once per liner where the grout is batched on site. This 
equates to once per 8.0m3 

PREREQUISITE COMPETENCY SKILLS 

All personnel must complete the site surface induction prior to commencing work or entering the site. 
All equipment operators must possess current machinery operators tickets. 

FREQUENCY OF ACTIVITY 

Each liner or series of liners grouted in position 

REPORTING 

POJV Inspection and Test Plan 
POJV Shift Report 
POJV grout batching sheet 

ACTIVITIES 

Liner Encasement Grouting 

Generally once a length of liners are in position a bulkhead will be installed at its end. 

Grouting valves will be installed in the invert of the formwork and breather pipes in the obvert. 

A specially designed grout will either be mixed on the surface or delivered by agitator from a 
nominated batching plant. The grout will then be pumped through a 50mm line to the formwork where 
it will be distributed behind the formwork / corrosion resistant liner. 

The cavity behind the liner will be filled proceeding from downstream to upstream to ensure that voids 
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are minimised. When grout appears at the breather tube in the obvert, grouting will stop. 

The grout will be allowed to cure in order to reach final set which will allow the bulkhead and then the 
formwork to be stripped and the process to commence again. The time from pouring to stripping will 
be from 6 - 8 hours. 

Mix Design 

GROUT 

The mix is designed with a low water/cement ratio of 0.45 to improve strength and enhance 
durability and impermeability. 

The mix shown will have typical strengths of 45MPa+ @ 28 days. 

The following mix design is for 1 m3 of grout. 

Item Quantity Per Batch 

Water 600 Litres (Max. 

Kaolite 120 kg 

Type GB - FAB 
Cement 

1220 kg 

Eucobet 710P 
HWR 
superplastiscer or 
equivalent 

5 litres 

Delvocrete 
stabiliser 

Nominally 2% by weight of cement but 
to be determined by site trials 

Activator Nominally max 3% by weight of cement 
but to be determined by site trials 

Note 1: Where the on site mixer capacity is less than 1 rn' the mixing quantities to suit the mixer will 
be posted. 

Note 2 : Where required a stabiliser maybe used to slow the grout's setting time while in the holding 
tanks. In this case an activator would be added to the grout just prior to being pumped behind the 
uPVC. 

1. Grout Batching on surface 

1. Ensure mixer is clean and empty 
2. Place 400 litres of water in mixer 
3. Add cement to mix slowly 
4. Mix until cement has combined with water 
5. Add 150 litres of water 
6. Add Kaolite to mix slowly 
7. Continue to mix while adding superplastiscer 
8. Clean out all equipment completely after-use. 

2. Grout Batching and. Distribution System 
A grout batching facility will be setup at the Perry Park site. The facility will consist of a number of 
grout pumps, mixers and holding tanks from where the grout will be pumped underground. 
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3. Grout Distribution System (Underground) 
The grout distribution system underground will distribute the grout behind the formwork and uPVC 
liner. 

4. Grout Testing 
Grout compressive strength cubes will be cast on the surface from the mix to be pumped 
underground. 

5. Communications 
Communication between the underground grout distribution operator and surface batch plant operator 
is imperative. Communication using two way radios will be used to ensure that delivery of grout is 
carried out in a controlled manner. 

6. Completion and Cleaning of Equipment - 

Grout volumes required for each liner section will be calculated by the Project Engineer. Surface batch 
plant operators will batch grout to provide a continuous (as required) grout volume feed to 
underground. 

Surface batching and feed will continue on a continual basis until one batch prior to completion of the 
calculated volume has been distributed underground. 

Batching will then be carried out on an as required basis. The surface batch plant operator ensuring 1 

(one) batch is held in the surface holding tanks always ahead of what is required underground and so 
minimising excessive batching and grout wastage underground. 

Upon completion of grouting, the underground feed line system has a dutchman connected (with a 
sponge ball inserted to assist cleaning the line) and water is fed into the dutchman pushing excessive 
grout back to the surface holding tanks for re-use or disposal. 

Below are the indicative grouting setups for the grout batching plant on the surface and the grout set 
up underground. 

GROUT BATCHING PLANT - SURFACE 

Cement delivered 
In bulks bags or 
ready mixed and 
dispatched into 
mixer 

Water added 
using water 
meter 

Colloidal grout 
mixer 

Grout pumped 
underground 
for Distribution 

0 

I 

0 
Holding tanks 

Grout pump 
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50mm grout liner 
from surface 

Liner 

Precast 
segments 

GROUT DISTRIBUTION - UNDERGROUND 

Cleaning 
take off 
valve 

Pressure 
gauge 

ZGrout pumped into invert of liner. There 
will be three pumping points available in 

each 9m length of pipe. . _ 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Risk Assessment 

Grouting 
Grout eye injury Wear goggles 
Grout skin injury Wear disposable overalls or long 

sleeved shirt 
Compressed air injury Secure air lines with 

chains/minsup clips 
Grout pump failure Preventative maintenance / 

clean after use 
Mixing grout Wrong mix 

Cement dust 

Back injury lifting cement bags 

Use approved mix design 

Wear P2 dust mask 

Back care training 
Pumping grout Grout pump crush finger/limb 

loss injury 
Ensure guards are on machine 

ATTACHMENTS 

Inspection and Test Plan 
Grout Batching Sheet. 

Audit Checklist 

Last Page of 26321MI 1039 
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ORAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Title: ITP: Liner Encasement 
Grouting 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Andrew P Ridout 

Joint Venture 

Reference ITP-2532\MI\039 
No: 

Status: Approved 
Revision: 3 

Revision 11/09/2000 
Date: 
Date: 11/09/2000 

Scope of Encasement of the corrosion protection liner with grout. 
Work: 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard! 
Other Ref. 

Freq..of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial 8 Date) 

1 Mix design DS-04.2 & 

TS-301.1 
Each mix 
design 

40MPa @ 28 days P: HP 
C: WP 

BW correspondence 

2 Grout mix design 
(batch) 

DS-04.2 & 
TS-301.1 

Each mix 
design batch 

Max water / binder 
ratio 0.45 . 

P: WP 
C: WP 

Record on grout batching 
log 

3 Compressive strength For each liner 
installed 

40MPa @ 28 days P: WP 
C: WP 

NATA test cetificate. Test 
every 8.0m3. 

4 Grout batch Each batch Correct mix design 
used 

P: WP 
C: S 

Record on grout batching 
log 

5 Liner cast integrally 
with grout 

TS-324.7.2 Each Liner ' Design backfill 
grout installed 

P: WP 
C: 

POJV records 

TP & ITP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: Liner Encasement Grouting 

Date: 

CO Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty. Limited. 
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GBAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure - Liner encasement grouting 
Title: 
Attachment Grout Batching Log Status: Approved 
Title: 
Category: Mining Revision: 3 

Location: S1 Sewer Tunnel Project: 2532 
Date: 12/09/2000 

Pour No. 
l Pipe Nos: / / - -/ 

Weather: Chainage 
TO 

Date: 
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Signed Peabody 
Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Grout Batching Log 
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GBAYASI-11 

Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Document No: 25321M11074 Status: Approved 
Title: Installation of uPVC Sewer Pipes, Revision: 1 

EPB Launch Chamber 
Job Location: S1 Sewer Tunnel Issued: 09/0212001 
Job Number: 2532 

Mining 
Checked By: Adam N Hargreaves 
Approved By: Argot G Ansons 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the installation of the uPVC Sewer Pipes, in the EPB 
Launch Chamber. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan. 

Technical Procedure - 2532\MI\041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 2532 \Ml \052 Batching, transport and placing of concrete for tunnel lining 

DRAWINGS 

2532M064 = PERRY PARK SHAFT CONSTRUCTION DETAILS 
PB-01 - 2400 DIA. INTERNAL FORM 
PB-02 - 2400 DIA. INTERNAL FORM 
FIGURE 1 - GENERAL HANGING ARRANGEMENT 

EQUIPMENT REQUIRED 

Perry Park Gantry crane 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container 
Air compressor. 
Gal 7 Silenced fan 
Concrete pump or similar 
Pipe carrier 
Rockdrills and taper steels/bits 
2400mm uPVC Liner Internal form 
Acro props 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work face at all times. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 
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1 

Liner installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Concrete testing is to be conducted on site: 

Slump tests will be carried out at the point of delivery. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling _ 

Number of batches supplied 
_ _ by day 

Number of samples to be 
- -taken - 

1 1 

2 to 5 2 
6 to 10 3 
11 to 20 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

Each uPVC pipe installation sequence 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

uPVC Liner setting 

1. Inspect and unload 9m section of uPVC liner using the Gantry crane at Perry park. 
2. Insert 3m sections of Internal form as shown on drawings PB-01 and PB-02. 
3. Once inserted into the pipe, expand using wedges, props and bolts to ensure the uPVC liner is 

held concentric to the form and at constant diameter. 
4. The internal props will be installed in a pattern as shown on drawing PB-01. 
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5. The uPVC liner must have a minimum overlap of 40mm from the internal form at the joining end to 
allow for the 'T' piece joining strip to be installed. 

6. Lower the uPVC liner down the shaft onto the pipe carrier and travel the liner into the approximate 
position. 

7. Install grout and breather tubes in the crown of the tunnel. 
8. The liner will then be positioned as directed by surveyor. Survey pins installed in the crown of the 

tunnel will indicate centreline of uPVC liner and the required invert level of the liner. 
9. The liner is initially to be supported using pipe hanger brackets, suspended from the crown of the 

tunnel, through which adjustment is achieved using chain blocks, see general concept drawing - 
Figure 1. 

10. Place T piece between the two matching liners and support using rolled RHS braces. 
11. Survey to ensure that the liner is placed within tolerances. 
12. Install bulkhead for invert pour only. Coat bulkhead formwork with retarding agent to allow green 

cutting following stripping of bulkhead (optional). 
13. Concrete will then be poured to a level approximately 800mm above the invert of the liner. 
14: Vibrate concrete using poker vibrators from working planks attached to the hanging brackets. 
15. Taper the concrete so that it is radial to the liner to minimise feathering; green cut concrete 

surface. 
16. Strip external props and brackets as required after a minimum setting time of 4 hours. 
17. Set up concrete slick line (3" rubber hose held in position by catenary system). 
18. Extend bulkhead to the obvert of the tunnel (bracing and propping installed to suit bulkhead size). 
19. Pour concrete. Vibration of concrete by form vibrators fixed to the inside of the formwork at the 

formwork obvert. 
20. Strip formwork: Bulkhead may be stripped not less than 4 hours following completion of the pour, 

scabble concrete face; Strip internal pipe forinwork not less than 6 hours following the completion 
of the pour. 

21. Position additional pipes as detailed above. 
22. Following the installation finer proof grouting may be carried out. 
23. Repeat steps 2 to 22. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Lifting pipes into position Back strain, pinching injury to 
hands 

Use lifting devices where 
possible, co- ordinate manual 
lifts with adequate persons, use 
gloves. 

Working with Compressed Air Compressed Air Injuries 
. 

Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

General Rockfall Inspect area and check scale 
where required 

Concreting / Grouting 1) Skin irritations 
2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including dust masks and 
goggles 
2) Grout pump to have pressure 
relief. valve. Check couplings are 
secured with safety clips 

ATTACHMENTS 

Inspection and Test Plan 
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 Concrete Pre Pour Inspection Checklist 
Liner Installation Checklist 
Concrete Pour Log Sheet 
Liner Setout Proforma 

Audit Checklist 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
E ROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532%41\064 - Installation of uPVC Sewer Pipes, Perry Park to 
'Breakfast Creek Rd. Tunnel 

Attachment Concrete Pour Log Status: Approved 
Title: 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 15/11/2000 

Pour No. Lift No. Date: 
Pipe Nos: 

Weather: Chainage TO 

,Batch;; 
1, Lkib'eR 

..,,,, Batch 
ize 

c 
....,,i. 

,.: 

' Bgtchit.: 
--.F.,,_,-, 

, e-q-,.! : ', - 

'a"-ii- 

0 
.. 

,inish ,-Addif.4 
Li''''''4,t,.- - 

" t 

.Test 
HO der; 

1 

2 

3 

4 
5 

6 
7 

8 

Signed Peabody Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log 
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OBAYASH I 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532 \MI \064 - Installation of uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 

Date: 15/11/2000 

Pour Number: Lift Number: 
Date: 

Liner 
Nos: 

0 
1 

,:0',:*07 07 al rO's Thr.:4* 
Liner installation completed (Form 
completed) 

2 Previous pour greencut 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
5 Breather tubes installed (if required) - 

6 Water controlled 
7 Services clear of pour 
8 Bulkhead installed 

Comments: 

Peabody Representative: Date: 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\064 - Installation of uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel 

Attachment Liner Installation / Status: Approved 
Title: Inspection Form 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 15/11/2000 

Date: Liner No 

Description Comments Initials 
Pour area clean and 
free of debris 

'Yes / No 

Liner "T" joint 
installed correctly 
and secured 

Yes / No 

Liner set within 
tolerance 

Yes / No 

Internal Formwork 
installed correctly 

Yes / No 

External Props in 
place and secure 

Yes / No 

Bulkhead installed 
and secure 

Yes / No 

Liners checked after 
installation of 
formwork and still 
within tolerance 

Yes / No 

Comments: 

Peabody Supervisor: Date: / / 

Last Page of Liner Installation / Inspection Form 
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OBOASI-11 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Joint Venture 

Title: ITP: Installation of uPVC Reference ITP-2532\MI\074 
Sewer Pipes EPB Launch No: 
Chamber 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Steve BertonS1 

Scope of 
Work: 

Status: Approved 
Revision: 1 

Revision 15/11/2000 
Date: 
Date: 15/11/2000 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard! 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. - 

P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 Preliminary Planning 
Contract requirements - 

As built of tunnel 
section complete and 
verified 

Technical 
Procedure 
2532VVII\038 
as applicable 

As required by 
Technical 
Procedure 
2532\MI\038 

P: HP 
C: WP 

As per Technical 
Procedure 2532%41\038 

2 Scheduling and 
sequencing of liner 
installation . 

Each Liner Alignment of liners 
in excavated 
tunnel 

P: HP 
C: S 

Survey Information to 
match liners 

3 uPVC liner 
Manufacture 

RosLok 
Technical 
Procedure 
2535\ME\001 

Each Liner Approved by 
Manufacturer 

P: HP 

C: S 
D: HP 
M: HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-328.20 

Each Activity P: HP 
C: S 

D:S 
M:S 

POJV records available in 

central filing 

5 Prepare liners to 
schedule & sequence 

Each Liner P: S 

C: S 
D:S 
M:S 

Liner Check Sheet 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: S 
C: S 

D: S 
M: WP 

7 Installation - 

Preparation of Tunnel 
Each Length 
of tunnel for 
installation 

Wash down clean' 
and free of debris 

P: S 
C: S 

D: S 

M: S 

POJV check sheet 

8 Liner installation TS-324.7.1 Each Liner Liner forms - 
smooth surface 
free of sags, 
wrinkles 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

.9 Liner Installation 
tolerances 

TS-324.7.3 Each Liner Installation to suit 
not less than 
1:3000 grade (as 
required by 
alignment) 
Tolerance from 
grade - 20mm 
Tolerance from 
alignment - 50mm 

P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; Work as 
Executed survey 

10 Liner Internal Joining . Technical 
Procedure 
2532\M1 \041 

Each Liner 
Joint 

As per Technical 
Procedure 
25321MI\041 

P: HP 
C: WP 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 
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Technical Procedure 

GBANAStil 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

E ROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 2532111411037 Status: Approved 
Title: Installation of Liner - Perry Park to Revision: 2 

Albion Park - T joint 
Job Location: S1 Sewer Tunnel Issued: 19/10/2000 
Job Number: 2532 

Mining 
Checked By: Andrew P Ridout 
Approved By: Argot G Ansons 

- Video or AudioNisual training material 

INTRODUCTION 

This technical procedure details the methods to be followed to transport, position and install liners in 
the EPB driven tunnel, i.e.the Perry Park to Albion Park section of the S1 Main Sewer Interceptor 
Project. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

General Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
enviromental documentation 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5 *. 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 

REFERENCES 

POJV Environmental Management Plan 
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 POJV Safety Management Plan 

Technical Procedure - Liner installation - Survey Setout 

Technical Procedure - Supply of uPVC liners, lengths and mitres required. 

Technical Procedure - Roslok Liner Tube - In tunnel welding 

DRAWINGS 

Drawing No 2532M257 Preliminary - POJV Telescopic tunnel form sequencing. 
Drawing No 2532M307 Rev A Plastic Liner Installation Sequence 
Drawing No 2532M308 Rev A Plastic Liner Installation Sequence 
Drawing No 2532M309 Rev A Plastic Liner Installation Sequence 

EQUIPMENT REQUIRED 

Liner nose protector 

Liner transport traveller 

Internal fOrmwork sections obvert/invert 

Spud bars 

Air bags - liner support prior to installation of invert form 

Small tools 

Services 

SAFETY EQUIPMENT REQUIRED 

PPE as outlined in induction manual 

Fire extinguishers 

ENVIRONMENT 

All works will be conducted in accordance with POJV Enviromental Management Plan (Rev. 2) 

PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

Refer to seperate Technical Procedure for the survey liner setout. 
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NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

PREREQUISITE COMPETENCY SKILLS 

POJV underground induction. 

All relevant statutory certification for equipment operators i.e. Gantry crane, alimak man hoist. 

Supervisors to sign off on current Technical Procedure and standard working procedures relevant to 
their work activities. 

FREQUENCY OF ACTIVITY 

Completion of tunnel liner installation. 

REPORTING 

Shift Report completed for each shift worked. 
Liner installation checksheet - each liner. 

ACTIVITIES 

Introduction. 

The installation of the liners in the EPB TBM bored section of the tunnel will be undertaken in four 
seperate phases: 

liner preparation; 
transport of liner; 
installation of liner using internal formwork; and 
grouting of liner. 

Prior to the installation of the liners, the bored tunnel section will be surveyed and an installation plan 
of the tunnel alignment prepared. Also produced will be a liner installation requirement i.e. length of 
each liner and the mitre cuts for curves to be calculated. 

Once tunnelling is complete the rails will be removed from the invert and the tunnel washed down. 

Liner preparation (by manufacturer) 

Each liner will have a final visual inspection prior to being transported to Albion Park to ensure that 
they are free of damage and that they have met all of the manufacturers pre delivery requirements. 
(Refer checksheet in TP Supply of corrosion resistant uPVC liners) 

Each liner will be numbered to denote its position in the installation sequence. The liners will be 
checked and then the liner will be transported to site. 

Liner preparation (by site) 

Upon delivery of each liner to site a POJV representative will sign receipt of the liner, confirming all 
manufacturer requirements have been met. 

The liner will then have temporary internal bracing installed in two locations within the pipe (each 
approximately 2 metres from each end). 

Liner Mitre / Length trimming 
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Each liner will be trimmed to its required length and mitre on site. Its leading end ie the end travelling 
up the tunnel first will be mitred to suit the angle of deflection for the alignment curves. The liners 
trailing end will be cut square. 

Mitre / length trimming carried out on site will be supervised and managed by the manufacturer. 

Mitre/length trimming work procedure. 

Mitre/length requirements are obtained from survey alignment design. Where tunnel records indicate 
installation creep site survey adjustment of length and mitre maybe required in order to maintain the 
predetermined liner lengths and mitres established by asbuilt survey alignment generation. 

Transport of Liners 

Installation of the liners within the bored tunnel will commence from Perry Park and travel towards 
Albion Park. 

Liners will be transported to Albion Park and off loaded either onto storage racks or lowered directly 
down the shaft onto the waiting traveller using spreader bar and straps. 

Before being lowered into the shaft a visual check of the liner for dirt or damage will be made and 
three (3) x stiffeners installed into the liner. One stiffener will be placed at each end and one in the 
centre of the liner. Refer attached drawings 2532M307, 2532M308, 2532M309. 

Each liner will be lowered down Albion Park shaft and seated on a specially designed traveller. A 
nose protection piece will be placed on the front of the liner to protect it from any damage that may 
occur while travelling up the tunnel. 

The liner will be secured to the traveller and transported down the tunnel to the previously installed 
liner. 

Liner Installation 

Air bags previously placed on the tunnel invert, will be inflated once the liner is in position. This will 
allow the traveller to be removed. The traveller will return to pick up the next liner. 

The liners will butted together with a "T" piece inserted between the liners. The "T" piece will be 
positioned and then held in place by the formwork. The joins will be fully welded after the liner has 

( been grouted in position. 

PREVIOUS LINER 

FIELD WELD 
"T" PIECE FIELD WELD 

NEXT LINER 

Once the "T" piece has been inserted the liner is then ready to receive the first section of invert 
formwork. The invert will be brought through the existing formwork by the formwork monorail together 
with an obvert section of formwork collapsed over the formwork traveller in the following steps: 
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Formwork setup and dismantle 

Each formwork move will consist of moving the invert through the existing formwork by the formwork 
monorail together with an obvert section of formwork collapsed over the formwork traveller in the 
following sequence. 

Obvert dismantle 

Remove bolts between obvert / obvert (Ring to Ring) 
Remove bolts along interface invert and obvert panel 
Remove spud bars (in obvert only) 
Position traveller and then raise to take obvert section 
Connect stripping cylinders to side panels 
Remove shear brackets / locators. 
Remove locking pins in crown/side hinge 
Collapse side panels using stripping cylinders. 
Lower crown 

Invert dismantle 

Move traveller into previously set formwork to enable the invert panel to be dismantled. 
Remove bolts in the invert to invert section (Ring to Ring) 
Remove bolts from the longitudinal invert hinge. 
Remove invert spud bars. 
Position the traveller so that the cantilever arm and cylinders are over the invert section. 
Connect the hydraulic couplers for the invert cylinders. 
Switch hydraulic flow to invert cylinders. 
Lower invert cylinders and connect to invert panel. 
Raise the invert panel and connect ties to invert. 
Lower invert cylinders to fold up panel. 
Switch hydraulic flow back to the traveller. 
Disconnect hydraulic couplers for invert cylinders. - 

Push folded invert between obvert, adjusting side panels to suit. 
Travel to next setup. 

Invert setup 

Remove lower stiffener brace 
Position the traveller at the end of the form 
Roll the invert form out along the cantilever arm 
Connect the hydraulic couplers 
Switch hydraulic flow in invert cylinders 
Raise invert cylinders to open out invert panel. 
Disconnect ties to invert. 
Lower invert section into position. Use traveller to position invert against previous invert and insert 
bolts. 
Install invert hinge bolts and level section. 
Cut a 38mm hole, at spud bar locations, in plastic liner to take spud bars. Install collar seal, spud 
bar bracket and insert spud bar. 

NB: Spud bar holes must not be cut through any welds on the plastic liner. To avoid this move 
the spud bar hole. 

Obvert setup 

Switch hydraulic flow to traveller. 
DisconneCt hydraulic couplers and roll invert cylinders away. 
Position traveller for the obvert section. 
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 Raise traveller evenly and match crown panel to previous crown. 
Install bolts between crown panels 
Push side panels out 
Install shear brackets. 
Disconnect side stripping cylinders and tighten bolts in shear brackets to snug tight. 
Raise front of traveller until the liner is firm. 
Position shim plates between side panels and invert panels and install locking bolts for shims so 
they don't vibrate out. 
Lower traveller and return for next ring. 
Install bolts between rings ( minimum 2 bolts per panel) and remainder of bolts in invert hinge. 
Install remaining spud bars. 

Once the formwork is in position it will allow the side and top of the liner to be spudded to the 
excavation so that it is held in its design position while being grouted. Nominally six (6) spudbars will 
be used around the liner circumference every three (3) metres. 

Once the spud bars are located and the invert section bolted to the previous formwork the air bags will 
be deflated and withdrawn. 
This process will continue until all the required formwork for the length of liner has been moved and 
positioned. 

Where the liner has to be installed around curves the formwork will be packed with shims at the joints. 

Liner Encasement Grouting 

Generally once a length of liners are in position a bulkhead will be installed at its end. 

Grouting valves will be installed in the invert of the formwork and breatherpipes in the obvert. 

A specially designed grout will be mixed on the surface and pumped through 50mm line to the 
formwork. 

The cavity behind the liner will be filled. When grout appears at the breather tube in the obvert, 
grouting will stop. 

The grout will be allowed to cure, the bulkhead stripped and the process commenced again. 

Backfill / Proof grouting of corrosion liner 

Generally a grout pipe with internal air bleed/tell tale tube will be placed in the spud bar hole and held 
in place with a thrust leg. The air bleed tube will be extended to within 20mm of the top of the hole and 
grout pumped into the void. Air will be expelled through the air bleed tube until the void has been filled 
and grout appears from the tube. 

When grouting has been completed, the hole in the liner will be capped and welded. 

Grouting will generally take place in the obvert of the tunnel. . 
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PRECAST 
SEGMENT 

HOLE DRILLED THROUGH 
GROUT 

VOID TO BE GROUTED 

ENCASEMENT -- 
GROUT 

CORROSION LINER 

SEALING CONE 

GLAND 

GROUT INLET VALVE 

AIR BLEED VALVE 

THRUST LEG TO INVERT 

Once the proof grouting is completed the grout holes and spud bar holes will be dry packed with a 
mortar similar in strength to the backfill grout and then uPVC installed and welded. 

On completion of all the welding, spark testing of the completed tunnel will occur. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK I RISK/HAZARD/REASON RISK/HAZARD CONTROL 

DESCRIPTION OF WORK RISK/HAZARD / REASON RISK / HAZARD CONTROL 
Transport of liner. Storage yard 
- site 

Vehicle accident Radio contact / Qaulified 
operators 

Unload liner - personal injury Market set down area 
Noise Day shift only for unloading liner 

Lower liner down shaft Personal injury Flashing light system to make 
personnel aware of lowering liner 

Noise Explore limitations of crane 
(RPM) 

Damage to liner Training procedures, adequate 
lifting equipment 

Insert wrong way down shaft Check sheet prior to insertion 
Seat liner on traveller Incorrect orientation Correct orientation on surface 

Transport liner down tunnel Derailment Rail maintenacne, clean up of 
area before transport 

Damage to liner Design of carrier 
Personal injury / run over Design of carrier does not 

obstruct view of driver, PPE 
Flat battery Correct selection of battery, 

charging everyday 
Locate liner with previously 
installed liner 

Incorrectly matched, unable to 
weld , 

Correct orientation during 
transport quaility assurance 

Dismantle invert As per installed invert 
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Install invert Personal injury Warning light system 
Drive the travellor too far forward Rail stops / training 

Install spud bars Spud bar hold on joint Qualified personnel, procedures, 
training 

Dismantle obvert As per install invert 

Install obvert As per install invert 

Position of formwork Incorrect grade Survey check sheets 
Incorrect alignment Survey check sheets 
Incorrect installtion Check sheets - shift supervisor 

shift report 
Install bulkhead Under-inflation Maintain air pressure regulator 

Damage to bulkhead before 
installation 

Back-up bulkhead bag 

- Bulkhead blowing out Maintain air pressure standard 
Grout liner Inconsistent grout mixture Test cubes each pour 

Grout blockages Holding tank 
Run out of cement Check quantity before pour. 
Leakage through spud bars Instal Won of foam washers 

ATTACHMENTS 

Drawing No 2532M257 - POJV Telescopic tunnel form sequencing. 

Drawing No 2532M307 - POJV Plastic Liner Installation Sequence. 

Drawing No 2532M308 - POJV Plastic Liner Installation Sequence. 

Drawing No 2532M309 - POJV Plastic Liner Installation Sequence. 

Shift report - Liner Installation. 

Shift report - Proof grouting. 

Liner Intallation Checksheet 

Pre pour inspection sheet 

Inspection and Test Plan 

Audit Checklist 
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GBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
E ROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure - Installation of Liner - Perry Park to Albion Park - T joint 
Title: 
Attachment Tunnel Liner Status: Approved 
Title: Installation 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 19/09/2000 

Date: 

Wijigtio Commen s Initll 
Tunnel invert and wall clean Yes / No 
Air bags installed at approx. 
spud bar locations 

Yes / No 

Liner Installation 

Liner No 
/ 

Liner No / 

Lap achieved 

Liner set within tolerance Yes / No Yes / No 
Formwork installed correctly Yes / No Yes / No 
Spudbars installed correctly Yes / No Yes / No 
Minimum gap between liner 
and segment 
Liners checked after 
installation of formwork and 
still within tolerance 

Yes / No Yes / No 

Comments: 

Mining - Section - Tunnel Liner Installation: Rev 2 - Uncontrolled Copy Page 1 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure - Installation of Liner - Perry Park to Albion Park -T joint 
Title: 
Attachment Pre Pour Inspection Status: Approved 
Title: 
Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 19/09/2000 

Pour Number: 
( Date: 

Liner Nos: 

nal ' ''' ' lfl P ' IMPRAMP, '4, ,, ' MAW lif ' o " S:r4 S 
- 

1 Liner installation completed 
2 Communication (grout - tunnel) OK 
3 Grout pump set up OK -. 

4 Couplings clipped and secure 
5 Grout breather tubes installed 
6 Liner welding complete 
7 Services clear of pour 
8 - Bulkhead installed 

Comments: 

Peabody Representative: Date: 

Last Page of Pre Pour Inspection - 

0 Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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Technical Procedure 

OBAYASHI 

E ROC 
Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

JOint Venture Eroc Pty Limited 
ABN 6B 067 084 708 

Document No: 25321MI1070 Status: Approved 
Title: Albion Park Shaft Final Lining Revision: 1 

Job Location: S1 Sewer Tunnel Issued: 19/04/2001 
Job Number: 2532 

Mining 
Checked By: Adam N Hargreaves 
Approved By: Steve BertonS1 

LI - Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the final lining of the Albion Park shaft including spool 
installation. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
SI Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical. Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 253211141\041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 25321M11052 Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M071 - Albion Park Shaft Concrete / Benching Details 
2532M072 - Albion Park Shaft Excavation and Concrete Details 
2532M074 - Albion Park Shaft Reinforcement Details 
2532M097 - Albion Park Shaft Spool Piece Details 
2532M238 - Albion Park Shaft Formwork 5600 Dia Shutter Details (Sheet 1 of 3) 
2532M239 - Albion Park Shaft Formwork 5600 Dia Shutter Details (Sheet 2 of 3) 
2532M240 - Albion Park Shaft Formwork 5600 Dia. Shutter Details (Sheet 3 of 3) 
2532M410 - Albion Park Shaft Stage Platform Details 
2532M415 - Albion Park Shaft Stage Support Beam Details 
Figure 1 - Carrier Bars 
Figure 2 - Blockout Locations 
Figure 3 - Benching Detail 
Figure 4 - Spool Installation 
Figure 5 - Initial Form Setup 

EQUIPMENT REQUIRED 

Slewing Crane - 22t 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
Portable generator. 
Portable air compressor. 600 cfm 
500mm compressed air driven fan 
28m Boom Pump 
Meyco Suprema concrete pump or similar 
Rockdrills and taper steels/bits 
5600mm Dia Forms and Stage 
2400mm Dia Liner Form 
1350mm Dia Liner Form 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
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 Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable. 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner Installation 

Horizontal 

_ Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

Vertical 

Alignment Tolerance from alignment - 50mm 

Benching sheets 

Distances between extremities of edges Tolerances 
Up to 300mm 3mm 

300mm up to 3m 6mm 
3m up to 6m 9mm 

> 6m 12mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 2532\MI\052 Batching, Transport and Supply of Concrete 

Slump tests will be baffled out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sam lin 

Number of batches supplied 
by day 

Number of samples to be 
taken 

1 1 

2 to 5 2 

6 to 10 3 

11 to 20 - 4 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
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completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each-section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

Water Control 

-Install weir board in the 2.4m pipe and setup pump, discharging to settling tanks on the surface. 
During initial base pours, pump from existing sump using a screamer pump into the 2.4m pipe 
weir. 
Prior to starting benching, hang bubble wrap plastic from shaft walls, channelling water into a 
100mm drainage pipe gutter. 
Pipe water from catchment gutter into the 2.4m pipe weir. 

Pour 1 - Shaft (Chamber) Base Slab (RL -13.5 to RL -12.854) 

Remove all mass concrete, segments and rail using a 4t excavator and 2t rated muck skips. 
Excavate to original blinding level at RL -13.5. 
Install 20mm carrier bars to allow rebar to be tied at RL - 12.704 as shown on figure 1. 
Place rebar for shaft floor including sump and starter bars surrounding the spool location as 
shown on drawing 2532M074. 
Place safety caps on all protruding bars. 
['bur floor to RL -12.854 using S40/10/220 concrete. 
Green cut or apply surface retarder to concrete surface. 

Lift 2 - Shaft (Chamber) Base Slab (RL -12.854 to RL -12.654) 

Cut protruding carrier bars and blowpipe concrete surface to ensure all retarder is removed. 
Blockout area surrounding spool bulkhead as shown on figure 2. 
Blockout further areas as required to allow the installation of uPVC liner pieces shown on drawing 
2532M233 and 2532428 in the following sequence - 

1. AP05 
2. AP04 
3. AP03 
4. AP02 
5. AP01 

Pour floor to RL -12.654 screeding concrete level. 
Install uPVC liner section with ribs running parallel to the centre line of the spool. 
Place uPVC liner evenly into concrete ensuring air entrapment does not occur. 
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 Place ply backing forms, vibrating surface with poker vibrators and weighing down to prevent 
uplift. 
Remove portion of concrete undercutting the leading liner edge by 25mm to allow 'T piece 
installation on the next pour. 
Repeat process for each uPVC liner section ensuring concrete on the previously installed section 
has set sufficiently to allow workers to walk on the ply surface. 
Install 'T' piece between the sheets by embedding into the wet concrete and weighing down. 

Lift 3 - Shaft (Chamber) Benching (RL -12.654 to RL -11.454) 

Set 2.4m dia pipe extension using wooden formwork into final position. 
Install rockbolts as required and brace pipe from pipe hangers (scaled from those previously used 
for 1350mm dia liner installations). 
Install form vibrators inside wooden form. 
Erect forms as shown on RMD drawing TBA for benching on the surface. 
Attach uPVC liner to forms using tech screws centred at no greater than 1m centres. 
Lower forms into position. 
Extend blockouts for walls surrounding the spool. 
Pour concrete to RL - 11.454. 

Lift 4 - Shaft (Chamber) Benching (RL -11.454 to RL - 9.954) 

After a minimum setting time of 4 hours strip pipe hangers and pour walls to RL - 9.954. 
Screed surface at 1 in 20 grade and place top of bench uPVC liners into position (uPVC sheeting 
to have ribs running parallel to up grade of benching). 
Attach liners to wall formwork as shown on figure 3 and lightly vibrate. 

Lift 5 - Shaft (Chamber) Benching (Spool RL -12.654 to RL -11.454) 

Set 1350mm dia pipe extension using wooden formwork into final position. 
Install rockbolts as required and brace pipe from pipe hangers. 
Install form vibrators inside wooden form. 
Install Cast In Spool: - 

Attach steel template and brace to spools and move spools into approximate position as 
shown on figure 4. 

Position and secure spools to the relevant grade and alignment shimming brace as required. 
Install reinforcement for shaft wall and hoop bars around cast in spool as shown on drawing 
2532M074. 
Check alignment of reinforcement with respect to benching formed face. 
Erect forms as shown on drawing RMD drawing TBA. Formwork around spool fabricated to size 
determined insitu - similar for uPVC sheeting to be cut to suit and ribs removed (ground) as 
required to allow overlap to spool. 
Lower formwork into shaft and install. 
Pour concrete to RL - 11.454. 
After a minimum setting time of 4 hours, pour wall to RL - 9.954, ensuring vibration is carried out. 
Screed surface at 1 in 20 grade and place top of bench uPVC liners into position. 
Attach liners to wall formwork as for previous benches and lightly vibrate. 

Lift 6 - Valve Chamber Shaft Walls 5.6m Diameter (RL - 9.954 to RL -7.954) 

Install stage support beams as shown on drawing 2532M415. 
Lower the working stage as shown on drawing 2532M410 down the shaft and into position, 
hanging the stage off support chains. 
Erect 5.6m dia form as shown on drawings 2532M238, 239 and 240 on surface. 
Attach uPVC liner to form and hold liner into position and weld. 
Lower form down the shaft and into correct position leaving out the key piece. 
Sit formwork on 20mm wooden blocks on top of the benches as shown on figure 5. 
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 Lower uPVC liner down the shaft and fit around the formwork. 
Install 'T' piece. 
Place spud bars evenly around the top of the form. 
Pour S40 concrete to 100mm below the top of the liner and vibrate. 

Lift 7 to 10 - Valve Chamber Shaft Walls 5.6m Diameter (RL -7.954 to RL 0.046) 

- Erect next section of form on the surface as described for the previous pour. 
Lower preassembled form and liner down the shaft and into position, ensuring 'T' piece is locked 
into position between the existing and new liner. 
Bolt top section of form to bottom using M20 bolts. 
Pour S40/10/220 concrete to 100mm below the top of the liner and vibrate. 
Repeat process for remaining uPVC liners AP23 X 5. 

Lift 11 - Valve Chamber Shaft Walls 5.6m Diameter (RL 0.046 to RL 1.940) 

Install final section of uPVC liner AP24 as per the method-used for the previous sections. 
Mark location-of ventilation pipe on liner and extend pipe to the edge of the liner, grinding ribs as 
necessary to provide a tight seal. 
Pour concrete to RL 1.940. 
Screed surface level and install uPVC cap ring, embedding into the wet concrete, in a similar 
method as used for the top of bench pieces. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 1) Dropping load 
. __ 

. . .. _ 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

. _ .. . 

2) Concrete barriers / fence in 
place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Handling Steel Cuts and abrasions Ensure PPE worn at all times. 
Plastic safety caps used on all 
exposed steel bars etc. 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to haVe 
pressure relief valve. Check 
couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
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 Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

Shift Report Albion ParK Shaft Final Linin 

Reinforcement Schedule 

Audit Checklist 
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Obayashi Corporation 
Incorporated in Japan 
AR8N 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 2532\MR070 - Albion Park Shaft Final Lining 
Title: 
Attachment Liner Installation / Status: Approved 
Title: Inspection Form 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Date: RL: to 

Description Comments Initials 
Pour area clean and 
free of debris 

Yes / No 

Liner "T' joint 
installed correctly 
and secured 

Yes / No 
_ 

Liner set within 
tolerance 

Yes / No 

Formwork installed 
correctly 

Yes / No 

External Props in 

place and secure 
Yes / No 

Liners checked after 
installation of 
formwork and still 
within tolerance 

Yes / No 

Comments: 

Peabody Supervisor: 

Last Page of Liner Installation I Inspection Form 

Date: / / 

C Copyright Er 6c Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Ply Limited. 
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VAV 

°HAVASU! 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\070 - Albion Park Shaft Final Lining 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Pour Number: Lift Number: 
Date: 

RL : to 

'''Ii71 %II ; J ''.; *0%-910i§n ' NI C. . .p:(5-eitinvitts- 
1 Liner installation completed ("7 piece in 

place). 
2 Previous pour greencut / scabbled 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
8 Formwork installed and secure 

Comments: 

Peabody Representative: Date: 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 . 

This document or any part there of may not be reproduced, 
transmitted, copied or stored without permission in writing.from 

Eroc Pty Limited. 
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OBAYASIII 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\070 - Albion Park Shaft Final Lining 

Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Pour No. Lift No. Date: 

Weather: RL: TO 

Batbh ,:-Dkt,--':4Batch'," 
Numb' 

-e. 

-iize,,, _S 
'co' :;Bat,ch,_,Staft'2..Finish:.:rinitial,-',;FlOar-' 

-:"tierie,',- 0611r : POur'i'''SlUmip' 816iiiip-uper'';',' 
Added; 

(I) 
1-, 

Test 
j/I: 

1 

2 
3 

4 
5 

6 

7 
8 

Signed Peabody Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log Sheet 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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OBAVAStil 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Title: ITP: Albion Park Shaft 
Final Lining 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Adam N Hargreaves 

Scope of 
Work: 

Inspection & Test Plan 

Joint Venture 

Reference ITP-2532\MR070 
No: 

Status: Approved 
Revision: 1 

Revision 30/01/2001 
Date: 
Date: 30/01/2001 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref 
--- 

Description 
' - -Standard/ 

Spec 

Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

0: Designer 
M: Manufacturer 

-.--Records/ 
Comments 

Verification 
(Initial 8 Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT 
REQUIREMENTS 

As built of shaft 
excavation 

Technical 
Procedure 
2532MI038 as 
applicable 

As required by 
Technical 
Procedure 
2532MI038 

P: HP 
C: WP 

2 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Survey information to 
match liners - 

3 uPVC Liner 
Manufacture 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 

C: S 
M: HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 

Each Activity P: HP 
C: 

M: S 

POJV records available in 
central filing 

5 Prepare liners to 
schedule & sequence 

Each Liner P: HP 
C: WP 

Liner Check Sheet 

8, Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: HP 
C: 
M: WP 

7 Installation - 

Preparation 
Each Area of 
Shaft for 
installation 

Wash down clean 
and free of debris 

P: WP 
C: S 

POJV check sheet 

8 Liner Installation TS-324.7.1 Each Liner Liner forms - 

smooth surface 
free of sags, 
wrinkles and gas , 

tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-324.7.3 Each Liner Installation to suit 
not less than 
1:3000 grade (as 
required by 
alignment) 
Tolerance from 
grade - 20mm 
Tolerance from 
alignment - 50mm 

P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; W6rk as 
executed survey 

10 Liner Internal Joining Technical 
Procedure 
2532MI041 

Each Liner 
Joint 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

TP & ITP: 
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Approved 
By: 

Position: 

Date: Approved 
By: 

(Client) 

Last Page of ITP: Albion Park Shaft Final Lining 

Date: 

C Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty. Limited. 
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ORAYASUI 

Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321M11081 Status: Approved 
Title: Perry Park Maintenance Shaft Final Revision: 2 

Lining & Ventilation Pipe Installation 
Job Loc.ation: S1 Sewer Tunnel Issued: 19/04/2001 
Job Number: 2532 

Mining 
Checked By: Adam N Hargreaves 
Approved By:. Steve BertonS1 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the construction, final lining and ventilation pipe 
installation of the Perry Park Maintenance Hole. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 
Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 25321MI\052 Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M085 - Perry Park Shaft Concrete & Reinforcement Plans & sections (Sheet 1 of 2) 
2532M086 - Perry Park Shaft Concrete & Reinforcement Plans & sections (Sheet 2 of 2) 
2532M087 - Perry Park Shaft Cross Connection to Breakfast Creek Rd Excavation & Break In Details 
2532M089 - Perry Park Shaft 1200 Dia. Knife Gate Valve 1350 - 1200 Dia. Spool Piece Details 
2532M109 - 2400 Dia Shafts Existing Stage Modifications 
2532M231 - Perry Park Shaft Plastic Liner Details (Sheet 1 of 2) 
2532M232- PerryPark Shaft Plastic Liner Details (Sheet 2 of 2) 
2532M250 - 1800 Dia & Kingsford Smith Drive Shafts Construction Procedure (Sheet 1 of 2) 
2532M251 - 1800 Dia & Kingsford Smith Drive Shafts Construction procedure (Sheet 2 of 2) 
2532M348 - Perry Park - Ladders Marking Arrangement & Details 
2532M439 - Perry Park Shaft Plastic Liner Details Cover Slab 
2532M471 - Perry Park Rigging Layout and Details 

Figure 1 

Figure 2 

Figure 3 

Figure 4 
Figure 5 

Figure 6 

Figure 7 

- Sump Anchor Details 
- Blockout Locations 
- Steel Spool Installation 
- 2.4m uPVC Internal Form Arrangement 
- Benching Detail 
- Compression Ring Bracket 
- Formwork Typical Section 

EQUIPMENT REQUIRED 

Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
28m Boom Pump 
Rockdrills and taper steels/bits 
15t Gantry Crane 
Man box 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
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pallet. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable 

TESTING /CALIBRATION /MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be as follows: 

Distances between extremities of edges Tolerances 
Up to 300mm 3mm 

300mm up to 3m 6mm 
3m up to 6m 9mm 

> 6m 12mm 

Generally Concrete testing on site: 

411 (From (and refer to) Technical Procedure 2532 \MI \052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 
6 to 10 3 

11 to 20 4 
1 

each additional TO 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

Each concrete pour 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour inspection Checklist form to be completed prior to each pour. 
Concrete Pour Inspection form to be completed for each lift / pour. 
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Concrete Pour Log Sheet. 

ACTIVITIES 

General Concrete Pouring 

Delivery of concrete from the top of the shaft to the pour area via boom pump, with suitable 
concrete delivery hose. 
Vibration of concrete during pours is to be carried out using a combination of poker and form 
vibrators. 
Structural concrete shall be S40/10/70 unless otherwise specified. 

Preparation of Shaft (Chamber) Base Slab 

Remove all loose material from working area. 
If water present install temporary diversion drainage. 

Lift 1 - Shaft (Chamber) Base Slab (RL -12.832 to -12.032) 

1. Place reinforcement bars and bar chairs as shown on drawings 2532M086 for the floor. 
2. Tie 12mm lace bars at 500mm centres running perpendicular to the 20mm bars. 
3. Tie in wall starter bars. . . 

4. Construct a form for the sump using form ply and oregan. Attach uPVC pieces PP001, PP002 and 
PP003 as shown on drawing 2532M231 to the sump form using tek screws and brace the sump 
form into position using treaded bar anchors as shown on figure 1. 

5. Place safety caps on all protruding bars. 
6. Install a foam blockout in location shown on figure 2 extending the blockout 50mm past the edge 

of the liner to allow installation of a "T" joint on the next pour. 
7. Erect wall forms as shown on RMD drawing TBA to allow an 800mm lift to be poured. 
8. Pour the floor to RL -12.032, screeding the surface level in preparation for the uPVC liner. Control 

pour to RL -12.232 surrounding the spool to allow access for the spool / liner flange to be bolted 
prior to the following pour. 

9. Attach uPVC sheet PPO4 to a ply form and insert into the concrete, lightly vibrating to complete 
the chamber floor. 

10. Green cut unlined area of slab. 

Lift 2 - Chamber Benching and Spool (RL - 12.032 to - 11.732) 

1. Remove blockouts and install 1200 / 1350mm spool piece as detailed on drawing 2532M089. 
2. Brace the spool as shown on figure 3, positioning the spool to the relevant grade / alignment by 

shimming the brace as required. 
3. On surface position 2.4m diameter uPVC liner with internal forms braced in a pattern as shown in 

figure 4. Tek screw the liner to the internal forms and cut out the section of liner allowing for the 
vertical chamber walls to be formed. 

4. Extend rebar around the spool and walls required for a pour to RL - 11.732. 
5. Install rapid ply panels as shown on RMD drawing TBA for the vertical chamber walls. 
6. Erect forms around the cast in spool using form ply. (All forms to have uPVC attached to panels 

prior to installation) 
7. Install RSJ beams spanning the invert of the 2.4m diameter liner as shown on figure 4. Brace in 

the previously poured liner with acro props and bolt the beams down using 24mm rockbolts. 
8. Install further acro props horizontally bracing between the 2.4m liner and shaft walls to prevent the 

liner from rolling. 
9. Pour concrete to RL - 11.732 and green cut. 

Lift 3 - Chamber Benching and wall (RL - 11.732 to - 9.032) 

1. Extend rebar as required to pour 100mm above the top of the chamber benches at RL - 9.032. 
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2. Extend all wall formwork complete with plastic lining to RL -9.632. 
3. Erect pouring / soffit platform at RL -9.632. 
4. Attach uPVC pieces PP11 and PP12 to platform. 
5. Install uPVC pieces PP13. 
6. Attach uPVC piece PP10 to a ply form and attach to wall forms with steel brackets achieving a 1 

in 20 grade as detailed on figure 5. 
7. Brace 2.4m uPVC liner at RL -9.132 using a RHS jacking ring to achieve a 100mm upstand. 
8. Erect support beams across the top of the formwork and hang 100mm timbers to form the external 

form kicker as shown on figure 2. 
9. Pour concrete to RL - 9.132 and RL -9.032 around 2.4m dia liner upstand only. 

10. Cure concrete surface post pour with water. 

Formwork - Outer Installation 

1. Erect RMD forms for the outer concrete face as per RMD drawing TBA on the surface. 
2. Lower each panel with soldiers attached into position and bolt the soldiers down using anchor 

bolts. 
3. Install prefabricated 200UB 28.9 beam at the base of the soldiers. 
4. Install access brackets to the Super Slim Soldiers to form a supporting member for walkway 

planks to be laid down. 
5. Attach handrails, planks and access ladders. 
6. Install 20mm plate steel brackets using 24mm rockbolts as shown on figure 6. 
7. Install prefabricated compression ring beams as shown on figure 7, welding beam to the brackets 

and soldiers. 
8. Attach RF42 mesh to the inner exposed surface of the panels, holding in position by 50mm chairs 

tied to the formwork, (Tie wire installed on panels when erected). 
9. Install anchor ties though each soldier into the pour area as detailed on figure 7. 

10. Extend soldiers by bolting to the existing soldiers. 
11. Lower and attach further panels to the soldiers. 
12. Repeat steps 4 to 11, extending the formwork to RL 3.7. 

Lift 4 to 9 - (RL - 9.132 to 3.7) 

1. Assemble and attach support beams to shaft collar as show on 2532M471. 
2. Attach survey brackets and plumb bobs. 
3. Set-up working stage on surface 
4. Using gantry crane lower liner form over the stage. 
5. Attach form to the stage via chains. 
6. Remove key pieces and reduce form diameter. 
7. Lower uPVC liner over the form extending 75mm past the bottom edge of the form. 
8. Support liner using shims and reinsert key pieces to enlarge form. 
9. Lift connected liner, form and stage and lower down the shaft. 

10. Position stage so that the bottom edge of the liner is approximately 75mm above the existing liner. 
11. Check spud bar connection points are orientated correctly in the shaft 
12. Rig stage to the three hanging chains and disconnect from the crane. 
13. Attach form to the second set of hanging chains using 1.5t lever hoists and disconnect form from 

stage. 
14. Position joining strip to the existing liner and support using RHS brace. 
15. Remove form key pieces, reduce the form diameter and lower the liner onto the existing liner and 

joining strip. 
16. Remove RHS brace and lower the form at least 100mm below the previously poured concrete 

level. 
17. Insert key pieces and expand form to bear against previously poured concrete. 
18. Check alignment and prop top of form from the shaft wall using spud bars. 
19. Recheck joining strip through inspection ports in form. 
20. Evenly pour concrete around the liner to a level 100mm below the top edge of the liner. 
21. Vibrate using poker vibrators and apply Rugasol surface retarder to concrete surface. 
22. After sufficient curing time, attach stage to crane and disconnect hanging chains. 
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23. Attach form to stage and disconnect hanging chains. 
24. Remove spud bars, key pieces, reduce form and hoist to the surface. 
25. Repeat process for each section of liner to be installed from RL -9.032 to RL 3.72. 
26. During the installation of the final liner piece, evenly screed the surface and insert ply wood 

reinforced liner piece PP20 into the wet concrete, vibrating the form lightly. 

Ventilation Pipe Installation 

1. Set form as per normal for lift number 8. 
2. Mark out vent pipe and pole locations as shown on drawing 2532M080 and 2532M085. 
3. Grind ribs as required on the vertical liner to provide a tight join between the 150mm pipe (female 

socket) and liner. 
4. Install 150mm diameter uPVC pipe and vent pole footings bracing off 24mm rockbolts installed in 

the shaft wall as required. 
5. Cut out section of wall liner once fcirms are removed to link shaft to ventilation pipe. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 
... 

Dropping load Use certified lifting devices and 
rigger at all times. 
Suspended load warning lights in 
use. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Handling Steel Cuts and abrasions Ensure PPE worn at all times. 
Plastic safety caps used on all 
exposed steel bars etc. 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secure with safety 
clips. 

Erecting Forms Installed incorrectly 
Fall from height 

Form to be installed as per 
suppliers design. 
Safety barriers and lanyards to 
be used. 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Acceptance Sheet 
Concrete Pour Log Sheet 
Reinforcement Schedule 

144rfi 

Concrete Works Check Sheet.do 
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OBAXASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\081 - Perry Park Maintenance Shaft Final Lining & 
Ventilation Pipe Installation 

Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 30/10/2000 

Pour No. Lift No. Date: 

Weather: RL: TO 

Batch - 

. . 

Dit:'. 
Numb 

"aatChl, 
-'Size;',' Vol. , 

'patch ,i,:Stai-t- 

tifrid:::Obifir: 
;Finish= -: 
POiiii.,!]Sfurrip 

',Initial) -.Final 
:Slump 

Added 
:SUPer- 

',;Test 
Cyl. 

1 

2 
3 

4 

5 

6 

7 
8 

Signed Eroc Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log Sheet 
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- 

013AYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532 \MI \081 - Perry Park Maintenance Shaft Final Lining & 
Ventilation Pipe Installation 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 30/10/2000 

Pour Number: Lift Number: 
Date: 

RL : 

Wail : ' , ' '- MAW ' , 

it gla ,, r'',ArrAttliD, r'. .1 

1 Liner installation completed ("T" piece in 
place) 

2 Previous pour greencut / scabbled 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
9 Formwork installed and secure 
10 Scaffolding secure 

Comments: 

Peabody Representative: Date: 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\081 - Perry Park Maintenance Shaft Final Lining & 
Ventilation Pipe Installation 

Attachment Concrete Acceptance Status: Approved 
Title: Form 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/01/2001 

Date 
Time 
Structure to be Poured 
Location 

Design Actual 
Concrete Supplier 
Concrete Mix Design S40/10/90 
Design 28 day compressive 
strength 

40Mpa 

Design Slump 80mnf +7- 20mm- 
Superplastiscer added on site Yes 
(if required - No water add 
on site) 

Mix code 
Test Location 
Date Tested 
Time 
Cylinders Taken 

Comments: 
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OBANASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Joint Venture 

Title: ITP: Perry Park Shaft Final Reference ITP-2532\MI \081 
Lining No: 

Location: S1 Sewer Tunnel Status: Approved 
Job No: 2532 Revision: 2 

Category: Mining Revision 25/03/2001 
Date: 
Date: 25/03/2001 Prepared By: Adam N Hargreaves 

Scope of 
- Work: 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

2 uPVC Liner 
Manufacture. 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 
M: HP 

Liner Manufacture QA 
documents completed 

3 Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 
TS-312 

Each Activity P: HP 
C: WP 
M: S 

POJV records available in 
central filing - Pre Pour 
inspection checklist 

Prepare liners to 
schedule & sequence 

Each Liner 
_.. 

P: HP 
C: 

M: HP 

Liner Check Sheet: 
Manufacturer 

5 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: HP 
C: 
M: HP 

Approval by manufacturer 

6 Installation - 

Preparation - relative to 
pour area 

Each Area of. 
Shaft for 
installation 

Wash down clean 
and free of debris 

P: WP 
C: S 

POJV pre pour check 
sheet 

7 Liner Installation TS-324.7.1 Each Liner Liner forms - 

smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

8 Liner Installation 
tolerances 

TS-312 & 

TS-324.7.3 
Each Liner Distances between 

extremities of 
edges - 

[up to 300mm, 
3mm] 
[300mm to 3m, 
6mm] 
[3m to 6m, 9mm] 
[>6m, 12mm] 

P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; Work as 
executed survey 

9 Liner Internal Joining Technical 
Procedure 
2532MI041 

Each Liner 
Joint 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

Liner welding record sheet 
.- per Technical Procedure 

10 Order concrete and 
specify full 
requirements to 
supplier 

Spec. 
7S-301 
Concrete - 

Technical 
Procedure 
2532MI052 

Each pour As per Technical 
Procedure 
2532MI052 

P: HP 
C: WP 

Concrete checklist 

11 Concrete testing 
performed by 
subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring. 

Spec. 
"TS-301 
Concrete" 
AS 3600 - As 
per Technical 
Procedure 
2532MI052 

Batches - No. 
samples 
[1/1] [2 to 5/2] 
[6 to 10/3] [11 

to 20/4] [each 
additional 
10+/1] 

Concrete test 
results 
As per Technical 
Procedure 

P: HP 
C: WP 

Concrete checklist 
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TP & ITP: 
Approved 

By: 

Position: 

Date: 

Response Waddle:4 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: Perry Park Shaft Final Lining 
Copyright Eroc Pty. Limited. ABN 68 067 084 708 

This document or any part there of may not be reproduced, 
transmitted, copied or stored without permission in writing from 

Eroc Pty. Limited. 
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ii-BAYASHI 

Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

A8N 68 067 084 708 

Document No: 25321MI1068 Status: Approved 
Title: 2400mm Dia Kingsford Smith Drive Revision: 1 

Shaft Final Lining 
Job Location: S1 Sewer Tunnel Issued: 30/01/2001 
Job Number: 2532 

Mining 
Checked By: Adam N Hargreaves 
Approved By: Argot G Ansons 

- Video or Audio/Visual training material 

INTRODUCTION 

This Technical Procedure details the stages of the final lining of valve chamber at Kingsford Smith 
Drive Shaft. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1' TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\MI1041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 2532\MR052 Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M076 - Concrete Plan Location 
2532M077 - Concrete Sections 
2532M109 - 2400 Dia Shafts Existing Stage Modifications 
2532M250 - 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 1 of 2) 
2532M251 - 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 2 of 2) 
2532M285 - Kingsford Smith Drive Shaft 2400 Dia Inner Form Details (Sheet 1 of 2) 
2532M286 - Kingsford Smith Drive Shaft 2400 Dia Inner Form Details (Sheet 2 of 2) 
2532M350 - Kingsford Smith Drive Rigging Layout and Details 
2532M401 - Kingsford Smith Drive Shaft Plastic Liner Form Spud Bar Layout and Details 
2532M418 - Kingsford Smith Drive Shaft Plastic Liner Details to RL 3.855 

EQUIPMENT REQUIRED 

Slewing Crane - 22t 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
Portable generator. 
Portable air compressor. 600 cfm 
500mm compressed air driven fan 
28m Boom Pump 
2400mm Dia formwork and stage 
Rock drills and steels 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 
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 Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner Installation 

Alignment Tolerance from alignment - 20mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 2532\MR052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 
6 to 10 3 

11 to 20 4 
each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

uPVC Lining Construction Procedure 

2532 \MR068 - 2400mm Dia Kingsford Smith Drive Shaft Final Lining, Revision 1 (Uncontrolled Copy) 3 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 110 of 542



 Assemble and attach support beams to shaft collar as show on drawing 2532M350. 
Setup working stage on surface 
Using 22t slew crane lower liner form over the stage. 
Attach form to the stage via chains. 
Remove key pieces and reduce form diameter. 
Lower uPVC liner over the form extending 75mm past the bottom edge of the form. 
Support liner using shims and reinsert key pieces to enlarge form. 
Lift connected liner, form and stage and lower down the shaft. 
Position stage so that the bottom edge of the liner is approximately 75mm above the existing liner. 
Check spud bar connection points are orientated correctly in the shaft. 
Rig stage to the three hanging chains and disconnect from the crane. 
Attach form to the second set of hanging chains using 1.5t lever hoists and disconnect form from 
stage, 
Position joining strip to the existing liner and support using RHS brace. 
Remove form key pieces, reduce the form diameter and lower the liner onto the existing liner and 
joining strip. 
Remove RHS brace and lower the form at least 100mm below the previously poured concrete 
level. 
Insert key pieces and expand form to bear against previously poured concrete. 
Check alignment and prop top of form from the shaft wall using spud bars. 
Recheck joining strip through inspection ports in form. 
Evenly pour S40/10/220 concrete around the liner to a level 100mm below the top edge of the 
liner. 
Vibrate using poker vibrators and apply Rugasol surface retarder to concrete surface. 
After sufficient curing time, attach stage to crane and disconnect hanging chains. 
Attach form to stage and disconnect hanging chains. 
Remove spud bars, key pieces, reduce form and hoist to the surface. 
Repeat process for each section of liner to be installed from RL -9.0 to RL 3.855 as detailed on 
drawing 2532M418. 
During the installation of the final liner piece, evenly screed the surface and insert ply wood 
reinforced liner piece KSD18 into the wet concrete, vibrating form lightly. 

Ventilation Pipe Installation 

Pot hole to determine existing gas main location. 
Once determined, excavate 250mm trench to connect the ventilation pole location to the shaft wall 
as shown on figures 1 and 2. 
Pipe installation to be as follows: 

- 150mm diameter uPVC AS 1477 Series 1 Class PN12 pipe. 
- Minimum depth at vent pole, 600mm 
- Minimum depth under road, 1200mm 
- Minimum depth below existing gas main, 150mm 
- Grade 1 in 100 from pole to shaft 

The pipe shall follow the shaft wall using bends as required to protrude through the uPVC lining 
300mm from the access ladder as shown on figure 3. 
Grinding ribs as required on vertical liner to provide a tight join between the pipe (female socket) 
and liner. 
Cut out section of wall liner once forms are removed to link shaft to ventilation pipe. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 
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Crane Movements 1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 
place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Working in shaft Heat exhaustion Ventilation using.fan to be 
maintained at all times 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

Shift Report Kingsford Smith Shaft Valve Chamb 

Audit Checklist 

Last Page of 25321M11068 

Status: 
Request ID: 
Creator: 
Author: 
Notify these people: 

Approved Editor 
Names: 
Workflow Details: 

Submitted By 
Adam N Hargreaves 

on 
13/01/2001 00:00:00 

Copyright Eroc Pty. Limited. ABN 68 057 084 708 
This document or any part thereof may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 

Approved 29/01/2001 12:29:30 PM ZE10 
ANHS-4SWUXB 
Adam N Hargreaves 
Adam N Hargreaves 

Previous Approvers Current Approver 
Adam N Hargreaves 
Argot G Ansons 

Next Approver 
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°MASH! 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\068 - 1800mm Dia and Kingsford Smith Drive Shafts 
Final Lining 

Attachment Concrete Pre Pour Status: Approved 
Title: Check Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Pour Number: Lift Number: 
Date: 

RL : to 

A , , , gintir .:i b , igk"': : 
,, ...",... Ape ..s : 

1 Liner installation completed ("T piece in 
place) 

2 Previous pour greentut / scabbled - 

3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
8 - FormWork installed and secure 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: Date: / / 

Last Page of Concrete Pre Pour Check Sheet 

SD Copyright Eroc Pty. Limited. ABN 68 067 084 706 
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OSAYASKI 

Obayeshi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532 \MI \068 - 1800mm Dia and Kingsford Smith Drive Shafts 
Final Lining 

Attachment Concrete Pour Status: Approved 
Title: Acceptance Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Date 

Time 

Structure to be Poured 

Location 

______ _ _ _ '4;-,- 
eSi: ' C a 

* 

Concrete Supplier 
, 

, c, 

Concrete Mix Design S40/10/90 

Design 28 day compressive strength 40Mpa 

Design Slump 80mm +/- 20rnm 

Superplastiscer added on site Yes 

(if required - No water add on site) 

Mix code 

Test Location 

Date Tested 

Time 
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Cylinders Taken 

Comments: 

Last Page of Concrete Pour Acceptance Sheet 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 7 56 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\068 - 1800mm Dia and Kingsford Smith Drive Shafts 
Final Lining 

Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 1 

Location: 51 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Pour No. Lift No. Date: 

Weather: RL: TO 
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Last Page of Concrete Pour Log Sheet 
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OBAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROS 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\068 - 2400mm Dia Kingsford Smith Drive Shaft Final 
Lining 

Attachment Inspection and Test Status: Approved 
Title: Plan 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Ref Description Spec 
Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT 
REQUIREMENTS 

GS -11 Approved 
Technical 
Procedure 

P: HP 
C: WP 

2 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

3 uPVC Liner 
Manufacture 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 

M: HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 
TS-312 

Each Activity P: HP 
C: WP 
M: S 

POJV records available in 
central filing - Pre Pour 
inspection checklist 

5 Prepare liners to 
schedule & sequence 

Each Liner M: HP Liner Check Sheet - 
Manufacturer 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

M: HP Approval by manufacturer 

7 Installation - 

Preparation - relative to 
pour area 

Each Area of 
Shaft for 
installation 

Wash down clean 
and free of debris 

POJV pre pour check 
sheet 

8 Liner Installation TS-324.7.1 Each Liner Liner forms - 
smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-312 & 

TS-324.7.3 
Each Liner Tolerance from 

alignment - 50mm 
P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; Work as 
executed survey 

10 Liner Internal Joining Technical 
Procedure 
2532MI041 

Each Liner 
Joint 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

Liner welding record sheet 
- per Technical Procedure 

11 Safety equipment 
available and in use 

PMS OH & S 
system 

Daily Equipment 
available and in 
use. 

P: WP 
C: S 

Record on shift report 

12 Internal subcontractor 
checklist completed for 
all proposed 
subcontractors 

PMS 
subcontractor 
checklist 

As Required All checklist items 
completed 
satisfactorily 

P: HP 
C: S 

Subcontractor checklist 

13 Equipment operators 
have relevant operating 
tickets and have 
Completed site specific 
inductions. 

Spec. 
"GS-11.10 
Induction and 
training." 

Before 
Commencem 
ent 

Tickets sighted 
and induction sign 
off sheets 
completed 

P: HP 
C: S 

Training records 
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14 Order concrete and 
specify full 
requirements to 
supplier 

Spec. 
"TS-301 
Concrete" - 

Technical 
Procedure 
2532M1052 

Each pour As per Technical 
Procedure 
2532MI052 

P: HP 
C: WP 

Concrete checklist 

15 Concrete testing 
performed by 
subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring. 

Spec. 
"TS-301 
Concrete" 
AS 3600 - As 
per Technical 
Procedure 
2532MI052 

Batches - No. 
samples 
[1/1] [2 to 5/2] 
[6 to 10/3] [11 
to 20/4] [each 
additional . 

10+/1] 

Concrete test 
results 
As per Technical 
Procedure 

Concrete checklist 

TP & ITP: 
Approved - 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

ApprOVed 
By: 

(Client) 

Last Page of Inspection and Test Plan 

Date: 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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Technical Procedure 

OBAVASRI 

Obayashi Corporation Joint Venture 
Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321MI1062 Status: Approved 
Title: Kingsford Smith Drive Valve Revision: 1 

Chamber Lining 
Job Location: S1 Sewer Tunnel Issued: 12/12/2000 
Job Number: 2532 

Mining 
Checked By: Adam N Hargreaves 
Approved By: Argot G Ansons 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the final lining of valve chamber at Kingsford Smith 
Drive Shaft. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. - 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 

a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

*As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\Ml \041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 2532\MR052 Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M076 - Concrete Plan Location 
2532M077 - Concrete Sections 
2532M079 - 1350 Diameter Knife Gate Valve - Spool Piece Details 
2532M088 - Kingsford Smith Drive Shaft Bottom of Shaft Reinforcement Details 
2532M333 - Kingsford Smith Drive - Construction Procedure - Valve Chamber (Sheet 1 of 2) 
2532M334 - Kingsford Smith Drive - Construction Procedure - Valve Chamber (Sheet 2 of 2) 
RMD 1120/1610/001A - Wall Form, R/Ply Panels, RSJ, S/Slims, Props, Kingsford Smith Drive 
Figure 1 - Cast In Spool Installation 
Figure 2 - 'T' - Joint support at Base Slab 
Figure 3 - Benching Detail 

EQUIPMENT REQUIRED 

Slewing Crane - 22t 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
Portable generator. 
Portable air compressor. 600 cfm 
500mm compressed air driven fan 
28m Boom Pump 
Meyco Suprema concrete pump or similar 
Rockdrills and taper steels/bits 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 
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 Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner Installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 2532\MI\052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 

6 to 10 

11 to 20 - 4' 
each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

- All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 
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Lift 1 - Shaft (Chamber) Base Slab 

Place rebar as shown on drawing 2532M088 for the floor. 
Tie in wall starter bars. 
Install a steel angle iron form to allow the wall kicker to be poured to be poured to RL -13.100. 
Tie uPVC liner pieces with the ribs vertical to the kicker frame, with 25mm of the liner projected 
into the floor. 
Place safety caps on all protruding bars. 
Pour floor and kicker to RL -13.100 using S40 concrete. 

Lift 2 - Valve Chamber Benching 

Scabble previous pour surface. 
Install temporary diversion drainage (due to water ingress to the chamber from around the existing 
sewer); Temporary diversion drainage includes measures such as (or a combination of) temporary 

- piping, followed by pipe-sealing-upon completion of pouring, installation of pump sump (pump 
removed prior to pouring, panning using plastic sheeting or geotextile (left within the pour). 
On the surface connect the cast in spool together - check alignment and manufacture plywood 
template marking size of spool - internal and external and hole and connection plate locations and 
sizes. 
Install Cast In Spool: 

Check adequate (existing sewer) concrete has been removed. 
Remove concrete if required. Ensure existing sewer concrete is sound. 
Place bond breaker material around steel flume and inside of cast in spool (grease or plastic 

sheeting) 
Install compressible material around steel flume 
Position underside section of cast in spool around flume and temporary timber support (within 

rtheThOur area) and place outside pour area steel support bracket as shown in figure 1. 

Position topside section of cast in spool around flume; install 16mm dia. taper pins to locate 
outer adjacent faces (flush) and install M16 bolts. 

Install timber wedging at 300mm centres around flume (coat timber with grease) - between 
flume and cast in spool. (timber wedging to be removed with flume. 

