Al

1341
13.2
13.3
13.4

13.5

13.6

13.7

138

TABLE OF CONTENTS

SECTION TS 13. PILES DRIVEN

GI:NLRAL

TOE ELEVATIONS

DRIVING SYSTEM
DRIVING

13.4.1 General
'13.4.2 Site Preparation

13.4.3 Tolerances

13.4.4 Penetration Requirements
13.4.5 Follower or Dolly

1346 TestPiles

13.4.7 Splicing'of Piles

13.4.8 Jeltlng, Drilling and Flrmg and
Pre -boring -

- 13.4.9 Replacement or Repair of

Defective Piles
13.4.10 Completlon of Driving

_ RETFSTING

CAPACITY OF DRIVEN PILES

13.6.1 Ultimate Capacny based on the DANISH

Formula

13.6.2 Ultimate Capacny based on Wave
Equahon Methods

TEST LOADING -

- 13.7.1 General |

13.7.2 Procedure

'13.7.3 Report

13.7.4 Accépt_ance'

MEASUREMENT AND PAYMENT |

TS 13-1
TS 13-1
TS 13-1

TS 13-2
TS 13-2
TS 13-3
TS 13-3
TS 13-3
TS 13-4
TS 13-5
TS 135

TS 13-56

TS 13-6

TS 13-6

TS 13-7
TS 13-7

TS137

TS 13-8

TS 13-8
TS 13-8
TS 139
TS 13-10

TS 13-11

TS 13-11






13.4

~ SECTION TS 13. PILES DRIVEN

GENERAL
Thls section covers the general reqmrements for piled foundations

" constructed using dnven piles.

The specmc reqmrements for the constructlon of driven concrete piles is

" covered by Section 14 of this Specrfrcateon and the relevant clauses of this

132 ,
T The toe elevatrons or depths of penetralton of prles as shown on the

Sectlon _

) Concrete shall be supptled and placed in accordance with the reqwrements
‘of Section TS 3 of this Specification. Precast concrete shall be
manufactured and handled in accordance wrth the requirements of Section

TS 4 of this Specrfrcatron

Piles shall be handted and driven in the locations and to the etevatrons
. shown on the drawings, or as directed by the Engineer. The Contractor shall
ensure that piles are not damaged by improperiy supporting, handling or
- transporting. Where damage to piles results from such improper handling

the piles shall be replaced or, with the consent of the Engineer, concrete

- piles may be repaired in accordance with the requirements of Section TS 9
- of this Specification. Such repalr or replacement shall be al the expense cf

the Contractor. _f _

' Untll mcorporated in the permanent works the pltes shatl be adequate[y.

supported at all times by the use of suitable leaders, trestles, temporary
supports or other arrangements to mamtaln posrtron and allgnment and to

| - prevent damage to the driven p|te

TOE ELEVAT!ONS

Drawings are nominal and are subject to confirmation or alteration and the

- Engineer may order in wriling such changes of toe tevels as may be

necessary foensure a satlstactory foundation.

13.3

DRIVING SYSTEM

Pi Piles shall be driven with a dnwng system whrch delivers sufficient energy to
: produce a permanent set or penetratlon per btow as specmed below.

" The Contractor shall provrde delalls of the dnvmg system mcludmg the
-make, mode! and rated energy of the hammer, the mass of the helmef, and
.. the proposed cap-block and cushion materials. These details shall be

" submitted to the Engineer at least 14 days prior to the commencement of

. pile driving, together with calculations which demonstrate that the proposed
. driving system has sufficient energy to successfully drive the piles to the
- réquired toe elevations or the nomlnated drlvmg resmtances wrthout causmg

damage tothe pltes B

'Un!ess otherwtse consented to by the Englneer Tabte 131 below shall

represent the minimum values of pile hammer werght to be used for driving

= ﬁf-the appropnate type of pl!e



. Note (1) Msmmum Mass of Hammer shall be 2.5 tonnes -

Vibratory or hydraulic dnvmg systems may be used onty with the consent of
the Engineer.

Table 13.1 - Pile Hammer to Pile Mass Ratios

: _ : R - Mass
Pile Type Harmn;er Mass Pile Ler;)g:'t: ot Hammer
yp ' : - Mass Pile
- |Diesel’Steam | Any - | Any . | >10
Steel “ Tube | orAir 3 . L
or H Seclion : -
_ .. | Drop o o Any o Any .>15
DieselfSteam | = Any =~ | ~ Any . - >0.333
or Air S R
_ o o<1sm o[ > 100
Conerete 1 " | <75 tonnes | 15-20m > 0.75%
: Drop - Epioas ) Eadbtadin
LT >20m >0667“’
>75tnnes | Any . | . >05

For steel piles the catcuiated drwmg energy shall not exceed 50 kt|0joules :

- unless approved by the Engineer. This energy is equwalent to a drop
e :hammer of 2 5 tonnes Werght falllng a dlstance of 2 metres :

13.4
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For concrete pltes up to 7.5 tonne mass the calsulated drwmg energy shall
not exceed 50.0 kilojoules unless otherwise consented to by the Engineer. -
This energy is equivalent to a drop hammer of 2.5 tonnes weight falling a

- distance of 2.0 metres. For heavier piles the maximum at[owable driving -~

energy shail be as consented to by the Englneer T

The effectwe drop helght shall be chosen SO as to avotd m;ury to the pile
and shall not be greater than 1 5 m for concrete pltes or 2. 5 m for steel piles.

DRIVING

General o

All piles shall be dnven in the presence of the Englneer and the _plte drrver

o shall not be removed from the head of a plle wathout hIS consent

Each plte shatl be dnven as a contlnuous operatton and no ptfe shall be left”'

: partly drlven untess othewwse consented to by the Englneer

' Durmg dnvmg p:les shatl be supported |n line. and posmon W|th suntable

leads. Leads shall be constructed in such a manner as to afford freedom of

- ‘movement to the hammer and shall be held i in posmon to ensure ngld lateral

support to the plte aurmg dnwng

' Except where pltes are dnven through water the Ieads shatl unless -

otherwise consented to by the Engineer, bs of sufﬂcrent length to make the .
use of a dolly or follower unnecessary and shall be so destgned to atlow the
placing of batter pltes to wrthrn the tolerances Specmed

TS13-2



1343 R
: ' The followrng tolerances shaII apply to plIBS after dnvmg

Pile helmets shall be of substantial steel construction, loose fitting on the
pile head with a steel diaphragm at approximately mid-height. Between the

.. sleel diaphragm and the pile head shall be placed a suitable cushion of

_l3.4;2

. softwood, loaded across the grain, at least 50 mm thick. On top of the

diaphragm and filting tightly into the helmet there shall be a suitable
hardwood cap block. The helmet shall preferably slrde in, and be gu:ded by,
the leaders of the plle frame. _

Site Preparation _
The Contractor shall be responsible for preparing the site by excavatlon or

. other means {0 ensure that the required levels of toes of piles are obtalned

For piles not founded on rock where the ground leve! is to be permanently -
lowered, such as for an excavated channel, piles located in the area to be

~ excavated shall not be driven until such excavation is complete, and where

the base of the pile cap is more than 2 meires below the ground surface
level existing at the time of pile driving the excavation for the pile cap shall
be completed prior to dnvmg the p|les unless otherwrse approved by the

- Engrneer

- Any malerial forced up between the plles durrng driving shall be removed to

the correct level before concrete for the foundalion is placed. At all times

- care shall be taken to avoid disturbing the site by excavallon below the Ievel
~ ofthe base of the p1|e cap. : _ ,

Tolerances

- 1'. Pr!e head shall finish wrthin 75 mm of the specrfled posrllon

2. Vanalton from the vertical or from the specalled batter shall be not more

than 20 mm inim. -

3. In case of prers wilh piles capped at crosshead level, the pile at ground

- leve! shall be within 50 mm of specified position.

The Contractor shall make every effort to drive the piles within the above

' tolerances Should the tolerances be exceeded such remedial measures as

‘are considered necessary by the Engmeer shali be carrred out by the

. Contractor at hrs own expense '

Prles shall not be bent or sprung mto place durlng or after drlvrng but shall

o _ be effectlvely gurded to finish i in the posmon specrfled herein.

-The drmensrons of the concrete in the pile cap shall be lncreased if

.+ - necessary, at the expense of the Contraclor to preserve the specnfred edge
dlstance shown on the Drawmgs Gt : o

,_13.4.4

Penetratlon Requrrements :

'-The toe elevations shown on lhe Drawrngs are for general gurdance only.

'-The fmal toe levels of piles shall as be determlned below S

For prles which are shown on the Drawmgs as bemg founded on rock the

~ piles shall be driven to “nominal refusal’. For this Specification “nomiinal
. refusal® shall mean a penetration of not more than 25 mm from twenty
o successwe blows w:th a drrvmg energy as specmed above

TS13 3



~ For piles which are shown on the Drawings as not-being founded on the

rock the piles shall be driven to "nominal refusal® or “permissible set”. For
this Specification “permissible set” shall be attained when the pile has been
driven until the last four (4) blows of the hammer, using the driving energy
as specified above, produce an average penetration or set greater than the

- values in table 13.2 unless specrfred olherwrse on the Drawmgs or directed

by the Engineer. .
Table 13.2 — Permissible Sets per Blow for Pr'les not Founded on R_ock

Tylpe of | Maximum Design Load {per pile) " | Rern;r:tsible
ile ' ' , ' ~ per Blow
CSteel [ any T 5mm
Concrete | _ . ,
Not greater than 25 kN _ ST I _"12 mm
Over 250 kN and not greater than 350 kN | ..~ 9 mm
) Over 350 kN and not greater than 450kN | 6 mm
Over 450 kN a‘n_d‘not greater than S00kN | 4mm -
Over 500 kN | As Sf:\z'ﬂeg‘é on

Diesel hammers shall be driven with the throttle wide open when
_ measurements of set or temporary compressron are being taken. i '

“ When a pne does not obtain the specrfred dnvrng resrslance al the nominal

" toe elevation, it shall be driven on until the -specified driving resistance is
,reached : .

