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SECTION TS 6. PRETENSIONED PRESTRESSED CONCRETE

6.1

- 6.2

63

6.4

GENERAL

This seclion of the Technrcal Specmcatron covers the general and specific
requirements of precast pretensioned prestressed concrete. It shall apply
wherever precast pretensioned prestressed concrete is used in the works,
such as pites, as shown on the Drawings or specified in this and other
Technical Specificalion clauses or where it is approved in writing by the

Engrneer to be used as an atternatrve form of constructron

’:ThIS Sectron covers the pretensron!ng of preslressed concrete members
“which are subsequently incorporated in a slructure. The requirements of

Section TS 5, Prestressed Concrete, ~ of this Specification relating to
prestressing shall be followed. - - . ol

Concrete for pretensioned prestressed members shall be in accordance with

+ the requrrements of sections TS 3and TS 4 of the technrcal specrfrcatron

j‘ ') This sectron shall apply whether or not Pretensroned Prestressed Concrete

unils are manufactured directly by the Contractor or a specratrst reputable
manufacturer approved by the Engineer. Where Pretensioned Prestressed

.+ Concrete units are obtained from an approved specialist manufacturer the

Engineer may, at his sole discretion, waive the need for the Contractor to
submrt detarted manufacluring plans and calcutatrons :

STR[:SSING BED

The abutments and bed for the tensronrng of tendons shall be desrgned to _
B wrthstand the total tensronlng force shown on the Drawrngs -

The bed shall be constructed to wrthstand the concentrated toads resultmg
.from the applrcatlon of the prestress and support the total dead Ioad

A notrce shall be drsptayed adjacent to the stressrng bed showrng the

maximum fensioning force allowed, the upper limit of the force and the
Standards used in the design of the bed. Calculatlons shall be made

. avarlable when requested by the Engrneer

ANCHORAGES

- The anchorages conststrng of barrel and wedges or any other devrces shall
" be as shown on the Drawings and such as to prevent sllp occumng during
_the castrng or currng operatrons L :

PLACING OF TENDONS

The tendons shall be Iocated accuratety in the posrtrons shown on the
S Drawrngs and stitable devices shall be provided to ensure that the correct
. poertronrng of the tendons is malntalned durrng castrng : _

_When tendons are berng placed partrcular care shalt be taken to ensure thal
the tendons do not come into contact with the oiled surface of the forms or
~other deleterious substances. Any deleterious material which might collect
- on the tendons shall be removed by cteanmg with a suitable solvent or by
“other suitable methods _

T8 'e_-_t
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COVER

Unless shown otherwise on the Drawings, the cover of concrete to the
surface of any tendon for a unit which will be situated in air shall not be less
than twice the diameter of the tendon or 25 mm, whichever is the greater.
The above minimum cover shall be increased by 13 mm for units which will
be situated in earth or water or over salt water, and by 25 mm for units

- which will be in salt water,

' "TENSIONING FORCE
~ Unless otherwise stated on the Drawrngs the force requrred is the force

remaining in the tendons at the middle of each unit immediately after all

- tendons have been anchored to the abutments of the slressing bed and are
_in their final deflected position. The allowable variation of this force from its

required value shall be 5 percent. The jacking force applied shall allow for
any anticipated strp at the anchorage devrces wedge draw-in, and friction

~ losses.

~The method of tensronlng tendons lncludlng the arrangement and layout of
- each line, calculation of forces at anchorages and all deflection points, and

estimated friction losses, shall be submitted to the Englneer for hrs consent

, before manufacture of members commences

* The Contractor shall carry out trlat stresstng operatlons to estabtrsh the
- frictional resistance offered by the hold-downs and also to confirm that the
stated wedge draw-in is consrstent with the type of jack and operator

technrque proposed.

Tendons shall be deflected, where shown on the Drawrngs ‘with devrces

- strong enough to hold the tendons firmly in their posilions, especially during
“concreting and vibrating operations. Unless otherwise directed by the -

Engineer hold-downs shall be located longitudinally within 200 mm and

" vertlcally wrthln 5 mm of the Iocattons shown on the Drawmgs

Hold- downs shall be desrgned such that the deftector in contact wrth the
strand shall have a diameter of not less than the tendon diameter or 15 mm

- whichever is the greater. The deflector shall be constructed from matenat no

harder than AASHTO M 183 (ASTM A 36) grade the steel

The Contractor shall submit calculations showrng that the hotd downs have

- been designed and constructed to withstand concentrated Ioads resuttrng
from the application of the tensmnrng force. : Co

_' “ The method of tensronrng shall ensure. that the requrred force is produced in
* all tendons at the middle of all units, especially where more than one tendon

or one umt is tensroned in the one operation.

The tensioning force shall be measured in accordance wrth the requrrements

of Sectlon TS 5 of thls Specmcahon

3 Concrete shall Aot be cast tater than 12 hours after tensronrng Should thrs
time be exceeded, the Conlractor shall check that the required tendon force

has been maintained. Should re-stressing be required, tendon extensions

| _"'shall be marntarned by the use of shlms and wnhout drsturbrng the bedded . .
y Wedges . . . _ '

o T86-2
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DEBONDING

Where ducting of pretensioned tendons is required to prevent bond over a
specified length, it shall consist of plastic tubing or other material consented

- to by the Engineer of a quality, diameter and thickness such that bond shall

be effectively prevented. This ducting shall be faslened to the tendon in
such a manner that the cement mortar cannot enter. The Engineer may
order that the pull in of the tendon be measured during the transfer of
prestress :

TENS[ONING PROCEDURE o
The tensioning operatlon shall perf.ormed only by personnel trained and

c experrenced |n thrs type of work

, The tenslonrng force shall be applred and released at a umform rate.

In order to remove slack and no lift tendons off the bed floor an initial force

-+ consented to by the Engineer shall be applied to the tendons. Allowance
. shall be made for thrs force in calculatrng the requrred elongatron

.'Tendons shall be marked for measurement of elongatron after the initial

force has been applied. When required by the Engineer tendons shall be
marked at both the jacking end and dead end of the stressing bed and at
coupler (|f used) S0 that slrp and draw-rn may be measured _ :

S Should slrp oceur in any one of a group of tendons tensroned together the

6.9 . : -
" Should any tendon for any unrt farl before the concrete has been placed the
' tendon shall be replaced ‘ . _

6.10

tensioning of the'whole group shall be relaxed, the tendons re-set, and the
. whole group tensioned again. Alternatively, if not more than two tendons

have slipped the tensioning of the group may be completed wilh such
tendons berng subsequently tensroned

" The pressrng ‘force shall be transferred from the tensronlng jack to the

abutment of the stressrng bed immediately the required force {or elongation)

" has been reached in the tendons, and the pressure |n the jack shall be
relaxed before any other operatron is commenced. '

‘Where deflected strands have been specrlred the Englneer may dgirect that
" elongation or strain gauge measurements be taken at various positions
_along the tendon to determlne the force in the tendon at those positions.

TENDON FAILURE

| : Shou!d any tendon for any unrt fall after the concrete has been placed the
~unit may be rejected by the Engrneer _ _ o

'._TRANSFER OF PRESTRESS o
- Transfer of prestress shall not proceed untrl the Englneer has consented to

o - the proposed method. Tendons and deflecling devices shall be released in

. such a pre-determined order thal unacceptable tensrle stresses are not
, mduced in the concrete ' : :

The prestressmg tendons shall not be released before the concrete has

_reached the ‘minimum strength required for transfer for the prestressrng

B 'force as stated on the Drawmgs

TSG 3



Prior to transfer of the force to the units, ali tendons shall be tested for
~ tightness and any loose tendons shall be reported to the Engrneer who will
decrded whether the units affected sha!l be rejected

All tendons shall be marked at each ends of every umt to allow
' measurement of the pull into the concrete

s “The procedure of retease shall be continuous, and shaII be performed in the

shortest practicable time without interruption. The prestress shall be
transferred to the units in such a manner the tendons are released gradually

~ and, preferably simultaneously. Under no crrcumstances shall tendons to be

cut while tension.

The Contractor shall submit to the En'gin'e'er details of his proposed method
to transfer of progress consent will give to proceed with the work. Subject to
the consent of the Engineer, tendons may be released by applyrng heat, in

. whrch case the foltowmg condrtrons shall appty

e The Contractor shall submrt to the Engrneer detarls of hrs method of

. transfer of prestress including the lengths of free tendons between units,

the lengths of free tendons at both ends of the bed, the location where

~ the heat will be applied, the order of severance of tendons and of

- release of devices for deflecting tendons, the method of applyrng heat

and the equrpment he propose to use. - :

e+ The heat shall be applred over a Iength of tendon and for a perrod of trme
- sufficient to ensure that the tendon $o treated is entirely relaxed before -

severing, Concrete shall not be heated excessively, and heat shall not
be applied drrectly to any part of any tendon wrthrn 100 mm of the
concrete surface of the unrts s _

. The Engrneer or his representatrve shail be present on every occasron of

~ releasing tendons by heat. ‘After the prestress has been transferred to
* the units, the tendons bétween the units shali be severed worklng along

the fine from the point « of reIease

© On completron of the transfer of prestress the pro;ectrng Iengths of tendon

shall be cut off flush with the end surface of the unit by means of mechanical

7 cuter. Every "ettorl shall be made to avoid damage to the concrete.