Remove temporary timber support from within the pour area. 
Install support and location pins for shaft profile ring (at interface between benching top face and 
shaft circular wall) formwork. 
Install reinforcement for shaft wall and hoop bars around cast in spool as shown on drawing 
2532M088. Install additional reinforcement to support and fix structural reinforcement in place by 

drilling and grout encapsulating reinforcement.into shaft rock wall as required. 
Check alignment of reinforcement with respect to benching formed face. 
Install RF82 mesh as required for benching, install plastic clip bar chairS to face of the mesh. 
Erect forms as shown on drawing RMD drawing 1120/1610/001A. Formwork around flume and 
cast in spool fabricated to size determined insitu - similar for uPVC sheeting to be cut to suit and 
ribs removed (ground) as required to allow overlap to spool. 
Tech screw uPVC liner to formwork (tech screws installed at no greater than lm grid centres). 
Lower formwork into shaft and install in location including T Joint. 
Brace formwork and T Joint as shown in figure 2. Brace across shaft top and sides of cast in spool 
to opposite side formwork. 
Erect pouring platform - ensure access to chamber floor on both sides of the flume. 
Install form vibrators to benching vertical formwork face. 
Lower pre assembled top of benching formwork and attached uPVC sheeting (uPVC sheeting to 
have ribs running parallel to up grade of benching); Lower pre assembled 4m diameter kicker 
formwork and connected uPVC - fix temporarily to installed reinforcement to allow installation of 
benching formwork and uPVC to be fixed into final position as detailed in figure 3. 

Install horizontal support bracing between excavated shaft wall and vertical benching soldier 
supports. 
Fix top of benching formwork and attached uPVC into final position. 
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 Fix 4m diameter kicker formwork into final position. 
Seal join between uPVC of benching and shaft wall kicker using silastic allowing breather gaps at 
1m centres. 
Pour chamber benching - ensuring concrete is at least 200mm slump concrete. When pour height 
has reached top level of benching ensure vibration of concrete using poker vibrators is carefully 
carried out to remove any possible air trapped beneath the benching uPVC. 
Vibration of concrete during the pour is to be a combination of poker vibrators and formwork 
connected vibrators. 
Delivery of concrete from the-top of the shaft to the pour area via boom pump, with concrete 
delivery hose able to fit between inner and outer layers of reinforcement. 
Remove the majority of bracing from formwork - leave formwork & soldiers in place. 

Lift 3 - Valve Chamber Shaft Walls (4m Diameter) - Pour to RL -9.0 

Erect RMD formwork on surface and fix uPVC sheeting to formwork. 
Ensure uPVC sheeting extends below formwork by 40mm and extends above formwork by 50mm. 
Fabricate sill formwork on surface to reduce shaft diameter from 4m to 2.4m; And provide 200mm 
vertical extension into 2.4m diameter shaft (300mm extension of uPVC) 
Fix uPVC liner to sill formwork. - 

Complete reinforcement installation (as required). 
Scabble previous pour and clean construction joint surface. 
Install formwork support bracing from base of shaft to formwork support locations. 
Lower forMwork into shaft and locate into position. Locating formwork by props extended from 
circular formwork to benching soldiers and the top by temporary props to the shaft excavated wall. 
Install T piece between cast in benching uPVC and 4m diameter uPVC. Secure and brace T piece 
from benching formwork. Install working deck. 
Install vertical support bracing (from valve chamber floor to RL -9.20) for sill formwork support and 
working deck installation. 
Lower sill formwork into shaft and fix:to vertical support and 4m diameter formwork. Support 
horizontally from excavated shaft wall. 
Remove temporary props (horizontal) between shaft excavated wall and 4m diameter uPVC. 
Pour concrete using boom pump. 
Pour sill and lower section of shaft 200mm above sill. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 

place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Handling Steel Cuts and abrasions Ensure PPE worn at all times. 
Plastic safety caps used on all 
exposed steel bars etc. 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 
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Concreteing / Grouting 1) Skin irritations 1) Correct PPE to be worn at all 
times including barrier cream. 

2) Pressure build-ups in grout 2) Concrete pump to have 
hose pressure relief valve. Check 

couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

Shift Report Kingsford Smith Shaft Valve Chamb 

Reinforcement Shedule 

Audit Checklist 

Last Page of 2532NNIR062 

Status: 
Request ID: 
Creator: 
Author: 
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Adam N Hargreaves Adam N Hargreaves 
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OBAVASIII 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Joint Venture 

Title: ITP: Kingsford Smith Drive Reference ITP-2532\MR062 
Valve Chamber Lining No: 

Location: S1 Sewer Tunnel Status: Approved 
Job No: 2532 Revision: 1 

Category: Mining Revision 30/10/2000 
Date: 
Date: 30/10/2000 Prepared By: Adam N Hargreaves 

Scope of 
Work: 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard/ 
Other Ref. - 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT . 

REQUIREMENTS 

As built of shaft 
excavation - 

Technical 
Procedure 
2532M1038 as 
applicable 

As required by 
Technical 
Procedure 
2532M1038 

P: HP 
C: WP 

2 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section . . 

Alignment of liners 
In excavated Shaft 

P: HP 
C: S .. _ . 

Survey information to 
match liners 

3 uPVC Liner 
Manufacture 

Roslok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 

M: HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 

Each Activity. P: HP 
C: 

M: S 

POJV records available in 
central filing 

5 Prepare liners to 
schedule & sequence 

Each Liner P: HP 
C: WP 

Liner Check Sheet 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: HP 
C: 
M: WP 

7 Installation - 

Preparation 
Each Area of 
Shaft for 
installation 

Wash down clean 
and free of debris 

P: WP 
C: S 

POJV check sheet 

8 Liner Installation TS-324.7.1 Each Liner Liner forms - 

smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-324.7.3 Each Liner Installation to suit 
not less than 
1:3000 grade (as 
required by 
alignment) 
Tolerance from 
grade - 20mm 
Tolerance frOrn . 

alignment - 50mm 

P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; Work as 
executed survey 

10 Liner Internal Joining Technical 
Procedure 
2532MI041 

Each Liner 
Joint ' 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

TP & ITP: 
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Approved 
By: 

Position: 

Date: 

.Rre§ponse-Workflow 

Approved 
By: 

(Client) 

Last Page of RP: Kingsford Smith Drive Valve Chamber Lining 
Copyright Eroc Pty. Limited. ABN 68 067 084 708 

This document or any part there of may not be reproduced, 
transmitted, copied or stored without permission in writing from 

Eroc Pty. Limited. 

Date: 
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AI 

OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\IVII\062 - Installation of uPVC Sewer Pipes, Albion Park to 
Kingsford Smith Drive tunnel 

Attachment Liner Installation / Status: Approved 
Title: Inspection Form 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Date: RL: 

Description Comments Initials 
Pour area clean and 
free of debris 

Yes / No 

Liner "T" joint 
installed correctly 
and secured 

Yes / No 
_ 

Liner set within 
tolerance 

Yes / No 

Formwork installed 
correctly 

Yes / No 

External Props in 

place and secure 
Yes / No 

Liners checked after 
installation of 
formwork and still 
within tolerance 

Yes / No 

Comments: 

Peabody Supervisor: 

Last Page of Liner Installation / Inspection Form 

Date: 

© Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\062 - Installation of uPVC Sewer Pipes, Albion Park to 
Kingsford Smith Drive tunnel 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Pour Number: Lift Number: 
Date: 

RL : 

Ifiem Description initiks Co ehts ',',' 
Liner installation completed ("T" piece in 

place) 
2 Previous pour greencut / scabbled 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
8 Formwork installed and secure 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 

0 Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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013AYAS111 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\062 - Installation of uPVC Sewer Pipes, Albion Park to 
Kingsford Smith Drive tunnel 

Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 30/10/2000 

Pour No. Lift No. Date: 

Weather: RL: TO 

atch 
No. 

iiPIWL,' 
-116-66:: 

,.... 

er.:' 

iP490-:,, 
-,SiZe':;-,5 . 

Batch "4",-- .Time 
, 

.PoUr 
'-FiniSh'-:-Initial-',,-',Final 

- 

;)PPur-_:`SIUMP',S11)rnO' 
A 2k, 

-..- 

- ,,' 
Added 

,2 ,`, 

,5:up91r,, 

:.(I)"r 

-,.-17:est 

1 

2 
3 

4 
5 
6 
7 

8 

Signed Peabody Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log Sheet 
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PEABODY 
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Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321MI1067 Status: Approved - 

Title: North Quay Maintenance Shaft Final Revision: 2 
Lining 

Job Location: S1 Sewer Tunnel Issued: 24/05/2001 
Job Number: 2532 

Mining 
Checked By: David Alt 
Approved By: Steve BertonS1 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the final lining of North Quay Maintenance Hole. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 
Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 
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i. 

REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\A/11\052 Batching, Transport and Supply of Concrete 
Technical Procedure -25321MI\041 Tunnel & Shaft Liner - Joining 

DRAWINGS 

2532M096 - North Quay Maintenance Hole - 1500 Dia. Knife Edge Gate Valve - 1500 Dia. Spool 
Piece Details 
2532M098 - North Quay Maintenance Hole - 750 Dia. Knife Edge Gate Valve - 750 Dia. Spool Piece 
Details 
2532M136 - North Quay Maintenance Hole and Link to Existing Sewer - Shaft Concrete Plans 
2532M138 - North Quay Maintenance Hole and Link to Existing Sewer - Concrete Wall Sections 
2532M139 - North Quay Maintenance Hole and Link to-Existing Sewer - Shaft Reinforcement 
2532M140 - North Quay Maintenance Hole and Link to Existing Sewer - Shaft Reinforcement 
2532M141 -North Quay Maintenance Hole and Link to Existing Sewer - Shaft Reinforcement 
2532M145 (Sheet 3 of 3) - North Quay Maintenance Hole and Link to Existing Sewer Construction 
Sequence and Pipework Details 
Figure 1 - Upstream Chamber Base Slab 
Figure 2 - Steel Spool Installation 
Figure 3 - Lift No. 2 Blockouts 
Figure 4 - Downstream Chamber Benching Forms 
Figure 5 - Shaft Collar Forms 

EQUIPMENT REQUIRED 

Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
GAL 5 fan 
28m Boom Pump 
Meyco Suprema concrete pump or similar 
Rockdrills and taper steels/bits 
5t Crane 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet. 
As per Environment Management Plans submitted for Possession of Site process. 
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PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be as follows: 

Distances between extremities of edges Tolerances 
Up to 300mm 3mm 

300mm up to 3m 6mm 
3m up to 6m 9mm 

> 6m 12mm 

Generally Concrete testing on site: 

From (and refer to) Technical Procedure 2532\MI\052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 
6 to 10 3 
11 to 20 4 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

AU persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

Each concrete poUr 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Concrete Pour Inspection form to be completed for each lift / pour. 
Concrete Pour Log Sheet. 
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ACTIVITIES 

Concrete Pouring 

Delivery of concrete from the top of the shaft to the pour area via boom pump, with suitable 
concrete delivery hose. 
Vibration of concrete during pours is to be carried out using a combination of poker and form 
vibrators. 
Structural concrete shall be S40/10. 

Preparation of Shaft (Chamber) Base Slab 

Remove all loose earth material from working area. 
Install temporary diversion drainage. Temporary diversion drainage includes temporary piping, 
installation of sump pump (pump removed prior to pouring), panning using plastic sheeting or 
geotextile. 

Lift 1_- Shaft (Chamber) Base Slab (RL -11.4 to --10.4) 

Place reinforcement bars, steel mesh and bar chairs as shown on drawings 2532M140 for the 
floor. 
Tie in wall starter bars. 
Install a steel angle iron form braced from the shaft walls to allow the wall kicker to be poured 
100mm above the floor (RL -10.80). 
Place safety caps on all protruding bars. 
Attach uPVC liner 
Pour floor and wall kicker to RL -10.80. 
Remove bracing from formwork and strip angle iron kicker forms. 

Lift 2 - Shaft (Chamber) Wall (RL - 10.8 to -9.4) 

Scabble horizontal surfaces from previous pour. 
Place further rebar as shown on drawings 2532M139, 2531M140 and 2531M141 for the wall to 
allow the concrete to be poured to RL -9.40. (NB Starters bars noted for false slab have been 
removed under direction from client - 2532M140) 
Install wall formwork as shown on RMD drawing TBA :- 

Attach uPVC lining sheets to RMD formwork as detailed drawing 2532M138 using screws 
centred at lm. 

Lower formwork into shaft and position, joining uPVC liners from the previous pour using a 'T' 
piece. 

Brace formwork. 
Pour walls to RL -9.40. 
Remove the majority of bracing and formwork. 

Chamber Backfill 

Using type Flowable fill backfill material, evenly fill shaft chamber and mechanically compact in 
300mm layers up to RL -9.60. 

Backfill Crust 

Fill shaft chamber with 20 Mpa concrete up to -9.4 to form crust over shaft back fill. 

Lift 3 - Chamber Floor and Wall (RL - 9.4 to -8.9) 

Scabble previous pour surface and install wall formwork complete with plastic lining. 
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 Install 750mm dia spools SPL-1 and SPL-2 shown on drawing 2532M098 and 1500mm dia spool 
shown on drawing 2532M096 and brace onto false slab using brackets as per Albion & Perry Park 
spools. 
Install forms for the upstream chamber, allowing access to the HDPE diversion pipe connections. 
Form erected up to -7.0. 
Pour up til -8.9 which is floor level of downstream chamber, placing surface hardening material 
(Mastertop 105). 

Lift 4 - Up stream / Downstream Chambers and permanent benching ( RL -8.9 to -7.5) 

Form HRT pipe using wooden 2.4 m dia form and or pipe support expansion rings. 
Form Downstream chamber both sides of walls using RMD and purpose built form including uPVC 
lining to inside shaft wall face. Form Upstream chamber permanent benching and plastic attached 
to inside of shaft face form. Form to be erected up to -6.5. 
Pour up to -7.5. 
Remove outer perimeter form. 
Install access for sewer diversion. 

Sewer Diversion 

Survey to check placement of installed HDPE pipes. 
Install diversion pipe shown as SP-3 on drawing 2532M145 Sheet 3 of 3, with modification of 750 
knife gate valve to be ommitted from installation until completion of shaft. 
Stop sewer flow through HDPE pipes. 
Unbolt elbows HB3 and reorientate. 
Bolt elbows to cast in spools and connect temporary thrust restraints. 
Reopen sewer. 
Pour backfill concrete around HB3 elbows to approximately R.L. -7.5. 

Lift 5 - Both Chambers (RL -7.5 to -6.2) 

Form both chambers up to -6.2 utilising both existing RMD form and steel shaft form. Plastic to be 
installed with form including top face of permanent benches in downstream chamber. 
Pour up to -6.2. 
Remove all form from chambers. 

Downstream Chamber False Slab 
Break up 200mm deep crust and level with sand placed around broken concrete to underside of 
false slab. 
Tie in mesh and support using bar chairs for false slab. 
Pour slab to RL -9.20 and place surface hardening material (Mastertop 105). 

Lift 6 to 14 - Shaft Walls (RL - 6.2 to 8.2) 

1. Attach uPVC liner to form on the surface. 
2. Lower forms into position and suspend from beams as per shaft form procedure i.e. survey using 

plumb bobs, brace against walls to position. 
3. Pour 2m lift ensuring 100mm of uPVC liner upstand is achieved. 
4. During curing time tie in reinforcement for the next lift. 
5. Repeat procedure for 8 lifts 

Lift 15 - Shaft Collar (RL 8.2 to 9.105) 

Using shaft slip form, form up top of shaft utilising pre made wall including 45 degree form for 
overhang section. Plastic to be secure to form. 
Continue pour to RL 9.105 and insert final uPVC strips. 

Temporary Benching - Upstream Chamber 
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 Remove all forms from shaft. 
Erect forms for temporary benching. 
Attach 25 X 25mm wooden chamfers to all exposed concrete corners. 
Pour concrete, screeding off top bench surface at 1 in 20 grade. 

Valve Installation 
Both 1500 & 750 knife gate valves to be installed after completion of shaft. 
Valve installation procedure as per future technical procedure submission. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 
place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air CompreSsed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Handling Steel Cuts and abrasions Ensure PPE worn at all times. 
Plastic safety caps used on all 
exposed steel bars etc. 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secure with safety 
clips. 

Erecting Scaffolding Installed incorrectly Scaffolding to be erected by an 
certified scaffolder 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Acceptance Sheet 
Concrete Pour Log Sheet 
Reinforcement Schedule 

Lt 

Concrete Works Check Sheet.do 

Shift Report North Quay Shaft Final Lining 

Audit Checklist 
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MAYAS HI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\067 - North Quay Maintenance Shaft Final Lining 

Attachment Liner Installation / Status: Approved 
Title: Inspection Form 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 30/10/2000 

Date: RL: to 

Description Comments Initials 
Pour area clean and 
free of debris 

Yes / No 

Liner "T" joint 
installed correctly 
and secured 

Yes / No 

Liner set within 
tolerance 

Yes / No 

Formwork installed ' 

correctly 
Yes / No 

External Props in 
place and secure 

Yes / No 

Liners checked after 
installation of 
formwork and still 
within tolerance 

Yes / No 

Comments: 

Peabody Supervisor: Date: / / 

Last Page of Liner Installation / Inspection Form 

© Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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°HAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\067 - North Quay Maintenance Shaft Final Lining 

Attachment Concrete Acceptance Status: Approved 
Title: Form 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/01/2001 

Date 
Time 
Sthi-ciure to be Poured 
Location 

Design Actual 
Concrete Supplier 
Concrete Mix Design S40/10/90 
Design 28 day compressive 
strength 

40Mpa 

Design Slump 80mm +/- 20mm 
Superplastiscer added on site Yes 
(if required - No water add 
on site) 

Mix code 
Test Location 
Date Tested 
Time 
Cylinders Taken 

Comments: 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Title: ITP: North Quay 
Maintenance Shaft Final 
Lining 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Adam N Hargreaves 

Scope of 
Work: 

Joint Venture 

Reference ITP-2532 \MI \067 
No: 

Status: Approved 
Revision: 2 

Revision 30/10/2000 
Date: 
Date: 30/10/2000 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description - - Spec 
Standard! 
Other Ref. 

Freq.of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT 
REQUIREMENTS 

GS - 11 Approved 
Technical 
Procedure 

P: HP 
C: WP 

2 Valve Manufacture John Valves 
Technical 
Procedure 

Each Valve Approved by 
Manufacturer 

P: HP 
C: S 

Manufacture QA 
documents completed 

3 Installation Work 
Procedures 

TS-404 Each Valve 
installed ---7 

P: HP 
C: S 

M:HP 

Valve 

4 Valve Installation 
tolerances 

Halcrow ref 
(BS1/61/1161 
09) 

Each Valve Vertical alignment 
- 1:150 

P: HP 
C: WP 
M: S 

Survey field book 

5 Handling & Transport Each 
Handling 
sequence - 

Approved method 
of lifting and 
transport 

P: HP 
C: 
M: HP 

Approved by 
manufacturer 

6 Safety equipment 
available and in use - 

PMS OH & S 

system 
Daily Equipment 

available and in 
use. 

P: 

C: 
Record on shift report 

7 Equipment operators 
have relevant operating 
tickets and have 
completed site specific 
inductions. 

Spec. 
"GS-11.10 
Induction and 
training." 

Before 
Commencem 
ent 

Tickets sighted 
and induction sign 
off sheets 
completed 

P: 

C: 
Training records 

8 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

9 uPVC Liner 
Manufacture 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 
M: HP 

Liner Manufactured QA 
documents completed 

10 uPVC Liner Installation 
work Procedrues 

TS-324.7.1 
TS-324.7.2 
TS-312 

Each Activity P: HP 
C: WP 
D: 
M: S 

EOJV records available in 
central filing - Pre pour 
inspection checklist 

11 Prepare lining to 
schedule & sequence 

Each Liner P: HP 
C: 

M:HP 

Liner Check sheet - 

Manufacturer 

12 Handling and Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: HP 
C: 

M: HP 

Approval by manufacturer 

13 Installation / 
Preparation - relative to 
pour area 

Each area of 
shaft for 
installation 

Wash down clean 
and free of debris 

P: WP 
C: S 

EOJV pre pour check 
sheet 

14 Liner installation TS-324.7.1 Each Liner Liner forms - 
smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner inspection pre pour 
checklist 
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15 Liner installation 
tolerances 

TS-312 & 
TS-324.7.3 

Each Liner Distances between 
extremities of 
edges - . 

[up to 300mm, 
3mm] 
[300mm to 3m, 
6mm] 
[3m to 6m, 9mm] 
[>6m, 12mm] 

P: HP 
C: HP 

Liner inspection - Pre pour 
checklist; Work as 
executed survey 

16 Liner jointing Technical 
Procedure 
2532MI041 

Each Liner 
join 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

Record sheet as per 
Technical Procedure 

17 Order concrete and 
specify full 
requirements to 
supplier 

Specification 
TS-301 
Concrete 
Technical 
Procedure 
2532MI052 

Each pour As per Technical 
Procedure 
2532MI052 

P: HP 
C: Witness 
Point-WP 

Concrete checklist 

18 Concrete Testing 
performed by 
subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring 

Specification 
TS-301 
Concrete 
Technical 
Procedure 
2532MI052 

Batches - No. 
samples 
[1/1] [2 to 5/2] 
[6 to 10/3] [11 
to 20/4] [each 
additional 
10 +11] 

Concrete test 
results As per 
Technical 
Procedure - 

P: HP 
C: WP 

Concrete checklist 

TP & 1TP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: North Quay Maintenance Shaft Final Lining 

Date: 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\067 - North Quay Maintenance Shaft Final Lining 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 30/10/2000 

Pour Number: Lift Number: 
Date: 

RL : to 

geti !V@ 14 
iz *ell 

1 Liner installation completed ("T' piece in 
place) 

2 Previous pour greencut / scabbled 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
9 Formwork installed and secure 
10 Scaffolding secure 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 
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GBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ASH 68 067 084 708 

Procedure 2532\MI\067 - North Quay Maintenance Shaft Final Lining 
Title: 
Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 30/10/2000 

Pour No. 

Weather: RL: 

Lift No. 

TO 

Date: 

BatChTf- , 
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1 -,.;citirnSIUmpSlurrip , 
,,,,,,..41:* 

VI e, 4- .'1 +' 

Fit-16r' 
-3.-g4,.,,,, 

, td " o- -- 

le' 

-U er;', - 

ties ., 

1 

2 
3 

4 
5 

6 

7 

8 

Signed Peabody Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log Sheet 
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OBAYASHI 

CONCRETE WORKS 
CHECK SHEET 

S1 MAIN SEWER TUNNEL PROJECT 

PEABODY 

Site Location: Date: 

Location of Pour: Pour No: 

Concrete Grade/Type: Nom. Slump: 

Chainage of Pour (if applicable) From: To: 

Description Comments Initials 

PREPARATION iiitUNDATION 
cavation Dimensions 

Cleanup 
Anchor Bars Yes / No 

REINFORCEMENT 
Starter Bars Correct Yes / No 
Bars Clean Yes / No 
Spacing & Bar Size Yes / No 
Number of Bars Yes / No 
Chairs and Spacers Yes / No 
Cover (position) Yes / No 
Lap Lengths Yes / No 
Stability Yes / No 

FORMWORK 
Type of forms used 

tuber & size of blackouts 
1Prvey checks Yes / No 

Dimensions checked Yes / No 
Stability checked Yes / No 
Clean up Yes / No 
Ties & Spacers Yes / No 
Fillets to corners Yes / No 
Release agent Yes / No 
Cast in items Yes / No 
Waterstop placed Yes / No 

Page 1 of 2 
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Description Comments Initials 

CAST IN ITEMS 
Mechanical inserts surveyed Yes / No 

Anchor Bolts in position Yes / No 

Spools checked and surveyed Yes / No 

Cast in anchors surveyed Yes / No 

POUR PREPARATIONS 
Equipment in proper working order Yes / No 

All concrete materials on site Yes / No 

Site access satisfactory Yes / No 

Construction joints prepared Yes / No 

Cold Joints prepared Yes / No 

PLACEMENT jONCRETE 
eather condition 

Concrete testing completed Yes / No 
Layered placement Yes / No 
Placement free of segregation Yes / No 
Concrete vibrated Yes / No 
Exposing compounds placed Yes / No 
Curing compounds placed Yes / No 
Concrete covered for curing Yes / No 

POST POUR COMMENTS 

111 

- _ 

Page 2 of 2 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Document No: 

Title: 

Job Location: 
Job Number: 

Checked By: 
Approved By: 

Technical Procedure 

Joint Venture 
EROC 
Eroc Pty Limited 

. ABN 68 067 084 708 

25321MI\076 Status: Approved 
1800mm Dia Shafts Final Lining & Revision: 1 

Ventilation Pipe Installation 
S1 Sewer Tunnel Issued: 21/02/2001 
2532 
Mining 
Adam N Hargreaves 
Steve BertonS1 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the final lining of the 1800mm dia Shafts including ventilation pipe 
installation. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 

a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\MR041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 2532\MR052 Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M080 - Turbot St Maintenance Hole Excavation & Concrete Details 
2532M081 - Barry. Parade Maintenance Hole Excavation & Concrete Details 
2532M082 - Best St Maintenance Hole Excavation & Concrete Details 
2532M250: 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 1 of 2) 
2532M251 - 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 2 of 2) 
2532M259 - Turbot St; Best St. & Barry Parade Shafts 1800 Dia Stage Platform 
2532M268 - Turbot St, Best St. & Barry. Parade Shafts 1800 Dia Stage Platform 
2532M420 - 1800mm Vent Shafts Support Beams Plan & Details 
Figure 1 - Base Form Details Plan 
Figure 2 - Base Form Details Section 
Figure 3 - General Vent Pipe Arrangement 

EQUIPMENT REQUIRED 

Crane 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
Portable generator. 
Portable air compressor 
500mm compressed air driven fan 
28m Boom Pump 
1800mm Dia formwork and stage 
Rock drills and steels 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 
Warning signs and flashing lights for bottom of shaft - to be setup in tunnel when working in shaft 
above. 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet. 
As per Environment Management Plans submitted for Possession of Site process. 
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PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner Installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 25321MI\052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number.of samples to be 

taken 
1 1 

2 to 5 2 

6 to 10 3 

11 to 20 4 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
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Liner Installation Inspection form to be completed each section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

uPVC Lining. Construction Procedure 

Refer to relevant shaft drawings - 2532M080, 081, & 082 

Lift 1 

1. Relocate shaft pentice to act as a safety barrier whilst not interfering with the lining activities. 
2. Assemble and attach support beams to shaft collar as shown on drawing 2532M420. 
3. Setup working stage on surface, attached to support blocks as shown on drawing 2532M268. 
4. Using crane lower liner form over the stage. 
5. Attach form to the stage via chains. 
6. Remove key pieces and reduce form diameter.- 
7. Lower uPVC liner over the form level with the base of the form. 
8. Reinsert key pieces to enlarge form. 
9. Lift connected liner, form and stage and lower down the shaft. 

10. Check spud bar connection points are orientated correctly in the shaft. 
11. Rig stage to the three hanging chains and disconnect from the crane. 
12. Attach form to the second set of hanging chains using 1.5t lever hoists and disconnect form from 

stage, 
13. Check alignment and prop top of form from the shaft wall using spud bars. 
14. Form a base around the bottom of the liner, supporting with rockbolts spaced at 300mm centres 

as shown on figure 1. 

15. Place 100mm layflat hose sand bags around the perimeters of the liner and wall. 
-16. Fill the remaining void with a 150mm layer of sand as shown on figure 2. . 

17. Evenly pour 40MPa concrete around the liner extending up 500mm from the sand, after sufficient 
curing time continue pour a level 100mm below the top edge of the liner. 

18. Vibrate using poker vibrators and apply Rugasol retarder to concrete surface. 
19. After sufficient curing time, attach stage to crane and disconnect hanging chains. 
20. Attach form to stage and disconnect hanging chains. 
21. Remove spud bars, key pieces, reduce form and hoist to the surface. 

Lift 2 to Surface 

1. Repeat stages 3 to 6 as detailed for lift 1. 

2. Lower uPVC liner over the form. extending 75mm past the bottom edge of the form. 

3. Support liner using shims and reinsert key pieces to enlarge form. 
4. Lift connected liner, form and stage and lower down the shaft. 
5. Position stage so that the bottom edge of the liner is approximately 75mm above the existing liner. 

6. Check spud bar connection points are orientated correctly in the shaft. 
7. Rig stage to the three hanging chains and disconnect from the crane. 
8. Attach form to the second set of hanging chains using 1.5t lever hoists and disconnect form from 

stage. 
9. Position 'T' piece around the existing liner temporarily hold in place. 

10. Remove form key pieces, reduce the form diameter and lower the liner onto the existing liner and 
'T' piece. 

11. Lower the form at least 100mm below the previously poured concrete level. 
12. Insert key pieces and expand from to bear against previously poured concrete. 
13. Check alignment, pour concrete and repeat steps 18 to 21 as detailed for lift 1. 

14. During the installation of the final liner piece, evenly screed the surface and insert ply wood 
reinforced liner piece into the wet concrete, vibrating form lightly. 
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Ventilation Pipe Installation 

Excavate 250mm trench to connect the ventilation pole location to the shaft wall as shown on 
general concept drawing figure 3. 

Pipe installation to be subject to the following criteria: 

- 150mm diameter uPVC AS 1477 Series 1 Class PN12 pipe. 
- Minimum depth at vent pole, 600mm 
- Minimum depth under road, 1200mm 
- Grade 1 in 100 from pole to shaft 

The pipe shall protrude through the uPVC lining 300mm from the access ladder to allow 
subsequent servicing of the pressure relief valves. 
Grind ribs as required on vertical liner to provide a tight join between the pipe (female socket) and 
liner. 
Cut out section of wall liner once forms are removed to link shaft to ventilation pipe. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 

place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

1800MM DIA SHAFTS LINING SHIFT REPO 

Audit Checklist 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

AEIN 68 067 084 708 

Procedure 
Title: 

2532W1\076 - 1800mm Dia Shafts Final Lining & Ventilation Pipe 
Installation 

Attachment Inspection and Test Status: Approved 
Title: Plan 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Ref Description Spec 
Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial 8 Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT 
REQUIREMENTS 

GS - 11 Approved 
Technical 
Procedure 

. 

P: HP 
C: WP 

, 

2 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

3 uPVC Liner 
Manufacture 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 

Mr HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 
TS-312 

Each Activity P: NP 
C: WP 
M: S 

POJV records available in 
central filing - Pre Pour 
inspection checklist 

5 Prepare liners to 
schedule & sequence 

Each Liner M: HP Liner Check Sheet - 
Manufacturer 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

M: HP Approval by manufacturer 

7 Installation - 
Preparation - relative to 
pour area 

Each Area of 
Shaft for 
installation 

Wash down clean 
and free of debris 

P: WP POJV pre pour check 
sheet 

8 Liner Installation TS-324.7.1 Each Liner Liner forms - 
smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-312 & 

TS-324.7.3 
Each Liner Tolerance from 

alignment - 50mm 
P: HP 
C: S 

Liner Inspection - Pre pour 
checklist 

10 Liner Internal Joining 
- 

Technical 
Procedure 
2532MI041 

Each Liner 
Joint 

As per Technical 
Procedure 
2532MI041 

P: HP 
C: WP 

- 

Liner welding record sheet 
- per Technical Procedure 

11 Safety equipment 
available and in use 

PMS OH & S 

system 
Daily Equipment 

available and in 
use. 

P: WP 
C: S 

Record on shift report 

12 Equipment operators 
have relevant operating 
tickets and have 
completed site specific 
inductions. 

Spec. 
"GS-11.10 
Induction and 
training." 

Before 
Commencem 
ent 

Tickets sighted 
and induction sign 
off sheets 
completed 

PI HP 
C: S 

Training records 

13 Order concrete and 
specify full 
requirements to 
supplier 

Spec. 
"TS-301 
Concrete" - 

Technical - 

Procedure 
2532MI052 

Each pour As per Technical 
Procedure 
2532MI052 

P: HP 
C: WP 

Concrete checklist 
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14 Concrete testing 
performed by 
subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring. 

Spec. 
'TS-301 
Concrete" 
AS 3600 - As 
per Technical 
Procedure 
2532M1052 

Batches - No. 
samples 
(1/1] [2 to 5/2] 
[6 to 10/3] [11 
to 20/4] [each 
additional 
101-11] 

Concrete test 
results 
As per Technical 
Procedure 

Concrete checklist 

TP & ITP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of Inspection and Test Plan 

Date: 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Ply Limited. 
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GBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\076 - 1800mm Dia Shafts Final Lining & Ventilation Pipe 
Installation 

Attachment Concrete Pour Log Status: Approved 
Title: Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Pour No. Lift No. Date: 

Weather: RL: TO 
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MAYAS/II 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\076 - 1800mm Dia Shafts Final Lining & Ventilation Pipe 
Installation 

Attachment Concrete Pre Pour Status: Approved 
Title: Check Sheet 
Category: Mining Revision: 1 

Location: Si Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Pour Number: Lift Number: 
Date: 

RL : to 

, , eScn lion , ,In tars ' - ents 
1 Liner installation completed ("T" piece in 

place) __ 

2 Previous pour greencut / scabbled 
3 Communication (concrete - tunnel) OK. 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
8 Formwork installed and secure 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: 

- Last Page of Concrete Pre Pour Check Sheet 

Date: / / 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532W11\076 - 1800mm Dia Shafts Final Lining & Ventilation Pipe 
Installation 

Attachment Concrete Pour Status: Approved 
Title: Acceptance Sheet 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 23/01/2001 

Date 

Time 

Structure to be Poured 

Location 

esi, 
'1,;, * ow 

c a re' ,, 
Concrete Supplier 

1 

1 

Concrete Mix Design S40/10/90 

Design 28 day compressive strength 40Mpa 

Design Slump 80mm +/- 20mm 

Superplastiscer added on site Yes 

(if required - No water add on site) 

Mix code 

Test Location 

Date Tested 

Time 
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Cylinders Taken 

Comments: 

Last Page of Concrete Pour Acceptance Sheet 
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OBAYASIII 

Technical Procedure 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 2532\ MI\073 Status: Approved 
Title: Precasting Of Shaft Covers And Revision: 5 

Installation 
Job Location: S1 Sewer Tunnel Issued: 02/03/2001 
Job Number: 2532 

Mining 
Checked By: David Alt 
Approved _By: Steve BertonS1 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the casting of the shaft covers. 

RESPONSIBILITY 

Project. Manager will ensure that all aspects of shaft cover complies with the specifications of the 
contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the level casting of the shaft covers. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

*As modified by this Technical Procedure and associated documentation. 
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 EQUIPMENT REQUIRED 

REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\MR041; Roslok Liner Tube - In tunnel Joining 

Technical Procedure - 2532\MI\052; Batching, Transport and Supply of Concrete 

DRAWINGS 

2532M068 - Albion Park Shaft PC Concrete Cover Reinforcement Details 
2532M085 - Perry Park Shaft Concrete & Reinforcement Plans And Sections 
2532M070 - Bored Shafts Cover and Collar Arrangement & Reinforcement 
2532M028 - Albion Shaft PrecastCover Concrete Details 
2532M076 - Kingsford Smith Drive Shaft Concrete Plans 

Slewing Crane (22t) 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required 
Portable air compressor. 600 cfm 
6000mm diameter steel form 
3250mm diameter steel form 
2400mm diameter steel form 
Black plastic 
PVC Liner 
Reinforcement as specified 
Formwork 
Blockout pieces 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable 

TESTING /CALIBRATION /MONITORING 

Unless otherwise specified, the allowable tolerances on the uPVC liner installation shall be a 
follows: 
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Distances between extremities of edges Tolerances 
Up to 300mm 3mm 

300mm up to 3m 6mm 
3m up to 6m 9mm 

> 6m 12mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 2532%41\052 Batching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 
6 to 10 3 

11 to 20 4 
each additional 10 1 additional sample 

Safr.iplirig and identification shall be carried out as per AS 1012 - Parts 1 arici-6: 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

GENERAL PROCEDURE 

1. Preparation 

2. Shaft Cover Setting Out 
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3. Installation uPVC to underside of lid 

4. Installation of reinforcement and formwork 

5. Install remaining uPVC 

6. Install lifting anchors immediately following completion of screeding concrete surface 
7. Pour lid and cure 

8. Prepare shaft top for acceptance of precast lid 

9. Install compressible joint material between lid and shaft top as required 
10. Install precast lid 

11. Gatic Cover Installation (Bolt down type) 

12. Manhole Cover Installation 

13. Valve Block Installation 

PREPARATION 

Select a suitable site, being relatively level and allowing access for all relevant equipment. 

Construct a working platform using oregan bearers and form ply sheets, shimming as necessary 

or pour blinding concrete to ensure a level surface is achieved. 

SHAFT COVER SETTING OUT 

Once level working surface is set-up, place pre-cut uPVC sheets into position with ribs facing 
upwards. 

Place and tie in rebar according to the relevant drawing for each cover. 

Albion Park Shaft - 2532M068 

Kingsford Smith - 2532M076 

Best St - 2532M070 

Barry Parade - 2532M070 

Turbot St - 2532M070 

Install 5mm steel form ring around the uPVC liner as shown on figure 1. 

Relevant areas to be bloCked out for cast in items such as manhole covers are to be marked and 

blocked out as required. 

POURING OF SHAFT COVERS 

Ensure all rebar and cast in items are in the correct positions. 

Pour concrete using a 40 MPa, 10mm aggregate mix. 

Vibrate using poker vibrators to ensure full concrete encasement. 

Cure concrete. 

Place shaft cover into place over shafts once a strength of 40MPa is achieved. 
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MULTIPART GATIC COVERS 

Check the rebate dimensions and the pit opening size against the information supplied on the 

product drawing. 

Place the undercut and drawcut frames in the wallbox rebates. 

Place side frames in rebates as guided by painted numbers on outside of frame as shown on 

figure 2. 

Pack up the four corners to finish level required. Run string line across top of the wallboxes at the 

drawcut and undercut ends. 

Place beams into wallboxes so that numbers marked on beams and wallboxes correspond. 

Ensure that the beam end sections are flush with the top of the wallboxes and metal to metal 

contact is made. 

Install frame into rebates set in position and concrete/grout into position. 

Install Covers 

Clean underside of covers and the vertical and horizontal seating surface of the covers. 

Drawcut end is determined by the location of the two keyholes on the same end of the cover. 

Place cover into that row as per sequenced numbers, starting with drawcut covers. 

Check for rocking in frames, if rocking present support under sidewalls. 

Pour concrete 

Ensure concrete is a minimum of 72 hours old before removing cover and beams from the frame 

Clean all mating surfaces 

Apply Gatic Sealant Compound 747 to the top 50mm of the beam location wallboxes 

Lower beams back into position ensuring that sealant is not removed accidentally by contact with 

the bottom edge of the beam 

Place all covers into position without sealant 

Clean the top surface of the unit further removing any debris 

Sealant is to be placed on the vertical and horizontal seating surfaces of the frames only. A 

thickness of 3mm build up is required 

Lower cover into frame and tamp the top of the covers into position until covers are flush. Clean 

excess sealant that is squeezed out through the remaining gaps. 

Remove the next cover and apply sealant to both sides of the frame and the rear of the first cover. 

Repeat this sequence as described above to the remaining covers. 

Check all keyhole / lifter points to ensure all plastic plugs are in place 

Once all sealant and point checks are complete, covers are to be placed and bolted to frame. 

Manhole Covers 
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Form for the risen man hole covers will be suspended off the steel main form ring. 

Risen steel work will be installed across the main form work centralising the outer ring of the 

manhole in position. 

The outer ring will be held in position with brackets fixed to the ring connecting to the centralising 

beams. 

Suspended off the outer ring centralising beam members will be two cross beams. 

The inner ring of the manhole cover will be suspended off these secondary beams. 

To keep the ring in position existing bolt holes within the inner itself will be using to bolt the ring to 

the cross members.. 

Installation of the manhole covers will be completed after the precast lid is poured. The frame and 

man hole cover installed when the precast lid is positioned on the shaft to attain final and correct 

le-vels and location. 

The manhole frame is set to correct level and concreted/grouted in position - followed by the 

installation of the cover. 

Valve Block 

Installation of the valve block requires a 200mm diameter uPVC pipe and a blockout piece to be 

installed 

Cut uPVC pipe to length 

Cut ply positioner 

Fix ply positioner in place and install uPVC pipe on top of the ply 

Install blockout piece and fix into position using manhole centralising beams 

Once Shaft Cover is poured and has had time to cure the Cast Iron Valve Box and Recycled 

Plastic Valve Cover can be grouted in position 

Note: Kingsford Smith and Perry Park cover - recycled plastic cover is not to be grouted into 

position - installed and held in position by the adjacent roadway surfacing and landscaping 

respectively. 

Lifting Anchors 

Installation of lifting anchors will be completed when cover has been screeded once 

Cover has been screeded. 

Lifting Anchors are inserted into place. 

Final screed completed. 

Joint Installation 

All components of joints are to be applied as per manufacturer's recommendations. Before installation 

the precast concrete cover the joint should be prepared as follows: 

Glue backer rod to top of shaft wall 40mm from edge, using SC 23 N type contact adhesive, in 
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order to prevent lateral movement 

Install fibreboard to the extent as shown in drawing 2532M070 

Fill gap between backer rod and fibreboard with the joint sealant. Ensure that sealant over tops 

the fibreboard. 

Once this is done, the cover should be lowered shortly afterwards while sealant is still tacky to 

ensure proper seal 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 

- 

1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 
place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Handling Steel Cuts and abrasions Ensure PPE worn at all times. 
Plastic safety caps used on all 
exposed steel bars etc. 

Concreting/ Grouting 1) Skin irritations 
- 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

Shift Report Albion ParK Shaft Final Linin 

Reinforcement Schedule 

Audit Checklist 
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GBAYASIII 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Title: 

Location: 
Job No: 

Category: 

Prepared By: 

Scope of 
Work: 

Inspection & Test Plan 

ITP: Precasting Of Shaft 
Covers And Installation 
S1 Sewer Tunnel 
2532 
Mining 

David Alt 

Joint Venture 

Reference ITP-2532\MI\073 
No: 

Status: Approved 
Revision: 5 

Revision 22/02/2001 
Date: 
Date: 27/02/2001 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description__ . . Spec 
Standard/ 
Other Ref. 

Freq. of Test - Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records! 
Comments 

Verification 
(Initial & Date) 

1 Preliminary Planning: 
Contract Requirements 

GS-11 Each Lot Approved TP P: HP 
C: WP 

2 Scheduling and 
Sequencing of liner 
installation 

Each Lot Alignment of 
plastic in form 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

3 uPVC Liner 
Manufacture 

RosLok TP Each Sheet Approved by 
Manufacturer 

P: HP 
C: S 
M: HP 

Liner manufacturer QA 
Documents completed. 

4 Handling and Transport Each handling 
system 

Approved method 
of lifting and 
transport 

P: HP 
C: 

M: HP 

Approval by manufacturer 

5 Installation preparation Each pour Check availability 
of Re-inforcement, 
blockouts and 
form. 

P: HP 
C: S 

Design plans 

6 Safety equipment 
available and in use 

Eroc OH & S Each Shift Equipment 
available and in 
use 

P: WP 
C: S 

Record on shift report 

7 Installation of 
Re-inforcement, 
blockouts and 
formwork 

AS 3600 Each Pour All checklist items 
completed 
satisfactorily . 

P: HP 
C: S 

EOJV Pre pour Checklist 

8 Cover Casting And 
Supply (Manhole and 
Valve) 

Manufacturer 
TP 

Each Cover Approved by 
Manufacturer 

P: HP 
C: S 

Manufacturer completed 
QA Documents. 

9 Order concrete and 
specify full 
requirements to 
supplier 

Spec TS -301 
Concrete 
technical 
procedure 
2532MI052 

Each pour As per TP 
2532MI052 

P: HP 
C: WP 

Concrete checklist 

10 Concrete testing 
performed by 
Subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring 

Spec. TS-301 
Concrete AS 
3600 - As per 
TP- 
2532MI052 

As per TP 
2532MI052 

Concrete test 
results as per TP 

P: HP 
C: WP 

Concrete Checklist 

TP & ITP: 
Approved 

By: 
Date: 

inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

2532/ITP: Precasting Of Shaft Covers And Installation - Rev 5 - Uncontrolled Copy 

Date: 

Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 175 of 542



Position: 

Last Page of ITP: Precasting Of Shaft Covers And Installation 
Copyright Eroc Pty. Limited. ABN 68 067 084 708 

This document or any part there of may not be reproduced, 
transmitted, copied or stored without permission in writing from 

Eroc Pty. Limited. 

;Response Woikfltiw 

2532/ITP: Precasting Of Shaft Covers And Installation - Rev 5 - Uncontrolled Copy Page 2 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 176 of 542



OBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\073 - Precasting Of Shaft Covers And Installation 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

Category: Mining Revision: 5 
Location: S1 Sewer Tunnel Project: 2532 

Date: 01/03/2001 

Date: 

Shaft Covdr 

Jkem 1r e§glkfi6 n Oti *§ - 
Caiiiifierif , . .., 

1 Plastic base cut correctly and in 
place 

2 Access for concrete truck 
3 Couplings clipped and secure 
4 Re-inforcement installed correctly 
5 Formwork and blockouts installed 

and secure 
6 Base clean of debris 

Comments: 

Eroc Rep: Date : 

Brisbane Water: Date: 

Last Page of Concrete pre pour inspection checklist 

lb Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited., 

Mining - Section - Concrete pre pour inspection checklist: Rev 5 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 177 of 542



D
A

T
E

 : 

P
E

A
B

O
D

Y
 

B
R

IS
B

A
N

E
 S

1 
S

E
W

E
R

 T
U

N
N

E
LS

 
A

 
N

 P
A

R
K

 S
H

A
F

T
 F

IN
A

L 
LI

N
IN

G
 S

H
IF

T
 R

E
P

O
R

T
 

O
B

A
Y

A
S

H
I 

S
H

IF
T

 :
 

D
A

Y
 / 

N
IG

H
T

 

., 
- 

- 
T

IM
E

. 
. 

`,
.-

,' 
,.-

-.
..;

-:
,ii

 - 
,-

, 
'le

 
jf-

tio
itt

A
§K

§=
ot

oo
di

em
tb

--
L,

:-
,7

,.f
..-

ka
-T

A
H

:-
:_

.'-
';'

,1
-1

.1
iT

-i`
i, 

.,.
 

, 
.. 

,, 
R

ec
or

d , 

la
 u.

: s
 p

-e
2n

oL
' i T

, 
e'

-:
 d 

iM
u,

M
 e 

,p
'O

-'-
'o

ds
 
rl=

--
.!.

'-.
-.

' 
: 

..i
-_

;-
.4

=
-ii

-p
E

LA
ys

-,
-,

2`
,T

-_
' 
.. 

-,
 

;-
..1

:1
!..

. 
05

1C
,S

, O
N

N
E

,L
1O

.,,
_N

IS
H

IE
ii,

,T
. ,..

': 
, 

--
 

" 
V

,.:
, - 

--
,, , 

.-
i,,

-"
-°

'..
, ;' ,',

y-
--

. il,
 , - 

f s " c'
n'

' p
' t - 

Io
- n

r 
..a

iS
iti

til
 

fA
M

E
 

".
.V

00
:6

0A
T

IP
P

M
gZ

S
q.

:.E
i:g

"i.
1g

!-
:'i

 

7a
m

/9
pm

 

8a
m

I1
O

pm
 

9a
m

/1
1p

m
 

10
am

/1
2p

m
 

ha
m

/la
m

 

12
pm

12
am

 

1p
m

/3
am

 

2p
m

l4
am

 

3p
m

/5
am

 

4p
m

/6
am

 

5p
m

l7
am

 

6p
m

 

7p
m

 

8p
m

 

C
on

cr
et

e 
P

ou
re

d 
- 

S
H

IF
T

 1
 

S
ta

rt
 R

L 
ni

 

F
in

ni
sh

 R
L 

m
 

. 

C
on

cr
et

e 
m

' 

C
on

cr
et

e 
ty

pe
 

Li
ne

r 
In

st
al

le
d 

co
rr

ec
tly

 
Y

es
 /

 N
o 

i 
O

th
er

 c
on

su
m

ab
le

s 
us

ed
 

. 

E
qu

ip
m

en
t R

eq
ui

re
d 

. 

S
ub

-c
on

tr
ac

to
rs

 

. 
S

H
IF

T
 S

U
P

E
R

V
IS

O
R

S
 C

O
M

M
E

N
T

S
 :

 
. 

T
ot

al
s 

N
o 

of
 m

en
 

H
R

S
 

W
ag

es
 

S
ub

co
nt

ra
ct

or
s 

. 

Y
E

S
 

N
O

 
.. . 

S
U

P
E

R
/M

A
N

A
G

E
R

 C
O

M
M

E
N

T
S

 : 
S

ilt
 B

ar
rie

rs
 In

 p
la

ce
 

. 

N
oi

se
 c

on
tr

ol
le

d 

S
af

et
y 

eq
ui

p.
 a

va
il.

 

E
N

D
 O

F
 S

H
IF

T
 S

T
A

T
U

S
 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 178 of 542



Technical Procedure 

Obayashi Corporation - Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321MI1077 Status: Approved 
Title: Shaft / Tunnel Interface Final Lining Revision: 2 
Job Location: S1 Sewer Tunnel Issued: 05/03/2001 
Job Number: 2532 

Mining 
Checked By: Steve BertonS1 
Approved By: Steve BertonS1 

Li - Video or Audio/Visual training material 

INTRODUCTION 

This Technical Procedure details the installation of the final lining interface between the 1800mm dia Shafts and the 
Rock Tunnel. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 
Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by this Technical Procedure and associated documentation. 

2532%41\077 - Shaft / Tunnel Interface Final Lining, Revision 2 (Uncontrolled Copy) 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 179 of 542



REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 2532\MI1041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 2532\MI1052 Batching, Transport and Supply of Concrete 

Technical Procedure - 2532\MR065 Installation Of Liner - North Quay to Perry Park (Hard Roc 
Tunnel) - T Joint 

DRAWINGS 

2532M080 - Turbot St Maintenance Hole Excavation & Concrete Details 
2532M081 - Barry Parade Maintenance Hole Excavation & Concrete Details 
2532M082 - Best St Maintenance Hole Excavation & Concrete Details 
2532M250 - 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 1 of 2) 
2532M251 - 1800mm Dia and Kingsford Smith Drive Shafts Construction Procedure (Sheet 2 of 2) 
2532M259 - Turbot St, Best St. & Barry Parade Shafts 1800 Dia Stage Platform 
2532M268 - Turbot St, Best St. & Barry Parade Shafts 1800 Dia Stage Platform 
2532M420 - 1800mm Vent Shafts Support Beams Plan & Details 
2532M440 - Turbot St Shaft Liner Installation 
2532M441 - Turbot St Shaft - Tunnel Junction Inner Form - Details (Sheet 1 of 2) 
2532M442 - Turbot St Shaft - Tunnel Junction Inner Form - Details (Sheet 2 of 2) 
2532M443 - Turbot St Shaft Plastic Liner Details 

EQUIPMENT REQUIRED 

Crane 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container, lockable. 
Portable generator. 
Portable air compressor 
500mm compressed air driven fan 
28m Boom Pump 
1800mm Dia transition formwork 
Mancage 
Rock drills and steels 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 
Warning signs and flashing lights for bottom of shaft - to be setup in tunnel when working in shaft 
above. 

ENVIRONMENT 

Ventilation to be at the work area at all times. 
Effective maintenance program required for all mechanical plant to minimise spillage of 
contaminants. 
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 Fuel and lubricants not to be stored on site, if temporary storage required it shall be on a bunded 
pallet. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner Installation 

Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Generally Concrete testing on site: 

(From (and refer to) Technical Procedure 25321MI\052 Botching, Transport and Supply of Concrete 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day 
Number of samples to be 

taken 
1 1 

2 to 5 2 
6to10 3 
11 to 20 .4 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Checklist shall be 
completed. 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

As required 
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REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each section of liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

uPVC Lining Construction Procedure 

Refer to relevant shaft drawings - 2532M080, 081, & 082 

Installation Prior to Shaft Lining 

1. Drill holes for 32mm bars at 300mm centres around the perimeter of the shaft at 1600mm above 
tunnel liner spring line. 

2. Install 32mm bars at 300mm centres around the perimeter of the shaft, ensuring a 2000mm ring is 
maintained. 

3. Install 2.4m diameter tunnel liner as per TP065. 
4. On surface insert steel transition form into the 1.8m dia uPVC liner and expand to bear against the 

liner. 
5. Ensure the bottom edge of the liner and steel form are at the same level. 
6. Attach the liner to the form using tek screws as required. 
7. Lower the form and liner down the shaft and into position (held temporarily to mark the area of the 

tunnel liner where ribs are to be ground clear) 
8. Grind ribs on the tunnel liner and / or use silastic to seal the potential gaps between the two liners. 
9. Set 1800mm dia. liner and formwork in position. - - - 

10. Drill holes through the tunnel liner and forms and bolt the transition form to the tunnel form as 
shown on figure 1. 

11. Attach form ply scribe around the underside of the 32mm bars using tie wire as shown on figure 2. 
12. Install RSJ braces across the shaft (RSJ's bolted to the excavated shaft walls) and place props as 

shown on figure 3. (To provide additional support to tunnel lining formwork.) 
13. Pour concrete as per normal tunnel lining procedures ensuring the upstand is filled completely. 

Vibration of concrete within the shaft maybe carried out using poker vibrators and or formwork 
vibrators attached within the 1800 diameter formwork. 

14. Strip shaft formwork following removal of tunnel formwork and access hole cut from tunnel liner to 
allow 1800mm dia liner fixings to formwork to be removed. Remove shaft formwork via shaft. 

Installation Post Shaft Lining 

1. Install tunnel liners as per TP065 until the liner running beneath the shaft is required to be 
installed. 

2. Install RSJ braces across the shaft. Secure to internal wall of previously concreted shaft. (To 
provide additional support to tunnel lining formwork.) 

3. Prepare shaft lining and formwork - as per above items 4 to 6. 
4. Transport into tunnel and raise transition form and liner up the shaft using chain blocks attached 

to the RSJ brace. 
5. Ensure 1800 diameter liner is held flush against the existing shaft liner. Clearance to the incoming 

tunnel liner is provided - as per the current tunnel liner installation procedure ie. the tunnel liners 
during the installation are raised into correct position. 

6. Install 2.4m dia tunnel liner as per normal procedures positioning forms so as to ensure spud bar 
locations straddle the shaft. (Liners sequenced to have spud bars straddle shaft excavation) 

7. Lower transition form and liner down the shaft and onto the tunnel liner. 
8. Grind ribs on the tunnel liner and / or use silastic to seal the potential gaps between the two liners. 
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9. Set 1800mm dia. liner and formwork in position. 
10. Drill holes through the tunnel liner and forms and bolt the transition form to the tunnel form as 

shown on figure 2. 
11. Brace tunnel liner and 1800mm dia. liner as required. Install "T' piece between the existing and 

new shaft liner, bracing using a RHS jacking ring. 
12. Install breather pipes through existing shaft liner for concrete pour (for air release) and later use 

for proof grouting. 
13. Pour concrete as per normal tunnel lining procedures ensuring the upstand is filled. Vibration of 

concrete within the shaft maybe carried out using formwork vibrators attached within the 1800 
diameter formwork. 

14. Strip shaft formwork following removal of tunnel formwork and access hole cut from tunnel liner to 
allow 1800mm dia liner fixings to formwork to be removed. Remove shaft formwork via shaft. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Crane Movements 

- 

1) Dropping load 

2) Vehicle / pedestrian struck by 
suspended load __. . 

1) Use certified lifting devices 
and rigger at all times. 

2) Concrete barriers / fence in 
place. 
No raising of materials outside of 
site perimeter. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 

Working in shaft Heat exhaustion Ventilation using fan to be 
maintained at all times 

Concreteing / Grouting 1) Skin irritations 

2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including barrier cream. 

2) Concrete pump to have 
pressure relief valve. Check 
couplings are secured with 
safety clips. 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 

4:7 
1800MM DIA SHAFTS LINING SHIFT REPO 

Audit Checklist 
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GBAYASEll 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MR077 - Shaft / Tunnel Interface Final Lining 

Attachment Inspection and Test Status: Approved 
Title: Plan 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 23/01/2001 

Ref Description Spec - 

Standard/ 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 PRELIMINARY 
PLANNING: 
CONTRACT 
REQUIREMENTS 

GS - 11 Approved 
Technical 
Procedure 

P: HP 
C: WP 

2 Scheduling and 
sequencing of liner 
installation 

Each Liner 
Section 

Alignment of liners 
in excavated Shaft 

P: HP 
C: S 

Drawing information to 
match liners - fabrication 
drawings 

3 uPVC Liner 
Manufacture . 

RosLok 
Technical 
Procedure 

Each Liner 
Section 

Approved by 
Manufacturer 

P: HP 
C: S 

M: HP 

Liner Manufacture QA 
documents completed 

Installation work 
Procedures 

TS-324.7.1 
TS-324.7.2 
TS-324.7.3 
TS-312 

Each Activity P: HP 
C: WP 
M: S 

POJV records available in 
central filing - Pre Pour 
inspection checklist 

5 Prepare liners to 
schedule & sequence 

Each Liner M: HP Liner Check Sheet - 
Manufacturer 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

M: HP Approval by manufacturer 

7 Installation - 

Preparation - relative to 
pour area 

Each Area of 
Shaft for 
installation 

Wash down clean 
and free of debris 

P: WP POJV pre pour check 
sheet 

8 Liner Installation TS-324.7.1 Each Liner Liner forms - 

smooth surface 
free of sags, 
wrinkles and gas 
tight 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-312 & 

TS-324.7.3 
Each Liner Tolerance from 

alignment - 50mm 
P: HP 
C: S 

Liner Inspection - Pre pour 
checklist 

10 Liner Internal Joining Technical 
Procedure 
2532MI041 

Each Liner 
Joint 

As per,Technical 
Procedure 
2532M1041 

P: HP 
C: WP 

Liner welding record sheet 
- per Technical Procedure 

11 Safety equipment 
available and in use 

PMS OH & S 

system . 

Daily Equipment 
available and in 
use. 

P: WP 
C: S 

Record on shift report 

12 Equipment operators 
have relevant operating 
tickets and have 
completed site specific 
inductions. . 

Spec. 
"GS-11.10 
Induction and 
training." 

Before 
Commencem 
ent 

Tickets sighted 
and induction sign 
off sheets 
completed 

P: HP 
C: S 

Training records 

13 Order concrete and 
specify full 
requirements to 
supplier 

Spec. 
'TS -301 
Concrete" - 

Technical 
Procedure 
2532MI052 

Each pour 
- 

As per Technical 
Procedure 
2532M1052 

P: HP 
C: WP 

Concrete checklist 
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14 Concrete testing 
performed by 
subcontractor. Check 
delivery dockets for 
batch type and target 
slump before pouring. 

Spec. 
7S-301 
Concrete 
AS 3600 - As 
per Technical 
Procedure 
2532MI052 . 

Batches - No.. 
samples - 

[1/1] [2 to 5 /2] 
[6 to 10/31 [11. 
to 2014) [each 
additional 
10+/1] 

Concrete test 
results 
As per Technical 
Procedure 

Concrete checklist 

----- - - - --- -.. - 

TP & ITP: 
Approved 

By: 

P o s i t i o n : 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of Inspection and Test Plan 

Date: 
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Atk 

GBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\077 - Shaft / Tunnel Interface Final Lining 
Title: 
Attachment Concrete Pre Pour Status: Approved 
Title: Check Sheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 23/01/2001 

Pour Number: Lift Number: 

RL : to 

. 

P 
r Desert 101) n itiAN-, 

14.3:: 

'prnmen s 
1 Liner installation completed ("T" piebe in 

place) . 

2 Previous pour-greencut / scabble.d-- 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
6 Water controlled 
7 Services clear of pour 
8 Form vibrators installed and working 
8 Formwork installed and secure 

Comments: 

Peabody Representative: Date: / / 

Brisbane Water: Date: / / 

Last Page of Concrete Pre Pour Check Sheet 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MR077 - Shaft / Tunnel Interface Final Lining 

Attachment Concrete Pour Status: Approved 
Title: Acceptance Sheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 23/01/2001 

Date 
. .. 

Time 

Structure to be Poured 

Location 

;, e-sj a ,_ q 
c a ,,,-. --- -- - 

Concrete Supplier 
- 

r3-j 

;° 

Concrete Mix Design S40/10/90 

Design 28 day compressive strength 40Mpa 

Design Slump 80mm +/- 20mm 

Superplastiscer added on site Yes 

(if required - No water add on site) 

Mix code 

Test Location - 

Date Tested 

Time 
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Cylinders Taken 

Comments: 

Last Page of Concrete Pour Acceptance Sheet 
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Technical Procedure 

GBAVASHI 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

I.- 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 2532\MI1064 Status: Approved 
Title: Installation of uPVC Sewer Pipes, Revision: 1 

Perry Park to Breakfast Creek Rd. 
Tunnel 

Job Location: S1 Sewer Tunnel Issued: 16/11/2000 
Job Number: 2532 

Mining 
Checked By: Steve BertonS1 
Approved By: Argot G Ansons 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure details the stages of the installation of the uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel. 

RESPONSIBILITY 

Project Manager will ensure that all aspects of liner installation complies with the specifications of 
the contract. 

Project Engineer- will ensure that all necessary materials and equipment required for the job are 
available and that procedures are developed for each process. 

Project Surveyor- will provide survey control for the installation for the liners. 

Shaft Superintendent - will ensure that the established procedures are used to complete the work 
and that the appropriate competent personnel are available to carry out the works. 

QA Engineer - will record that all works are done in accordance with POJV technical and 
environmental documentation 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures and in 
a safe manner. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1. 

Volume 1 TS-300 Concrete Works* 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

*As modified by this Technical Procedure and associated documentation. 
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REFERENCES 

POJV Environmental Management Plan 

POJV Safety Management Plan 

Technical Procedure - 25321M1\041 Roslok Liner Tube - In tunnel joining. 

Technical Procedure - 25321M1\052 Batching, transport and placing of concrete for tunnel lining 

DRAWINGS 

2532 M 067 for Design Alignment 

EQUIPMENT REQUIRED 

Perry Park Gantry crane 
Lifting chains, as required. 
Potable water supply 
Survey equipment as required. 
Storage container 
Air compressor. 
Gal 7 Silenced fan 
Concrete pump or similar 
Pipe carrier trolley 
Rockdrills and taper steels/bits 
1350mm uPVC Liner Internal form 

SAFETY EQUIPMENT REQUIRED 

Tested and tagged lifting equipment, as recorded on lifting register. 
All relevant PPE. 
All electrical equipment shall be fitted with a current test tag. 
First Aid equipment available 

ENVIRONMENT 

Ventilation to be at the work face at all times. 
As per Environment Management Plans submitted for Possession of Site process. 

PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

Unless otherwise specified, the allowable tolerances on the liner installation shall be a follows: 

Liner installation 
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Grade not less than 1:3000 
Tolerance from grade - 20mm 

Alignment Tolerance from alignment - 50mm 

NOTE: The Shift Supervisor will sign off each liner installed as being correct for level and alignment. 

Concrete testing is to be conducted on site: 

Slump tests will be carried out at the point of delivery. 
Shrinkage testing will be undertaken in accordance with AS 1012. 
Concrete will be tested for compressive strength as per AS 3600 Concrete Sampling and Testing 

Minimum Frequency of Sampling 
Number of batches supplied 

by day. 
Number of samples to be 

taken 
1 

2 to 5 2 
6 to 10 3 
11 to 20 

each additional 10 1 additional sample 

Sampling and identification shall be carried out as per AS 1012 - Parts 1 and 8. 

Prior to any concrete being accepted at the site, a Pre Pour Inspection Cheacklist shall be 
completed 

PREREQUISITE COMPETENCY SKILLS 

All persons must have completed the site surface induction prior to commencing work or entering 
the site. 
All equipment operators to have the required operators certification. 

FREQUENCY OF ACTIVITY 

Each uPVC pipe installation sequence 

REPORTING 

Shift report to be completed for each shift worked. 
Pre Pour Inspection Checklist form to be completed prior to each pour. 
Liner Installation Inspection form to be completed each liner installed. 
Concrete Pour Log Sheet. 

ACTIVITIES 

GENERAL: 
The sequencing of pipe pouring: 
Commencing pouring of liners from the Breakfast Creek Rd. connection towards the Perry Park Shaft. 
A one liner pour is to be carried out at the Breakfast Creek Rd. connection following initial concrete 
pour to set up for liner installation. (see figure 1) 
Following the one liner pour additional liners are installed. The number of liners installed is dependent 
on the site conditions and immediate site scheduling of the works. Additionally the grouting of liners 
following installation must be carreid out. 
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uPVC Liner setting 

1. The uPVC liners are supplied in 2.4m sections which will be lowered down the Perry Park Shaft. 
2. The liner will be transported to its required installation location. 
3. Internal forms will be inserted into the pipe and expanded to ensure the uPVC liner is held 

concentric to the form and at constant diameter. 
4. The uPVC liner must have a minimum overlap of 40mm from the internal form at each end to 

allow for the tee piece joining strip to be installed. 
5. Internal props will be installed in a pattern as shown in figure 2; combined with spacing timber and 

wedges complete the internal bracing of the formwork. 
6. The liner will then be positioned as directed by surveyor. Survey pins installed in the crown of the 

tunnel will indicate centreline of uPVC liner and the required invert level of the liner. 
7.. The liner is initially to be supported using ply blockout to support the pipe approximately 100mm 

from one end as shown in figure 3. An alternate method of liner support (may be used dependent 
on the immediate site conditions) where by the liner and formwork is supported and located by 
frames fixed to the crown of the tunnel. (this support system adopted during invert pouring); (see 
general concept drawing - Figure 4 - 2 per pipe) 
Place tee piece and support by profiled timber and internal bracing. 

_ 9. External 100 X 50mm timber props, wedged off the existing tunnel walls shall be applied as 
shown in figure 3. 

10. Survey to ensure that the liner is placed within tolerances. 
11. Concrete will then be poured to .a level approximately 400mm above the invert of the liner 

between the blockouts to provide support pillars for the liner or for the full length of the liner 
(dependent on the type of liner support adopted). Concrete vibration by poker vibrators. 

12. Taper the concrete so that it is radial to the liner to minimise feathering; green cut concrete 
surface. 

13. Strip external props as required. 
14. The voids between the pillars will be poured to 400mm above the liner invert and green cut the 

concrete surface. 
15. Install grout and bleeder lines. 
16. Set up concrete slick line (3" rubber hose held in position by catenary system) 
17. Extend bulkhead to the obvert of the tunnel (bracing and propping installed to suit bulkhead size) 

Coat bulkhead formwork with retarding agent to allow green cutting following stripping of bulkhead 
(optional). 

18. Pour concrete. Vibration of concrete by poker vibrators and form vibrator fixed to the inside of the 
formwork at the formwork obvert. 

19. Strip formwork: Bulkhead may be stripped not less than 4 hours following completion of the pour, 
green cut concrete face; Strip internal pipe formwork not less than 6 hours following the 
completion of the pour. 

20. Position additional pipes as detailed above. 
21. Following the installation of 6 liners (generally), proof grouting may be carried out. 
22. Repeat steps 2 to 20. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK [ RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Lifting pipes into position Back strain, pinching injury to Use lifting devices where 
hands possible, co- ordinate manual 

lifts with adequate persons, use 
gloves. 

Working with Compressed Air Compressed Air Injuries Pressure is to be fully bled down 
from each service before 
releasing any clamps and use 
safety clips. 
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General Rockfall Inspect area and check scale 
where required 

Concreting / Grouting 1) Skin irritations 
2) Pressure build-ups in grout 
hose 

1) Correct PPE to be worn at all 
times including dust masks and 
goggles 
2) Grout pump to have pressure 
relief valve. Check couplings are 
secured with safety clips 

ATTACHMENTS 

Inspection and Test Plan 
Concrete Pre Pour Inspection Checklist 
Concrete Pour Log Sheet 
Liner Off Set Proforma 

Audit Checklist 

Last Page of 2532%41\064 

Status: 
Request ID: 
Creator: 
Author: 
Notify these people: 

Approved Editor 
Names: 
Workflow Details: 

Submitted By 
Steve BertonS1 

on 
10/11/2000 10:56:44 

Copynght Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part thereof may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 

Approved 15/11/2000 11:57:34 AM ZE10 
SBSS-4QX35H 
Steve BertonS1 
Steve BertonS1 
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Previous Approvers Current Approver 
Steve BertonSl 
Argot G Ansons 

Next Approver 
0 
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OBAVAStil 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\064 - Installation of uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel 

Attachment Liner Installation / Status: Approved 
Title: Inspection Form 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 15/11/2000 

Date: Liner No 

Description Comments Initials 
Pour area clean and 
free of debris 

Yes / No 

Liner "T" joint 
installed correctly 
and secured 

Yes / No 

Liner set within 
tolerance 

Yes / No 

Internal Formwork 
installed correctly 

Yes / No 

External Props in 

place and secure 
Yes / No 

Bulkhead installed 
and secure 

Yes / No 

Liners checked after 
installation of 
formwork and still 
within tolerance 

Yes / No 

Comments: 

Peabody Supervisor: Date: / 

Last Page of Liner Installation / Inspection Form 
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OBAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Joint Venture 

Title: ITP: Installation of uPVC Reference ITP-2532\MR064 
Sewer Pipes, Perry Park to No: 
Breakfast Creek Rd. 
Tunnel 

Location: 51 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Steve BertonS1 

Scope of 
Work: 

Status: Approved 
Revision: 1 

Revision 15/11/2000 
Date: 
Date: 15/11/2000 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard! 
Other Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 Preliminary Planning 
Contract requirements - 
As built of tunnel 
section complete and 
verified 

Technical 
Procedure 
25321MI \038 
as applicable 

As required by 
Technical 
Procedure 
2532\MI\038 

P: HP 
C: WP 

As per Technical 
Procedure 2532\111038 

2 Scheduling and 
sequencing of liner. - 

installation 

Each Liner Alignment of liners 
in excavated - 
tunnel . 