Alternatrvely, when requesled by the Engrneer the Conlractor shall siop

'_ dnvrng, and then retest the pr!e in accordance wrlh Clause 13. 5

. Pile loes shall not finish above the Contract Levels wrthout lhe written

" consent of the Engrneer

- specified toe elevations wrthrn the accuracy of posriron as specrfred in .

The Contractor shall use a!l means consrdered necessary, mcludmg pre— -'

boring, jetting and preliminary excavation, to ensuré the pile reaches the

- Clause 13. 4 3.

'Detarls of the proposed work of this nature shall be submrtted to the

Engineer prior to |mplemenlallon and no extra payment will be allowed on
lhrs account. - _ _ ,

Whenever it is necessaw to drive the head of the prIe below the level of the ;

- underside of the pile cap, care shall be taken to minimise drsturbance of the

13.4.5

N durrng itis necessary to use & follower or dolly dnvrng shalt be resumed

surroundrng ground when drrvrng or exlendmg the prle

Follower or DoHy

~ within one hour of previous dnvrng Cushron materral as consented to by the

_ TS‘IS 4
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Engineer shall be placed between the dolly and the pile head. The
penetration of the pile under the last ten (10) blows before the delly is used
and the penelration the first ten (10) blows using simitar driving energy with
the dolly in position shall be recorded.

From these two sets of records the proportronal loss of energy when using

- the dolly shall be calculated and the drop of the hammer adjusted

accordingly o give the specified set per blow or, in the case of a diesel or

~ steam_hammer, the nominated set per blow of the hammer shall be

13.4.6

amended accordingly

Test Prles ;
" The Englneer may order test plles to be rnstalled to verrly the number and

... lengths of piles required for the structure. Test piles shall be of lengths as
- shown on the Drawings or ordered by the Engineer. The location in which

the test piles are to be driven shall be as directed by the Engrneer and may
be inside or outsnde the perrmeter of the foundatlon

_.-"Where ordered by lhe Engrneer lest prles wrll sub]ected to test Ioadrng in
- accordance with Clause 13.7 below S

For prles not founded on rock the llrst prle in any group, as selected or

- approved by the Engineer shall be considered as a test pile unless shown

otherwise on the Drawings or directed by the Engineer. For such a pile,
notwithstanding that the toe of the pile shall have reached the toe elevation

- as shown on the Drawings, or that the specified “permissible set” shall have
' been obtained, driving shall be continued {by means of a dolly or follower if

necessary), if required by the Engineer to “nominal refusal”, or until the top

~ of the pile is at the level required by the Drawings, whichever gives the lower

toe level. If further required by the Engineer the test pile shall be driven to a
still greater depth by means of a dolly or by extendrng the prle

After consideralion of the dnvrng record of a test pile the Engineer will
. advise the Contractor of any amended toe elevations for the group of piles
L consrdered fo be represented by the test prle

13.47

Spllcrng of Prles

‘ Splrcmg of plles where reqwred shaII be carned out immediately dnvrng of

o any section has ceased and redrwrng shall commence as soon as the splrce

|s completed

: Sprcrng shall be carr[ed out in accordance with the reqwremenls of Sectron

187 lor concrete prles or as recommended by the manufacturer

K Steel sheet piles ‘'shall be spllced wrth full penetratlon butt welds Where
- welding of steel sheet piles is required the Contractor shall submit welding
- procedures and procedures for qualmcatlons of welders to the Engineer for

- 13.4.8

_ approval

Jettrng, Drllllng and Ftrtng and Pre borlng N ‘ ‘
_ When jetting is proposed the number of jets and the volume and pressure

- ‘of water at the jet nozzles shall be’ sufficient to freely erode the material
.. adjacent fo the pile ‘and uniformly about the toe. The plant used shall have
_-sufficient capacily to deliver at all times a pressure equivalent to at least 700

. TS13- 5



kPa (7 kglem?) at two 80 mm jet nozzles The jet pipes may, with the
consent of the Englneer be attached to the piles. ~ -

Jetting shall cease one metre above the spectfled toe etevatton and the piles
shall then be driven to the specrfred dnvmg resrstance

Where piles are driven through abutment fill they shalt be pre bored to

- depths and hole dlameter as specified on the Drawings.

Where pre-boring is used the diameter of the hole shall not be greater than
the dragonat dimension of the pile less 100 mm. The actual depth of the pre-
boring is to be determined by experiment and shall be such that the

- specified set (or less) is obtained when the pile is at the Contract Level. Pre-

. boring shall cease at teast one metre above the Contract Level of the pile.

: Flnng shall onty be used if shown on the Drawrngs or consented to by the

- Engineer. The procedure and charge shatl be subject to the consent of the

Englneer

.The amount of exptoswe charge (ln kltograms) per hole shalt not exceed 8

times D? where D is the distance (in metres) from the hole to the nearest

structure or pile provided that at all times the peak practrce velocity of the
. shock waves shalt not exceed 50 mmlsecond . '

In no case will flnng be altowed at any prer or abutment where concrete pltes \
: have atready been dnven !

Any space remalnlng between the plle and the |tmIlS of the excavatlon after

the pile driving is finished, shall be backfilled with an approved granular

material in accordance wrth the requrrements of Sectlon TS 2 of this -

s Specrflcatlon

13.4-9

Reptacement or Repalr of Defectlve Pltes

~ Should any pile split or crack durmg or become damaged in any way or
become displaced from its specified position or alignment by more than the -

limits specified herein, the Contractor shall carry out any extra as directed by
the Engineer to make good and incorporate the defecttve pile effectrvety in

the structure, or to replace the pile.

A concrete pile sha_tt be consrdered defective if it has a visibte crack, or.
. cracks, extending around the periphery of the pile or other defects which, in -

~ the opinion of the Engrneer will affect the strength or I:fe of the pile.

E Any pltes forced up by the dnvmg of adJacent pr!es shatl be re- dnven to the |

The Engineer may order that plles to be reptaced be wrthdrawn and
reptaced with a longer plte ora second p1|e be dnven adjacent to defectlve
plte . . . L

specrtred uttlmate capacity and toe levet

- ThlS work shall be carried out at the expense of the Contractor

13 4. 10 Comptetton of Dnvrng '

On comptetlon of dnvrng, and frltrng where applrcable prles shall be cut back _ |

- to the levels shown on the Drawrngs or as dlrected

© The Contractor shall carry out this operatton in su_ch a way as to avoid

splitting, spalling or otherwise damaging the pile.
TS13-6
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13.6.1

The ultlmate may be ca[culated as: B h

135

13.6

Afler driving piles the area shall be reinstated as directed by the Engineer.

RETESTING

" Retesting shall be carried out not less than 24 hours after initial driving.

During retesting the pile shalt be given ten consecutive blows with the
energy per blow sufficient to produce a sel of not less than 5 mm at the
nominal driving resistance specified.

The pile will be accepted if the driving resistance calculated from the
average set measured in the first 5 blows is equal to or greater than the
specified driving resistance. : ' :

' CAPACITY OF DRIVEN PILES

Each pi.le shall be driven to an ultimale eapacily .whieh shall be not less than

' ‘ tha_t_,spe(:;iﬁec_i_ i_n the Drawings or as 'ad_vi_sed in w_riling by the _Engine_er.

~ where s, = 1000 x \/ .

The ultimate capacily achieved shall be calculated by the Engineer from one
of the methods below or carrymg out the load tests in accordance with

Clause 13.7 below.

Ultimate Capacrty based on the DANISH Formula o

R;‘exHxW
'”1s+OSX%

2xextixWrxlp
AxE

and : .

R, = Ummate plle capacily in klloNewions

QW, = . Weight of ram |n Newton 981 xMass of ram in kilograms
o “H '_"=-_‘__:Helght offree fall ofhammer in melres L o
E = Modulus of Elasticily of the matenal of lhe prie (in
MegaPascaIs) . o 4
e = ) Efflcrency of fall of hammer
1o’ = Length of pile in metre_s a _
- AZ= - Cross sectronal area - of the'_'pile " in  square
Dot mrlllmetres S R i
;E'n: W X H for drop hammers and is lhe rated hammer
' _energy for diesel or steam hammers (|n Newion metres
' _ R andJouIes) " SR s : _
; s = Frnal set of prle in mlllimetres per b!ow usmg an

- . average of 10 consecutwe dnwng b!ows or the frrst 5 full
_ retest blows :

."'r313¢7'. '



So =  Temporary compression allowance in millimetres as
calculated from the above formula

The values of the coefficients e and E, which are dependent upon the type

.. of equipment used, and the batter of piles, shall be as, measured or as
- shown below or nominated by the Engrneer

13.6.2

e = 075 for drop hammers

e = 0.90 for steam hammers

e = 0 95 for diesel hammers _ ,

E = 21000 MPa (2.1 x 10° kglcm ) for concrete piles
E = 210000 MPa (2. 1 x 105 kgrcm ) for steel piles.