6.11

642
o Thrs clause is not applfcabte to thrs contract Lkt

6.13 R ‘
 The exposed ends of the tendons and the correct surfaces of the ends of the

PERMISSIBLE PULL IN OF TENDONS f

The maximum pull-in of any tendon shall not exceed 6 mm at any end
‘ untess specrfred otherwrse on the Drawrngs ' D

Tendon pull-in shall be measured and the tensromng force adjusted to aliow
for thrs effect, ' o o

Units with a pull-in excess of the value specrfred may be rejected

SOLE PLATES AND BEARING RETAINERS '

PROTECTION OF ENDS

units shall be wrre brushed clean of aII rust Ioose mortar grease and drrt

TS6 4
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6.14

The exposed ends of the tendons and the concrete surface within 50 mm of
the tendons shall be then abraded to provide a clean sound surface. Unless
otherwise directed by the Engineer an epoxy tar paint suitably formulated to
give a dry film thickness of 0.15 mm per coat, shall then be immediately
applied over the ends of the tendons.

A second coat of paint shall be applied prior to the drying out of the first
coal.

After completion of the unit the tendon holddowns shall be protected from
corrosion by patching the tapped hole in accordance with the requirements

" of Section TS 3 of this Specmcatlon Patching shall be flnlshed flush wilh the

soffit of the unit.

PAYMENT

| Measurement and Paymenl for Pretensioned Prestressed Congcrete will not

be made exclusively and all costs incurred by the Conlractor in complying
with the requirement of this clause shall be deemed to be included in the
lump sums or rates entered in the priced Bill of Quantities for works which
incorporate the requirements of Pretensioned Prestressed Concrete. These
shall include the entire cost of completing the work including materials,
tabour, equipment, transportation and any other associated costs. -

Pretensioned precast concrete members will be paid for in accordance with
payment clauses elsewhere in this Technical Specificalion and no separate
payment will be made for the furnishing of prestressing materials or the
prestressing of precast members.

ﬁTse-rs .
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SECTION TS 8. HANDLING AND ERECTION OF
~ PRECAST CONCRETE UNITS

GENERAL

~ This section of the Technical Specrfrcatton covers the generat and specific

requirements of handling and erection of precast concrele units. It shall

- apply wherever handling and erection of precast concrete units is required

within the works, such as pipes and Precast Prestressed Beams (except
piles), or specified in this and other Technical Specification clauses.

The sectiocn covers thé handling, transporl from the site storage area and

_ereclion of precast concrete units previously manufactured and placed in

temporary site storage area i rn accordance with the reqwrements of Section
TS 4 of this Specification.

The supply and replacement of concrete is covered in Seclion TS 3 of this
Specrficatron

- The desrgn erectlon and removal of falsework is covered in Sectron TS 10
_of thls Specmcatron : . o

‘ The Contractor shall be responsrble for the care of the units while in the
_ storage area and for the maintenance of supports storage areas, access

tracks and drains.

" HANDLING

- Handling of precast concrete units shall be in accordance wrth the
, requrrements of Sect[on TS 4 of this Specrtlcatlon except as modified below.

SECURING DEVICES ANCHOR POINTS AND BEARING

.. The Conlractor shall ensure that lashings of chain or wire rope, bearings,
- {ateral bracing and other fittings will not cause spattmg or damage to units at
' contact surfaces

"A minimum of two anchor pomts per srde at each support shall be provrded
- Bearings or supporis shall have low compressive deflection and shall

provide adequate frictional restraint to movement of the units. They shalil
allow for longiludinal rotation of the unit in transport and have adequate
wrdth and bearlng capacrty

TRANSPORT OF PRECAST CONCRETE UNITS

_ - Transport of precast concrete units shall be in accordance W|th the
- requrrements of Sectron TS 4 of thls Specn‘scatlon except as modrfred below

_' i__ Dunng transport of beam units from the storage area to the bridge, the
- Contractor shall provide end bracmg and, if necessary, top flange bracing as

_ consented to by the Englneer or as shown on the Drawings.

" For unzts whlch are support on a pnme mover and a steerab]e bogie, the _

. prime mover turntable shall have a low coefficlent of friction to prevent

 damage to units. Where the turntable and springing of prime mover does not

f provide satisfactory rotation requrrements specral bearmgs may be requrred
.- to support beams dunng transport ' o

TS81
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Beams shall not be handled when wind velocities exceed 30 km/hr. No
beam shall be transported from the storage to the bridge and erected if has
a bow in excess of 1 in 400 of the length. The bow shall be measured when
the beam is on the transporter and before delivery is begun. A beam with a
bow greater than 1 in 400 of the length may have approved devices fitted to
reduce the bow to an amount acceptable to the Engineer. The bow of each
beam shall be continuously observed during the journey by means of a

~ slring line or other approved equipment. Should the bow at any time exceed

75 mm the transporter shall be stopped and sleps taken to ensure the safety
of the umt before the journey is contmued

: TRANSPORTER TIME RESTRICTIONS

The Contractor shatl satrsfy himself as to condllrons of permtts that wili
* apply, and make due allowance in his Bid for transport tlme restrrctrons

WEATHER AND ACCESS CONDITIONS
When in the opinion of the Engineer, conditions at the brldge stte in storage

“areas or access roadways are considered to be unsafe for satisfactory

transport of units, delivery or handling of units shall be postponed until such

" times that wealher conditions and access are considered by the Engineer to
" be satisfactory. The Contractor will not be entitled to claim for any financial -

loss due to adverse weather conditions which prevent the unlts belng
dehvered to the specrfied pomt of delivery.

_DAMAGE TO UNITS

I any unit which has been approved in accordance wnth the provrsrons of

* Section TS 4 of this Specification sustains damage such as cracking, -
spalling or deformation of projecting relntorcement the un|t shatl be set
aside it has been mspected by the Engineer. - : . .

| The Engineer will decide the units is to be rejected and removed form the
' 'srte or repalred by the Contractor : ‘ '

If a unit is to be repaired, the Contractor shall subrmt for approval detarls of -
* the materials lo be used and method to be adopled in effecting the repair.
* Repairs shall be carried out in accordance with the requirements of Section
- TS 9 of this Specification. Repairs to damaged unils or ihe removal from site

© - and replacement of re;ected umts shall be at the expense of the Contractor.

8.8

- 8.8.1

ERECTION OF PRECAST CONCRETE UNITS

o General

" Alleast four weeks pnor to the proposed date of erectron precast concrete
. units the Contractor shall submit to the Engineer for his consent details of
- his transport and erection methods and the equnpment proposed to be used

for these operatrons

. The Contractor shall not commence transport and ereclron of any concrete :
- units until the Englneers consent has been recerved to the methods
' proposed ‘ ,

'Precast unlts shall not normatly be ptaced tn posmon less than 14 days after

castmg supportlng struclures Where an earlrer placing the trme is requested

TSS 2
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by the Contractor, two additional concrete test specimens shall be prepared

-~ when casting the supporting structure, cured and tested. The average

compressive strength of the two specimens shall be not less than the
specified Characteristics Minimum Compressive Strength at 28 days and the

* compressive strength of either specimen shall be not less than 90% of the

specified Characteristic Minimum Compressive Strenglh at 28 days for the
supporting structure as shown on the Drawings. Where fixed bearings are
specified beams shall not be placed until at least 4 days after fixing the

" dowels.

Erection operations shall be carried out usiﬁg only experienced crane
operators and cranes which are of a capagily sufficient for the proposed

~ litting operations. . - B
- Where directed by the Ehgineer thé'ContréElof éhéu 'carry'oul a load test to
- demonstrate that the crane proposed to be used is slable against

overturning when operating at the required radius with a load equal to that of

. the concrete unit to belifted. - . -

The crane will be deemed to have passed the test if all outriggers remain

" firm on the ground when the load is positioned one melre in excess of the

proposed maximum working radius. . .

" Erection of Precast Concrete Beams

Concrete beams shall be erected as shbw_n on thé Drawings.

Care shall be taken that concrete units scupper openings or with one end

~ constructed differently from the other correctly positioned in the struclure.

" Beams shail be placed so that anchor dowels at fixed bearings are bearings
~ engaged in the holes provided in the sole plates of beams. '

 Except as indicatéd béldw. beams to be sUppoded on bearings shall be

placed only when the temperature of the concrete is less than 30 degrees,
as determined by the Engineer. Subject to the Engineer's approval, beams
may be placed in position when the temperature is outside the above lirnit,
provided the bearings are pre-test to compensate for the difference belween
the length of the beam at 27 degrees Celsius and the aclual length at

- temperature occurring during erection. -

. Similar pre-setting of the be_arings' may b-_e' requifed to compenséle for

shortening of the concrete beams due to creep, elastic movement, or other

_causes, if this requirement is shown on the Drawings or called for in the

Special Specifications.