P: HP 
C: S 

Survey Information to 
match liners 

3 uPVC liner 
Manufacture 

RosLok 
Technical 
Procedure 
25351ME \001 

Each Liner Approved by 
Manufacturer 

P: HP 
C: S 
M: HP 

Liner Manufacture QA 
documents completed 

4 Installation work 
Procedures 

TS-324.7.1 
TS-328.20 

Each Activity P: HP 
C: 

M: S 

POJV records available in 
central filing 

5 Prepare liners to 
schedule & sequence 

Each Liner P: 

C: 
Liner Check Sheet 

6 Handling & Transport Each 
Handling 
system 

Approved method 
of lifting and 
transport 

P: 

C: 
M: WP 

7 Installation - 

Preparation of Tunnel 
Each Length 
ottunnel for 
installation 

Wash down clean 
and free of debris 

P: 

C: 
POJV check sheet 

8 Liner installation TS-324.7.1 Each Liner Liner forms - 
smooth surface 
free of sags, 
wrinkles 

P: HP 
C: S 

Liner Inspection pre pour 
checklist 

9 Liner Installation 
tolerances 

TS-324.7.3 Each Liner Installation to suit 
not less than 
1:3000 grade (as 
required by 
alignment) 
Tolerance from 
grade - 20mm 
Tolerance from 
alignment - 50mm 

P: HP 
C: HP 

Liner Inspection - Pre pour 
checklist; Work as 
Executed survey 

10 Liner Internal Joining Technical 
Procedure 
2532 \MI \041 

Each Liner 
Joint 

As per Technical 
Procedure 
2532 \MI \041 

P: HP 
C: WP 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

TP & ITP: 
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Approved 
By: 

Position: 

Response Workflow 

Date: Approved 
By: 

(Client) 

Last Page of ITP: Installation of uPVC Sewer Pipes, Perry Park to Breakfast Creek Rd. Tunnel 
BD Copyright Eroc Pty. Limited. ABN 68 067 084 708 
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01/41706111 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\064 - Installation of uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel 

Attachment 
Title: 

Concrete pre pour 
inspection checklist 

Status: Approved 

'Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 15/11/2000 

Pour Number: 
Date: 

Liner 
Nos: 

Lift Number: 

t; N 
Desert filon ,,,.. 

n! la: s;ff Cornri elliWAAW 
1 Liner installation completed (Form 

completed) 
2 Previous pour greencut 
3 Communication (concrete - tunnel) OK 
3 Concrete pump set up OK 
4 Couplings clipped and secure 
5 Breather tubes installed (if required) 
6 Water controlled 
7 Services clear of pour 
8 Bulkhead installed 

Comments: 

Peabody Representative: Date: 

Brisbane Water: Date: / / 

Last Page of Concrete pre pour inspection checklist 
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Ak 

GB%YASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
E ROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI1064 - Installation of uPVC Sewer Pipes, Perry Park to 
Breakfast Creek Rd. Tunnel 

Attachment Concrete Pour Log Status: Approved 
Title: 
Category: Mining Revision: 1 

Location: S1 Sewer Tunnel Project: 2532 
Date: 15/11/2000 

Pour No. Lift No. Date: 
Pipe Nos: 

Weather: Chainage TO 

,,,,,, 
a : Et 

`Numbers;; 
Batch 

- Ile, 
,.. Qc.'_ ., 

- 

Batefil 
----n-,,=- 

i 

, 
-, ' '" 

ur 

,, 
, a = - 

,,,,,,,/,,,,,,,,,,,,- 

U ef.,:, I 

'-'& 

__, . 
s'iiis e 

ih el-, 
, , c 

1 _ .. 

2 

3 

4 
5 , 

6 

8 

Signed Peabody Supervisor: Date: 

Signed Brisbane Water: 
Date: 

Last Page of Concrete Pour Log 
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Technical Procedure 

GBAVASHI 

Obayashi Corporation Joint Venture Incorporated in Japan 
ARBN 002 932 756 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Document No: 25321MI1066 Status: Approved 
Title: Repair to debonded uPVC material Revision: 3 
Job Location: S1 Sewer Tunnel Issued: 13/08/2001 
Job Number: 2532 

Mining 
Checked By: Steve BertonS1 
Approved By: Steve BertonSl 

- Video or AudioNisual training material 

INTRODUCTION 

This Technical Procedure provides the guidelines for the investigation of debonded uPVC lining within 
the EPB tunnel. Including the determination of the mode of uPVC debonding and debonded area and 
the method of repair for each mode of debonded uPVC. 

RESPONSIBILITY 

Project Manager - will ensure that all aspects of uPVC repairs complies with the specifications of the 
contract. 

Project Engineer - will ensure that all necessary materials and equipment required for the job are 
available. He will also be responsible for gaining approval of methods prior to use in the Works. 

Superintendent - will ensure that the established procedures are used to complete the work and that 
the appropriate competent personnel are available to carry out the works. _ 

QA Engineer - will record that all works are done in accordance with EOJV technical and 
environmental documentation. He will !so be responsible for ensuring that records of repairs are kept 
in a safe and orderly manner. 

Shift Personnel - will ensure that the works are undertaken as per the documented procedures. 

SPECIFICATIONS 

Australian Standard - General Conditions of contract for Design and Contract (AS 4300-1995) 
S1 Main Sewer Interceptor - Stage 1 

Volume 1 TS-324 Corrosion resistant Linings and approved technical submissions. 

Volume 3 Schedule 4* 
Schedule 5* 
Schedule 6* 

* As modified by associated design and Technical Procedure documentation. 

REFERENCES 
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 EOJV Environmental Management Plan 

EOJV Safety Management Plan 

DRAWINGS 

2532M035 

EQUIPMENT REQUIRED 

As required to carry out investigations 

Epoxy Repair 
Caulking gun 
Air drill 
Mixer 
6mm / 3mm drill bits 
Nipples 1/8" 
8mm clear injection hose 

SAFETY EQUIPMENT REQUIRED 

PPE as outlined in induction manual and any special purpose equipment dependent on 
procedures, equipment and materials involved. 

ENVIRONMENT 

All works will be conducted in accordance with EOJV Environmental Management Plan (Rev. 2) 
Dispose of waste materials and packaging in the approved location. 
Contaminated site runoff must be collected and treated before release from site. 

PERMITS 

Not Applicable 

TESTING/CALIBRATION/MONITORING 

(tip Testing: 
Required to determine modes of debonding of uPVC. 
Required to establish adequate bond between uPVC and encasement grout is achieved. 

Monitoring: 
Required to ensure rectification methods provide a tunnel lining complying with the design 
specification and drawings. 

PREREQUISITE COMPETENCY SKILLS 

All personnel must complete the POJV induction prior to commencing work on the site. 

All equipment operators must possess current machinery operators tickets. 

Supervisors to sign off on current Standard Working Procedure relevant to their work activity. 

FREQUENCY OF ACTIVITY 

Each identified area of debonding 

2532\MI\066 - Repair to debonded uPVC material, Revision 3 (Uncontrolled Copy) 2 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 208 of 542



REPORTING 

EOJV Site Recording: 

Debonded Area Log Sheets 
Repair shift report 
Repair record sheet 

ACTIVITIES 

Investigation of debonded uPVC - EPB Tunnel Lining, due to discovery of "drummy" uPVC lining 
during lining installation activity. 

The investigation includes the immediate assessment of tunnel lining activities - uPVC liner 
installation system review, grout mix design review, grout injection review. 

Categorise modes of debonded uPVC. _ - 
Establish a non destructive test to assess the debonding of uPVC lining. 
Sound testing of uPVC lining followed by coring and drilling of uPVC lining confirming the mode of 
debonding. 

Mapping the entire tunnel lining - Identifying debonded areas (based on the non destructive test for 
debonding of uPVC lining). 
Monitoring recorded areas of tunnel lining to establish if a relationship between time and area 
debonded exists. 

Assessment of methods of repair in conjunction with the liner manufacturer. 

Assessment of Tunnel Lining Activities: 

uPVC Liner Installation System Review 

Issue: 
Formwork Stripping times 
Formwork inducing tensioning in uPVC liner 

Discussion: 
Stripping times of the formwork reviewed with respect to the setting times of the encasement grout. 
(This issue discussed later in detail). Formwork stripping and travel of the formwork carrier through the 
(immediate) grouted section of liners to installinvert sections of formwork within the next liner to be 
installed was reviewed. Similarly vibration caused by the use of pneumatic tools for cleaning formwork 
etc. reviewed. Concluded no vibration by way of traveller moving or cleaning methods etc. was to 
occur for a minimum of 4 hours after the completion of grouting activities. 

Tensioning of uPVC liner by the formwork - the induced tension in the uPVC liner by the formwork 
was reviewed. uPVC liner manufacturer advising the optimum diameter for which the liner to be set at, 
hence limiting the tension induced and tests carried out to determine the grout strength required to be 
obtained prior to release of the formwork. 

Concluded: Optimum diameter to set uPVC liners 2415mm. Similarly to above grout stripping times 
monitored to ensure grout set prior to stripping (discussed in detail below). 

Review of Grout Mix Design 
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Issue: 
Setting times of grout - during pouring and curing time combined with the stripping times of the internal 
formwork, formwork tensioning of the uPVC liner. 
Effects of setting times of the grout on the amount of bleed water emitted from the encasement grout, 
believed to be the main contributing factor to any void that may occur between the encasement grout 
and precast segments. 

Discussion: 
Grout mix design assessment - the cementitous blend reviewed - concluded acceptable. initial mix , 

design having a 35% / 65% blend of Flyash product / Cement, compared with a mix-design of 25% / 
75% blend of Flyash product / Cement. 

-(Note: the 25/75 blend mix was adopted during the liner installation due to encountering unexplainable 
long setting times of grout - up to 10 hours initial set times in cooler weather) 
The 25/75 blended mix design providing the requirements of the design yet setting quicker than the 
35/65 blended mix. 

Supplier discussions 
Issues discussed with the supplier relating to setting times of the grout. (Longer setting times 
encountered) 
Supply of cement; the quality - all test certificates reviewed; amount of cement stored and used 
through the batch plant and through the suppliers storage silos. SUpplier to batch plant manufacture 
lots checked relative to occurrence of longer setting times. 
Supplier batching techniques reviewed; No changes or alterations occurred with respect to batching 
techniques - small quantity of aggregate added to assist the mixing of the grout. 
Supplier Admixture Dosage; Admixture quantity and type reviewed,- Initial admixture adopted classed 
as a water reducer with superplasticiser and as such this admixture provided retarding properties to 
the grout mix. The admixture quantity was reduced and a superplasticiser added reducing the 
retardation of the mix. Grout setting quicker hence bleed water minimised and water via settlement 
emitted earlier during the grout setting period. . 

Weather effects to temperature of grout 
Assessment tables reviewed detailing ambient temperature and grout temperature - no established 
relationship. 

Discussions regarding rain periods - no firm based relationship established. 

Review of Grout Injection 

Issue 
Grout injection effects on grout encapsulation of uPVC liner. 

Discussion 
Grout injection commenced through invert injection ports. Trials of grout injection through the obvert 
ports carried out in order to prevent the. possibility of voids (debonding) in the invert caused by grout 
pumped through the invert ports taking initial set, possibly causing tracking and incomplete filling of 
the liner hence voids / debonding. 

Additionally the grout injection through the obvert ports (at the same time as the invert ports) was 
trialed to increase the speed of injection of grout (in order to complete grout encapsulation prior to 
initial set commencing). This did not assist the occurrence of voids in the invert and no benefit 
determined to reduce small voids occurring in the crown between the precast segments and 
encasement grout. 

Issue 
Initial set of grout prior to completion of grouting - possibly causing tracking of grout. 
Tracking of grout causing incomplete filling around the uPVC liner and or tracking causing an interface 
within the grout located at the top of the T's. 
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Discussion 
Grout injection rate increased, (grout pump speed increased) minimising the possibility of initial set of 
the grout. Main benefit of this was to increase the rate of injection and so reduce the possibility of line 
blockages and/or settlement in the lines. Disadvantage grout pump pressures very high. 
Vibration of the formwork during the pumping of grout was trialed, to prevent uneven grouting and 
maintain the fluidity of the grout (prevent tracking occurring). Vibration did not exhibit any benefits to 
the prevention of debonding. If anything such vibration was detrimental. 

Concluded that grout injection via invert ports did not cause tracking. Debonding void shape not 
consistent with tracking. 

Curing time for grout 

Issue 
Setting time of grout - Initial and final set. 

Discussion 

The curing time taken for the grout to take initial set and gain strength to withstand formwork release 
(ie the tension transposed to the uPVC liner) was investigated and tested. 

Results of "blow off tests" and calculations by the uPVC manufacturer determined the grout required 
to set 8 hours following completion of pouring prior to causing any movement of the formwork. This 
time period was included in the,installation process. 

Following numerous tests being carried out - samples taken at site to determine set times allowed 
stripping of formwork to be carried out up to 5 hours after completion of 'pouring. Td facilitate this.it 
was imperative.that samples of grout be taken for inspection and determination for stripping times. 
Calculations from the manufacturer confirmed the expansion of the formwork would not cause any 
debonding. 

Grout Temperature 

Issue 
Grout temperature heating of uPVC allowing it to expand and contract. 

Discussion 
Grout temperature and temperature of the uPVC lining surface was measured. Calculations of such 
temperatures effecting the expansion / contraction of the uPVC where calculated. Concluding that 
such expansion / contraction being minimal and would not cause debonding. 

Issue 
Grout Temperature effect on setting times. 

Investigation of Debonded uPVC - EPB Tunnel Lining 

The entire uPVC lining in the EPB tunnel was sound tested using tamping rod (old drill steel); four 
types of sounds established to represent the entire lining. Note: This was undertaken by one person in 
order to allow consistency in the sound testing. 

The areas sound tested were drilled (16mm bit) and cored using a 75mm core bit to identified and 
then confirm the mode of debonding. 
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IDENTIFIED TYPES: 
Solid sound - uPVC no debonding occurred. 
Hollow sound - uPVC no debonding but gap between encasement grout and precast tunnel segments 
Tinny sound - rear of uPVC debond from grout between T's 
Tinny / Dull Hollow sound - grout laminated across top of T's. 

It was determined that remedial work would have to be undertaken to make good the Tinny / Dull 
Hollow Sound (Refer attachment Concresive 2525 Repair Method). 

The Hollow sound would be addressed by the proof grouting. 

RISK/HAZARD CONTROL 
DESCRIPTION OF WORK RISK/HAZARD/REASON RISK/HAZARD CONTROL 

Risk Assessment 

Epoxy Epoxy eye injury 

Epoxy skin injury 

Wear glasses - 

Wear disposable overalls or long 
sleeved shirt 

Epoxy mixing Wrong quantities Mix as per manufacturers 
instructions 

Epoxy injection Continue separation of uPVC 
and grout . 

Inject slowly relieving pressure 
through other ports if required. 

ATTACHMENTS 

Inspection and Test Plan 
Concresive 2525 Repair Method 
Inspection and Test Plan 

Audit Checklist 

Last Page of 25321M11066 

Status: 
Request ID: 

Creator: 
Author: 
Notify these people: 

Approved Editor 
Names: 
Workflow Details: 

Submitted By 

Steve BertonS1 

© Copyright Eroc Pty. Limited. ABN 68 067 OB4 708 
This document or any part thereof may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 

Approved 13/08/2001 02:33:47 PM ZE10 
APRT-4S68FK 
Andrew P Ridout 
Steve BertonS1 

Previous Approvers Current Approver 
Steve BertonSl 

Next Approver 
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OBAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC lining - Major Status: Approved 
Title: Repair 
Category: Mining Revision: 3 
Location: S1 Sewer Tunnel Project: 2532 

Date: 12/02/2001 

Work Method Statement for Major Repair of uPVC lining 

Major Repair - A repair where the uPVC has debonded from the encasement grout and formed a 
blister which is too large to satisfactorily epoxy repair. 

Step 1 

Establish extremity of major repair by sounding. Mark up area so that cut is made in sound grout. 

Step 2 

Cut out uPVC 

Step 3 

Cut, at 45 degrees, using a grinder around the edge of the area. The cut should be made through the 
grout to the segment. This will enable the new grout to be keyed into the existing concrete. 

Step 4 

Jackpick out the grout in the area to be repaired back to the concrete segment and/or sound concrete. 

Step 5 

Prepare uPVC for area; cut to shape and fully weld into position. Prepare bracing / formwork for area. 

Step 6 

Erect formwork and prop back to existing tunnel. 

Step 7 

Mix up grout as per the mix design and pump into formwork from the lowest point to the highest point. 
A breather tube should be placed at the highest point and when there is a show of grout stop pumping. 
Ensure that any running water is redirected away from the form. 

Note: Take compressive test cubes of grout used in repair. 

Step 8 
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Strip formwork, after 24 hours. 

Last Page of uPVC lining - Major Repair 

ID Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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OBAYASRI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Inspection & Test Plan 

Title: ITP: Repair to debonded 
uPVC material 

Location: S1 Sewer Tunnel 
Job No: 2532 

Category: Mining 

Prepared By: Andrew P Ridout 

Joint Venture 

Reference ITP-2532\MI\066 
No: 

Status: Approved 
Revision: 3 

Revision 01/08/2001 
Date: 
Date: 27/01/2001 

Scope of Repair to debonded areas of uPVC lining 
- Work: 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Ref Description Spec 
Standard/ 
Other. Ref. 

Freq. of Test Acceptance 
Criteria 

Insp. 
P: Project 
C: Client 

D: Designer 
M: Manufacturer 

Records/ 
Comments 

Verification 
(Initial & Date) 

1 Health and Safety EOJV OH&S 
manual 

Each Shift Ventilation on, 
PPE in use 

P: HP 
C: S 

2 Locate areas of 
debonding and map 

Each area of 
debonding 

All areas of 
debonded liner 

P: WP 
C: WP 

Record areas of 
debonding on mapping 
sheets 

3 Determine method of 
repair Cie epoxy, Xypex 
or grout) and submit 
method of repair to 
manufacturer 

Each method Approval by 
manufacturer 

P: HP 
C: S 

M: HP 

Correspondence from 
manufacturer 

4 EPDXY REPAIR 

Insert injection nipple 
and breather in area to 
be repaired 

TS - 323 

Each 
debonded 
area Nipples and 

breathers inserted 

P: WP 
C: S 

Recorded on Shift Report 

5 Prepare epoxy for 
injection 

Each mix Epoxy mixed in 
correct proportions 

P: WP 
C: S 

Cool epoxy by standing in 

ice to lengthen pot life 6 Inject epoxy Each repair Epoxy injected 
under low pressure 

P: WP 
C: S 

Record quantity injected 
on shift report. Ensure that 
epoxy injection does not 
further debond uPVC. 

7 Remove nipple and 
weld 

Each injection 
and breather 
hole 

Welding complete P: WP 
C: S 

As per TP - In Tunnel 
Joining 25321M1\041 

8 GROUT REPAIR 

Sound out extent of 
repair 

Each area Extent of repair 
found and marked. 
up 

P: HP 
C: WP 

Chainage and area 
marked on checksheet 

9 Prepare area for grout Each area Key in edges of 
repair and ensure 
surrounding 
concrete is sound 

P: 

C: 

10 Weld new plastic sheet 
in place 

Each area In place and 
braced if required 

P: 

C: 
11 Grout behind uPVC Each area Breather tube and 

injection packe( in 
place 

P: 

C: 

12 Final sound test TS-324.7.1 Each 
debonded 
area 

Sound test OK P: 

C: 
Sign off on Major repair 
checksheet 

13 XYPEX 
CONCENTRATE 

Sound out extent of 
repair 

Each area Extent of repair 
found and marked 
up 

P: WP 
C: S 

Record areas of 
debonding on mapping 
sheets 

14 Install injection and 
breather ports in the 
area to be repaired 

Each 
debonded 
area 

Ports installed P: WP 
C: S 

Recorded on shift report 
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15 Prepare Xypex 
Concentrate mix for 
injection 

Each batch Mix portions to 
achieve fluid grout 
mix consistency 

P: WP 
C: S 

16 Inject Xypex Each area Xypex injected 
under low pressure 

P: S 

C: 

17 Remove injection and 
breather ports 

Each port All ports removed 
for welding repair 

P: S 

C: 

18 Final sound test TS-324.7.1 Each 
debonded 
area 

Sound Test OK P: HP . 

C: WP 
Sign off repair sheet 

19 Repair Welding Each port and Refer Technical 
other as Procedure 
required 2532MI41 

P: 

C: 

TP & ITP: 
Approved 

By: 

Position: 

Date: 

Inspection Legend: HP: Hold Point, S: Surveillance, WP: Witness Point 

Approved 
By: 

(Client) 

Last Page of ITP: Repair to debonded uPVC material 

Date: 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty. Limited. 

Response 
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OBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty.Lirnited 

ABN 68 067 084 708 

Procedure 
Title: 

25321M1\066 - Repair to debonded uPVC material 

Attachment Xypex Concentrate Status: Approved 
Title: Cementitous Repair 

Method 
Category: Mining Revision: 3 
Location: S1 Sewer Tunnel Project: 2532 

Date: 11/08/2001 

METHOD OF REPAIR - uPVC / Encasement grout or concrete debonding 

STEP 1 

Acertain extent of debonding by checking for drumminess in uPVC liner. Record areas of debonding on 
log sheet. 

STEP 2 

Mark up each area of debonding showing extent of debonding. 

STEP 3 

In each marked area drill 8mm (max) holes at intervals to support complete filling of-the void. Tap each 
hole in order to take a 1/8" nipple. Insert a 1/8" injection nipple or similar. Attach clear plastic tube to the 
nipple. 

To ensure that the void is completely filled drill 3mm breather holes at the extremety of the repair. The 
breather holes will generally be located around the edge of the debonded area at a distance of between 
100 - 150 mm centre to centre although distance will be determined on an area by area basis. 

STEP 4 

Mix up Xypex Concentrate cementitous to a fluid grout mix consistency. The Xypex mix has an 
approximate pot life of half an hour. The Xypex will then be injected in under low pressure via a static line 
manual pack gun. Low pressure will ensure that further debonding / separation does not occur. Once the 
void has been filled and Xypex appears out of the breathers, crimp the clear plastic injection hose and 
fasten with wire or similar. 

STEP 5 

Initial set to allow removal of injection ports and seal welding of such within 8 hours of initial injection. 

STEP 6 

Remove nipple from PVC lining either by unscrewing or by drilling out. Each injection hole will then be 
welded to seal the liner. 

Note: Where a blister has been formed due to water ingress over time the uPVC will be cut to allow loose 
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material to be removed. A prop will then be used to regain the liners shape and Xypex injection. 
undertaken as described above. 

" Last Page of Xypex Concentrate Cementitous Repair Method 

Copyright Eroc Pty. Limited. ABN 68 067 084 708 
This document or any part there of may not be reproduced, 

transmitted, copied or stored without permission in writing from 
Eroc Pty Limited. 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

25321M1\066 - Repair to debonded uPVC material 

Attachment Concresive 2525 Status: Approved 
Title: Repair Method 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 02/01/2001 

METHOD OF REPAIR - uPVC / Encasement grout or concrete debonding 

STEP 1 

Acertain extent of debonding by checking for drumminess in uPVC liner. Record areas of debonding on 
log sheet. 

STEP 2 

Mark up each area of debonding showing extent of debonding. 

STEP 3 

In each marked area drill 8mm (max) holes at intervals to support complete filling of the void. Tap each 
hole in order to take a 1/8" nipple. Insert a 1/8" injection nipple or similar. Attach clear plastic tube to the 
nipple. 

To ensure that the void is completely filled drill 3mm breather holes at the extremety of the repair. The 
breather holes will generally be located around the edge of the debonded area at a distance of between 
100 - 150 mm centre to centre although distance will be determined on an area by area basis. 

STEP 4 

The correct amount of Concresive 2525 will be mixed up, bearing in mind the maximum working life is in 
the order of 30 minutes. The epoxy will then be injected in under low pressure via a static line manual 
pack gun. Low pressure will ensure that further debonding / separation does not occur. Once the void has 
been filled and epoxy resin appears out of the breathers crimp the clear plastic injection hose and fasten 
with wire or similar. 

STEP 5 

Full cure will be achieved in 7 days. 

STEP 6 

Remove nipple from PVC lining either by unscrewing or by drilling out. Each injection hole will then be 
welded to seal the liner. 

Note: Where a blister has been formed due to water ingress over time the uPVC will be cut so that grout 
material can be removed. A prop will then be used to regain the liners shape and epoxy injection 
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undertaken as described above. 

Last Page of Concresive 2525 Repair Method 
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

_Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 

* Mark location and repair dimensions on map below 

Liner Number: 

INVERT 

CROWN 

INVERT 

0 -1.P*It 
Extent of repair determined by 
sounding 

Yes / No 

uPVC material cut out and, any 
unsound grout / concrete is 
removed 

Yes / No 

Where required edges of 
repair cut at 45 degrees 

Yes / No 

Repair area clean Yes / No 
No water egress through 
repair area 

Yes / No 

New uPVC cut to correct size 
and fitted 

Yes / No 

"T's" in place, if required Yes / No 
Formwork and proping in place Yes / No 
Encasement grout or epoxy 
pumped into repair 

Yes / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 
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Brisbane 
Water )M 
JOINT VENTURE 

EROC OBAYASHI 

PART 3 

Section 21 

Technical Manual 
Swift lift Concrete Lifting Systems 
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REID - SWIFTLIFT CONCRETE LIFTING SYSTEMS 

Swift lift Lifting Systems: nothing simpler, nothing safer 

THE OLD WAY 

The use of bits of strand or wire cast into a concrete element to form a lifting hook is unsafe and the hooks are prone to damage 

THE SWIFTLIFT WAY 

IN PRECAST 
ARCH SECTIONS 

IN PIT LIDS 

IN PRECAST 
CONCRETE PANELS 

IN PRECAST CONCRETE. SEATING 
UNITS 

IN PIPES 

SWIFTLIFT CONCRETE LIFTING SYSTEMS provide the safest, simplest, speediest and most cost effective means' 
of lifting and handling Precast Concrete Elements. 

IN PRECAST VIADUCT 
COLUMNS 
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AN INTRODUCTION TO THE REID SWIFTLIFT LIFTING SYSTEM 

Our SWIFTLIFT concrete lifting system provides the safest, simplest, speediest and most cost effective method 
of lifting and handling precast concrete elements. 

We introduced Swiftlift in 1977 to replace potentially dangerous and time consuming threaded connections. 
Over the years, our system has proven its versatility, operational simplicity and safety in a wide range of 
applications, from the simplest to the most difficult jobs involving complex tilting and turning movements. 

Swiflift systems use lifting anchors with a forged spherical head. These are cast into the concrete product with 
the head recessed below the concrete surface, protected from damage. The product is lifted by clipping a 

special hook device "lifting eye" onto the head of the anchor. 

BENEFITS OF THE 
SAFETY 

Ask).- Engineered system. lir Simple mechanism. 
>- Nothing to clog or jam. - Cannot release under load. - Proven performance and safety factors. 

Easy to use, simple to train operators. - Visible connection: easy to confirm as being correctly made. 

Components of different load capacities cannot be 
interchanged. - Working loads and Reid logo are clearly identified on all 
lifting components for clear identification during 
manufacture, handling, storage and erection. _ - Foot anchors head marked with their length for confirmation 
of pullout strength. - Exceeds the requirements of current standards. 

FLEXIBILITY 
- Simple, fast, clip-on/off connection. - Systems with Working Loads from 1.3 to 32 tonnes. 

EIKControlled installation and operation. 

Wide variety of components to suit all applications. 

Products may be safely lifted and rotated from all directions. - Eliminates costly project-based design and manufacture of 
lifting devices. 

RELIABILITY 
Tested performance characteristics. 

Anchors are recessed to prevent them being damaged during 
product handling and stacking. 

Lifting eyes have no internal moving parts: nothing to 
deform, clog or jam preventing unsafe, incomplete closure of 
the lifting eye on the anchor. 

EASY TO INSTALL 
No special tools. 

Simple training. - Easy to supervise. 

No complex tying of reinforcement required. 
>- Designed to avoid component mis-match. 

Swiftlift Lifting Systems: nothing simpler, nothing safer 

SWIFTLIFT SYSTEM 
SPEEDS CONSTRUCTION, REDUCES COSTS. 

- Rapid connection / disconnection: saves crane time. 

No time lost in repositioning lifting gear. 

Enables lifting, turning and swivelling. 
_ 

),--Nothing to cut Off: no remedial work. 

Reduces handling damage. 

Saves storage; products may be efficiently stacked on site. 

A WEALTH OF EXPERIENCE AND 
ENGINEERING SUPPORT 

Long history of proven success. 

Continuously developed since 1977. 

Reid engineers have specialised knowledge gained through 
an extensive range of applications. 

Our engineers assist in the design of optimum lifting 
solutions. 

SWIFTLIFT ANCHORS 
>- Forged from special steels for safety. 

- Hot dip galvanised for long term corrosion protection. 

Not susceptible to strain-age-embrittlement. 

Not sensitive to hydrogen embrittlement. 

SWIFTLIFT LIFTING EYES 

Simple design, rugged construction. 

Wear resistant for long service life. 

No internal moving parts to clog or jam. 

Comprehensively non-destructively tested during 

manufacture. 

Maintain System Safety and. Design Integrity! 
Read this Manual before using the System. 

Ensure that the System is used in accordance with the 
recommendations and information provided in this Manual. 

Use only Genuine REID SWIFTLIFT Components with 
this System 

If in doubt about any aspect of the System, contact your 
closest Reid Sales Office for technical advice. Our Engineers 
and Sales Staff will be pleased to assist with every enquiry.. 
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SECTION 1 - THE COMPONENTS 
Page No 

1 1.1 Swift lift Foot Anchors 
2 1.2 Reid Eye Anchors 
3 1.3 Universal Lifting Eyes 

4 1.3.1 Using Swift lift Lifting Eyes 

5 1.4 Recess Formers - 
Description and Notes 

5 1.4.1 Rubber Recess Formers 

6 1.4.2 Steel Recess Formers 
(Rubber Rings) 

6 1.4.3 Articulated Recess Formers 

7 1.4.4 Colleted Recess Formers 

7 1.4.5 Plastic Disposable Recess Formers 

8 1.4.6 Dimensions - Recess Formers 

" SECTION 2-- DESIGNING WITH SWIFTLIFT 
9 

10 
10 

11 

2.1 

2.2 
2.3 
2.4 

11 2.4.1 

11-12 2.4.2 
12-13 2.4.3 
13 2.4.4 
13 2.4.5 
14 2.4.6 
14 2.5 

Alk 15 2.5.1 

MI 15 2.5.1.1 

16 2.5.2 
16 2.6 

16 2.6.1 

16 2.6.2 

17 2.7 

2.7.1 

2.7.2 
18 2.8 

18 2.9 

General Notes 
Design Safety Factors 

Selection of the Correct Anchor 
Calculation of Applied Stresses at Lifting 
Points 

Panel Weight 
__Force of Adhesion 

Number of Lifting Points 

Demoulding Factor 
Slinging Co-efficient 
Dynamic Factor 

Effects of Anchor length, Anchor 
location and Concrete Rupture Strength 
on Foot Anchor Load Capacities 
Classic Length Foot Anchors 
Classic Length Foot Anchors with 
Reduced Edge Distances 
(i) one reduced edge distance 
(ii) two reduced edge distances - thin 

panels 
Short Foot Anchors 
Additional Reinforcement for Foot 
Anchors 
Improvement of Concrete Rupture 
Capacity for Tensile Loads 

Reinforcement for Inclined Loads at 
Edges 

Recommended Additional 
Reinforcement for Edge Lifts. 

Edgemaster 2.5 System 

Hairpin Anchors 
Selection of Reid Eye Anchors and 
Reinforcement 
Hanger Reinforcement for High 
Adhesion 

Swiftlift Lifting Systems: nothing simpler, nothing safer 

SECTION.,3 -4ILT-UP SYSTEMS 

19 1.1\ \ Face Lift Anchors 
20 12 Hairpin Edge Lift Anchors 
21 - 3.2.1 Working Load Limits 

Of Hairpin Anchors (Tonnes) 

22 3.3/ 
t 

Tilt-Op Panel Design Chart 
22 Actual Calculated Flexural Tensile Stress 

23 3.5 Panel,,Anchor Specifications 

23 3.6 hicris: 

23 3,.7 Threaded Inserts 

SECTIO - OTHER 'REID PRODUCTS 
24 4:1 -ReidIfiar -Treaded Reinforcing Systems 

24 42 Studrh .Sear Reinforcing 
24 4 -NirvriajoMfortable Concrete 
24 4 (Stu46a 'ndi-01-s : : - 

24 4. Eatening SysteMs 

N.B. 
The Swiftlift Lifting 
System is the subject 
of continuous 
design, 
development, 
improvement and 
modification. For 
this reason, some 
detail in this manual 
may change without 
notice, Further 
information is 

available at your 
nearest Reid Sales 
Office. 

Fig. 1 
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REID 

SECTION 1 THE COMPONENTS 

1.1 Swiftlift FOOT ANCHORS 
Swiftlift Foot Anchors are the most versatile and 
widely used anchors in the system. 

Swiftlift Foot Anchors are available for lifting systems 
in Load Groups of 1.3 t, 2.5 t, 5.0 t, 10.0 t, 20.0 t 
and 32.0 t working load limits (WLL) and in various 
lengths to satisfy different applications. 
All Swiftlift anchors are hot dip galvanised for 
corrosion protection and AISI 316 stainless steel 
anchors are available on request for special 
applications. 
Foot Anchors efficiently transmit the applied load to 
INhe concrete through the uniform conical "foot" of 
he anchor. The foot induces a shear cone in the 

concrete which resists pullout. - - - 

The pullout capacity of the embedded anchor 
depends upon: - The embedment depth 
),-- The compressive strength (f'c) of the concrete at 

the time of lift 
.- The proximity of the anchor to an edge or edges 

(cone truncation) 
Lclassic length anchors (Lclassic in Table 1 below) 
have been designed to provide their working load 
limit under the following conditions: 
.- Minimum concrete compressive strength 

10MPa - Minimum distance to all edges and openings: 
3 x Lclassic 

).- Minimum distance between anchors: 
6 x Lclassic 

"horter anchors or anchors placed at reduced edge 
nd spacing distances may have lower load capacity. 

Refer to pages 15 and 16 for guidance on working 
loads at reduced edge and spacing distances. 

Table 1. (Standard stock items. 
Other sizes available on request) 

HEAD MARKINGS 

Reid logo 

Load group 

-AriChoi: length. 120 
Fig. 2 

Fig. 3 

Working 
Load Limit 
(in tonnes) 

Dimensions (mm) Anchor Length (mm) L 

D Di L2 
Lclassic Lshort 

(subject to study)* Llong 

1.3t 10 19 25 5 120 35, 45, 55, 66, 85 240 
2.5t 14 26 35 7 170 55, 75, 90, 120 280 
5.0t 20 36 50 9 240 75, 95, 120, 150, 170 480 
10.0t 28 47 70 11 340 150 340 
20.0t 39 70 98 15 500 340 500 
32.0t 50 88 135 27 700 200 1200 

N.B.: Stainless Steel Anchors AISI Type 316 Ti - available on request 

Swiftlift Lifting Systems: nothing simpler, nothing safer 1 

Refer to page 16 for details 
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SECTION 1 - THE COMPONENTS continued 

1.2 REID EYE ANCHORS 
Eye Anchors are used in place of Foot Anchors where 
insufficient concrete pullout strength can be developed by 
the shear cone induced by the Foot Anchor. 

Eye Anchors have a hole forged into the anchor shaft 
through which a reinforcing "hanger" bar is inserted. The 
reinforcing bar is detailed to provide deeper anchorage 
and increased load capacity in thin wall or low strength 
concrete structures. See page 18 for recommended hanger 
bar details. 

The REA (Reid Eye Anchor) design is available in most 
anchor load groups and is a marked improvement on the 
old eye anchor designs. The REA design incorporates a 

cut-out foot and saddle like moulded eye opening to 
provide support for the reinforcing bar. 

THE REA FOOT 
irprovide positive anchorage and resists rotation 
about the reinforcing 
provides a minimum level of security in the case 
that a- reinforcing bar is omitted 
enables the anchor to be detailed as a short foot 
anchor if required - adds stiffness when used close to edges 

THE REA CUT-OUT 
- Permits the reinforcing hanger to pass freely by the 

foot without obstruction 
Permits the flow of concrete into and maximises 
compaction around the anchor-rebar junction 

THE REA SADDLE 
Maximises load transfer between anchor and ensures 
tensile loading in the reinforcing hanger. 

Minimises the shear stress in the reinforcing steel. 

Old design eye anchors MUST always be used with a 

rebar hanger of sufficient length to fully develop the 
nominal working load. 

REA anchors may be used without the rebar but have the 
same (reduced) load capacities as Foot Anchors of 
equivalent length. Refer to the table on page 16 for 
guidance. 

D1 

Fig. 4 

r 

Table 2. (Standard stock items) 
Fig. 5 

For D2, Refer to Table 1 

For Foot Anchors on 
previous page. 

Working 
Load Limit 
(in tonnes) 

Dimensions (mm) Anchor Length (mm) 

D Di Li Ri D5 L 

1.3t 10 19 5 11 9 50 (65 also Available) 

2.5t 14 26 7 16 13 90 

5.0t 20 36 9 21.5 18 120 

10.0t 28 47 11 27 25 180 

20.0t 39 70 15 42 38 250 - 

NOTE: Reid Eye. Anchors must always be used with a reinforcement bar threaded through the eye or load 
capacities are reduced to that of. Foot Anchors of the same length. 

Swiftlift Lifting Systems: nothing simpler, nothing safer 2 
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 ' 

1.3 UNIVERSAL LIFTING EYES 

Swift lift Lifting Eyes (sometimes incorrectly referred to as 

clutches) have been exclusively designed and approved 
for use with Reid Swift lift Anchors and Recess Formers. 
They should not be used with any other components. 
Such unapproved use could be extremely dangerous. 
The Swift lift Lifting Eye is designed so that it cannot 
spontaneously disengage whilst the system is under load 
at any orientation, provided it has been correctly 
connected to the head of the correct anchor in the recess. 

When the lift is completed and the load released, the 
Lifting Eye is quickly and simply disengaged. 

A special "remote release" Lifting Eye is available for tilt- 
up applications. 

All Swift lift Lifting Eyes are stamped with the relevant 
iiA/lorking Load Limit (WLL). This aids identification in 

atching components of the system on site and in the 
) casting yard (anchor - recess - lifting eye). 

Working Load 
Limit 
(in tonnes) 

T Working Load 
Limit 
(in tonnes) 

Table 3 

Components of the different load capacity systems cannot 
be interchanged as their dimensions have been carefully 
chosen to ensure they will not mismatch across ranges. 

The Lifting Eye is attached to the head of the anchor by 
placing the mouth of the eye over the head of the anchor 
and rotating until the tail of the eye rests on the concrete. 
Once connected, the load can be safely applied in any 
direction. 

When the load is being applied in a forward direction, ie 

away from the tail, it is normal for the tail to rise from the 
concrete surface. This is quite safe as the Lifting Eye has 

been designed so it cannot accidentally disengage while 
under load. 

In many rigging applications the load may be applied in 
the direction of the tail of the Lifting Eye (ie "tail up" in tilt- 
up practice). 

F.g. 6 

CHECK FOR WEAR! 

Size H max. M min. 

1.3 13 5.5 

2.5 18 5.5 

5 25 8.0 

10 32 12.0 

20 46 18.0 

32 58 24.0 

Safe 
working 
load 

A B C D E F J K 

1.3 47.5 75 71 56 55 33 164 12 21 

2.5 64 98 95 68 70 42 205 14 25 

5.0 70 118 90 88 86 57 237 17 38 

10 95 160 121 112 117.5 73 348 25 51 

20 118 186 150 152 155 110 441 33 74 

32 175 269 189 195 214 153 584 40 100 

Swiftlift Lifting Systems: nothing simpler, nothing safer 3 
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SECTION 1 - THE COMPONENTS continued 

1.3.1 USING THE SWIFTLIFT LIFTING EYE 

Figure 1 The Lifting Eye is easily connected to the 
anchor head by admitting the anchor head into the 
slot of the Lifting Eye and rotating the tail of the 
Lifting Eye until it rests on the concrete surface. 

,figure 2 Once connected the load can be applied in 
any direction. 

Figure 3 It is normal to lift towards the tail however 
lifting away from the tail (as shown in figure 4) is also 
acceptable. 

Agfigure 4 When the load is being applied in a 

II/direction away from the tail, it is normal for the tail 
) to rise from the concrete surface. The Lifting Eye has 

been designed so that it cannot accidentally 
disengage while under load. Should the tail rise 
excessively, (i.e. the angle between the tail and 
handle of the Lifting Eye becomes less than 30 
degrees) lower the unit and reset the tail to the 
surface. 

Remote Release/Disconnection (e.g. Tilt-up) 
Special Remote Release Lifting Eyes with "Arm 
Extensions" have been developed to speed up 
erection on tilt-up projects. Used with reduced recess 
formers to prevent rotation around the loop during 
disconnection, they are easily disconnected from the 
anchor head once the load has been removed. 
N.B. - Disconnection is only possible when the load 
has been removed. 

Swiftlift Lifting Systems: nothing simpler, nothing safer 4 
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4 

5 

Fig. 7 
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SECTION 1 - THE COMPONENTS continued 

1.4 RECESS FORMERS AND ACCESSORIES 

DESCRIPTION 

Recess Formers are used with both Foot Anchors and Reid Eye Anchors to locate and hold the anchors in 
place during casting. Each former creates the correct size and shape recess in the concrete around the head of 
the anchor to allow the Lifting Eye to fit. Different styles and material types of Recess Formers are available to 
satisfy the many and varied application requirements of industry. 

GENERAL RULES FOR USING RECESS,FORMERS 
Always ensure that the Recess Former is clean and free from build up of cement. 

1) All Recess Formers should be lightly oiled or greased before use to prevent adhesion. 

2) When using Steel Recess Formers with Rubber Rings, ensure that the rings are not damaged to the extent 
that they will not effectively hold the anchor in place. 

3) Always place the head of the anchor (which is marked with the anchor capacity) into the Recess Former. 
The foot will not enter the correct size recess former either in Rubber or Steel Recess Formers. 

4) If in any doubt about which Recess Former to use, contact your nearest Reid sales office for advice. 

THE FIVE PRINCIPAL RECESS FORMERS - DESCRIPTION - APPLICATIONS - INSTALLATIONS 

1.4.1 RUBBER RECESS FORMERS 

Manufactured from oil resistant, synthetic rubber. 
These are very useful for applications where anchors 
are to be placed into wet concrete after pouring or 
for attachment to a mould for positive anchor 
location. 
Rubber Recess Formers are supplied as complete 
units with bolt and wing nut for positioning. The 
Recess Former is located on the form and the bolt 
passed through from the inside of the form to the 
outside. The required anchor head is inserted into 
the recess former body and the wing nut attached 

nd tightened. As the wing nut tightens, the recess 
closes around the head and shaft of the anchor 
providing a positive retention. 
Once the casting is complete and the concrete is 

cured sufficiently, undo the wing nut, remove the 
mould or form and remove the Recess Former. Be 

sure to clean the Recess Former before the next use. 

REMOVAL OF RUBBER RECESS FORMERS 

Do not remove the Recess Former until the concrete 
has cured sufficiently to allow removal without 
disturbance of the anchor or surrounding concrete. 
In some cases the mould is removed leaving the 
former in position until curing has taken place. 

Use 2 pins in the holes to open the recess for 
removal. 
DO NOT use the fixing screw to pull the Recess 
Former out, as it will be damaged. 

Swiftlift Lifting Systems: nothing simpler, nothing safer 5 

Fig. 8 

-1. Fixing screw 

2. Rubber Recess Formers 

- 3. Swiftlift 
Lifting 
Anchor 

Fig. 9 
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SECTION 1 - THE COMPONENTS continued 

1.4.2 STEEL RECESS FORMERS (USED IN 
CONJUNCTION WITH RUBBER RINGS) 

Steel or iron "monoblock" with Rubber Rings. 

Certainly the most commonly used Recess Former 
because they are simple to use, quick to install and 
have a long service life. They are often used in 
applications where it is necessary to strip the mould 
without removing the Recess Former. 

Steel Recess Formers are attached to the forms by 
means of a bolt placed through the form and into the 
threaded hole in the back of the former. Foot and 
Reid Eye Anchors are held in the recess by a special 
split Rubber Ring which is placed around the anchor 
shaft , just under the anchor head and then 'wedged' 
into the mouth of the in-place Recess Former. 

When casting is complete and the concrete cured 
sufficiently, the retaining bolt is un-done and 

11, 
emoved from the back of the Recess Former and the 
mould or form can be removed. Simply remove the 
ring from under the anchor head and the precast unit 
is ready to lift. Thoroughly clean the recess former 
immediately after removal and apply mould release 
oil before each use. 

Rubber Rings 

Foot and Reid Eye Anchors are held in place in the 
recess of the former by means of the special Rubber 
Ring. Rubber Rings (of the appropriate size) are 
attached just under the head of the anchor and then 
"wedged" into the mouth of the Recess Former, thus 
securing the anchor in the right place. 

The re-usable Rubber Ring is simply taken off the 
anchor shaft after the recess former has been removed. 

Alk1.4.3 ARTICULATED RECESS FORMER 

wvianufactured from steel, these operate in a similar 
manner to Rubber Recess Formers. They provide a 

positive connection to the anchor and have a longer 
service life than rubber but do require on-going 
maintenance to ensure freedom of movement. 
This former operates on a clam shell system with the 
two hinged halves of the unit coming together 
around the head and shaft of the anchor. Attachment 
to the form or mould is by means of a bolt through 
the form and into a threaded plate in the rear of the 
former. After casting and when the concrete has 
cured sufficiently, the bolt is removed and the mould 
or form removed. To remove the Articulated Recess 
Former it may be necessary to place two steel rods 
into the holes provided (see figure 9) and with a 

scissor action, cross the rods. This will release the 
former from the concrete. Thoroughly clean the 
Recess Former immediately after removal and apply 
mould release oil before each use. 
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3 

Anchor 

11111 

. NE, 

HMI 

Rubber ring 

steel recess 

former 

Base of mould 

Fig. 10 

1. Fixing screw 

2. Steel Recess Former 

3. Rubber Ring 

4. Swiftlift Lifting 
Anchor 

The Anchor is 

secured by insertion 
of the rubber ring. 

Table 4 

Size cl, ch t 
1.3 22 12 12 

2.5 32 15 12 

5.0 39 21 16 

Spacer 
Plate 

Fig. 12 

Fig. 13 

All thread 
rod fixing 

--,Articulated 
void former 
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SECTION 1 - THE COMPONENTS continued 

1.4.4 COLLETED RECESS FORMERS 

Ideal for applications which require absolutely 
positive anchor location and rigidity during casting 
e.g. centrifugally spun pipes. 

The tapered collets lock the anchor into the recess 

ring which is secured to the form by a threaded 
fixing bolt.' 

In some cases the entry of concrete slurry is 

prevented by the inclusion of a rubber ring inserted 
in the collet cavity. 

Collet Recess Formers are manufactured from steel 

and have a long service life. These recesses are 

available of 1.3; 2.5 and 5.0 t load groups with other 
sizes available upon request. 

1.4.5 PLASTIC DISPOSABLE RECESS FORMERS 

These are available for 2.5 t and 5.0 t load groups. 
They provide convenient solutions for small projects 
when only few anchors are to be installed. They are 

also used in Swiftlift Tilt-up Anchor sets. 

The two halves of the recess are clipped around the 
head of the anchor and then attached to the form by 
nailing or screwing through the plastic. 

/1 olystyrene disposable recesses are popular in New 
Zealand and available on request. 
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1. Fixing screw 

2. Steel Recess Formers 

3. Collet Collar 

4. Collet Set - Left and Right 

5. Swiftlift Lifting Anchor 

6. Special Rubber Ring 
(reduced thickness 

Fig. 14 

2 

3 

1. Plastic Recess Former 

2. Swiftlift Foot Anchor 

3. Wire Ring 

4. Plastic Chair 

Tilt-up 
Sets 
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SECTION 1 - THE COMPONENTS continued 

1.4.6 RECESS FORMERS - DIMENSIONS 

RUBBER Table 5 
Recess 

for 
anchors Ra ABC I L MN 

1.3t 30 8 5 10 7 16 34 42 blue 

2.5t 37 12 7 14 7 20 43 52 yellow 
5.0t 47 12 10 20 10 26 58 69 blue 
10t 59 12 10 28 10 33 74 85 yellow 
20t 80 12 10 39 10 42 112 124 black 

STEEL 

Round Table 6 

Recess 
' for 

anchors A B2 D M DI 

1.3t 5 25 20.5 8 59 
2.5t 7 31 30.0 12 74 

5.0t 10 39 37.5 12 96 

2 

Swiftlift Lifting Systems: nothing simpler, nothing safer 

STEEL 

Reduced Recess Table 7 
Recess 

for 
anchors P Q 

1.3t 34 42 

2.5t 43 52 

5.0 t 58 69 

COLLETED Table 8 
Recess 

for 
anchors S D R M 

1.3t 10 11 30 8 

2.5t - - 11 15 37 10 

5.0t 15 21 47 1,2 

PLASTIC 
Reduced Table 9 

Recess 

for 
anchors Width Height Length 

2.5t 61 33 *94 
5.0t 70 41 94 

* Does not include nail fins 

ARTICULATED 
Round Recess Table 10 

Recess 

for 
anchors P Q 

1.3t 34 42 

2.5t 43 52 

(As per Fig. 15) 

Fig. 21 

Fig. 22 
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SECTION 2 - DESIGNING WITH SWIFTLIFT 

2.1 GENERAL NOTES 
1. The compressive strength of the concrete should 

be at least 10 MPa at the time of lifting. Where 
lightweight concrete or concrete of a strength less 

than 10 MPa is to be lifted, Reid Eye Anchors 
should be used rather than Foot Anchors. 

2. We recommend that concrete be a minimum 15 
MPa at the time of lifting when foot anchors are 
used without additional reinforcement. This is 

especially important for SHORT anchors. 

3. Use Classic Length anchor lengths when possible. 
4. MAXIMUM_PULLOUT strength is obtained when 

the distance from the centre of the anchor to any 
edge is 3 x the anchor length and where the 
distance from any other anchor is 6 x the anchor 
length. If these edge distances or anchorspacings 
are not possible to obtain, contact Reid whose 
Engineers will advise whether the working load 
should be reduced. 

5. The system includes a minimum factor of 3 

between safe working load and pull out. Higher 
factors should be considered in some special 
circumstances and where required by 
construction codes. 

6. In some applications severe dynamic loads may 
be imparted to the anchors e.g. transporting pipes 
over rough terrain when suspended. Loads 
exceeding 5 times the static load have been 
measured in these circumstances. 

7. Applied forces should be evenly distributed 
between the anchors. Differential spreader 
beams should be used when lifting from more 
than 3 points. 

Fig. 23 

8. All factors - product geometry, mass, number of 
lifting points, location of points, lifting method, 
concrete strength at time of lift, demoulding 
forces, slinging factors, special dynamic factors 
should be considered when selecting anchor 
types and capacities. 

9. Anchors and Lifting Eyes should not be welded or 
modified in any way without prior approval from 
REID. 
NB: We do not recommend lifting systems relying 
on welded joints, because of the difficulties in 
ensuring sufficient control on site. Such systems 

_ are therefore potentially dangerous. _ 

10. Hot Dip Galvanised anchors are supplied as 

'standard' in Australia and New Zealand. 
SWIFTLIFT anchors are manufactured from steels 
which are not susceptible to strain age 
embrittlement and they are always supplied in a 

stable metallurgical condition (not cold worked 
by blanking, piercing, bending etc.) and therefore 
are not prone to the problems of embrittlement 
sometimes seen after galvanising. 

11. Stainless Steel SWIFTLIFT anchors are available. 
These are manufactured from titanium stabilised 
AISI Type 316 austenitic stainless for maximum 
corrosion resistance for most environments - 
including marine applications. 

12. Lifting Anchors should not be used for other 
purposes (e.g. tie-points for transport). 

13.0nly genuine REID SWIFTLIFT components must 
be used. 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.2 DESIGN SAFETY FACTORS 
A) Swift lift Lifting Eyes: Minimum 5 x WLL, proof 

load 2 x WLL 
B) Swift lift anchors: Minimum 3 x WLL. 

NB: Many Swift lift anchors have strengths in excess 
of 4 x WLL to minimise the risk of failure from 
unexpected dynamic loads. 

C) Concrete rupture: Minimum 3 x WLL. This is 

dependant upon the concrete strength at the time 
of lifting, anchor length and placement. Always 
check that sufficient strength is available. 

For optimum results check with Reids Engineers. 

1/2.3 SELECTION OF THE 
CORRECT ANCHOR 

GENERAL METHOD OF SELECTION 

i) Determine the mass of the product to be lifted. 

ii) Select the method e.g. face lift, edge lift. 
iii) Select the minimum number of lifting points 

required and lifting arrangement e.g. slings, 
spreader beam, differential spreader beam. 

iv) Include factors for demoulding stresses induced 
by adhesion if appropriate. 

v) Allow factors for special conditions e.g. high 
dynamic loads if appropriate. 

vi) Calculate stress at each proposed lifting point. 
vii) Select appropriate anchor size by working load 

limit. 
iii) If using Foot Anchors check that the concrete 

rupture strength is adequate for the length of 
anchor proposed at the time that the item is to 
be lifted. If not, increase anchor length, 
increase the number of anchors, use Reid Eye 

Anchors, or tie additional reinforcement to the 
Foot Anchor (see details page 16). 

ix) When using Reid Eye Anchors ensure that 
adequate additional reinforcement is specified 
for the given concrete strength. 

x) When edge lifting and rotating, detail 
additional reinforcement to resist spalling from 
the face. Whilst this may not always be 
necessary (thick panels) it is good practice to 
include this additional reinforcement (see detail 
pages 16 and 17). 
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Fig. 24 

TYPE OF LIFT 

EDGE 

TYPE OF LOAD 

TENSION 
ONLY 

TENSION 
& SHEAR 

FACE 

ELEMENT 
THICKNESS 

LOAD REQUIREMENT 

FACTOR FOR 
DEMOULDING/ADHESION 

FACTORS FOR 
SPECIAL CONDITIONS 

CALCULATION OF STRESS 
PER LIFTING POINT 

SELECT ANCHOR TYPE 
AND POSITIONING 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.4 CALCULATION OF 
APPLIED STRESSES AT 
LIFTING POINTS 

NOTE THE GENERAL EXPRESSION: 

(G + H) 
x Km x Ksl x Kd 

N 

Z =Effective load at each point 
G =Panel weight 
H =Force of adhesion 

N =Number of lifting points 
Km =Factor dependent on method of demoulding 
Ksl =Slinging co-efficient 

=Additional dynamic factors (where appropriate) 

2.4.1 PANEL WEIGHT -G 
This should be estimated from panel dimensions and 
concrete density, including the weight of reinforcing 
steel etc. (normally 2450kg/m3 for reinforced 
concrete). 

2.4.2 FORCE OF ADHESION -H 
This is a function of the nature of the surface of the 
mould and its area. 

H =hxA A - surface area of mould 
Typical values for h are as follows: 

Table 11 

'Type of 
mould surface 

h (KPa) 

Oiled smooth steel 

Oiled rough Steel or 
varnished timber 2 

Rough untreated 
timber 

Special Cases 

A) Prestressed panels 

h x A 

2 
h = 0 

h=0 where panel 
thickness exceeds 

60mm 

130mm 

200mm 
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Fig. 25 

N 

G = 4.41 Tonne 

6m 
Fig. 26 

150mm (Thick Panel) 

=2 x6 x .150 x 2.45 = 4.41 Tonne 

Lifting force 

4, 4, H 

Fig. 27 

Point of 
rotation 

Fig. 28 

G 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

B) Removal of panel without 
removing sides of mould 

H=3xhxA 
eg 3 KPa for oiled steel mounds 

C) Ribbed panels 

H = 2 x G 

(twice panel weight) 

D) Tilt-up Panels 

H = 1.1 G-1.6G (Dependent upon bond breaker 
and sufface condition/quality). 

2.4.3 NUMBER OF LIFTING POINTS -N 
This may appear obvious at first but there are a 

number of rules that must be considered: 
1) Single point lifts: N = 1 

2) Two point lifts: N = 2 

3) Three point lifts: N = 3 

In these cases, load will be evenly distributed 
providing that sling lengths are equal. 

4) Four point lifts: 

A) Fixed length slings N = 2 (figure W) 

B) With load distribution via differential spreader 
beam N = 4 (figure X) 

5) Six point lifts: N = 6 

Using a differential spreader beam (figure Z) 
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Fig. 29 

Fig. 30 

Fig. 31 

The Load will 
always be shared 
between 2 

diagonal points 

The Load is evenly shared between all four points 

Fig. 34 

The Load is evenly shared between all six points 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

TILT-UP CONSTRUCTION - SPECIAL NOTE 

During tilt-up operations where spreaders are used when face lifting, the loads on each anchor alter 
depending upon the angle of tilt and anchor position. In these cases the previous notes (pages 11 and 12) are 
inapplicable and specialist advice should be sought. 

TYPICAL LIFTING POINTS/RIGGING FOR 
RECTANGULAR TILT-UP PANELS 

SINGLE ROW 4 WIDE 

Fig. 35 

2 HIGH 4 WIDE 

SINGLE ROW 

DOUBLE ROW 2 HIGH 2 WIDE 

proper planning of the lift configuration can 
determine the success of a tilt-up project. 

2.4.4 DEMOULDING FACTOR - Km 

This is normally 1 however when tilting from the 
horizontal KM = 0.5 

2.4.5 SLINGING CO- EFFICIENT- Ksl 

This is dependent on the angle a between the lifting 
slings. When lifting parallel to the axis of the anchor 
Ks1= 1 (a = 0°) 

30° 60° 90° 120° 
1.04 1.16 1.42 2.00 
The angle between the slings must 
never exceed 120° (unless specific 
design is undertaken). 

b) If the anchor head is proud of the 
concrete surface max a = 30° 

a = 0° 
Ksl = 1.00 

Note: a) 
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4 HIGH 2 WIDE EQUAL LOAD 
TOP ANCHORS 

.22H 

, 
3 HIGH 2 WIDE 

1 

.1 4K2:8H 

.2811 

.30H 

3 HIGH 2 WIDE(DOUBLE LOAD ""\--. 

TOP ANCHORS) 

Fig. 36 

Lifting force 

Panels with window 
or door openings, 
irregular shapes or 
containing double 
loaded anchors must 
be referred to Reid's 
Engineers for specific 
design. 

Fig. 37 

4 

G 
4 H 4 

411 

Point of 
rotation 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.4.6 DYNAMIC FACTOR - Kd 

Where significant dynamic effects are expected 
during lifting, appropriate factors should be applied 
consistent with the statutory codes for lifting. Such 
factors as crane hoisting velocities, winch loadings, 
allowance for movement over rough terrain whilst 
suspended should be included as appropriate. 

Note 

Kd =1 for lifting at normal crane hoist speeds. 

Kd = 2 for lifting with an excavator or backhoe 
(unregulated lifting) 

Kd = 4 for transport over rough terrain, 

WINCH 
LOADINGS 

HOIST 
VELOCITY 

WIND 
VELOCITY 

TERRAIN TYPE 

Fig. 38 

2.5 EFFECTS OF ANCHOR LENGTHS, ANCHOR LOCATION AND 
CONCRETE RUPTURE STRENGTH ON FOOT ANCHOR LOAD 
CAPACITIES 
It is imperative that not only the anchors themselves have a safe working load sufficient for the 
applied loads but also the concrete itself, to prevent failure by concrete rupture. The SWIFTLIFT 
system was designed to be used effectively with unreinforced concrete of strength greater than 10 
MPa (unless using Reid Eye Anchors). Traditionally accepted principles of analysis by the bursting- 

_ 

cone pull out have been extensively tested to give accurate predictions of concrete rupture strengths 
for a wide range of situations. 

The following tables cover the design for the majority of applications. Where special conditions 
prevail outside the scope of these tables e.g. short anchors, thin panels, close edge distances, advice 
must be sought from REID before anchors are selected. In cases where you encounter thin panels or 
wall sections where anchors are to be placed, the use of Reid Eye Anchors or specially detailed Foot 
Anchors are effective and these may be used without seeking advice provided reference is made to 

.11 sections of 2.5 to 2.8 of this manual. 

GENERAL RULES FOR FACELIFTS 

1. Use standard length anchors if possible. Applications for short anchors not meeting the conditions 
assumed for the table on page 16 should be referred to REID, for approval after analysis. 

2. Designers should attempt to obtain a minimum distance to any edge of panel = 3 x anchor length. 
Where this is not possible, check the reduced working loads in the tables given on page 15 or 
refer to REID for analysis. 

3. If the distance between foot anchors is less than 6 times the anchor length, it is possible the 
working load limit will be reduced. If in doubt over selected load capacities, contact your nearest 
Reid Sales Office for advice. 

4. It is good practice to use concrete of compressive strength min. 15 MPa at the time of lifting 
although SWIFTLIFT has been proven at min. 10 MPa as the following tables demonstrate. 15 
MPa should be considered a minimum for unreinforced concrete using SHORT ANCHORS. 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.5.1 CLASSIC LENGTH FOOT ANCHORS 

The working load of Classic Length Foot Anchors, 
when used in face lift applications is governed by the 
anchor material strength provided the following 
conditions are met. 

(a) minimum compressive strength of the concrete at 
the time of lifting is 10 MPa 

(b) minimum edge distance = 3 x anchor length 

(c) minimum distance between anchors = 6 x 
anchor length 

(d) standard 'Swiftlift' (full or reduced) Recess 
Formers are used. 

2.5.1.1 CLASSIC FOOT ANCHORS WITH 
REDUCED EDGE DISTANCES 

Where these edge distances or anchor spacings are 
of able to be met, it is likely that the minimum 
oncrete rupture strength will govern and that the 

working load of the anchor is reduced in order to 
maintain a safety-factor of 3. 

(i) One Reduced Edge Distance 
TABLE OF WORKING LOAD LIMITS 
for Classic Swiftlift Foot Anchors where the edge 
distance to one edge is less than 3 x anchor length. 
(Table 12) 

"X" = Concrete cover to nearest edge 
"L" = Length of Normal SWIFTLIFT anchors for given 
safe working loads. 

Fig. 39 

(ii) Two Reduced Edge Distances Thin Panels 

TABLE OF WORKING LOAD LIMITS for classic 
length SWIFTLIFT Foot Anchors in thin unreinforced 
panels. (Table 13) 

Note:- Although these working load limits have been 
calculated for unreinforced panels the use of 
nominal reinforcing is recommended. 
"U = Length of SWIFTLIFT anchors for given 
working loads. 

3L 

6L 

3L 

Fig. 42 
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Working Load Limit (tonnes) Table 12 
With a safety factor of 3 on ultimate load capacity 

Classic 

Anchor 

length 

Edge 

distance 
Concrete Compressive 

Strength When Lifting. 

i o MPa 15 MPa 20 MPa 25 MPa 30 MPa 

30 0.85 1.12 1.30 1.30 1.30 
1.3 t x 35 0.92 1.21 1.30 1.30 1.30 
120mm 40 0.99 1.30 1.30 1.30 1.30 

50 1.10 1.30 1.30 1.30 1.30 
30 1.44 1.89 2.29 2.50 2.50 

2.5 t x 35 1.56 2.04 2.48 2.50 2.50 
45 1.77 2.32 2.50 2.50 2.50 

170mm 50 1.86 2.44 2.50 2.50 2.50 
60 2.03 2.50 2.50 2.50 2.50 
70 2.20 2.50 2.50 2.50 2.50 
50 3.13 4.1.0 4.97 5.00 5.00 

5.0 t x 60 3.42 4.49 5.00 5.00 5.00 
240mm 70 3.69 4.85 5.00 5.00 5.00 

80 3.95 5.00 5.00 5.00 5.00 
90 4.18 5.00 5.00- 5.00 5.00 

-60 5.67 7.44 9.02 10.00 10.00 
70 6.13 8.04 9.75 10.00 10.00 

10.0 t x 80 6.55 8.59 10.00 10.00 10.00 
340mm 100 7.31 9.60 10.00 10.00 10.00 

120 8.01 10.00 10.00 10.00 10.00 
140 8.64 10.00 10.00 10.00 10.00 
80 11.52 15.11 18.32 20.00 20.00 
100 12.88 16.88 20.00 20.00 20.00 

20.0 t x 120 14.10 18.49 20.00 20.00 20.00 
500mm 140 15.22 19.96 20.00 20.00 20.00 

160 16.27 20.00 20.00 20.00 20.00 
200 18.16 20.00 20.00 20.00 20.00 
220 19.03 20.00 20.00 20.00 20.00 

Working Load Limit (tonnes) Table 13 
With a safety factor of 3 on ultimate load capacity 

Classic 

Anchor 

length 

Panel 

thickness 

D(mm) 

Concrete Compressive 

Strength When Lifting (MPa). 

10 MPa 15 MPa 20 MPa 25 MPa 30 MPa 

1.3 t x 
120mm 

100 
120 
150 

0.50 
0.60 
Q.75 

0.66 
0.79 
0.98 

0.80 
0.96 
1.19 

0.93 
1.11 

1.30 

1.05 
1.25 
1.30 

2.5 t x 
170mm 

100 
150 
200 

0.71 
1.07 
1.41 

0.94 
1.40 
1.85 

1.14 
1.70 
2.25 

1.32 
1.97 
2.50 

1.49 
2.23 
2.50 

5.0 t x 
0mm 24 

150 
200 
250 

1.51 
2.01 
2.50 

1.98 
2.64 
3.28 

2.41 
3.20. 
3.98 

2.79 
3.71 
4.62 

3.16 
4.20 
5.22 

10.0 t x 
340mm 

200 
250 
300 

2.82 
3.52 
4.22 

3.70 
4.62 
5.53 

4.49 
5.60 
6.71 

5.22 
6.51 
7.79 

5.89 
7.35 
8.80 

20.0 t x 
500mm 

250 
300 
400 

5.15 
6.17 
8.20 

6.75 
8.09 

10.76 

8.19 
9.81 
13.04 

9.51 
11.39 
15.15 

10.74 
12.87 
17.11 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.5.2 SHORT FOOT ANCHORS 

Whereas the working load limit for classic length. Foot Anchors is normally governed by the anchor stren 
this is not usually the case with short anchors. Unless some reinforcement is provided the working load limit 
of short anchors is normally limited by the concrete rupture strength. 

TABLE OF WORKING LOAD LIMITS FOR SHORT FOOT ANCHORS IN UNREINFORCED SLABS. 

Working Load Limit (Tonnes) 

With a safety factor of 3 on ultimate load capacity Table 14 

Anchor 
Size 

Anchor 
Length 
(mm) 

Concrete Compressive Strength When Lifting 

15 MPa 20 MPa 25 MPa 30 MPa 
1.3 35 0.55 0.64 0.71 0.78 
1.3 45 0.77 0.90 1.00 1.10 

1.3 55 1.02 1.18 1.30* 1.30* 
1.3 66 1.30* 1.30* 1.30* 1.30* 

1.3 85 1.30* 1.30* 1.30* 1.30* 

2.5 55 1.07 1.24 1.38 1.51 

/ 
2.5 65 1.34 1.55 1.73 1.90 

2.5 75 1.63 1.88 2.10 2.30 
2.5 90 2.10 2.42 2.50* 2.50* 
2.5 120 2.50* 2.50* 2.50* 2.50* 
5.0 95 2.36 2.73 3.05 3.34 

5.0 120 3.42 4.16 4.83 5.00* 

5.0 150 5.00* 5.00* 5.00* 5.00* 
5.0 170 5.00* 5.00* 5.00* 5.00* 

10.0 150 5.20 6.30 7.32 8.27 

10.0 170 6.57 7.97 9.26 10.00* 

*In these cases anchor capacity rather than concrete rupture strength have determined the working load limit. 
Note:- The above table assumes: 
(0 Min. concrete strength at time of lifting = 15 MPa 
(ii) Min. edge distance = 3 x anchor length 
(iii) Min. anchor spacing = 6 x anchor length 

2.6 ADDITIONAL REINFORCEMENT FOR FOOT ANCHORS 
Whilst the SWIFTLIFT system can be used very effectively in many components without the necessity for 

Illkdditional reinforcement, there are circumstances when additional reinforcement is required. 

