
DIBECTORATE GENERAL
MINISTRY OF

REPUBLIC

OF HIGHWAYS
PUBLIC WORKS
OF INDONESIA

,/A\ aUsrRALraN
I faN) | TNTERNATTONAL DEVELOpMENT

\ /V ASSISTANCE BUBEAU

BRIDGE MANAGEMENT SYSTEM

BRIDGE
CONSTRUCTION

SUPERVISION

<DsMEc sMEc t ( inh i t t Jo in iven tu@

MANUAL

JANUABY 1993

Kr hru

SALI
NAN



SALI
NAN



TAELE OF CONTENTS

PART 1

5

L

21
21

2-2
23

3.1
3-1

32
32

33
33

51

5 l

52

1.1  SCOPE OF CONSTFUCTION SUPEFVISION MANUAL
1.2  OAJECT]VE OF MANUAL
1.3  OUTLINE OF MANUAL

GENERAL ASPECTS OF CONSTRUCTION SUPEFV]S ON

2.2  PLANN NG AND SCHEOULING OF PFOJFCTS
2,3  RECOFOLNG ANO FEPONT NG
2,4 PROJECT SUPEFV SION
2 5 OUALITY CONTFOL
2.6  F  NANCIAL CONTROL
2.7  F  NAL SATION OF PROJECT

CONTFACT ADMIN STRAT ON

3.2  IYPES OF CONTAACT
3.3 CONTFACT OOCUMENTS

3.3.1 nroductory oocumenraion
3.3.2 G€n€ra Condirons of Conract
3 .3 .3  Spoctca t ions
3.3 .4  a tO SCHEOULE

3,4  SUBCONTFACTS

4.2  PROGRAMMING AND SCHEDUL NG

CONTFACT REOUIFEMENIS N PRECONSTRUCTION

SLJPEFV S NG ENGIN€ER

NORMALLY DELEGATED TO THE

NOT NOFMALLY DELEGATED TO IHE
FNGINEEF

SALI
NAN



6.

3

OUTIES OF THE SUPERVISING ENGINEER

6.2  SUPERV SION AY ENGINEER
6.2 I Gena.al
6.2.2 Project Ollicel
6.2.3 nspector

6 .3  SUPEFV]S ON BY SUPEFV SING ENGINEER
6.3  1  G€n6r6L
6.3  2  Drawings  6nd Sp€c i tca t  ons
6.3 3 lnlormaton requested by th€ Conracto'
6.3 4 lnsp€crion ol Matenals and Work
6 .3  5  Not l i car io .  o t '  Non Complance wth  Drawinqs  and

Spec l i ca i io is
6 .3 .6  Check .g  o f  Se l tng .our
6 .3 .7  Non Complance wth  Beg l la t 'o .s
6 3.4 KeeDlnq Redords
6 3.9 l.formation lor Monrh y ProOress Payments
6 .3 .10  Var6 t ions  or  Changes to  rhe  Works
6.3 .11  As-Consnucted  Orawnqs
6 .312  Repo, t  n9

HANOLING OF MATERIALS
7.1  PFOCUFEMENT OF MATEF ALS
7 2  CONTBOL OF MATEF ALS
7 3 STORAGE OF MATERIALS
7 4  NANDL NG OF MATERIALS
7 5  TEST NG OF MATEBIALS

ADMIN STRATIVE PROCEDURFS FOR SUPEFV SION OF BFIOGE

4.2  PROGFAMM NG AND CO OROINAT ON
A 3  ACTION PR OR TO COMMENCEMENT OF WORK
A 4  IN T  AL S TE MEET]NG
A 5  SITE MEETINGS GENERALLY

€ 7  SAFETY ON THE JOB S]TE

3.7 .2  Job Sa lery
3 ,3  TRAFF C CONTFOL OURING CONSTRI ]CTION

3.4  2  Trave l  nq  Pub ic
A€3 SdeTracks

AS5 wa,n fq  DevLces
436  BrdseWidennq

3.9  F  NAL INSPECTIONS

6-1
61
62

62

63

8.1

s.r
4.2
a2

33

SALI
NAN



"o 9,

l 1

USE OF REPOFTING FORMS

9.2  ORAWINGS ANO SPEC F CAT ONS

9.2 .2  Drawnqs tssued
9.3  ADMINISTFAI IVEFORMS

9 3.2 Cor€spondence
9 3.3 Measurement Book
9.3 .4  Payments

9 .4  TECHNICAL FOFMS

96 PHOTOGRAPH C RECORDS
9,7  JO NT INSPECT ONS

PERIODIC REPORT NG PNOCEDURES
10.1  REPOFTNG BY THE SUPERVIS NG ENGNEER AND HIS

r  0 .1  I  Proqress  nepo^s
1O 1 .2  Proqr€ss6.d  As .consruc ted  Dr6winss

10.2  FEPORTINC BY THE EN6INEEF

PREPARAI ON OF PROJECT COMPLETION REPORT
] ] . ]  F INALISAT ON OF CONTRACT

1 1 .1 .1  cenera l
1  1 .1 .2  Prov is  ona l  Handover
r r . r  3  F ina  Handov€r

11,2  AS-CONSTFUCTED DRAWINGS
11.3  COMPLET ON REPOFT

r  r .3  1  Conracr  Dera i ts
11 .3 .2  Consnu. t  on  O€tars
I  r .3 .3  Comments  on  O€sgn and Consrucr ion
I I 3.4 Comhenrs on Conractor,s performa.ce

9.r
92

10  1
101

T l  l

11 .2
11  2

113

SALI
NAN



PART 2

12

13.