' The value of I, shatl be the actual Iength of the pile for tengths greater than

'__twenty times the value of the cross sectional dimension of the pile. For

smaller lengths 1, shall be taken as 20 times the value of the cross sectronat

. dimension of the prte

ZA t_or a steel pipe is the areé of the steel.

Ultrmate Capacrty based on Wave Equatron Methods )

If the Gontractor wishes to use the wave equatlon method to predrct the

 ultimate capacity of the pile or wishes to instrunient the pile with the dynamic

13.7

13.7.1

Where requrred by the Engineer the bearlng capacny of lhe prles shall be

tesling equipment a delailed proposal in writing shall be submitted to the
Engineer not less than four weeks pnor fo the date lhe Contractor proposes

to commence driving.

Pile driving shatl not commence wrthout the consent of the Engrneer

TEST LOADING

General

checked by test loading on pile, and by measurement of seftlement of the
pile and of the adjacent piles i in the pile group, whrch shall remain unloaded
during the tesling operation, e

- Test Ioadrng shall be carried out as descrrbed in thls Clause and in general
_ accordance with ASTM D 1143 o

~ The test piles shall be the frrst prles at drrven at each footrng or drstmct
- group of piles. - :

' Loadlng of the te t p:le shalt be achleved by jackrng agamst kentledge |
VAdjacent pr!es shall not be used as ;acklng restrarnts ‘ , :

The Contractor shali provrde at hls own expense all matenals equrpment

and labour required for the test loading of piles, including the provision of
kentledge (together with any horizontal restraints required), the placing of

- kentledge and jacks in position, and all such work and material as may be
~ incidental to the conduct of the test loadlng procedure as specified.

The method of test ioadlng, and the loadlng and measurement procedures_

followed shall be subject to the consent of the Engineer.
' ‘ TS 13- 8_
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Suitable, apparatus for determining the load on the pile and the seltlement
of the pile under each increment of load shall be supplied by the Contractor.
The apparatus shall have a working capacily of three times of the design
load shown on the Drawings for the pile being tested. Reference points for
measuring pile setttement shall be sufficiently removed from the test pile to
preclude the possibitily of disturbance. All pile load settlement shall be
measured by adequate devices, such as gauges, and shall be checked by

- means of a levelling instrument.

Procedure
The test toadlng procedure shall comply with the foltowmg requrrements

N The initial Ioadlngs and the subsequent increments and decrements of

loading shall be achieved rnstantaneously or as nearly SO as may be
.. practicable. : : :

2 :Setttements shall be measured to an accuracy of 0 5 mm, and shall be

recorded al the following intervals of time for a period of at least one
- hour, and until the rate of settlement shall have reduced o not more than
0.5 mm per hour: _ L :

""_‘15‘Se_‘c:o;r|ds _
- 30 seconds : -
4 minute
2 rnin:utes o
3 minutes
: '7'4m-inute's o
- b mlnutes"-
.30 mmutes -
_ 1 hour

and at mtervats of one hour thereaﬂer as requrred

| 3. .Test toadlng shaII foltow the sequence set out hereunder unless

otherwrse drrected by the Engmeer B

a) .. An initial [oad of the magmlude shown on the Drawrngs shall be
-~ applied to the test pile and shall he maintained as long as may be
necessary to satrsfy the requrrements of 2. above. _

s b)" The initial load shall be removed and the recovery of the test pile

shall be measured not Iess than 10 mrnutes after removal of the
_sload S SRR R
o) Recovery shall be measured to an accuracY Of 0. 5n mm

Y The initial load shal! then be reapplred and the Ioad shall be
- increased subsequently by increments of an amount as shown on
" the Drawings to a maximum’ of not less than the maximum value

. shown on the Drawrngs on d:rected by the Engrneer '



e) - Seftlements shall be measured in accordance with the provisions
' of this Clause following re- appllcatlon of the initial foad and each
; subsequent rncrement of load. . S

) " The maximum test toad shall be 'mamtamed for at least 24 hours or

“until the rate of settlement reduce to 0.5 mm per hour (whichever
is the loner) or as the Engmeer may direct.

g) The test load shall then be removed from the test pile in
successive decrements until the load is reduced to the minimum
value shown on the Drawmgs when the remainder of the load shall
removed

‘h)y The recovery of the test pile shatl be measured during the

- untoadtng process in accordance wnh the prows1ons of 2. above.

'i) Measurements of setttement and recovery of adjacent unloaded
' piles shall be taken concurrentty of the Ioaded prte at each stage of

| ) the testcng procedure

1373 Report

The Contractor shalt prepare a report on each toad test as outltned below

" and shall submit a report to the Engmeer within four (4) days of completion
of the rest. S B :

The report shall mctude af Ieast the fottowtng mformatron L

Pile Constructlon and mstattatton :

A description of the pfle type tength as driven, length as tested, length
embedded, will thickness, head and ttp detalts and dlmensrons date pile
was driven and pile mass. IR

A descnptton of the formmg or dnvmg of the plte |nctud|ng detalls of '

concretmg, driving records and descrlpt[on of drifling.

Test Layout and Equtpment

' Sketches and if pOSSIbte photographs showsng Iocatlon and size of
reaclion and loading equipment, defiection measuring equ:pment test -
- pile and cap and posmon of reference Ievel marks B '

“An assessment of the accuracy of the deﬂectton measurement and SR
" results of catlbratlons of the load measunng apparatus

' Test Procedure and Results

: A tabulation of the readlngs dunng and unloadlng of the pile together
- with the relevant times and dates - »

A graphlcal representatlon of the test results in the form of load-

selllement and time-sefllement curves (together. with all necessary

- corrections for catlbratton movement of datum plnts and other e
' mfluences) L :

" An assessment of the effect of the reactton system on the dettectlons .

and the ultimate bearlng capacrty

TS13-10
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13.7.4 Acceptance

13.8

The criterion for accépfance of the pile shall be tolal selllement of the test
pile under the maximum test load shall not exceed the value shown on the
Drawings when the rate of setttement has reduced to not more than 0.5 mm
per hour.

Where not shown on the Drawings this settlement may be taken as 6 mm at
a maximum test load of 150 % of the maximum pile load shown on the
Drawings

The seltlement of adjacent pile shall be within limits acceptable to the

- Engineer.

Should the test fail to comply wuh this criterion, tow add:tlonal piles shall be
tested. :

If both of the additional piles subsequent!y comply w:th the test cnlenon all
piles shall be deemed acceptable

Should either of two piles subsequentiy tested fail to pass the tesl, the
Contractor shall construct such additional piles as the Engineer may deem
to be necessary to provide the required load capacity.

MEASUREMENT AND PAYMENT
Measurement and Payment for Piles Driven will not be made excluswely

- and all costs incurred by the Conlractor 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 this section of the Technical Specification. These shall

include the entire cost of completing the work including materials, labour,
equipment, transportation and any other associated costs.

TS13-11
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14.2.1 |
o ~ Unless otherw&se shown on the Drawmgs or in the Specaal Specmcatlons all
piles shall be supplied by the Contractor and the prowswns of this

CoE

14.1

14.2

SECTION TS 14. PILES DRIVEN CONCRETE

GENERAL

This Section covers the dnvmg of precast reinforced or prestressed concrete
piles.

The manufacture handllng. transport and storage of precast concrete piles
shall be generally in accordance with the reqwrements of Section TS 4 of
this Specification, _ o

. The general princtples of driving 'pites shall be in accordance_ with the

requtrements of Sectlon TS 13 of this Specmcauon _

MANUFACTU RE

Supply by Contractor

N Specnflcatlon shall apply.

1422

Dnnenstons _
Pttes shall be manufactured to the d;mensnons shown on the Drawmgs

.. ifatestpileis ordered, onty the test pile shall be manufactured to the length

shown on the Drawings. After driving the test pile, all other piles shall be
manufaclured to the lengths, seclional dimensions, and with relnforcement

o conform to the toe tevets authorised by the Engineer.

lf no test pltes are shown on the Drawmgs or specmed att plles may he cast

" to lengths to suit the levels shown on the Drawings. As the work proceeds

" and further information is obtained the Engineer may amend the toe levels,
- and the dimensions of all piles required to piles not already cast shall be

amended accordingly. If any additional length is required to piles already

RN cast, the Engmeer will determlne at what stage such extensmns are to be

made

' Where the authorised Iength of plles is more than 1. 5 metres in excess of

. the length shown on the Drawings, the Engineer may direct that

reinforcement of a larger diameter, andfor a greater number of bars andlor

o .a Iarger srze of plte lhan shown onthe Drawmgs shatl be used

o The Contractor may propose to use h|gh early slrength cement to employ
~ steam curing, or fo gwe special treatment to piles. Details of such proposals -

“shall be submilted in writing to the Engineer, and his consent obtained .

| " before the special construction method is introduced. Once obtained no
" alteration shall be made unless consented to by the Engineer. No exlra
' payment will be atlowed for any such spemal type of constructlon

A compteted p[le shall be stralght wﬂhrn a loterance of 0. 06 percent of its
iength R RS DU . . : :

TS14-1 -



14.2.3 Spemficatrons

Piles manufectured (together wrth any extensrons) shall comply with the
requirements of.