2.6.1 IMPROVEMENT OF CONCRETE RUPTURE CAPACITY FOR TENSILE LOAD 
Tables previously shown give concrete working loads in unreinforced concrete. To improve the instantaneous 
nature of failure of concrete rupture in unreinforced concrete, reinforce the rupture zone as shown below. 
Note: This does not increase the rated working load limit of anchors as stated in this manual. 

Fig. 43 
Rupture Zone 

2.6.2 REINFORCEMENT FOR INCLINED LOADS AT EDGES 

When the direction of pull is inclined or perpendicular to the axis of the anchor, the resulting lateral force can 
usually be resisted by the concrete. However, if the pull is towards a nearby edge special measures must be 
taken. For instance, the system is suitable for raising slabs from a horizontal to the vertical position, without 
using a tilting table. In this case reinforcement must be provided to prevent the concrete from splitting. Figure 

,44 on the following page shows an effective arrangement of reinforcement placed against and tied to the 
anchor. The most suitable location for diagonal tension reinforcement in the case of 90° "shear" loading is 

directly behind the Recess Former. Tie the bar to the anchor DO NOT WELD! Contact Reids for details of the 
special edge lift brackets and anchors available. 
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SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.7 RECOMMENDED ADDITIONAL REINFORCEMENT FOR 
EDGE LIFTS 

A) USING SW1FTLIFT ANCHORS 

Note: Where the possibility for stress reversal occurs 
then repeat reinforcing detail on other side of recess. 

Fig. 44 

2.7.1 USING THE EDGEMASTER 2.5 SYSTEM 

Apart from the Edgemaster bracket, no other 
reinforcement is required. 

Table 15 

Anchor 
Size 0 rebar 

Length of 
rebar 

1.3 8 mm 800 mm 
2.5 12 mm 1120 mm 
5.0 16 mm 1600 mm 

10.0 20 mm 1750 mm 
20.0 28 mm 2000 mm 

Recommended method of reinforcing for edge lifts 

2.7.2 HAIRPIN ANCHORS 
(2.0, 5.0 AND 10.0 TONNE) 

Fig. 46 

ONE DIRECTION LIFT 

2.5T 
Edge 

Litt 
Bracket 

Plastic ---> 
Recess 
Former 

2Srx 170nvn or 28Crnm 
FectAmtor 

1 (may afro he userf with 
a 2REA090) 

Fig. 47 

Fig. 45 

TWO DIRECTION LIFT 

* If the 5HPA is to be loaded with a full 
5.0 Tonne shear load, A Heavy Duty, 
R/Y16 Shear Bar should be used. 

Fig. 49 Fig. 48 

SHEAR BARS FOR 2 HPA AND 5 HPA 
R 12 

or 
Y 12 

1-4-130 mm 
200 mm 10 HPA with Shear and 

Tension Bars 

N.B. 5.0 Tonne HPA's are frequently loaded, in shear, to over 2.5 Tonne and only subjected to a full 5.0 Tonne load, in tension, when the panel is 

tilted. In these cases a standard R/Y12 Shear Bar is adequate. 

Swiftlift Lifting Systems: nothing simpler, nothing safer 17 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 242 of 542



SECTION 2 - DESIGNING WITH SWIFTLIFT continued 

2.8 SELECTION OF REID EYE ANCHORS AND REINFORCEMENT 
Reid Eye anchors should be used in circumstances where insufficient pullout strength is developed by foot 
anchors e.g. thin panels, lightweight and low strength concrete etc. 
Reid Eye Anchors must ALWAYS be used with a rebar threaded through the eye of sufficient length to 
adequately develop the working load required. 

REINFORCING BARS FOR EYE ANCHORS 

The following tables give rebar lengths for Reid Eye Anchors in otherwise unreinforced concrete. 
Table 16 

Anchor 
Size 

Diam of 
Rebar 

Length of Additional Rebar (mm) 
Concrete Compressive Strength in MPA 

Minimum distance 
to edge (e) (mm) 

5MPa BMPa 10MPa 12MPa .15MPa 20MPa 30MPa ' e e** 

1.3 W8 or R8 1560 1130 980 890 790 690 600 24 40 

2.5 W12 or R12 2340 1700 1470 1330 1180 1040 900 36 60 

5.0 D16 or Y16 3120 1960 1960 1770 1580 1380 1200 48 80 

h 0.0 D20 or Y20 4300 2700 2700 2440 2160 1900 1650 66 110 

e** - If the distance from the anchor to the edge of the product is greater than e** then length of rebar given 
by the table may be reduced by 20 per cent. 

2.9 HANGER REINFORCEMENT FOR HIGH ADHESION 

Note: 
a) Lengths given below do not include the lengths of return bends. 
b) Some consideration should be given to bending radius of the steel. 
c) These lengths may be reduced provided the hanger arms extend at least 30 bar diameters into a positive 

compression zone. 
Table 17 

Length of Rebar (mm) 
Anchor Diam of Concrete Compressive 

Size Rebar Strength (MPa) 

10 20 30 
1.3 W8 or Y8 1100 800 600 
2.5 W12 or Y12 1600 1200 1000 
5.0 D16 or Y16 1600 1400 1200 

10.0 D20 or Y20 2100 1600 1400 
20.0 D25 or Y25 5500 4000 3200 

Swiftlift Lifting Systems: nothing simpler, nothing safer 

Typical application where Reid Eye Anchors are the 
most suitable option. 

Fig. 50 
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SECTION 3 TILT-UP SYSTEMS 

3.1 FACE LIFT ANCHORS 

TYPE 1 ASSEMBLY 

Comprises Plastic Recess Former - Plastic 
Support Chair - Wire Ring and Extender Legs 
(where required) - appropriate Swiftlift Anchor 
Recess Former comes complete with Locating 
Feelers which may be removed. 
Available in 2.5 and 5.0 tonne load ratings and 
can be adapted to suit the 1.3 tonne range for a 

wide variety of panel thicknesses. 

The Plastic Support Chair is easy to plate and 
offers increased anchor stability. 

TYPE 2 ASSEMBLY 

Comprises robust, zinc plated, Steel Support 
Chair - Disposable, Plastic Recess Former - 
Plastic Feet - appropriate Swiftlift Anchor. 
Available in 2.5 and 5.0 tonne load ratings to suit 
a wide variety of panel thicknesses. 

The_Steel Support Chair is easy to place and 
offers resistance to damage or displacement 
during concrete pouring and vibration. 

TYPE 3 ASSEMBLY 

Comprises an appropriate Swiftlift Anchor - 
Disposable Plastic Recess Former. (Special ring is 

available to prevent recess former from opening 
when used in areas where heavy vibration may 
be used). 

Available in 2.5 and 5.0 tonne load ratings with a 

variety of Swiftlift anchor types and lengths to 
cover a wide range of specialist applications. 
Type 3 Assemblies are usually "puddled in" but 
may be fixed to a board and suspended in place 
ready for concrete pouring and vibration. 

REID TILT-UP DESIGN PROGRAM 

The correct placement of anchors in panels is made 
simple by utilising the Reid Design Program. Difficult 
panels with odd shapes and large or numerous voids 
(windows, doors, penetrations) are often able to be 
lifted without the use of strongbacks, when the Reid 
Program is used in the design and placement of 
lifting points. 
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Galvanised 
Swiftlift 
Anchor 

Plastic 
Recess 
Former 

Zinc 
Plated 
Wire Ring 

Galvanised 
Swiftlift 
Anchor 

Plastic 
Support 
Chair 

Fig. 52 

Plastic jimummilL Recess 
Former 

Steel 
Support 
Chair 

Fig. 53 

Plastic 
Recess 
Former 

Zinc 
Plated 
Wire Ring 

Fig. 54 

Zinc 
Plated 
Wire Ri 
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SECTION 3 - TILT-UP SYSTEMS continued 

3.2 HAIRPIN EDGE LIFT ANCHORS 

MATERIAL 

All Reid Hairpin Edge Lift Anchors are manufactured from high tensile steel. All 
anchors are hot dip galvanised for protection against corrosion of exposed 
anchors. 

INSTALLATION 
1. Attach the re-usable Rubber Recess Former (10 HPRRF for 10 Tonne - 5HPRRF 

for 5 Tonne - 2HPRRF for 2.5 Tonne) to the head of the anchor and position 
the assembly against the formwork. If using a backing plate, attach the Backing 
Plate to the formwork in the desired location and simply fit the assembly to it. 

2. The anchor may either be supported by a bar chair or wired to the 
reinforcement to keep it horizontal during the concrete pour. 

3. Once the anchor is securely. positioned, A suitable shear bar, similar in design 
to that shown on page 17 must be used in conjunction with the Reid Hairpin 
Anchor. The shear bar is positioned over the anchor (in the groove provided - 
detailed as Fig.46/47) so as to transfer the shear load forces from the anchor 
into the concrete during lifting of the panel. The shear bar must rest against the 
metal of the anchor. 

* When using the 5 HPA in panels less than 150 mm thick and that have a 

compressive strength less than 25MPa, the full 5.0 tonne WLL in tension can only 
be achieved by inserting a Y16 bar through the bottom hole and bending it back 
into the panel a. minimum of 800 mm. (See Fig 60 on page 21). 
* The 10HPA will provide 10 Tonne WLL in tension provided an additional Y20 
Bar is threaded through the bottom hole in the anchor and bent back at least one 
meter into the panel (See Fig. 59 on page 21). 

* Installers should be aware that two shear bars, one positioned in the provided 
groove at the top of the anchor and the other directly opposite, on the under side, 
should be used if the panel is to be lifted to vertical, set down and then lifted again 
on the reverse side. 

* Shear bars are essential for all edge lift applications but are not usually required 
for straight vertical lifts. 

* For further technical advice, contact your nearest Reid Construction Systems 
&ales office. 

SPECIAL NOTE 
Hairpin anchors loaded in tension will induce a shear cone in exactly the 
same manner as a Swiftlift Foot Anchor when located in the edge of an 
unreinforced concrete panel. 

Trimmer bars and reinforcing bars running perpendicular to the axis of the 
hairpin will have little influence on the failure load as they will simply bend 
sideways as the crack starts to form. 
On the other hand, bars or welded mesh wires running 
parallel to the anchor and which intersect the shear crack 
develop a tensile load as the crack begins to form. This 
increases the concrete failure capacity and hence' 
the tensile pullout capacity of the anchor. 
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SECTION 3 - TILT-UP SYSTEMS continued 

3.2.1 WORKING LOAD LIMITS OF HAIRPIN 
ANCHORS (TONNES) 
Safety Factor of 3 

* 

120mm Thick Panel 150MM Thick Panel 
(f/c.) 15MPa 20MPa 25MPa 15MPa 20MPa 25MPa 

ANCHOR Tension Shear Tension Shear Tension Shear Tension Shear Tension Shear Tension Shear 

Unrein I Reinf Unrein Reinf Unrein Reinf Unrein Reinf Unrein Reinf Unrein Reinf 

2HPA 1.91 2.5 1.3 2.32 2.5 1.3 2.5 2.5 1.3 2.39 2.5 1.3 2.5 2.5 2.0 2.5 2.5 2.0 
5HPA 2.35 5.0 2.5 2.85 5.0 2.5 3.31 5.0 2.5 2.94 5.0 2.5 3.57 5.0 3.0 4.14 5.0 3.5 
10HPA 2.35 100 2.5 2.85 10.0 2.5 3.31 10.0 2.5 2.94 10.0 3.0 3.57 10.0 4.0 4.14 10.0 5.0 

Table 18 

* N.B. When using the 5 HPA in panels less than 150 mm thick and that have a compressive strength less 
than 25 MPa, the full 5.0 tonne rated capacity in tension can only be achieved by inserting a R/Y16 bar- 
through the bottom hole and bending it back into the panel a minimum of 800 mm. Fig. 60 
+ The ( HPA will provide 10 tonne in tension provided and additional R/Y20 bar is threaded through the 
bottom hole in the anchor and bent back at least one metre into the panel. (See fig. 59). 

Fig. 60 

5HPA 

R/Y16 Bar \ for thin 
panels 

HAIRPIN ANCHORS 

2 HPA - 2 Tonne' 
5 HPA - 5 Tonne 
10 HPA - 10 Tonne 

RUBBER RECESS FORMERS 

2 HPRRF - 2 Tonne - (Brown) 
5 HPRRF - 5 Tonne - (Black) 

10 HPRRF - 10 Tonne - (Black) 

LIFTING LINK 

800mm 

5HPLE - The 5 HPLE is a 5 Tonne WLL lifting 
link but because of the way the Reid'System is 

designed, this unit services both the 2 and 5 

tonne Hairpin Anchors. 
10HPLE - 10 Tonne WLL Lifting Link 
This is a 10 Tonne WLL link that has'been 
designed to provide 10 Tonne working load in 
tension. 

BACKING PLATES 

5 HPBP - Suitable for both the 2 and 5 tonne recess 
former. Single pin/Double Pin. 

10 HPBP - Suitable for 10 tonne HPA Anchors. 

SHEAR BAR 

5 ELB - Shear Bar for 2 and 5 tonne 
Hairpin Anchors. 

5 ELBHD - Shear Bar for 5 and .10 Tonne 
Hairpin Anchors 
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1 OHPA 

LID 

Fig. 59 

R/Y20 Bar 
for 

10 HPA 

Fig. 61 

Fig. 62 

Fig. 63 

Fig. 64 
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SECTION 3 - TILT-UP SYSTEMS continued 

3.3 TILT-UP PANEL DESIGN CHART 
Stress Tables - Solid Panels Only 

The tables below show the maximum vertical 
flexural stresses induced when tilt up panels are 
being lifted with the three most commonly used 
rigging arrangements. 
These tables assume that the vertical flexural stresses 
induced exceed those being induced in a horizontal 
direction. 
In cases where the horizontal length of the panel is 

significantly greater than the height of a panel a four 
point single row face or edge lift should be adopted 
to ensure that the horizontal flexural stress induced 
does not become excessive. 

Panels can-be safely lifted when the actual 
Aicalculated flexural tensile stress from the appropriate 
IIPlable is less than or equal to the allowable flexural 

stress given in -table 20. 

Under normal circumstances only the minimum, 
centrally placed, shrinkage, control steel will be 
required for tilt-up panels. Additional reinforcing 
steel does not reduce the flexural stresses induced in 
panels during lifting. 

Table 19 
TABLE OF CONCRETE STRESSES 

f'c 10 15 20 25 30 35 40 

0.75-0c 2.37 2.91 3.35 3.75 5.10 4.44 4.74 

0.41 f'c 1.30 1.59 1.83 2.05 2.25 2.43 2.61 

f'c = concrete compressive strength at time 
of lift. (MPa) 

0.754fIc = modulus of rupture as recommended 
by A.C.I. 
This is a value which usually produces 
the first crack in the concrete. (MPa) 

0.41-41c- = the allowable flexural tensile stress in 
MPa for the given compressive - -- 

strength at time of lift. 

fb = actual calculated flexural tensile stress 
during erection as shown in stress 
tables (MPa) 

3.4 ACTUAL CALCULATED FLEXURAL TENSILE STRESS' (MPa) 
Table 20 

EDGE LIFT 

Panel Panel Height (m) = H 

Thickness 25 3.0 3.5 4.0 4.5 

100mm 158 2.27 

120mm 1.31 1.89 257 

150mm 1.05 1.51 2.06 2.69 

175mm 0.90 1.30 1.76 2.30 2.91 

200mm 0.79 1.13 1.54 2.01 255 

SINGLE ROW FACE LIFT (2pt or 4pt) 

Panel 

Thickness 

Panel Height (m) = H 

4.0 43 5.0 55 6.0 6.6 7.0 6.0 

100mm 1.36 1.72 2.12 2.56 

120mm 1.13 1.43 1.77 2.14 2.54 

150mm 0.90 1.14 1.41 1.71 2.03 2.39 2.77 

175mm 0.78 0.98 1.21 1.46 1.74 2.05 2.37 2.72 

200mm 0.68 0.86 1.06 1.28 1.53 1.79 2.08 2.39 

Min. Cable 
Length = .80H + 

.29H 

.71H 
.28 

26 W 

\10sc"-- 
W 

W 

.26 -<IO's 
W W 

Fig. 65 
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DOUBLE ROW FACE UFT (2pt or 4pt) 

Panel 

Thickness 

Panel Height (m) = H 

6.5 7.0 7.5 8.0 8.5 9.0 93 10.0 10.5 11.0 

100mm 1.60 1.86 2.13 2.42 

120mm 1.33 1.55 1.78 2.02 2.28 2.56 

150mm 1.07 1.24 1.42 1.62 1.83 2.05 2.28 2.53 

175mm 0.91 1.06 1.22 1.39 1.56 1.75 1.95 2.16 2.39 

200mm 0.80 0.93 1.07 1.21 1.37 1.53 1.71 1.90 2.09 2.30 

Min. Cable 
Length = .80H 

Min. Cable 
Length = H1'0" 

.40H 

.42H 

.21 

.58 

W 

.21 w 
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SECTION 3 - TILT-UP SYSTEMS continued 

3.5 PANEL ANCHOR SPECIFICATIONS 
Table 21 

PANEL 

THICKNESS 

(mm) 

SWIFTLIFT 

FOOT- 

ANCHOR 

TYPE 

= 
g 
1±1 

RECESS 

TYPE 

SUPPORT 

CHAIR 

SUPPORT 

CHAIR 

LEGS? 

WORKING LOAD LIMIT IN TONNES FOR VARIOUS CONCRETE STRENGTHS AT 

THE TIME OF LIFT UNENFORCED AROUND THE ANCHOR FOOT (THE WLL 

INCLUDES A FACTOR OF 3 ON THE ULTIMATE STRENGTH) 

F'c AT TIME OF LIFT (MPa) 

15 20 25 30 . 35 40 

SWL TONNES 

75 1.3T 55 S, R YES NO 0.73 0.89 1.03 1.16 1.30 1.30 

100 2.5T 75 S, R PS YES NO 1.40 1.70 1.97 2.22 2.47 2.50 

120 2.5T 90 5, R PS YES NO 2.00 2.31 2.50 2.50 2.50 2.50 

120 5.01 95 S, R, P YES NO 2.24 2.71 3.15 3.56 3.95 4.32 

125-150 5.0T" 95 S, R, P YES CUT TO SUIT 2.24 2.71 3.15 3.56 3.95 4.32 

150 5.0T" 120 S, R, P YES NO 3.43 4.16 4.83 5.00 5.00 5.00 

150-170 5.0T" 120 S, R, P YES CUT TO SUIT 3.43 4.16 4.83 5.00 5.00 5.00 

200-250 5.0T" 170 S, R, P YES CUT TO SUIT 5.0 5.00 5.00 5.00 5.00 5.00 

1 EDGE LIFTS: 1.3T, 2.5T, 5T, OT, 20T NO SEE SWIFTLIFT MANUAL FOR DETAILS OR CONTACT REID CONSTRUCTION SYSTEMS 

(*) RECESS TYPE. S-STEEL. R-RUBBER. PS-POLYSTYRENE. P-PLASTIC. 
(**)25T, ANCHORS OF EQUIVALENT LENGTH MAY BE USED IN THESE PANELS PROVIDED THE APPLIED LOAD DOES NOT 

EXCEED 2.5 TONNES PER ANCHOR. 
FOR OTHER SIZES AND SPECIFIC PANELS PLEASE CONTACT REID CONSTRUCTION SYSTEMS 

3.6 SHIMS 
Reid Panel Shims are manufactured with a specially modified polypropylene base compound that 
contains a mineral filler at a level of 20%, to reisist deformation under long term loads. 
Randomly selected samples were subjected to compressive loads exceeding 200Kn. 

Table 22 
Part No. Size Stiffness (Kn/mm) 

SHIM 02 150 x 100 x 2mm 280 280 
SHIM 03 150 x 100 x 3mm 280 280 
SHIM 10 150 x 100 x 10mm 300 280 
SHIM 15 150 x 100 x 15mm 230 (*) 180 

3.7 THREADED INSERTS 
IIiIMA SOLID MACHINED METRIC THREADED INSERTS 

Details of Testing Equipment 
- MJS servohydraulic mechanical 

testing machine 
- Actuation Range - 100mm 

Load Cell Capacity - : +/- 150Kn 
- Calibration: against SE voltage SJD 

* = 100/0.43 

Table 23 

Code 
Solid Machined 

Thread 
Diameter 

T 
Overall 
Length 

L. 

Outside 
Diameter 

OD 
Hole 

Depth 
Thread 
Depth 

Cross 
Hole 

Diameter 
CHD 

Rebar 
Diameter 
AS1302 

Working 
Load 

Tension 
Kn 

Working 
Load 
Shear 
*Kn 

TIM 12X50A M12 50 22 30 18.5 14 Y12 9.4 6.7 
TIM 16X60A M16 60 25 38 25 14 Y12 15 12.6 
TIM 20X95A M20 95 28 65 40 14 Y12 17 19.6 

TIM 24X1 OOA M24 100 38 65 40 20 Y16 30 28.2 
CBI SOLID MACHINED COIL BOLT THREADED INSERTS 

Code 
Coil Bolt 

Thread 
Diameter 

T 
Overall 
Length 

L 

Outside 
Diameter 

OD 
Hole 

Depth 
HO 

Thread 
Depth 

TD 
Cross 
Hole 

Diameter 
CHD 

Rebar 
Diameter 
AS1302 

Working 
Load 

Tension 
Kn 

Working 
Load 
Shear 
*Kn 

CBI 20X95 COIL 95 28 65 40 14 Y12 17 15.90 

TIE WIRE METRIC THREADED INSERTS 

Code 
Thread 

Diameter 
T 

Overall 
Length 

L 

Outside 
Diameter 
at mouth 

OD 
Plating 

Thread 
Depth 

Cross 
Hole 

Diameter 
CHD 

Wire 
Diameter 
AS1303 

Working 
Load 

Tension 
Kn 

Working 
Load 
Shear 

Kn 
TIT 12X60 M12 70 14.5 Zinc/Gold 20 9.0 W8 or Y8 7.05 5.02 
TIT 16X80 M16 80 21.0 Zinc/Gold 30 14.2 W12 or Y12 11.25 9.45 
TIT 20X100 M20 100 25.0 Zinc/Gold 45 14.2 W12 or Y12 12.75 14.7 

*Working load in shear is governed by concrete strength and bolt strength rather than the properties of the threaded insert. 
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REID 

SECTION 4 OTHER REID PRODUCTS 

4.1 REIDBAR THREADED REINFORCING SYSTEMS 
Reidbar is the ideal rebar. It is a hot rolled, threaded reinforcing bar that is easily joined at any point by means 
of threaded couplers that maintain the integrity of the bar through it's total joined length. 

Reidbar can be spliced at any time, in any location, on every job site and there is no need for specialist 
equipment or processes or special training of steel fixers. 

The Reidbar System comprises a full range of threaded fittings for joining and terminating Reidbar, which 
simplify the detailing and fixing of rebar in most applications. 

For more information, ask your local Reid Branch for a copy of our comprehensive Reidbar design manual or 
visit our web site www.reidbar.com.au / reidbar@reids.co.nz 

Reidbar is extremely versatile being useful for formwork application, windbracing, hold down ties, rock 
anchors and a host of construction based applications. 

4.2 STUDRAIL SHEAR REINFORCING 
Studrails provide a simple, cost effective, practical solution for the control of punching shear in concrete 

structures. 
_ . . 

Studrails solve many contemporary construction problems and provide-positive benefits to the four principal- 
stake-holders in the construction industry, - Owners - Architects - Engineers - Builders. 

For more information, ask your local Reid Branch for a copy of our comprehensive Studrail design guide or 
simply visit our web site www.studrail.com.au / studrail@reids.co.nz 

4.3 NIRVANA - COMFORTABLE CONCRETE - 
INSULATED CONCRETE PANELS 

Nirvana comfortable concrete maximises thermal efficiency by combining insulation with the high thermal 
mass of concrete in a sandwich structure tied together with special anchors that do not conduct heat. 

Nirvana systems utilise speed and economy and can be made to suit any design requirement. 

Stylish Nirvana Systems are ideal for office blocks, residential dwellings, hospitals, correctional facilities, 
schools, terrace housing, cool rooms and much, much more. 

Nirvana buildings are durable, maintenance free, soundproof, fireproof and economical. 

For more information, ask your local Reid Branch for further information regarding Reid Nirvana Systems or 
visit our web site www.nirvana.com.au 

4.4 STRUCTURAL ANCHORS 
Reid Construction Systems market an extensive range of structural fasteners including "Superplus" - The only 
single action, self undercutting, torque controlled anchor that offers superior performance to all other 
expansion and chemical anchors. 

There is nothing simpler to use - nothing faster to install - nothing safer to use than the Reid/Liebig Superplus. 

For more information regarding Reid Structural Anchoring Systems, just contact your local Reid Office for a 

copy of our Structural Anchoring Design Guide or visit our web site www.reids.com.au. / liebig@reids.co.nz 

4.5 SPECIALISED FASTENING SYSTEMS 
The Reid range of specialised fastening systems includes - 
MASONRY ANCHOR SYSTEMS - A complete range of anchors to suit a wide variety of light,, medium and 

heavy duty applications. 
CHEMICAL ANCHOR SYSTEMS - Glass phial and injection systems. 

POWDER ACTUATED SYSTEMS - Tools, fasteners and power loads. 

More information can be obtained by contacting your local Reid Branch or from our web site 
www.reids.com.au. / info@reids.co.nz 

Swiftlift Lifting Systems: nothing simpler, nothing safer 24 
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Brisbane 
Water ),If,,U 

JOINT VENTURE 

EROC OBAYASHI 

PART 3 

Section 22 

UPVC Liner 
Major Repair Check Sheets 
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Project : 

S1 Main Sewer Interceptor 
S1 Sewer Tunnel Section 1 

North Quay to Cooksley Street 

EPB - Major Repairs 

-2 02/04/01 19/06/01 
-2 27/06/01 28/06/01 
13 29/05/01 27/06/01 
13 30/05/01 27/06/01 
13 06/06/01 27/06/01 
16 12/02/01 28/06/01 
16 21/05/01 28/06/01 
16 25/06/01 28/06/01 
16 27/06/01 28/06/01 
17 25/05/01 28/06/01 
17 - 11/06/01 28/06/01 
18 31/05/01 29/06/01 
18 18/06/01 29/06/01 
19 28/05/01 29/06/01 
19 11/06/01 29/06/01 
20 21/02/01 25/06/01 
20 07/03/01 25/06/01 
65 30/05/01 26/06/01 
78 37055 37068 
79 37074 37074 

File : Major Repairs 
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011.11Atitil 

OayashiCorooranon 
Incorporated trt Japan 
ARBN 002 932 756 

ABN 68 067 084.708 

Attachment 

Joint Venture 
EROC 
Eroc Pty tanned 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: S1 Sewer Tunnel 

Date: aY) 
* Mark location and repair dimensions on map below 

Status: Draft 

Revision: 2 

Project: 2532 
Date: 22/02/2001 

Liner Number: 

[INVERT 

CROWN 

isv 

INVERT 

Comments 
Extent of repair determined by 
sounding 

Yes No 
. , 

' i;1-1%12. bAIINA kkAc4e_ 
uPVC material cut out and any 
unsound grout removed 

Yes / No 

Where required edges 
encasement grout cut at 45 
degrees 

Yes el 

Repair area clean al, No 
No water egress through 
repair area 

es o 

New uPVC cut to correct size 
and fitted 

es / No 

"T's" in place Yes /(q olte.,,N9 ..k.-....3 ..../-5_,e. ce=-i",.c.. 
Formwork and proping in 
place 

e'../ No 

Encasement grout or epoxy 
pumped into repair 

e / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: JA 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 Uncontrolled Copy Page 1 
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Otayasra Corporation 
incomorated in Japan 
AABN 002 932 756 

ABN 68 067 084 708 

-;c9,...", 
-. 

Attachment 

Joint Venture 
EROC 
eve Pty CaTiled 

ABN 68 067 084 708 

Procedure 2532\MI1466 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: S1 Sewer Tunnel 

Date: .9-406 

Status: Draft 

Revision: 2 
Project: 2532 
Date: 22/02/2001 

Mark location and repair:dimensions on map- below ---- - 

!INVERT 

Liner Number: 

llMeAfit 

:lNVERT 
--A 

orrrogri ..:....:.., --;,:,.. ; .... 
Extent of repair determined by 
sounding 

e / No 

e / No 

, 

= .f._'__ Y')A.k4e uPVC material cut out and any 
unsound grout removed 
Where required edges ,cesN/ , encasement grout cut at 45 
degrees 

No 
' 

Repair area clean eS,/ No .,,,r\c-0-0 r Lc\ ac; D-s -frSiA PP aa No water egress through 
repair area 

es7 No 

New uPVC cut to correct size 
and fitted 

rest/ No 

"T's" in place Yes , - ail 4- .:>,(- - . Formwork and proping in 
place 

es No 

Encasement grout or epoxy 
pumped into repair 

ey No --. . 

L.X(-1C:tx."-i .,:*__QA-Lu 

Repair completed sa sfactorily: 

Eroc / Obayashi: 14) LI' jin Brisbane Water: 'V 
Mining - Section - uPVC Maio Repair Checksheet:'Re' 2 - Uncontrolled Copy ' Page 1 
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Otayasro CorCora*on 
.nc uoorated Japan 
AF.8:4 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

18*4 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material Title: _ 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: Si Sewer Tunnel 

Date: 

Status: Drat i ̀ .. 

Revision: 2 
Project: 2532 
Date: 22/02/2001 

Mark location and repair dimensions on map below 

Liner Number: 

-13-17)-7. INVERT 

Comrnen . ... Extent of repair determined by 
sounding 

es / N 
-. \---t_.s.-I. i:k_ - 

uPVC material cut out and any 
unsound grout removed 

s'/ No 

Where required edges 
encasement grout cut at 45 
degrees 

es1 No 

Repair area clean 6s7 No 
No water egress through tes No 
repair area 

nyr2 c2k-0O3- C.: Lv %S 
ll 

New uPVC cut to correct size 
and fitted 

es No 

"T's" in place Yes ra, % . A. Ltte..-. Formwork and proping in 
place 

e )/ No 

Encasement grout or epoxy es?')/ No 
pumped into repair 

Repair completed completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 Uncontrolled Copy 
t 

Page 1 
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Attachment 

Obayasni Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 

Procedure 2532%41\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: Liner Number: 

Mark location and repair dimensions on map below 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

ct 

INVERT. 
......_ 

CROWN 

--_. 

...- ---(X1.i.,6 

--- .. r 

-(C- (T1 (A:6(41 

INVERT 
k--1 /...2::::5-- ,, if 

/4 /' 4.,,top.)..(Q .,cc..,) 5i 1 

.. ::Comments -:::1' 
Extent of repair determined by '`Q(._eld 

sounding 
No 

i 1 
___. t, , 

(.,12,L.It-klz._ ,.,:_,....\-\,-. C72c-k-?.... t),:-1-'4.k 
uPVC material cut out and any 
unsound grout removed 

Y ',/ No 

Where required edges 
encasement grout cut at 45 
degrees 

YegV No i 

Repair area clean a- No 
No water egress through 
repair area 

(YeSV No 

New uPVC cut to correct size 
and fitted 

r,A. Qes! No 

"Ts" in place YesTNO g),2 w___ ( N, Qo - 
Formwork and proping in 
place 

e No 

Encasement grout or epoxy 
pumped into repair 

Yes)/ No 

Repair completed satisfactorily: 

Ittir Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 
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Attathment 

Coaiaaru Corporation 
income:wed fl Jaoan 
ARBN 002 932 756 

ABN 68 067 084 7C8 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321M1\066 -. Repair to debonded uPVC material 
uPVC Major Repair Status: Draft Checksheet 
Mining 

Revision: 2 Si Sewer Tunnel Project: 2532 
Date: 

22/02/2001 Date: cE Icy 
Liner Number: 

Mark location and repair dimensions on map below 
t. 

EROC 
Eroc Pty Limited 

ABN 68 067 0e4 708 

" 

INVERT 

--X 
',... 

--- 

,/ 
Itagittail 

-. 
--. -, 

' -- 
-,..,...- 0 

,- -. 
:3., 

INVERT 
-- / -.. I 

I 
....... . . 

. 

...,,, 
.;.;"-4:COrt.1.1.70.0..r0.4,-,,....A:,.,,,4 ... 

Extent of repair determined by. 
sounding Yes / No 

',,,.P., 
' 

. ;..cr .7:31:(_ luPVC material cut out and any 
unsound grout removed 

Yes / No csco-No 0.Q.Leelzed 
Where required edges 
encasement grout cut at 45 
degrees 

Yes / No Au._ C.A..,-c Ic- 14-S"' 

Repair area clean . Yes / No es- -';4,64 \ F-T-t-:-,m-,,ort\-- 
No water egress through 
repair area Yes / No - .)\--<cz.,-6. c..,Y' c;.=.4..a -. 1 0 cjetzre---* 

kre-:\pck L...3-6.e... 
. 

New uPVC cut to correct size and fitted Yes / No 

"T's" in place 
Yes NO: Ith a _I__ O Akik 

Formwork and proping in 
place e- / No 

Encasement grout or epoxy 
pumped into repair 

e , No 
Cvcorr Cam; 

Repair completed satisfactorily: 

Eroc / Obayashi: 
Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy .". 
Page 1 
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Attachment 

-011AVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Joint Venture 
EROC 
Eroc Pty Limited 

ACN 067 084 708 

Procedure - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 

Location: Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: i2.12 

* Mark location and repair dimensions on map below 

Liner Number: 1 

INVERT 

CROWN 

INVERT 

Extent of repair determined by 
sounding 

( 9 ) No 

uPVC material cut out and an 

unsound grout removed 
'e7s.y No 

Where required edges 
encasement grout cut at 45 
degrees 

,'"?--4/ No 

A LL er-q. Ccs..-i. -Ve H.." r q:rij 
Repair area clean e- / No 

No water egress through 
repair area 

Or No 

New uPVC cut to correct size 
and fitted 

Cilb No 

"T's" in place f0 No 
Formwork and proping in I r No 
place 
Encasement grout or epoxy le/ No 
pum sed into repair e cos .I. r - 

Repair completed satisfactorily: 

Eroc / Obayashi: 

Mining - Section - : Rev 2 - Uncontrolled Copy 

Brisbane Water: 

Page 1 
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Otayasnt Corporation 
incorporated in Japan 
4P8N 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 

' . 

EROC 
Era Pry Limited 

ASN 68 067 084 08 

Procedure 
Title: 

2532\M1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: )4 105 

Mark location and repair dimensions on mao below 112) 

Liner Number: 

INVERT 
F-/ H st DE 

43311@fart I' , 

INVERT 

1,4) 

.1- c -1 

orlimeh --,-..e.r_ . , Extent of repair determined by 
sounding 

e/ No 

uiz13,!<_. uPVC material cut out and any( 
unsound grout removed 

es No 

Where required edges 
encasement grout cut at 45 
degrees 

es No 

Repair area clean fe / No 
No water egress through 
repair area 

(9 / No 

`Tc4?Z-.D \,-.1AvCc2. New uPVC cut to. correct size 
and fitted 

es / No 

"Ts" in place Yes / o 
es No 

Cx:cr.P.... kr'Q "lick. Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair 

a / No 

Repair completed satisfactorily: 

Eroc / Obayashi: 
Brisbane Water: 

Mining Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Coov ...ft,. 
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,ffir:FIV3. y, 7/44. 

Attachment 

Otlayastu Corooraucrt 
trcoroorated .11 Jazan 
AP.BN 002 932 756 

ABN 68 067 084 708 

Procedure 
Title: 

Joint Venture 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: --*fc, Liner Number: 

Mark location and repair dimensions on map below 

EROC 
Eroc Ply Limited 

ABN 68 067 064 708 

. ::71.4". 

!INVERT 

:oftwit04 

ilNVERT 

-,... 
..- -, -- -- --,, 

- 

--... 

Extent of repair determined by 11 ! No 
)fie - E\T- 

uPVC material cut out and any 
unsound grout removed 

Yes / No 

Where required edges 
encasement grout cut at 45 
degrees 

Yes / No 

Repair area clean Yes / No 
No water egress through 
repair area 

Yes / No 

New uPVC cut to correct size 
and fitted 

Yes / No 

"T's" in place Yes / No 
Formwork and ploping in 
place 

Yes / No 

Encasement grout or epoxy 
pumped into repair 

Yes / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: RO 2 - Uncontrolled Copy Page 
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Obayasnt Corporation 
Incorporated in Japan 
ARBN 002 932 756 

MIN 68 067 084 708 

74714041fr:T: xi 

Attachment 

Joint Venture 
EROC 
Brae Ply United 

ABN 68 067 084 708 

Procedure 
Title: 

2532\M1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Mark location and repair dimensions on map below 

Liner Number: 

INVERT 

7r 

INVERT 

P,' 

Cect LA'w 

.. . 
. :Z-0V1:,' ,4:-.: Extent of repair determined by 

sounding 
ed\/ No 

c6-1v,LL .,:x-cx-- ?z,..D\L-44L uPVC material cut out and any 
unsound grout removed 

Yes / No 

lc.G. Where required edges 
encasement grout cut at 45 
degrees 

No No 

c*.1.._ CO:( : 
Repair area clean Yes I No 
No water egress through 
repair area 

Yes / Jo 

es/ No 

k*--\43, ckener..kil- 

tiv_c.Alo--. 
. ky___\1 LaAdQc,i, 

New uPVC cut to correct size 
and fitted 
"Ts" in place , Yes /la 

'LLes)/ No 
ra-lc-c 0.5.2k_aciD 10.,_,z Cr-N - Formwork and proping in 

place 
Encasement grout or epoxy 
pumped into repair 

e No 
Q.ci...c . 

Repair completed satisfactorily: 

Eroc / Obayashi: 
Brisbane Water: * 

Mining - Section - uPVC MajOr Repair Checksheet: Rev 2 - Uncontrolled Copy Patio 1 
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Obayashi Comoraticn 
Incorporated tn Japan 
ABN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: P-r-5\'05; 711.4.)c-%zr e:R Liner Number: 

Mark location and repair dimensions on map below 
INVERT 

INVERT 

----.. Comments 
Extent of repair determined by 

;sounding 
._r`e,/ No 

J. 73._.4-:'v--),- 

IuPVC material cut out and any(yes'i 
unsound grout removed 

No 

Where required edges 
encasement grout cut at 45 
degrees 

Qe±/ No 

Repair area clean eS7 No 
No water egress through 
repair area 

Yes No 

New uPVC cut to correct size 
and fitted 

Yes No 

"T's" in place Yes KW -COEe --1\? t-_,,, ,..g._ 
Formwork and proping in (TAY No 
place 
Encasement grout or epoxy Q-?-...yes No 
pumped into repair 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Uncontrolled Copy Page 1 
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°Oat a Stu COMcraocn 
IntorDorated m Jatar 
ARBN 002 932 ;56 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Etc Ply Urriled 

ABN 68 067 064 7C8 

Procedure 2532\MI\068 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: Si Sewer Tunnel 

Date: k 
E.:P.. g 

Status: Draft 

Revision: 2 
Project: 2532 
Date: 22/02/2001 

Mark location and repair dimensions on map below 

Liner Number: 11*. 

INVERT 

...:-.11:-: ornmOh s,Z:..,:-.., .- ..., 
Extent of repair determined by 
sounding 

es)/ NoliIca.,,t,L.... a,.sc._ --,;4" ' 2s- as 
----, 

uPVC material cut out and any 
unsound grout removed 

eSV Noi gcs12.5- 

Where required edges 
encasement grout cut at 45 
degrees 

,'el/ No: 

Repair area clean kre),/ No 
No water egress through 
repair area 

Yes / No 

New uPVC cut to correct size 
and fitted 

, 

Yes / No 

"T's" in place Yes / No 
Formwork and proping in 
place 

Yes / No 

Encasement grout or epoxy 
pumped into repair 

Yes / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoa Repair Checksiieet:Rel 2 Uncontrolled Copy Page 1 
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Attachment 

EROC Maya Sill Corporation 
Incorporated in Japan 
ABN CO2 932 756 

ABN 68 067 084 708 

Joint Venture Eroc United 
ABN 68 067 084 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\M1\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 
Liner Number: 

Mark location and repair dimensions on map below 
l!NVERT 

,6 

INVERT 

. . Comments . .: , ,:,- - Extent of repair determined by 
sounding 

e )/ No 

,:,11"z's?.. _,--- , uPVC material cut out and any 
unsound grout removed 

&.'gy No 

Where required edges 
encasement grout cut at 45 
degrees 

No 

Repair area clean YegY No 
No water egress through C___,/ No c-Scr, C-.\-t-4 repair area 

--Zc.,P ---:A-K New uPVC cut to correct size Cf0e No 
and fitted 
"Ts" in place Yes 6.6, 

es No 
C.,-,1,-,12..LAC) lipi.Ncc_ --\- Formwork and proping in 

place 
.._____ Encasement grout or epoxy LYes 

pumped into repair 
h No 

Repair completed satisfactorily: 

Eroc / Obayashi: 
Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Coov 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 263 of 542



Ovayasru Corootaucn 
incorporated a Jacan 
ARBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Etc Pty United 

ABN 68 057 084 708 

Procedure 
Title: 

2532\MI\068 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: - Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: Liner Number: 

' Mark location and repair dimensions on map below 
INVERT 

01--7 ,1-5-145" g- 

"-f 60.661.e_ &ma) rlex-1,- 
fa ot.o 

11'.:IVERT 

. . - 00110 TP.:;: -, 

Extent of repair determined by 
sounding 

Yes / No . 

uPVC material cut out and any 
unsound grout removed 

Yes / No 

Where required edges 
encasement grout cut at 45 
degrees 

Yes / No 

Repair area clean Yes / No 
No water egress through -Yes 
repair area 

/ No 

New uPVC cut to correct size 
and fitted 

Yes / No 

"T's" in place Yes / No 
Formwork and proping in 
place 

Yes / No 

Encasement grout or epoxy 
pumped into repair 

Yes / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checkstieet:'Rel 2 - Uncontrolled Copy Page 1 
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Adll 

OR. YASHI 

Attachment 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 

Procedure 
Title: 

2532W1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: ,.9j3C15- 

Mark location and repair dimensions on map below 

EROC 
Eroc Pty United 

ABN 68 067 084 708 

Liner Number: 

INVERT 
.., 

-- 

.-- 

INVERT 

'" CoMMent ' . 

Extent of repair determined by 
sounding 

Lye....)' / No 
-1/2 6....\e_., ,,,-_,L4- v',-_A-c.?._ , 

uPVC material cut out and any 
unsound grout removed 

Y_el,/ No 

Where required edges 
encasement grout cut at 45 
degrees 

/ No 

Repair area clean ,Fel',/ No 
No water egress through 
repair area 

/ No 

New uPVC cut to correct size 
and fitted 

Si No 

"T's" in place Yes &NO: C\ru.. L...44P 1-:-)e_.-:-- ' c.--Or. 
Formwork and proping in 
place 

es No 

Encasement grout or epoxy 
pumped into repair 

es`/ No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 
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Otayashi Corporatior. 
Incorporated in.Jaoart 
ARBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 

(it 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

25321M1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: i, I 

Mark location and repair dimensions on map bilow 

Liner Number: 

INVERT 

-) kE - 42pCtr,..ta._ C.L) fq ''C .)`,/,<A, 

/1NY)k/Nf \A! Ics,_:::. c,s..1-- "Pri'-e.: ic 
.- - . 

_ 

INVERT 

,.. - 4 o bh.td:41::'= : : Extent of repair determined by 
sounding 

/ No 
,A 

`We- 

(_, AA, 
I".-.K JY/W-- 

. 

\ isr."` k. j33..,V,g . uPVC material cut out and any f/ 
unsound grout removed 

No 

Where required edges 
encasement grout cut at 45 
degrees 

No 

Repair area clean e / No 
No water egress through 
repair area 

No 

New uPVC cut to correct size 
and fitted 

(",.. No 

"T's" in place -`1/61( Ck3R.p,_ 1,p,0 0..,_ c,ActiN , Formwork and proping in 
place 

es, No / 
Encasement grout or epoxy 
pumped into repair 

Yes / No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksleet: ReN:/' 2 - Uncontrolled Copy Pane+ 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 

Eroe Pty Limited 
ACN 067 084 708 

Procedure - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: S1 Sewer Tunnel 

Date: 

Status: Draft 

Revision: 2 . 

Project: 2532 
Date: 22/02/2001 

Mark location and repair dimensions on map below 

Liner Number: 10 

INVERT 

CROWN 

INVERT 

Comments 

Extent of repair determined by 

sounding 
Le0 No 

uPVC material cut Out and any 
unsound grout removed 

7-~s 
Y s No 

Where required edges 
encasement grout cut at 45 
degrees 

No No 

Repair area clean 1%) No 

No water egress through 
repair area 

eles) No 

New uPVC cut to correct size 
and fitted 

Yes / No 

"T's" in place Fe/ No 

Formwork and proping in el,/ No 

place 
Encasement grout or epoxy 4E11/ No 
pumped into repair g ?ocy r-'2,-._pics-9_. ci:Inci-Q4szikz 2-.-S 

Repair completed satisfactorily: 

Eroc / Obayashi: 

Mining - Section - : Rev 2 Uncontrolled Copy 

Brisbane Water: 

Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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OILVVA61 

Obavasni Coroomt,x 
Ir:lroor3leti.n 
AP Br: 002 932 :06 

Attachment. 

Joint Venture 

EROC 
Eroc Ply Lirrumo 

ABN 513 067 064 708 

A 8N 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair Status: Draft 

Title: Checksheet 

Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date:. 
Liner Number: ,20, 

Mark location and repair dimensions on map below 

INVERT e, kr,-\ 1-2zolcue..vAri....L.+ 4 ci-0 R4:1.-t.:A. . 

otos* 

..... . 

- cc,,;,,s CA 4--- 

INVERT 

Comments 

Extent of repair determined by 

soundin 

Yei No 

uPVC material cut out and any fZ!--sl 

unsound grout removed 

No 

i 
Where required edges 
encasement grout cut at 45 

degrees 

Yes N -\-- es-4 -:t\r\s C2.ex-,202, . 

Repair area clean esV No 

No water egress through 
repair area 

Yes / o .A\2_!cyA_zo.,Lt.- 
s-ropEo ,,-_-.), 42,2calie_ 

New uPVC cut to correct size 

and fitted 

es V No 

"Ts" in place Yes /c, Lt. ,,, r,? ,-,,,k -,-4,- v.40.: a 

es No 
-A-e_.,....x-o _1(-N 

Formwork and proping in 

place 
Encasement grout or epoxy 

pumped into repair 

es No 
n.s'-'i cc z...) )2;7\ 0::::,- 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled, Copy Page 1 
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6. Attachment 

OBAYASHI 

Obayasrd Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: Liner Number:__ 

Mark location and repair dimensions On map below 
INVERT 

4. 

--- 

--) 

(..../ 
.1 

INVERT 
.t-- C 6-0t) 

...-- ,,...,. Coliirfiej-OV;':I:i4',,: 

Extent of repair determined by kyely 
sounding 

No ,- 

.,.._ Of\ -).0._,-ciz 
uPVC material cut out and any 
unsound grout removed 

YO,/ No 

Where required edges 
encasement grout cut at 45 
degrees 

,- 
',/ No 

Repair area clean EfeisV No 
No water egress through 
repair area , 

S1/ No N c_kt_t",---- 4 E. 1-__.1 S'-'".. 

<- --_,c'e, Zt.c-E05 
New uPVC cut to correct size 
and fitted 

Q.-Ta / No 

"T's" in place Yes N-a _ _.. 3s 
Formwork and proping in 
place 

L. es../ No 

Encasement grout or epoxy 
pumped into repair 

'6lek/ No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Otay asiv Corporation 
Incorporated 0 Japan 
AFIBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eroc Pry lirited 

ABN 68 067 064 708 

Procedure 2532 \Ml \066 Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: Liner Number: 

' Mark location and repair dimens;cns on map below 
INVERT 
I" 

- 
z 

1 . 
N 

t /=h- 
" NI 

k e (,3c0..,.,_ -)I 

. 
i - 

- - ,,; ortynent:- -:.- ..,; - 
Extent of repair determined Dy e ,I Nol ' . 

sounding * e:6\-Q__. .,,- \C\.P7._ P---1- . 

uPVC material cut out and any c es) No --4,5,:._ -t--7,,.(, c_;,..A 

unsound grout removed 
Where required edges lel)/ No 

....._} 
encasement grout cut at 45 
degrees 
Repair area clean ' No 
No water egress through e ' k,;_,\0A.E.R. C6., tie ec.5;;-z-.0 

repair area k.:3\\ N.Q.C.k etz-V . ic-c .vyCKC... 

....re.,-..-k; . 

, 

New uPVC cut to correct size I No 
and fitted 
"T's" in place Yes /..''4 ()0A-e..k cs),),QA0c, p,ic_. }-z1n-c_te... 

Formwork and proping in Yes / No 
place 
Encasement grout or epoxy Yes / No 
pumped into repair 

Repair completed satis, actorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksheet: Re 2 Uncontrolled Copy Page 1 
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/ Attachment 

OBAYXS H I 

IEROC 
Obayasre Corporation 
Incorporated in Japan 
AFiBN 002 932 756 

ABN 68 067 084 708 

Joint Venture Erne Ply Liriled 
ABN 68 067 064 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: j.lic .7 Liner Number: -I 9* 
Mark location and repair dimensions on map below 

[INVERT 

F 

!GROWN 

;INVERT 

:. . . . , .-,;7--4 -- ..---,-r: , rtgrIPItta4;' ,,,,: 
Extent of repair determined bye/ 
sounding 

__ 
No . 

._.1bNet--,, 

uPVC material cut out and any 
unsound grout removed 

es', No. 

Where required edges 
encasement grout cut at 45 
degrees . 

''Y No 

Repair area clean es/ No 
No water egress through 
repair area 

e / No 

New uPVC cut to correct size 
and fitted 

es/ No 

(ZD 

"Ts" in place Yes N _ ...._ at Z. 
Formwork and proping in 
place 

rye No 

Encasement grout or epoxy 
pumped into repair 

>reci\/ No 
9-Co:c Qr4- t-*,..) .--- 

Repair completed sati actorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet:iel 2 - Uncontrolled Copy t Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Project : 

S1 Main Sewer Interceptor 
S1 Sewer Tunnel Section 1 

North Quay to Cooksley Street 

KSD - Major Repairs 

ERM REP 

41-3. 

16 21/05/01 29/05/01 
21 23/05/01 06/06/01 
22 23/05/01 06/06/01 
29 23/05/01 05/06/01 
44 25/05/01 05/06/01 
44 25/05/01 05/06/01 
46 25/05/01 05/06/01 
46 25/05/01 05/06/01 
48 25/05/01 09/06/01 
49 25/05/01 25/05/01 
50 21/05/01 09/06/01 

File : Major Repairs 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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OtIAVASHI 

.,7.1.rrAN-,-.t 

Attachment 

ObayastS Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 11 Liner Number: 

Mark location and repair dimensions on map below 
- 

EROC 
Eroc Pty Lilted 

ABN 68 067 084 748 

O 

g 

ZtJ\iGgT 

4140.0itiffi. ...ktar-Zr :igetz ; 
Extent of repair determined by 
sounding 

'a722,-No 

s,/ No 
Y-3\0.-C_ - 

uPVC material cut and any 
unsound grout removed 
Where required edges 
encasement grout cut at 45 
degrees 

(te"s;/' No 

Repair area clean *I -- / NO 
No water egress through ' 

repair area 
'fes No 

New uPVC cut to correct size 
and fitted 
../wifroraz,0 Yes Ago; 4c (*),,).Q,^0(p iicK- ei-te-2\ - ). 
Formwork and proping in 
place 

*/ No 

Encasement grout or epoxy 
_pumped into repair 

6)1 No 'c QQCOLCC- 

Repair completed satisfactoril 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksneet:'Rel 2 - .Uncontrolled Copy ". Page 1 
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Q-Pulse Id TMS789 Active 29/01/2014 Page 273 of 542



Otayashi Corporatton 
Incorporated al Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eve Pty 

ABN 68 067 064 708 

Procedure 2532\MI1066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 - 

--r 6\6 bA 

Date: 271 Ksp 
Mark location and repair dimensions on map below 

Liner Number: 

INVERT 

CROWN 71-ftAl-Y2-"T 2 re- 

G.-- 

INVERT k___,, ..-- 

,:t2,' 0hi==": - . - 

1Extent of repair determined by 
sounding 

4 No 

`f7,<-. 
uPVC material cut out and any 
unsound grout removed 

rei / No 

Where required edges 
encasement grout cut at 45 
degrees 

iaa / No 

Repair area clean r, No 
No water egress through 
repair area 

es/ No 
. 

New uPVC cut to correct size 
and fitted 

(e)/ No 

"Ts" in place Yes ag) IS., 1:)v `) Q7k_\--e__ C%-.Q-CAPV?.. 
Formwork and proping in 
place 

es i No 

Encasement grout or epoxy 
pumped into repair 

e8/ No 

a_k _k -cct_ ce.. 
Repair completed satisfactoril : 

Eroc / Obayashi: ) Brisbane Water: ..11 

Mining - Section - uPVC Majoc Repair Checkst)eet:Rel 2 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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0114YAS111 

Obayashi Corporation 
Incorporated in Japan. 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Lmited 

AEN 58 067 084 708 

Procedure MI\066 - Repair to debonded uPVC material 
Title: 
Attachment Major Repair Status: Approved Z 1 16 

Title: 
Category: Revision: 3 
Location: :ewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: c,C;" 

* Mark location ;:mensions on mao below 

Liner Number: 14. 

INVERT 

CROWN 

INVERT ?pc-c-c4 c-Ne_43 

Comments 
Extent of repa! :i,.-:-7ned by 
sounding 

e9/ No 
?-.-As,..\ to\ C__, 

uPVC materia :.: and an'y 
unsound grou :.--i:e is 
removed 

'e?,1 No 

6§)/ No Where requiri-- - -- , Df 

repair cut at 4: _.. ;-'ii-3 
Repair area r.;::-1- & / No 
No water egri--:::: ;:jn 
repair area 

ICeS1 No 

New uPVC cu c :::-rict size 
and fitted 

Ces,:l No 

"T's" in place f -i..,.:.ed all).- \AA C,_sQ_A.G(.-) Kluz, \ cAck . 

Formwork anc :7-:::-:1 in 
place 

,,,Yes 

,s.s,/ No 

Encasement go-..: .: ;coxy 
pumped into ra-..E: 

(Y'e-"/ No 
_____' 

7. 
. 

(4--cic,c_k, PQ_OacQ, 

Repair compleac: 

Eroc / Obayas1: Brisbane Water: /a 
Mining - Section - - =',epair Checksheet: Rev 3 - Uncontroilect Copy Page 1 
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kcc 
ARE . 

Attachment 

\ 
Joint Venture 

EROC 
Eroc Pty Lirruted 

ABN 58 067 084 708 

Pro:a:7;117, 2532W11\066 - Repair to debonded uPVC material 

Attcrimin uPVC Major Repair Status: Approved 
Titis: Checksheet 
Cato' 
Locticr 

Mining 
Si Sewer Tunnel 

Revision: 
Project: 

3 

2532 
Date: 22/02/2001 

spelt- dimensions on map below 

Liner Number: 

INVEE- 

L. I+ S - 

. 

CF.: '. 
")(.. 

ET 1-/-C 
g 

IN E::-- 2:11c-D 
. 

- Ck-cc' -... 

Comments 
Ex-. : : :atermined by 
sc.,- .: -; 

e./ No 

uP : :: ....: out and any 
uni--,:_7- : ; :cncrete is 
rer-I. : 

,/ No 

edges of (fi_s:: / No 
repir :.: L - :agrees 
Re::i.- .:]-:. ,,F, 

Nc .,=1-...::- -:.,-- . :nrough tks,/ No 
repii 
Ne.,, ...--- : .. :-. correct size Gs:/ No 

"T's r ::E....:i equired ic-Vy 
FO-TIV:": E':-:Toping in es,7 No 
pla:: 
Enc.is-. :-:...r, or epoxy "es,,/ No 
our-1:e.: 7-.: :::air 

'cj'--- V-00 

Repar; satisfa 

Ero: Brisbane Water: -a 
2 Major Repair Checksheet: Rev 3 - Uncontrolled Copy Page 1 
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A., Attachment 

OBAYASHI 

Obayasrri Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532%41\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 

Location: Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: .2*-,;" Liner Number: 

Mark location and repair dimensions on map below 
INVERT 

'. 0, .-.;n5i. 

CROWN 
, 

.; 
().. ....- 

INVERT 

f'e.--S'/ No - 
_ Cornments :: ; . - 

.._,,, ;. 

. 
1 

. A---.-_:.:1_,. C 

Extent of repair determined by 
sounding 
uPVC material cut out and any(;XeS 
unsound grout removed 

/ No 

'' ,,kc,:..V\,--.--- i4.--) S-C 
Where required edges Cires1 
encasement grout cut at 45 
degrees 

No ..) 

Repair area clean Qa / No 
No water egress through 
repair area 

Nret / No 

New uPVC cut to correct size 
and fitted 

re v No 

"T's" in place Yes > Q a(tzA.kc? ?c3,A, 
Formwork and proping in 
place 

e§-/ No 
-sN 

Encasement grout or epoxy 
pumped into repair. 

.liel'/ No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\M1\066 - Repair to debonded uPVC material 
Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 
Date: 

Liner Number: 4 
Mark location and repair dimensions on map below ---- INVERT I- 1-1 50D2.: 

,CliEftWit4 
N 

/ .;',k , \ti 

INVERT 

Comments:.: , , 
Extent of repair determined by 
sounding 

(yes'/ No - A .4m 1.;Vk uPVC material cut out and any 
unsound grout removed 

63/ No 

7-N\ Where required edges 
encasement grout cut at 45 
degrees 

v, / No 

Repair area clean (ygi No No water egress through 
repair area 

lel/ No ....._..., 

-, New uPVC cut to correct size 
and fitted 

,-- 
(Ye0 No 

"T's" in place Yes (N-b` cK..fe -, (...,,:.._-... k)c,cire \IN Formwork and proping in 
place egY No 

- 

Encasement grout or epoxy 
pumped into repair 

Lyes,1 No 

Repair completed satisfactorily: 

Eroc / Obayashi: 
Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy 
Page 1 
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Attachment 

Joint Venture 

Pnceluci 
Tile 

2532\MI\066 - Repair to debonded uPVC material 

Al-acirnmt uPVC Major Repair Status: Approved 
Tile: Checksheet 
CErer,t,i: Mining Revision: 3 . * 

Lcator Si Sewer Tunnel Project: 2532 
Date: 22/021;2001 

on and repair dimensions on map below 

EROC 
Eroc Pty Unuted 

ABN 68 067 084 708 

Liner Number: 

R t-i- 

c=-::..; 

------....... 

,,......, 

Comments 
epair determined byCelyNo 

L:'.:. 7i1,...'rial cut out and any-,/ 
: ;rout / concrete is 

r e r.:- ,---: : 

No . 

edges of 
at 45 degrees 

GsN)/ No 

R.:-: ::a clean No 
Ni: .v.a:.-i egress through est/ No 

NIFN .1-2.1: cut to correct size Ces.)/ No 

::ice, if required . Yes I- No K\,\NA C.,rCI_C\ctf KIC-j-) Q:4-c.Ci-k 
Formic,: and proping in 
piE-cs- 

61es/ No . 

ETa71-ant grout or epoxy 
pur:±:: to repair 

./ No 

ck--c-a- QQca_k_g__ 

satisfact r-i-y: 

es)/Brisbane Water: -,a#:/(A 

- uPVC Major Repair Checksheet: Rev 3- Uncontrolled Copy Page 1 
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etzyatn: 
LrcvDorated .n Jaoan 
A.R9N 002 912 n.s 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Er= Pty lireted 

ABN 58 057 064 MS 

Procedure 
Title: 

2532mv11066 Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: K S Liner Number: *94- 
' Mari iocazion and repair dimens:cns on map below 

t. 3 

c--i-ccakcp 

''' ,?:. 0 rigilOT.t 4.:.'-'i:Z:,::,: , , . 

:<:=nt or ret:ar determined :7 
sounding 

..=..- No 

...---;0' materiai cut out and a. -y ess Nc 
Lnsound grout removed 

. 

Where required edges ipS;'/ No 
encasement grout cut at 45 
.cegrees 
Repair area ciean es" No 
No water egress through 
repair area 

es,/ No, 

New uPVC cut to correct size 
and fitted 

/ No 

r) 1 

"T's" in place Yes ea.C1 

No No 
ts.-47. CQ,c.f- CI , __ __ 1 , .. k_la.' %- (,-'60- ek 

Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair ---'.-- 

reSy No 
.u-k 1C..)_cf.C.(2._ 

Repair completed satisfact 

Eroc / Obayashi: Brisbane Water: ,/,-/Sf/(/ 
Mining Section - uPVC Major Repair Checksheet: Rea 2 - Uncontrolled Copy ' Page 1 
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MAYASRI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

- ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Approved 

a f 0 Title: Checksheet 
Category:. Mining Revision: 4 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: a\ 

* Mark location and repair dimensions on map below 

Liner Number: (50* 

INVERT 

1--. t-ks ltiALL- ?.;,k.ct._ 

CROWN 

.0 D.e,4,1,..C...lk ------* 
INVERT 

f3s1) . 

Extent of repair determined by 
sounding 
uPVC material cut out and any 
unsound grout / concrete is 
removed 
Where required edges of 
repair cut at 45 degrees 

eek/ No 

Repair area clean 
No water egress through 
repair area 
New u PVC cut to correct size 
and fitted 

mment 

e's;/ No 

es No 

No 
e / No 

No 

"T's" in place, if required Yes 
Formwork and proping in 
place 

No 
40; Cx_v_r\ 

Encasement grout or epoxy 
pumped into repair 

&/ No 

Repair completed satisfacto ' : 

Eroc / Obayashi: Brisbane Water: ,O,v, 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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Project : 

S1 Main Sewer Interceptor 
S1 Sewer Tunnel Section 1 

North Quay to Cooksley Street 

Albion - Major Repairs 

3rd Pour 10/05/01 11/06/01 
3rd Pour Down 26/03/01 11/06/01 

Bench 18/06/01 12/06/01 
Bench Section 14/06/01 12/06/01 

Shaft Floor Patch 26/06/01 26/06/01 

File : Major Repairs. 
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A. Attachment 

Obayasnt Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Joint Venture 
EROC 
Eroc Ply limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/0212001 

Date: YCJIF; 

Mark location and repair dimensions on map below 

Liner Number: Sec ?co-ke . 

!INVERT 

1 . ,, 
t.. R4- . 1,-, 

S20 %Le (4 c)-1.4:12 

CROWN 

-k. 
`i. 

INIVPRT 

,) 

, . :CoMments .:. 

'Extent of repair determined by 
sounding 

(.25)/ No 0 
:--1,oxsOkocI) .,....\1 cu\i2_ (c2i.zs.,4, 

uPVC material cut out and any 
unsound grout removed 

esJ No \N,...) - 

Where required edges 
encasement grout cut at 45 
degrees 

Yes N g' (2,Q,,,,;& 
. 

Repair area clean 'C'ell No 
No water egress through 
repair area 

Yes ,Ed 

New uPVC cut to correct size 
and fitted 

Q/ No 
..___...J 

"T's" in place Y s 414 
-iNI No 

NQCC\O .3Q -.,:v 
, ,-, 

Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair 

Feiy No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining Section - uPVC Major Repair Checksheet Rev 2 - Uncontrolled Copy . Page 1 
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\\T tk: 

.,...: Eroc / Obayashi: 

L4. 

ORA VAS141 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 

EROC 
Eroc Ply Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 

Title: Checksheet 

Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: tbk-c4\ qiwk_ Liner Number: SID le_ (a,v-3, 

* Mark location and repair dimensions on map below 

INVERT t 
Cd0 

?Ocelie SRP r}-ct.t.R. ' 

@SOWN 
-1>. 

--T) 11 _1:4'n / '''.1-r1 e ill C:f, 

fr i i.k 

INVERT 

Comments 

Extent of repair determined by all 
'01A-Lncl j'.,,M. cL,sounding 2 

uPVC material cut out and any 

unsound grout removed 
C(.8,i'N No \U 

Where required edges 
encasement grout cut at 45 

degrees 

Yes No 

Repair area clean Q1 No 

No water egress through 

repair area 

Yes Nioi i 
tNlo ,,,,:)Mc.-_= 

New uPVC cut to correct size 

and fitted 

ktb No 

"T's" in place Yes 42) o.x.g.. k-Ac. 1,-.2,,,2 ga-)c6-N 

Formwork and proping in 

place 

6ay No 

Encasement grout or epoxy 

pumped into repair 
py No 

Repair completed s tisfactorily: 

Brisbane Water: ../VV<,(zY 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 
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Attachment 

Ir 
()HAYASHI 

ObayaSru COroorat.U, 
IrCarporated Jaoar 
AP BN 002 922 758 

ABN 68 067 084 708 

Procedure 
Title: 

Joint Venture 

2532\MI1066 - Repair to debonded UPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: i14.\ OCD Liner Number: 

Mark location and repair dimensions on m_ ac below 
INVERT 

}),07ctEg- 

7%,> 

EROC 
E.= Pty Urrited 

ABM 68 067 084 7C8 

. 

;-?..c;_.\-Ca,- 

'41;Aftsai 

0-0(-k, 

I ' ., rrIfflObti._,-...:,::.;.-._ 
Extent of repair determined oy i . No . 

. 
:soundino 

a' cr(1.C.k:,o,IA..-2(- . 

uPVC material cut out and anylYeI / No 
unsound grout removed ' 00,- 
Where required edges 
encasement grout cut at 43 
degrees 

Yes 1..e 
i\iA 

Repair area clean 'es -f No 
INo water egress through 
repair area 

Yes / No 

l'ic? 
New uPVC cut to correct size 
and fitted 

Yes/ No 
NAf; 

"Ts" in place Yes /44e 
Formwork and proping in 
place 

a, No .S.usc.1, cocck Proe,..:_t L.4 O\CA-Q-- , 

Qc,e) ..t3 %, k \3 =, 
Encasement grout or epoxy 
pumped into repair 

es No 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksileet:Re 'V 2 - Uncontrolled Copy Page 
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4d 3 
oaAY4S141 

Attachment 

Otayasns Corporaticn 
IntorPoratea ul Japan 
A.R8N 002 932 756 

ABN 68 067 084 708 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001. 

Date: \010 Liner Number: 

Mark location and repair dimensions on mao below 
INVERT 

7: s 

EROC 
Erne Pry tinted 

A8N 68 067 064 708 

13.1\ WiN 

1,3P( &_(-1-r) 

Extent of repair determined Dy 

sounding 
et / Nc 

A Of\ 
uPVC material cut out and any 
unsound grout removed 

(6/ No 

!Where required edges 
encasement grout cut at 45 
degrees 

No No 

Repair area clean e / No' 
'No water egress through 
repair area 

e I No 

New uPVC cut to correct size 
and fitted 

Ci)/ No 

..,- 

Qt_c_c_ (AO\ L.),N C.. D.A.e._ \D 13c=ds.' s \ , _ - r\ 4 us._ CN .itzA "T's" in place Ye--. / No 
Formwork and proping in 
place 

e./ No 

Encasement grout or epoxy (ce-3, No' 
pumped into repair 

I, -,,,A,), 1.e.Livc- , i 
Repair completed satisfactorily: 

Eioc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksheet:Rei 2 - Uncontrolled Copy Page 1 
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Oba y a silt Corcoran cn 
Ircorooraleo .n Japan 
4P8t4 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eroc Pty Lirited 

ABM 68 067 084 708 

Procedure 2532 \Ml\066 - Repair to debonded uPVC material Title: 
Attachment uPVC Major Repair Status: Draft Title: Checksheet 

. V 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: il-00(= 
C19:s) 

Mark location and repair dimension on man be 

, 
Liner Number: Ptl.k.);c.;-, (i.V\A 

I _ r 

'INVERT 
4- .2 3cc 

CROWN 

':Extent of repair determined p, es No 
- 

scunLI:r. 

r.f6./ No 
\..._. 

uPVC material cut out and any 
unsound gro:-..it removed 

(Where required edges 
encasement grout cut at 45 
degrees 

67-eiN) / No 

Repair area clean .s.;/ No 
No water egress through 
repair area 

es ;/ No 
.., 

New uPVC cut to correct size 
and fitted 

/ No 

"T's" in place Yes (Na cvso. -, A..(7-1.,..(_, k.1 _ ,--yz. (__ Formwork and proping in 
place 

sI No 

Encasement grout or epoxy 
pumped into repair ' 

YeS/ No 

Cre-c,_i . 

Repair completed satisfactorily:. 