.- The bearing seatings on the substructure shall be specially prepared to the
" correct form, dimensions levels andfor slope so lhat the bearings when
" lowered into position make full and even contact over their full bearing area,
_ both against the beams and against the contact surface of the substructure,
"~ without causing any uneven compression of the bearing. -

Whefe pré_—setting d_f the beériné is réquired to cbmpensate'df the concrele

' “beams due to varialions in temperature or olher causes, the specially

prepare_d surface shall make allowance for this distortion.

“When beams are being :p!éCed in position, they shall be braced

. independently against _oveﬂurning, before being released by the crane or

- other lifting device. - - E

o .T88:3
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* Concrete shall not be placed in the deck until all tests of the bridge beams

have been completed satlsfactonly, and the beams have been accepted by

the Engineer.

When bndge beams are in ptace wnth:n one span permanent formwork (if
used) shall be placed close together on a thin bed of cement mortar.

Unless otherwise consented to by the Engmeer formwork shall be
supported by the bridge beams, except that the formwork for the end Cross
glrders may be supported by the substructure

MEASUREMENT AND PAYMENT
Measurement and Payment for Handlmg and Erectton of Precast Concrete

~ Units will not be made exclusively and all costs incurred by the Contractor in

complying with the requirement of this clause shall be deemed to be

included in the rates and lump sum prices entered in the priced 8ill of -

Quantities for works which incorporate the requirements of Handling and
Ereclion of Precast Concrete Units. These shall include the entire cost of

" completing the work including materials, labour, equipment, transportation

and any olher associated costs and, in partlcutar shall be deemed to

) include, but not be hmlted to, the following:

1) equ;pment and work |nvolved in .the .Ioadmg onto transpcrt
handling, placing and fixing the umts in pos&tlon and no separate payment
W|tl be made for any of these SRR SR RIS

. 7S8-4
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~ SECTIONTS 9. CONCRETE REPAIRS

GENERAL , -
This section of the Technrcat Specrfrcatron covers the generat and specmc

. requirements of concrete repairs. it shall apply wherever concrete repairs
. are required within the Works or specrfred in this and other Technical

Specification clauses.

This section covers the reparrs of concrete as shown on the Drawings or

ordered by the Engineer. The supply and placing of concrete and
. reinforcement and the supply and use of epoxy resins are covered in

Seclions TS 3and 12 respectrvely of this Specrfrcatron excepted as modified
below

'; IDENTIFICATION OF DEFECTS _
“The defects to be reparred shalt be as shown on the Drawrngs or as directed

by the Engineer. The extent of the areas to be repaired shall be subject to

“the decision of the Engineer who may direct that additional concrete be .

removed to allow assessment of the defect to be made. in addition the
Engineer may direct that the defect be exposed or further exposed prior to

: grving consent to the method of reparr :

' -REPLACEMENT OF CONCRETE

Removal ot Concrete

_'.Where shown on the Drawings or ordered by the Engrneer areas where
- concrete is to be replaced shall have the exrstlng concrete to the limits
_assrgned by the Engrneer :

" The Contractor shall submrt detalts of the proposed of removal of the

concrete to the Engineer for his. consent prror to commencement of any

o removal operatrons _

‘;_--Where concrete |s to be removed from a Ioad bearrng structure the
- Contractor shall submit for the consent of the Engineer details of his
. proposed method of support of the structure '

The area to be removed shall be marked wrth saw cuts 20 mm deep cuton -

slraight lines.-Corners shall be rounded to obtain good contact between the

existing concrete and the new material. Edges shall be undercut fo eliminate
feather edges and to provide a keyed joint. Where the extent of the area to

7% - be removed is not known beforehand the Engineer may consent to the use

L ofa jackhammer to mark the edge. The type and weight of hammer and the

type of pint on the tool to be used shaII be subject to the consent of the
Engineer. - T : . o . : :

o -The Contractor shatl ensure that the rernforcement is not damaged durrng

 the concrele removal process. Any relnforcement damaged by the
_Contractor shall be repaired at the Contractors expense |n a manner as -

- 'dlrected by the Englneer

o Tse 1



9.3.2

After removal of concrete the area shall be flushed with high pressure water
or other approved method to remove loose materials and dust. Air blowing
may be used if the compressor is lifted with a funclioning oil trap.

Reinforcement

* Where more than the perimeter of a retnforce'ment bar is exposed concrete -

shall be removed to a minimum of one and one half bar diameters beyond
the bar. Loose scaly rust on the reinforcement shall be removed Tightly
adhering mortar, if sound, may be left on the steel. - :

Where the Engineer so directs the surface of the reinforcement shall be
“prepared to Class SA 2 % in accordance with AS 1627 "Metal Finishing -

- Preparation and Pre-treatment of Surfaces” or equrvalent standard. This

* shall be carried out using water btastrng

Where replacement of relnforcement is requrred due to corrosion or other
causes new bars may be added by splicing onto the walked bars, by welding
new bars to the existing with full strength welds or by additional bars into

- holes drilled into concrele. The Englneer shall drrect whlch method if any, of
SRS the above is to be adopted : = 2 L

= Coattng of retnforcement shall only be camed out rf ordered by the Engrneer '

933

Concrete

~ Prior to replacement of concrele the existing concrete surface shall be
treated as directed by the Engineer. This treatment may consist of saturating -

the existing concrete andlor coating the exrstrng concrete W|th a bondlng
agent. - ol e ,

" The concrete may be replaced with elther a P_ortland cemenl concrete or an
“ epoxy concrete as directed by the Engrneer s :

Replacement of concrete, including formwork placmg and cunng shall be in -
“accordance wilh the requirements of Section TS 3 and TS 12 of thrs‘_

o Specification except as modified below. -

Details of the mix design for concrete mtended for use in reparr work to be
~ carried out in accordance with this Section' shall be submitted to the
~ Engineer at least six (6) weeks before concrete work is to commence TS

- The mix shall have a minimum cement content of 410 kglcm and a

maximum water cement ratio of 0.40. Where directed by the Engineer a

- mixture of 65 % Pertland cement and 35 % silica fume sha_tt be used for the

C _cemenl The maximum aggregate size shall be 10 mm.

2.4

9.4.1

“No concrete shall be ptaced untrl the excavated area has been lnspected by o
the Englneer and hrs consent obtarned in wntrng '

' REPAIRS TO CONCRETE

: Non !njectron Reparr : o

' This clause covers the’ repalrs of cracks whrch ar_e _Wrder than 01 mm and ]

whrch are clean or are capable of belng cteaned

T892
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Where shown on the Drawings or ordered by the Engineer repairs shall he
carried out by “V* ing the crack to a width of 5 mm at the surface.

'Where the cracks are |n horlzonlal surfaces and are to be filled with epoxy

by gravity flow the top surface shall be chipped or sawn to form a small

T trough to provrde an rnlet for the pouring of epoxy mto the crack

942 |
" <7 \Where epoxy injection repairs are shown on the Drawrngs or ordered by the
" Engineer the Contractor shall submit to the Engrneer for his consenl details

t Cracks wrder lhan 6 mm at the surface shall be filled wrlh an epoxy concrete

which contains a mineral filler. The Contractor shall submit details of his
proposed method of repair for the consent of the Englneer '

Any lines or spills of epoxy shall be !mmedlately removed and the repalr

: fimshed to an even surface

Where pounng of epoxy cannot be used an approved epoxy adhesrve putly
or drypack cement mortar shall be placed into crack and finished to a
smooth even surface. S —

.Structural Crack Repalrs by EpoXy Injechon -

of an epoxy resm sunable for crack mjeclron

: -The crack shall be “V"ed to a wrdth of 25 mm at lhe surface The surface

shall be then be cleaned free from dirt and broken concrete and any area oil
or grease shall be cleaned with solvent. Hole10 mm in diameter shall be

" drilled to intersect the crack 50 mm below the surface wnh spacmgs as
- shown below 3 FEA n S : :

a. Where the crack does nol extend the full deplh of the member holes
shall be spaced at the desired depth penelration. For cracks less than
0. 15 mm w:de the mammum spacrng shall be 150 mm.

b. Where the crack exlends lhe full of lhe member lhe holes shall be

spaced as shown:

: (i) - For members 0. 3 m or less in thlckness holes shall be drilled

in tive crack on one srde only and spaced at the thickness of
the member, _
iy ' For members greater than 0.3 m thick and less than O. 6 m

thick holes shall be drilled on all available sides and spaced
al the thickness of the member.

| (iii) - For members greater than 0.6 m lhlck holes shall be drilled
R generally as in (ii) above but sub]ect to lhe direction of the
' Engmeer : . :

Fhe Engmeer may dlrect that mlermed!ate holes be drrlled to monitor the

flow of 1n1ecled epoxy

Nrpple stems shall be bonded in each hole and the wrnded crack lllled with

" an approved epoxy putty. if the crack extends through the member back

sealing shall be done to prevent run out. After the epoxy pulty has

~ hardened, the heads of aII nrpples shall be removed except for the nipple at

the Iowesl poml

| ,'4The resin shall be pumped rnlo the nlpple until the epoxy appears at the

adjacent stem After a nlpple to the adjacent slem lhe pumplng shall
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9.4.3

9.5

' contlnue through this nipple until the epoxy resin appears at the next stem.