Section TS 3 - Concrete
- Section TS 4 ~ Precast Concrete | _
Seclion TS 5 - Presiressed Concrete
Section TS 6 — Pretensioned Prestressed Concrete

14.2.4 -Deeignetion and Strength of Piles

Precast, Prestressed Concrete Cvllndncal Piles

Precast Prestressed Concrete Cytlndncal Piles turnlshed under thls contract
shall comply with the type of pile designated shown on the Drawmgs For
the purposes of this contract the designations shall have the minimum
strengths as shown in the foltowmg table. - N :

Qutside Diameter {mm) 600 500 500 450 450 400 350
Pile Type Designation .. = - A A B . A . B A A
Cracking Bending Moment (ffm)| 17.0 | 105 | 15.0 7.5 11.0 5.5 3.5
R Concrete Compressive Strength g A - S - '
| (kaftem?) . - _ ._SQO‘ 500 560 500 5Q0 500 500
- | Effective Prestress (kgﬁcm ) 40.0 40 0 | 800 | 40.0 | 800 | 400 | 400

Precast Prestressed Concrete Sheet Piles

_‘ All materials and workmanshrp shall comply W|th the general requn‘ements :
- specified in sect[on 1S 3,4, 5 and 6 S

o Concrete shall be Class A1 |n accordance W|lh Sectron TS 3 of thls ' {
L _specrfrcatlon ‘ - T o :

Prestressmg tendons shall comply wrth the reqwrements of Sectron TS 5 of
_thls specmcatron _ . . :

: Plles shall measure 500 mm x 200 mm in cross sectmn wrth male and

- female shaping of the edges to permit jointing between adjacent installed

- piles and shall be manufactured to the requrred tengths as shown on the
o Drawmgs o : o _ :

The bendmg moment capacny shall be equal or greater than 590 h‘m
(crackmg bendlng moment) _ :

1425 Pile Shoes R
The shoe as shown on the Drawmgs shatt be ﬂrmly bonded to the plte
located cenltrally and in line with the pile axis. Manufaclure of the pile shoe

" shall be in accordance thh the manufacturer s recommendatrons andtothe o
’ *-Englneersapproval A e R o - _ 6

'-14.2'.6 Marklng , , : R _

Each pile segment shalt have on |ts 3|de wnthln 300 mm from the head the
length of pile, the date of casting and identification number The marking
“shall be in indelible paint which is not injurious to the concrete, and the

letters shall be at least 75 mm high. Alternalively, the markings may be cast
into the concrete not deeper than 5 mm if consented to by the Engineer.

C Tst4-2
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1433 . _
PR Durrng transport prtes shall be supported at hftrng pornts as consented to by

" In addition, commencing at 5 metres from the toe, and thereafter at every

14.3

14.3.1

metre up to the head, each pile shall be marked by a lightly-scribed line
across the full width of one face of the pile or a minimum of one third of the
circumference, and square to its length. Just above each line, on the side

~further from the toe, the drstance of each such line from the toe shall be

lightly scribed.
HANDLING, TRANSPORT AND STORAGE

,Generat o o _ : ‘ _
Handling, transport and storage of ptles shall be in accordance with the

_ requlrements of Section TS 4 of thrs Specmcatlon except as modrfled below.

1432

Handling
a. General R e R ‘ _
Piles shall be hfted by means of a surtable brldle or sIrngs using lifting points

- located at the one-fifth point of their length uniess otherW|se shown on the _

., Drawings or directed by the Engineer.
" In no case shall piles be moved by dragging across the ground

" The method of support for prtes berng prtched shatl be subject to the consent

of the Engineer. -

b. Reinforced Concrete Piles .

" The entire length of each prle shall be supported dunng curing and shaII not
- be lifted or handled until the concrete has attained suffrctent strcngth to

support the weight of the pile wrthout damage

c. Prestressed Prtes

| Prestressed prles shall not be handied or I|ﬂed untr! futly stressed -
. The entire length of each pile shall be SUpported and remain stationary, and

the pile shall not be handled, until after the specified curing period has
expired, that is at least seven days for concrete made with normal cement

* and moisture cured, or otherwise as directed by the Engineer for special
* methods of manufacture andfor curing. Piles shall be handled and supported

~ at the one-fifth points of their length, except that piles up to 10 meters long

' may be Irfted ata pornt one thrrd of the tength of the plle from the end.

Transport

B the Englneer

' Timber packers shall be used between the sides “of individual prtes to

_ _prevent contact

- 1'4.37;4

Storage SRRy Co
For the stackrng of plles heavy sill logs shall be Well bedded and ﬂattened to -

_' ‘give a béaring width not less than 200 mm and minimum ¢learance of 300
~ mm above ground. Piles may be stacked on top ot each other up to six
- tayers wrth the consent ot the Englneer '

o Each Iayer shall be separated from the next Iayer by trmber bearers each

" 100 mm wide and 76 mm high. The bearers shall be placed centrally above .

A f"__the stlll togs and aboVe one. another 0 that no addrtronat ‘bending s



induced in any pile in the stack The bearers shall- support the pl!es over

- their full W|dth

Plles when stacked shall be supported at Irﬂlng pomts as consented to by

B the Engineer,

14.4

- 14.41

DRIVING OF PILES

General

Piles shall be driven generally in accordance with the requirements of

Section TS 13 of this Specmcatron except as modified below

: Onty p:les whrch have been mspected and passed by the Englneer shall be

1442

driven. Any pile which shows any defect which, in the opinion of the
Engineer, would affect the driveability or durability of the plte will be rejected
and shall not be used anywhere in the work y PR

Mlnlmum Age of Pltes Before Dnvrng

~ Piles shall not be drlven until the least 14 days after the specrfred 28 days
. strength has been achieved and in no oase shall p:les be drrven until the

" least 21 days after castmg

These minimum ages before dnvrng sha!l atso apply to any concrete'

L extensrons and splrces

1443

~ the Engrneer, test piles shall be driven at locations designated by the
' Englneer and |f accepted ‘may form part of the permanent works

1 est Plles o : : |
" When shown on the Drawrngs or in the Specral Specmcatlons or ordered by

- The Contractor shall not cast the remamrng plles untlt the test prles have

“14.4.4

been driven. Following the driving of the piles the Engineer will determine

any variations to the casting lengths obtained from the Contract Levels

shown on the Drawmgs and shall not notrfy the Contractor of such vanatlons
- inwriling. - R D _ G '

Where plles are 'manufactured by a speciahsed 'and rep'utable pile
manufacturer, apprOVed by the Engineer, the Contractor may, at his own

" risk, order remaining pile segments wrthout awartmg dnvrng of test prles B

Dnvmg Procedure I

To prevent damage to the p]le from the tensron caused by shock wave )
~aclion, driving shall commence by tapping the pile very lightly with blows of
the order of 0.2 to 0.3 metre-tonne intensily (that is with a driving energy

. belween 2 to 3 kilojoules), so that the penetration does not exceed 50 mm

. To avord damage by bendlng the prles shatl be dnven from a frxed frame '
“having sufficient rigidity to ensure accuracy of driving and freedom from -
bending of the pile under all conditions of tides, stream flow, hammer action

per blow, or such figure as may be directed by the Englneer The driving -
. energy shall be mcreased gradually as the resistance to the’ movement of -
the pile increases, until the full energy specified in Section TS 13 can be

applled w:thout produclng a penetratlon exceedmg 50 mm per blow

~ or other disturbances which may occur dunng the drrvrng

TS14-4 =




The force of the hammer shall be dlrected centrally and axrally into the head

- of pile.

The Contractor shall ensure that no torsional stresses are induCed into the

~ pile by any restraint against rotation about the vertical axis within the helmet.

14.4.5

Pile capacity

" The capacrty of driven piles shall be calculated in accordance with the
requrrements of Section TS 13 of this Specmcatron

Severe anng

Unless otherwise consented to by Eng!neer severe dnvrng where the
average penelration per blow is Iess than that for nommal refusal shall not

: be permrtted

14 4.7 Acceptance of Drrven Piles (other than Test Pltes)

~ The “permissible set” is the criterion for accepling driven prles {other than

test piles) when the finished toe level is at or Iower than amended toe levels.

- When “nominat refusal” or “permrssrble set’ is achreved before the toe of the

pile reaches the amended to levels, the Engineer may authorise the

Lo acceptance of the pile prowded adequate penetratron below the exisling
surface has been achreved ' : , S _

: : Piles which contain additional bondrng bars cast into the head end must be

driven until a minimum length equal to one and a half times the bond length
of these bars remains in the pile below the level to the which the pile is
stripped back. The pile shall not be cut off without this bond length

: remalnrng unless wntten consent is obtamed from the Englneer

1448

Dnvmg Precast Prestressed Concrete Sheet Prtes '
Prestressed concrete sheet prles be prtched and driven accurately in the

" positions shown on the Drawrngs and to the requrred depths as drrected by

= the Engineer.