Eroc / Obayashi: Brisbane Water: 

Mining Section - uPVC Majoa Repair Checksiieet:Rei 2 Uncontrolled Copy Page 1 
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Project : 

S1 Main Sewer Interceptor' 
S1 Sewer Tunnel Section 1 

North Quay to Cooksley Street 

HRT - Major Repairs 

REP,AIRF SRARKTE 

2 05/09/01 Not Applicable 
3 - 22/11/01 Not Applicable 
4 22/11/01 Not Applicable 

Roma st 38 13/09/01 15/08/01 

45 21/11/01 Not Applicable 
46 21/11/01 Not Applicable 
47 21/11/01 Not Applicable 
49 03/09/01 10/09/01 
61 04/09/01 Not Applicable 
62 24/10/01 Not Applicable 
66 24/10/01 Not Applicable 
71 23/10/01 07/12/01 

81 28/11/01 Not Applicable 
84 04/09/01 Not Applicable 
90 05/09/01 Not Applicable 
99 05/09/01 Not Applicable 
101 04/09/01 Not Applicable 
115 04/09/01 Not Applicable 
117 26/09/01 Not Applicable 
119 12/09/01 Not Applicable 
120 12/09/01 Not Applicable 
122 05/09/01 Not Applicable 
123 05/09/01 Not Applicable 
132 14/09/01 08/12/01 
133 05/09/01 08/12/01 
136 05/09/01 Not Applicable 
137 01/11/01 Not Applicable 
143 20/11/01 Not Applicable 
144 20/11/01 Not Applicable 
145 20/11/01 Not Applicable 
146 20/11/01 Not Applicable 
147 37215 Not Applicable 
148 37215 Not Applicable 
149 37215 37174 
150 37174 37174 
160 37139 Not Applicable 
160 37214 Not Applicable 
161 37214 Not Applicable 
172 37194 37233 
172 37194 37233 
175 37193 Not Applicable 
177 37191 Not Applicable 
180 37223 Not Applicable 
183 37211 Not Applicable 
184 37211 Not Applicable 
185 37211 Not Applicable 
186 37211 Not Applicable 
187 37211 Not Applicable 
188 37211 Not Applicable 
189 37211 Not Applicable 

File : Major Repairs 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Project : 

S1 Main Sewer Interceptor 
S1 Sewer Tunnel Section 1 

North Quay to Cooksley Street 

HRT - Major Repairs 

192 37208 Not Applicable 
193 37208 Not Applicable 
195 37189 Not Applicable 
238 37187 Not Applicable 
249 37186 Not Applicable 
265 37186 37231 

265 37186 37231 

269 37188 37231 

269 37188 37231 

281 37186 37231 

285 37207 40458 
286 37169 37171 

286 37207 37171 

296 37188 37231 

296 37188 37231 

298 37189 Not Applicable 
298 37189 Not Applicable 
303 37204 Not Applicable 
304 37204 Not Applicable 
305 37204 Not Applicable 
315 37181 Not Applicable 
320 37204 Not Applicable 
321 37169. 37171 

321 37204 37172 
322 37111 37172 
322 37111 37172 
322 37111 37172 
322 37169 37171 

323 37169 37172 
327 37159 Not Applicable 
328 37181 Not Applicable 
330 37126 Not Applicable 
330 37218 Not Applicable 
338 37126 37230 
339 37169 37171 

362 37180 Not Applicable 
363 37181 37230 
364 37181 Not Applicable 

FULL 364 37235 37235 
365 37181 Not Applicable 

FULL 368 37235 37235 
FULL 381 37235 37235 

382 37180 Not Applicable 
383 37174 37230 
384 37182 37230 
385 37179 37230 

FULL 391 37235 37235 
393 37070 37158 

394 37070 37158 
vent 399 37241 37241 

aceess 399 37241 37241 
bulkhead 399 37241 37241 

File : Major Repairs 
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Coayashi Cr:rowan:1r 
4ccroorairati jac4n 
APBN C0.2 922 768 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EIROC 
P..-= Ply Liriscl 

ABN 68 067 084 ma 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\1\41\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: 
Checksheet 
Mining 
S I Sewer Tunnel 

Revision: 
Project: 
Date: 

Date:- 5/0(7 

Mark location and repair dimensions on map below 

Draft 

2 
2532 
22/02/2001 

Liner Number: c32, 

H 

I t 

L. -.. - .':.4:;, oq.gifffibir&z:::::az.::,7x.;-_,:::.. 
Extent of repair determined t 7 K7s7:7CT:o: -..- 
sounding 
uPVC material cut out and st-N(NeS'i No 

.----r-- iunsound grout removed 
:Where required edges Nes-7 No 
:encasement grout cut at 45 
degrees 
Repair area clean (les,/ No 
Na water egress through 
repair area 

.- 
Yes / No 

_._._.: 

New uPVC cut to correct size 
and fitted 

/No 

"rs" in place Y-P.., / No C A,c) N.'.....\,k,.., 

Formwork and proping in 
place 

_..,es-/ No 

._. 

Encasement grout or epoxy. (Yes./ No I 

pumped into repair 
- .. ,..--, 

Repair completed satisfactorily: 

I Eroc / Obayashi: 
7 I( Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet:Re 2 Uncontrolled Copy Page 1 

2001/10/19 
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Attachment 

013.4 NASH 

EROC 
Cor,ras-^r Corxriat:r-r 
rnce,Grarrn Jean 

C-32 932 7a6 

Joint Venture Efoc fly LirrZ&C 
AEN Fre CV OS4 706 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532;N/11\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22102/2001 

Date: Liner Number---54' 

Mark location and repair dimensions on map below 
INVERT 

!CROWN 

'INVERT 

(1, 1 ;, .22- I 

1. 5- 

Comments 
Extent of repair determined by 
sounding 

/ No C, 
.2.x...42.-45:10. \--4-N23... 1.1\.:.\--k- 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

Yes)/ No 

.Where required edges of 
repair cut at 45 degrees 

.es)/ No 

,'-''..- k s:il No Repair area clean 
No water egress through 
repair area . 

es ,No 

,-7-..,.,,,, 

es,,,i No New uPVC cut to correct size 
and fitted 
"T's" in place, if required Yes / No. . (')..:n.,I c\ip \-.---\4_,z,, -3-VE_kr\ 
Formwork and proping in 
place 

AV No 

Encasement grout or epoxy 
pumped into repair 

es', V No 
..., 

\Ctk-k-i- k-C_Ocs_:.4_ 

Repair completed satisfactorily: 

Eroc / Obayashi:7{- Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet Rev 3 - Uncontrolled Copy (-Page 

2001/12/04 
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o 

Attachment 

p 

ERCPC 
CiosylsruCcmorahen Joint Venture En= Pry Urield re45>0,319041.13;:a1, A8N 58 057 OM 708 APONi302 932 7'93 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/0212001 

Date: _Liner Number: 

' Mark location and repair dimens;ons on map below 

,..4 rvk i . 1 k wl. 

MrLk93% IF,Ik E-R- g 01'41& - 
---F4L1LaSiirSSgaP.....4 

: 
Comments 

erit of rep-air determined :7 Yes i _. 

SC,L:ildinC; . 

1-1PLV- 70;r4S2V v`Z,"tv, T;),'"AvLi- e-S-71,-Ae,V-:::*"c.. . 

..::' ' /O mate:al cut out and 
unsound grout removed 
Where required edges 0 No 
encasement grout cut at 45 
degrees 
Repair area ciean e / No 
No water egress through No 
repair area . 

New uPVC cut to correct size i e8 I No 
and fitted Am..- 
"Ts" in place 1E4 / No 
Formwork and proping in "" '--1L / No 
place 
Encasement grout or epoxy , 

pumped into repair 
Yes [No \lei) '1:t.i.._ 6%f>6 A N.14. _ 

Repair completed s- stack ily: 

Eroc / Obayashi: Piga vrp Brisbane Water: 

Mining --Section - uPVC Maio Repair Checksneet: Re/ 2 Uncontrolled Copy Page I 
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Attachment 

\ 

EROC 

Aller4 

Joint Venture Err:: r,v 
?EN 68 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved. 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: ,-;?_ Liner Number:4,S" I LI-14 
' 

Mark ocation and repair dimensions on map below 
IINVERT 

;CROWN 

:INVERT 2 

Extent of repair determined by rsyej 
sounding 
uPVC material cut out arid any e.S.,/ Noj 
unsound grout / concrete is 
Iremoved 
;Where required edges of 
;repair cut at 45 degrees 
!Repair area clean 
rfl'o water egress through 
repair area 
New uPVC cut to correct size 
and fitted 

in place, if required 
;Formwork and proping in 
'place 
;Encasement grout or epoxy 
;pumped into repair 

ifriCerSTT-Not 

I 

No 
es) Not 

L._ 
/ N o 

yes /0\19) Ccc 
Not 

Comments 

,tes,/ Nol 

Repair completed satisfactorily: 

Eroc Obayashi: a'Al.r)(\..1./..,1" I Brisbane Water: 

- Section - uPVC or Repair Checksheet: Rev 3 - UnconfroOeij copy Pa:, 

2001/11/27 
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°Day asta Cr.mcnit,u, 
Ircufccotod O .1 :JP 

.4.A314 0O2 332 ;56 

ABN GB 067 084 708 

Attachment 

Joint Venture 
E ROC 
Etc Pry Lirrited 

A&4 8A C67 064 708 

Procedure 9532\1\41\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

1-\\K 

Mark location arc reoair dimensions on mao below 

Liner NOmber: 

Compti:eflt.;;;:iC.;; 
x;ent of repair determined cy T .='1 NC: 

sounding 
material cut out and an- il<r'(=., 

unsound grout removed 
Where required edges 
:encasement grout cut at 45 

rees 

eth 

Repair area clean 'Y,ei No 
No water egress through 
ireoair area 

, 

Cir:Si No. 

New uPVC cut to correct size 
land fitted 

ged',./ No 

"T's" in place Yes 0-6,` C.,),-....\ r-z.) -----\.,-- c+.3.1:,Q,,Y-\,, 
Formwork and proping in crej:y No 

'place 
Encasement grout or epoxy t,Yesi No 
;pumped into repair. 

Repair completed satisfactorily: 

Eroc Obayashi: Brisbane Water: U49, 
Mining - Section - uPVC 1Aaiot Repair Checksh. eet:Re,7 2 Uncontrolled Copy 

s 

8 

Page 1 

2001/10/19 
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!havasr,. CzrOcat3cr: 
,,tc,D0ealec .0 ,13;x- 
A-,-1.e.r4 002 9'V2 ;50 

ABN 58 067 084 703 

Attachment 

Joint Venture 
E., 
Eros Fly Lindo9 

ABN 58 1367 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
-Checksheet 
Mining 
Si Sewer Tunnel 

Revision: 
Project: 
Date: 

2 
2532 
22/0212001 

Date: 

' Mark focanon and repair dimensicns on map below 

r -Liner Number: c.) 

12 .pl-S 

'st 

recia determine tv ;n. 
;sounding 

material cut out and any 
.unsound grout removed 
oNhere required edges 

t rut at 4 
--esy Jo 

degrees 
. _ 

Repair area clean ri'essy No 
,No water egress through es'i No ' 2 _ .. 
repair area 

, 

1 

New uPVC cut to correct size 
and fitted 

e '11Nol 
......_- 

... 

"T's" in place 
'es;/ No ...- 

. 

rce..-;- ck4:) l'- ---r.K...21 "k. -c:,, 

Formwork and proping in 
place 
;Encasement grout or epoxy e-S)/ No , 
pumped into repair 

. --12C01 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining Section - uPVC Maioc Repair Checksheet: Re,7 2 Uncontrolled Copy 
' Page 

2001/12/04 
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OBAYASHI 

Attachment 

Obayashi Corporation 
Incorporated in Japan 
ABN 02 932 756 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 4 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: j4(1p_ Liner Number: 

* Mark location and repair dimensions on map below 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

INVERT 
V---- O'S 

___. /000 ....A 

CROWN 

INVERT 

rf drientS' 
Extent of re pair determined by 
sounding 

geb No 

uPVC material cut out and anya)/ 
unsound grout / concrete is 
removed 

No 

Where required edges of 
repair cut at 45 degrees 

63;/ No 

Repair area clean tif -__ / No 
No water egress through 
repair area 

''es', No 

New uPVC cut to correct size 
and fitted 

4, No 

"T's" in place, if required Yes IR 40k 0,A,f) 4k.., c)c,71--e-tc\ 
Formwork and proping in 

place 
/ No 

Encasement grout or epoxy 
pumped into repair 

(i.j No 
vQ,L.iLk- Qszcculc_ 

Repair completed satisf o 

Eroc / Obayashi: Brisbane Water: pi(4W.-W 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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osmAsill 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 2411'e 

* Mark location and repair dimensions on map below 

Liner Number: 

INVERT 

CROWN Nu 
4. 

INVERT ._. 

*MO 
Extent of repair determined by 

sounding 
'..ej / No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

el No - 

Where required edges of 
repair cut at 45 degrees 

t91 No 

Repair area clean Ciii / No 

No water egress through 
repair area 

yes,,7 No 

New uPVC cut to correct size 
and fitted 

rep No 

"T's" in place, if required Yes rfig: \,,,.\\'P C.)QUC),c, cZ!.,-Wr 
Formwork and proping in 

place 
'es/ No 

Encasement grout or epoxy 
pumped into repair 

6:s::/ No t 

C-00--\-- ac1c3.,.A._ce, 
. 

Repair completed satisfact 

Eroc / Obayashi: Brisbane Water: d_,(,61;:d/ 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 297 of 542



tillAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: *.4\,==3 

* Mark location and repair dimensions on map below 

Liner Number: ^1 1# 

INVERT 

CROWN (s_, 

ti 

INVERT 

bs No 
Comments 

Extent of repair determined by 
sounding 
uPVC material cut out and any 
unsound grout / concrete is 

removed 

r4/ No 

Where required edges of 
repair cut at 45 degrees 

Q/ No - 
Repair area clean ,s2/ No 

No water egress through 
repair area 

tes,/ No 

New uPVC cut to correct size 
and fitted 

No No 

"T's in place, if required Yes k<16_, 14-\ C\50,4* .:-nrz-0 Q\V8j\ 
Formwork and proping in 

place 
6S1 No 

---,- 
Encasement grout or epoxy 
pumped into repair 

es,/ No ,-, 
l.AfeOLAI\ck 9-Q._tpc-....(---, 

Repair completed 'satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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OBAY4SKI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 

*.Mark location and repair dimensions on map below 

Liner Number: -%t* 

INVERT 

CROWN 0 
0 

INVERT ____ _ 

,COMments 

Extent of repair determined by 
sounding 

Q.Yesy No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

No 

. 

Where required edges of 
repair cut at 45 degrees 

Cei:;/ No 

Repair area clean i./ No 

No water egress through 
repair area 

es;/ No 

New uPVC cut to correct size 
and fitted 

ei/ No , 

"T's" in place, if required - Yes /,(114 1,.4c CA..)QAckp .1,:,., c)----6\ 
Formwork and proping in 

place 
Z(4/ No 

Encasement grout or epoxy 
pumped into repair 

f / No 
52_. 

Repair completed satisfaoto it 

Eroc / Obayashi: Brisbane Water: ?I/ 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Cr...1125M 
C,a10C NZ 532 

ABN 68 057 084 708 

Attachment 

Joint Venture 

Procedure 2532\Ml\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22102/2001 

Eve Ply Unwed 
ABN 68 067 064 706 

Marc iccatien and repair dimensions on map below 

Liner Number: 141u. 

. 1'4 ':,\ _ . 

Con mn: 
'Extent of rc-)cai determined :v 'e,; N 

sounding 
i 

1...-vt...; matenai Cut out ana ar7(yesy No 
:unsound grout removed 
Where required edges 
encasement grout cut at 45 
degrees 

f' t?./-Nol 

,,--7- 

:Repair area clean eS't No 
..,. 

iNo water egress through 
lrepair area 

Xes\/ No K,._.../ 

New uPVC cut to correct size 
and fitted 

t! eV No 

"T's" in place Yes ("NO" (Dux' \(-\i 
Formwork and proping in 

!place 

_., 
, eSV. No 

:. 

lEncasement grout or epoxy 
!pumped into repair 

6/eS\I No 
-,........... 

r, 
L--Q6,...1,1 lAl.) naf 

Repair completed satisfactorily: 

/ (2 4/.3)7// Eroc / Obayashi: Brisbane Water: ..A/. 

tilining - Section - uPVC Mao c Flepsair Checksheet: Re' 2- Uncontrolled Copy Page 1 
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ot117351,1 

,"cv:.,craloc 
NO2 ,717 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Erx Pty United 

ABN se C67 064 708 

Procedure 25321MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 

Mark location arc r:4pair dirnens:on$ On mao below 

cc-sx 
Liner Number: t,) 

Ex r' of raocir determineu 
sounding 

.PVC matenai cut out and e.,-,./ YesiNc_, 
,unsound grout removed 
'Where required edges eS I No 

,......,.- 
:encasement grout cut at 43 
'decrees . . .... 

- 

Repair area clean ,es /No 
No water egress through ((eS 
repair area 

/ No 

New uPVC cut to correct size 
and fitted 

'1 No 

''T's4 in place Yes (No ' p.:.,:j- -),--) 
,. 

...,....,...e.,.......: 

Formwork and proping in 
place 

,........, 

Encasement grout or epoxy (Yas 
pumped into repair 

....._ / No /... ,.) 
, 

Repair completed satisfactorily: 

Eroc Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Cnecksheet: Re' 2- Uncontrolled Copy Page 1 

2001/10/19 
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C't-avaw, Ccro.vaz,c., 
,carw,ated Jaza, 
4118N 002 337 :76 

ABN 68 067 084 708 

Attachment 

Joint Venture 
Eo, 
Etc Ply linitact 

ABU 68 067 084 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\M11,066 - Repair to debonded uPVC material 

uPVC Major Repair 
Checksheet 
Mining 
Si Sewer Tunnel 

Status: Draft 

Revision: 
Project: 
Date: 

2 
2532 
22/02/2001 

Date:4j tmck 

Mark location ad repair dimensions on mao below 

Liner Number: 

I t 

41. 

Exer 0i recar dete m neC i 

sounding 
,:"--, 

u7:-",ii.: material cut out and ary iYes,, No 
-.........- 

unsound grout removed .... 

iWhere required edges ri'es/ No i. 

.encasement grout cut at 45 ---- 
:decrees 
!Repair area clean 

....-,.... 

-es,.,/ No: 

No water egress through 
repair area 

Yes )/ No 

New uPVC cut to correct size 
and-fitted 

1.(XeS)/ No 
, 

(-- 

Ts" in place Ys (No \ "AA.) vrAC.), () K....m,-7,1, v:;-<:tc:N 
[Formwork and proping in 
1 

!place 
et '_7) ITO 

1 

:Encasement grout or epoxy 
;pumped into repair 

es'," No 
\----- I 

r , 

Repair completed satisfactorily:, 

Eroc / Obayashi: Brisbane Water: 

Mir1in - Section uPVC Major-Repair Checksheet: Pie,7 2 - Uncontrolled CoPY S. Page I 

2001/12/04 
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.1-11151, CC,DO/A.ty: 
InCC,Z0f3100 fl Jacar, 
:412N 002 1772 74,1 

ABN 68 067 08A 708 

Attachment 

Joint Venture 
EROC 
Exc Pry Urree4 

AN 58 c67 MU ."..3 

Procedure 
Title: 

25321MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 1-1-k.,9 
\-1 

Liner Number: 

' Mark lecalion ard repair dimensions on map below 

it 
A xlI. 

- v ,, 
1 

I 

4 . -Exert of repair determined rov Y.-2,S A No 
so4nding 

rrater:ai Cut out and any iret,\/ No 

"Ves'' No 
unsound grout removed 
lWhere required edges 
!encasement grout cut at 45 
:de rees 
Repair area clean V/esy No 
No water egress through 
repair area 

/es./ No 

New uPVC cut to correct size 
and fitted 

Neq / No \-... . 

"T's" in place Yes 
Formwork and proping in 
place 

. e>1 No 
, 

Encasement grout or epoxy (Y4i 
pumped into repair 

No - 

Repair completed satisfactorily: 

Eroc / Obayashi: 
-. , 

Brisbane Water: 1,,,1 

Mining - Section - uPVC Majoc Repair Checksi-leet:'Re,i 2- Uncontrolled Copy Page 1 

2001/12/04 
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GBAYASHI 

Attachment 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining. Revision: 4 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: '3,kd l Liner Number: 

* Mark location and repair dimensions on map below 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

INVERT Z--- :37:- -A 

CROWN p 

INVERT 

Comments , 

Extent of repair determined by 
sounding 

-.-e's\/, No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

(et/ No 

Where required edges of 
repair cut at 45 degrees 

e -7 No 

Repair area clean 63 / No 

No water egress through 
repair area 

te_s)/ No 

New uPVC cut to correct size 
and fitted 

es__,'s/ No 

"Ts" in place, if required Yes /C. `Pr 1-QC \%=:- \ Ye -.,\ QC\ 
Formwork and proping in 

place 
.5V No 

Encasement grout or epoxy 
pumped into repair 

No No 

CCrck.j-- 
, 

cv-DcvLe___ 

Repair completed satisfactoril 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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GRAYISH' 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532W1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: )10 

* Mark location and repair dimensions on map below 

Liner Number: 119 fac 

INVERT bac> 
7s 

CROWN 

INVERT 

C00114fite: 
Extent of repair determined by 
sounding 

6)/ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

&,)/ No 

Where required edges of 
repair cut at 45 degrees 

es'/ No 

Repair area clean t, No 
No water egress through 
repair area 

./ No 

New uPVC cut to correct size 
and fitted 

63/ No 

"T's" in place, if required Yes //OP ;..A,p, Oc.9Q.&o,p ac 4_,\,c, 
Formwork and proping in 
place 

es)/ No 

Encasement grout or epoxy 
pumped into repair 

CA/ No 

DCL9-V 2QCC\LLse--. 

Repair completed satisfac 

Eroc / Obayashi: Brisbane Water 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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00: 337 ;56 

ABN 68 067 084 708 

Attachment 

EROC 
Joint Venture Efoc Pry Limced 

AEN 66 067 084 .' 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
LoCation: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: \AV-, 

.1 Marc locar:on and repav dimensions on map beip1N 

Liner Number: I421fJ3 

1 

\Extent of reoair determined zy : 'y No 

uP\IC matena1 out out and env 4'es'i No 
;unsound grout removed 
where required edges 
encasement grout cut at 45 
degrees 

Qe,s; No; 

,Repair area clean ' -s/ No 
No water egress through 
repair area 

et2/ No 

New uPVC cut to correct size 
and fitted _ 

j No 
-- - 

"Ts" in place Yes ilLISTO .., . --.). ..."( 
Formwork and proping in 
place 

...e/ No 

Encasement grout or epoxy 
pumped into repair 

YeSs,/ No r--, 
k2C(..) t,,...--C ,: 4 ,,....\..,.C2... 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: dtiA 
Mining - Section - uPVC Mato c Repair Crleckstleet: Re' i 2 - Uncontroited Copy. ' Page 1 

2001/12/04 
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GBAYASKI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\M1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: I Liner Number: I 

Mark location and repair dimensions on map below 

INVERT ..A -'--- /20Q, 

CROWN 
do 

INVERT 

Comments 

Extent of repair determined by 
sounding 

CO / No 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

0/ No 

Where required edges of 
repair cut at 45 degrees 

60/ No 

Repair area clean p, No 

No water egress through N 
repair area 

et/ No 

New uPVC cut to correct size 
and fitted 

Es> No 

"T's" in place, if required Yes /CETd \A rkrAcke ,.) '(>-)e3sc\ 
Formwork and proping in 

place 
re7V No 

Encasement grout or epoxy 
pumped into repair 

0 / No 
C\v-0,A-c.4\A kcc. _Q_ 

Repair completed satisfa 

Eroc / Obayashi: Brisbane Water: g/Y cf/r 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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Attachment 

EROC Oba.,aar, 
,oCeq:cramal.t, 

CO2 312 7',6 

MEIN 68 057 084 708 

Procedure 
Title: 

Joint Venture Erx Pty United 
ABN 66 067 084 7C3 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

k-loration are repair dimensions on map below 

I Liner Number: t - - 

.1,..::CorrIrrilfefitS.1:-::.;;;;;;;;, 
--.-<:en: nt r..-:=c.:P:r determined --,,, . ..,:ti-i No. 

...._.-, c;unding . 

,JPVC rnat=--riai cut out and :37y C/fe'S'; No _.- unsound grout removed 
Where required edges 
encasement grout cut at 45 
degrees 

/No N 

fre/ No Repair area clean 
No water egress through 

1 repair area 
i'rg'S'i No 
\.._,....; 

. 

New uPVC cut to correct size 
and fitted 

*1'zeS, ;/ No 
'..,s___. 

T 's" in place ygs eNg: s , ' 

i': k,.. )(2- 1 ,S2' 0 
i Formwork and draping in 
(place 

ies, / No 
4-....___., 

- 

!Encasement grout or epoxy 
:pumped into repair 

UeSi No 
-- Ic4C,.0.5i, 

Repair completed satisfactorily: 
( 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Maioc Repair Cllecksheet: Re' 2 Uncontrolled Copy 
I Page 1 

2001/10/19 
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- 

Attachment 

(MAYAS ,t1 

Ob;laSr-. CVS0,41WP 
-etetpOtat .11 .1= ar 
AilaNt 002 9:32 :56 

A81,1 68 067 084 708 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532%41\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date Liner Number: 

Mark ioca:ion ard roar dimens;orls on mao below 

Erx Ply limed 
AEN 68 067 OBI 7813 

ft7k-Itt 

-,--- R . 

--- .-7.-si--- 

g-- 9/6- -----A 

[ - COrTgilAra 
E:cen: of racer determined :v 
sounang 

,zr-, ::c 
...._.: 

rnat=.-ria out out and ..E.. 7 

unsound grout removed 
\i'Vhere required edges 
encasement grout cut at 45 
degrees 

_ 

Redair area clean 
No water egress through 
repair area 

No 
.../ 

No 
. 

New uPVC cut to correct size 
and fitted 

M No 

"T's'' in place Yes 
Formwork and proping in 
place 

es)/ No 

Encasement grout or epoxy 
pumped into repair 

/ No . 

,.t..., 

Repair completed satisfactoril 

Eroc / Obayashi: Brisbane Water: 

Mining Section uPVC Major, Repair Checkstteet: Rel 2 Uncontrolled Copy Page 1 

2001/12/04 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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MAYAS III 

Obayashi Corporation 
Incorporated in Japan 
AFIBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: t I 

Mark location and repair dimensions on map below 

Liner Number: 137 

INVERT v______icyz:v__,A 

CROWN 

INVERT 

. 
:1,1 . ' - ' ,1:i Co mrtiOn s 

Extent of repair determined by 

sounding 
Ye-/ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

6)/ No 

Where required edges of 
repair cut at 45 degrees 

0 No 

Repair area clean ,' 
I es / No 

No water egress through 
repair area 

res\/ No 

New uPVC cut to correct size 
and fitted 

651 No 

"T's" in place, if required Yes /, Jo,,i 
r-----, \)\tiNc C\pAckp 1.,Q_,3 c&,\-6\ 

Formwork and proping in 
place 

jfer) No 

Encasement grout or epoxy 
pumped into repair 

e) No 
CCC:<.* V.CSakt 

Repair completed satisf 

Eroc / Obayashi: Brisbane Water: ,,47?Z62, 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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Attachment qr. 
V:: 

(MASASHI 

var-. 
jacar 

C-C2 ti3.? 

Joint Venture 
ER 04 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532411\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 

Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: Liner Number: 

Mark location and repair dimensions on map below 
;INVERT 

CROWN 
ti. .):,_,, l 1 ! 

iq-clit' . 

iN\s/ERT i(----' &: rn .....44. 7, - 

. Comments 
Extent of repair determined by 
,sounding 
uPVC material cut out and any l'(c/ No 
;unsound grout / concrete is 

'removed 
1 

. 

'Where required edges of es) No 
;repair cut at 45 degrees ! --: 

!Repair area clean 1.1?..e.s'i No 
No water egress through 
'repair area 

_es,1 No 

[New uPVC cut to correct size It9.5,/ No 
and fitted 1 . . 

, 

LT's" in place, if required Yes 
........_=- 

'Formwork and proping in fl_gi.liNO 
;place 
;Encasement grout or epoxy IlYeS'i No 
ipumped into repair 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheei: Rev 3 - Uncontrolled Copy 

2001/11/27 
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Otayair4 COR>0130C1 
*.ccrpOrated JaZaP 
A14 M2 732 7 5.3 

ABN 68 067 084 703 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

Attachment 

Joint Venture 

PI° 

2532\N/11\066 - Repair to debonded uPVC material 

uPVC Major Repair 
Checksheet 
Mining 
St Sewer Tunnel 

Status: Draft 

Revision: 2 
Project: 2532 
Date: 22/02/2001 

Mark iccazion and reoair dimens:cns on mao beio;.v 

E ROC 
ErCe Py Crritted 

ABN 68 067 au TC8 

Liner Number: 

-, C.' -......: , 

i 
___.i 

: --,..................----- 

--.........___ 

COMItigA 
:1--c.:-.4n,t rs.";q recaic teterminec :/ 
30u:-.cirg 

f,e- 
1 k A ,, i C 't, ,A" '":..< 

::', C meters : 7.1 cu: and a 

Lrisz;und grout removed 
{es `.: 

Where required edges 
encasement grout cut at 45 
degrees --, 

Yes / No 

Repair area clean 'N,k.,:,S. / No 
No water egress through 
recair area 

es'iNo - 
New uPVC cut to correct size 
and fitted 

Yes) No 
,,......_, 

r!Ts' in place Yes /(No r Ki.-- ,,o 4-) ,. 1,-- 

Formwork and proping in 
place 

eS I No Y, 
Encasement grout or epoxy 
pumped into repair 

Yes_I-No 
\ 

Repair completed satisfa72.K. ctorily, 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majot Repair Checksfleet: Re/ 2 - Uncontrolled Copy Page 1 

2001/10./19 
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Attachment 

eta?alp. Ccrc-4.1rahc... 

Jacx, 

AeN 58 067 084 703 

Joint Venture 
EROC 
S.= Pty Li 

.-BN 58 057 08.1 P08 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321M11066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: "cif 4; \ 
Liner Number: /WI 

Mark iocation arc roar dimensions on mao ceiow 

-ceini reur determined 
sounding 
uRVO materiai cut out and ary 
:unsound grout removed 
!Where required edges 
encasement grout cut at 45 
degrees 

Yes) No 

Repair area clean 'iY.e.:s / No 
No water egress through 
repair area 

qs_eS)) No 
1 

, 

New uPVC cut to correct size 
and fitted 

te5/ No 

"Ts" in place Yes /No \ I (:: \;(0.C: 
, - 1--. 0 r) . \ x 

\-. , 

..,,,. 

. .; 

Formwork and proping in . 

place 

c 

,.:1' 6'1 No 

_ I 

Encasement grout or epoxy (Vest No l . , 

pumped into repair 
1 

r, 
, : - 2, , 

Repair completed satisfactorily: 

I Eroc Obayashi: Brisbane Water: 4'V 

Mining - Section - uPVC Maior Repair Checksheets Rev 2 - Unconiroiled Copy Page 1 

1 

2001/10/19 
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Cita 
ir_corynzuk4d Japan 
f-cilt3N 002 Sa2 75,.; 

Attachment 

Joint Venture 
EIROC 
Erric lirrItiN.: 

ABN 63 037 ozo iea 

Procedure to debonded uPVC material 
Title: 
Attachment uPVC Status: Approved 
Title: Checksh 
Category: Mining Revision: 3 
Location: Si Sewe Project: 2532 - 

Date: 22/02/2001 

Date: 

' Mark location and repair dime- s - -a: below 
INVERT 

Liner Number:ilk-It lk))_ 

CROWN 

INVERT 

Comments 
!Extent of repair determine: 
!sounding 
uFVC material cut out an i.- ( ,::::) No 
unsound grout I concrete 
removed 
Where required edges of 
repair cut at 45 degrees 

(.:!:'') No 
......... 

Repair area clean f/'--; No 
No water egress through 
repair area - 

,,Cff) No 

New uFVC cut to correct s:.7, 
and fitted _, No 

"T's" in place, if required il3 (/NR5' 1---)V\ kJ ikl C' - ) r C.,,c) t::-\-4--=')-Z, ri-LA'e.A`N, Formwork and proping in 
place 

(_/"T., No 
_........ 

Encasement grout or epox 
pumped into repair 

C::.-f) No ,..-. 

Repair completed satisfact::' 

, 
Eroc Brisbane Water:JA,,d/ 

Mining Section - uPVC MaiOf Re: - . . Re,, 3 - Uncontroiled Copy Page 

2001/12/04 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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At& 

OBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532 \Ml \066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: Hirz Liner Number: I 

* Mark location and repair dimensions on map below 

INVERT -------- //00 
H.'S 

CROWN 

INVERT 

Comments 

Extent of repair determined by 
sounding 

Ne'§',/ No 
'-, - 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

Ces No 

Where required edges of 
repair cut at 45 degrees 

es,/ No 

Repair area clean e.67 No 

No water egress through 
repair area 

z----, esi' No 

New uPVC cut to correct size 
and fitted 

60 No 
, 

"T's" in place, if required Yes No 1-3\P\ RoAcIs t)-Isel\ 

Formwork and proping in 

place 
(...es71 No 

'eCil Encasement grout or epoxy 
pumped into repair 

'i No 

CkfcoAck -eav: 

Repair completed satisfactor' 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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OBAYASI-11 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: r,"-Dil0 Liner Number: 17.. 2,' 

* Mark location and repair dimensions on-map below 

INVERT te-Lc-t-' ..___ 

1.---/+'3 

CROWN 

INVERT 

0.0(00.i. tCil.: 

Extent of repair determined by 
sounding 

e / No 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

S,/ No 

Where required edges of 
repair cut at 45 degrees 

'yes-/ No 

Repair area clean .0$/ No 
No water egress through 
repair area 

tes'/ No 

New uPVC cut to correct size 
and fitted 

eV No 

"T's" in place, if required Yes /0__\14 N.,A9) coc_r-,? \k,-,, -).k_C,-\ 

Formwork and proping in 

place 
X-es':/ No 

Encasement grout or epoxy 
pumped into repair 

6_?)/ No _ 

G-c-ck_4\bAq 4.(7c*.e._ 

Repair completed satisfactor 

Eroc / Obayashi: Brisbane Water: ,Xd 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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Attachment 

GBAYAStil 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 4 

Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date:' -se\t-o Liner Number: / 

* Mark location_andrepair dimensions on map below 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

7s.-1* 

INVERT 
1---°H -5 

CROWN 

Li 

.r) 

- /00C, 

INVERT 

Comments 
Extent of repair determined by 
sounding 

Et / No 

-g----, 
uPVC material cut out and any 
unsound grout / concrete is 

removed 

s)/ No 

Where required edges of 
repair cut at 45 degrees 

Os',"/ No 

Repair area clean es I No 
No water egress through 
repair area 

rep No 

New uPVC cut to correct size 
and fitted 

'6E)/ No 

Yes /';,IvoN ckla\oy? K-,,---)Q.,,\8-, 
- 

"T's" in place, if required 
Formwork and proping in 

place 
No No 

Encasement grout or epoxy 
pumped into repair 

e, No 

Repair completed satisfactor 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: ,211to Liner Number: rn 
*,Mark location and repair dimensions on map below 

INVERT taco -- 

CROWN 

`'- I 

INVERT 

ornMents 

Extent of repair determined by 
sounding 

0/0 / No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

esV No 

Where required edges of 
repair cut at 45 degrees 

--S. / No . 

Repair area clean es)/ No 

No water egress through 
repair area 

eSY No 

New uPVC cut to correct size 
and fitted 

rem./ No 
..) 

"T's" in place, if required Yes ta-o\AP, (c) 0 \, k_, ( -,-t ,\-__L. ,N, \ 
Formwork and proping in 

place 
es'\/ No 

Encasement grout or epoxy 
pumped into repair 

e / No r, 
c Ftk_kk- (2Q Oik.k-Q.- 

Repair completed satisfactoik 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4
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GRAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision:. 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date:___ Liner Number: /SO* 

* Mark location and repair dimensions on map below 

INVERT 
12- H . S 

CROWN 

INVERT 
.,Z }--- 800 - ii 

CommentS 

Extent of repair determined by 
sounding 

&(ei./ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

(Ye / No 

Where required edges of 
repair cut at 45 degrees 

mss:/ No 

Repair area clean ffe"7:/ No 

No water egress through 
repair area 

No 

New uPVC cut to correct size 
and fitted 

e ' 

"T's" in place, if required Yes eqj evciskske _,_,'N C_'.k 

Formwork and proping in 

place 
,2F-A) No 

Encasement grout or epoxy 
pumped into repair 

reS1 No 
ck\cL\vAtf, Q-CeWe 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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Otia.3.911 

C.nnyasni Corrahcr. 
JzDan 

L_P.Sk: 002 932 756 

Attachment 

Joint Venture 
EROC 
Erm 

AEN &3 c; 7za 

Procedure ,1 - Repair to debonded uPVC material 
Title: 
Attachment Repair Status: Approved 
Title: 
Category:. vini-:. Revision: 3 
Location: -unnel Project: 2532 

Date: 22102/2001 

Date: ILI 

Mark location aria 
'INVERT 

Liner Number: 

: -s on map below 

..------ 
CROWN 

1 

i iiNVERT ' V.---- ,2.76-cci 

Comments 
Extent of repair esNI No N\<. sounding - 

uPVC material C.: (ye..0 I No 
unsound grout: 
iremoved 
!Where required .p:c.:-: ' 

'repair cut at 45 
liYer I No 

Repair area clea- (Y ...9,.' / No 
No water egress rr.D.r-- 
irepair area 

! es',/ No _., 

::....:, ,e7-7No Hes, 
1 

New uPVC cutt: :. 

land fitted 
"1"s" in place, if ;-.11, i es I(N-a i-. ,' c,kN,-,1 \ (V 1.1.,,,-"Z 
Formwork and pr:cin.; 
place 

ilre-S'l No 

Encasement gro.t ;::,.-,- ir.:::. 

,pumped into rep ,Iir 
Ces":1 No 

. 

Repair completec 

Eroc I Obayashi: I/ Brisbane Water: 

Mining - Section - uPV.: -,ecksneeti Rev 3 Uncontrolled Copy 

gow 

Page 1 

2001/11/27 
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Attachment 

RA VAS /I I 

CYcnvasrl Ceit3cf atcrt 
Jnpz.n 

ArigN 002 932 75S 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\065 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 11,,,11 Liner Number: 1:-'35 _131h 

' Mark location and repair dimensions on map below. 
!INVERT 

I. -...----r"------- 

;CROWN 15- 11 )6 11 

1.6- 1?_5-='t if",,1 4 iCts:g i 894 
) 

!rs13,LE-PI-T-- 

Extent of repair determined by lYeS..,/ Nolc, 
-2N5_;,' ca._ 

- . 

1 uPVC material cut out and any tes No 
unsound grout / concrete is '' 
removed 
Where required edges of 
repair cut at.45 degrees 

!s/ No. 

Repair area clean Ite,s'/ No 
No water egress through 
repair area 

!Yes') No 

..- 
New uPVC cut to correct size 
and fitted 

I es1/ Not 

' :u 
1 :14 -(-",. \(-\ "T's" in place, if required Yes / Vq. . N-T.7---"'NX'e \Or) , 

- Formwork and proping in 
place 

es 

Encasement grout or epoxy 
pumped into repair 

es/ No /-) 
(,i,4 -Ck,,.5 kek I.: - 

Comments 

ti 

Repair completed satisfactorily: 

.-)1:?1,771:7,7----'': Eroc / Obayashi: 1 
C, Brisbane Water: 

Mining Section - uPVC Maw Repair Checksheet. Rey 3 - Uncontrolled Copy it 

2001/11/27 
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Citlayasi, Cot por r. 

,Iceepcth:gri ,I1Japan 
ASBN 602 32 7S-0 

Attachment 

Joint Venture 
EROC 
Erx PIE 

aN 66 05.7 084 Ff;8 

Procedure 2532\1;41\066 - Repair to deboinded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 

Mark location and repair dimensions on map below 

1 4 
Liner Number: t 

!INVERT 

CROWN 
1-_-)i 

1 6i1' 
: 7.< v.1,,,-\ 

, 

,- , i 

f)..\(1.,, 

111,-2:b. 
IC1,3' 

.iNIVERT ..-- p, i -..1:--- 
........ Comments 

Extent of repair cietermined by 
sounding - - \v: :;-:c.:.., 

Yes7 No 
............., 

Ye-SI No 
,..,....., 

c..: ..-.. - ). J.C\i',:,,,(1,..417... , , ,,...),<_, ( (, 

uPVC material cut out and any 
unsound grout / concrete is 
removed 
'Where required edges of 
repair cut at 45 degrees 

/N 0 

Repair area clean 1Ye.&/ No 
No water egress through 
repair area 

Ires/ No 
........ 

.. 

New uPVC cut to correct size 
and fitted 

YeSil No 

T's" in place, if required Yes /No 
yes/ No 
..., 

1 \ ;,, 'Coc.z. V,A(:) .1..2,o.,:::', 

. 

t ;Formwork and proping in 
!place 
Encasement grout or epoxy 
pumped into repair 

,. 
Yes.) No 

- 
, 

Repair completed satisfactorily: 

Eroc Obayashi: 1, Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Upcontrcliled Copy Pace 1 

2001/11/27 
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°HAYASHI 

Obayashi Corporation 
Incorporated in Japan 
AR BN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 

Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 25110 
s 

P_ 

------2r-Mark location and repair dimensions on map below 

Liner Number: 19s--- 

INVERT 
R-2- 0 6 

CROWN 
c.) 

Q 

INVERT k 09.-coc, ------->ji 
'CbrrimentS:,, 

Extent of repair determined by 

sounding 
6./ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

p No 

Where required edges of 
repair cut at 45 degrees 

Esy No 

Repair area clean No 

No water egress through 
repair area 

t 
No 68V 

New uPVC cut to correct size 
and fitted 

g-)/ No 

"T's" in place, if required Yes /63 \iss- (cAckp t .,)13 glic-8\ 
Formwork and proping in 

place 
es)/ No 

Encasement grout or epoxy 
pumped into repair 

6-)No 
.._Qc L__,.k--- Q__(:.s..* 2 Q L ( \ 

Repair completed satisfac : 

Eroc / Obayashi: Brisbane Water: Ugael 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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GLIWAStil 

Obayashi Corporation 
incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: o Liner Number: a:24- 

* Mark location and repair dimensions on-map below 

INVERT 
1--.H-5 

CROWN 

INVERT 

Corhtents. 
Extent of repair determined by 
sounding 

CD/ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

&i/ No 

Where required edges of 
repair cut at 45 degrees 

&/ No 

Repair area clean t / No 

No water egress through 
repair area 

ie-g11 No 

New uPVC cut to correct size 
and fitted 

reTs'l No 

"T's" in place, if required Yes / 0-6) Q 4X C \ ,r,s-Acy 1 _CJ ):-OC-di\ 
Formwork and proping in 

place 
tek No 

Encasement grout or epoxy 
pumped into repair 

%s No 7-, 

,k,c-0..,A-- Ck,(:&$:_g..._. . 

Repair completed satisfactorily;,. 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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GBAYASM 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: all t c Liner Number: ;as 
* Mark location and repair dimensions on map below 

INVERT 
1--- ' 14--S 

CROWN 

k,-. Ica 

INVERT 

orfirregts- 
Extent of repair determined by 
sounding 

es-;/ No 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

'6'1 No 

Where required edges of 
repair cut at 45 degrees 

6s,----7 No 

Repair area clean No 
No water egress through 
repair area 

e's./ No 
t/ 

New uPVC cut to correct size 
and fitted 

ti3/ No 

"T's" in place, if required Yes /68\ oCt,skCko \\:_L k-'\-dr.\ 0 \vor N. 
Formwork and proping in 

place 
t4Z/ No \ 

Encasement grout or epoxy 
pumped into repair 

7 e-§1 No 

CkM(---V- '2Q (-7:<.6t, 

Repair completed satisfactoril 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: aa_lt Liner Number: 26_,c; 

* Mark location and repair dimensions on map below 

INVERT 
R µ,.Vi 

CROWN 

k---- s----c.,c, 

4411111 

INVERT 

Extent of repair determined by 
sounding 

Q(esy No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

re16) No 

Where required edges of 
repair cut at 45 degrees 

Kei/ No 

Repair area clean it / No 
No water egress through 
repair area 

e?! No 

New uPVC cut to correct size 
and fitted 

(-e-- No 

-'si "T's" in place, if required Yes / ..,3 f\. CX.<_,&k,cD ,<-1) Q0--k- k 
Formwork and proping in 

place 
,es/ No 

Encasement grout or epoxy 
pumped into repair 

Ces,/ No _ 

Qk_KA-c.k(` C2g0aV7-. 

Repair completed satisfacto 

Eroc / Obayashi: Brisbane Water: ,_>(-e/Y 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 326 of 542



00.4YASHI 

Ottayasns Con:meat= 
Ircerporated Japan 
AP 8N 002 932 756 

ASN 68 067 084 708 

Attachment 

Joint Venture 

Procedure 25321M1\066 -.Repair to debonded uPVC material Title: 
Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

EROC 
Erce Pty Lire:tot 

ASN 88 087 osa 708 

Date: 2ilfiv 

Mark location and repatr dimens:cns on mao below 

Liner Number: ..A,cr 

- --- - - t ., 041-1.00Atc-2::7-,.-c-: 
E-:cent of repair determined zy I z ) No ' 

-3ndind . 

...,--70 material cut out and ,217' e. 0-..... 

.unsound grout removed 
',ihere required edges 
encasement grout cut at 45 
degrees 

e No 

Repair area clean e '' No 
No water egress through 
repair area 

es No 

New uPVC cut to correct size 
and fitted 

e&Y No 

IMEICHISIMENta 
es No 

,, QC.. C- "T's" in place 
Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair -2- 

em/ No 
CT,'C'Ck_L,, - 

. 

a_ 
Repair completed satisfac 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksneet:Rel 2 Uncontrolled Copy Page 1 
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Obayisn: CorooratIcn 
inc=rporatect o Japan 
AP8N 002 932 756 

ABN 68 067 084 708 

Attachment 

Joint Venture 

(41) 
EROC 
Etc Pty Limited 

A/3N 88 087 OM 708 

Procedure 
Title: 

2532\N/11\066 - .Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 2.cfl1c ,4 
Liner Number: ,V1# 

Mark location and repair dimens:cr.s on man below 

tlN -S 

of r-3cair deterrnined :v 
sounding 
..7-' 'C materiai cut out and a.m ',ere. Nc 
,:nsc'und grout removed 
Ai'inere required edges 

, esY No 
'encasement grout cut at 45 
degrees 
Reoair area clean e,-)/ No 
No water egress through 
repair area 

.-- 
es 

, 
V No, 

New uPVC cut to correct size 
and fitted 

es)/ No 

"T's" in place Yes, Jo NA (WIC" 0 r) ' 
Formwork and proping in 
place 

e No I 
../ 

t 
Encasement grout or epoxy 
pumped into repair -2,- 

es, No 
-(,VOQ_V--(QetcQ_, 

Repair completed satisfactorily 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc. Repair Checksheet: Rea 2 - Uncontrolled Copy 
t 
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MMVAMit 

Obrlasr. Ccrocfal,x, 
ncorectatet Jar)an 
AfiEN 002.932 756 

Attachment 

Joint Venture Evx 1.gmtE4) 
iSti c67 ;164 CS 

Procedure 
Title: 

2532%41\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair 'Status: Approved 
Title: Checksheet 
Category: Mining ?Revision: 3 
Location: S1 Sewer Tunnel :Project: 2532 

Date: 22/0212001 

Date: , Liner Number: 

' Mark location 
(INVERT 

ICROWN 

and repair dimensions on map below 

INVERT 

' ,:,> -... 
j(Yet, ',/ No 
\---. -"" 

Comments 
Extent of repair determined by 

- sounding - \,,.;.,,,c,:.\;,, 
, , 

vE,i(-0 
,k 

uPVC material cut out and an 
unsound grout / concrete is 
removed 

1es-\/ No 

(le's / No Where required edges of 
repair cut at 45 degrees 
'Repair area clean eS7 No ... 
1No water egress through 
repair area 

es,/ No 

New uPVC cut to correct size 
and fitted 

(7e67 No 
......_,-, 

i . 

"T's" in place, if required Yes KNo j,,C..1 t C- \Cc-0 
-, 

'Kj,'',. , -:, 
., 

..- -(.,\,-^\ 
Formwork and proping in 
place 

eS- 1 No 
r ....-. 

Encasement grout or epoxy 
pumped into repair 

'YeS / No 
-....., . () 

(- VCW.' -'...C-.,,i)( k., 

Repair completed satisfactoril,1/2: 

7 
Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Mater Repair Checksheet: Rev 3 - Uncontrolled Copy Page 1 
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Oaii COTC,ir.C.r 
Jaaza 

*iem 0.02 132 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Etat Pty Linto0 

AIN 88 C87' 08-4 r:.13 

Procedure 2512\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checkshee! 
Category: Mining Revision: 2 11c,\0 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 

' Mar'; iccatton arc repair dimens:cr.s on map beiow 

Liner Number: 

C.. ( t r 
i 

I 

i 
: 

. 

i i 

CortIrriprgS 
1'x:en: :of rei-;:r delermined 1-.1 

S C:UnC:ng 
Yes ::-.- (-: \ \ ) .e7'-'1.;-.-1, , '' \ ',:s.): . "'k 1 .-1-1..:''C '''>i: 1,,,,) 

,) 

- - : C 7-a:e,na, :::.;', out and am. 
ursound grout removed 

kYFA . k. 7, ,_... 
- 

Where required edges 
encasement grout cut at 45 
degrees 

(eS !No 

Repair area clean 'es/ No 
No water egress through 
repair area 

(YeS./ NIO 

New uPVC cut to correct size 
and fitted 

f\yeS'i No 

"T's" in place Yes .No !.221,,i:\ 

Formwork and proping in 
place 

:'Ye % / No 

Encasement grout or epoxy 
pumped into repair 

Yes No 
' -- (--- 

\tz(..\ v i ..., c):-1, 
, 1 

Repair completed satisfactonly, 
.... 

Eroc / Obayashi: k, Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksheet: Re/ 2 Uncontrolled Copy Page 1 

2001/12/04 
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Attachment 

OBAYASH1 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532%41\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 4 

Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 2_4-11'0 Liner Number: 1-9(_-* 

Mark location and repair dimensions on map below 

INVERT 
1--= I+ S 

CROWN Illpoo. 41111T 

INVERT k---. ipcDp ------A 

ortirnent, 
Extent of repair determined by 
sounding 

TeI'k/ No 

uPVC material cut out and any 
unsound grout / concrete is 

removed 

Kes/ No 
_ 

Where required edges of 
repair cut at 45 degrees 

M./ No 

Repair area clean ,_:'.1 No 
No water egress through 
repair area 

i(es.j/ No 

New uPVC cut to correct size 
and fitted 

.'g;)/ No 

"T's" in place, if required Yes `)-IPC" k.,\AJ --LD '-dr\ , 

Formwork and proping in 

place 
O''',/ No 

Encasement grout or epoxy 
pumped into repair .. 

es'/ No (-, . 

tsr-L\-- ..CQ-03---Q-- 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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OBAYASIII 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532\MI\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date:_lkkLc__ Pig 

* Mark location and repair dimensions on map below 

Liner Number: A96* 

INVERT 

CROWN 0 4 0 

INVERT ,-F-c-, 

Comments 
Extent of repair determined by 
sounding 

/ No 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

regj No 

Where required edges of 
repair cut at 45 degrees 

(66'.1 No 

Repair area clean (a/ No 
No water egress through 
repair area 

rop No 

New uPVC cut to correct size 
and fitted 

',/ No 

"T's" in place, if required Yes /El'a 4v0\ e..W_Ck()Ic") Q0_,Q) Pc4e1N 
Formwork and proping in 
place 

(65)/ No 

Encasement grout or epoxy 
pumped into repair 

/ No 
ctco(A 2--Qvcct_g_ 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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At> 

OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 4 

Location: Si Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 7 I' Liner Number: 

* Mark location and repair dimensions on map below 
INVERT 

tQFPS 

CROWN 

INVERT / goc- ------A 
afirrients 

Extent of repair determined by 16:?,/ 
sounding 

No 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

,(E;/ No 

Where required edges of 
repair cut at 45 degrees 

/ No 

Repair area clean t/ No 
No water egress through 

( 
repair area 

es-7 No 

New uPVC cut to correct size 
and fitted 

& No 

"T's" in place, if required Yes ItN__O; ,3 A- Coo_Ack p N-__t_ YC9-1 dC\ 
Formwork and proping in 

place 
e No 

Encasement grout or epoxy 
pumped into repair 

teS2,/ No c., 
LACC)_+ 

Repair completed satisfactoril 

Eroc / Obayashi: Brisbane Water: .-')/k./()/ (01 

Mining - Section - uPVC Major Repair Checksheet: Rev 4 - Uncontrolled Copy Page 1 
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08AVASHI 

00ayasto Corooratten 
locoroorated J30 .3n 

ARBN 002 932 7S6 

Attachment 

Joint Venture 
EROC 
Floe Pr/ Hosea 

ABN 68 061 084 708 

A8N 68 067 084 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532 \Ml \066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Draft 
Checksheet 
Mining Revision: 2 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: Liner Number: gc/g 
' Mark iocanon and repair dimens;cns on ma° below 

_1-- f-1,5 

:riNvEen- 

Adc. ---A 
'-,Ex:nnt of repair determined es). 
.sounding 

material cut out and e.:-.v 

.unsound grout removed 
Where required edges 

\ 

lies%! Nc 
encasement grout cut at 45 

r.---- 

degrees 
Repair area clean No: 
No water egress through 
repair area 

4'..-\' 

6-.' No. 

New uPVC cut to correct size 
and fitted 

es 'I No 

"T's" in place Yes No KJ cx/21k J\P-- (1.-44 
Formwork and proping in 
place 

No No 

Encasement grout or epoxy 
pumped into repair ---. 

es,/ No ,e- 

--403--k- aQLe_ 
Repair completed satisfac 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksheet: Re%7 2 Uncontrolled Copy 
% 
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Attachment 

OBANASHI 

Obar2Shi COM.:4B`20+. 
Inconoorzed it Japan 
ARBN 002 932 756 

Joint Venture 
EROC 
Eroc Pty Limed 

AV,: 88 067 084 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321M1\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: R ,4 
Liner Number: 25a2-).2)C9- StSe A r_ 

* Mark location and repair dimensions on map below 
INVERT 

- 

CROWN 

- 
-)'ql 7. ST-r-i 

- ll; 

, 1 

,k, , - i 
-I, )1' , 

LL 
F..-,<._-_- 

INVERT ---------- . 
..:...... -, Ar" // 4 6 rr'') 

Comments 
Extent of repair determined by 
sounding - \E,:.±..:Rts 

(YeSS2/ No 4=3k.3clfilic.2, c(10P,Ac ou--k-. 

uPVC material cut out and anyr:yes2/ 
unsound grout I concrete is 
removed 

4,, 
No 

Where required edges of es;/ No 
repair cut at 45 degrees 
Repair area clean TOTS/ No 
No water egress through 'Yes;:/ No 
repair area 
New uPVC cut to correct size (yeS / No 
and fitted , 
"T's" in place, if required yes /(N o ; 1,1\ vr\ :c.c. ri cs ,,,-,) Q. j:z.) 
Formwork and proping in es7 No 
place 
Encasement grout or epoxy cys',! No 
pumped into repair 

_ 
("\ 

VCOCT 
., 

CU-A(-2,, 

Repair completed satisfactorily: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Uncontrolled Copy Page 1 
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fASHi 

Attachment 

COayesn. Corporation 
incorporated in Jaosn 
ASSN 002 932 755 

Joint Venture Pty Limed 
ASN 69067 034 706 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532%11\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: /7 /C., Liner Number: 

Mark location and repair dimensions on map below 
INVERT 'T f . 

t. H z.:::>113.E. - 1?-6:- - \ 
CROWN 

\ . 

\./ 
\ \/ / I 

i 

0 
'' 

INVERT 
/ 

'4;! I, 

Comments 
Extent of repair determined by Y No 
sounding 

4 -ii-a4,;.;-...._ 

uPVC material cut out and any\ 
unsound grout / concrete is 

removed 

YeSsY No 

,,,.----- 
-Yes. / No Where required edges of (: 

repair cut at 45 degrees 
Repair area clean (Yes;;/ No 
No water egress through ?''-e:kS',./ No 

,._.........-- 
repair area 
New uPVC cut to correct size (Yes/ No __- 
and fitted 

'1- "T's" in place, if required Yes, 4S16' crecv:te . N- 
s,,:::: (ck, Jr 

. 

Formwork and proping in WO 
c. 

place 
Encasement grout or epoxy 
pumped into repair 

(Ye4)/ No 

C.._'''Y' tC --).(1tX A,%,_(,.. _ _ ,..Cs c! .,.. 

Repair completed satisfqgtoiiy-2,-,1 /7( 
Ercc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Criecksheet: Rev 3 - Uncontrolled Copy Page 1 

2001/12/04 
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A+, 

OBAYASHI 

Attachment 

Otayashi Coracraten 
Incorporated n Japan 
AREN 002 932 7E-6 

Joint Venture 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approvep 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: ?--epcx1.-2. Liner Number :Do 
" Mark location and repair dimensions on map below 

EROC 
Sroc Pry Limited 

ABN 66 067 094 708 

INVERT ---------- 
: EAU 

1 
fl; .2-/// i @MOM 3-8-rr' 1 31 t0 

/ ?-1 st.:.ti C, 
I .-c-4.6-1 e)-4-4, 0 INVERT -1.. 6. O. 

....... 

Comments 
Extent of repair determined by 
sounding -- \E_Ni,,,e_ 

((eS1) No 

\Ye;,y No 

ca.-),,..,,Q,,,-2;L ci--,-,' vv,i),Q,<,. c2A;,-\- 

uPVC material cut out and any 
unsound grout / concrete is 
removed 
Where required edges of 
repair cut at 45 degrees 

-'es; No 

Repair area clean es No 
No water egress through 
repair area 

et/ No 

New uPVC cut to correct size 
and fitted 

s.) No 

"T's" in place, if required Yes /0)14 ki- ( is,es--kkp ("12 71..1-6--1,(1 Formwork and proping in 
place 

es No 

Encasement grout or epoxy 
pumped into repair , 

Yes) No 

ekaaxc P.eDetiv_ 

Repair completed sa,isfactprily: 

Eroc / Obayashi: 
I 41.1-.5.711 

r . 

Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Uncontrolled Copy Page 1 
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OrAyWUCCPTWW.W 
V`C.1,,,Jf wed 

CO2 selHN 932 Ti 

ABN 68 067 084 708 

Attachment 

Joint Venture 
EROC 
Eros Ry Lirebd 

ALIN 68 057 984 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321M1\066 - Repair to debonded uPVC material 

uPVC Major Repair 
Checksheet 
Mining 
S1 Sewer Tunnel 

Status: Draft 

Revision: 
Project: 
Date: 

2 
2532 
22/02/2001 

-7 110 

Date: 

' Ma:"< iocation and repair dimensions on map below 

Liner Number: 

,:fr 
77'.=.---;., .: 
,....__-, 

. 

coromos. 
C.--1.) ;.."<-.',. '- .,-?-:1 'T.- '---,'!::, 66,,,,,..- 

. 

-:::c:.nt of r=.d=:r datorminen : 
sounding. 

rratera: :ut out and an. 

ursouna grout removed 
.__"es__, 

... 

-, 

Where required edges 
encasement grout cut at 45 
decrees 

ess,/ No -/ 

Repair area clean es/ No ...._, 

No water egress through 
repair area 

es'/ No 
,.... 

New uPVC cut to correct size (Yes`/ 
and fitted 

No 
..__, 

"T's" in place Yes t/NO 
-/-- 

,,'\;WNI bk:GACC) k--1,' '6-1-CK 
Formwork and proping in 
place 

. 

YeS7 No 
\,...__- 

> 

- 

Encasement grout or epoxy 
pumped into repair 

Yesi No / ,, e. 

k,, -":4;2.,.(..A. xu...e..:,:-.. . - 

Repair completed satisfactorily-:-) 

(2riA'/`(,. 
Eroc Obayashi: Brisbane Water: 1/t.i/Y aikirt 

Mining - Section uPVC Majoc Repair Checksheet: Rel 2 - Uncontrolled Copy Page 1 
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OBAVASHI 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major. Repair. Status: Approved 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 31 

* Mark location and re airdimension.s_on map below 

Liner Number: 3T2 
P. ec,ck. 

INVERT- -7 - --- 
1 

--.-.. 

CROWN 
I 

_ --I I 1 

rA-7...$6- S.I L'2 

' 

1 

..... - - - 

) c,.. c: l ___.. - 
.."' .--- c k- ,-, cl ": .\ 4- .... .,./ ..)Th,> 

INVERT 5" S 0.\--0,-.Q,A 

Comments 
Extent of repair determined by 
sounding 

0/ No si / Q (') V C__ t \ h.r<13 1/4"-- -ts,._ Lr-e_c.,,..c 

lkt,,-. . 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

ra No 

Where required edges of 
repair cut at 45 degrees 

CD/ No SS ,c.\-Lk..- -C23 itar:O... 

Repair area clean No 
No water egress through 
repair area 

18/ 
/ No 

New uPVC cut to correct size 
and fitted 

cp, No 

"T's" in place, if required Yes /60 NI \A 0 e4C- c.,,z-Q-c-VxAcy-QA 
Formwork and proping in 
place 

je / No 

Encasement grout or epoxy 
umped into repair 

CO/ No Eels (--,-- 

Repair completed s acto 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheel: Rev 2 - Uncontrolled Copy Page 1 
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Lhj 

Obayashi Corporation 
Incorporated in Japan 
ARBN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 2532W1\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: `3(31e\ 

* Mark location and repair dimensions on map below 

Liner Number: 32_2. 

i r i - - - I 

_._t 
INVERT -7 

CROWN -----) I 

I. .7 -, 
,_),... 

r 
...i 

k.. , .. \,..(--.),,\, 
........,,,,y, 

- -- -- 
,-.) 

INVERT \ 0 s c-\r`Q) ) 
I 

- Comments 
Extent of repair determined by 
sounding 

No No %rk- \ ,:,e4(._ tw.:3, \-- .---Q.- 

ctcr-g2..14- ..._4..,-e...-4,_ s 0 f-A.J..),_. 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

424/ No 

Where required edges of 
repair cut at 45 degrees 

0 No Mae_ N<szLi -,) (-0.114;L.s:\ 

Repair area clean '/ No 
No water egress through 
repair area 

tom/ No 

New uPVC cut to correct size 
and fitted 

60/ No 

"T's" in place, if required Yes /63 N4' (c\firtZCK 0 SIC- 0 ZkANeek_ck 
Formwork and proping in 

place 
G/ No 

Encasement grout or epoxy 
pumped into repair 

@ / No YE) %(-0,3\c- 

Repair completed s ily: 

Eroc / Obayashi: Brisbane Water: (1,,ZY 

Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 
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OBAYASHI 

Obayashi Corporation 
Incorporated in Japan 
ABN 002 932 756 

Attachment 

Joint Venture 

EROC 
Eroc Pty Limited 

ABN 68 067 084 708 

Procedure 
Title: 

2532W1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 

Title: Checksheet 
Category: Mining Revision: 2 

Location: S1 Sewer Tunnel Project: 2532 
Date: 22/02/2001 

Date: 31 Z1 CA 

* Mark location and repair dimensions on map below 

Liner Number: 322 

INVERT- _i 
I 

, - i 1 - 

! 

CROWN i 

i 
..... _ 

, ... ... . 
- - _ - I 1 

/ '7 4 . C '-., '',---A _ 

INVERT 
7 5 

-3 I 

.P.-OL4 

Comments 

Extent of repair determined by 

sounding 
0, No SOc f o flc-- tv,:1%- :-.).._. c:,1c.0 

._-k.r- SO t-----t-' 
uPVC material cut out and any 
unsound grout / concrete is 

removed 

a No 

Where required edges of 

repair cut at 45 degrees 
9 / No .5:s . if, c\--(_,V..._ \-- k..s v-\ i \--c.,),1\5..A_ 

Repair area clean / No 

No water egress through 
repair area 

C...9/ No 

New uPVC cut to correct size 
and fitted 

E:)/ No 

"T's" in place, it required Yes /C) e, No 
f`i IA- d rfc_ (-1-`---Acx-ers& 

Formwork and proping in 

place 
Encasement grout or epoxy 
pumped into repair 

&/ No ffe, cc.c. j\- 

Repair completed sa 

Eroc / Obayashi: Brisbane Water: ,7K-t)/ 4e, 
Mining - Section - uPVC Major Repair Checksheet: Rev 2 - Uncontrolled Copy Page 1 
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013AYAStit 

Ct,ayaull Corp.:waiter 
,ecc,peratpd .TI 

Ail AN DO2 932 716 

ASH 68 067 084 708 

Attachment 

Joint Venture 

lid 

EROC 
Eroc Pty Lirirad 

ASN 88 087 0184 748 

Procedure 2532\MI\C6 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Draft 
Title: Checksheet SprA:ace- -1-F-5c'e--0 
Category: Mining Revision: 2 7 \10\ 0 Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date. 

Mark iocation and .-epair dimens;cns on map beic..v 

LJ 

Liner Number: -1-1,4 ttc 

1 1 

L 

,_ 

CompiAti.t' . 

rep,a;r.ci-T:termne-:c :., 
so,inang 

Yes 
-______, ..: 

...2::0 ma:Pna zut ou: and :.: 

unsound grout removed - 

(es,) ' : .,....,.. 
- , ... : 

Where required edges 
encasement grout cut at 45 
degrees 

,yes 'I No 

Repair area dean 'Ye8.1 No ,.., . 

No water egress through 
repair area 

'YeS,/ No 
,,.... 

New uPVC cut to correct size 
and fitted 

YeSI No 
,........ 

"T's" in place Yes (No ..pp- c..;::::-1,c,:.) 1,:..);,....;, i....o-c..v),,,:, 
Formwork and proping in 
place 

(Yes./ No -- 
Encasement grout or epoxy 
pumped into repair 

yes / No K. . .. '''',i L. 

\ - 

Repair completed satisfactofily;,, 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksheet:Re.i 2 Uncontrolled Copy Page 1 
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1,- 

4 

003Y11n. CO,MCIdiUen 
irCV./90i3t4i,c1,0 

914 CO2 g32 75O 

A8N 68 067 084 703 

Attachment 

Joint Venture 
EROC 
&cc Pty Uttabz4 

REIN 88067064 705 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\M1\066 - Repair to debonded uPVC material 

uPVC Major Repair 
Checkshest 
Mining 
SI Sewer Tunnel 

Status: Draft 

Revision: 
Project: 
Date: 

f_xa,pwz-k- 5ct ç) 
2 
2532 
22/02./2001 

Date: Liner Number: 

ar'.< icca:;en and repair dimens.crs on mao below 

::i.:...nt of r.=Inair deierminec :" 
soundmg 

'Yes'. i'..: c.,:'oi.g.) 

_..... ,,, 0 !.,3,,,i, a . ...,,',. CU: am..., :. , 

unsound grout removed 
Where required edges 
encasement grout cut at 45 
degrees 

Yesy No 

Repair area clean N'(.. es" No 
No water egress through 
repair area 

'14'es'i, No 

New uPVC cut to correct sizo size 
and fitted 

Yes / No 

... 

Is in place ft .,,.._Yes A1-.\ ,,!-\(, tX1,-1 ,'") ,(.:4. 

Formwork and proping in Yés,1 No 
\_...._-, 

place 
Encasement grout or epoxy 
pumped into repair 

-{yes)/ No 7--. 
1 

,--\ - 

Repair completed satisfactority;_ 

Eroc / Obayashi: Brisbane Water:/" 
Mining - Section - uPVC Major. Repair Checksileet: Rol 2 - Uncontrolled Copy Page 1 
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Attachment 

Opayashi C:wpotation 
incorPcgated in Japan 
AHEM 002 932 

Joint Venture 
EROC 
Eroc Ply Untted 

ABM 68 067 na4 708 

Procedure 
Title: 

2532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: ,-Z1(-1 

Mark location 
'INVERT 

41 9, 

and repair dimensions on map below 

Liner Number: (_-4.) 

;INVERT 

- t 
-4= ev...-4-,-/ 

Comments 
Extent of repair determined by 
sounding 

Ybsi No 
,......,,,, 

A ''isc3..:..:\:44:. --k_.,,:c,,,,,,,,(1 . 

uFVC material cut out and any 
unsound grout / concrete is 
removed 

e's./ No 

..-7-",7\ 

es I No 
.. 

Where required edges of 

, 
repair cut at 45 degrees 
Repair area clean - 1 No 
No water egress through 
repair area 

es,/ No 
...,.. 

New uPVC cut to correct size 
and fitted 

res1 No 
' 
/ 

.... . 

"T's" in place; if required Yes (,No'. t . rk: i: Ci , ' 

Formwork and proping in 
place 

SP6VNo. 

Encasement grout or epoxy Ves7 No 
pumped into repair 

r 

k-,'''A QC?' )...,k-k 

Repair completed satisfa 
i/ 
(( "- Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet. Rev 3 - Uncontrolled Copy Page 1 
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0114-W4SIii 

obayavli 
in,:mporated 4'1 JaP4r, 
4.N 002 932 756 

Attachment 

Joint Venture 
EROC 
Ecoc is."4 L7nIes1 

ABN 68 06? 084 708 

Procedure 
Title: 

2532W1\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: !--/P 41P, Liner Number: 

' Mark location and repair dimensions on map below 
INVERT .-.--- / ,.2..n--) -----. i 

CROWN I -,,,n 

I 

t ---1 
1 . 