This procedure shall be repeated until all the nipples have been injected. On
vertical or sloping members the first nipple to be injected shall always be the
towest and the injection shall progress upwards

' Fmal cleaning of the concrete surface shall be carried out after the grout is

seven days old. The injection valves and the hardened sealing compound

~ shall be removed from the surface of the concrete.

Repair of Sp'alled Concrete
The repair of spalled concrete as shown on the Drawrngs or ordered by the

Engineer shall be carried out in accordance with the requirements of the

various clauses of thrs Sectron of lhe Specrtrcatron as approprrate

MEASUREMENT AND PAYMENT

Measurement and Payment for Concrete Repairs erI not be made -

exclusively and all costs incurred by the Contractor in complying with the
requirement of this clause shall be deemed to be included in the rates and

. lump sum prices entered in the priced Bill of Quantities for works which may
- need to incorporate the requirements of Concrele Repairs. These shall

- include the entire cost of completing the work including materials, labour,

equipment, transportation and any other associated costs and, in pamcular
shall be deemed to rnclude but not be lrmrted {o, the followrng

o) Removal and replacement of concrete surface preparatron

'cleanrng existing reinforcement, supply and placement of - new

rernforcement coaling of reinforcement (if ordered) and supply, resurfacrng

-aggregate exposed concrete and reparr of spalled concrete placement and

- curing of new concrete o

2) crack surface preparatron supply and placement of epoxy to be

" injected into cracks, drilling of holes for rnjectlon valves and supply and

placement of injection valves

) surtace preparalton supply and applrcatron of sprayed concrete

and curing of f nrshed concrete
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" SECTION TS 10. FALSEWORK AND SCAFFOLDING

101 GENERAL |
- This section of the Technical Speciiﬁcalion covers the general and specific
requirements of falsework and scaffolding. it shall apply wherever falsework
and scaffolding is required within the Works, such as for construction of
~ - . bridges, pumping stations, gate works, buildings and the like, or specified in
this and other Technical Specification. = -~ o

This section covers design, erettion and femoval of falsework used to

- support steel or concrete during erection. -
- Supply and placement 6! 60ncrete éhall be in accordance with the

~ requifements of Section TS 3 of this Specification. _

Falsework is défined as (he ‘structural system required to support the
-+ permanent structural components, material, plant, equipment and personnel
required in the construction of the works. . - el

‘The slructural system comprises foundations and ali structural members
supporting the formwork, or supporting permanent structural components.

102 FALSEWORK PROPOSALS A e |
_Ali erection ‘g"ear',_ falsework, props, access ways, scaffolding, platforms,
~ - railings, erection and dismantling procedures and the like shall comply with
the relevant requiren?ents of any local scaffolding regulations. -
if required by the Ehgihéér detéils’fdréwihg's 'a'n'd'des'igh calculations shall be
submitted for consent at least four (4) weeks prior to commencement of
- falsework manufacture. Submission of falsework proposals and subsequent

- consent by the Engineer shall in no way affect the responsibility of the
.. Contraclor for the proper design and construction of the falsework system.

The submilted computations and drawings shall have been cerlified by an |
engineer experienced in sfruclural design. R SR

-'-10.3 DESIGN - . R i :
. Falsework shall be of sufficient sirength to carry all applied loads, including
~ ereclion loads, vibralion effects, and load concentrations produced by
_ prestressing operations, wind and water toads, including flood debris and
-~ - drift where applicable. Falsework for prestressed concrete shall be of a
. design which shall permit the application of prestress without damage to the -
completed structure. The design shall allow removal of the falsework without

+ damage to the finished work. . . - SRS S

- Falsework shall be designed to withstand all forces resulting from the loads

- as specified in this Clause or, in the case of falsework used to support

concrete works, from the loads specified in AC! 347 ‘Recommended

~ Praclice for Concrete Formwork' and the Indonesian Loading Code (PMI

1970 - N.I. 18), whichever produces the most significant effect, and any

' additional foads that may be imposed on the falsework during construction.

- -7 The design shall take into account the magnitude, direction and duration of
0 these forces individually and colfectively. . - ... .

o Ts10-1



The desrgn Ioads (other than those in ACI 347 or PMI 1970 NI 18) shall
: be - ;o :

1. Dead load - this shall include the weight of form, falsework, wet
concrete, reinforcement, steel seclions and any other material. The
densily of wet concrete, including reinforcement shall be taken as

. 2700 kilograms per cubic metre. The densrty of steel shall be taken as
- 7850 kr!ograms per cubtc metre '

2 Supenmposed Ioad thrs shatl mclude the werght of workmen, ptant,
equipment and runways stacked material and an impact allowance
equal to 25 per cent of the att up werght of any mechamcally operated
plant. - . 5 . R

In no case shall the superrmposed !oad be tess than 2 kPa (0.02

kafem?) (plus the weight of stacked material) on the plant area of the

- finished concrete or a single isolated load of 2.5 kiloNewtons applied
at any pomt of the structure whtchever is the more severe :

‘ '3. Wmd load - thrs shall be 2. 4 kPa (0 024 kglcm ) minimum actrng on

the exposed area of falsework, formwork and any object supported by

- the fatsework or formwork.

0 Other loads — these shall mctude any specral condrtlons !rkely to occur
 during construction, the effects of presiressing, construction stages
~and removal of falsework. Reference shall be made to the relevant
'sectron on Brrdge Loads I the Blna Marga Brrdge Desrgn Code :

L 5.: ) - Honzontal Ioadmg lhIS shall include wind ioadrng, honzontal surge

loading equal to 25 percent of the all up weight of any mechanically
operated plant and toadrng occurrlng during construct[on .

A_In no case shall the desrgn value of the honzontal Ioad actrng and any
_direction be less than 1.5 kiloNewtons per metre apphed at the edge of deck
' _or 3 per cent ofthe total dead Ioad whrchever is the greater o

Unless specrfred otherwrse the desrgn of all falsework members and

. ... connections shall comply with AASHTO HB 14 'Standard specrflcatrons for
hlghway Brldges and ACI 347. Dol _

Fatsework members suppodlng concrete shall be desrgn to Ilmrt deflections
to prevent cracking of previously cast sections due to ‘subsequent casts.

.. Deflections of beams and d_rmenslonal_changes_ in other members and .
" connections shall be limited to énsure that the erected steel members or
~ finished concrete (as appropnate) is wrthrn the specrfred tolerances for hne :

- level. , ; : _

L : The Contractor shall make allowance for the deﬂecttons and foundatrons

. seftlements due to loading prestressing’ (if any)’ durrng the progress of the
work, to ensure that the completed work shall conform in respect of all tevels :

and dimensions shown on the Drawrngs or specrﬂed etsewhere -

The falsework shall be such as to produce the least practrr:able obstructron
in the waterway area or vehicular or other access. Clearances in the
: fatsework shown on the Drawmgs or specrfted shall be provrded B

R The computatrons submrtted to the Engmeer shall state alt desrgn'
_ assumptions and shall include adetailed analysis of the forces, stresses,

stability, deflections and other drmensmnal changes due to !oadlng in all
members of the falsework. - : :

TS10 2
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10.4

10.4.1

The drawings shall be fully detailed including all member sizes and
materials, dimensions, levels, erection procedures and other relevant details
including bracing, conneclions and foundations.

..ERECT[ON AND USE

General

Falsework shall be erected on firm and secure footings and, in the case of
bridges over streams, shall be safe from scour. . : '

o Materials staall'be sound and sutnmenttygdurab!e for the purpose intended.
" Particular consideration shall be given to protectlon of tlmber against marine

104.2

" organism in bl’athSh or tidal waters.