' The piles shall be pitched |nsrde a braced template and carefully alrgned and

- positioned before driving. The piles shall then be driven to the requrred

penetration in such a manner as to ensure that the vertically of the piles is

" maintained. In the event of any misalignment developed during driving, the

Contractor shall take appropnate action to correct the condition dunng

_f_'_ctrrvmg

e 'Plles drNen in excess of 10 mm per meter of plle length or damaged dunng

driving may be réjected, if, in the opinion of the Engineer, the improperly

~ aligned or damaged pile adversely affects the structure. The Conlractor shall
" propose the corrective measures {o be taken for approval by the Engineer.
- All corrective measures shall be at the Contractor's own expense. Rejected

: - piles shall bé expected, re- dnven or placed or cut- off at aII a Ievel approved
. by the Englneer : : _

145
B N | After drwrng the excess portron of the prle shall be cut off and the top section

CUTTING OFF AND STRIPP]NG OF PILE HEAD

| remalnlng shall he stnpped over the length as shown on the Drawrngs to

TS14 5



. @xpose tongitudinal reinforcement for bonding into the pile cap. The

concrete in the pile head after stripping shall be embedded into the pile cap
the dlstance shown on the Drawmgs _

In order to prevent spallrng of the adjacent concrete strrpplng of a pile shall

be preceded by cutting a circumferential notch, approximately 30 mm deep,
at the leve! above which the concrete is to be removed.

The Contractor shall ensure that Iongltudrnal relnforcement and prestressmg
strands are not damaged in any way during the stripping operalrons

Exptoswes shall not be used except with the consent of the Engmeer

Where cut-off elevatron is above the level of the head of the ptle it shall be

B : extended in accordance wdh Ctause 14 6 6 betow ,

| 'When a prte is cut off and stnpped and the prOJectlng steel rs Ionger than is

' 14.6

required for joining to the structure, the Engineer will direct whether the steel
is to be cut off or bent No extra payment erI be made for cutttng off or

bendrng

Exrensrons OF PILES .

General

o 3 " Should a pile farl to achleve the specrtred set aﬂer bemg dnven to the limit of
~its cast length it shall continue to hé driven as far as practrcable by first

- - extending the leaders and then usrng a surtable dolly as specrtred in Seclion -

R 14.62

I'S 13.

Sp!lcmg Prles by t_apprng of Steel

Unless otherwise specrfred the end of the plte ‘shall be strrpped to expose

the longitudinal remtorcmg steel for a Iength equal to

e 40 dlameters of the steel for detormed bars up to U 24 grade (2400

- kglem?)

| ":- 50 drameters of the steet for deformed bars above U 24 grade (2400

kgfcm?)

. 50 diameters of the steel for ptaln bars }?_ '
e 60 drameters of the steel for prestressing strand or wire

-,i Where bars or strands of drfferent diameters are used the stnpped Iength '

: shall be equal to the Iongest of the rndrvrdual requrrements

- Reinforcement similar to that used in the orrglnal end of the pile shall then
.- be spliced to the projecting stee), spiral steel being for two comptete turns _

I and the strarght steel for a Iength as speorfred above

1463

~ steel exposed for such tength as may be requured for the splrce as drrected -

Splrcrng by Weldmg of Steel

‘ Splrcmg of steel by weldmg shall onty be used with the express consent of

the Engrneer

The concrete at the top of the plle shatl be cut away, Ieavrng the remforcmg

L by the Engmeer 4

. TS14-6 .
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1485 -
o The extended relnforcement shali prowde an uttrmate ftexural strength of the'

" Welds shall fully develop the strength of the-bars, all bars being fully butt

welded, or joined by means of lapped bar filled welded joints.
No welding shall approach ctoser than 150 mm toa concrete surface.

In the case of fillet welds flllets not Iess than 6 mm shall generat[y be used
and the tapped length on each end of each bar to be spliced shall not be

- less than twelve diameters of the spliced bar, or six diameters if two splice

" bars and four lines of fillet wetd are used for each plte bar sptced

: AII we!d:ng shall be in accordance with procedures and by welders approved

14.6.4

by the Englneer S

Sp]lcmg with Precast Lengths of Pile

- If consented to by the Engineer, lengthening of piles may be carried out by

.- splicing on a {ength of precast pile, prior to driving, during driving or after

-~ driving ceases. Splices may be made in concrete epoxy mortar or epoxy
- with a sunabte steel sleeve. B .

B Detalts of the proposed sptice ‘shall be submltted to the Englneer and his

consent obtained prior to the spttce being made andlor prior to the

' commencement of driving.

Plle Extens:ons |n Relnforced Concrete S

pile equwalent to that of the onglnat p|te

The extended bars shall be secured in posmon and hetd by cncumferenl!a!
lies or spirals consisting of 6.4 mm wire at 150 mm pilch or equivalent. In

_ the case of reinforced concrete piles, should any pile need to be driven after

: it has been extended, the tie reinforcement at the end of the plte shaII be

S|m|tar {o that at the driving end of the onglnat pl!e

: Un!ess otherwrse directed by the Engmeer in wntlng the extensmn shall be

- formed to the same cross seclional profile and fillet concrete of the same
o _strength as that spectf[ed for the original pile. -

: 1466

Pile Extensmns whlch are not Driven - s e e
" In the case of extensrons to piles atready futly dnven the necessary Iength

- of steel for bonding to work above tha pile shown on the Drawmgs shall

'14.6.’7

protect abOVe the extended portton of the plte

Plle Extensmns of Prestressed Concrete Plles

Extensrons of prestressed concrete pltes WI|| be permatted onty where a
recognised standard proprietary welded steel splice recommended by the

L manufacturer and approved by the Engineer, is used conforming to the
- requirements of Japanese Standard JIS A ?201 (Standard Prachce for

: .Executlon of Spun Concrete Pltes)

- .With the consent of the Englneer 'and only 'after' driving has been
- completed, extenstons may be made in accordanoe wath C!ause 14 6.6
above T S o . .

LTS 14-7



© Welding of tendons will not be permitted and tendons must be adequately

protected during any welding operations adjacent to them.

14.6.8 Mlsceltaneous Works Assoc:ated wrth Pillng

14.6.8. 1 Concrete F|I||ng

Where shown on the Drawmgs the Contractor shat[ fill concrete into the
hollow cores of precast prestressed concrete piles after driving as shown on
the Drawings or as directed by the Engineer. Concrete shall be type D in
accordance with the requirements of Section TS 3, Concrete Works.

14.6.8.2 Pile Head Treatment

- Where shown on the Drawings reinforced concrete shall be placed in the

. upper portion of prestressed concrete piles for the purposes of tying into pile

caps. Materials shall be Concrete type C1 and steel reinforcement shall be
deformed reinforcing bars in accordance with Section TS 3 of the Technical

’ Specmcatron Refer to Sectron 183 for measurement and payment of this

o |tem

- 14.6.8.3 Sand Filling

Where shown on the Drawrngs or directed by the Engrneer the Contractor

~ shall fill sand into the hollow core of precast prestressed concrete piles after

* driving as shown.. Filling and compactlon of sand shall be performed with
~ the approprlate equnpment approved by the Engrneer :

. '_(Note th_rs rter_n is deleted from this contract) R :

14.7

14.7.1

_MEASUREMENT"ANo' PAYMENT_ o

Prestressed Conorete Test Ptlrng o ,.
This clause refers to the precast prestressed concrete prtes for test pllmg as

described in Seclion TS 14 and other referenced sections of the Technlcal

Specification.

. Measurement for payment of each test pile size, "s-hatt be based' on the total 4
~ number of linear melres supplied, marked accordingly, and ptaced in .
- storage at the srte of the works and accepted by the Engrneer :

The measurement for payment sha!l be made for such pltes whether driven

- or used only as undriven extensions, in linear metres (m), measured along

the pile axis from the pile log, as actually driven, to the head of the plte pnor

) fo stnpplng back fcr jomrng mto the plte cap

: "Payment will be made at the rates entered in the pnced Bil of Quantlt[es :
and shall include the entire cost of completing the work including materials, -

“Apait from partral payments for certain matenats delwered to srte as
-~ provided for below, payment shall not be made for test pifes until they have .
* been driven, test loaded and accepted in accordance with the Drawings and - -
this Technrcal Specrfrcatron or as directed by the Englneer '

labour, equipment, fransportation and any other associated costs. In

~ particular rates for test piles shall be deemed to include, but not be Irmrted g

to the following:

Tst4-s



“1) - Supplying precast prestressed concrete piles, takmg delivery and

7 handtlng ce
| 2) L Prepanng. handtlng and pltchmg precast prestressed concrete piles
3) Driving precast prestressed concrete piles including pre -boring and
‘ the like _ o

4) Driving additional pile tengths

5) - Dollying piles below ground or water level
6) Moving pile frames to re-test piles or re-drive tengthened piles
7). Extension of pile

8) Test loadlng of p|tes ‘-

-.9) o Cuttlng off and stnpplng of ptle heads and lncorporatlon into cap

10) .' Extenswn of plle

- _1'1) 'Sptrcmg of prle mctudmg wetdmg consumables and equupment

12) ".Any excavatlon dewatenng and the Irke |

No payment shatl be made for lengthenlng of test prles carrled out by the

" Contractor to make up test piles from shorter lengths than the lengths shown

on the Drawings or directed by the Englneer or for any lengthening of test

' piles whlch is. carned out by the Contractor for hlS own conven:ence

For the purposes on payment for matenats on Slle payment may be made

at 50 % of the rates entered in the priced Bill of Quantities following delivery
' and the Engineer deeming the piles acceptable. The remalnlng 50% may be
L pald foltownng testmg and acceptance by the Engtneer '

1'4.'7.2

Categorles of work to be pald under thls ctause are as fottows

Description - - | Unit of Measurement

: Furnlshlng and Dnvmg PC Test Plte Dla 500mm ' om

Type A

Prestressed Concrete Piles . N

Thts clause refers to the precast prestressed concrete prtes as descnbed in
Section TS 14 and other referenced secttons of the Technlcal Specmcatton

- Measurement for paymen of each pile size, shatl be based on the lengths
- of p|tes as lnstructed in wnttng by the Englneer o _ )

.The measurement for payment shatt he made for such plles whether driven

or.used only as undriven extensions, in linear metres (m), measured along

. the pile axis from the pile toe, as aclually driven, to the head of the plte prior
ﬁ to stnpplng back for jomrng mto the plte cap ' .