,........, 

.,..7, 

'`'" 

' 

I 

. 

INVERT 
I ...I- 
I. 

.. ...L.. 1 Comments . . 

Extent of repair determined by ,Yes7 Not4-:-ig, 
sounding 

V.v.,.,.. 
Ns., A 

uPVC material cut out and any AleS7, No 
unsound grout / concrete is '`---- 
removed 
Where required edges of 
repair cut at 45 degrees 

Yes." No 
.,. 

Repair area clean es:/ No 
No water egress through 
;repair area 

11:Yes / No 

f\l-tc;s'Y No 
....., 

New uPVC cut to correct size 
and fitted 

in place, if required 
'FF:Ir.mwork 

Ys No : rt--:: ,..3:"-) ):',.ki- ' t.,,, '','-, 

and proping in 
Iplace 

\ftes/ No 
. 

..-..._.............:. 

Encasement grout or epoxy 
pumped into repair 

lYe.1 / No , 
, ..,:, , 
Q,.!;A ...:\ 

Repair completed satisfactr:.. 
f , 

Eroc / Obayashi: , Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Unconirolleci Copy Pacia 
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OMAY&SHI 

Attachment 

EROC Mayasils Corroolaisul 
%-co,vorsted .n Japar 
AC:BJ.4 002 937 75.6 

ABN 68 067 084 708 

Joint Venture ece Pty Limited 
ABN 68 067 CV Ma 

Procedure 
Title: 

2532\MI\066 -.Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/0212001 

Date: :Z>a) 4tA6 

:0C3i;On and repair dimenp:cns on mac> oelow 

Liner Number: :-S:17:1, 

cent of rece,r i,jeterrninec No 

mzI:eriai out out and e-y: 
....:-isouno grout ri::..rnove.cl 

N-.:. 

; s) No. nere required edges 
encasement grout cut at 45 
degrees 
Reoair area cioan ---S-Y No 
No water egress through 
repair area 

Ves)/ No 

New uPVC cut to correct size 
and fitted 

fje.)/ No 

"T's" in place Yes 2; A- CkAsA0,..p K1 - C -3.--AC-11\ 
Formwork and proping in 
place 

tle-g/ No 

icre-s, / No 
i,,,) 

Encasement grout or epoxy 
pumped into repair --:'... 

Repair completed satisfactorily: 

,r- 
Eroc / Obayashi: . (97/ / 

Brisbane Water: 

Mining - Section - uPVC Maim Repair Checksiieer'Rel 2 - Uncontrolled Copy Page 1 
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Otayasni Catecmucr, 
irccoorated .11 Japan 
AREIN 002 332 750 

ABN 68 067 084 708 

Attachment 

Joint Venture EROC 
Eros Pty Litetad 

ABN 88 037 084 708 

ProcedUre 
Title: 

2532\M11066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft Title: Checksheet 
Category: Mining Revision: 2 Location: S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: cc_LA4___ 
_ - 

Mark location and repair dimens;cns on mao below 

Liner Number: :::3?-a* 

S 

.-.ConwrehtS-,=z 
:<:ent of recar determined :-...f. ..,:s No 

sounding 
, 

..77C materiai cut out and a...-, Nc 
unsound grout removed 
T,ihere required edges (es) No . 

encasement grout cut at 45 
dedrees 
Repair area clean es)/ No 
No water egress through 
repair area 

.es / No 

New uPVC cut to correct size 
and fitted 

&I No 

-. 
" T's" in place Yes N...., A (I I-) trN -,.0,A , .9 Qc_tA-th 
Formwork and proping in '6\Y No , place 
Encasement grout or epoxy 

- 

-rCee's / NoT 
QL.-/ pumped into repair - a'0.)\-- V-Q_Wf_ 

Repair completed satisfa . It,: .ttaft-i. 

. aV\ Eroc / Obayashi: BriSbane Water: 

Mining Section - uPVC Majoc Repair Checksheet: Re/ 2 - Uncontrolled Copy Page 1 
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Attachment 

08.4YASHI 

OC,Iy23fIt COrOC21.-X, 
Sncivontaigq n ja..1j, 
AR B.nt 0.02 932 750 

ABN 68 067 084 703 

Procedure 
Title: 

EROC Joint Venture Ercc Pty tirmtet1 
ABN 823 tr? 08>t 708 

25321M1\068 -.Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet 
Category: Mining Revision: 2 
Location: S i Sewer Tunnel Project: 2532 

Date: 22/0212001 

Marx locran and repair dimens:cns on mao below 

Liner Number: 

o reca:r determined-7 'i . 

\ . 

C.1 C4 

mate ".a cut out and 
ur-sound grout removed 

r r 

-16 "+r. 

.rcasement grout cut at 45 
degrees 
Recair area clean des:. No 
No water egress through 
irepair area ' 

6,-/ No 

New uPVC cut to correct size 
and fitted 

... 

;Yep / No 

l"T's" in place Yes / IsiO ),..:)1P-N' C. Ac, l'''-..x.:2', '(4,' '-: , 'Formwork and proping in 
place 

Ves:// No 

!Encasement grout or epoxy 
i 

-;`, ,pumped into repair -. (lie's / Nor-, ___, 
,s.,4 2 

- 

:cc 
(-1 

k. I'L L. ,.._ 

Repair completed satisfactorily: 

Eroc / Obayashi: 

Mining - Section - uPVC Major Repair Checksheet: Re; 2 Uncontrolled Copy ' 

h-(? Brisbane Water: is/ 

Page 1 

2001/12/04 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 348 of 542



rtk, 

OBAYASNI 

ObiyaShl 
4-4Croor2100:1, =an 
A.ABN OC2 q3:1 

ABN 68 067 084 703 

Attachment 

Joint Venture 
EROC 
Eroc Pty Limited 

AE N6 037 084 7138 

Procedure 
Title: 

9532\MI\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Draft 
Title: Checksheet ,_5(),:vzv_ ir-_,-Ik7 
Category: Mining Revision: 2 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Da:- Liner Number: 

Mark iocatiOn and repair dimensions on ma b below 

C.; 

- Cororrie:hfS 
I 

r-:cent.cf reC'e:r determined 7..." Yes '- 
scund!nc -1 

<2,,-,-, :-_,r l' -G,::. 

rrateria! .:ut out and .:.- 

'....nsound grout removed 
- 

Where required edges 
encasement grout cut at 45 
degrees 

1 Ye.S\i Nc 

Repair area ciean i ''es7 No 
No water egress through 
repair area 

Yes i No 

New uPVC cut to correct size 
and fitted 

es) No 

"T's" in place Yes (1, No \\\\ 2 ,;;-_, .,J\ c 'tt- \, 
Formwork and proping in 
place 

"Ye;/ No 

Encasement grout or epoxy 
pumped into repair 

s / No -._._ ,----, 
, \ 

Repair completed satisfactorily 

Eroc / Obayashi: Brisbane Water: 

Mining Section - uPVC Maio c Repair Checksneet: Re,:i 2 Uncontrolled Copy Page 1 
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A. Attachment 

OBAYASH I 

Oba).11i Ccrpora:tsn 
inc.cip,ulaivi .4% Jar,nr, 
MIEN CO2 932 756 

Joint Venture 
EROC 
Er.) : Pty Lcived 

ABN 68 067 C84 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532 \Ml\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 11-k. Liner Number: 

' Mark location and repair dimensions on map below 
INVERT 

. 
4 

INVERT 

Comments 
Extent of repair determined by 'Yes'i No 'A, ' --,,,v--- - 
sounding 

Vc. vv\r.kii,G; N%.\.,' --illt2. 

uPVC material cut out and any. ?eS'l No 
k........ ,/ unsound grout / concrete is 

removed , 

Where required edges of (Yes I No 
L..... 

repair cut at 45 degrees 
Repair area clean , es,/ No 
No water egress through 
repair area 

es / No 

New uPVC cut to correct size 
and fitted i 

es,/ No 

A 
"T's" in place, if required Yes 4 No C ')C).(\a D .. ',Ast..) 
Formwork and proping in 

place 
es I No 

... ... 

Encasement grout or epoxy 
pumped into repair : 

esi No 

Repair completed satisfactorily:. 

Eroc / Obayashi: Brisbane Water: 

Mining Section - uPVC Maidr Repair Checksheet: Rev 3 Uncontrolled Cost Page 1 

2001/12/04 
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ORAYASiit 

Ctayatnt Corocranct, 
ircwoorated .130311 
AP 8N 002 932 7 56 

ABN 68 067 084 708 

Attachment 

Joint Venture 
Eroc Pty Lirrited 

ABN 88 037 084 708 

Procedure 2532\MI\06-6 - Repair to debonded uPVC material Title: 
Attachment uPVC Major Repair 
Title: Checksheet 
Category: Mining 
Location: Si Sewer Tunnel 

Date: 17(vo ft/Q 

Status: Draft 

Revision: 2 
Project: 2532 
Date: 22/02/2001 

Mark iocat,on and repair dimenscns on map below 

Liner Number: 7721)=:. 

ff -5 

C.) 

E..--:cent of repair determined :v Cile? No 
.sounding , 

.....,--VC material cut out and F..-; e'S)- No 
unsound grout removed 

:Y There required edges s . , 

.encasement grout cut at 45 
degrees 
Repair area clean es)/ No 
No water egress through 
repair area 

es / No, 

New uPVC cut to correct size 
and fitted 

es / No 

"T's" in place Y-s f o i 1__ .61 , 1QQ.t,.,:) 1/4901kk 
Formwork and proping in 
place 

rest No 

Encasement grout or epoxy 
pumped into repair -2-- 

e 

-0_,_,k-- 

Repair completed satisfact 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Majoc Repair Checksneet:Re.7 2 Uncontrolled Copy Page 1 
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Attachment 

RAYAS i 

ODayoshi Cvpwabcn 
incemamed in JaDall 
ARBN 0.32 932 798 

Joint Venture 
EIROC 
.Erex Prf 

;41146131%.:0.54706 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

25321MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: /-11 Liner Number: 

' Mark location and repair dimensions on map below 
INVERT 

CROWN 

i 110 
r 411rt-Ad, 

Si I 

INVERT 

Comments 
Extent (..)1 repair determined by 
sounding 

;,,";,,-,.._ ye's No4-:,.:;;<; 

uPVC material cut out and a'ny ''fes /No ,...-- unsound grout / concrete is 
_. 

removed ,..:, 
Where required edges of .: Yes 1. No 
repair cut at 45 degrees 

--- ., 

Repair area clean Yis/ No 
No water egress through i re''S'i No 
repair area ,....... ..,,, 

New uPVC cut to correct size .Yes Y No 
and fitted 

-_,. 
-._. , ,. 

"T's" in place, if required YWLV.0* -.1.1.- ( . . ,.(-V) - N. ,.,. 
f. 

'4.'0's:- 
. ' 

Formwork and proping in No ....,,.. 

place 

\ 

Encasement grout or epoxy es/:.No 
pumped into repair 

( 
, 

,.: 'rri .-, 

.: . 

Repair completed satisfactorily::: 

Eroc / Obayashi: Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - liincontrol:ecl Copy Page 1 
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Attachment 

OBAYAS i 

EROC 
CA,ayalhi Cerponnion 
IP-cony:rat e.e. 41 Japan 
ARS:: 002 932 756 

Joint Venture Era: Ply Lirted 
ABU Ea CR37 0.54 70E 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\Ml\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: /-t/c) 1-4 Liner Number: 

Mark location and repair dimensions on map below 
INVERT 

----I X 

CROWN ',, I 

"; 

iNVERT 

..." 

k;-- 
...-1...1 ....d, 

. 

r.... -1 
Comments 

Extent of repair determined by 
sounding 

Nies- st No 
___.,--- 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

es /;No 
,-,......-,1 

. 

Where required edges of 
repair cut at 45 degrees 

Yes riNo 

Repair area clean tYes)/ No 
No water egress through 
repair area 

lies'Y No 
\---; 
ikieSy No 

......- 

">--,, 
Y_es /,'," No, .' 

Yes/ No 
; U jos: t 1?,;:jtk...D , s ./k(V\ . 

New uPVC cut to correct size 
and fitted 
"rs" in place, if required 
Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair 

IY`e0 N ,---, 
\.1___...2 \!Jf 

Repair completed satisfactorttr.- 
/I'. r, 

v 
Eroc Obayashi: Brisbane Water: 

Mining 7 Section uPVC Major Repair Checksheet. Rev 3- Uncontrolled Copy Page 1 
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it 

Attachment 
Ar,egrtz. 

OISAVASHI 

EROC 
Obayas"ni Cormrati7n; 
inc,xporateU in Japan 
AF- 0,i2 S.32 7E6 

Joint Venture Ply Lirnted 
7-67766 C67064 708 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI\066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: 0,7 4tZ Liner Number: 

Mark location and repair dimensions on map below 
;INVERT 
i 7 
A_ 

iWOWDst., 
-. 

s'N--, 

i 

1------ 
1 

!INVRT 
'"-,-, II, 

Comments /e)/ N '?V,.2._. Vf:4, ---vq\'20 ,...('N 1--].\.-c-c4z, 
Extent of repair determined by 

.......- sounding 
uPVC material cut out and any 
unsound grout / concrete is 
removed 

YeS'.% No 

,,,,, 
Where required edges of 
repair cut at 45 degrees 

ty.29 No 
,...,.,. 

'Repair area clean Yes),/ No --;-- 
No water egress through 
repair area 

)/ E.:,$),/ No 

New uPVC cut to correct size 
and fitted 

esJ No 

"T's" in place, if required YQS IN 
-\\ --- --' si No 

Cky, cl () 
. A 

) C.. 

Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair 

es) No 

'.?, *DI3.. c241i.ii< 
Repair completed satisfactoritr\. 

inyre.:1 
Eroc / Obayashi: t\.' Brisbane Water: X.,g,V 4/6)--0`t/' 

Mining - Section - uPVC Major Repair Checksheet Rev 3 Uncontrolled Copy Rage I 
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O8AY4SHI 

Attachment 

Carporat!c_, 
Lxrra zn../Epar. 
ARSN 002 932 7.56 

Joint Venture Ert- Pt v Lamed 
ASN 68 1)37084 70S 

Procedure 
Title: 

2532\MR066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Mark location and repair dimensions on map below 

Liner Number: 

INVERT ki...-----------,...;c2 4:D ---- -------7--iz'i t 'A 
4 ; 1 i i It ' k i ) C41:-Xi:t. 

41,-..,.... . 

, 

, ,. ,- , 

,.. 
. , 

X. 
,,..,- ,..... ''.. -,.., 

r-, 
,... 

k,...; 

INVERT 
-,....,, 21, 

..,.:-. Comments 
Extent of repair determined f (YeSNI 
sounding 

No c .,:' ,,r -9 --),_, \::.0 It-N-Pc'z' vf.... U4) 

uPVC material cut out and anyfy±sy 
unsound grout / concrete is 
removed 

No 

*-,7---- Where required edges of 
repair cut at 45 degrees 

es Y No .-- 
Repair area clean . ?es:/ No 
No water egress through ic'es / No 

- ,.,.,.. repair area 
New uPVC cut to correct size (e'/ No 

..._,,... and fitted 
"T's" in place, if required (Na 

' \-",:2-01 -.Q)Q,,c.:\:\ ,Ys 
Formwork and proping in Xe-S"./ No -, 
place 
Encasement grout or epoxy .le I No 
pumped into repair 

Repair completed satisfactoriiry4,,,,, 
rt)1 

Eroc / Obayashi: ((. Brisbane Water: 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Uncontrolled COPY Pace 

2001/10/19 
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Attachment 

°HAYASHI 

Obayashi Cunotahnn 
tfx.nrp,statacl in Japan 
AFIeN 0C2 032 756 

Joint Venture 
EROC 
Etc Ply Lence0 

Al3N 68 C67 084 750 

Procedure 
Title: 
Attachment 
Title: 
Category: 
Location: 

2532\MI1066 - Repair to debonded uPVC material 

uPVC Major Repair Status: Approved 
Checksheet 
Mining Revision: 3 
S1 Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date: Liner Number: 

Mark location and repair dimensions on map below 
;INVERT 

i 

/:-/P- It:.; OH' :!-: i i _ -1 
:CROWN - 

------ 
i 

i 
, 

rit,Y7,:e.-7 I.). 411 

... 

t .0 

INVERT 
.,.. : 4. 

/146 -------- 
Extent of repair determined by k 

Y Yes No 
sounding 

Comments 

uPVC material cut out and any ((es:-! No 
unsound grout / concrete is 
removed 
Where required edges of 
repair cut at 45 degrees 

es./ No 

Repair area clean es./ No 
No water egress through 
repair area 

es)/ No 
..., 

- --,. 
r es, No 
t 

New uPVC cut to correct size 
and fitted 
T's" in place, if required ' Yes r Q 

" es'/ No 
.... 

(. ',V32.1\clk.) 4:.,L., '7,:12(.1,0, 0,1,.._ 

Formwork and proping in 
place 
Encasement grout or epoxy 
pumped into repair 

, eSV No 
. 

, 
( - - .(. 
.---.-3.V.i...1-L\ 4.;(t___ 

Repair completed sat_islactorily:.\ 

/ 
Eroc / Obayashi: Brisbane Water:. 

Mining - Section - uPVC Major Repair Checksheet: Rev 3 - Uncontroiled Copy Page 1 
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Attachment 

OBAYASIii 

Obayashi Ccir0ctal:or. 
k-4orperal'ed ja;:z.,, 
AriBil 002 422 75;3 

Joint Venture 
EROC 
E:ac 

A80,4 68 rs7 084 708 

Procedure 
Title: 

2532%41\066 - Repair to debonded uPVC material 

Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 22/02/2001 

Date:_ I -7711c 1-\ Liner Number: 

Mark location and reoair dimensions on mao below 
INVERT 

,---1" 1 rA,;17:;;:rfl 

.--- 
----- 

,,, 
...,'''' , 

..-. 

1 

:NVERT 

-1 .,-.- 
.....----.......,, 

Comments 
Extent of repair determined by 
sounding 

ftes' i No 
,._....- 

,k!ktb-,?_ :b-N-,,,Nc c....wa.,-&- c_-_,..: 

uPVC material cut out and any 
unsound grout / concrete is 
removed 

"Yes,z1 No 
- 

Where required edges of 
repair cut at 45 degrees 

es) No 

-,.:--, 
Repair area clean / , es ji, No 
No water egress through 
repair area 

es`/ No 
... 

Kies / No 
l'--- 

New uPVC cut to correct size 
and fitted 
'Ts" in place, if required Yes Olio. ,,,::k c ---) 1 .3 ceAs.ke::,;\ 
Formwork and proping in .es)/ No 
place 
Encasement grout or epoxy es,/ No ,.- pumped into repair . ':1/4..KS ),CX:k , 
Repair completed satisfactorily;,, 

Eroc / Obayashi: Brisbane Water: (4)( 
Mining Section - uPVC Major Repair Checksheet: Rev 3 - Uncontrolled Copy Page 

2001/10/19 
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°HAYASHI 

CPO ayaE.111 Corattan 
pycorp.wziuc Jar:an 
A}-12:9 092 932 ?55 

Attachment 

Joint Venture 
EROC 
Emc P Lffute0 

AN 58 267 054 703 

Procedure 2532Mv11\066 - Repair to debonded uPVC material 
Title: 
Attachment uPVC Major Repair Status: Approved 
Title: Checksheet 
Category: Mining 
Location: Si Sewer Tunnel 

Revision: 
Project: 
Date: 

3 
2532 
22/02/2001 

1\(° 
t)(V\ 

Date: , 

Mark location and repair dimensions on map below 
'INVERT 

Liner Number: ..-ttt-41- L3174 
I -) 

ICROWN 

IINIVERT 

7iA g4rJey)Arick-.1 

_ . . . Comments -.- - Ti 

Extent of repair determined by (ye; s No 
--......,- sounding .... 

4 

uPVC material cut out and any:, Yesy No 
unsound grout / concrete is '----- 
removed 
Where required edges of ,rle,s-/ 

c......._.--) repair cut at 45 degrees 
No 

- 

Repair area clean No 
No water egress through 
repair area 

1/e!.s..; No 

New uPVC cut to correct size 
and fitted 

l'Pes'I. No 
___,....- 

'T's" in place, if required 
Formwork and proping in 
place 

Yes /(NO' 
-,e77-7-s7'Ti-CIO' 
,......,..,--- 

( N:5;,:;ek,k 0 r, 
?,,,k.:.,-71; y-,-,...tc\,-\ 

1, 

Encasement grout or epoxy 
pumped into repair 

;Yet,/ N 

Repair completed satisfact9sily: 

Eroc / Obayashi: Brisbane Waterid 

Mining - Section - uPVC Major Repair Checksheet_ Rev 3 - Uncontrolled Copy Page 1 
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et BAYASit 

Obayashi Corpotatii..n 
incorporated in japan 
ARBN 002 932 756 

Attachment 

Joint Venture 
EROC 
Eras Pry Limited 

ALEN 68 067 064 705 

Procedure 
Title: 

253211;41\082 - Spark Testing of Corrosion Resistant Liner 

Attachment Spark Testing Status: Approved 
Title: Record Sheet - 

Liners 
Category: Mining Revision: 3 
Location: Si Sewer Tunnel Project: 2532 

Date: 26/04/2001 

To be used when spark testing an entire liner (le: testing the liner itself, not the spudbar or T join welds) 

Date: 

Sketch any defects on map below and number 

Liner No: . 

-554; 

Invert (ii ..:,>, A, 0 
1...,...0--c ;..,A-, i .,.........y) 

/ 

\ 
'X 

Crown 
7 
" 

, 

-.,-..., ..- 

'' 1 

'...; 1 

...', .4,. 
\ ie.:: 

\ , 

1 

.."'-.'r 1.'1 

/ 1 

4 

Invert 
t/ 

Spark Testing at Liner t-,.\k \->p.,;") 
Entire Liner Spark Tested Spark Test Result List Repair Lo&ations (if SIGN OFF - NO REPAIRS 

Fail) as numbered in the EOJV: 
('es/ No Pass /fail )' above sketch BW: 

Repairs Completed Repairs Re - tested 1 Liner Repaired and Passed SIGN OFF - REPAIRS 

6s , I No 
".---N,, 
Yes', No (:/No 

PASSED 
EOJV: ((;`,.,Ck:1 

BW: 
DATE: 

This liner has passed,1110;,y. spark test. 

Signed EOJV: \.k..A:::-. Date: k(c--, It 7,--411, 

Signed Brisbane Water ViCd Date: '._ /' i 171 

Last Page of Spar? Teaung Record Sneel Liners 

CapyrigM Ercic Pty. Limited. ARY 68 067 084 708 
This document or any can there of may not oe reproducen, 

:ransrnuted, copied Cr stored wifnc,ot Demnission in wr:zing ;mom 

Eros Pty Limited. 

Mining - SeClion - Spark Testing Record Sheet - Liners: Rev 3 - Uncontrolled Copy Page 1 
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Brisbane' 
Water )M 
JOINT VENTURE 

EROC OBAYASHI 

PART 3 

Section 23 

Albion Park Kingsford Smith Dr 
Ground Water Relief Hole Locations 

and uPVC Repairs 
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Safety 

O 

Warning! 

Warning! 

Warning! 

Warning! 

Warning! 

Only a competent electrician should install the ACS 400. 

Dangerous voltages are present when input power is connected. Wait at least 5 

minutes after disconnecting the supply before removing the cover. Measure the 
voltage at DC terminals (Uc+, Uc_) before servicing the unit. See Section E. 

Even when the motor is stopped there are dangerous voltages present at Power 
Circuit terminals U1, V1, W1 and U2, V2, W2 and Uc+, Uc_. 

Even when power is removed from the input terminals of the_AC5 400, there may 
be dangerous external voltages at relay terminals RO1A, RO1B, RO1C, RO2A, 
RO2B, RO2C. 

The ACS 400 is not a field repairable unit. Never attempt to repair a broken unit; 
contact the factory or your local Authorized Service Center for replacement. 

Warning! The ACS 400 can start up automatically after an input voltage interruption if 
programmed for Automatic Restart after power outage. 

Warning! When the control terminals of two or more ACS100/140/400 units are connected 
in parallel, the auxiliary voltage for these control connections must be taken from 
a single source which can either be one of the units or an external supply. 

EL Warning! The heat sink may reach a high temperature. See Section R. 

Note! For more technical information, contact the factory or your local ABB sales representative. 

ACS 400 User's Manual iii 
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Installation 
Study these installation instructions carefully before proceeding. Failure to observe the warnings 
and instructions may cause a malfunction or personal hazard. 

Preparation before installation 

To install the ACS 400 you need the following: screwdrivers, wire stripper, tape measure, 4 pieces 
of 5x12 mm screws or nuts and bolts (depending on the mounting surface), drill. 

At this point it is a good idea to check the motor parameters and write them down: supply voltage, 
nominal current, nominal frequency, and nominal speed. 

Unpacking the unit 

The ACS 400 is packed with this User's Manual, Conduit Plate, Warning Stickers, and a separate 
Installation Guide. The Installation Guide gives a summary of the installation instructions described 
here. 

10 To help you mark the mounting holes for installation of your ACS 400, a Wall Mounting Template is 
drawn on the lid of the box. Tear the lid off and save it, 

Step by step instructions 

The installation of the ACS 400 has been broken down in a number of steps that are listed on page 
2. The steps must be carried out in the order shown. At the right of each step reference is made to 
one or more Reference Sections on the following pages of this User's Manual. These sections give 
detailed information needed for the correct installation of the unit. 

Warning! Before you begin read all of the Safety instructions. 

ACS 400 User's Manual 1 
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CHECK the environment. See A 

MOUNT the ACS 400 to the wall. 

REMOVE the cover. ) 
\_} 

) 
) 

CHECK the motor. ) 

ATTACH a warning sticker 
in the language of your choice. 

IDENTIFY power and control terminals. 

CHECK voltage supply. 

CHECK I/O jumpers J1 and J2. 

CONNECT power terminals. 

See B, C 

See D 

See E, F 

See E, H, I 

See G, S 

See K, S 

See E, J, L 

See E, I 

CONNECT control wires. ) See E, I, J, L 

REPLACE the cover: See M 

) TURN the power on. See N 

Figure 1 Step by step instructions for installing the ACS 400. The references after each step refer 
to one or more of the Reference Sections on the following pages in this manual. 
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Reference Sections 

A Installation Environment 

Stationary Use 

Ambient temperature 32...104 °F (0...40 °C) 

Max. ambient temperature 122 °F (50 °C) if PN and 12 derated to 90% 

Installation altitude 0...3300 ft (1000 m) if PN and 12 100% 

Installation altitude 3300...6600ft (1000...2000 m) if PN and 12 derated 1% every 330 ft (100 m) 

above 3300 ft (1000 m) 

Relative humidity less than 95% (non-condensing) 

The ACS 400 must be installed in a heated, indoor controlled environment that is suitable for the 
selected enclosure. Drives are available in either an IP21/NEMA1 or an IP54/NEMA12 enclosure. 
The drive must be protected from airborne dust, corrosive gases or liquids, and conductive 
contaminants such as condensation, carbon dust, and metallic particles. 

The IP54/NEMA12 enclosure provides protection from airborne dust and light sprays or splashing 
water from all directions. 

Storage and Transportation 

Storage Temperature -40 ...+158°F (-40...+70°C) 

Transportation Temperature -40...+158°F (-40...+70°C) 

ACS 400 User's Manual 
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B Dimensions (in/mm) 

Units with IP 21/NEMA 1 Enclosures 

B 

BACK 

A 

Figure 2 IP 21/NEMA 1 enclosures 

7IF Table 1 Dimensions of units with 1P 21/NEMA 1 enclosures 

H 

SIDE FRONT 

TOP 

Dimension Reference 
(in/mm) 

Frame Size, IP21/NEMA 1 

(See Paragraph S for frame size assignments of type codes) 

R1 R2 R3 R4 

W 4.92/125 4.92/125 7.99/203 7.99/203 

W1 3.86/98 3.86/98 3.86/98 3.86/98 

H 12.99/330 16.93/430 21.46/545 25.04/636 

H1 12.52/318 16.42/417 20.79/528 24.37/619 

H2 11.81/300 15.75/400 19.69/500 23.62/600 

D 8.23/209 8.70/221 9.72/247 11.02/280 

a 0.217/5.5 0.217/5.5 0.256/6.5 0.256/6.5 

b 0.394/10 0.394/10 0.512/13 0.512/13 

c 0.217/5.5 0.217/5.5 0.256/6.5 0.256/6.5 

Mass (lb/kg) 12.76/5.8 19.80/9.0 40.70/18.5 59.40/27 
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Units with IP 54/NEMA 12 Enclosures 

The IP 54/NEMA 12 protection class has a different outer plastic cover. The IP 54/NEMA 12 

enclosure uses the same internal plastic shell as the IP21 enclosure, but an internal fan is added to 
improve cooling. This structure increases the dimensions compared to the IP 21 enclosure, but 
does not require a de-rating. 

W1 

BACK _W2 
W1 

A 

H1 

5 

C 

D 

SIDE 

_a 

Figure 3 IP 54/NEMA 12 enclosures 

_d 

H2 
H 

W 

Table 2 Dimensions of units with IP 54/NEMA 12 enclosures. 

FRONT 

Dimension Reference 
(in/mm) 

Frame Size, IP54/NEMA 12 
(See Paragraph S for frame size assignments of type codes) 

R1 R2 R3 R4 

W 8.46/215 8.46/215 10.12/257 10.12/257 

W1 3.86/98 3.86/98 3.86/98 3.86/98 

H 17.72/450 21.65/550 25.28/642 29.21/742 

H1 12.52/318 16.42/417 20.79/528 24.37/619 

H2 12.49/330 16.93/430 21.46/545 25.04/636 

D 9.49/241 9.96/253 10.98/279 12.28/312 

a 0.217/5.5 0.217/5.5 0.256/6.5 0.256/6.5 

b 0.394/10 0.394/10 0.512/13 0.512/13 

c 0.217/5.5 0.217/5.5 0.256/6.5 0.256/6.5 

Weight (lb/kg) 12.76/5.8 19.80/9.0 40.70/18.5 61.60/28 
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C Mounting the ACS 400 on a Wall 

Warning! Before installing the ACS 400 ensure the input power supply to the drive is off. 

1 

The lid of the packing-box provides a Wall Mounting 
Template. 
Remove the lid from the box. 

2 
The ACS 400 should only be mounted vertically on a 
smooth, solid surface, free from heat, dampness, and 
condensation. Ensure minimum air flow gaps of 8 in 
(200 mm) above and below, and 2 in (50 mm) around 
the sides of the unit. -- 
1 1 Using the mounting template, mark the position of 

the mounting holes. 
2 Drill the holes. 
3 Screw in four screws or affix nuts and bolts 

(depending on the mounting surface). 

3 
IP 21 

Position the ACS 400 onto the fixings and securely 
tighten in all four corners. 

Note! Lift the ACS 400 by its metal chassis. 

IP 54 
1 Remove the front cover, see Figure 10. 
2 Remove the rubber plugs by pushing from outside. 
3 Screw in the screws. 
4 Replace the rubber plugs. 

Figure 4 Removing the wall mounting template. 

Figure 5 Marking and drilling the mounting holes. 

Figure 6 Mounting type 1P21 drives. 

Figure 7 Mounting type 1P54 drives. 
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D Removing the Cover 
Opening frame size R1 and R2 units. 

See Paragraph S for frame size 
assignments of type codes. 

1 Remove the control panel. 
2 in the control panel slot there is a small hole. 

Press the retaining lever inside the hole. 
3 Remove the cover. 

Figure 8 Opening the frame size R1 and R2 drives of type IP 21/ NEMA 1. 

Opening frame size R3 and R4 units. 

See Paragraph S for frame size assignments of type codes. 

1 Remove the control panel if needed. 
2 Lift the retaining lever and simultaneously pull the 

upper front cover slightly. 
3 Lift the other retaining lever e.g. with a screwdriver. 
4 Open the upper part of the front cover and remove it. 

5 Press the retaining lever and pull. 
6 Remove the lower part of the front cover. 

Figure 9 Opening the frame size R3 and R4 size drives of type IP 21/ NEMA 1. 
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IP 54/NEMA 12 

1 Take the screws off. 
2 Remove the front cover. 
3 Remove panel if needed. 

Figure 10 Opening type IP 54 / NEMA 12 drives. 
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E Terminal Interface 

X3 RS485 connector 

Termination jumper J2 

X1 I/O connection, see I 

Analog input jumper J 

Green LED 

Red LED 

X2 Panel connector 

Figure 11 Terminal Interface. 

1 

2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 

17 
18 
19 

Waming I Dangerous voltage 
Adis5 minutes after 

disconnecting supp 
before proceeding. 
See User's Manual. 

20 
21 
22 

PE U1 V1 W1 
INPUT 

Uc+ Uc- 

1 

U2 V2 W2 PE 
MOTOR 

Warning sticker 

X6 Connector for 
DDCS 
communication 
module 

Additional PE (ground) 
terminals provided on 
frame sizes R3 and R4 

F Attaching a Warning Sticker 
The contents of the packing box include warning stickers in different languages.. Attach a warning 
sticker in the language of your choice on the inside plastic shell as indicated above. 
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G Type Code and Model Designation 
The Type Code Label is attached to the right side of the unit cover, on the heat sink. 

ABB Industrial Products Made in USA U1 380...480 V For more 'domain see ACS400 User's Manual 

Type ACS401000432 U2 3 0 - 380...480 V 

Code 63996611 
11n/11nnd 4.7 / 6.2 A 

Ser.no. 
11111111111111 

*1982800001* 

12n/12nnd 4.9 / 6.6 A 

f1 48...63 Hz 

f2 0...250Hz 

LISTED 45Y1 

US 

IND. CONT. EQ 

For more information one AC,S400 C' s M I 

Figure 12 ACS 400 type designation label. 

AC S 4 0 1 3 004 3 2 

AC Drive 
Product Type 
S = Standard industrial drive 
ACS 400 Product Family 
Input Bridge 
0 = 6-pulse rectifier 
Enclosure Type 
1 = Wall mounted 
Operator Panel and Description 
0 = No operator panel + no documentation + European conduit plate 
1 = No operator panel + US English documentation 

+ US conduit plate 
6 = ACS-PAN-A operator panel + US English documentation 

+ US conduit plate 
Rated Output Power in kVA 
See ACS 400 rating tables 
Voltage Rating 
1 = 200 ... 240 V AC 
3= 380 ... 480 V AC 
Enclosure Class 
2 = IP21 (NEMA 1) 

5 = I P54 (NEMA 12) 

Figure 13 Type code key. 

A Serial number label is attached on upper part of the chokeplate between mounting holes. 

Type ACS401000432 

Code 63996611 Ser.no. *1982800001* 

Figure 14 Serial number label. 
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H Installation of ACS 400 Gland Plates or Conduit Plates 
A package, containing three screws and two gland plates and/or one conduit plate, is included with 
the ACS 400. 

Figure 15 Gland plate for power cables (A) and for control cables (B). The conduit plate is a single piece with two 
blank spaces for punching holes for power and control conduits. The conduit plate does not have cable clamps. 

A package, containing five screws and two cable clamp brackets, is included with the type IP 54 / 
NEMA 12 ACS 400 drives. These are required only for IEC installations. Gland plates are used for 
IEC installations and conduit plates are used for US installations. Contact your local ABB 
representative for additional information regarding IEC installations. 

To open the front cover, see "Removing the Cover" on page 7. 

Figure'16 Removing the front cover. 
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Connect the gland plate for power cables with one screw. The threaded hole for the screw is 
located in the middle of the heat sink, at the bottom end (see Figure 17, point marked with a) 

IP 21 / NEMA 1. 

Figure 17 Installing the gland plate for power cables (A), type IP 21 / NEMA 1 drives. 

The gland plate for control cables (B), is attached with two screws into threaded holes, marked b in 
Figure 18. This gland plate is located on top of the power cable gland plate, marked A. 

IP 21 / NEMA 1 

Figure 18 Installing the gland plate for control cables (B), type IP 21 / NEMA 1 drives. 

The conduit plate is attached with three screws into threaded holes marked a in Figure 16 and b in 
Figure 17. 
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I Cable Connections 
Table 4 Cable 

Terminal Description Note 

Ul, Vi, W1 3- power supply input Do not use 1- supply! 

PE Protective Ground Follow local rules for cable size. 

U2, V2, W2 Power output to motor See S. 

Uc+, Uc- DC bus For optional ACS-BRK braking unit. 

X1 1 to 16 Control Wiring Low voltage control - use shielded cable 

X1 17 to 22 Control Wiring Low voltage or 115VAC 

X3 RS485 Communications Use shielded cable 

Follow local codes for cable size. To avoid electromagnetic interference, use separate conduits for 
input power wiring, motor wiring, control and communications wiring, and braking unit wiring. Keep 
these four classes of wiring separated in situations where the wiring is not enclosed in conduit. Also 
keep 115VAC control wiring separated from low voltage control wiring and power wiring. 

Use shielded cable for control wiring. 

Use 60 °C rated power cable (75 °C if ambient temperature exceeds 45 °C/113 °F). 

Refer to Section S Specifications for current, ratings, fuse recommendations and the maximum wire 
size capacities and tightening torques for the terminals. The ACS 400 is suitable for use on a circuit 
capable of delivering not more than 65,000 RMS symmetrical amperes, 480 V maximum. The 
ACS 400 has an electronic motor protection feature that complies with the requirements of the 
National Electric Code (USA). When this feature is selected and properly adjusted, additional 
overload protection is not required unless more than one motor is connected to the drive or unless 
additional protection is required by applicable safety regulations. See parameters 3004, 3005, and 
3006. 

Note! For CE installation requirements, see ABB publication CE-US-02 "CE Council 
Directives and Variable Speed Drives." Contact your local ABB representative for 
specific IEC installation instructions. 
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J Control Terminals 
Main I/O terminal X1 

The analog input signal is selected with V/I jumper J1: Al open = V and Al connected = I. 

X1 Identification Description 

1 SCR Terminal for signal cable screen. (Connected internally to frame ground.) 

2 Al 1 Analog input channel 1, programmable. 
Default: 0 - 10 V (R1 = 200 k0) (J1:A11 open) <=> 0 - fnom frequency reference 
0 - 20 mA (Ri = 500 0) (J1:A11 closed) <=> 0 - fnom frequency reference 
Resolution 0.1 % accuracy ±1 %. 

3 AGND Analog input circuit common. (Connected internally to frame ground through 1 M0.) 
4 10 V 10 V/10 mA reference voltage output for analog input potentiometer, accuracy ±2 %,. 

5 Al 2 Analog input channel 2, programmable. 
Default: 0 - 20 mA (R1 = 500 0) (J1:Al2 closed) <=> 0 - fnom frequency reference 
0 - 10 V (IR; = 200k0) (JI :Al2 open) <=> 0-- fnom frequency reference 
Resolution 0.1 % accuracy ±1 %. 

6 AGND Analog input circuit common. (Connected internally to frame ground through 1 Mel) 
7 A01 Analog output, programmable. Default: 0-20 mA (load < 500 Q) < = >0 -fnom output frequency 
8 AGND Common for DI return signals. 

9 24 V Auxiliary voltage output 24 V DC / 250 mA (reference to AGND). 
Short circuit protected. 

10 DCOM1 Digital input common for D11, D12 and DI3. To activate a digital input, there must be .?_4-10 V 
(or _S-10 V) between that input and DCOM1. The 24 V may be provided by the ACS 400 
(XI:9) using the connection examples (see Section L) or by an external 12-24 V source of 
either polarity. 

DI Configuration Factory (0) 
(fnom = 50 Hz) 

Factory (1) 

(fnom = 60 Hz) 

11 DI 1 Start. Close to start. Motor will ramp up to 
frequency reference. Open to stop. Motor will 
coast to stop. 

Start. If DI 2 is closed, momentary closing 
of DI 1 starts the ACS 400. 

12 D12 Reverse. Close to reverse rotation direction. Stop. Momentary opening stops the 
ACS 400. 

13 DI 3 Jog. Close to set output frequency to jogging 
frequency (default: 5 Hz). 

Reverse. Close to reverse rotation 
direction. 

14 DI 4 Must be closed for Factory (0). Must be open for Factory (1). 

15 DI 5 Accel/Decel selection (ACC1/DEC1 or ACC2/DEC2). 

16 DCOM2 DCOM2 digital input common for DI4, D15 

17 RO1C Relay output 1, programmable (default: fault => 17 connected to 18). 
12 - 250 V AC / 30 V DC, 10 mA - 2 A 18 RO1A 

L-.... 

19 RO1B 

20 RO2C Relay output 2, programmable (default: running => 20 connected to 22). 
12 -250VAC/30 VDC, 10 mA- 2 A 21 R02A 

22 RO2B 

Digital input impedance 1.5 Ica 
Use multi-strand 0.5-1.5 mm2 (20-16 AWG) wire. 

Note! DI 4 is read only when powered-up (Factory macro (0) and (1)). 

Note! For safety reasons the fault relay signals a "fault" when the ACS 400 is powered 
down. 
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Note! DI 4 and 5 are electrically isolated from D11, 2, and 3. To utilize DI4 and 5, a jumper 
must be connected. See section L for details. 

Note! Terminals 3, 6 and 8 are at the same potential. 

RS485 terminal X3 

X3 Description 

1 Screen 

2 B 

3 A 

4 AGND 

5 Screen 

K Motor 

J2 
RS485 interf. 

Terrain. Not 
terrain. 

10=1 0 0 

1E00 I 

0 0 =open 

= dosed 

Check for motor compatibility. The motor must be a three-phase induction motor, with VN from 200 
to 240 V for ACS401-XXXX-1-X or 380 to 480 V for ACS401-XXXX-3-X and fN either 50 Hz or 
60 Hz. 

The motor nominal current, IN, must be less than the nominal output current of the ACS 400,12 (See 
Sections G and S). 

Warning! Ensure the motor is compatible for use with the ACS 400. The ACS 400 must be 
installed by a competent person. If in doubt, contact your local ABB sales or service office. 
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L Connection Examples 

DI configuration for 

NPN connection (sink) 

DI configuration for 

PNP connection (source) 

ACS 400 ACS 400 

SCR 
All 

3 AGND 

0-20 mA 
4 +10V 
5 Al2 

Ground the cable screen 
on the sourcing end. 

6 AGND 
7 A01 

L ll 

J1 Analog inputs 
All: 0 El 

Al2: 

AGND 

9 +24V 
10 DCOM1 
11 Dll 
12 DI2 
13 D13 

14 014 
15 DI5 
16 DCOM2 

17 RO1C 
18 RO1A 
19 RO1B 

20 RO2C 
21 RO2A 
22 RO2B 

All: 0-10 V 
Al2: 0(4)-20 mA 

RS485 Multidrop application 

Other Modbus Devices 

SCR 

B 

A 

GND 

B 

A 

GND 

SCR 

SCR 

k 

17-71( -I I 

2 All 
3 AGND 
4 +10V 
5 Al2 
6 AGND 
7 A01 
8 I AGND 

9 +24V 
10 DCOM1 
11 Dll 
12 012 
13 D13 

14 014 
15 D15 

J1 Analog inputs 

All: 
Al2: 

ACS 400 

X3 

16 DCOM2 

All: 0-10 V 
Al2: 0-10 V 

SCR 

2 

3 A 

4 AGND 

5 SCR 

17 RO1C 
18 RO1A 
19 RO1B 

20 RO2C 
21 RO2A 
22 RO2B 

J2 
RS485 interf. 

Termin, 
Not 
termin. 

21;71.' 13 EI 

0 0 
0 
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M Replacing the Cover 
Do not turn the power on before replacing the front cover. 

Replacing the front cover for IP21 / 
NEMA 1: 

1. First locate the bottom mounting clips. 

2. Click the retaining lever to its place. 

3. Replace the control panel. 

Replacing the front cover to IP 21/ NEMA 1 

units from size ACS401-x016-3-x and up. 

1. Hook the bottom end fingers of the lower 
part of the front cover. 

2. Click the retaining lever to its place. 

3. Hook the bottom end fingers. 

4. Click the retaining levers into place. 

5. Replace the control panel if available. 

Replacing the front cover for IP54 / 
NEMA12: 

1. Replace the control panel. 

2. Replace the front cover. 

N Applying Power 
When power is applied to the ACS 400, the green LED comes on. 

Note! Before increasing motor speed, check that the motor is running in desired direction. 

0 Environmental Information 
The package is made of corrugated cardboard and can be recycled. 
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P Protection Features 
The ACS 400 has a number of protective features: 

Overcurrent Input phase loss (3-) 
Overvoltage I/O terminal short circuit protection 
Undervoltage Motor overload protection (see Section Q) 
Overtemperature Output overload protection (see Section R) 
Output ground fault Stall protection 
Output short circuit Underload 

The ACS 400 has the following LED alarm and fault indicators: 

For location of LEDs, see section E or if ACS-PAN-A control panel is connected, see the 
instructions on page 25. 

Red LED: off 
ABNORMAL CONDITION Green LED: blinking 

ABNORMAL CONDITION: 
ACS 400 cannot fully follow control 
commands. 
Blinking lasts 15 seconds. 

POSSIBLE CAUSES: 
Acceleration or deceleration ramp is 
too fast in relation to load torque 
requirement 
A momentary power interruption 

Red LED: on 
FAULT Green LED: on 

ACTION: POSSIBLE CAUSES: 
Apply a stop signal to reset fault. Transient overcurrent 
Apply a start signal to restart the drive. Over-/undervoltage 

Overtemperature 

NOTE: CHECK: 
If the drive fails to start, check that the the supply line for disturbances. 
input voltage is within the tolerance range. the drive for mechanical problems that 

might cause overcurrent. 
that the heat sink is clean. 

Red LED: blinking 
FAULT Green LED: on 

ACTION: 
Turn the power off. - 

Wait for the LED's to turn off. 
Turn the power back on. 

Caution! This action may start the drive. 

POSSIBLE CAUSE: 
Output ground fault 
Short circuit 
DC bus ripple too large 

CHECK: 
the insulation in the motor circuit. 

Note! Whenever the ACS 400 detects a fault condition, the fault relay activates. The motor 
stops and the ACS 400 will wait to be reset. If the fault still persists and no external 
cause has been identified, contact your local ABB sales or service office. 
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Q Motor Overload Protection 
If the motor current 'out exceeds nominal current IN of the motor for a prolonged period, the 
ACS 400 automatically protects the motor from overheating by tripping. 

The trip time depends on the extent of the overload (lout / IN), the output frequency and fnom. Times 
given apply to a "cold start". 

lout 

1.5 

1.0 

0.5 

0 

R Drive Overload Protection 

lout 

1,5 

1.4 

1.3 

1.2 

1.1 

1.0 

'max 

-12 

35 Hz 

'max 12 

time 

Heavy Duty rating 

Output frequency 

Normal Duty rating 

0.1 0.2 0.3 0.4 0.5, 
Duty cycle 

Duty cycle = t/T 

T < 10 min 

Ambient temperature, 
Oamb max. is 104 °F (40°C). 

122 °F (50°C) is permissible, 
if 12 is derated to 90%. 
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S Specifications 

200 V series 

3- Input V1 
208V - 240V 

±10 % 50/60 Hz 

. 

AC8401- X006-1 X009-1 X011-1 X016-1 X020-1 X030-1 X041-1 

Frame size R1 R2 R3 R4 

Nominal ratings 
(See G) Unit 

Nominal motor 
PN 
Normal Duty 

Hp 3.0 5.0 7.5 10 15 20 25 

Input current I iNND A 10.9 14.4 21.6 28.2 35.7 55.5 67.7 

Output current 
12NND 

A 11.6 15.3 23 30 38 59 72 

Max. output 
current I2NNDmax 

A 12.8 16.8 - 25.3 33.0 41.8 64.9 79.2 

Nominal motor 
PN 
Heavy Duty 

Hp 2.0 3.0 5.0 7.5 10 15 20 

Input current liN A 8.3 11.0 14.5 21.8 28.4 41.6 55.8 

Output current I2N A 8.8 11.6 15.3 23 30 44 59 

Max. output 
current 12Nmax 

A 13.2 17.4 22.9 34.5 45 66 88.5 

Output voltage V2 V 0 - V1 

Switching 
frequency 

kHz 4 (Standard) 
8 (Low noise ) 

Protection limits (See P) 

Overcurrent (peak) A 37 148 1 64 1 76 1 99 1 145 1 195 

Overvoltage: 
Running 
Start inhibit 

V DC 
V DC 

420 (corresponds to 295 VAC input) 
390 (corresponts to 276 V input) 

Undervoltage: 
'Running 
Mtart inhibit 

V DC 
V DC 

200 (corresponds to 142 VAC input) 
230 (corresponds to 162VAC input) 

Overtemperature °C 95 (heat sink) 

Power 
Terminals*** 

mm2 10, AWG6 
(stranded) 
Torque 
1.3-1.5Nm 

16, AWG4 
(stranded) 
Torque 
1.5-1.8Nm 

35, AWG2 
(stranded) 
Torque 
3.2-3.7Nm 

Control Terminals mm2 0.5 - 1.5 (AWG22...AWG16)/Torque 0.4 Nm 

Line fuse ****3-- A 16 16 25 35 50 63 80 

Power Losses 

Power Circuit W 79.2 108 144 198 270 396 540 

Control Circuit W 6 6 6 6 6 6 6 
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400 V series 

3- Input V1 
380V - 480V 

±10 % 50/60 Hz 
ACS401- 

X004- 
3-2 

X005- 
3-2 

X006- 
3-2 

X009- 
3-2 

X011- 
3-2 

X016- 
3-2 

X020- 
3-2 

X025- 
3-2 

X030- 
3-2 

X041 - 
3-2 

Frame size R1 R2 R3 R4 
. 

Nominal ratings 
(See G) Unit 

Nominal motor 
PN 
Normal Duty 

Hp 3.0 5.0 7.5 10 15 20 25 30 40 50 

Input current ti NNE A 6.2 8.3 11.1 14.8 21.5 29 35 41 56 - 68 . 

Output current 
I2NND 

A 6.6 8.8 11.6 15.3 23 30 38 44 59 72 

Max. output 
currentl2N[NDmax 

A 7.3 9.7 12.8 16.8 25.3 33 42 48 65 - 79 

Nominal motor 
PN 
Heavy Duty 

Hp 2.0 3.0 5.0 7.5 10 15 20 25 30 40 

Input current liN A 4.7 6.2 8.3 11.1 14.8 21.5 29 35 41 56 

Output current I2N A 4.9 6.6 8.8 11.6 15.3 23 30 38 44 59 

Max. output . 
current 12Nmax 

A 7.4 9.9 13.2 17.4 23 34 45 57 66 88 

Output voltage V2 V 0 - V1 

Switching 
frequency 

kHz 4 (Standard) . 
8 (Low noise ) 

Protection limits (See P) 

Overcurrent (peak) A 20.3 27.5 37 48 64 76 99 125 1145 195 

Overvoltage: 
Running 
Start inhibit 

V DC 
V DC 

842 (corresponds to 624 VAC input) 
661 (in input voltage range 380-415 VAC) 
765 (in input voltage range 440-480 VAC) 

Undervoltage: 
Running 
Start inhibit 

V DC 
V DC 

333 (corresponds to 247 VAC input) 
436 (in input voltage range 380-415 VAC) 
505 (in input voltage range 440-480 VAC) 

Overtemperature °C 95 (heat sink) 

Max. cable length 
fsvv = 4 kHz 

m 100 200 200 200 

** 

Power stages are designed for the continuous i2NND current. These values are valid when the 
altitude is less than 3300 ft (1000 m) ASL. See R. 
Low noise setting programmable with optional control panel. 
For ambient operating temperature 0...40°C, derate PN and 12 to 80%. 

"'Maximum cable lengths listed are based on capacitive coupling between motor wires and from 
motor wires to ground. It may also be necessary to consider motor insulation requirements 
related to drive output dv/dt. 
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400 V series 

3 Input Vi 
380V - 480V 

±10 % 50/60 Hz 
ACS401- X004- 

3-2 
X005- 

3-2 
X006- 

3-2 
X009- 

3-2 
X011- 

3-2 
X016- 

3-2 
X020- 

3-2 
X025- 

3-2 
X030- 

3-2 
X041 - 

3-2 

Max. wire sizes and screw torque of connectors 

Power terminals - mm2 10, AWG6 (stranded)/ 
Torque 1.3-1.5 Nm 

16, AWG4 
(stranded) / 
Torque 
1.5-1.8 Nm 

35, AWG2 (stranded) 
/ Torque 3.2-3.7 Nm 

Control terminals mm2 0.5 - 1.5 (AWG22.,.AWG16) / Torque 0.4 Nm .. 
Line fuse 3 
ACS401- 

A 10 10 16 16 25 35 50 50 63 80 

Power losses 

Power circuit W 90 120 170 230 330 450 560 660 900 1100 

Control circuit W 6 6 6 6 6 6 6 6 6 6 

*** Follow local rules for cable size; see I. Shielded motor cable is recommended. 
**** Fuse type: UL class CC or T. 

Use 60°C rated power cable (75°C if Tamb above 45°C). 

T Product Conformity 
The ACS 400 complies with European requirements: 

Low Voltage Directive 73/23/EEC with amendments 

EMC Directive 89/336/EEC with amendments 

Corresponding declarations and a list of main standards are available on request. 

Note! See ACS 400 EMC instructions. 

An adjustable frequency drive and a Complete Drive Module (CDM) or a Basic Drive Module 
(BDM), as defined in IEC 61800-2, is not considered as a safety related device mentioned in the 
Machinery Directive and related harmonized standards. The CDM/BDM/adjustable frequency drive 
can be considered as a part of safety device if the specific function of the CDM/BDM/adjustable 
frequency drive fulfills the requirements of the particular safety standard. The specific function of 
the CDM/BDM/adjustable frequency drive and the related safety standard is mentioned in 
documentation of the equipment. 
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U Accessories 
ACS 100-PAN 
Control panel for use with the ACS 100 / ACS 140 / ACS 400. 

ACS-PAN-A 
Control panel for use with the ACS 400. 

ACS 100-EXT 
Extension cable kit for use with the control panel. 

ACS400-IF11-3 through ACS400-IF41-3 
RFI input filters. 

ACS-BRK- 
Braking units. 

RS485/232 Adapter 

DDCS Communication Module 

ACS 400 is supported by Drive Ware 
Contact your local ABB sales office for details. 
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PROGRAMMING 

ACS-PAN-A Control Panel 
The ACS-PAN-A is an alphanumeric control panel with a backlit LCD display and multiple languages. 
The control panel can be connected to and detached from the drive at any time. The panel can be 
used to copy parameters to other ACS 400 drives with the same software version (Parameter 3301). 

Control modes 

Display modes 

MENU 

Green LED 

Red LED 

RESET 

0111/11:1101 OC RE : k i 

1 

1 ® 
LO 

I gl) 14 0 

LOC/REM REVERSE 

Run indicator 

Shaft direction 

UP/DOWN 

ENTER 

START/STOP 

Control Modes 
The first time the drive is powered up, it is controlled from the Control Terminal Strip X1 (remote 
control, REM). The ACS 400 is controlled from the control panel when the drive is in local control 
(LOC). 

Switch to local control (LOC) by pressing and holding the LOC/REM button until first LOCAL 
CONTROL or LOCAL, KEEP RUN is displayed: 

If the button is released while LOCAL CONTROL is displayed, the panel frequency reference is 
set to the current external reference and the drive is stopped. 
When LOCAL, KEEP RUN is displayed, the current run/stop status and the frequency reference 
are copied from the user I/O. 

Start and stop the drive by pressing the START/STOP button. 

Change direction by pressing the REVERSE button (Parameter 1003 must be set to REQUEST). 
Switch back to remote control (REM) by pressing and holding the LOC/REM button until REMOTE 
CONTROL is displayed. 

Direction 
RUN > 
< RUN 

Drive is running and at set point 
Shaft direction is forward (>) or reverse (<) 

RUN > (or < RUN) Arrow head blinking rapidly Drive running but not at set point. 
> (or <) Arrow head blinking slowly Drive is stopped. 
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Output Display 
When the control panel is powered up, it displays a selection of actual values, as in Figure 19. 
Whenever the MENU button is pressed and held, the control panel resumes this OUTPUT display. 

Output current Torque Reference frequency 

0.0A 0% 50.0 Hz 

0.0 Hz 
OUTPUT 

Cursors are visible when reference 
can be modified 

ctual output frequency 

Figure 19 Output display variables. 

The frequency reference can be modified using UP/DOWN buttons when it is underlined. Pressing 
UP or DOWN buttons changes the output immediately. 

The reference can be modified in local control mode or in remote control mode depending on 
programming. 

Menu Structure 
The ACS 400 has a large number of parameters. Of these, only the basic parameters are initially 
visible. See "Selecting Full Parameter Set" on page 28 for details on specifying the full parameter 
set. 

The menu consists of parameter groups and menu functions. 

OUTPUT display 

0.0A 0% 50.0 Hz 

0.0 Hz 

OUTPUT 

Menu Parameters 

99 START-UP DATA 

MENU 

9901 LANGUAGE_ 

ENGLISH 

01 OPERATING DATA 

10 COMMAND INPUTS 

51 EXT COMM MODULE 
52 STANDARD MODBUS 
COPY TO DRIVE 
COPY TO PANEL 
FULL/SHORT MENU 

9902 APPLIC MACRO 
9905 MOTOR NOM VOLT 

4011 ACT MINIMUM 
4012 ACT2 MINIMUM 
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Setting Parameter Value 

The parameter set mode is entered by pressing ENTER. In set mode, the value is underlined. The 
value is altered by using the UP/DOWN buttons. The modified value is stored by pressing ENTER. 
Modifications can be cancelled and set mode exited by pressing MENU. 

9901 LANGUAGE 

ENGLISH 
(ENTER) 

9901 LANGUAGE 

ENGLISH 
alter 

value 

accept and store 

® CENTER) 0 
exit without saving 

Note! In the parameter set mode, the cursors blink when the parameter value is altered. 

Note! To view the parameteri default value while in the parameter set mode, press the UP/ 
DOWN buttons simultaneously. 

Adjust the Panel Display Contrast 
Simultaneously depressing the ENTER key and the UP/DOWN key will adjust the display contrast. 
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Menu Functions 
Use the UP/DOWN arrows to scroll through the Menu for the desired menu function, then press and 
hold ENTER down until the display blinks to start the operation. 

Copy Parameters from Drive to Panel (upload) 

COPY TO PANEL 

MENU LOC 

Press & hold 

CENTER) 
COPYING 

Note! The drive must be stopped and in local control. Parameter 1602 PARAMETER LOCK must 
be set to 1 (oPEN). 

Copy Parameters from Panel to Drive (download) 

COPY TO DRIVE 

MENU LOC 

Press & hold 

CENTER) 
COPYING 

Note! The drivd must be stopped and in local control. Parameter 1602 PARAMETER LOCK must 
be set to 1 (oPEN). 

Selecting Full Parameter Set 

*Alk Normally only the baic parameters are visible. When the full Menu is active, an asterisk appears in the second row of the panel display. Removal and reapplication of power automatically alters the 
menu to the short parameter set.. 

FULL/SHORT MENU 

MENU 

Press & hold 

CENTER) 

FULL/SHORT MENU 

MENU 

Visible if full menu is active. 
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LED Indicators 

Red LED Green LED 

OFF ON Power ON and drive is operating normally. 

OFF BLINKS Alarm is active. 

ON ON Fault is active. Drive can be reset from the control panel. 

BLINKS ON Fault is active. Turn power off to reset the drive. 

Resetting the Drive from the Control Panel 
When the red LED of the ACS-PAN is on or blinking, a fault is active. 

To reset a fault when the red LED is on, press the RESET button. 
Caution! This may start the drive, when in remote control. 

To reset a fault when the red LED is blinking, turn the power off. 
Caution! Turning the power on again may start the drive immediately. 

The relevant fault code (see Diagnostics) flashes in the panel display until the fault is reset or the 
display is "cleared". 

You can "clear" .the display without resetting the fault by pressing any button. 

Note! If no other button is pressed within 15 seconds and the fault is still active, the fault code 
will be displayed again. 

After a power failure, the drive will revert to the same control mode (LOC or REM) as before the 
power failure. 
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ACS100-PAN Control Panel 
The control panel can be connected to and detached from the drive at any time. The ACS100-PAN 
panel cannot be used to copy parameters between two ACS400 drives. 

Control modes 

Active fault indicator 

Display modes 

START/STOP 

REVERSE 

Control Modes 

56,i. 
--,0 

---:7--- 

L',- 

'): 

.....,121.1...=71:27,7g6;,..rr........ 

- V so 1 
kHz °/ i 1 n 1-0) rgi 

--..4 _ .... Cr 
r;--,FL1111 T 
.4-Lilkleffillagi "A-istalMaiiim, ail. - a 

;--.,.7,..,-,,,,-:07.727 r --,,,,--4.7' 

nifry , 1 
..,71,44 

z.z 

s- 

LCC,, FEly, 

ENTEIR,, 
,,q - ''. 4:F^ ,,le' 

UP/DOWN 

Units 

Shaft direction 

MENU 

ENTER 

The first time the drive is powered up, it is controlled from the Control Terminal strip (remote control, 
REM). The ACS 400 is controlled from the control panel when the drive is in local control (LOC). 

Switch to local control (LOC) by pressing and holding the MENU and ENTER buttons down 
simultaneously until first Loc or later LCr is displayed: 

If the buttons are released while Loc is displayed, the panel frequency reference is set to the 
current external reference and the drive is stopped. 
When LCr is displayed, the current run/stop status and the frequency reference are copied from 
the user I/O. 

Start and stop the drive by pressing the START/STOP button. 

Change direction by pressing the REVERSE button (Parameter 1003 must be set to REQUEST). 

Switch back to remote control (REM) by pressing and holding the MENU and ENTER buttons down 
simultaneously until rE is displayed. 

Direction 
FWD / REV Visible Shaft direction is forward / reverse 

Drive is running and at set point 
FWD / REV Blinking rapidly Drive is accelerating / decelerating. 
FWD / REV Blinking slowly Drive is stopped. 
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Output Display 
When power is applied to the control panel, it displays the actual output frequency. Whenever the 
MENU button is pressed and held, the control panel resumes this OUTPUT display. 

To toggle between output frequency and output current, press the UP or DOWN button. 

To set the output frequency, press ENTER. Pressing the UP/DOWN buttons changes the output 
immediately. Press ENTER again to return to OUTPUT display. 

'Menu Structure 
ACS 400-has a large number of parameters. Of these, only the basic parameters aresinitially visible. 
The menu function -LG- is used to make the full parameter set visible. See "Select between basic 
and full menu" on page 33. 

OUTPUT display 
LOC 

OUTPUT 
23 Hz 

Parameter groups 

_99_ 
hrFhl I 

el- 
- ID- 
- t 1- 

-dL- 

G- 

"Settin g Parameter Value 

Press ENTER to view the parameter value. 
To set a new value, press and hold ENTER until SET is displayed.. 

n 
CL UC 

PAP 

ENTER 

180 
O 

Parameters 

P LP 

9302 
9905 
El 102 
0)03 

Note! SET blinks if the parameter value is altered. SET is not displayed if the value cannot be 
altered. 

Note! To view the parameter default value, press the UP/DOWN buttons simultaneously. 
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Menu Functions 
Scroll through the Parameter groups for the desired menu function. Press and hold ENTER until the 
display blinks to start the function. 

Note! The ACS100-PAN upload and download functions are not operational with ACS 400. 
Relatively small permanent memory of the ACS100-PAN cannot store all the ACS 400 
parameter values. 

Select between basic and full menu 

Visible if Full menu 
is active 

r. 
L LI 

Press and hold 

-.-(1ENTEID9fr 

Resetting the Drive from the Control Panel 
When the red LED of the ACS 400 is on or blinking, a fault is active. 

To reset a fault when the red LED is on, press the START/STOP button. 
Caution! This may start the drive, when in remote control. 

To reset a fault when the red LED is blinking, turn the power off. 
Caution! Turning the power on again may start the drive immediately. 

The relevant fault code (see Diagnostics) flashes in the panel display until the fault is reset or the 
display is "cleared". 

You can "clear" the display without resetting the fault by pressing any button. The word FAULT will be 
displayed. 

Note! If no other button is pressed within 15 seconds and the fault is still active, the fault code 
will be displayed again. 

After a power failure, the drive will revert to the same control mode (LOC or REM) as before the 
power failure. 
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Diagnostics 
The ACS 400 alarms and faults are described in Table 5 and Table 6 respectively. The ACS100-PAN 
control panel displays only the alarm and fault codes. The alarm and fault messages are displayed 
only by the ACS-PAN-A control panel. 

Alarms AL1-7 arise from button operation. The green LED blinks for faults greater than AL7, 
indicating the ACS 400 cannot follow the control-command. 

Table 5 Alarms. 

Code Message Description 

AL 1 OPERATION FAILED Parameter upload/download failed. 
AL 2 START ACTIVE Operation not allowed while start is active. 
AL 3 LOCAL/REMOTE Operation not allowed in current control mode.(Local or Remote). 
AL 5 BUTTON DISABLED Start/Stop/Direction or reference from control panel is not followed. 

Possible causes: 
_ -Remote mode: parameters disable the buttons (see APPENDIX). 

Local mode: START/STOP button interlocked from digital inputs. 
Local mode: Shaft direction is fixed by parameter 1003 DIRECTION. 

AL 6 PARAMETER LOCK Operation not allowed. Parameter 1602 PARAMETER LOCK or 1605 
LOCAL LOCK is active. 

AL 7 FACTORY MACRO Use of factory macro disables operation. 
ALIO OVERCURRENT Overcurrent controller active. 
AL11 OVERVOLTAGE Overvoltage controller active. 
AL12 DC UNDERVOLTAGE Undervoltage controller active. 
AL13 DIRECTION LOCK Direction lock. See parameter 1003 DIRECTION. 

AL14 SERIAL COMM LOSS Serial communication loss alarm. 
AL15 MODBUS EXCEPTION Modbus exception response is sent through serial communication. 
AL16 All LOSS Analog input 1 loss. Analog input 1 value is less than MINIMUM All 

(1301). See parameter 3001 Al<MIN FUNCTION. 

AL17 Al2 LOSS Analog input 2 loss. Analog input 2 value is less than MINIMUM Al2 
(1306). See parameter 3001 AI <MIN FUNCTION. 

AL18 PANEL LOSS Panel loss. Panel is disconnected when Start/Stop/Dir or reference is 
coming from panel. See parameter 3002 and APPENDIX. - 

AL19 ACS400 OVERTEMP Hardware overtemperature (at 95 % of the trip limit). 
AL20 MOTOR OVERTEMP Motor overtemperature (at 95 % of the trip limit). 
AL21 UNDERLOAD Motor underload alarm. 
AL22 MOTOR STALL Stall alarm. 

AL23 DDCS COMM LOSS DDCS link loss alarm. 
AL24 Reserved. 

AL25 MANUAL OFF Reference is not followed (1605 LOCAL LOCK=1). 

AL26 OUTPUT OVERLOAD If the load is not reduced, the drive will soon trip due to OUTPUT 
OVERLOAD fault (FL5). 

AL27 AUTOMATIC RESET The drive has stopped due to a fault but will attempt to restart 
automatically. See parameter Group 31. 

AL28 PID SLEEP ACTIVE, The PID sleep feature has stopped the drive. The drive will restart 
automatically if the PID wake-up conditions are satisfied. 

ACS 400 User's Manual 35 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 458 of 542



Table 6 Faults. 

Code Message Description 
FL 1 OVERCURRENT Overcurrent: 

Possible mechanical problem. 
Acceleration and/or deceleration times may be too short. 
Power supply disturbances. 

FL 2 DC OVERVOLTAGE DC overvoltage: 
Input voltage too high. 
Deceleration time may be too short. 

FL 3 ACS400 OVERTEMP ACS 400 overtemperature: 
Ambient temperature too high. 
Severe overload. 

FL 4 * SHORT CIRCUIT Fault current: 
Short circuit. 
Power supply disturbances. 

FL 5 OUTPUT OVERLOAD Output overload. 
go 

. 

11,FL14 

FL 6 DC UNDERVOLTAGE DC undervoltage. 
FL 7 ANALOG INPUT 1 Analog input 1 fault. Analog input 1 value is less, than MINIMUM All 

(1301). See also parameter 3001 AI <MJN FUNCTION. 
FL 8 ANALOG INPUT 2 Analog input 2 fault. Analog input 2 value is less than MINIMUM Al2 

(1304). See also parameter 3001 Al<MIN FUNCTION. 
FL 9 MOTOR OVERTEMP Motor overtemperature. See parameters 3004-3008. 
FL10 PANEL LOSS Panel loss. Panel is disconnected when Start/Stop/Dir or reference 

is coming from panel. See parameter 3002 and APPENDIX. 
Note! If FL10 is active when the power is turned off, the ACS 400 
will start in remote control (REM) when the power is turned back on. 