Provision for Adjustment

‘ The fatsework shall have provrstons for maklng adjustment to tevel where

the falsework is of tubular construction, screw jacks shall be provided at

- both top and bottom of the standards

| For other types of fatsework construcuon prowsron for a srmrlar form of

| adjus{ment shall be made

1043

1Q4A

Prowsron for Longltudlnal and Lateral Movements o

+ The structural mémbers of the falsework shall be desrgned for loads wh|ch '

may result from longitudinal or lateral movemenls caused by thermal or
shrinkage effects. Alternatively, provisions shall be mcorporated in the
falsework to permlt these movements. '

Bracmg L

' Adequate bracmg shalt be prowded Iongstudtnal and transversely {o ensure

that the falsework is stable and that significant horizontal movements
resulting from the "applied loads are limited. Additional bracing shall be

** provided after erection of the falsework if, in the opinion of the Englneer the

1&45

fatsework is not sufftcrently ngld

Foundattons _ _ _
The foundations of the fatsework shall be destgned lo prevent excessive

~ setilement, inotudlng relatwe settlement between adjacent supports and

"'_rotatlon of supports T

!ndtvrdual footlngs and groups footlngs shall be de5|gned also 1o ‘satisfy
-r'stablhty criteria.~ - T R S

‘Where the foundatton matenal can become saturated with water, the
 ~"foundation material can become salurated with water, allowance shall be
" made for possible reduction in bearing capacity, consequent changes in

- stability, and increased setliement or heave of foundatlon Beartng surfaces

of footlngs shall be honzontal

' Footmgs shall not be founded drrectly on fltled ground wrthout the consent of
- the Englneer Refer also to Clause 104 Sbelow. ... - :

| ,Ts1o;3'~'



Foundation materiat such as soil, filling, or other materials which are soft

- and compressible, or which may be subject to erosion by water shall be

removed as required to expose a suitable foundation.

Where such materials have been removed, the excavalion may be backfilled
to the required level by compacted stabilised crushed rock or equivalent
containing not tess than three (3) percent cement, to the satisfaction of the
Engineer. No such excavation shall be backiilled without the prior
examlnatton and the consent of the Engineer

Footings SUpported directly on the ground near surface levet shatl comprlse'
~ concrete bases, limber and bed logs, or olher types of materials approved

by the Engmeer Where Contractor proposes to use timber bed logs, they

7 shall comprise sound timber of dimensmns not tess than 200 mm wide and
100 mm deep.

Timber bed logs, which in the opmlon of the Englneer do not satisfy these

‘requirements, shall be removed from the site immediately. Unless approved
- otherwise, each bed log shall be bedded for its full length on net freshly

" placed concrete of thickness not tess than 150 mm.

_ The concrete used for footmgs or under bed togs shatt be Ctass K220 (220

" kgfem? ) or stronger.

Base plates for the falsework standard shall be located to ensure unlform

bearing pressure under each footing. Where timber bed logs are used base
plates shall be placed not less than 600 mm from the ends centrally within

.~ the width of bed logs. Comprise driven piles, bored cast in- place concrete
: pltes or other suutabte type of foundataon ' : !

10.4.6

" The dettectlon and settlement under test shall not exceed 1/300 of the span -

10.4.7

Test Loadmg

The Conlractor shall attow for the fatsework or the foundations of falsework
lo the best loaded if so required by the Engineer. The fest load shall be
applied for a penod of 48 hours and shall be equivalent to the de5|gn load.

of the member being supported. Testing shall be at the Contractor's
expense. ' . S

Dralnage

. . The Contractor shatl prowde adequate for stormwater to prevent scour of

AN dramage trenches, pipes and diversion channels shall at alt tlmes be ', '
- maintained {o the salisfaction of the Engineer. Where roadside drainage
“channels pass through the site, the Contractor W|tl be respon5|bte for

falsework foundatlons Prior to commencement of erection of the fatsework

the ground surface under the falsework shall be shaped, and if necessary |
filled to bring the sile to a suitable level, to prevent ponding of water in the -
" vicinily of the falsework footings. Foundations on batters shalt be protected -
- against scour dtrectlng dralnage away from the fatseWOr!' '

~.- mainlenance of this dramage

10.4.8

Setttement of Falsework k

If falsework settles during construehon to and extent whtch 1n the Englneer s

~ opinion appremabty alters levels of the supported matenats those shown on
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the Drawihgs, the Engineer may stop the work and require removal of the
supported materials and a through remodelling of the falsework. This work
shall be carried out at the Contractor's expense. '

10.5 REMOVAL OF FALSEWORK

As soon as practicable all falsework, including fill and other material placed
to facilitate construction shall be removed and ground levels as existing prior
to the commencement of the work by the Conlractor shall be restored,
unless shown on the Drawings or as directed by the Engineer.

‘The Contractor shall submit details of the method he proposes to use to
release falsework two weeks prior lo commencing this operation.

- No falsework shél] be releésed until the Engineer gives his written consent.

Provision shall be made lo permit an even and 'gradual release of the
falsework. Where shown on the Drawings the Contractor shall provide for
the release of defined sections of the falsework. '

For bridgework over nawgable waters removal of the falsework shall include

- complete withdrawal of falsework piles and footings. After falsework has

~ been dismantled, temporary piles shall be cut back to a depth of 300 mm
below ground levef

Under lhe proposed road pavement the piles shall be cut back i melre
below finished surface leve!. All temporary footings shall be removed and
excavations associated with the falsework shall be backfilled in accordance
with the requ:rements of Section TS 2 of this Specmcatlon

- 10.6 PAYMENT

‘ Measurement and Payment for Falsework and Scaffoldmg will not be made

- exclusively and all costs incurred by the Contractor in complying with the
requirement of this clause shall be deemed to be included in the rates and
lump sum prices entered in the priced Bill of Quantities for works which
incorporate the requirements of Falsework and Scaffolding. These shall

“include the enlire cost of completing the work including materials, labour,
equipment, transportation and any other associated costs.
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SECTION TS 11. CONGRETE PIPES AND CULVERTS

11.1 GENERAL

This section covers the supp!y, hand!rng and constructron of rernforced
- concrete plpes S

1.2 MATERIALS

. Precast concrete pipes shall be supptled by the Contractor as shown on the

i Drawings in accordance with the requirements of AASHTO M 86M (ASTM C

" 14M) ‘Concrete Sewer, Storm Drain Culvert Pipe’ or AASHTO M 170M

- (ASTM C 76M) "Reinforced Concrete Culvert Storm Drarn and Sewer Pipe'
as epproprtate _

The suppty and placement of concrete is covered in Sectron TS 3 of this
Specrfrcatton o -

S13 _HANDLING TRANSPORT AND STORAGE

-Handlrng, transport and storage of precast concrete prpe umts shall be in
accordance with the requrrements of Sectron TS4 Precast Concrete of this
e Specmcatlon C : : SR .

y 'Precast concrete dralnage pipes sha!l be stored wrth the rndrcated “top” .
: uppermost untess crrcularty rernforced : :

114 DAMAGE TO UN!TS _ 5
SRR H any unit sustains damage such as crackmg, spaltlng or deformatron of

projecling reinforcement, the untt shatt be set aside until ll has been
: rnspected bythe Englneer ; L

© .The Engrneer erI decrde whether the unrt |s to be rejected and removed
from the srte or reparred by the Contractor Ny .

If a unlt IS to be reparred the Contractor shall submit for approva! details of

the materials to be used and method to be adopted in effecting the repair.

Repairs shall be carried out in accordance with the requrrements of Section

. TS8, Concrete Repairs, of this Specification. Repairs to damaged units or

.. the removal from the site and reptacement of rejected umts shall be at the
expense of the Contractor IR : S

115 : TOLERANCES s B
R Constructton “of the culvert shall be to the Imes and teVeIs ShOWn on the

: Drawmgs or as specrfled by the Engrneer wrthm the toterances shown
=:betow ST ERT ‘ o

: lnvertlevel '-10to'+ fomm - '
fcrade R 5mm |n5m(1 in 1000) )
._Ptan posrtlon L 50 mm - o

TS



11.6

1.7

~11.8

11.9

DIVERSION AND CARE OF WATER

The provisions of clause 1.13 of the General Specmcauon shall apply to the

work specified in this sectton

EXCAVATION

Excavalion for the culvert shall mclude all excavatton necessary to provide
the specified depth of bedding, and includes the removal and replacement of
soft, unstable material or soil otherwrse unsuitable as a foundatron betow the
beddlng

- Unless otherwrse shown on the Drawrngs or consented to by the Englneer

embankments shall be first constructed and compacted to a level not less
than 300 mm above the top of the pipe for a dlstance not less than five times
the diameter of the pipe on either side.

. The excavatlon for the culvert shall be as shown on the Drawrngs If not
shown, the excavation shall be to the satisfaction of the Engineer and

sufficient for placing and compactlng the beddmg material and plactng and
compacting the backtlt! materlal ' _

Excavated surfaces shatl be supported as reqwred to ensure the safety of

' "workmen and traffic.

When shown on the Drawrngs or as dlrected by the Engtneer soﬂ unstab!e '

or otherwise unsuitable soil below the level of the underside of bedding shall

" be excavated to the level specified and replaced with 40 mm maximum size
* graded crushed rock or other approved stable material, spréad in layers not

exceeding 150 mm loose thzckness and compacted to the satrsfactron of the
Engineer's Representatwe ' B .