-Apart from partral payments for certaln matenats detlvered to sile, as
~'provided for Below, payment shall not be made for test piles unlil they have
-~ been driven and accepted in accordance with the Drawmgs and this

: Technlcat Specmcatton or as dlrected by the Engmeer :

£ TS14-9



Payment will be made at the rates entered in the priced Bill of Quantities
and shall include the entire cost of completing the work including materials,
tabour, equipment, transportation and any other associated costs. In
particular rates for test piles shall be deemed io mclude but not be limited
to, the following: .

1) Supplying precast prestressed concrete plles takrng detrvery and
: handhng ‘ o e
2) Preparrng, handling and prtchrng precast prestressed concrete piles
. 3) - . Driving precast prestressed concrete piles including pre borrng and
the like
4) dehm;addmonalpﬂelengdm
5) Dollymg piles below ground or yvater Ievel
o 6) Movrng prle trames to re- test prles or re- drrve lenglhened plles
~7)  Extension of plle ' -
8) - ‘Splrcmg of plle mcludrng weldrng consumables and equrpment
9) 7'  Any excavatlon dewatenng and the like

: No payment shall be made for Ienglhenrng of prles carrred out by the
.. Contractor to make up piles from shorter lengths than the lengths shown on

the Drawings or directed by the Engineer or for any lengthening of plles _

.- “which is carried out by the Contractor for hrs own convenrenoe

~ For the purposes on payment for materrals on srte payment may be made

| " at 50 % of the rates entered in the priced Bill of Quantities following delivery

147.3

Furnrshrng and Dnvrng PC Sheet Prle (t-'220 mm) _ P m '

and the Engineer deeming the plles acceptable. The remaining 50% may be

pard followrng driving and acceptance by the Englneer

Categorres of work to be pa[d under this clause are as follow‘s': o

Description _' .| Unit of Measurement

Furnishing and Drwrng PC Prles Dia. 500mm, [~ . m
Type A K "

Prestressed Concrete Sheet Prles 5

g Measurement shall be made of the length ot prestressed concrete sheet _

prles in place and accepted by the Englneer

Paymenl for prestressed concrete sheet prles erI be made at the rate
entered in the priced Bill of Quantities which shall be full compensatlon for
materials, labour, tools, equipment including furnishing, handling, pitching, -
- driving and cutting and all other rtems for complelrng the work in

accordance wrth the speorlrcatron

Categones of work to be pard under thrs clause are as follows

" Description . ... f_ | Unit of Measurement

TS 14-10
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1541 - _
* _"_ ) Thrs sectron covers the supply and dnvmg of steel sheet pztes

152

'SECTION TS 15. STEEL SHEET PILES
GENERAL

The handtmg and drawng of steel sheet piles shall be in accordance with the
requirements of Sectlon TS 13 of thls Specrfrcatron except as modified

' hereunder

The steel sheet piles to be furmshed and driven in thrs contract are for

~seepage control and are not reqwred to be dnven to cnterra based on

S beanng capacrty

| MATERIALS S )
~ Steel sheet pile shall be of U- shape type with a yteld point strength of

30 kaffmm? or more as specified in JIS A5528 or equivalent approved by
the Engineer. Type and sectional properties of steel sheet pile shall be as

 “tabulated below. The material used for sheet pile shall be Type II as shown

153

on the Drawmgs or dlrected by the Engineer.

Type of Steel SheetPiIe‘ L s

type | o Width | Height - | Thickness | Section Modules

e em) | em) | (mm) (c’)
Type } i | 400 | 85 | 80 | . 88
Type I | 400 | 00 | 05 | = 152 '
Type I | . 400 | 125 . | 130 223
Type IV | - 400 170 - | - 155 . | - . 362
Type V| 400 | 200 ¢ | 2437 | 520

Al pites shall be supptled by the Contractor

| HANDLING “TRANSPORT AND STORAGE -

e Handlmg transporl and storage shall be as specmed in Section TS 13

154

1544

DRIVING OF PlLES

General _ _
Piles shall be driven genera[ly in accordance with the requrrements ot

~ Section TS 13 of this Specrflcatron except as modmed betow

o Onty pltes whrch have been mspected and passed by the Engtneer shall be
' - driven. Any pile which shows any defect which, in the opinion of the

Engineer, would affect the driveability or durability of the pile wr!t be rejected .

- and shall not be used anywhere in the work

642

Test Pttes

- Test pltes are not requrred for steet sheet piles.

T815 1




15.4.3 Driving Steel Sheet Piles

Steel sheet pltes be pttched and dnven accurately in the positions shown on
the Drawings and to the required depths as directed by the Engineer.

The piles shall be pitched inside a braced template and carefully aligned and
positioned before driving. Particular caré shall be taken to ensure the
interlocking of adjacent sheet piles. The piles shall then be driven to the
required penetration in such a manner as to ensure that the vertically of the
piles is maintained. In the event of any misalignment developed during
driving, the Contractor shall take appropriate action to correct the condition

: durtng dnvmg

; Pnes driven in excess of 10 mm, per meter of p:le length or damaged during

driving may be rejected, if, in the opinion of the Engineer, the improperly
aligned or damaged pile adversely affects the structure, The Contractor shall

- propose the correciive measures to be taken for approval by the Engineer.

All corrective measures shall be at the Contractor's own expense. Rejected

piles shall be expected re- drnven or ptaced or cut off at alt a Ieve! approved

by the Englneer

155 | |
) Measurement shall be made of the Iength of steel sheet pltes in place and

- accepted by the Engineer. The length measured shall include the length of

- any portion cut off as the result of the specified length of pile not being

~ driven to the toe elevation as shown on the Drawings followmg a dsrectwe of
. the Englneer to cease driving for whatsoever reason.

- Furn:shmg and Drwmg Steel Sheet Plte Type II o B mo

. P:le shaII be extended by ful penetratton butt wetds in accordance with
- clause 13.4.7 of the Technlcal Specnflcatlon

MEASUREMENT AND PAYMENT

- Payment for steet sheet pltes will be made at the rate entered in .the priced
~ Bill of Quantities which shall be full compensation for materials, labour,
~ tools, equipment including furnishing, handling, pitching, driving and cutting

and all other ilems for completmg the work in accordance with the

specification.

* Categories of work to be paid dnder this ctause'are as folto‘.Ns:'

~Description VUnit"of Measurement

TS 15-2
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16.1

16.2

i

SECTION TS 16. TIMBER PILES

'GENERAL
This section covers the reqwrements for timber log p|les to be driven as part
. of foundatlons in vanous parts of the Works '

'MATERIALS |
. -Tlmber plies shall be cylmdncal Iogs cut from tlmber with recognised

qualities of durability and suitability for installation as piles in wet conditions.

16.2

- 16.3

‘The Contractor shall propose timber of a type or species for the Engineer’s

approval prior to procuring timber pile malerial. Logs shall be straight to a
tolerance of 20 mm over their full length and shall be free of branches. The
diameter of the thinnest part of any pile shall not be less than 150 mm and
not shorter than the length specified on the drawings. All logs shall be
treated with creosote using a method subject to the Engineer's approval.
Any log not complying with the above requirements shall be removed from
the site. : '

' HANDLING
~ Timber plles shall be kept in neat stacks on site unlll ready for use. Handllng

shall be conducted in such a manner so as not to damage the mtegnty and
strength of the plles

- DRIVING _ o _
- Timber piles shall be pitched and driven accijralely in the position and at the

location shown on the Drawings and to the required depths as directed by
the Engineer. During driving operations, timber pile heads shall be protected

~and held in position by use of a combinalion creation-driving head and pilot.

© Timber piles shall be fresh-head and square and, when directed by the

Engineer, the pile heads shall be protected by means of heavy steel or
wrought iron rings. The driving head shall closely fit the top of the timber pile
and shall extend down the sides of the pile at least 75 mm. During driving

~ operations, each pile shall be restrained from lateral movement and the pile

shall be kept moving by continuous operation of the hammer. If the specified

N penetratlon has not yet been reached when the energy required fo continue

driving is endangenng the pile integrity the driving may be discontinued with

- the approval of the Engineer. Piles driven materially out of line and position
. as indicated on the Drawing shall be pulled and replaced. Deviations in the

- - excess of 200 mm out of position and 2 percent out of plumbness or balter

lnd|cated on the Drawmgs sha!l be cause for rejection. -

) Cullmg off and tnmmlng of timber pl!es shall be done at the de3|gnated
- elevations. Splicing of timber piles shall not be permilted except when

approved by the Engineer in writing. Piles inaccurately cut off shall be

- replaced. The sawn heads of all treated piles which are not embedded in
" concrete shall be brush-coated with 3 applications of hot creosole and
- covered with hot roofing pitch. The sawn heads of all treated plles to be

encased in concrete need not to be treated further.