FL11 PARAMETERING Parameters inconsistent. Possible fault situations: 
MINIMUM All > MAXIMUM All (parameters 1301 and 1302) 
MINIMUM Al2 > MAXIMUM Al2 (parameters 1304 and 1305) 
MINIMUM FREQ > MAXIMUM FREQ (parameters 2007 and 2008) 

FL12 MOTOR STALL Motor stall. See parameter 3009 STALL FUNCTION. 
F L 1 3 SERIAL COMM LOSS Serial communication loss. 

EXTERNAL FAULT 
SIGNAL 

External fault is active. See parameter 3003 EXTERNAL FAULT. 

FL15 * OUTPUT EARTH 
FAULT 

Output ground fault. 

FL16 * DC BUS RIPPLE DC bus ripple too high. Check power supply for phase loss or 
imbalance. 

FL17 UNDERLOAD Underload. 
FL18 Reserved. 
FL19 DDCS LINK DDCS link fault. 
FL20 - 
FL28 * 

HARDWARE ERROR Hardware error. Contact the factory. 

Full display blinking (ACS100-PAN) 
"COMM LOSS" (ACS-PAN) Serial link failure. Bad connection between the control panel and the 
ACS 400. 

Note! Faults ( *) that are indicated by a red blinking LED are reset by turning the power off and 
on. Other faults are reset from the control panel. See parameter 1604 FAULT RESET SEL. 
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ACS 400 Basic Parameters 
The ACS 400 has a large number of parameters. Of these, only the basic parameters are initially 
visible. 

Setting up only a few basic parameters is sufficient for applications where the preprogrammed 
application macros of the ACS 400 can provide all desired functionality. For a full description of 
programmable features provided by the ACS 400, see "ACS 400 Complete Parameter List", starting 
on page 51. 

The following table lists the basic parameters. 

S = Parameters can be modified only when the drive is stopped. 

Code Name User S 

Group 99 
START-UP DATA 

9901 LANGUAGE 
Language selection. 

0 = ENGLISH (UK) 4 = SPANISH 8 = DANISH 12 = (reserved) 

1= ENGLISH (US) 5 = PORTUGUESE 9 = FINNISH 

2 = GERMAN 6 = DUTCH 10 = SWEDISH 

3 = ITALIAN 7 = FRENCH 11 = RUSSIAN 

. 

9902 APPLIC MACRO 
Selects application macro.Sets parameter values to their default values. Refer to 
"Application Macros", starting on page 41 for detailed description of each macro. 

0 = FACTORY 
1= ABB STANDARD 
2 = 3 -WIRE - 

3 = ALTERNATE 
4 = MOTOR POT 
5 = HAND/AUTO 
6 = PID CONTROL 
7 = PREMAGN 

Default value: 0 (FACTORY MACRO) 

..( 

9905 MOTOR NOM VOLT 
Nominal motor voltage from motor nameplate. Range of this parameter depends on the 
type of the ACS 400. 

Default value for 400 V unit: 400 or 480 V depending on application macro selected. 

Default value for 200 V unit: 200 or 240 V depending on application macro selected. 

9906 MOTOR NOM CURR 
Nominal motor current from motor nameplate. Values for this parameter range from 0.5* 
IN - 1.5* IN, where IN is nominal current of the ACS 400. 

Default value: IN 

9907 MOTOR NOM FREQ 
Nominal motor frequency from motor nameplate. 

Range: 0 - 250 Hz 
Default: 50 Hz or 60 Hz depending on macro selected. 
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Code Name - User S 

9908 MOTOR NOM SPEED 
Nominal motor speed from motor nameplate. 

Range 0 - 3600 rpm 
Default: 1440 or 1720 rpm depending on application macro selected. 

9909 MOTOR NOM POWER 
Nominal motor power from nameplate. 

Range: 1 - 100 kW (1.5 - 125"Hp) 
Default: 1 kW (1.5 Hp) 

9910 MOTOR COS PHI 
Nominal motor cos phi from nameplate. 

Range: 0.50 - 0.99 
Default: 0.83 

Group 01 - - . 

OPERATING DATA 

0128 LAST FAULT . 

Last recorded fault (0 = no fault). See "Diagnostics", starting on page.35. 
Can be cleared with the control panel by pressing UP and DOWN buttons 
simultaneously when in parameter set mode. 

Group 10 
- 

COMMAND INPUTS 

1003 DIRECTION 
Rotation direction lock. 

1 = FORWARD 

2 = REVERSE 

3 = REQUEST 

If you select REQUEST, the direction is set according to the given direction command. 
Default: 3 (REQUEST) or 1 (FORWARD) depending on the application macro selected. 

Group 11 

REFERENCE SELECT 

*1105 EXT REPI MAX 
Maximum frequency reference in. Hz. 

Range: 0 -250 Hz 
Default value: 50 Hz or 60 Hz depending on the application macro selected. 

Group 12 
CONSTANT SPEEDS 

1202 CONST SPEED 1 

Range for all constant speeds: 0 - 250.0 Hz 

Default value: 5.0 Hz 

1203 CONST SPEED 2 
Default value: 10.0 Hz 

1204 CONST SPEED 3 
Default value: 15.0 Hz 
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Code Name User S 

Group 13 

ANALOG INPUTS 
1301 MINIMUM All 

Minimum value of All in per cent. Defines relative analog input value where frequency 
reference reaches minimum value. 

Range: 0 - 100 % 
Default value: 0 % 

Group 15 

ANALOG OUTPUT 
1503 AO CONTENT MAX . 

Defines output frequency where analog output reaches 20 mA. 

Default value: 50.0 Hz or 60.0 Hz depending on the application macro selected. 

Note! Analog output content is programmable. Values given here are 
valid only if other-analog output configuration parameters have 
not been modified. Description of all parameters is given in 
"ACS 400 Complete Parameter List" starting on page 51. 

Group 20 
___ 

LIMITS 

2003 MAX CURRENT 
Maximum output current. 

Range: 0.5* IN - 1.66* IN, where IN is nominal current of the ACS 400. 
Default value: 1.5 * IN 

2008 MAXIMUM FREQ 
Maximum output frequency. 

Range: 0 - 250 Hz 
Default value: 50 Hz or 60 Hz depending on the application macro selected. 

../ 

The table continues on the next page. 
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Code Name User S 

Group 21 

START/STOP 
2102 STOP FUNCTION 

Conditions during motor stopping. 

1 = COAST 
Motor coasts to stop. 

2 = RAMP 
Ramp deceleration as defined by parameter 2203 DECELER TIME 1 Or 2205 DECELER 
TIME 2. 

Default value: 1 (COAST) 

Group 22 
ACCELER/DECELER 
2202 ACCELER TIME 1 

Ramp 1: time from zero to maximum frequency (0 - MAXIMUM FREQ). 

Range is 0.1 - 1800 s. 
Default value: 5.0 s 

2203 DECELER TIME 1 

Ramp 1: time from maximum to zero frequency (MAXIMUM FREQ - 0). 

Range is 0.1 - 1800 s. 

Default value: 5.0 s 

2204 ACCELER TIME 2 
Ramp 2: time from zero to maximum frequency (0 - MAXIMUM FREQ). 

Range is 0.1 - 1800 s. 

Default value: 60.0 s 

2205 DECELER TIME 2 
Ramp 2: time from maximum to zero frequency (MAXIMUM FREQ - 0). 

Range is 0.1 - 1800 s. 
Default value: 60.0 s 

Group 26 
MOTOR CONTROL 
2606 V/f RATIO 

V/f below field weakening point. 

1 = LINEAR 

2 = SQUARE 
LINEAR is used for constant torque applications. SQUARE is used for centrifugal pump 
and fan applications to increase motor efficiency and to reduce motor noise. 

Default value: 1 (LINEAR) 

Group 33 

INFORMATION 
3301 SW VERSION 

Software version code. 

S = Parameters which can be modified only when the drive is stopped. 
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Application Macros 
Application Macros are preprogrammed parameter sets. They minimize the number of different 
parameters to be set during start-up. Factory Macro is the factory-set default macro. 

Note! The Factory Macro is intended for applications where there is no control panel 
available. If using the Factory Macro with control panel, note that the parameter values 
that are determined by the digital input DI4 cannot be modified. 

Parameter Values 

Selecting an application macro with parameter 9902 APPLIC MACRO will set all other parameters 
(except the language selection 9901, the parameter lock 1602 and groups 50 and 52 serial 
communication parameters) to their default values. 

Default values of certain parameters depend on the selected macro. These are listed with the 
description of each macro. Default values for other parameters are given in "ACS 400 Complete 
Parameter List" starting on page 51. 

41) Connection Examples 

Please note the following in the examples below: 

All the digital inputs are connected using negative (NPN) logic. 
The signal type of analog input is selected with V/I jumper J1. 

Frequency reference 
is provided with V/I Jumper J1 

. 

voltage signal (0 - 10 V) open All: El cg 

Al2: 23 E 

0 s 

current signal (0 - 20 mA) connected 
All. 10 cal 

Al2 IN 01 

el s 

If the frequency reference is provided with a voltage signal from both All and Al2, keep the jump- 
ers positioned according to the picture below. 

All: O 0 

Al2: 
0 - 10 V 

0 - 10 V 
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Application Macro Factory (0) 

This macro is intended for applications where there is no control panel available. It provides a 
general purpose I/O configuration that is typically used in Europe. 

Note! The value of parameter 9902 is 0 (FACTORY). DI4 is not connected. 

Input signals 

Start, stop and direction (DI1,2) 

Analog reference (All) 

Constant speed 1 (D13) 

Ramp pair 1/2 selection (DI5) 

Output signals V/1 

An. output AO: Frequency 

Relay output 1: Fault 

Relay output 2: Running 

jumper S1 

0 

0 

-10 V 

-10 V 

All: 0 
Al2: 0 0 

0 0 

\--7-2 1 SCR 
2 ! I Al1 External Reference 1: 0...10 V <=> 0...50 Hz 
3 A+1GoNvE) 

Reference voltage 10 VDC 
5 iiAl2 Not used 
6 I I AGND 
7 i A01 II Output frequency 0...20 mA <=> 0...50 Hz 

AGND 
0 ; +24V i +24 VDC 1- io i IDCOM1li j 11 I DI1 l Start/Stop: Activate to start ACS400 

Fwd/Rev: Activate to reverse rotation direction 12 i 

t 
012 

13 i Pl3 _ jj Constant Speed 1: Default: 5 Hz --7. 
14 ! FINT71 Leave unconnected!* 
151 DI5 i! Ramp pair selection. Activate to select ramp pair 2. 

' 16 IDCONI2I 

17 RO1C Relay ouput 1, programmable 
18 RO1A r,.. Default: Fault =>17 connected to 18 

RO1B 1- 
20 RO2C Relay ouput 2, programmable 
21 RO2A Default: Running =>20 connected to 22 
22 RO2B 

*Note! DI 4 is used to configure ACS 400. It is read only once when power is connected. When 
DI 4 is open (0) the following applies: 

All parameters marked * are determined by the DI4 input. 
Motor nominal values are 400 V and 50 Hz and 1440 rpm. 
Input and output signals are scaled according to 50 Hz. 
Maximum frequency is 50 Hz. 

Factory (0) parameter values: 

*9905 MOTOR NOM VOLT 400 V *1105 EXT REF1 MAX 50 Hz 
*9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

*9908 MOTOR NOM SPEED 1440 rpm *1201 CONST SPEED SEL 3 (D13) 

*1001 EXT 1 COMMANDS 2 (DI1,2) *1503 AO CONTENT MAX 50 Hz 
1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 6 (START/STOP) 

1102 EXT1 /EXT2 SEL 6 (Ex-r1) *2008 MAXIMUM FREQ 50 Hz 
1103 EXT REF1 SELECT 1 (All) 2105 PREMAGN SEL 0 (NOT SEL) 

2201 ACC/DEC 1/2 SEL 5 (D15) 
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Application Macro Factory (1) 

This macro is intended for applications where there is no control panel available. It provides a 
general purpose I/O configuration that is typically used in North America. 

Note! The value of parameter 9902 is 0. (FACTORY). DI 4 is connected. 

External Reference 1: 0...10 V <=> 0...60 Hz 

Reference voltage 10 VDC 
Not used 

I SCR 

2 

All 
AGND 

Il;a +10V 
is 11AI2 

AGND 
17 Output frequency 0...20 mA <=> 0...60 Hz A01 

8 AGND 

H +24 VDC 9 +24V 
' 10 DCOM1 

Momentary activation with DI2 activated: Start 11 Dll 
Momentary deactivation: Stop 12 DI2 

13 DI3 Fwd/Rev: activate to reverse rotation direction 
14 DI4 Must be connected!* 
15 DI5 Ramp pair selection. Activate to select ramp pair 2. 
16 DCOM21 

17 RO1C Relay ouput 1, programmable 
18 RO1A Default: Fault => 17 connected to 18 
19 RO1B 

20 RO2C Relay ouput 2, programmable 
Default: Running => 20 connected to 22 

21 RO2A 
22 RO2B 

Input signals 

Start, stop and direction 

Output signals V/I 

An. output AO: 

jumper S1 

(DI1,2,3) Frequency All: 0 0 0 -10 V 
Analog reference (All) Relay output 1: Fault Al2: 0 -10 V 
Ramp pair 1/2 selection (DI5) Relay output 2: Running 0 0 

*Note! DI 4 is used to configure ACS 400. It is read only once when power is connected. When 
DI 4 is connected (1) the following applies: 

All parameters marked * are determined by the DI4 input. 
Motor nominal values are 480 V and 60 Hz and 1720 rpm. 
Input and output signals are scaled according to 60 Hz. 
Maximum frequency is 60 Hz. 

Note! Remote stop signal must be present to activate start/stop in local mode. 

Factory (1) parameter values: 

*9905 MOTOR NOM VOLT 480 V *1105 EXT REF1 MAX 60 Hz 

*9907 MOTOR NOM FREQ 60 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

*9908 MOTOR NOM SPEED 1720 rpm *1201 CONST SPEED SEL 0 (NOT SEL) 

*1001 EXT 1 COMMANDS 4 (DI1P,2P,P) *1503 AO CONTENT MAX 60 Hz 

1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 6 (START /STOP) 

*2008 MAXIMUM FREQ 60 Hz 

1102 EXT1/EXT2 SEL 6 (Exil) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (A11) 2201 ACC/DEC 1/2 SEL 5 (Di5) 
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Application Macro ABB Standard 
This general purpose macro provides two more preset speeds compared to Factory Macro (0). 

Note! The value of parameter 9902 is 1 (ABB STANDARD). 

Input signals Output signals V/1 jumper S1 

Start, stop and direction - An. output AO: Frequency 
All: 0 0 (DI1,2) 
Al2: 0 0 Analog reference (All) Relay output 1: Fault 0 -10 V 

0 0 0 -10 V Preset speed selection (D13,4) Relay output 2: Running 

Ramp pair 1/2 selection (DI5) 

\--7-; 1 SCR 
All External Reference 1: 0...10 V <=> 0...50 Hz 2 

3 
AGND FE:7111 

Reference voltage 10 VDC +10V 4 

5 Al2 Not used 
6 AGND 

Output frequency 0...20 mA <=> 0...50 Hz 7 A01_ 
AGND 8 

+24V +24 VDC 
9 I 

10 DCOMI 
Dtl Start/Stop: Activate to start 11 

D12 Fwd/Rev: Activate to reverse rotation direction 12 

D13 Constant speed selection* 13 

14 D14 Constant speed selection* 
D15 Ramp pair selection. Activate to select ramp pair 2. 

; 

15 

DCOM1 16 

I17 RO1C .1, Relay ouput programmable 
16 RO1A Default: Fault => 17 connected to 18 
19 RO1B 

20 RO2C 
Relay ouput 2, programmable 21 RO2A 

22 RO2B Default: Running => 20 connected to 22 

*Constant speed selection: 0 = open, 1 = connected 

D13 D14 Output 

0 0 Reference through All 
1 0 Const speed 1 (1202) 

0 1 Const speed 2 (1203) 

1 1 Const speed 3 (1204) 

ABB Standard parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 7 (013,4) 

1001 EXT 1 COMMANDS 2 (011,2) 1503 AO CONTENT MAX 50 Hz 

1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 EXT1/EXT2 SEL 6 (EX-r1) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (All) 2201 ACC/DEC 1/2 SEL 5 (DI5) 

44 ACS 400 User's Manual 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 467 of 542



Application Macro 3-wire 
This macro is intended for those applications where the drive is controlled using momentary push- 
buttons. It gives two more preset speeds compared to Factory Macro (1) by using DI4 and DI5. 

Note! The default frequency is 60 Hz. 

Note! The value of parameter 9902 is 2 (3- WIRE). 

Input signals 

Start,stop and direction 
(DI1,2,3) 

Analog reference (All) 

Preset speed selection (014,5) 

Output signals 

An. output AO: Frequency 

Relay output 1: Fault 

Relay output 2: Running 

VII jumper S1 0 -10 V 
0 -10 V All: 

Al2: 
ti§ 

\--7- 1 SCR 
2 I I All 
3 IIAGND 
4 '1+10V I 

5 1Al2. 1 

6 1 AGND 
7 i A01 
a AGND 

i ; +24V 
' lo IDCOM11 '- 11 i 1D11 

12 I IDI2 
13 I iD13 
14 11D14 
is iD15 
16 I 1DCOM2 

External Reference 1: 0...10 V <=> 0...60 Hz 

Reference voltage 10 VDC 
Not used 

Output frequency 0...20 mA <=> 0...60 Hz 

+24 VDC 

Momentary activation with DI2 activated: Start 
Momentary deactivation: Stop 
Activate to reverse rotation: Fwd/Rev 
Constant speed selection* 
Constant speed selection* 

FIT RO1C ouput 1, programmable 
18 RO1A !Default: fault => 17 connected to 18 
19 I RO1B 

'20 RO2C 
21 1 RO2-A-1,._ Relay ouput 2, programmable 
22 I RO2B Default: running => 20 connected to 22 

*Constant speed selection: 0'= open, 1 = connected 

D14 D15 Output 

0 0 Reference through All 
1 0 Constant speed 1 (1202) 

0 1 Constant speed 2 (1203) 

1 1 Constant speed 3 (1204) 

Note! Deactivation of stop signal interlocks panel START/STOP button in local control mode. 
Application Macro 3-wire parameter values: 

9905 MOTOR NOM VOLT 480 V 1105 EXT REF1 MAX 60 Hz 

9907 MOTOR NOM FREQ 60 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

9908 MOTOR NOM SPEED 1720 rpm 1201 CONST SPEED SEL 8 (D14,5) 

1001 EXT 1 COMMANDS 4 (011 P,2P,3) 1503 AO CONTENT MAX 60 Hz 

1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 60 Hz 

1102 EXT1/EXT2 SEL 6 (EXT1) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (All) ) 2201 ACC/DEC 1/2 SEL 0 (NOT SEL) 
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Application Macro Alternate 
This macro offers an I/O configuration that uses a sequence of DI control signals to alternate the 
direction of drive rotation. 

Note! The value of parameter 9902 is 3 (ALTERNATE). 

Input signals 

Start, stop and direction 
(DI1,2) 

Analog reference (All) 

Preset speed selection (DI3,4) 

Ramp pair 1/2 selection (DI5) 

Output signals V/I 

An. output AO: Frequency 

Relay output 1: Fault 

Relay output 2: Running 

jumper S1 

0 

0 

-10 V 
-10 V 

All: 0 0 
Al2: 

0 0 

External Reference 1: 0...10 V <=> 0...50 Hz 

Reference voltage 10 VDC 
Not used 

\--T- 1 SCR 
All 2 

3 
AGND 
+10V \111 

4 

5 Al2 
AGND 6 

A01 Output frequency 0...20 mA <=> 0...50 Hz 7 

AGND 8 

+24V +24 VDC E-19 
10 DCOM1 

Dll Start fwd: If Dll state is the same as D12, drive stops 11 

DI2 Start reverse 12 

DI3 Constant Speed selection* 
Constant Speed selection* 

I 13 
14 D14 

D15 Ramp pair selection. Activate to select ramp pair 2. is 
IDCOM2 16 

i 17 ROTC Relay ouput 1, programmable 
18 RO1A Default: Fault =>17 connected to 18 

I 19 RO1B 

20 RO2C Relay ouput 2, programmable 
21 RO2A Default: Running =>20 connected to 22 
22 RO2B 

*Constant speed selection: 0 = open, 1 = connected 

DI3 DI4 Output 

, 0 0 Reference through All 
1 0 Constant speed 1 (1202) 

1 Constant speed 2 (1203) 

I 1 Constant speed 3 (1204) 

Application macro Alternate parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 7 (013,4) 

1001 EXT 1 COMMANDS 9 (011F,2R) 1503 AO CONTENT MAX 50 Hz 

1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 Exi1 /EXT2 SEL 6 (Ex-r1) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (All) 2201 ACC/DEC 1/2 SEL 5 (D15) 
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Application Macro Motor Potentiometer 
This macro provides a cost-effective interface for PLCs that vary the speed of the drive using only 
digital signals. 

Note! The value of parameter 9902 is 4 (MoToR POT). 

Input signals 

Start, stop and direction 
(DI1,2) 

Reference up (DI3) 

Reference down (DI4) 

Output signals 

An. output AO: Frequency 

Relay output 1: Fault 

Relay output 2: Running 

Preset speed selection (DI5) 

1 SCR 
2 All External Reference 1: 0...10 V 
3 AGND 
4 +10V Reference voltage 10 VDC 
5 Al2 Not used 
6 AGND 

Output frequency 0...20 mA <=> 0...50 Hz 7 A01 
8 AGND 

,0 +24V +24 VDC 
I 

10 DCOM1I 
Start/Stop: Activate to start. 11 Dll 

I 

12 DI2 Forward/Reverse: Activate to reverse rotation direction 
DI3 Reference up: Activate to increase reference* 

14 DI4 Reference down: Activate to decrease reference* 
15 D15 Constant speed 1 

16 DCOM2 

17 RO1C Relay ouput 1, programmable 
18 RO1A Default: Fault => 17 connected to 18 

I 19 RO1B 

20 RO2C Relay ouput 2, programmable 
21 RO2A Default: Running => 20 connected to 22 
22 RO2B 

*Note! 
If both DI 3 and DI 4 are active or inactive, reference is kept fixed. 
Reference is stored during stop or power down condition. 
Analog reference is not followed when motor potentiometer is selected. 

Motor potentiometer parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 5 (D15) 

1001 EXT 1 COMMANDS 2 (D11,2) 1503 AO CONTENT MAX 50 Hz 

1002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 EXT1/EXT2 SEL 6 (ExT1) 2105 PREMAGN SEL - 0 (NOT SEL) 

1103 EXT REF1 SELECT 6 (o13u,4o) 2201 ACC/DEC 1/2 SEL 0 (NOT SEL) 
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Application Macro Hand - Auto 
This macro offers an I/O configuration that is typically used for fan or pump applications. 

Note! The value of parameter 9902 is 5 (HAND/Amp). 

Input signals Output signals VII 

Start/stop(DI1,5) and rev An. output AO: Frequency 
(DI2,4) 

Jumper S1 

0 -10 V All: 0 0 
Two an. references (A11,Al2) Relay output 1: Fault Al2* 0(4) -20 mA 
Control location selection (DI3) Relay output 2: Running 

v-v- 1 SCR 
2 All External Reference 1: 0...10 V <=> 0...50 Hz (Hand Control) 
3 AGND 
4 +10V Reference voltage 10 VDC 

(t ) 5 Al2 External reference 2: 0...20 mA <=> 0...50 Hz (Auto Control) 
6 AGND 

A0_1 Output frequency 0...20 mA <=> 0...50 Hz 
8 AGND 

+24V +24 VDC 
10 DCOM1 
11 DI1 Start/Stop: Activate to start ACS 400 (Hand). 
12 DI2 Forward/Reverse: Activate to reverse rotation direction (Hand) 
13 013 EXT1/EXT2 Selection: Activate to select auto control 
14 014 Forward/Reverse (Auto) 

Start/Stop: Activate to start ACS 400 (Auto) 15 015 
16 DCOM 

17 RO1C Relay 1, ouput programmable 
18 RO1A Default: Fault => 17 connected to 18 
19 RO1B 

20 RO2C Relay ouput 2, programmable 
21 RO2A Default: Running => 20 connected to 22 
22 RO2B 

Note! Parameter 2107 (Start Inhibit) must be disabled (off) to permit simultaneous closure of 
013 and 015. 

Hand-Auto parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 2 (AI2) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 0 (NOT SEL) 

1001 EXT 1 COMMANDS 2 (011,2) 1503 AO CONTENT MAX 50 Hz 

1002 EXT 2 COMMANDS 7 (D15,4) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 EXT1/EXT2 SEL 3 (013) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (All) 2201 ACC/DEC 1/2 SEL 0 (NOT SEL) 
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Application Macro PID Control 
This macro is intended for use with different closed-loop control systems such as pressure and flow 
control. 

The value of parameter 9902 is 6 (pip_ci-3k),__ 

Input signals 

Start/stop (DI1,5) 

Output signals V/I 

An. output AO: Frequency 

Jumper S1 

All: 0 0 0 -10 V 
Analog reference (All) Relay output 1: Fault Al2 0(4) -20 mA 10 01 

Actual value (Al2) Relay output 2: Running 0 0 
Control location selection (DI2) 

Constant speed (DI3) 

Run enable (014) 

1--\- SCR 
2 All EXT1 (Manual) or EXT2 (PID) reference: 0...10 V ri 

AGND 
I I 

4 +1 OV Reference voltage 10 VDC 
5 Al2 Actual signal; 0...20 mA (PID) 
6 AGND 
7 A01 Output frequency 0...20 mA <=> 0...50 Hz 

AGND 
+24V +24 VDC 

10 DCOMI 
11 Dll Start/Stop: Activate to start ACS 400 (Manual). 
12 012 EXT1/EXT2 Selection: Activate to select PID control 
13 DI3 Constant speed 1: not used if PID control** 
14 DI4 Run enable: deactivation always stops ACS 400 
15 DI5 Start/Stop: Activate to start ACS 400 (PID) 
16 DCOM2 

17 RO1C Relay ouput 1, programmable 
Default: Fault => 17 connected to 18 18 RO1A 

19 RO1B 

20 RO2C Relay ouput 2, programmable 
21 RO2A Default: Running => 20 connected to 22 
22 RO2B 

Alk Note! 
** Constant speed is not used while in PID control (PID). 

PID control parameters (group 40) are not contained in the Basic parameter set. 

PID Control parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 1 (All) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 3 (D13) 

1001 EXT 1 COMMANDS 1 (DI1) 1503 AO CONTENT MAX 50 Hz 

1002 EXT 2 COMMANDS 6 (D15) 1601 RUN ENABLE 4 (Dl4) 

1003 DIRECTION 1 (FORWARD) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 EXT1 /EXT2 SEL 2 (D12) 2105 PREMAGN SEL 0 (NOT SEL) 

1103 EXT REF1 SELECT 1 (All) 2201 ACC/DEC 1/2 SEL 0 (NOT SEL) 
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Application Macro Premagnetize 
This macro is intended for those applications where the drive must start very quickly. Building up the 
flux in the motor always takes time. Using the Premagnetize Macro will minimize this delay. 

The value of parameter 9902 is 7 fPREMAGN1). 

Input signals 

Start, stop and direction 

Output signals V/I 

An. output AO: Frequency 

Jumper S1 

(DI1,2) All: 0 0 0 -10 V 

Analog reference (All) Relay output 1: Fault Al2: 0 0 -10 V 

Preset speed selection (DI3,4) Relay output 2: Running 
0 0 

Premagnetize (D15) 

'gin 
18 

RO1C 
RO1A 

119 RO1B 

20 

21 

22 

RO2C 
RO2A 
RO2B 

External Reference 1: 0...10 V <=> 0...50 Hz 

Reference voltage 10 VDC 
Not used 

Output frequency 0...20 mA <=> 0...50 Hz 

+24 VDC 

Start/Stop: Active to start ACS 400 
Fwd/Rev: Activate to reverse rotation 
Constant Speed selection* 
Constant Speed selection* 
Premagnetize: Activate to start premagnetising 

Relay ouput 1, programmable 
Default: Fault => 17 connected to 18 

Relay ouput 2, programmable 
Default: Running => 20 connected to 22 

*Constant speed selection: 0 = open, 1 = connected 

DI3 D14 Output 

0 0 Reference through All 
1 0 Constant speed 1 (1202) 

1 Constant speed 2 (1203) 

1 1 Constant speed 3 (1204) 

Premagnetize parameter values: 

9905 MOTOR NOM VOLT 400 V 1105 EXT REF1 MAX 50 Hz 

9907 MOTOR NOM FREQ 50 Hz 1106 EXT REF2 SELECT 0 (KEYPAD) 

9908 MOTOR NOM SPEED 1440 rpm 1201 CONST SPEED SEL 7 (D13,4) 

1001 EXT 1 COMMANDS 2 (D11,2) 1503 AO CONTENT MAX 50 Hz 

1 002 EXT 2 COMMANDS 0 (NOT SEL) 1601 RUN ENABLE 0 (NOT SEL) 

1003 DIRECTION 3 (REQUEST) 1604 FAULT RESET SEL 0 (KEYPAD) 

2008 MAXIMUM FREQ 50 Hz 

1102 EXT1/EXT2 SEL 6 (Errl ) 2105 PREMAGN SEL 5 (DI5) 

1103 EXT REF1 SELECT 1 (KEYPAD) 2201 ACC/DEC 1/2 SEL 0 (NOT SEL) 

50 ACS 400 User's Manual 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 473 of 542



ACS 400 Complete Parameter List 
Initially, only the basic parameters (shaded grey in Table 7) are visible. See "Selecting Full Parameter 
Set" on page 28 for menu function to select full parameter set. 

_ S_= Parameters can be modified only when _the drive is_slop_ped. 

M = Default value depends on the selected macro (*). 

Table 7 Full parameter set. 

Code Name I Range Resoliitioit:IpeloiAt Of S M 

Group 99 
START-UP DATA 

9901E LANGUAGE 0 - 12 1 0 (ENGLISH (UK)) 

9902 APPLIC MACRO 0 - 7 1 0 (FACTORY) 

9905 MOTOR NOM VOLT 200, 208, 220, 230, 240, 
380, 400, 415, 440, 460, 
480V 

- 

9906 MOTOR NOM CURR 0.5*1N - 1.5*IN 0.1 A 1.01N 

99121T MOTOR NOM FREQ 0 - 250 Hz 1 Hz * ../ ,./ 

9908. MOTOR NOM SPEED 0 - 3600 rpm 1 rpm * 

9909 MOTOR NOM POWER 1 - 100 1 kW 1 kW 

991.0 MOTOR COS PHI 0.50 - 0.99 0.01 0.83 

Group 01 

OPERATING DATA 

0102 SPEED 0 - 9999 rpm 1 rpm - 

0103 OUTPUT FREQ 0 - 250 Hz 0.1 Hz - 

0104 CURRENT - 0.1 A - 

0105 TORQUE - 1 % 

0106 POWER - 0.1 kW - 

0107 DC BUS VOLTAGE 0 - 999.9 V 0.1 V - 

0109 OUTPUT VOLTAGE 0 - 480 V 0.1 V - 

0110 Acs400 TEMP 0 - 150 °C 0.1 °C - 

0111 EXTERNAL REF 1 0 - 250 Hz 0.1 Hz - 

0112 EXTERNAL REF 2 0 - 100 % 0.1 % 

0113 CTRL LOCATION 0 - 2 1 - 

0114 RUN TIME (R) 0.00 - 9999 kh 1 h - 

0115 kWh COUNTER (R) 0 - 9999 kWh 1 kWh - 

0116 APPL BLK OUTPUT 0 - 100 % 0.1 % - 

0117 D11-014 STATUS 0000 - 1111 1 - 

0118 All 0 - 100 % 0.1% - 

0119 Al2 0 - 100 % 0.1 % - 

0121 DI5 & RELAYS 0000 - 0111 1 - 

0122 AO 0 - 20 mA 0.1 mA - 

0124 ACTUAL VALUE 1 0 - 100 % 0.1 % - 

0125 ACTUAL VALUE 2 0 - 100 % 0.1 % - 

0126 CONTROL DEV -100 - 100 % 0.1 % - 

0127 PID ACTUAL VALUE 0 - 100 % 0.1 % 
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Code :kerne', ' ; ,:,',,:i,_ ,._;',_, ..., Rkrig70:1__Iii_:1,1_-_ :.,:: ik-efOrkiionr: PI Oeirit 1, : IrSilt___;,",27 S.- i, Ni: 

0128 LAST FAULT 0 - 26 1 

_::,. 

0129 PREVIOUS FAULT 0 - 26 1 0 

0130 OLDEST FAULT 0 - 26 1 0 

013i -SERIAL Lik (DATA i 0 - 255 - 1 

0132 SERIAL LINK DATA 2 0 - 255 1 

0133 SERIAL LINK DATA 3 0 - 255 1 

0134 PROCESS VAR 1 0 - 65535 or 
-32768 - 32767 

1 

0135 PROCESS VAR 2 0 - 65535 or 
-32768 - 32767 

1 

0136 RUN TIME 0.00 - 99.99 kh 0.01 kh 

0137 MWh COUNTER 0.0 - 999.9 MWh 0.1 MWh 

Group 10 
COMMAND INPUTS 

1001 EXT1 COMMANDS 0 - 10 1 * V V 

0 002 EXT2 COMMANDS 0 - 10 1 * V / 
1003 : 

.. - DIRECTION 1 - 3 1 * ,/ ./ 
Group 11 

REFERENCE SELECT 

1101 KEYPAD REF SEL 1 - 2 1 1 (REF1 (Hz)) 

1102 EXT1/EXT2 SEL 1 - 10 1 * V V 

1103 EXT REF1 SELECT 0 - 10 1 * V V 

1104 EXT REF1 MIN 0 - 250 Hz ... 1 Hz 0 Hz 

1105 EXT REF1 MAX 0 - 250 Hz 1 Hz * / 
1106 EXT REF2 SELECT ' 0 - 10 1 * V V 

1107 EXT REF2 MIN 0 - 100 % 1 % O% 

1108 EXT REF2 MAX 0 - 500 % 1 % 100 % 

Group 12 
CONSTANT SPEEDS 

_ 

201 CONST SPEED SEL 0 - 10 1 * V V 

p202 
... 

CONST speed 1 0 - 250 Hz 0.1 Hz 5 Hz 

1203 coNsT speed 2 0 - 250 Hz 0.1 Hz 10 Hz 

1204. coNsT speed 3 0 - 250 Hz 0.1 Hz 15 Hz 

1205 coNsT speed 4 0 - 250 Hz 0.1 Hz 20 Hz 

1206 CONST speed 5 0 - 250 Hz 0.1 Hz 25 Hz 

1207 CONST speed 6 0 - 250 Hz 0.1 Hz 40 Hz 

1208 CONST speed 7 0 - 250 Hz 0.1 Hz 50 Hz 

Group 13 
ANALOG INPUTS 

1301 MINIMUM Al 1 0 - 100 % 1% 0 % 

1302 MAXIMUM All 0 - 100 % 1 % 100 % 

1303 FILTER All . 0 - 10 S 0.1 S 0.1 S 

1304 MINIMUM Al2 0 - 100 % 1% 0 % 

1305 MAXIMUM Al2 0 - 100 % 1 % 100 % 
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Code Name --, Range #esoitition Default riti- 

1306 FILTER Al2 0 - 10 s 0.1 s 0.1 s 

Group 14 
RELAY OUTPUTS 

-1401 - RELA-Y- OU-TPUT 1 0 - 27 1 3 (FAULT (-1)) 

1402 RELAY OUTPUT 2 0 - 27 1 2 (RUN) 

1403 RELAY 1 ON DELAY 0 - 3600 s 0.1 s; 1 s 0 s 

1404 RELAY 1 OFF DELAY 0- 3600 s 0.1 s; 1s Os 

1405 RELAY 2 ON DELAY 0- 3600 s 0.1 s; 1 s 0 s 

1406 RELAY 2 OFF DELAY 0- 3600 S 0.1 s; 1 s 0 s 

Group 15 
ANALOG OUTPUT 

1501 AO CONTENT 102 - 137 1 103 

1502 AO CONTENT MIN 0.0 Hz 

1503 AO CONTENT MAX * ../ 

1504 MINIMUM AO 0.0 - 20.0 mA 0.1 mA 0 mA 

1605 MAXIMUM AO 0.0 - 20.0 mA 0.1 mA 20.0 mA 

1506 FILTER AO 0 - 10 S 0.1 S 0.1 S 

Group 16 
SYSTEM CONTROLS 

1601 RUN ENABLE 0 - 6 1 * 

1602 PARAMETER LOCK 0 - 2 1 1 (OPEN) 

1604 FAULT RESET SEL 0 - 7 1 * 

1605 LOCAL. LOCK 0 - 1 1 0 (OPEN). 

Group 20 
LIMITS 

2003 MAX CURRENT 0.51N - 1.661N 0.1 A 1.5*IN 

2005 OVERVOLT CTRL 0 - 1 1 1 (ENABLE) 

2006 UNDERVOLT CTRL 0 - 2 1 1 (ENABLE TIME) 

2007 MINIMUM FREQ 0 - 250 Hz 1 Hz 0 Hz 

2008 MAXIMUM FREQ 0 - 250 Hz 1 Hz * 

Group 21 
START/STOP 

2101 START FUNCTION 1 - 4 1 1 (RAMP) 

21.02 STOP FUNCTION 1 - 2 1 (coAs-r) 

2103 TORO BOOST CURR 0.51N - 1.8*1N 0.1 A 1.2*IN 

2104 STOP DC INJ TIME 0 - 250 s 0.1; 1 s 0 s 

2105 PREMAGN. SEL 0 - 6 1 * 

2106 PREMAGN MAX TIME 0.0 - 25.0 s 0.1 s 2.0 s 

2107 START INHIBIT 0 - 1 1 1 (ON) 
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-code- 
_, 

KYee', 
_ 

._.,,___ _ _ 

Rang Rai:Nutria Default ' User - S 

Group 22 
ACCEL/DECEL 

2201 ACC/DEC 1/2 SEL 0 - 5 1 * 

# -1--: ACCELER TIME 1- 0.1 - 1800 s 0.1; 1 s 5 s 

2203 ,DECELER TIME 1 0.1 - 1800 S 0.1; 1 s 5 s 

2204 ACCELER TIME 2 0.1 - 1800 S 0.1; 1 s 60 s 

2205 DECELER TIME 2 0.1 - 1800 S 0.1; 1 s 60 s 

2206 RAMP SHAPE 0 - 3 1 0 (LINEAR) 

Group 25 
CRITICAL FREQ 

2501 CRIT FREQ SEL 0 - 1 1 0 (OFF) 

2502 CRIT FREQ 1 LO 0 - 250 Hz 1 Hz 0 Hz 

2503 CRIT FREQ 1 HI 0 - 250 Hz 1 Hz 0 Hz 

2504 CRIT FREQ 2 LO 0 - 250 Hz 1 Hz 0 Hz 

i505 CRIT FREQ 2 HI 0 - 250 Hz 1 Hz 0 Hz 

group 26 
MOTOR CONTROL - -- 

2603 IR COMPENSATION 0 - 30 V 1 10 V 

2604 IR COMP RANGE 0 - 250 Hz 1 Hz 50 Hz 

2605 LOW NOISE 0 - 1 1 0 (OFF) 

2606 -,V/f 
. . 

RATIO 1 - 2 1 1 (LINEAR) 

2606 SLIP COMPENSATION 0-150% 1 0% 

Group 30 
FAULT FUNCTIONS 

3001 AI <MIN FUNCTION 0 - 3 _ 1 1 (FAULT) 

3002 PANEL LOSS 1 - 3 1 1 (FAULT) 

3003 EXTERNAL FAULT 0 - 5 1 0 (Nor SEL) 

3004 MOT THERM PROT 0 - 2 1 1 (FAULT) 

3005 MOT THERM TIME 256 - 9999 s 1 s 500 s 

MOT LOAD CURVE 50 - 150 % 1 % 100 

07 ZERO SPEED LOAD 25 - 150 % 1 % 70 % 

3008 BREAK POINT 1 - 250 Hz 1 Hz 35 Hz 

3009 STALL FUNCTION 0 - 2 1 0 (NOT SEL) 

3010 STALL CURRENT 0.5*IN - 1.66*IN 0.1 A 1.2* IN 

3011 STALL FREQ HI 0.5 - 50 Hz 0.1 Hz 20 Hz 

3012 STALL TIME 10...400 s 1 s 20 s 

3013 UNDERLOAD FUNC 0 - 2 1 0 (NOT SEL) 

3014 UNDERLOAD TIME 10...400 s 1 s 20 s 

3015 UNDERLOAD CURVE 1 - 5 1 1 
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Code 'Name '''.7-77- 7-- ' , .16.40' : - 7.' . ' : ''''7: keSailatii. Default 7 iligiF ' '7 ' -, §''..: Oil. 

Group 31 

AUTOMATIC RESET 

3101 NR OF TRIALS 0 - 5 1 0 

3102. _TRIAL TIME 1_0, 180.0 s 0.1 s - 30 s 

3103 DELAY TIME 0.0 - 3.0 s 0.1 s 0 s 

3104 AR OVERCURRENT 0 - 1 1 O(DISABLE) 

3105 AR OVERVOLTAGE 0 - 1 1 O(DISABLE) 

3106 AR UNDERVOLTAGE 0 - 1 1 O(DISABLE) - 

3107 AR Al<MIN 0 - 1 1 O(DISABLE) 

Group 32 
SUPERVISION 

3201 SUPERV 1 PARAM 1O2' 137 1 103 

3202 SUPERV 1 LIM LO 0 - 65535 - 0 , 

3203 SUPERV 1 LIM HI 
- 

0 - 655-35 - 0 

3204 SUPERV 2 PARAM 102 - 137 1 103 

3205 SUPERV 2 Lim Lo 0 - 65535 - 0 

3206 SUPERV 2 LIM HI 0 - 65535 - 0 

Group 33 
INFORMATION 

W:i7: SW VERSION 0.0.0.0 - f.f.f.f - - 

3302 TEST DATE yy.vvw - - 

Group 34 
PROCESS VARIABLES 

3401 DISPLAY SEL 1 - 2 1 1(STANDARD) 

3402 P VAR 1 SEL 102 - 137 1 104 

3403 P VAR 1 MULTIP 1 'Q999 
1 1 

3404 P VAR 1 DIVISOR 1 - 9999 1 1 

3405 P VAR 1 SCALING 0 - 3 1 1 

3406 P VAR 1 UNIT O- 31 1 1 (A) 

3407 P VAR 2 SEL 102 - 137 1 103 

3408 P VAR 2 muuriP 1 - 9999 1 1 

3409 P VAR 2 DIVISOR 1 - 9999 1 1 

3410 P VAR 2 SCALING 0 - 3 1 1 

34011 P VAR 2 UNIT 0 - 31 1 3 (Hz) 
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toiTL, ii arg.477. 7-77 -:--:: kiii71677.7= ' - :: 'Resoluti-`0 . befaiie. ' ' - g illief.'-' -: ' '.'" 8 .:'":. 6/1' 

Group 40 
PID-CONTROL 

4001 PID GAIN al-loo al to 

4002 PID INTEG TIME - 0.1 .7. 320 s . . 0.-1 s - 60 s 

4003 PID DERIV TIME 0 - 10 S 0.1 S 0 S 

4004 PID DERIV FILTER O' 10 S 0.1 S 1 S 

4005 ERROR VALUE INV 0 - 1 1 0 (NO) 

4006 ACTUAL VAL SEL 1 - 9 1 1 (AcT1) .7 

4007 AcT1 INPUT SEL 1 - 2 1 2(m2) ./ 
4008 ACT2 INPUT SEL 1 - 2 1 2(A/2) .7 

4009 AcT1 MINIMUM 0 - 1000 % 1 % 0 % 

4010 ACT1 MAXIMUM O' 1000 % 1 % 100 % 

4011 ACT2 MINIMUM 0' 1000 % 1 % 0 % 

4012 AcT2 mAximum 0 - 1000 % 1% 100 % .' 

0013 PID SLEEP DELAY 0.0 - 3600 s 0.1; 1 s 60 s 

4014 PID SLEEP LEVEL - 0.0 - 120 Hz -0:1-Hz -- - - 0-Hz 

4015 WAKE-UP LEVEL 0.0 - 100 % 0.1 % U96 

Group 50 
COMMUNICATION 

5001 DDCS BIT RATE 1, 2, 4, 8 - 1 

5002 DDCS NODE NR 1 - 254 1 1 ,/ 
5003 comm FAULT TIME 0.1 - 60 s 0.1 s 1 s 

5004 comm FAULT FUNC - 0 - 3 1 0 (NOT sa) 
5005 PROTOCOL SEL 0 - 3 1 0 (NoT sEL) / 
5006 COMM COMMANDS 0 - 2 1 0 (NOT SEL) s/ 

Group 51 
. 

EXT COMM MODULE 

5101- 
5115 

FIELDBUSPAR1 - 15 - - - 

gr o up 52 
WANDARD MODBUS 

5201 STATION ID 1 - 247 1 1 

5202 com SPEED 3, 6, 12, 24,48, 96, 192 - 96 (9600 bits/s) 

5203 PARITY 0 - 2 1 0 (NONE) 
' 

5206 BAD MESSAGES 0 - FFFF 1 - 

5207 GOOD MESSAGES 0 - FFFF 1 - . 

5208 BUFFER OVERRUNS 0 - FFFF 1 - 

5209 FRAME ERRORS 0 - FFFF 1 - 

5210 PARITY ERRORS 07 FFFF 1 - 

5211 CRC ERRORS 0 - FFFF 1 - 

5212 BUSY RRORS 0 - FFFF 1 - 

5213 SER FAULT MEM 1 0 - 255 1 - 

5214 SER FAULT MEM 2 0 - 255 1 - 

5215 SER FAULT MEM 3 0 - 255 1 - 
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Group 99: Start-up Data 

Note! Start-up Data parameters are used for setting up the ACS 400. 

Code Description 

9901 LANGUAGE 
Language selection for ACS-PAN-A control panel. 

0 = ENGLISH (UK) 3 = ITALIAN 6 = DUTCH 9 = FINNISH 12 = (reserved) 

1= ENGLISH (US) 4 = SPANISH 7 = FRENCH 10 = SWEDISH 

2 = GERMAN 5 = PORTUGUESE 8 = DANISH 11 = RUSSIAN 

Note! The ACS-100 PAN does not support Language selection. 
9902 APPLIC MACRO 

Application macro selection. This parameter is used to select the Application Macro which will configure the 
ACS 400 for a particular application. Refer to "Application Macros", starting page 41, for a list and 
description of available Application Macros. 

0 = FACTORY 2 = 3 -WIRE 4 = MOTOR POT 6 = PID CONTROL 

1= ABB STANDARD 3 = ALTERNATE 5 = HAND/AUTO 7 = PREMAGN 

9905 MOTOR NOM VOLT 
Nominal motor voltage from motor nameplate. This parameter sets the maximum output voltage supplied to 
motor by ACS 400. MOTOR NOM FREQ sets the frequency at which output voltage is equal to the MOTOR NOM 
VOLT. The ACS 400 cannot supply the motor with a voltage greater than the input voltage. 
See Figure 20. 

9906 MOTOR NOM CURR 
Nominal motor current from nameplate. The allowed range is 0.5 IN ... 1.5 1 IN.of ACS 400. 

9907 MOTOR NOM FREQ 
Nominal motor frequency from nameplate (field weakening point). 
See Figure 20. 

9908 MOTOR NOM SPEED 
Nominal motor speed from nameplate. 

9909 MOTOR NOM POWER 
Nominal motor power from nameplate. 

9910 MOTOR COS PHI 
Nominal motor cos phi from nameplate. 

Output voltage 

MOTOR NOM VOLT 

MP Output frequency 
MOTOR NOM FREQ 

Figure 20 Output voltage as a function of output frequency. 
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Group 01: Operating Data 

This group contains drive operating data, including actual signals and fault memories. Actual Signal 
values are measured or calculated by the drive and they cannot be set by the user. Fault memories 
can be cleared by the user from the control panel. 

Code bescriciii6n -- 7-,-- ----- ---- r'-- '-' - - - ---"'" -.' ''' - --- ,--_- - 
_ __ ___ _ _, _____ - ' - _ - - - - __ _ 

0102 SPEED 
Displays the calculated speed of the motor (rpm). 

0103 OUTPUT FREQ 
Displays the frequency (Hz) applied to the motor. (Also shown in OUTPUT display.) 

0104 CURRENT 
Displays the motor current, as measured by the ACS 400. 
(The same value that is shown by the OUTPUT display mode.) 

0105 TORQUE 
Output torque. Calculated value of torque on motor shaft in % of motor nominal torque. 

0106 

/ 
POWER 
Displays the measured motor power in kW. 

Note! ACS100-PAN will not display the unit ("kW"). 
0107 DC BUS VOLTAGE 

Displays the DC bus voltage, as measured by the ACS 400. The voltage is displayed in Volts DC. 

0109 OUTPUT VOLTAGE 
Displays the voltage applied to the motor. 

0110 ACS 400 TEMP 
Displays the temperature of the ACS 400 heatsink in degrees centigrade. 

0111 EXT REF 1 

The value of external reference 1 in Hz. 

0112 EXT REF 2 
The value of external reference 2 in %. 

0113 CTRL LOCATION 
Displays the active control location. Alternatives are: 

0 = LOCAL 
1 = EXT1 
2 = ExT2 

See "APPENDIX", starting page 115, for description of different control locations. 

0114 RUN TIME (R) 
Shows the total run time of the ACS 400 in thousands of hours. Can be reset by pressing UP and DOWN 
buttons simultaneously when in parameter set mode. 

. 

0115 kWh COUNTER (R) 
Shows the ACS 400 operating hours. Can be reset by pressing UP and DOWN buttons simultaneously 
when in parameter set mode. 

0116 APPL BLK OUTPUT 
The reference value in per cent received from the application block (PID control block). This value has 
significance only when the PID Control macro is used. 

0117 DI1-D14 STATUS 
Status of the four digital inputs. Status is displayed as binary number. If the input is activated, the display 
will indicate 1. If the input is deactivated, the display will be 0. 

ACS 1 00-PAN 
I 1-1 I 

1 I Li 
ACS-PAN 

. 
000001101BIN 

DI 4 DI 3 DI 2 DI 1 
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Code: -- - - ---- - - - - -- - - - --- 
0118 All 

Relative value of analog Input 1 displayed in %. 

0119 Al2 
Relative value of analog input 2 displayed in %. 

0121 DI5 & RELAYS 
Status of digital input 5 and relay outputs. 1 indicates that the relay is energized and 0 indicates that the 
relay is de-energized. 

ACS1 00-PAN 
/ 11 1 

ACS-PAN 

/ U I 0000001 01 BIN 

015 
Relay 2 status 
Relay 1 status 

0122 AO 
Value of analog output signal in milliamperes. 

0124 ACTUAL VALUE 1 

PIO Controller actual value 1 (Acr1), displayed in per cent. 

0125 ACTUAL VALUE 2 
. . 

PID Controller actual value 2 (Am-2), displayed in per cent. 

0126 CONTROL DEV 
Displays the difference between the reference value and the actual value of the PID process controller. 

0127 PID ACTUAL VALUE 
Feedback signal for PID controller. 

0128 LAST FAULT 
Last recorded fault (0=no fault). See "Diagnostics", starting page 35. 
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in 
parameter set mode. 

0129 PREVIOUS FAULT 
Previous recorded fault. See "Diagnostics", starting page 35. 
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in 
parameter set mode. 

0130 OLDEST FAULT 
Oldest recorded fault. See "Diagnostics", starting page 35. ' 
Can be cleared with the control panel by pressing UP and DOWN buttons simultaneously when in 
parameter set mode. . 

0131 SERIAL LINK DATA 1 

Free data location that can be written from serial link. 

0132 SERIAL LINK DATA 2 . 

Free data location that can be written from serial link. 

0133 SERIAL LINK DATA 3 
Free data location that can be written from serial link. 

0134 PROCESS VAR 1 

Process variable 1, as selected by parameters in group 34. 

0135 PROCESS VAR 2 
Process variable 2, as selected by parameters in group 34. 

0136 RUN TIME - 

Shows the total running time of ACS 400 in thousands of hours (kh). 

0137 MWh COUNTER 
Counts the megawatt hours of ACS 400 in operation. 
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Group 10: Command Inputs 
Start, Stop and Direction commands can be given from the control panel or from two external 
locations (Ex-r1, ExT2). The selection between the two external locations is made with parameter 
1102 Exi1 /ExT2 SEL. For more information on control locations refer to "APPENDIX", starting page 
115. 

Code Description 

1001 EXT1 COMMANDS 
Defines the connections and the source of Start/Stop/Direction commands for External control location 1 

(ExT1). 

0 = NOT SEL 

No Start/Stop/Direction command source for Ex-r1 is selected. 
1 = DI1 
Two-wire Start/Stop connected to digital input D11. D11 deactivated = Stop; 
D11 activated = Start. * 

2 = DI1,2 
Two-wire Start/Stop, Direction. Start/Stop is connected to digital input DI1 as above. Direction is connected 
to digital input DI2. D12 deactivated = Forward; D12 activated = Reverse. To control direction, value of 
parameter 1003 DIRECTION Should be REQUEST. 

3 = DI 1P,2P 
Three-wire Start/Stop. Start/Stop commands are given by means of momentary push-buttons (the P stands 
for "pulse"). The Start push-button is normally open, and connected to digital input D11. The Stop push- 
button is normally closed, and connected to digital input DI2. Multiple Start push-buttons are connected in 
parallel; multiple Stop push-buttons are connected in series. *,** 
4 = DI1P,2P,3 
Three-wire Start/Stop, Direction. Start/Stop connected as with DI1P,2P. Direction is connected to digital 
input 013. D13 deactivated = Forward; 013 activated = Reverse. To control Direction, value of parameter 
1003 DIRECTION should be REQUEST. ** 

5 = DI 1P,2P,3P 
Start Forward, Start Reverse, and Stop. Start and Direction commands are given simultaneously with two 
separate momentary push-buttons (the P stands for "pulse"). The Stop push-button is normally closed, and 
connected to digital input DI3. The Start Forward and Start Reverse push-buttons are normally open, and 
connected to digital inputs DI1 and D12 respectively. Multiple Start push-buttons are connected in parallel, 
and multiple Stop push-buttons are connected in series. To control direction, value of parameter 1003 
DIRECTION Should be REQUEST. ** 

6 = DI5 
Two-wire Start/Stop, connected to digital input DI5. 015 deactivated = Stop and 015 activated = Start. * 

7 = DI5,4 
Two-wire Start/Stop/Direction. Start/Stop is connected to digital input DI5. Direction is connected to digital 
input DI4. 014 deactivated = Forward and 014 activated = Reverse. To control direction, value of parameter 
1003 DIRECTION should be REQUEST. 

8 = KEYPAD 
The Start/Stop and Direction commands are given from the control panel when External control location'l 
is active. To control direction, value of parameter 1003 DIRECTION should be REQUEST. 

9 = oi1F,2R 
Start forward command is given when Dll= activated and DI2= deactivated. Start reverse command is 
given if 011 is deactivated and 012 is activated. In other cases Stop command is given. 

10 = COMM 
The Start/Stop and Direction commands are given through serial communication. 

*Note! In cases 1, 3, 6 direction is set with parameter 1003 DIRECTION. Selecting value 3 (REQUEST) 
fixes direction to Forward. 

**Note! Stop signal must be activated before Start command can be given. 
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1002 EXT2 COMMANDS 

Defines the connections and the source of Start, Stop and Direction commands for external control location 
2 (ExT2). 

Refer to parameter 1001 ExT1 COMMANDS above. 

1003 DIRECTION - 

1 = FORWARD 
2 = REVERSE 
3 = REQUEST 

Rotation direction lock. This parameter allows you to fix the direction of rotation of the motor to forward or 
reverse. If you select 3 (REQUEST), the direction is set according to the given direction command. 
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Group 11: Reference Select 
Reference commands can be given from the control panel or from two external locations. The 
selection between the two external locations is made with parameter 1102 ExT1/Ex-r2 SEL. For more 
information on control locations, refer to 'APPENDIX", starting page 115. 

Code Description 

1101 KEYPAD REF SEL 
Selection of active control panel reference in local control mode. 

1 = REF1 (Hz) 
Control panel reference is given in Hz. 

2 = REF2 (%) 
Control panel reference is given as a percentage (%). 

1102 

/ 

EXT1/EXT2 SEL 
Sets the input used for selecting the external control location, or fixes it to ExT1 or ExT2. The external 
control location of both Start/Stop/Direction commands and reference is determined by this parameter. 

1...5 = D11...D15 
External control location 1 or 2 is selected according to the state of the selected digital input (D11 ... DI5), 
where deactivated = ExT1 and activated = ExT2. 

6 = EXT1 

External control location 1 (ExT1) is selected. The control signal sources for ExT1 are defined with 
parameter 1001 (Start/Stop/Direction commands) and parameter 1103 (reference). 

7 = ExT2 
External control location 2 (ExT2) is selected. The control signal sources for ExT2 are defined with 
parameter 1002 (Start/Stop/Direction commands) and parameter 1106 (reference). 

8 = COMM 
External control location 1 or 2 is chosen through serial communication. 

62 ACS 400 User's Manual 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 485 of 542



1103 EXT REF1 SELECT 
This parameter selects the signal source of external reference 1. 

0 = KEYPAD 
Reference is given from the control panel. 

=AI 1 

Reference is given through analog input 1. 

2 = Al 2 

Reference is given through analog input 2. 

3 = A11/JoYsi; 4 = Al2/JoYsT 
Reference is given through analog input 1 (or 2 accordingly) configured for a joystick. The minimum input 
signal runs the drive at maximum reference in the reverse direction. The maximum input signal runs the 
drive at maximum reference in the forward direction (See Figure 21). See also parameter 1003 DIRECTION. 

Caution: Minimum reference for joystick should be 0.3 V ( 0.6 mA) or higher. If a 0 ... 10 V signal is used, 
the ACS 400 will operate at maximum reference in the reverse direction if the control signal is lost. Set 
parameter 1301 MINIMUM All to a value 0.3 V or higher, and parameter 3001 AI <MIN FUNCTION to 1 (FAULT), 
and the ACS 400 will stop in case the control signal is lost. 

EXT REF 1 MAX 

EXT REF 1 MIN 

EXT REF 1 MIN 

- EXT REF 1 MAX 

10 V / 20 mA 

Hysteresis 4 % of Full Scale 

2V / 4 mA 
0V / 0 mA 

EXT REF 1 MIN 
-2% 

- EXT REF 1 MIN 

+2% 

Figure 21 Joystick control. Maximum for external reference 1 is set with Parameter 1105 and 
minimum with Parameter 1104. 

5 = DI3U,4D(R) 
Speed reference is given through digital inputs as motor potentiometer control. Digital input D13 increases 
the speed (the U stands for "up"), and digital input D14 decreases the speed (the D stands for "down"). (R) 
indicates that the reference will be reset to zero when a Stop command is given. The rate of change of the 
reference signal is controlled by parameter 2204 ACCELER TIME 2. 

6 = DI3U,4D 
Same as above, except that the speed reference is not reset to zero on a Stop command. When the 
ACS 400 is started, the motor will ramp up at the selected acceleration rate to the stored reference. 

7 = DI4U,5D 
Same as above, except that the digital inputs in use are DI4 and Dl5. 

8 = COMM 
The reference is given through serial communication. 

9 = COMM + Al1 
10 = COMM * Al1 
The reference is given through serial communication. The analog input 1 signal is combined to the fieldbus 
reference (sum or multiplication). For more information , see chapter "Standard Serial Communication" on 
page 95. 
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1104 EXT REF1 MIN 
Sets the minimum frequency reference for external reference 1 in Hz. When analog input signal is at 
minimum, external reference 1 equals to EXT REF1 MIN. See Figure 22 on page 65. 

1105 EXT REF1 MAX 
Sets the maximum frequency reference for external reference 1 in Hz. When analog input signal is at 
maximum, external reference 1 equals to EXT REF1 MAX. See Figure 2-2 on page 65. 

1106 EXT REF2 SELECT 
This parameter selects the signal source for external reference 2. The alternatives are the same as with 
external reference 1. 

1107 EXT REF2 MIN 
Sets the minimum reference in %. When analog input signal is at minimum value external reference 2 
equals to EXT REF2 MIN. See Figure 22. 

If the PID Control macro is selected, this parameter sets the minimum process reference. 
If any other macro than PID is selected, this parameter sets the minimum frequency reference. This 
value is given as a percentage of the maximum frequency. 

1108 EXT REF2 MAX 
Sets the maximum reference in %. When analog input signal is at maximum, external reference 2 equals to 
EXT REF2 MAX. See Figure 22. 

If the PID Control macro is selected, this parameter sets the maximum process reference. 
If any other macro than PID Control is selected, this parameter sets the maximum frequency reference. 
This value is given as percentage of maximum frequency. 
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EXT REF 

A 

EXT REF MAX 

EXT REF MIN 

EXT REF 

EXT REF MIN 

EXT REF MAX 

Al min Al max 
Analog input signal 

Al min Al max 

Analog input signal 

Figure 22 Setting EXT REF MINIMUM and Exr REF MAXIMUM. The range of the analog input signal is set 
by parameters 1301 and 1302 or parameters 1304 and 1305, depending on the analog input used. 

Example: For 4 to 20 mA input, set 1301 = 20% and 1302 = 100%. 
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Group 12: Constant Speeds 
The ACS 400 has 7 programmable constant speeds, ranging from 0 to 250 Hz. Negative speed 
values cannot be given for constant speeds. 

Constant speed selections are ignored if the drive is in local mode or if the process PID reference is 
followed (see PID Control Macro). 

Note! Parameter 1208 coNs-r SPEED 7 acts as a fault speed which can be activated if the control 
signal is lost. Refer to parameter 3001 AI <MIN FUNCTION and parameter 3002 PANEL LOSS. 

Code Description 

1201 CONST SPEED SEL 
This parameter defines which digital inputs are used to select Constant Speeds. 
0 = NOT SEL 
Constant speed function disabled. 

1...5 = D11...015 
Constant Speed 1 is selected with digital inputs D11-015. Digital input activated = Constant Speed 1 

activated. 

6 = DI1,2 
Three Constant Speeds (1 ... 3) are selected with two digital inputs. 
Constant Speed selection with digital inputs D11,2. 

Table 8 Constant Speed selection with digital inputs DI1,2. 

DIT', ":r312:::: 'FiriCtiiiiiTT 
0 0 No constant speed 
1 0 Constant speed 1 (1202) 

0 1 Constant speed 2 (1203) 
1 1 Constant speed 3 (1204) 

0 = DI deactivated, 1 = DI activated 
7 = D13,4 
Three Constant Speeds (1 ... 3) are selected with two digital inputs as in DI1,2. 

8 = 014,5 
Three Constant Speeds (1 ... 3) are selected with two digital inputs as in DI1,2. 

9 = 011,2,3 
Seven Constant Speeds (1 ... 7) are selected with three digital inputs. 

1 Table 9 Constant Speed selection with digital inputs D11,2,3. 

011 pi 2 DI 3':: FtirktiOW-: 
0 0 0 No constant speed 
1 0 0 Constant speed 1 (1202) 

0 1 0 Constant speed 2 (1203) 
1 1 0 Constant speed 3 (1204) 

0 0 1 Constant speed 4 (1205) 

1 0 1 Constant speed 5 (1206) 
0 1 1 Constant speed 6 (1207) 

1 1 1 Constant speed 7 (1208) 

0 = DI deactivated, 1 = DI activated 

10 = D13,4,5 
Seven Constant Speeds (1 ... 7) are selected with three digital inputs as in 0I1,2,3. 

1202 CONST SPEED 1... CONST SPEED 7 
-1208 Constant speeds 1-7. 
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Group 13: Analog Inputs 

Code Description 

1301 MINIMUM All 
Relative minimum value of All (%). Value corresponds to minimum reference set by parameter 1104 ExT 
REF1 MIN or 1107 EXT REF2 MIN. 

See Figure 22 on page 65. 

1302 MAXIMUM All 
Maximum value of All (%). Value corresponds to maximum reference set by parameter 1105 EXT REF1 MAX 
or 1108 EXT REF2 MAX. 

See Figure 22 on page 65. . 

1303 FILTER All 
Filter time constant for analog input 
within the time specified by this parameter. 

Note! If you select 0 s for the 
constant of 25 ms due to 
by any parameters!. 

[ 

100 

63 

Figure 23 Filter time constant for 

All . As the 

filter time 
the signal 

%] 

analog input value changes, 63 % of the change takes place 

constant, the signal is still filtered with a time 
interface hardware. This cannot be changed 

Unfiltered signal 

Filtered signal 

1 
. 

1 

Time constant 

analog input All. 
1304 MINIMUM AI2 

Minimum value of AI2 (%). Value corresponds to minimum reference set by parameter 1104 EXT REF1 MIN or 
1107 EXT REF2 MIN. 

1305 MAXIMUM AI2 
Maximum value of AI2 (%). Value corresponds to maximum reference set by parameter 1105 EXT REF1 MAX 
or 1108 EXT REF2 MAX. 

1306 FILTER AI2 
Filter time constant for Al2. Refer to parameter 1303 FILTER All. 
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Group 14: Relay Outputs 

Code Description 

1401 RELAY OUTPUT 1 

Relay output 1 content. 
Selects which information is indicated with relay output 1. 

0 = NOT SEL 
Relay is not used and is de-energized. 

1 = READY 
The ACS 400 is ready to function. The relay is energized unless no run enable signal is present or a fault 
exists and supply voltage is within range. 

2 = RUN 
Relay energized when the ACS 400 is running. 

3 = FAULT (-1) 
Relay energized when power is applied, and de-energized upon a fault trip. 

4 = FAULT 
Relay energized when a fault is active. 

5 = ALARM. 

Relay energized when an alarm is active, except AL1-AL7, AL15 and AL 27-AL28. 

6 = REVERSED 
Relay energized when motor rotates in reverse direction. 
7 = SUPRV1 OVER 
Relay energized when first supervised parameter (3201) exceeds the limit (3203). See "Group 32: 
Supervision", starting page 82. 

8 = SUPRV1 UNDER 
Relay energized when first supervised parameter (3201) drops below the limit (3202). See "Group 32: 
Supervision", starting page 82. 

9 = SUPRV2 OVER 
Relay energized when second supervised parameter (3204) exceeds the limit (3206). See "Group 32: 
Supervision", starting page 82. 

10 = SUPRV2 UNDER 
Relay energized when second supervised parameter (3204) drops below the limit (3205). See "Group 32: 
Supervision", starting page 82. 

11 =AT SET PONT 
Relay energized when output frequency is equal to reference frequency. 
12 = FAULT (RST) 
Relay energized when the ACS 400 is in a fault condition and will reset after the programmed autoreset 
delay (refer to parameter 3103 DELAY TIME). 

13 = FLY/ALARM 

Relay is energized if any fault or alarm occurs, except AL1-AL7, AL15 and AL 27-AL28. 

14 = EXT CONTROL 
Relay is energized if external control is selected. 

15 = REF 2 SEL 
Relay is energized if EXT2 is selected. 

16 = CONST FRED 
Relay is energized when a constant speed is selected. 

17 = REF LOSS 
Relay is energized when reference or active control place is lost. 

18 = OVERCURRENT 
Relay is energized when overcurrent alarm or fault appears. 
19 = OVERVOLTAGE 
Relay is energized when overvoltage alarm or fault appears. 

20 = ACS400 TEMP 
Relay is energized when ACS 400 overtemperature alarm or fault exists. 

Parameter 1401 continues on the next page. 
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Code Description 

21 = ACS OVERLOAD 

Relay is energized when ACS 400 overload alarm or fault exists. 

22 = UNDERVOLTAGE 
Relay is energized when undervoltage alarm or fault exists. 

23 = All Loss 
Relay is energized when All signal is lost. 

24 = Al2 Loss 
Relay is energized when Al2 signal is lost. 

25 = MOT OVER TEMP 

Relay is energized when motor overtemperature alarm or fault exists. 

26 = STALL . 

Relay is energized when stall alarm or fault exists. 

27 = UNDERLOAD 
Relay is energized when underload alarm or fault exists. 

28 = PID SLEEP 
Relay is energized when the drive is stopped by the PID sleep function. 

1402 RELAY OUTPUT 2 
Relay output 2 content. Refer to parameter 1401 RELAY OUTPUT 1. 

1403 RELAY 1 ON DELAY 
Switch-on delay for relay 1. Selected controlling signal 

1404 RELAY 1 OFF DELAY 
Switch-off delay for relay 1 

4 
1405 RELAY 2 ON DELAY 

Switch-on delay for relay 2. Relay status 
I 

OFF 1404 OFF DELAY RELAY 2 OFF DELAY 
Switch-off delay for relay 2. 

1----1 
1403 ON DELAY 

Figure 24 
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Group 15: Analog Output 
Analog output is used to output the value of any parameter of the Operating Data group (Group 1) as 
a current signal. Output current minimum and maximum values are configurable, as are the allowed 
minimum and maximum values for the observed parameter. 

If analog output content maximum value (parameter 1503) is set to less than minimum value 
(parameter 1502), output current is inversely proportional to the value of the observed parameter. 