" When soil below the level of the underside of bedding has in the opmron of
~ the Engineer been made soft, unstable or unsuitable as foundation by the

Contractor's operalions, the Engineer may direct that the Contractor

: _excavate and replace the matenal at the Contractors expense

When the foundation is rock, aII Ioose matenal and pockets of unsound

- material, mud or water shall be removed to expose the sound rock

- BEDDING

- Beddlng for the culvert shall COmpnse a compacted Iayer of graded crushed -
" rock or other approved material, of not less than 150 mm compacted -

thickness, or as shown on the Drawings. None of the bedding material shall
be retained on a 26.5 mm sieve and not more than 20% shall pass through
a 0.075 mm sieve. The Contractor may, with the consent of the Engineer,

. construct bedding usmg Ctass K125 concrete |n ptace of the above granular 3
' material. : : S

Bedding shatl not be ptaced wrlhout the pnor consent of the Engmeer

Beddmg shall be compacted to the satlsfact:on ot the Englneer o

TESTING OF BEDDING AND BACKFILLING MATERIALS o |

" Samples of the materials which then Contractor proposes fo use for beddlng -
and backfilling shall be delivered to the Engineer's laboratory for testlng, at -
least three weeks prior to commencernent of ptacrng - '

TS‘H 2
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Samples for testing shall consist of at.least 20 kilograms suitably packed to

~ prevent loss of fines.

CAST IN PLAC[: CONCRETE

Where applicable, cast-in-place concrete shall be as shown on the Drawings
and in accordance with the requirements of Section TS3 of this
Specification. Steel reinforcement shall be supplied, handled and placed as
shown on the Drawings and in accordance with the requxrements of Section

f'S3 of this Specrncatton

1141

PLACING PIPE CULVERTS
Prpe unlts shatl be placed in posmon commencmg at the downstream end of

" the culvert or run of concrete pipes, and then placing them progressively
- towards the upstream end. Each unit shall be in contact with the prepared

bedding throughout its length. Units shall be firmly bulted together with the
matlng ends futly engaged and the inner surfaces flush and even.

Pipes with elllptrcal rerntorcement shatl be lnstat[ed w:th the indicated “top”
uppermost. The vertical axes of units, as marked by the manufacturer shall

' k_be set wrthm 5 degrees of vertical.

After ptactng the precast concrete plpe in posmon further beddmg material

- -shall be rammed beneath the haunches of the pipes by hand or hand held

mechanical tampers until the full width of the excavated lrench, or the width

~ shown on the Drawings, has been filled to a depth of 600 mm above the

1142

. invert !evel

Beddlng shalt be compacted to the satlsfactlon of the Englneers

Representattve

VBACKHLUNG

Backfltlmg shall be placed to the dlmensrons shown on the Drawnngs

The matenal used and the requrrements for placing and compactlng the fill,

shall be in accordance wrth the requirements of Sectlon TS 2 of this
_ Specmcatlon :

:' Frtlrng above the precast concrete unlts shall only be compacted by hand
joperated equrpment untll the depth of frlhng over the unlts is 300 mm or

more. - -

11 13

CONSTRUCTION LOADING ON CULVERTS

11 13 1 Generat

- Where conslruction traffrc is to pass over the culvert the ndlng surface shall

" pe constructed to a smooth profile and shall be finished usmg a grade to .

produce a surface free from ruts and bumps i

o ._‘.The Contractor shall construct the ndlng surface and shall malntaan it for the

' per:od dunng whlch constructcon traffic passes over the culvert.

" In the case of wbrattng rollers the gross load, mcludrng static load and

dynamic load, shall be taken as the axle load for determmmg reqtured depth

, of covar over the cutvert as set out below. .

TSH 3



11.13.2 Axle L oads up to and Including 10 Tonne

Construction vehicles or plant, except for graders wnh axle loads up to 10t

- shall not pass over the culvert unless a cover of 400 mm minimum depth,

including structural fill and approved pavement is provided over the top of

the culvert.

11 13 3 Axle Loads Greater than 10 Tonne e

Construction vehrctes or ptant Wllh axle loads in the range 10 t to 50 t shall
not pass the culvert unless the depth of cover (including compacted fill and
pavement) is in excess of the values specrfled in Table 15. 1 below

. The fotlowmg tabulation applies to ptpes m the range of drameter 900 mm to

1800 mm and of tength 2 4 m.

' For pipes outStde thrs range the depth of cover shatl be as specrfled by the

' Engineer. :
Cover over Prpe for Axfes greater than 1 O t
AR | " Class of Pipe R
Static Axle Load - - : k. -
(tonnes) - X Y - Z
10-26 -+ | ttmetre | o 06metre | : 0.6mete
"95.35 . | d4mete | 09meve . | 086 melre
3550 | Notpermilied 11melre 27 0.9 metre

B Strutttng of concrete pipes wﬂ! not be permltted

Consfruclion vehrctes or ptant wrth axle loads greater than 50 t shatl not he
permitted to pass over the pipe cutvert Wrthout pnor approvat of the

e Englneer

11.14

MEASUREMENT AND PAYMENT .
" Precasl Concrete Pipe

Measurement will be made of the Iength of precast concrete prpes in place

- and approved by the Englneer

: Payment will be made at the rate entered in the pnced Btlt of Quantrtres for
~ precast concrete pipe and shall include the enfire cost of completing the

work including - material, . labout, equrpment “transportation, dewalering

 (where not paid as a separate payment iterh) and ‘all’ incidental ‘iterns

" necessary to complete the work in accordance wrth the Specrfrcatrons and '

. the instructions of the t:ngrneer '

o _Earthworks and Other Concrete Works g

Earthworks and other concrete WOrks assoclated wrth the constructron of

~the precast concrete pipe shall be measured and paid in accordrng to the

prowsrons of thelr respectnre sectlons etsewhere rn thts Specn‘rcatron

- The foltowrng pay |tem shall be measured and pard for under thrs clause

- Description * .. .o Unrt ofMeasurement
"Precast Concrete Prpe Dra 800 mm o b m

TS‘H 4
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12.1

1232 o o
o '7For the purpose of thrs Specrfrcatron the followrng defrnrtrons erI app[y

: .SECT.ION TS 12. EPOXY RESINS

SCOPE

- This Specrfrcatron covers the supply and application of epoxy resins as

coalings, adhesives and structural systems in the construction, maintenance

- and repair of concrete structures.

12.2

GENERAL |
The Gontractor shall employ, or seek the advice of, personnel experienced

" in the use and application of epoxy materials in the construclion of the

" works, and shall provrde the Engineer with evidence of such experience

: before of commenced

Epoxy resins may be modmed by the use of flexibilisers, ptastrcrsers'

- dilutants, filters, and pigments, subject to the consent of the Engineer. The
choice of the proper system for a given application shall be based on the

modulus of elasticity, creep characteristic, rate of heat development, and
quantily of head developed during curing. The Conlractor shall seek the

manufacturer's guidance as to the most suitable system for the required

- application and shall abide by the manufacturer's recommendatrons as lo

propertres of the materrals to be used.

] Adverse environmental conditions will severely affect the performance of the

- epoxy resin, and the Contractor shall schedule his work to coincide with

~ suitable environmental, condrtrons or provide a favourable artificial
R enwronment at h]S expense '

The Contractor shall be solety responsrb!e for the performance of the epoxy

I resin and its complrance with the requrrements of this Specification and the

1231

Drawungs
MATERIAL o

Generat :

‘? Epoxy Resins shall unless otherWtse shown on the Drawmgs or consented .
- to by the Engineer, comply with the requrrements of ASTM C 881 Type 1,2

~.or 3 as approprrate

The epoxy resm used for a partrcular job shall have propertles surted for the

' ‘3 ]ob applrcatlon as recommended by the manufacturer

Defrnltlons '

7' Adhesr\.re N An adhesive is a substance capable

. of holding solid materials together by
no surface altachment ' '

~ EpoxyResin .. o ol A resinolis potymer contarnrng more -

;- than one epoxide group per molecule
. and  which is capable of being
- converled to a useful thermoset form

TS12-1.



by reaction with a second component

. called a hardener. The converted
materials are also referred to as
epoxy resin.

Hardener Chemicals resinous in form capable
EREEEE ‘ of reacling with epoxy groups in
- epoxy resins to produce a cross-
linked polymer. They usually contain

~ amine or amide groups.

Flexibilisers and ~ These are usually long chain liquid
: compounds added {o the epoxy resin.

~ Plasticisers - Some react during curing to impact a

degree of resilience and toughness to

a normally rather rigid system. Other
are non-reaclive and are commonly
" descrihed as plasticisers.