TS 6.1



16.4

MEASUREMENT AND PAYMENT

A count shall be made of the number of timber pl!es of each demgnaled
length, in place and installed in accordance with the specification then that
total multiplied by the nominal Iength of pile specified on the Drawmgs

~ Payment for timber piles will be made at the rates entered in the prlced Bill
~of Quantities which shall be full compensation for materials, labour, tools,

equipment including furnishing, handling, pitching, driving and cutting and

~ all other items for completing the work in accordance wnth the Specmcatlon

Categories of work to be paid under this clause are as follows |

" Description -~ . Unit of Measurement

~ lLog Pile, Dia. 160 mm L=2.0m .~ - | . - m |
* |Log Pile, Dna150mmL30m_' S m

. TSM8-2
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SECTION 17. STONE MASONRY

GENERAL

. This section covers the general and specific requrremenls for the

construction of the foltowmg type of masonry work

+ Wet stone masonry in flood waIIs revetmenl construcllon of various
lypes, retaining walls, ground sills, channels, dikes, drainage structures,
stairways and other structures included in the Works and in places
_ where shown on the Drawmgs or drrected in wntrng by the anrneer

._' Stone facmg in revetments ,

S 17.2

4724

MATERIALS .

Stone = - : :
Stone for all classes of masonry shall be clean hard, and durable. Adobe

 blocks shall not be used un!ess specmed or consented to by the Englneer

"'_'Samptes of stone proposed for use in masonry constructron shali be

' submltted to the Engrneer for his consent

o 'Stones shall be of the sizes shown on the Drawrngs or appropnate for the

particular application. Unless otherwise shown on the Drawings, stones shall
have thickness of not less than 150 mm, widths of not less than one and a

.+ half times their respective thicknesses, and lengths of not less than one and
.+~ a half times their respective widths. Each stone shall be free of depressions
' and prOJectrons that would prevent it from being properly bedded.

' "Stone to be used in wet stone’ masonry revetmenls shall be regular is size

and their thickness shall be approxamately 200 mm.

n Stone shall be dressed to remove any thin or weak portions. Face stone
- shall be dressed to provide bed and joints lines that do not vary more than

20 mm from frue lines and to ensure the meeling of bed and joints lines

“* without the rounding of the corners of the stones in excess of 30 mm in

- radius. Bed surfaces of face stones shall be normal to the faces of the

stones for 80 mm and from this point may depart from a normal plane by an

o .-angte which is not to exceed 50 mm in 300 mm. -
Face stones shall be p|tched to line along all beds and 10|nts The maximum

'prOJect[ons of rock faces beyond the prtch lines shall not be more than 50

< mim. : s
e Slones shall |ncrease ln thlckness from bettom to top of wall.

AT 2.._2

Mortar S

: 'Cement mortar shall be composed of one part of cement to three parts of

- fine aggregate by volume or such other proporlrons as shall be directed by
- -7 the Engineer, or as shown.on- the Drawings mixed with water S0 that the

water-cement ratio does not exceed 0.45 by weight. .~
Hydraled lime may be added in an amount not exoeedrng ten (10) percenl of

. the cement by weight. The hydrated lime shall comply with the requrremenls
- _for type "N“ Irme in ASTM C 207 “Hydraled L|me '

-- _TS'1?-1 o



17.3 CONSTRUCTION
17.3.1 Wet Stone Masonry Walls

17.2.1.1  General

This clause refers to the construct[on of wet stone masonry walls including,
but not limited to, retalnmg walls parapet walls, flood walls and leaning
watls . : : _

17. 2.1 2 Selectlon and Placlng

When the masonry is to be placed ona prepared foundatron bed, the bed
shall be firm and normal to, or in steps normal to, the face of the wall, and
shall have been approved by the Engineer before any stone is placed.

Care shall be taken to prevent the bunching of small stonés or stones of the -

~ same size large stones shall be used for the boltom courses and large
selected stones shall be used in the corners. : . ,

- All stones shall be cleaned thoroughly and wetted |mmed|ately before bemg

- set, and the bed which is to receive them shall be cleaned and moistened

before the mortar is spread. They shall be laid with their longest faces
horizontal in full beds of mortar, and the jomt shall be flushed wrth mortar.

- -,'_‘The exposed faces of mdwrduat stones shall be parallel to the faces of the
_ walls in which the stones are set S

" The stones shall be so handled as not to jar or drsplace the stones already

- sel. Suitable equipment shall be provided for seiting stones larger than
- those that can be handled by two men. Rolling or turning stones on the walls
will not be permitted. If a stone is loosened after the mortar has taken initial

“set, it shall be removed the mortar cleaned off and the stone relaid with

- __fresh moriar.

17213 Beds and Joints

Beds for face stones nnay vary from 20 mm and to 50 mm in thrckness fhey "

shall not extend in an unbroken line through more than five stones. Joints
- may vary from 20 mm to 50 mm in thickness. They shall not extend in
- unbroken line through than two- stones. They may be at angles with the
" verlical from 0 to 45 degrees. Face stone shall bond at least 150 mm

longitudinally and 50 mm vertically. At no place shall corners of four stones

i ) be adjacent to each other

- Beds for vertical faced walls shall be level and battered walls may vary from -

level to normal to the batter Ime of the face of the wall :

17 2.1. 4 Headers

Headers shall be dlstnbuted umformly throughout the walls of structures so

" as to form at least one fifth of the exposed faces. They shall be of such
lengths as to extend from the front face of the wall into the backing at least

300 m. When a wall is 450 mm or less in thrckness the headers shall extend :

entlrely from front to back face
C17.2. 1 5 Backlng _ : - -
- The backlng shall be bullt wrth greater than 15 percent of slones havmg a

minimum dimension of 200 mm. The mdlvrdual stones composmg the'

TS 17-2



backing and hearting shall be well bonded with the stones in the face wall
and with each other. All openings and interstices in the backing shall be
filled completely with mortar or with spalls surrounded completely by mortar.

17 2 1 6 Porntrng |

Joints not pointed at the trme the stone is lard shall be thoroughly wet with
clean water and filled with mortar. The mortar shall be well driven into the
joints and finished with an approved pointing tool. The wall shall be kept wet
while pointing is being done and in hot or dry weather the pointed masonry
shall be protected from the sun and kept wet for a perrod of at least 3 days
after completron :

'Afte_r the pointing is c0mpleted and the mortar set, the Wa_ll shall be
thoroughly cleaned and left in a neat and workmanlike condition.

17.24.7 Plastering

Plaster, if called for shall of the same mrx proportrons as for mortar. Before

" plastering commences the suiface to be plastered shall be cleaned of any

.. dirt, grease, organic matler or any other deleterious substance The surface

* shall then be wet with water. Plaster shall be applied so as to flrmly key into

the surface being treated. The finished surface shall be uniform in texture

and regular in appearance. Fiat surface shall be flat to a tolerance of 10 mm
measured with a 2 m [ong strarght edge S

--:17218 Coplng : : e . .
,Copmgs if called for shall be as shown on the Drawrngs Where coprngs
~are not called for, the top of the wall shall be finished with stones wide

- enough to cover the top of the wall from 450 mm to 1 metre in length, and of

- random heights, with a minimum herght of 1560 mm. Stone shall be laid in

such a manner that the top course is an integral part of the wall. The tops of

" the top courses of stone shall be pitched to line in both Vertlcal and
horizontal planes

-17219 WeepHoles'w'ff : i :
: ~ All walls and abutinents shall be provrded wrth weep holes. Unless
- otherwise shown on the Drawings or directed by the Engineer, the weep
" holes shall be placed at the lowest points where free outlets for water can be
* obtained and shall be spaced not more than 2 metres centre to centre

| V.Weep holes shall be constructed in accordance with the requrrements of
- Sectron 18 ofthe Technrcal Specrfrcatron Weep Holes L

17 2 1 10 Cleanrng Exposed Faces

, lmmedrately after being laid, and whrle the mortar is fresh all faces stones
- shall be thoroughly cleaned of mortar stains and shall be kept clean until the
L work is completed S

17 2.1. 11 Currng o

~The masonry shall be satrsfactorrly protected from the s_un and shall be kept
wet for a perrod of at Ieast three days after completron B

TS 17-3 :



: 17 3.2 Wet Stone Masonry for Revetment Facmg

17.3.2.1 General o

This clause refers to the use of wet stone masonry for surface orotection
construction in revetments or where otherwise requued to complete the
Works. : .

17 3.2.2 Preparatton '

The gravel bed shall be compteted to the approval of the t:ngrneer prior to
placing wet stone masonry.

All concrete work around the penmeter of the mtended wet stone masonry
~work shall be completed to the satisfaction of the anlneer prior to
commencing wet stone masonry.