Code Description 

1501 AO CONTENT 
Content for analog output. Number of any parameter of the Operating Data group (Group 01). 

1502 AO CONTENT MIN 
Analog output content minimum. Display depends on parameter 1501. 

1503 AO CONTENT MAX 
Analog output content maximum. Display depends on parameter 1501. 

1504 

/1505 

MINIMUM AO 
Minimum output current. 

MAXIMUM AO 
Maximum output current. 

1506 AO FILTER 
Filter time constant for AO. 

AO (mA) 

A 

1505 

1504 

1505 

1504 

1502 1503 

AO (mA) 
A 

AO content 

1503 1502 

Figure 25 Analog output scaling. 

AO content 
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Group 16: System Controls 

Code Description 

1601 RUN ENABLE 
Selects the source of the run enable signal. 

0 = NOT SEL 

The ACS 400 is ready to start without an external run enable signal. 

1...5 = D11 ... D15 

To activate the run enable signal, the selected digital input must be activated. If the voltage drops and 
deactivates the selected digital input, the ACS 400 will coast to stop and not start until the run enable signal 
resumes. 
6 = COMM 
The run enable signal is given through serial communication (Command Word bit #3). 

1602 PARAMETER LOCK 

0 = LOCKED 
Parameter modification disabled. 

1 = OPEN 
Panel operations are allowed and parameter modification is enabled. 

2 = NOT SAVED 

Parameter values can be changed, but they are not stored in permanent memory. 

Note! This parameter is not affected by macro selection. 

Note! Option 0 LOCKED can be selected only in remote mode. 

1604 FAULT RESET SEL 
Fault reset source. 

Note! Fault reset is always enabled with control panel. 

Note! Option 6 (START /STOP) should not-be selected when start, stop and direction 
commands are given through serial communication. 

0 = KEYPAD ONLY 

Fault reset is executed from the control panel keypad. 

1...5 = D11 ... D15 

Fault reset is executed from a digital input. Reset is activated by deactivating the input. 

6 = START/STOP 
Fault reset is activated by Stop command. 

7 = comm 
Fault reset is executed through serial communication. 

1605 LOCAL LOCK 
Local lock. When LOCAL LOCK is active (1=LOCKED), local panel is disabled. 

0 = OPEN 
Control location can be changed from control panel. 

1 = LOCKED 
Local panel control disabled. 

Note! Option 1 LOCKED can be selected only in remote mode. 
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Group 20: Limits 

Code Description 

2003 MAX CURRENT 
Maximum output current. 
The maximum output current that the ACS 400 will supply to the motor. The default value is 1.5 * IN . 

2005 OVERVOLT CTRL 
DC overvoltage controller enable. 

Fast braking of a high inertia load causes the DC bus voltage to rise to the overvoltage control limit. To 
prevent the DC voltage from exceeding the limit, the overvoltage controller automatically decreases the 
braking torque. 

Caution! If a braking chopper and a braking resistor are connected to the ACS 400, this parameter value 
must be set to 0 to ensure proper operation of the chopper. 

0 = DISABLE 

1 = ENABLE 

V006 UNDERVOLT CTRL 
DC undervoltage controller enable. 

If the DC bus voltage drops due to loss of inpUt power, the undervoltage controller will decrease the motor 
speed in order. to keep the DC bus voltage above the lower limit. By decreasing the motor speed, the inertia 
of the load will cause regeneration back into the ACS 400, thus keeping the DC bus charged, and 
preventing an undervoltage trip. This will increase power loss ride-through on systems with a high inertia. 

0 = DISABLE 

1 = ENABLE (TIME) 
Enable with 500 ms time limit for operation. 

2 = ENABLE 
Enable without time limit for operation. 

2007 MINIMUM FREQ . 

Operating range minimum output frequency. 

Note! Keep MINIMUM FREQ 5. MAXIMUM FREQ. 

2008 MAXIMUM FREQ 
Operating range maximum output frequency. 
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Group 21: Start/Stop 
The ACS 400 supports several start and stop modes, including flying start and torque boost at start. 
DC current can be injected either before the start command (PREMAGN SEL = ...D15) or right after 
the start command (PREMAGN SEL = CONST). 

DC hold can be used when stopping the drive in ramp mode. If stopping by coast mode is selected, 
DC braking can be used. 

Code Description 

2101 START FUNCTION 
Conditions during motor acceleration. . 

1 = RAMP 

Ramp acceleration as defined by the active acceleration time 2202 ACCELER Time1 or 2204 ACCELER 
Time2. 

2 = FLYING START 

Flying start. Use this setting if the motor is already rotating and the drive will start smoothly at the present 
frequency. 

Note! Flying Start may cause an under-rated motor to ramp through its speed range. 

3 = TORQUE BOOST 
Automatic torque boost might be necessary for loads with high starting torque. Torque boost is only applied 
at start..Boost is stopped when output frequency exceeds 20 Hz or when output frequency is equal to 
reference. See also parameter 2103 TORO BOOST CURR. 

4 = FLY + BOOST 

Activates both the flying start and torque boost. 

2102 STOP FUNCTION 
Conditions during motor deceleration. 

1 = COAST 
Motor coasts to stop. 

2 = RAMP 
Ramp deceleration as defined by the active deceleration time 2203 DECELER TIME 1 or 2205 DECELER TIME 2. 

2103 TORQ BOOST CURR 
Maximum supplied current during torque boost. See parameter 2101 START FUNCTION. 

2104 STOP DC INJ TIME 
DC injection time after modulation has stopped. If 2102 STOP FUNCTION is 1 (COAST), ACS 400 uses DC 
braking. If 2102 STOP FUNCTION is 2 (RAMP), ACS 400 uses DC hold after ramp. 

Note! Excessive DC injection time may cause the motor to overheat. 

2105 PREMAGN SEL 
Options 1- 5 select source for premagnetizing command. Option 6 selects start with DC hold. 

0 = NOT SEL 

Premagnetizing not used. 

1...5 = D11...D15 
Premagnetizing command is received through a digital input. 

6 = CONST 

Constant premagnetizing time after start command. Time is defined by parameter 2106 PREMAGN MAX TIME. 

2106 PREMAGN MAX TIME 
Maximum premagnetizing time. 

2107 START INHIBIT 
Start inhibit control. Start inhibit means a pending start command is ignored when fault is reset or mode 
change takes place. Mode changes are from local to remote or from ExT1 to ExT2 or vice versa. 

0 = OFF 

Start inhibit control disabled. Drive will start after fault is reset or mode is changed if there is a pending start 
command. ., 

1 = ON 

Start inhibit control enabled. Drive will not start after fault is reset or mode changed. 
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Group 22: Accel/Decel 
Two acceleration/deceleration ramp pairs can be used. If both ramp pairs are used, selection can be 
made between these while running through a digital input. The S curve of the ramps is adjustable. 

Code Description 

2201 ACC/DEC 1/2 SEL 
Selects the source for the ramp pair selection signal. 

0 = NOT SEL 
The first ramp pair is used (ACCELER TIME 1/DECELER TIME 1). 

1...5 = D11...D15 
Ramp pair selection is done through a digital input (D11 to DI5). 
Digital input deactivated = Ramp pair 1 (ACCELER TIME 1/DECELER TIME 1) is used. 
Digital input activated = Ramp pair 2 (ACCELER TIME 2/DECELER TIME 2) is used. 

2202 ACCELER TIME 1 

Ramp 1: time from zero to maximum frequency (0 - MAXIMUM FREQ). 

2203 DECELER TIME 1 

Ramp 1: time from maximum frequency to zero (MAXIMUM FREQ - 0). 

1204 ACCELER TIME 2 . 

Ramp 2: time from zero to maximum frequency (0 - MAXIMUM FREQ). 

2205 
- 

DECELER TIME 2 

Ramp 2: time from maximum frequency to zero (MAXIMUM FREQ - 0). . 

2206 RAMP SHAPE . 

Acceleration/deceleration ramp shape selection 

0 = LINEAR . 

1 = FAST S CURVE 
2 = MEDIUM CURVE 
3 = SLOW S CURVE 

Output frequency 

MAXIMUM FREQ 

Ramp time 

Figure 26 Definition of acceleration/deceleration ramp time. 

Time 
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Group 25: Critical Freq 

In some mechanical systems, certain speed ranges can cause resonance problems. With this 
parameter group, it is possible to set up to two different speed ranges that the ACS 400 will skip over. 

Code Description 

2501 CRIT FREQ SEL 
Critical frequencies activation. 

0 -= OFF 
1 = ON 

2502 CRIT FREQ 1 LO 
Critical frequency 1 start. 

Note! If LOW > HI, no critical frequency lock-out will occur. 
2503 CRIT FREQ 1 HI 

Critical frequency 1 end. 

2504 CRIT FREQ 2 LO 
Critical frequency 2 start. 

Note! If LOW > HI, no critical frequency lock-out will occur. 

2505 CRIT FREQ 2 HI 
Critical frequency 2 end. 

Example: A fan system vibrates badly from 18 Hz to 23 Hz and from 46 Hz to 52 Hz. Set the 
parameters as follows: 

CRIT FREQ 1 LO = 18 Hz and CRIT FREQ 1 HI = 23 Hz 

CRIT FREQ 2 LO = 46 Hz and CRIT FREQ 2 HI = 52 Hz 

52 

46 

23 

18 

f1L f1H f2L f2H 
18 23 46 52 

fREF (Hz) 

Figure 27 Example of critical frequencies setting in a fan system with bad vibrations at frequency 
ranges 18 Hz to 23 Hz and 46 Hz to 52 Hz. 
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Group 26: Motor Control 

Code Description 

2603 IR COMPENSATION 
IR compensation voltage at 0 Hz. 

Note! IR compensation should be 
kept as low as possible to prevent 
overheating. Refer to Table 10. 

Table 10 Typical IR compensation values. 

4-66-creve::--- -- , I s. - , ' "-', - ,-- 

pN / Hp 5 10 20 25 50 

IR comp / V 21 18 15 12 10 

2604 IR COMP RANGE 
IR compensation range. Defines frequency after which IR compensation is 0 V. 

2605 LOW NOISE 
Motor acoustical noise option 

0 = OFF 

standard (switching frequency 4 kHz). 

1 = ON 

LOW noise (switching frequency 8 kHz). 

Note! When the low noise setting is used, the maximum overload of the ACS 400 is 12 at 
30 °C ambient temperature or 0.9 * 

12 at 40 °C. 

2606 V/f RATIO , 

V/f ratio below field weakening point. , 

1 =LINEAR 

2 = SQUARE 

Linear is used for constant torque applications and Square for centrifugal pump and fan applications. 
(Square is quieter for most operating frequencies.) 

2607 SLIP COMP . 

. 

Slip Compensation increases frequency slightly as motor load increases so that speed remains constant 
within 1/2%, even though slip increases from 0 to 3% as load increases from 0 to 100%. The amount of 
frequency boost is equal to the product of 

/ 9908 MOTOR MOTOR \ 
NOM SPEED X 

9907 MOTOR NOM FREQ 
POLES . 

X 
0105 TORQUE 

X 
2607 SLIP COMP 

\ 120 . / 100 100 

/ Over compensation is possible by adjusting Parameter 2607 to greater than 100%. 

U (`)/0) 

IR compensation 

Figure 28 Operation of IR compensation 

IR cOmpensation range 

No compensation 

Field 
weakening point 

f (Hz) 
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Group 30: Fault Functions 
The ACS 400 can be configured to respond to certain abnormal external conditions: analog input 
fault, external fault signal and panel loss. 

In these cases, the drive can either continue operation at current speed or at a set constant speed 
while showing an alarm, ignore the condition, or trip on a fault and stop. 

Motor thermal protection parameters 3004 - 3008 provide a means of adjusting the motor load curve. 
For example, limiting the load near zero speed might be necessary if the motor does not have an 
externally powered cooling fan. 

Stall protection (parameters 3009 - 3012) includes parameters for stall frequency, stall time and 
current. 

Code Description 

3001 AI <MIN FUNCTION 
Operation in case of Al signal drops below minimum limit. 

0 = NOT SEL 

No operation. 

1 = FAULT 
A fault indication is displayed and the ACS 400 coasts to stop. 

2 = CONST SP 7 
A warning indication is displayed and the speed is set according to parameter 1208 CONST SPEED7. 

3 = LAST SPEED 
A warning indication is displayed and the speed is set to the level the ACS 400 was last operating at. This 
value is determined by the average speed over the last 10 seconds. 

Caution: If you select CONST SPEED 7 or LAST SPEED, *make sure that it is 'safe to -continue operation in case 
analog input signal is lost. 

3002 PANEL LOSS 
Operation in case of control panel loss fault. 

1 = FAULT 
A fault indication is displayed and the ACS 400 coasts to stop. 

2 = CONST SP7 , 

A warning indication is displayed and the speed is set according to parameter 1208 CONST SPEED7. 

3 = LAST. SPEED 
. 

A warning indication is displayed and the speed is set to the level the ACS 400 was last operating at. This 
value is determined by the average speed over the last 10 seconds. 

Caution: If you select CONST SPEED 7 or LAST SPEED, make sure that it is safe to continue operation in case 
panel is lost. 

3003 EXTERNAL FAULT 
External fault input selection. 

0 = NOT SEL 

External fault signal is not used. 

1...5 = D11...015 

This selection defines the digital input used for an external fault signal. If an external fault occurs, i.e. digital 
input is deactivated, the ACS 400 is stopped and the motor coasts to stop and fault indication is displayed. 
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Code Description 

3004 MOT THERM PROT 
Motor overtemperature function. This parameter defines the operation of the motor thermal protection 
function which protects the motor from overheating. 

0 = NOT SEL 

1 = FAULT 
Displays a warning indication at 95 % of the nominal value. Displays a fault indication when the motor 
temperature reaches 100 % level. The ACS 400 coasts to stop. . 

2 = WARNING 
A warning indication is displayed when the motor temperature reaches 95 % of the nominal value. 

3005 MOT THERM TIME 
Time for 63 % temperature rise.This is the time within which the motor temperature reaches 63 % of the final 
temperature rise. Figure 29 shows motor thermal time definition. 
If thermal protection according to UL requirements for NEMA class motors is desired, use this rule of thumb 
- MOTOR THERM TIME equals 35 times t6 (t6 in seconds is the time that the motor can safely operate at six 
times its rated current, given by the motor manufacturer). The thermal time for a Class 10 trip curve is 350 s, 
for a Class 20 trip curve 700 s and for a Class 30 trip curve 1050 s. 

Motor 
it 

load 

Temp. Rise t 
1 

1 

100 % - - - -I - 
63 % - - - -I 

,...-, t 
Mot therm time 

Figure 29 Motor thermal time. 

3006 MOT LOAD CURVE ' 

Motor current maximum limit. MOTOR LOAD CURVE sets the maximum allowable operating load of the motor. 
When set to 100 %, the maximum allowable load is equal to the value of Start-up Data parameter 9906 
MOTOR NOM CURRENT. The load curve level should be adjusted if the ambient temperature differs from the 
nominal value. 

Output current (%) relative 
to 9906 MOTOR NOM CURR 

150 -- 

3006 MOT LOAD CURVE 100 - 
3007 ZERO SPEED LOAD 50 

Frequency 0-- 

3008 BREAK POINT 

Figure 30 Motor load curve. 
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Code Description 

3007 ZERO SPEED LOAD 
This parameter defines the maximum allowable current at zero speed relative to 9906 MOTOR NOM CURR. 
Refer to Figure 30.- 

3008 BREAK POINT 
Break point of motor load curve. Refer to Figure 30 for an example of a motor load curve. See Figure 32. 

3009 STALL FUNCTION 
This parameter defines the operation 
becomes too high compared to output 

0 = NOT SEL 

Stall protection not used. 

1 = FAULT 
When the protection is activated the ACS 

2 = WARNING 
A warning indication is displayed. The 
TIME. 

'OUT 

. 

3010 STALL CURRENT 

Figure 31 Motor stall protection. 

of stall protection. The 
frequency, refer to Figure 

400 coasts to stop. 

indication disappears 
- 

//// 
Stall region 

A 

protection is activated if the output current 
31. 

. 

Fault indication is displayed. 

in half the time set by parameter 3012 STALL 

Frequency 
3011 STALL FREQ I-II 

3010 STALL CURRENT 
Current limit for stall protection. Refer to Figure 31. 

3011 STALL FREQ HI 
This parameter sets the frequency value for the stall function. 
Refer to Figure 31. 

3012 STALL TIME - 

This parameter sets the time value for the stall function. 

3013 UNDERLOAD FUNCTION 
Removal of motor load may indicate a process malfunction. The protection is activated if: 

The motor torque drops below the load curve selected by parameter 3015 UNDERLOAD CURVE. 
This condition has lasted longer than the time set by parameter 3014 UNDERLOAD TIME. 
Output frequency is higher than 10 % of the nominal frequency of the motor and higher than 5 Hz. 

0 = NOT SEL 

Underload protection is not used. 

1 = FAULT 

When the protection is activated the ACS 400 coasts to stop. Fault indication is displayed. 

2 = WARNING 
A warning indication is displayed. 

3014 UNDERLOAD TIME 
Time limit for underload protection. 
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Code Description 

3015 UNDERLOAD CURVE 
This parameter provides five selectable curves shown in Figure 33. If the load drops below the set curve for 
longer than the time set by parameter 3014, the underload protection is activated. Curves 1...3 reach 
maximum at the motor rated frequency set by parameter 9907 MOTOR NOM FREQ. 

10 / Trip time 

3.5 

3.0 60 s 

2.5 90 s 

2.0 180 s 

1.5 300 s 

600 s 
1.0 

0.5 

0 fo fBRK 
0 0.2 0.4 0.6 0.8 1.0 1.2 

lo = output current 
IN = nominal current of the motor 
fo = output frequency 
fBRK = break point frequency (parameter 3008 BREAK POINT) 

Figure 32 Thermal protection trip times when parameters 3005 MOT THERM TIME, 3006 MOT LOAD 
CURVE and 3007 ZERO SPEED LOAD have default values. 

TM 

100 

80 - 

60 - 

40 - 

20 

0 

70 °I0 

50 °A 

30% 

fN 2.4 *fN 

Figure 33 Underload curve types.. TM nominal torque of the motor, fN nominal frequency of the 
motor. 
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Group 31: Automatic Reset 
The automatic reset system can be used for resetting overcurrent, overvoltage, undervoltage and 
analog input loss faults automatically. Number of allowed automatic reset operations within a certain 
time is selectable. 

Warning! If parameter 3107 AR Al<MIN is enabled, the drive may restart even after a long stop when 
the analog input signal is restored. Ensure that the use of this feature will not cause physical injury 
and/or damage equipment. 

Code Description 

3101 NR OF TRIALS 
Sets the number of allowed autoresets within a certain time. The time is defined with parameter 3102 TRIAL 
TIME. The ACS 400 prevents additional autoresets and remains stopped untie successful reset is 
performed from the control panel or from a place selected by parameter 1604 FAULT RESET SEL. 

3102 TRIAL TIME 
The time within which a limited number of fault-autoresets is allowed. The allowed number of faults per this 
time period is given with parameter 3101 NR OF TRIALS. 

3103 DELAY TIME 
This parameter sets the time that the ACS 400 will wait after a fault occurs before 

- 
attempting to reset. If set 

- to zero, the ACS 400 will reset immediately. 

3104 AR OVERCURRENT 

0 = DISABLE 
1 = ENABLE 

If 1 is selected, the fault (motor overcurrent) is reset automatically after the delay set by parameter 3103, 
and the ACS 400 resumes normal operation. 

3105 AR OVERVOLTAGE 

0 = DISABLE 

1 = ENABLE 

If 1 is selected, the fault (DC bus overvoltage) is reset automatically after the delay set by parameter 3103, 
and the ACS 400 resumes normal operation. . 

3106 AR UNDERVOLTAGE 

0 = DISABLE 
1 = ENABLE 

- 

If 1 is selected, the fault (DC bus undervoltage) is reset automatically after the delay set by parameter 3103 
DELAY TIME, and the ACS 400 resumes normal operation. 

3107 AR Al<MIN 

0 = DISABLE 
1 = ENABLE 

If 1 is selected, the fault (analog input signal under minimum level) is reset automatically after the delay set 
by parameter 3103 DELAY TIME. 

Trial time 

x = Automatic reset Now 

Time 

Figure 34 Operation of automatic reset function. In this example, if the fault occurs at the moment 
"Now", it is automatically reset if parameter 3101 NR OF TRIALS value is greater than or equal to 4.. 
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Group 32: Supervision 
Parameters of this group are used together with relay output parameters 1401 RELAY OUTPUT 1 and 
1402 RELAY OUTPUT 2. Any two parameters within the Operating Data group (Group 1) can be 
supervised. Relays can be configured to be energized when the values of supervised parameters are 
either too low or too high. 

Code Description 

3201 SUPERV 1 PARAM 
First supervised parameter number within the Operating Data group (Group 01). 

3202 SUPERV 1 LIM LO 
First supervision limit low. Display of this parameter depends on selected supervised parameter (3201). 

3203 SUPERV 1 LIM HI 
First supervision limit high. Display of this parameter depends on selected supervised parameter (3201). 

3204 SUPERV 2 PARAM 
Second supervised parameter number within the Operating Data group (Group 01). 

3205 SUPERV 2 LIM LO - 

Second supervision limit low. Display of this parameter depends on selected supervised parameter (3204). 

3206 SUPERV 2 LIM HI 
- -- 

Second supervision limit high. Display of this parameter depends on selected supervised parameter (3204). 

hi (3203) 
lo (3202) 

Value of supervised parameter 

Energized = 1 

De-energized = 0 

Energized = 1 

De-energized = 0 

A 

B 

A = Parameter 1401 RELAY OUTPUT 1 (1402 RELAY OUTPUT 2) 
value is SUPRV1 OVER or SUPRV2 OVER 

B = Parameter 1401 RELAY OUTPUT 1 (1402 RELAY OUTPUT 
2)value is SUPRV1 UNDER or SUPRV2 UNDER 

Figure 35 Operating data supervision using relay outputs. 
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Group 33: Information 

Code Description 

3301 SW VERSION 
Software version. 

3302 TEST DATE . 

Displays the test date of the ACS 400 (yy.ww). 
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Group 34: Process Variables 
Parameters within this group can be used to create custom process variables. Values of process 
variables can be seen in parameters 0134 PROCESS VAR 1 and 0135 PROCESS VAR 2 AND optionally in 
the ACS-PAN output display. Value is calculated by taking given parameter from the operating data 
group (Group 1), and multiplying and dividing it with given coefficients. The unit and number of 
decimal digits is configurable. 

See example below. 

Code Description 

3401 

0 

DISPLAY SEL 
Selects displayed variable for the output display of 
the ACS-PAN control panel. 

1 = STANDARD 
Panel displays standard variables. 

2 = PROCESS VAR 

Panel displays process variables. See Figure 36. 

Process variable 1 Frequency reference 

Figure 36 
process variable 

0.0A 50.0 Hz 

0.0 Hz 

2 

when 

OUTPUT 

Process variable 

ACS-PAN output display 
display is selected. 

3402 P VAR 1 SEL 
Selection of process variable 1. Number of any parameter within Group 1 OPERATING DATA. 

3403 P VAR 1 MULTIP 
Process variable 1 multiplier. 

3404 P VAR 1 DIVISOR 
Process variable 1 divider. 

3405 

/ 

P VAR 1 SCALING 
Decimal point location of process variable 1, when 
displayed. Refer to Figure 37. Value bispiay 

0 125 

1 12.5 

2 1.25 

3 0.125 

Figure 37 Display with different decimal point 
locations when calculated value is 125. 

3406 P VAR 1 UNIT 
Process variable unit. 

0 = No 4 = % 8 = kh 12=mV 16 =F 20 = m3/s 24 = gpm 28 = Mgd 

1 =A 5 = s 9 = C 13 = kW 17 = Hp 21 = dm3/s 25 = psi 29 = inHg 

2 = V 6 = h 10 = kHz 14 = W 18 = MWh 22 = bar 26 = cFm 30 = Cst2 

3 = Hz 7 = rpm 11 = mA 15 = kWh 19 = m/s - 23 = kPa 27 = ft 31 = Fpm 

84 ACS 400 User's Manual 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 507 of 542



Code Description 

3407 P VAR 2 SEL 
Selection of process variable 2. Number of any parameter within the group 1 OPERATING DATA. 

3408 P VAR 2 MULT1P 
Process variable 2 multiplier. 

3409 PVAR 2 DIVISOR 
Process variable 2 divider. 

3410 P VAR 2 SCALING 
Decimal point location of process variable 2, when displayed. 

3411 P VAR 2 UNIT 
Process variable 2 unit. See parameter 3406. 

Example: Assume that a two pole motor is directly connected to a roll of 0.1 m diameter and the line 
speed is to be displayed in m/s. The following settings are then needed: 

3401 DISPLAY SEL = 2 (PROCESS VAR) 

3402 P VAR 1 SEL = 0103 (OUTPUT FREQ) 

3406 P VAR 1 UNIT = 19(m/s) 

For a 2-pole motor, 1 Hz output equals 1 rev/s, equals PI * 0.1m/s line speed, or approximately 0.314 
m/s, is: 

output freq * 314 
line speed - m/s 

1000 

Select: 

3403 P VAR 1 MULTIP = 314 
3404 P VAR 1 DIVISOR = 1000 

Since variable 0103 OUTPUT FREQ is displayed with 0.1 Hz resolution, it is internally scaled so that 
value 10 represents 1 Hz. Therefore, Parameter 3405 P VAR 1 SCALING must be set to (1). 
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Group 40: PID Control 
The PID Control Macro allows the ACS 400 to take a reference signal (setpoint) and an actual signal 
(feedback), and automatically adjust the speed of the drive to match the actual signal to the 
reference. The control signal block diagram is show in figure 34 on page 118 of the Appendix. 

Code: lietdipiibri - '' - : .-=- ' ' 

4001 PID GAIN 
This parameter defines the gain -of the PID Controller. The setting range is 0.1... 100. 
If you select 1, a 10 % change in error value causes the PID Controller output to change by 10 %. 

* Limited by parameter 2008 MAXIMUM FREQ. 

4002 PID INTEG TIME 
PID controller integration time. Defined as the time in which the maximum output is achieved if a constant 
error value exists and the gain is 1. Integration time 1 s denotes that a 100 % change is achieved in 1 s. 

. 

. 

. 

0 
Gain 

_ _ . 1 
.. . _ . . . 

1 

Gain 
1 

. 

PID 

_____, 
integration time 

4003 P1D DER1V TIME . 

PID controller derivation time. If the process error value changes linearly, D part adds a constant value into 
:..---- the PID- controller output. The derivative is filtered with a 1-pole filter. The time constant of the filter is 

defined by parameter 4004 PIO DERIV FILTER. 

. 

. 

. 
100 % 

Process Error Value , 

Gain 

I ._ 

.111 
, 

PID derivation time 

, 

4004 PID DERIV FILTER . 

Time constant for the filter of D part. By increasing the filter time constant it is possible to smooth the effect 
of the D part and suppress noise. 

4005 ERROR VALUE INV 
. Process error value inversion. Normally, a decrease in feedback signal causes an increase in drive speed. 

If a decrease in feedback signal is desired to cause a decrease in speed, set ERROR VALUE INV tO 1 (YES). 

0 = NO 

1 = YES 
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toile Description . 

4006 ACTUAL VAL SEL . 

PID controller feedback (actual) signal selection. Feedback signal can be a combination of two actual 
values AcT1 and AcT2. Source for actual value 1 is selected by parameter 4007 and source for actual value 
2 is selected by parameter 4008. 

1 = AcT1 
Actual value 1 is used as the feedback signal. 

2 = AcTl-AcT2 
Difference of actual values 1 and 2 is used as the feedback signal. 

3 = AcT1+AcT2 
Sum of actual values 1 and 2. 

4 = AcT1*AcT2 
Product of actual values 1 and 2. 

5 = AcT1/AcT2 
Quotient of actual values 1 and 2. 

6 = MIN (A1, A2) . 

Smaller of actual values 1 and 2. 
. 

. 

7 = MAX (Al, A2) 
Greater of actual values 1 and 2. 

, 

8 = sq (Al -A2) 
Square root of difference of actual values 1 and 2. 

9 = sqA1 + sqA2 
Sum of square roots of actual values 1 and 2. 

4007 ACT1 INPUT SEL 
Source for actual value 1 (AcT1). 

1 = / U 1 
, 

Analog input 1 is used as actual value-1. -. 

2 = Al 2 
Analog input 2 is used as actual value 1. 

4008 ACT2 INPUT SEL 
Source for actual value 2 (AcT2). 

1 = A | 1 

Analog input 1 is used as actual value 2. 

2 =A| 2 - 

Analog input 2 is used as actual value 2. 
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Code Description 

4009 ACT1 MINIMUM 
Minimum value for actual value 1 (ACT1). Refer to Figure 38 and to Group 13 parameters for analog input 
minimum and maximum settings. 

4010 ACT1 MAXIMUM 
Maximum value for actual value 1 (AcT1). Refer to Figure 38 and to Group 13, parameters for analog input 
minimum and maximum settings. 

4011 
- 

ACT2 MINIMUM 
Minimum value for actual value 2 (Ac12). Refer to parameter 4009. 

4012 ACT2 MAXIMUM 
Maximum value for actual value 2 (Ac-r2). Refer to parameter 4010. 

ACT1 (%) 

A 

ACT1 MAXIMUM 

ACT1 MINIMUM 

Al min Al max 

AcT1 (%) 
A 

ACT1 MINIMUM 

ACT1 MAXIMUM 

Analog input signal 

Al min Al max 

Analog input signal 

Figure 38 Actual value scaling. The range of the analog input signal is set by parameters 1301 and 
1302 or parameters 1304 and 1305, depending on the analog input used. 
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. 

Code 
. . 

DescriptiOn . 

... _____- _ 

4013 PID SLEEP DELAY 
Time delay for the sleep function, see Figure 39. If the ACS 400 output frequency is below a set level 
(parameter 4014 SLEEP LEVEL) longer than PID SLEEP DELAY, ACS 400 is stopped. 

4014 PID SLEEP LEVEL 
Level for activation of sleep function, see Figure 39. When the ACS 400 output frequency falls below the 
sleep level, the sleep delay counter is started. When the ACS 400 output frequency rises above the sleep 
level, the sleep delay counter is reset. 

4015 WAKE-UP LEVEL - 

Level for deactivation of sleep function. This parameter sets a process actual value limit for the sleep 
function (see Figure 39). When the actual value falls below the limit, the sleep function is interrupted. 

Wake-up level = %Ref. x (Param 4015) / 100 

Note! Wake-up level comparison is also inverted when error value is inverted using parameter 4005 
ERROR VALUE INV. 

WAKE-UP LEVEL 

SLEEP LEVEL 

parameter 4014 

Actual value 

Frequency 

Time 

STOP START 

Time 

Figure 39 Sleep function. 

Note! The proportional gain and integration time values are used to adjust the 
responsiveness of the system. A low value for proportional gain and a high value for 
integral time ensures stable operation, but provides sluggish response. Too large of a 

proportional gain value or too short of an integral time can cause the system to become 
unstable. To start, set Parameter 4001 PID Gain to 0.3. Set Parameter 4002 Integration 
Time to 20 seconds. Start the system and see if it reaches the set point quickly while 
maintaining stable operation. If not, increase PID Gain (4001) until the actual signal (or 
drive speed) oscillates constantly. It may be necessary to start and stop the drive to 
induce this oscillation. Reduce PID Gain (4001) until the oscillation stops. Set the value 
to 0.4 to 0.6 times this value. Decrease the Integration Time (4002) until the feedback 
signal (or drive speed) oscillates constantly. It may be necessary to start and stop the 
drive to induce this oscillation. Increase Integration Time (4002) until the oscillation 
stops. Set the value to 1.15 to 1.5 times this value. If the feedback signal contains high 
frequency noise, increase the value of Parameter 4004 Derivative Filter until the noise is 
filtered from the signal. 
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Group 50: Communication 
Parameters of this group define some general communication settings. Parameters 5001-5002 are 
used only if DDCS option card is installed. 

Code Description 

5001 DDCS BIT RATE 
DDCS link baud rate in Mbits/s. 

5002 DDCS NODE NR 
DDCS link node number. 

5003 COMM FAULT TIME . 

Communication time out delay. This applies both to standard Modbus and DDCS link. 

5004 COMM FAULT FUNC 
Communication fault function. This applies both to standard Modbus and DDCS link. 

0 = NOT SEL 
No operation. 

1 = FAULT 
A fault indication is displayed and the ACS 400 coasts to stop. 

2 = CONST SP 7 
A warning indication is displayed and the speed is set according to parameter 1208 coNsT SPEED7. 

3 = LAST SPEED . 

A warning indication is displayed and the speed is set to the level the ACS 400 was last operating at. This 
value is determined by the average speed over the last 10 seconds. 

Caution: If you select CONST SPEED 7 or LAST SPEED, make sure that it is safe to continue operation if 
communication is lost. 

5005 PROTOCOL SEL 
Defines what communication protocols are used. Options 1 (DDCS) and 3 (STD MDB+DDCS) should be 
selected only if DDCS communication module is installed. 

0 = NOT SEL 
No serial communication is active. 

1 = DDCS 
DDCS serial communication is active. 

2 = STD MODBUS 
Standard Modbus protocol is active. 

3 = STD MDB+DDCS , 

Both standard Modbus and DDCS are active. 

5006 COMM COMMANDS 
This parameter controls the commands source protocol selection. Although the ACS 400 can communicate 
simultaneously via several serial communication channels, the controlling commands - start, stop, direction 
and reference - can be received only from a single communication channel, selectable by this parameter. 

0= NOT SEL 

Controlling commands are not received via serial communication. 

1 = STD MODBUS 
Controlling commands can be received through Channel 1 standard Modbus protocol. 

2 = DDCS . 

Controlling commands can be received through the DDCS link. 
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Group 51: Ext Comm Module 
Parameters of this group need to be adjusted when a DDCS option module is installed. Refer to 
option module documentation for more information regarding these parameters. 

Code Description 

5101 FIELDBUSPAR 1 

Parameter 1 of communication module in DDCS link. Value reflects the type 
module. 

Table 11 List of module types. 

of connected DDCS option 

Value Module type 

0 No module connected. 

1 NPBA Profibus 

2 NMBA Modbus 

3 NIBA Interbus-S 

4 NCSA CS31 bus 

5 NCAN CANopen 

6 NDNA DeviceNet 

7 NLON LONWORKS 

8 NMBP Modbus+ 

9 Others 

5102 - 
5115 

FIELDBUSPAR 2 - FIELDBUSPAR 15 
Refer to option module documentation for more information on these parameters. 
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Group 52: Standard Modbus 
The ACS 400 can be connected to a Modbus fieldbus system. Parameters of this group are used to 
set up station number, communication speed and parity. Parameters 5206 - 5215 are diagnostic 
counters that can be used to debug the fieldbus system. Refer to "Standard Serial Communication" 
on page 95 for more information. 

Code Description 

5201 STATION ID 
Sets the slave number for the ACS 400 in Modbus network. 

Range: 1 - 247 

Note! Modifications take effect only on the next power up. 

5202 COM SPEED 
Defines the communication speed of the ACS 400 in bits per second (bps). 

3 = 300 bps 48 = 4800 bps 

6 = 600 bps 96 = 9600 bps 

12 = 1200 bps 192 = 19200 bps 

24 = 2400 bps 

Note! Modifications take effect only on the next power-up. 
5203 PARITY 

. 

Defines the parity to be used with the Modbus communication. Parameter also defines the number of stop 
bits. With Modbus communication, the number of stop bits is 2 with no parity bit, and 1 with even or odd 
parity. 

0 = NONE 

1 = EVEN 

2 = ODD 

Note! Modifications take effect only on the next power-up. 
5206 BAD MESSAGES 

This diagnostics counter increases by one every time the ACS 400 finds any kind of communication error. 
During normal operation, this counter hardly ever increases. 

5207 GOOD MESSAGES 
This diagnostics counter increases by one every time a valid Modbus message has been received by the 
ACS 140. During normal operation, this counter is increasing constantly. 

5208 BUFFER OVERRUNS 

Longest possible message length for the ACS 400 is 32 bytes. If a message exceeding 32 bytes is received, 
this diagnostic counter increases by one every time a character is received and cannot be placed in the 
buffer. . 

5209 FRAME ERRORS ' 

This diagnostic counter increases by one every time when a character with a framing error is received from 
the bus. 

Communication speed settings of the devices connected in the bus differ. 
Ambient noise levels may be too high. 

5210 PARITY ERRORS 

This diagnostic counter increases by one every time wheri a character with a parity error is received from 
the bus. 

Parity settings of the devices connected in the bus differ. 
Ambient noise levels may be too high. 
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Code Description 

5211 CRC ERRORS 

This diagnostic counter increases by one every time when a message with a CRC error is received. 
Ambient noise levels may be too high. 
CRC calculation is not performed correctly. 

5212 BUSY ERRORS 

In Modbus network, only one device can transmit at any given time. This diagnostic counter increases by 
one every time the ACS 400 receives a character from the bus while it is still processing the previous 
message. 

5213 SER FAULT MEM 1 

Last Modbus exception code sent. 

5214 SER FAULT MEM 2 
Previous Modbus exception code sent. 

5215 SER FAULT MEM 3 

Oldest Modbus exception code sent. 
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Standard Serial Communication 

Overview 
The ACS 400 can be connected to an external control system using the standard Modbus fieldbus 
connection. 

The ACS 400 can receive all of its control information either from the Modbus fieldbus, or the 
control can be distributed between the fieldbus and other available control locations, e.g. digital/ 
analog inputs and the drive control panel. 

The ACS 400 has two serial communication channels (or ports), Channel 0 and Channel 1. 
Channel 1 is the standard Modbus fieldbus connection. Communication settings of Channel 1 can 
be configured by the user. To control the ACS 400 via Modbus, the ACS 400 must be programmed 
to accept control commands and/or frequency references from Channel 1. Channel 0 is reserved 
for drive control panels ACS-PAN and ACS100-PAN, and for the Drive Window PC tool. 

40 
Optional serial communication features 

The ACS400 can also be connected to number of other fieldbuses using special fieldbus adapter 
modules. These adapters are connected using an optical DDCS link (DDCS=Distributed Drives 
Control System). For more information on these options, contact your local ABB sales office. 

Channel 1 

ACS 400 

Channel 0 

Connector X3 

Modbus fieldbus (RS485) 

DDCS 

ACS100-PAN 

ACS-PAN 

Option Module Connector 

Figure 40 Standard serial communication features of the ACS 400. 

Drive Window 
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Data Flow 

Figure 41 Structure of a fieldbus system. 

Fieldbus 
Master (PLC) 

Fieldbus 

96 ACS 400 User's Manual 

S1 Main Sewer Main Sewer Part 3 Section 20 Index to Construction ITPs and Procedures OM Manual Volume 2/4

Q-Pulse Id TMS789 Active 29/01/2014 Page 519 of 542



Grounding and Termination 

RS485 Bus 

The RS485 network should not be directly grounded at any point. All the devices on the network 
should be well grounded using their corresponding grounding terminals. 

As always, the grounding wires should not form any closed loops; and all the devices should be 
grounded to a common ground. 

The RS485 network must be terminated using 120 n resistors at both ends of the network. Use 
jumper J2 to connect or disconnect the termination resistors. 

Termination should not be done on the intermediate stations. See Figure 42 for the proper method 
of termination. 

Terminated 
00000 00000 00000 

Figure 42 Termination for the RS485 link. 

Terminated 
00000 

Warning! The connections should only be made with the drive disconnected from the 
power source. 
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Activating Modbus protocol 
The factory setting for Channel 1 is not enabled. To enable standard Modbus protocol for Channel 
1, set parameter 5005 PROTOCOL SEL to 2 (STD MODBUS). 

After this parameter change, the ACS400 is ready to communicate via Channel 1 using the default 
communication settings (given in Table 12), making parameter read and write possible. 

The following sections describe how to configure the ACS400 for more sophisticated 
communication and control. 

Table 12 Default communication settings of the Channel 1. 

Station number Communication 
speed Parity bit Stop bits 

1 9600 bps none two 
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Communication settings 
Communication settings define the communication speed, parity checking, number of stop bits and 
fault functions. These settings for Channel 1 are defined using parameters in groups 50 
COMMUNICATION and 52 STANDARD MODBUS. 

Default communication settings for Channel 1 are listed in Table 12. To be able to communicate 
with the master device, the ACS 400 must use the same communication speed and parity settings 
as the master. 

Further information on all parameters and their alternative settings is given in under "ACS 400 
Complete Parameter List' on page 51. 

Table 13 Communication parameters. 

Code Name 
. ..... _ . 

Range Default User Function/Information 
. 

Group 52 
STANDARD MODBUS 

5201 STATION NUMBER 1 - 247 1 Slave number for ACS 
400 in Modbus network. 

5202..... COMM SPEED 300,...,19200 bps 9600 bits/s Communication speed. 

5203 PARITY NONE,EVEN,ODD NONE Parity and stop bit setting. 

Group 50 
COMMUNICATION 

5003 COMM FAULT TIME 0.1 - 60.0 s 1.0 s Time limit for 
communication loss 
detection. 

5004 COMM FAULT FUNC NOT SEL, FAULT, 

CONST SP 7, 
LAST SPEED 

NOT SEL Operation in case 
communication with the 
master device is lost. 

5005 PROTOCOL SEL NOT SEL, DDCS, STD 

MODBUS, STD 

MDB+DDCS 

NOT SEL Communication protocols 
selection. 
Normally must be set to 
STD MODBUS. 
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Control Locations 

The ACS 400 drive can receive control information from multiple sources, including digital I /O, 
analog I /O, keypad, and Modbus fieldbus. 

To control the ACS 400 via the serial communication channel 1 (Modbus fieldbus), it must be 
programmed to accept control commands and/or frequency references from this channel. To 
accept control from serial communications, ACS 400 must be in remote control. 

The necessary parameters and their usage are listed in Table 14. Before any control commands 
can be given through serial communication channel 1, parameter 5006 comm COMMANDS value 
must be set to STD MODBUS. 

Further information on all the parameter6 and their alternative settings can be found under 
"ACS 400 Complete Parameter List' on page 51. 

Table 14 Parameters for control command source selection. 

code Parameter Name , 

Alternative :4; - . '. 
OtP09i , .. 

Setting foe ::...: ....: 
Standard 
Modbus !' i 

FdrittiOii/trifotrili6tidei' 

Group 50 
COMMUNICATION 

5006 COMM COMMANDS NOT SEL, 
STD MODBUS,. 
DDCS 

STD MODBUS Defines the source for serial 
communication commands in general. 

Group 10 
COMMAND INPUTS 

1001 EXT1 COMMANDS NOT SEL 
DI1 

... 
COMM 

COMM Enables the Control Word (except bit 11) 
when EXT1 is selected as control 
location. 

1002 EXT2 COMMANDS NOT SEL 

DI1 

... 

COMM 

COMM Enables the Control Word (except bit 11) 
when EXT2 is selected as control 
location. 

1003 DIRECTION FORWARD 
REVERSE 
REQUEST 

REQUEST Enables rotation direction control as 
defined by parameters 1001 and 1002. 

- 

Group 11 . 

REFERENCE SELECT 

1102 EXT1 /EXT2 SEL Dll 
... 
COMM 

COMM Enables external control location EXT1/ 
EXT2 selection by Control Word bit 11. 

1103 EXT REF1 SELECT KEYPAD 
All 
... 
COMM 

COMM+Al 1 

COMM*AI 1 

COMM; 

COMM+Al 1 

or 
COMM*All 

Fieldbus reference 1 is used when EXT1 
is selected as control location. See 
section References below for information 
on the alternative settings. 
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Parameter:Name 
, 

'. '. - 

y, 

Alternative 
Settings 

Sett in Seing-for 
-' 

Modbus - 

FunCtionliniormation 

1106 EXT REF2 SELECT KEYPAD 

All 
... 
COMM 

COMM+Al 1 

COMM *AI1 

comm, 
COMM+Al 1 

or 
COMM.*A11 

Fieldbus reference 2 is used when EXT2 
is selected as control location. See 
section References below for information 
on the alternative settings. 

Group 16 
SYSTEM CONTROLS 

1601 RUN ENABLE NOT SEL 

D11 ...D15 

COMM 

COMM Selects the source of the run enable 
signal. 

1604 FAULT RESET SEL KEYPAD ONLY 
oi1...oi5 
START/STOP 
COMM 

COMM Fault reset source 

Note! Fault reset is always possible 
with conrol panel. 
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Output signal source selection 
It is possible to control both the relay outputs 1 and 2, as well as the analog output from the serial 
communication channel 1. 

Relay outputs can be controlled in the following way: 

Step 1: Configure the ACS 400 to supervise the value of any of the parameters 131-133 using 
parameters in group 32 SUPERVISION. 

Step 2: Configure a relay output 1 or 2 to respond to the status of one of the supervised parameter. 

The selected relay can now- be turned on or off by writing to supervised parameter (131-133) some 
value that is either above or below the given supervision limits. 

Refer to Table 15 for more information on required parameter settings. With the given settings, 
writing any value 100 - 255 to parameter 131 SER LINK DATA 1 causes the relay output 1 to activate. 
Writing any value 0 - 99 to parameter 131 causes the relay output 1 to deactivate. 

Refer to Table 16 for information on analog output control. 

Table 15 Relay output control. 

- - 

Code Parameter Na:tte 

......... ..... _....... 

Alterriattiie 
Settings 

- 

Settir Ig:for. .... 
Standard 
Miisdbi. 

Furictiot3/10Orrhatiori 

. 

Group 01 
OPERATING DATA 

0131 SER LINK DATA 1 0 - 255 - Controlling data for the relay outputs. 

0132 SER LINK DATA 2 0 - 255 - 

Group 14 
RELAY OUTPUTS 

1401 RELAY OUTPUT 1 NOT SEL 
... 
suPRV1 OVER 
SUPRV1 UNDER 

SUPRV2 OVER 
SUPRV2 UNDER 
... 

UNDERLOAD 

e.g. SUPERV1 

OVER 
Relay output 1 function. 
With the given setting, the relay 1 is 
activated when supervised parameter 1 

(given by parameter 3201) is above the 
limit given by parameter 3203. 

1402 RELAY OUTPUT 2 As above e.g. SUPERV1 

OVER 
Relay output 2 function. 
See above. 

Group 32 
SUPERVISION 

3201 SUPERV 1 PARAM 102 - 137 e.g. 131 Number of supervised parameter 1. Any 
parameter of the group 1 OPERATING 
DATA. 

3202 SUPERV 1 LIM LO 0 7 255. e.g. 100 Lower supervision limit for supervised.. 
parameter 1. 

3203 SUPERV 1 LIM HI 0 - 255 e.g. 100 Upper supervision limit for supervised 
parameter 1. 

3204 SUPERV 2 PARAM 102 - 137 e.g. 132 Number of supervised parameter 1. Any- 
parameter of the group 1 OPERATING 
DATA. 

3205 SUPERV 2 um Lo 0 - 255 e.g. 100 Lower supervision limit for supervised 
parameter 2. 
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Code Parameter 'Name 
Alternative 
Se.ttings 

Setting for 
Standard 
Pilodbus 
... , 

Function/Information 

3206 SUPERV 2 LIM HI 0 - 255 e.g. 100 Upper supervision limit for supervised 
parameter 2. 

Table 16 Analog output control. 

Code Parameter Name 
Alternative 
Settings 

S etting for 
Standard 
Modbus . 

function /Information 

....., 

Group 01 
OPERATING DATA 

0133 SER LINK DATA 3 0 - 255 - Controlling data for the analogue output. 

Group 15 
ANALOG OUTPUT 

1501 AO CONTENT - 102 - 137 - e.g. 133 Directs the contents of parameter 133 to 
the analog output. 

1503 AO CONTENT MAX 255 Analog output scaling: upper limit (20 mA) 
reached when value 255 written to 
parameter 133. 
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Diagnostic Counters 
Diagnostic counters can be used for debugging the Modbus system. 

Counters will roll over from 65535 to 0. The counter values are stored to permanent memory when 
power is disconnected. 

Counters can be reset from the control panel by pressing the UP and DOWN buttons 
simultaneously when in parameter set mode, or by writing zero from the serial communication 
channel 1. 

Note! Parameters 5206 - 5212 are displayed in hexadecimal format by the control panel. 

Table 17 

Code Name Range User 

Group 52 
STANDARD MODBUS 

5206 - BAD MESSAGES 0 - 65535 - 

5207 GOOD MESSAGES 0 - 65535 

5208 BUFFER OVERRUNS _ 0 - 65535 

5209 FRAME ERRORS 0 - 65535 

5210 PARITY ERRORS 0 - 65535 

5211 CRC ERRORS 0 - 65535 

5212 BUSY ERRORS 0 - 65535 

5213 SER FAULT MEM 1 0 - 3 

5214 SER FAULT MEM 1 0 - 3 

5215 SER FAULT MEM 3 0 - 3 
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Communication 
This chapter describes the Modbus communication for the ACS 400 drive. 

Introduction to Modbus 
Modbus is a serial, asynchronous protocol. The Modbus protocol does not specify the physical 
interface. Typical physical interface is RS485. 

Modbus is designed for integration with Modicon PLCs or other automation devices, and the 
services closely correspond to the PLC architecture. The ACS 400 drive 'looks like' a Modicon PLC 
on the network. 

If detailed information regarding the Modicon Modbus protocol is required, contact your local ABB 
sales office for a copy of Modbus Protocol Guide. 

Register Read and Write 
- 

illThe ACS 400 has all drive parameter, control and status information mapped into a 4xxxx register 
area. This holding register area can be read from an external device, and an external device can 
modify the register values by writing to them. 

There are no setup parameters for mapping the data to the 4xxxx register. The mapping is pre- 
defined and corresponds directly to the ACS 400 parameter grouping. 

All parameters are available for both reading and writing. The parameter writes are verified for 
correct value and for valid register addresses. Some parameters never allow writes (including 
Group 1 actual values), some allow only zero write (including Group 1 fault memories), some 
parameters allow write only when the drive is stopped (including Group 99 setup variables), and 
some can be modified at any time (including e:g. Group 22 acceleration and deceleration ramp 
times). 
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Register Mapping 
The drive parameters are mapped to the 4xxxx area so that: 

40001 - 40099 are reserved for drive control registers 
40101 - 40199 is reserved for the actual values (parameter group 1) 

40201 - 40299 is reserved for parameter group 2 

40301 - 40399 is reserved for fault and alarm information 
... other parameter groups 
49901 - 49999 is reserved for the start-up data 

Register addresses 4GGPP are shown in Table 18. In this table GG is the group number, and PP is 
the parameter number within the group 

Table 18 Parameter mapping. 

4GGPP GG PP 

40001 - 40006 00 Drive control registers 01 Control word 
02 Reference 1 

03 Reference 2 
04 Status word 
05 Actual value 1 

06 Actual value 2 

40102 -40130 01 OPERATING DATA 02 SPEED 
... 
30 OLDEST FAULT 

41001 -41003 10 COMMAND INPUTS 01 EXT1 COMMANDS 
02 EXT2 COMMANDS 
03 DIRECTION 

41101 -41108 11 REFERENCE SELECT 01 KEYPAD REF SEL 

... 
08 CONST SPEED 7 

... ... ' 
49901 - 49908 99 START-UP DATA 02 APPLIC MACRO 

... 
08 MOTOR NOM SPEED 

The register addresses between the groups are invalid. No reads or writes are allowed for these 
addresses. If there is an attempt to read or write outside the parameter addresses, the Modbus 
interface will return an exception code to the controller. 
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Exception Codes 
The ACS 400 supports the standard Modbus exception codes. These are shown in Table 19. 

Table 19 Exception codes. 

Code Name Meaning 

01 ILLEGAL 
FUNCTION 

The function code received in the query is not an allowable 
action for the slave. 
ACS 400: Unsupported Command. 

02 ILLEGAL DATA 
ADDRESS 

The data address received in the query is not an allowable 
address for the slave. 
ACS 400 : Address outside groups 

03 ILLEGAL DATA 
VALUE 

A value contained in the query data field is not an 
allowable value for the slave. 
ACS 400 : Value outside min-max limits 
ACS 400 : Parameter is read-only 
ACS 400 : Message is too long 
ACS 400: Parameter write not allowed when start is active 
ACS 400: Parameter write not allowed when factory 

macro is selected 

Function Codes 
The ACS 400 supports the Modbus function codes given in Table 20. If any other function codes 
are used ACS 400 returns an exception response with error code 01 (illegal function). 

Table 20 Function codes. 

Code Description 

03 Read holding registers 

06 Preset single register 

16 (10 Hex) Preset multiple registers 
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The Control Word 
Holding register: 40001 

The Control Word is the principal means for controlling ACS 400 from a fieldbus system. It is sent 
by the fieldbus master station to the drive. ACS 400 switches between its states according to the 
bit-coded instructions on the-Control Word. 

Note! In order to use Control Word the drive must be configured to receive control 
commands from the serial communication channel. Refer to "Control Locations"-on 
page 100. 

The contents of the Control Word is presented in the following table. The text in italics refers to the 
states in Figure 43. 

Table 21 The Control Word. 

Bit Value Description 

0 1 Enter READY TO OPERATE 

0 Emergency OFF. Ramp to stop according to parameter 2203 
DECELER TIME 1. Enter OFFi ACTIVE; proceed to READY TO SWITCH 
ON unless-other interlocks (OFF2, OFF3) are active. 

1 1 -Continue operation (OFF2 inactive) 

0 Emergency OFF, coast to stop. 
Enter OFF2 ACTIVE; proceed to SWITCH-ON INHIBITED. 

2 1 Continue operation (OFF3 inactive) 

0 Emergency stop. Drive ramps to stop according to parameter 2205 
DECELER TIME 2. Enter OFF3 ACTIVE', proceed to SWITCH-ON 
INHIBITED. 

3 0 -1 Enter OPERATION ENABLED (Note that also the Run enable signal 
must be present on a digital input - see parameter 1601 RUN 

ENABLE. 

0 Inhibit operation. Enter OPERATION INHIBITED 

4 Unused. 

5 1 Normal operation. 
Enter RAMP FUNCTION GENERATOR: ACCELERATOR ENABLED 

0 Halt ramping (Ramp Function Generator output held) 

6 1 Normal operation. Enter OPERATING 

0 Force Ramp Function Generator input to zero. 

7 0 - 1 Fault reset (enter SWITCH-ON INHIBITED) 

0 (Continue normal operation) 

8 to 10 Unused 

11 1 Select external control location 2 (ExT2) 

0 Select external control location.1 (ExT1) 

12 to 15 Unused 

Note! Control and status word operation conforms to ABB Drives Profile with the exception 
of bit#10 (REMOTE_CMD) which is not used by the ACS 400. 
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References 
References are 16-bit words containing a sign bit and a 15-bit integer. A negative reference 
(indicating reversed direction of rotation) is formed by calculating the two's complement from the 
corresponding positive reference. 

Reference 1 

Holding Register: 40002 

Reference 1 can be used as the frequency reference REF1 for the ACS 400. Scaling: 20000 EXT 

REF1 MAX (Hz, parameter 1105). Scaling Parameter 1104 EXT REF1 MIN is not used. 

The signal source of external reference 1 (REF1) must be set to COMM and external control location 
1 (ExT1) must be activated. Refer to parameters 1103 EXT REF 1 SELECT and 1102 EXT1/EXT2 SEL. 

Reference 2 

Holding Register: 40003 

Reference 2 can be used as the frequency reference REF2 for the ACS 400. Scaling: 10000 EXT 

REF2 MAX (%, parameter 1108). Scaling Parameter 1107 EXT REF2 MIN is not used. 

The signal source of external reference 2 REF2 must be set to COMM and External control location 2 

(EXT2) must be activated. Refer to parameters 1106 EXT REF 2 SELECT and 1102 EXT1/EXT2 SEL. 

Fieldbus Reference Selection and Correction 

Fieldbus reference is selected by setting a Reference selection parameter 1103 EXT REF1 SELECT or 
1106 EXT REF2 SELECT to COMM, COMM+A11 or oomm*All . The latter two enable correction of the 
fieldbus reference using Analog input All. 
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The Status Word 
Holding Register: 40004 

The Status Word is a read-only word containing information of the ACS 400 status. 

The contents of Status Word is presented in the following table. The text in italics refers to the 
states in Figure 43. 

Table 22 The Status Word. 

Bit Value Description 

O 1 READY TO SWITCH ON . 

0 NOT READY TO SWITCH ON 

1 1 READY TO OPERATE 

0 OFFI ACTIVE 

2 1 OPERATION ENABLED 

0 Not ready (OPERATION INHIBITED) 

3 0 - 1 FAULT 

No fault 

4 1 OFF2 inactive 

0 OFF2 ACTIVE 

5 1 oFF3 inactive 

0 OFFS ACTIVE 

6 1 SWITCH-ON INHIBITED 

0 

7 1 Any alarm except AL1-AL7, AL15, AL27, and AL28. 

0 No alarm 

8 1 OPERATING. Actual value equals reference value (= is within tolerance 
limits). 

0 Actual value differs from reference value (= is outside tolerance limits) 

9 1 Drive control location: REMOTE 

0 Drive control location: LOCAL 

10 1 The value of first supervised parameter equals to or is greater than 
supervision limit. Refer to Group 32 Supervision. 

0 The value of first supervised parameter is below supervision limit 

11 1 External control location 2 (Ex-r2) selected 

0 External control location 1 (Ex-r1) selected 

12 1 Run Enable signal received 

0 No Run Enable signal received 

13 to 15 Unused 
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Actual Values 
Actual values are read-only values containing information on the operation of the drive. Actual 
values are 16-bit words containing sign bit and a 15-bit integer. A negative value is given as two's 
complement of the corresponding positive value. 

Actual Value 1 

Holding Register: 40005 

Actual output frequency. Scaling: 5000 50 Hz. 

Actual Value 2 

Holding Register: 40006 

Actual output current. - Scaling: 10 1 A. - 

Example 

The following example shows how to use the Control Word to start the drive. When the power is 

connected, the state machine state is NOT READY TO SWITCH ON. 

Table 23 Using the Control Word. 

Control Word Value Description 

Step 1 CW = 0000 0000 

b t 15 

0000 0110. 

bit 0 

When this value is written, state machine 
state changes to READY TO SWITCH ON. 

Step 2 CW = 0000 0000 0000 0111 When this value is written, state machine 
state changes to READY. TO OPERATE. 

Step 3 CW = 0000 0000 0000 1111 When this value is written, the drive starts, 
but will not accelerate. State machine state 
changes to OPERATION ENABLED. 

Step 4 CW = 0000 0000 0001 1111 When this value is written, the ramp 
function generator (RFG) output is 
released. State machine state changes to 
RFG: ACCELERATOR ENABLED 

Step 5 CW = 0000 0000 0011 1111 When this value is written, the ramp 
function generator (RFG) input is released. 
Drive will accelerate to the given reference. 
State machine state changes to OPERATING. 
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From any state From any state 

Emergency Stop Emergency Off 
OFFS (CW Bit2=3) OFF2 (CW Bit1=0) 

OFF3 
(SW Bit5=0) 

ACTIVE 

f =0 / 1=0 

(SW Bit4=0) 

From any state 

Fault 

FAULT - (SW Bit3=1) 

1 

From any state 

OFF1 (CW Bit0=0) 

POWER OFF 

(CW Bit7=1)* 

SWITCH-ON 
INHIBITED (SW Bit6=1) 

f=0 / 1=0 Power ON MIN (CW Bit0=0) 

C D 

(CW Bit3=0) 

(SW Bit2-0)- OPERATION 
INHIBITED 

NOT READY H (SW Bit0=0) 
TO SWITCH ON 

Elm (CW xxxx xxxx xxxx x110). 

READY TO (SW Bit0=1) 
SWITCH ON 

Em(CW xx>c< xxx< xxxx x111) 

C D 

(CW Bit5=0) 

(CW Bit6=0) 

*This state transition occurs also if the fault is reset 
from any other source (e.g. digital input). 

READY TO 
OPERATE 

(SW BM =1) 

Imm (CW Bit3=1 and 
SW Bit12=1) 

OPERATION 
ENABLED 

- (SW Bit2=1) 

(CW Bit5=1) 

RFG: ACCELERATOR 
ENABLED 

(CW Bit6=1) 

OPERATING. 1----(SW Bit8=1) 

State I = Output current 

CW = Control Word f = Output frequency 

SW = Status Word RFG = Ramp Function Generator 

Figure 43 The state machine for evaluation of start and stop signals. 
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Fault and Alarm Status 

The ACS 400 provides fault and alarm status words that are accessible only from the serial 
communication link (not from the control panel). 

These status words are located in place of parameter group 3 (Modbus holding registers 40301- 
40309). These registers also contain copies of the Control Word (40001) and Status Word (40004). 

Registers 40301-40309 are generally read-only type; however, alarm words can be reset by writing 
zero into the register. Table 24 lists the fault and alarm words. 

Table 24 Fault and alarm status words. 

No Name Description 

40301 MAIN CONTROL WORD Read-only copy of the Control Word (40001). See 
page 108. 

40302 MAIN STATUS WORD Read-only copy of the Status Word (40004). See 
page 110. 

40305 FAULT WORD 1 Fault information. When a fault is active 
corresponding bit is set. Bit descriptions are given 
in Table 25. 

40306 FAULT WORD 2 Fault information. When a fault is active 
corresponding bit is set. Bit descriptionS are given 
in Table 25. 

40308 ALARM WORD 1 Alarm information. When an alarm is active 
corresponding bit is set. Bits remain set until whole 
alarm word is reset by writing 0 to it.See Table 26. 

40309 ALARM WORD 2 Alarm information. When an alarm is active 
corresponding bit is set. Bits remain set until whole 
alarm word is reset by writing 0 to it.See Table 26. 

Table 25 Bit descriptions for fault words 1 and 2. 

Bit # Fault Word 1 Fault Word 2 

0 Overcurrent Under load 

1 DC overvoltage Reserved 

2 ACS 400 overtemperature DDCS link 

3 Fault current Reserved 

4 Output overload 

5 DC undervoltage 

6 Analog input 1 fault 

7 Analog input 2 fault 

8 Motor overtemperature. Hardware error 

9 Panel loss 

10 Parameters inconsistent 

11 DC bus ripple too large 

12 Motor stall 

13 Serial communication loss 

14 External fault 

15 Output ground fault 
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Table 26 ALARM WORD bit descriptions. 

Bit # ALARM WORD 1 

0 Overcurrent controller alarm 

1 Overvoltage controller alarm 

2 Undervoltage controller alarm 

3 Direction lock alarm 

4 Serial communication loss 

5 Modbus exception generated locally 

6 Analog input 1 loss 

7 Analog input 2 loss 

8 Panel loss 

9 ACS 400 overtemperature 

10 Motor overtemperature 

11 Under load 

12 Motor stall alarm 

13 DDCS link 

14 Reserved 

15 Reserved 
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APPENDIX 

Local Control vs. Remote Control 
The ACS 400 can be controlled from two remote control locations or from the control panel. Figure 
44 berm shoWs the ACS 400 control locations. 

The selection between local control (LOC) and remote control (REM) can be done by pushing the 
MENU and ENTER buttons simultaneously when the ACS100 -PAN is used, and by pushing the 
LOC/REM button when ACS-PAN is used. 

Start/Stop/Direction, 
Keypad Reference 1 (REF1, Hz) 
or Keypad Reference 2 (REF2, %) 

EXT1 I EXT2 

Start/Stop/Direction, 
External Reference 1 (Hz) 

Figure 44 Control locations. 

Local Control 

Start/Stop/Direction, 
External Reference 2 (%) 

The control commands are given explicitly from the control panel when the ACS 400 is in local 
control. 

Parameter 1101 KEYPAD REF SEL is used to select keypad reference, which can be either REF1 (Hz) or 
REF2 (%). If REF1 (Hz) is selected, the type of reference is frequency and it is given to the ACS 400 in 

Hz. If REF2 (%) is selected, the reference is given in percent. 

If PID Control macro is used, reference REF2 is fed directly to the PID controller as percentage. 
Otherwise, reference REF2 ( %) is converted to frequency so that 100 % corresponds to MAXIMUM 

FREQ (parameter 2008). 
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Remote Control 
When the ACS 400 is in remote control (REM), the commands are given primarily through digital and 
analog inputs, although commands can be given also through the control panel or serial 
communication. 

Parameter 1102 ExT1/ExT2 SELECT selects between the two external-control locations Ex-r1 and ExT2. 

For ExT1, the source of the Start/Stop/Direction commands is defined by parameter 1001 ExT1 
COMMANDS, and the reference source is defined by parameter 1103 Ex-r REF1 SELECT. External 
reference 1 is always a frequency reference. 

For ExT2, the source of the Start/Stop/Direction commands is defined by parameter 1002 ExT2 
COMMANDS, and the reference source is defined by parameter 1106 EXT REF2 SELECT. External 
reference 2 can be a frequency reference, or a process reference, depending on the application 
macro selected. 

In remote control, constant speed operation can be programmed by parameter 1201 CONST SPEED 
SEL. Digital inputs can be used to select between the external frequency reference and seven 
configurable constant speeds (1202 CONST SPEED 1... 1208 CONST SPEED 7). 

Control 
Terminals 

Analog 
inputs 
All, Al2 

Digital 
inputs 
D11- DI5 

Keypad 

Ref 

Loc / Rem 

EXT REF2 

SELECT 
1106 

EXT REF1 

SELECT 

1103 

A11-2! DI1-5 

KEYPAD/ 

A11-2, DI1-5 I 

I Remote 
KEyPAD . 

Local 7( 

EXT1/EXT2 
SELECT 
1102 

EXT1 
EXT2 

Applic 
(PID) 

CONST SP 

SELECT 
1201 

KEYPAD 

REF SEL 

110 

Remote 

DI1-D15 

Const. 
Speeds 

REF2 (%) 

REF1 (Hz) 

Local 

/ 

r 

Min freq 
Max freq 

Grit. speed 

Acc/Dec 

1 Start/Stop 
NOT SEL I Local ! 

DI1-D15 \ ': EXT1 I 
\ REQUEST 

KEYPAD I \ Remote \ I Direction 
I NOT SEL FORWARD i 

I D11-015 EXT21 REVERSE 
I 

. KEYPAD i 

i 
I Enabled, 

I 

1 

! DI1-D15 

EXT1 

COMMANDS 
1001 

EXT2 
COMMANDS 

1002 

Figure 45 Selecting control location and control source. 

DIRECTION 
1003 

RUN ENABLE 
1601 
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Internal Signal Connections for the Macros 

Control 
Terminals 

Analog 
inputs 
All, Al2 

Digital 
inputs 
Dl1 -D15 

Keypad 

Ref 
Loc/Rem- 

() 

EXT REF2 
SELECT 
1106 

A11-2, 

EXT REF1 
SELECT 
1103 

All 
I KEYPAD 

11-5 i Remote 
KEYPAD 

Local/ 

1/ExT2 
SELECT 
1102 

EXT1 

EXT1I 

EXT2i 

CONST SP 
SELECT 
1201 

D13,4 

Remote 

Local 

KEYPAD 
REF SEL 
1101 

Const. 
speeds 

REF2 (%) 

REF1 (Hz) 

r 

Start/Stop, Directio 

REQUEST 
NOT SEL 

D11-D15 EXT1I 
Local 

Remote N 
FORWARD 

REVERSE 
KEYPAD NOT SEL 

D11-D15 Ex-r2I 

I KEYPAD 

EXT1 
COMMANDS 
1001 

EXT2 
COMMANDS 
1002 

Min freq 
Max freq 

Crit. sp. 

Acc/Dec 

Start/Stop 

DirectiOn 

DIRECTION 
1003 

Enabled, 
ID11-DI5 

RUN ENABLE 
1601 

Figure 46 The control signal connections of the ABB Standard, Alternate and Premagnetize macros. 
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Control 
Terminals 

Analog 
inputs 

Digital 
inputs 
D11-D15 

*Keypad 
Ref 

Loc/Rem 

EXT REF2 
SELECT 
1106 

EXT REF1 
SELECT 
1103 

EXT1/EXT2 
SEL 
1102 

ONST 
SPEED SEL 
1201 

KEYPAD 
REF SEL 
1101 

ID12 

All EXT11 

,D13 

Remote 
KEYPAD 

EXT4 
All 

Local 

Min freq 
Max free 

Remote 
KEYPAD 

PID 
Applic 

Local(- 
Const. 
speeds 

Crit. sp. 
All Acill 

Acc/Dec Al2/ 
All AGT2 
Al2/ 

ACTUAL1 
INPUT SEL 
4007 

ACTUAL 2 
INPUT SEL 
4008 

ACTUAL 
VAL SEL 
4006 

REF2 (%) 

REF1 (Hz)/ 

Start/Stop, Direction 

REQUEST 

Start/Stop NOT SEL, 

Dll EXT1 

Local 

Remote KEYPACI Direction 
NOT SEL, 
DIS 

EXT2 
FORWARD 

REVERSES 
IKEYPAD- 

EXT1 
COMMANDS 
1001 

EXT2 
COMMANDS 
1002 

DIRECTION 
1003 

RUN ENABLE 
1601 

Figure 47 The control signal connections of the PID Control macro. 
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ABB Drives & Power Products 
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New Berlin, WI 53151 

Telephone (414) 785-8378 
(800) 243-4384 

Fax- (414) 780-5135 
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