Fillers, exlen'ders . E R These are ﬁnely'.d'ivided. non-reactive
. . : ' inert materials added to epoxy and

- Pigments resins 1o modrfy certain

. propeities ~ such as consistency
densily, and co!our

© Aggregates " Stable,  non-reactive " minerals of
R - . specified size grading, which have

...+ adequate hardness and strength.
.. Aggregales and sands : used for
Portland cement concrete are ustally
 satisfaclory, but must be dust free

: and oven dry -

1233 Physrcai Requrrements :

1234

The epoxy resin shall not react chemlcally wrih the environment in whrch it is

placed and shall remain stable. The curing period of the epoxy shall be such
as to allowed adequate time to complele the reqmred operalrons at lhe _
maxumum operation temperature R

Sampllng and Testlng
Epoxy resins shall generaliy comply With lhe requrrements of AASHTO M

: 235 ‘Epoxy Resin Adheswe andlor ASTM C 881 as app!lcable

At Ieast eight weeks pnor usmg and epoxy resin, and on request at any trme .

- during the Contract period, the Contractor shall make available an amount of

" epoxy material sufficient to carry out lests as determined by the Engineer. -
- No epoxy materials shall be used until the results of the lests on samples

' are known andlor the Engmeer g:ves his consent to proceed

The Englneer may, at his drscrellon arrange to take samples from each :

separate batch of the delivered epoxy resin. These samples shall be

submitted to such test as are deemed to be necessary by the Engineer to

~ - prove theit conformity with the manufacturer's advance samples and with
the de!arls glven m lhe manufaclurers producl data sheets

TS 42-2




12.3.5

Information to be Provided by the Contractor

. mixing directions for the base/hardener components of the
_ system : ,
s - surface preparatlon needed or other condmons for use
. minimum and maximum application temperature in degrees
Cetsnus s
. curing conditions including maximum and minimum curing
' - temperature i in degrees Celsrus and curing time -
+« - percentage by mass of votatrte material in the mrxed resin
system _
. modulus of elasticity of the cured epoxy resin
L vrscosrty _
- e batch number and date of manufacture o
e potor working time for various air temperature between 5
. degrees Celsius and 30 degrees Celsrus o
. 'safety precautlons !
. ' LI storage temperature of epoxy resin .
~s - shelflife Lo

12 3.6 Rejectron and Replacement

- If in the oplnlon of the Engmeer the samptes taken from the epoxy resin

1_2,3;7

" delivered to the work are of inferior qualily to the advance samples, the
. Engineer may reject all material delivered to the work which, in this opinion,

is represented by the samples. Rejected material shall be replaced by the
~ Contractor at his own cost, or the Enganeer may cancel the order for further -
: supptres for the epoxy resrn : .

Test Methods

* The basic procedures of the epoxy resin shatt be assessed in accordance
~ with the following Test Methods which are attached as Appendlx 'A and are
an integral part of thrs Spec|f|cat|on . o _

' Preparatron of Epoxy Concrete

,' Makrng and curtng Epoxy Concrete Test Spemmens for determlnrng
Compressrve Strength and Ftexural Strength '

_'.‘Spemmens L _ TR : SR . .
; Composrte Cytlnder test for Evatuatlon of Wet- to dry concrete adhesive
l';'Tensrte Bond Strength of Epoxy Concrete R

: .Compresswe strength of Epoxy Concrete AU

- TS12-3



12.3.8

Properlies_ Prior to Curing

~a. Shelf Life

The two part epoxy components shall comply with all_'properties specified for
a minimum period of 18 months after delivery. The expiry date of the shelf
shall be marked on each container. . ' :

b. Work Time

'Unless otherwise consented to by the Engineer,_ after blending of both

component parts of a 4 litre mix at 30 degrees Celsius + 2 degrees Celsius,

“the viscosily of the mixture shaII remain within a workable range for at least

30 minutes.
¢. Hardening Time -

When mixed in the proportions recommended for a projeCt, the compressive
strength of epoxy resin mortar or concrete at 24 hours after mixing and

- curing at 30 degrees Celsius shall be not less than 75 percent of the -

o strength developed in7 days at 23 degrees Celsms £ 2 degrees Celsius.

12.3.9

Propertres in the Cured State

- Adhesion. When lested in accordance wrth Tesl Method No. 5 the strength
of the composite cylinder shall be at least 90 percent of the control_

specimens at 14 days.

Compresswe Strength When tested in accordance wrlh Test Method No. 7
the compresswe sirength shall be not less than 70 MPa (700 kglcm )at7

| ,:,_days

12 3 10 Supply

The materials shall be packed in standard commercml containers S0
constructed as to protect the product from contamination. The quantities of

resin and hardener packed in their separate containers shall be such that
when the contenls of the containers are mixed the epoxy materrals shall be

~in therr requrred reaclrng ratio.

12.3.11 Safety Precaullons '

Al personnet shall be fuliy instructed in the potentlal hazards of the matenal '
- correct use of equipment, prolectwe clothlng washlng procedures Washlng

malerials and barrrer creams

_Partlcular care sha!! be taken to prevent the matenal from coming |nto -

contact with the skin. Before using the epoxy compound the manufacturer’s

technical data shall be read wrth parlrcuiar reference to lnformatlon on

protechve measures.

'Personnel shall be informed ihat toxrc fumes may be emllled from epoxy

compounds and adequate provrsron shall be made for ventrlatlon if
condllronssodlctate - : RN T T .

TS 12-4
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123 128torage o

Component of epoxy resin shall be stored at a temperature recommended

" by the manufacturer. Components shall not be kept for more than 18 months

12.4

and shall be checked before use for signs of crystallisation.

SURFACE PREPARATION

When removal of concrete is requrred the removal of dust scate orl grease,
dirt or any foreign matter shall be achieved by grinding, abrasive blasting,
jackhammering, hand chipping, compressed air and water, or high pressure
water jet. The use of hydrochloric acid may be consented lo by the Engineer

. for selected applrcatrons

B The Contractor shatl ‘submit to the Engrneer for hrs consent the proposed

method of surface preparation. The method shall be in accordance with the

~ relevant methods A to H inclusive of this Specification and with the consent

of the Engineer. References shall also be made lo AS 162? 'Metal Finishing-
Preparatton and pretreatment of surfaces’. S

The Contractor shall be wholly responslble for adequate sun‘ace preparatron'

' "prlor to the applrcatlon of epoxy resin. -

12.4.1_

Method ‘AN Solvent Cleanrng Refer to AS 1627

~ This method shall be to remove oll, grease wax, tar and other solvent
soluble contaminants from the surface of non-porous materials. Large
quantities of contamination shall be removed by hand or power tools prror to

- solvent cteanrng

Suitable solvents are Petroleum Solvents Aromatrc Solvents or Chlorinated

Solvents except that petrol, Benzol or Carbon Tetrachlorrde shall not be

‘ 4used due to therr tlammable and toxrc nature

Surtaces may be cleaned by solvents using several techntques
P rmmersron in the solvent ' ' '

. sprayrng wrth the solvent

o swabbrng with rags or cloths

e |mmersron in borlrng solvent vapour |

_trrchloroethylene usrng surtable equrpment R

l:xcept tor the last method repeated cleamng usrng tresh solvent shall be
~» done for a completely clean surface o :

- The use of this method alone is subjecl to the consenl of the Engrneer who
7 will usually drrect that |t be used in conjunctron wrth another of the melhods
L below. :

1242

Method ‘B Abrasrve Blast Cleanlng

: Abrasive blast cleanrng shall be used to prepare steel surtaces to a Class 3

- ‘standard as specified in AS 1627. Degreasing of steel surfaces shall be
- undertaken before abrasive blast cleaning conimences. The abrasive used

- shall be subject to the consent of the Engineer. Abrasive blast cleaning may
~also be used in galvanrsed steel, ooncrete plastics and ceramics.

T812 5



12.4.3

Before abrasive blasting a surface, heavy rust, weld spatter or major
irregutarities shall be removed by mechanical means. Heavy deposits of oil,
grease, wax, tar shall be removed by solvent cleanlng (Method A) before
abrasive blasting. =~

After abrasive blastrng the surface shall be cleaned of any traces of any

“blast products by clean brushing, blowing with clean dry air or vacuum

cleaning. After cleaning, the surface shall be promptly coated with the
adhesrve before contaminatlon can oceur. '

Method 'C’ Ferrrc Chlorrde Etchmg _ _
This method shall be used to prepare copper grass and bronze surfaces

_.These metals are subject to rapid surface and shall be coated wrth adhesive

|mmedrately after preparatron o

o ~The surface shall frrst be degreased by solvent washlng (see Method A)

| Femc chlonde solullon shall be made by mlxrng ferrlc chlorrde distilled

water and nltrlc a0|d

- The ferrrc chlonde shall be dlssolved in lhe water ina glass or glazed

earthenware contamer and then the nltnc acid added with slirring. -

The surface to be etched shall be |mmersed in the bath at 25 degrees
Celsius for 1 to 2 minutes, then washed thoroughly wrth clean water and

. _ frnally nnsed wrth drstllled water

124.4

Method ‘D' Chromrc Acrd Etchmg

- This method shall be used to prepare alumlnrum surfaces whlch have a
tightly adherent film of inert alummrum oxide. - ST

. The aluminium shall frrst be degreased by solvent washlng (Method A),

. The sodtum drchromate shall be drssolvad in. the water and then the '
© sulphuric acid added slowly with stlrrrng Water shall not he added to

followed. by chromlc acid etchrng

Glass or glazed eanhenware contalners shall be used to hold the chromrc
acid solution. Eye protection and protectlve clothrng shall he worn at all
tlmes when usrng chrornlc acid. P : ‘

The Chromic Acid solutlon shall be made by mrxmg water sodrum

dichromate and sulphurrc acrd

- sulphurrc acid as vrolenl reaction will result

The surface to be etched shall be lmmersed in the solutlon heated to a

.. - temperature between 60 to 70 degrees Celsius for 10 to 15 minutes. The
. ... surface shall then be washed thoroughly with clean water and finally rinsed

1245

in distilled water. After cleaning, the surface shall be promplly coaled with

the adhesive contamrnat[on can occur.