17 3.2, 3 Selectton and Ptacrng

AN stones ‘'shall be cleaned thoroughly and wetted |mmed|ately before being

. set, and the grave! bed which is to receive them shall be cleaned and
. mmstened before the mortar is spread. They shall be laid with their longest

.. faces horizontal in full beds of mortar, and the Jo:nt shaII be flushed with
- moitar. o o :

~The exposed faces of lndmduat stones shall be parallel to the faces of the
revetment face in which the stones are sel and the pattern shall be regular.

set

17 3 2 4 Beds and Jomts

Beds for stones may vary from 20 mm “and to 50 mm in thlc!fness At no
: place shall corners of four stones be ad;acent to each other L :

17.3.2. 5 Pomflng

- Joints not pomted at the tlme the stone is laid shall be thoroughiy wet wrth
~ clean water and filled with mortar. The mortar shall be well driven into gaps
B between stones with a pointing fool. Stones shall be proud of the pointed
. mortar by approximalely 30 mm. The wall shall be kept wet while pointing is
" being done and in hot or dry weather the pointed masonry shall be protected

from the sun and kept wetfora penod of at least 3 days after completlon

After the pomtlng is completed and the mortar set, the wall sha_ll be

thoroughly cleaned and left in a neat and workmanlike condition.

17326 WeepHoles o

" Weep holes shall be constructed at the Iocatlons as shown on the Drawrngs "
or as directed by the Engrneer in accordance w:th the reqwrements of ,

Sectlon 18, Weep Ho!es :

17 3 2.7 Cleanlng Exposed Faces o

Immediately after bemg Iard and whlte the mortar is fresh aII faces stones . |

- shall be thoroughly cleaned of mortar stalns ‘and shall be kept clean until the
work is comp!eted

TS 174
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17.3.2.8 Curing

‘The masonry shall be satisfactorily protected from the sun and shall be kept

wet for a period of at least hree days after completion.

17.3.3 Chipping of Existing Masonry .

17.3.3.1 General

This clause refers to the chipping back of the surface of exisling plastered
masonry walls in order to prepare them for joining new masonry to the old.

17.3.3.2 Method of Executron

174

All plastering shall be chrpped back as shown on the Drawings in order to
expose clean stonework of the existing masonry structure.

The chipped surfaces of existing masonry against which new masonry is to
be placed shall be brushed clean, and welted with water . New masonry
shall not be placed until the prepared surface of the exisling masonry has
been mspecled and approved by the Engineer.

_ Masonry extensions f{o prepared surfaces shall be laid in accordance with

the specification for new stone masoniy above.

MEASUREMENT AND PAYMENT
Wet Stone Masonry

Measurement will be made of the vo!ume of stone masonry complete in
" place and accepted. Projections extending beyond the faces of the walls will
" not be included. In computing the quantity for payment, the dimensions used
-~ shall be those shown on the Drawings or ordered in wriling by the Engineer.

No deductions shall be made for weep holes, drain pipe, plpe or other
openlngs of Iess than 0.01 square metres in area.

Payment will be made at the unit pnce entered in the priced Bill of Quantities
which shall include full payment for providing all labour, materials, tools,

" equipment and any other works mcrdental to the completron of stone

masonry.

Porntrng

e Measurement wr!l be made of the area of the surface of wet stone masonry
- in which the mortar has been pointed and accepted. The area measured will

. be the gross area which includes stone and pointed mortar. No deduction

~ shall be made for the areas occupied by slone weep holes or openmgs less
* than 0.01 square melres. : _

Payment will be made at the unll price entered in the priced Bril of Quantrtres'

* which shall include full payment for providing all labour, materials, tools,
equment and any other works mcrdenta! to the completron of pomtrng

o Categorres of work to be pard under this clause are as fO”OWS

Descrip_tion S R Unit of Measurement *
Wel Stone Masonry' E : o 3
Pointing S om2
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SECTION 18. GABIONS AND MATTRESSES
GENERAL

This section of the Technrcal Speclfrcatron covers the requuements for
Gabions and Gabion Matlresses (also known as reno mattresses).

: Gabions shall be flexible galvanised wire boxes of the size stated in the

Drawings, fabricated of wire mesh of the type and size, and selvedged as

- specified as specified below. Each gabion shall be divided by diaphragms
- into cells whose length shall not be greater than the width of the gabion plus

18.2

1824

100 mm except in the case of reno mattresses where the dtaphragms shall

" have a maximum spacmg of 600mm.

MATERIAL REQUIREMENTS o

Gablon Wire Mesh Baskets

- Wire
.ere used in the fabrication of gabrons and in the wiring operatlons during -~ .

construction shall conform to AASHTO M 279 (ASTM A 116) having a

. tensile strenglh of not less than 350 MPa (3500 kglcm) The minimum
weight of zinc coating shall be 250 g!m :

The adhesion of the zinc coating to the wire shall be such that when the wire
is wrapped six turns around a mandrel of four times the diameter of the wire,

it shall not crack to such an extent that any zrnc can be removed by rubbrng _

with the bare fmgers

" Where shown in the Drawmgs or shown in the Brlt of Quantutles wire,

galvanized as specified above, shall be coated wrth PVC in accordance wrth '

. the manufacturer s recommendatlons

Manufacture
The mesh shall be hexagonat woven mesh wherein the ;omts are formed by

" twisting each pair of wires through three half turns. The diameter of the wire

‘shall be as shown on the drawings but not less than 3 mm for body wire, 3 9

: mm for penmeter w1re and 2.4 mm for tymg and connectlng wrre _

The undisturbed size of the mesh shali be as shown on the drawmgs but -

~ shall not be greater than 80 mm by 100 mm. The tighiness of the lwisted

" joints shall be such that a force of not less than 1.75 kN pulling on one wire

s required to separate it from the other wire when each wire is prevented
from turnlna and the wrres and the applled force are in the same plane -

The wire mesh shall have elastac prOpert[es sutf(cient to permit elongatlon of :
the mesh equivalent to a minimum of 10% of the length of the section of

- mesh under test without reducing the gauge or tensile strength of individual
" wire strands to vatues less than those for a S|m|Iar wwe one gauge smaller in

diameter. . © .

All edges of the gablons dlaphragms and end panets except as stated
below shall be selvedged with a wire of which the diameter is 256% grealer

<, ,than that of the wire used to form the mesh. Where the selvedge is not
<o woven |ntegrally with the mesh but has to be fastened to the cut ends of the
... mesh, it shall be attached by binding the cut ends of the mesh, so that a

: force of not less that 8 5 kN apphed in the same ptane as the ‘mesh, at a

TS_18-1 >



point on the selvedge of a mesh sample of lenglh one (1) metlre is required
to separale it from the mesh. : . .

The diaphragms and end-panels shali be selvedged on the top and vertical

~ sides only. The end panels shall be attached by twisting the cut ends of the

mesh at the boitom of the panel about the selvedge on the base of the

~- gabions. Similarly, the diaphragms shall be attached by twisting the cut ends

of the mesh to the twisted joins of the mesh of the gabions. In each case the

_force required to separate the panels from the base shall not be less than

' . that requ:red to break the mesh over the same Ienglh

: Sufﬂcrenl blndlng and connecling wire shall be supplxed w:lh the gabions to

- perform all the wiring operations to be carried out in the construction of the

1‘5.‘2;2

183 |
- " . Gabions and Gablon Matlresses

- gabion work as staied below The dlameter of the b:ndrng w:re shall not be

less than 2.20 mm.
Tolerances

A tolerance on the diameters of all wire of + or -- 2.5 % shall be permitted.
The length of the gabions is subject to a tolerance of + or — 3 % and the -

width of gabions 1o a tolerance of + 6r — 25 mm. All other gabion dimensions

. are subject to a tolerance of + or — 3% of the sizes shown on the Drawings.

Stone FIII

Stone fill material shall consist of hard durable stone of mmlmum drmensmn
100 mm and mammum dlmensron of 250 mm. :

CONSTRUCTION

. Pnor to constructlng gabions the bed on wh|ch lhey are _to be placed shall be

| cut to the fines and profiles as shown on the Drawings.

- At least two rows of emply boxes shall be wired together al the face of

The placement of the gabion boxes shall be came_d out in an orderly manner

so that a face of mcomplele work is maintained.

_ , uncompleted work prior to filling the box closest to the completed work. Prior
__to filling any box, one end or side of the box shall be secured to completed

works or to stakes driven into the ground at the corners or in any other
approved manner and the opposite end, side or corner shall be stretched

_W|lh crow bars and secured to and bollom in a suitable manner

_"‘Stone fill material shall be placed carefully in order to ensure that it is tlghlly
- packed with a minimum of voids. The boxes shall be filled to between 25
_ . mm and 50 mm above their tops. The top layer of matérial shall consrst of

B selected small stone not less lhan 100 mm mlmmum dlmensmn ,
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" Gabion Mattresses

- Payment shall be made at the rate entered |t the pnced Btll of Quantltles

MEASUREMENT AND PAYMENT

Measurement shall be made of the volume of gablon matiresses in place
“and accepted by the Engineer. - : ; o L

~ which shall be full compensatlon for the cost of mateérials labour, tools,

equipment and incidental items necessary to - complete - the- Works in -
" accordance with lhe Drawmgs lhe Specmcatlon and lnslrucllons by the

* Engineer.
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Categories of wbrk to be paid under this clause are as follows:

Description Unit 6f Measurement

Gabion Mallress t=500mm (Galvanized) m
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