Method E Hydrochlorlc Acrd Cleamng

: Thls method shall be used to c!ean sound concrete surfaces whlch have not

- ., been penelrated by contamlnants

TS12:6




If the concrete has been contaminated by oil, grease, palnt tar etc. other
cleanmg measures shall be adopted .

~ The hydrochloric acid solution of one parl commerc:ai hydrochlonc acid to

two parts of water by volume shall he made up in rubber, glass, glazed
earthenware or plastic container. Suilable eye protection and proteclive

clothlng shall be worn when making of usmg lhls solutlon

- The aeld shall be added to the water while constanlly stirring. -

The solution shall be 'applie'd to'lhe surface of the concrete at the rate of 1

V litre per square meire. When frothing ceases the surface shall be washed

| _12';4.6

with water using a high pressure hose. If thorough hosing is not possible the

surface shall be neutrahsed by washlng wrih a weak solulron of ammonla

Method '+’ Preparat:on of Rubber Surfaces :_ _
This method shall be used to prepare rubber and neoprene surfaces

Qil and bloom shail be removed from the surface with toluol to produce a
uniform jet black appearance, then buffed with 80 grit emery paper or clolh

" to give a matt finish. All dust shall be removed and the adhesive applied in a

1247

12.4.8

Uniform layer.

Method ‘G Preparatron of Tlmber Surfaces o

_ The surfaces to be joined shall be dry, sound and free from contammalton

by oil, grease, tars or old paint. Surface contamination and roughness shall
be removed by planning and sandmg All dust shall removed

Method"H‘ Prep'aration*of Bridge Decks SRR

- New bituminous road surfaces generally do not need preparation before
mixing ceramic road markers. However, old surfaces which are uneven or

contaminated with oil shail be prepared by one (or more) of the following

. methods :

. Grin ding A grmdlng wheel may be used to removed surface
: _ lrregulanl:es e
Burning | ' Aburner may be used to remove 0|Iy resrdues R
L o 'Thrs mild but effectwe method may be used to
Detergent - o | _

. remove

. Residues .f'rom bituminous surface. Neal detergent |

O|Iy vva'sh'ing_ - and a sliff bristle brush shall be used to clean the

12.5 L

12.5.1

- road surface then wash thoroughly with clean water.
nmxme N

Mlxmg Eqmpment _ _
All equlpmenl and materlals requured for mlxmg of epoxy componenls shall

" be to the approval of the Engineer. All equment shall be clean and free
f from harmful restdue or fore[gn parlucles : :

TS12-7



12.56.2

Mixing - -
Mixing shall be done in accordance with the manufacturer's directions.

The mrxmg of epoxy components shall in strict accordance with the
manufacturer's instructions. Before any mixing is carried out, the correct
proportions of components as recommended by the manufacturer shall be
arranged into separate batches. All materials shall be conditioned to the
temperature recommended by the manufacturer before mixing, usually 20 to
30 degrees Celsius. The base resin shall be stirred by a mixer for 10

. seconds or until homogeneous prior to adding the hardener. The hardener

shall then be added gradually to the base resm Wllh constant mlxmg until the

components are unlformly mlxed

| 'Mlxlng shall be performed in a manner whlch wr!l prevent frothlng or air

entrainment as this will con31derably reduce the strength of the finished
product. Mechanical mixing is preferable {¢] hand mrxmg The minimum time

of mrxmg is five minutes. -

.- The minimum time of mrxtng is five mlnules :

Only sma[l quantrhes (tess than 1 Irtre) W|!I be approved flr hand m:xrng

When preparmg epoxy mortars or ‘epoxy concreles, aggregates shall be |
added after the epoxy components have been mixed thoroughly mixed prior

to adding the next larger grade. Mixing shall then contlnue until a uniform

: mlxlure IS produced

LA mrxrng shall occur as near as posmbte to the place cf applrcatron Mixing

12.6

1261

12.6.2

- lime shall not exceed hve minutes. Part mixes will not be permitted.

_ METHODS OF APPLICATION

General

~ An epoxy resrn shall not be applied over an epoxy appllcatlon which has

already hardened. No epoxy resin shall be applied unti! the consent of the

Engineer has been obtalned as to surface preparatlon and method of
- application. _

Bondlng

- The epoxy resin shall be applred to the prepared surface by brush roI!er

broom, squeegee rubber gloves or spray equment

"' The epoxy resin shall be applred at a thickness to fill, with strght excess the
. gap belween substrate and the element to be bonded. Unless the date is

" available from the manufacturer the Contractor shall determine on the basis

of trial joints an approximate applied rate of epoxy resin per square melre.

- The Contractor shall monitor the consumption of epoxy resin during the
application to ascerlain if significant variations occur which may lndicate that :
_elther too much or too litle epoxy is belng applled

.- Elements to be bonded shall be posrtroned within the conlact hme of the

- epoxy resin, as recommended by the manufacturer. If the movement ofthe =~
" element to be bonded is likely, the element shall be temporarily stressed or

shored, within the contact time. The joint shall be checked to ensure uniform

' bearing and fit. Temporary fastenings or shores shall not be removed _'

- T812-8
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* .. without permission of the Engineer. The joint shatt not be disturbed until the

epoxy resrn has set.

Around cable ducts a distance of 25 mm should be kept free of epoxy resrn
to minimise flow into the ducts. _

The Contractor shall have an expenenced supervrsor on site at all times

- _durlngjomtlng operatrons

Where il becomes necessary to stop work on ]omt after the application of

- epoxy resin has commenced, the Conlractor shall scrape off as much of the

12.6.3

epoxy resin as possible before it sets. The remaining hardened epoxy resin
shall be removed by abraswe blasting and surface prepared accordlng to

- Clause 18.4

Repair of Damaged Concrete . T - _
Repair of Damaged concrete shall conform to the requrrements of ctause 16

of thls Specrhcatlon

| _f-4'12'.é‘.'4

Date To Be Recorded

The Contractor shall keep records of aII Jorntlng operatlons whlch shall be

: 'made avatlabte to Engineer if requrred

e The 1nformatron recorded shall mctude :

» Joint number-

. 'date and ttme

» weather conditions :

. shade temperature :

e maximum temperatureofmrx

. tlme between adding components and |n|t|al appllcatron

. trme between initial applrcatron and temporary stressing of elements to
~ be bondeéd, or final application of surface coatings and fillers

~+ volume material used

12.6.5

Environmental Restrictions
The Contractor shall comply with the manufacture’s recommendations as to _

envrronmentat cond:trons under which the epoxy resrn ‘may be applied.

'Epoxy resins shall not be apptred when rains falling unless a non- mmsture :

- sensitive epoxy resin used. If rain falls on applied epoxy resin before the

surfaces are brought together the application shall be stopped. If it become

. necessary to stop work on a joint the Contractor shall scrape off as much

- applied epoxy resin as possible before the material sets, and prepare the
. surface accordrng to Ctause 18 4 before re-applylng epoxy resin.

1266

Temperature '

" When the surtace and atmospherrc temperatures exceed 32 degrees '
~ Celsius difficulties may be expenenced in mixing and application. Work shall
' scheduted when the temperature is generalty Iower as in the early morning

._.rs 12-9



12.6.7

127
. 'Measurement and Payment for Epoxy Resms wnll not be made excluswely

hours, or the work area should be shaded from dlrect sunl:ght prior to, and
during the application.

Clean up

~ The Contractor shall protect surface beyond the limils of surface recelvmg

the epoxy application from spillage. Any epoxy spilled or applied beyond the
desired area of application shall be immediately removed, and the area

- affected shall be cleaned with material recommended by the manufacturer.
- The Conlractor shall avoid conlamlnatmg the work area wnth the clean- up
- materials. : S :

All tools and equipment should be cleaned lmmedlately after comp]etron of
the appltcatlon '

MEASUREMENT AND PAYMENT

and all costs incurred by the Contractor in complying with the requirement of
this clause shall be deemed to be included in the rates and [ump sum prices
entered in the priced Bill of Quantities for works which incorporaté the
requirements of Epoxy Resins. These shall include the entire cost of

B ‘completing the work mcludlng materials, Iabour eqmpment transportation

and any other associated cosls

151210
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