GENERAL ASPECTS OF TECHNICA!  SUPERVIS]ON OF
BFIDCE CONSTFUCTION

SETT NG OUT OF BRIDGFWORKS

13.2  HOF ZONTAL GEOMETBY
13.2 .1  Con i ro r  L .e  Sysrem
13.2.2 Coordinaie Sysrem

]3 .3  VEFTICAL GEOMETFY
I3 .1  SUFVEY CONTBOL MAR(S
]3  5  SETTNG OUT OF STRUCTI ]8AL ELEMENTS

l3  5  3  Foot ings  a .d  P ie  Caps

13.5 .5  Crossh€ad

r3 .5 .7  Be6hs and Gt rders
13.5 .3  Oecks  and Parapets

14 2  SPREAO FOOTINGS

14.2.4 T.mminA and Preparation wor(

14 .3 . r  Ov.dm c  Formu a€
14.3 .2  P le  Dr iv inq  0perar ions
14.3 .3  P le  Groups
r4 .3 .4  o l i cur  Ground and Obstac les
l4  3  5  Frna  Lo .aron  o l  P  es  in  Group

144 BOFEOAND CAST N PLACE PILES
14 5  WELL CA SSON CONSTFUCT ON

15 1  BAS C PBINCIPLES OF REINFOFCED CONCRETE

132

13-3

14  2

14  15

r5-a

r5-9
15 10
15 10

153

I5 .1 .2  Types  o i  S tesses  r !und n  a  S t ruc tu ,e
15.1 .3  The Oesg.  o t  Re in fo rced Concre te
INSPECTION AND OUAL]TY CONTROL OF MAIEF ALS

SALI
NAN



15.4  STOBAGE OF MATERIALS
15.4  1  Cemeni
15 4.2 Aggr€gaie
15.4.3 F€nlorcing Ste€
15.4.4 Presnessing Snand and Bar

15.5  CONCRETE MIX DES GN

15.5 .2  Mx Das i ln
15.5 .3  Ch€mica lAdmix tu res
15.5 .4  F ib re  Se. lo rcemenr

15 6  CONCRETE PRODUCTION
15.61  ce .e ra
15 6.2 Ready Mi:ed Concrote
15 6.3 Sne Batched Concr€r€
15.6.4 Batchinq 6nd Mixing
15 6 .5  Emergency  Mix ing
15.6 .6  Aecord  o I  Marera  s  t i sed
15.6 .7  C€a. rnq  L lp

J 5 -  H A \ O . I \ G  O - A C  N W  A N D  C O V D A C  I ' N !  C O \ .  R q - E
15.7 .1  Ha.d  ng  Concre te
15.7 .2  Co.c re te  P lac  ns  Fqu ipmeni
15 .7 .3  P !mped Concre te
15.7 .4  Pac ing  Concre le  in  Forms
15.7 .5  Pac ing  Concre te  Underware l
15 .7  6  Trans i t  Mrers
15.7 .7  Compact ion
15.7.3 Emerqency Consrruction Joints
15.7.9 Hot Weather Concrat nO Precautions

15.3  CUF NG OF CONCAETE
15.3 .1  Reason ro r  Cu ' .9
15.3 .2  Cur  nq  or  Concre te
15.3 .3  S team CurnO

]5 .9  TEST NG CONCRETE
r5.9  I  Reasons lo r  Tes t .g
l5  9 .2  S lump Tesr
15.9.3 Compressive S0ength Tests
15.9 .4  Tme o i  Tes t  n9
15.9 .5  Accep iance and Re lec l lon

15.10 .2  Cored Hores ,  Ho ld ing  Down aohs  and F i t  i ss
15.10 .3  St l  pp fg  and C lean iO

15.1  1  CONCRETE SUPERSTNUCTURES

15 r  r .2  Precasr  L ln6
15  11 .3  Deck  S iabs
15 11 .4  Forminq Vo ids

]5  12  CONSTRUCTION JO NTS
15.12. r  Gen€ra l
15 .12 .2  Loca lon  o f  Const ruc t  on  Jo . ts

15-11
l5  1 l
15 . r1
r5 .11
1512
15  12

r  5 -12

r  5 .15

15  19

15  2 l
15  22
r5  23
15  24

15  26
15  27
15  27
15  27
15  2a

15  29

15  29
15  30
15  3 l
15  3 l
15  31

r5  32

15  36
r5-36

SALI
NAN



I5 .13  SURFACE FJNISN
15,13 .1  G€n€6
15.13 .2  Concre te  F in ishng Equ ipment
15 13 .3  l . i t ia iF rn ish
15.13 . / r  F ina  F insh
1 5 .13 .5  F in lshng A i ie r  Femova o f  Forms
15. r3 .6  Pro tec t ion  o t  Frosh Concrere  Sur f6ces
15.13 .7  Sudace F in ishr .g  o f  Concre te

]5 .14  MISCELLANEOUS
I5 .14  1  F€pat  o f  DeJec ts
r5 .14 .2  Ormensona Toerances
r5 .14 .3  No F ines  Co.c re te

PFESTFESSED CONCFETE

16.1 . I  l i t roducr  on
16.1 .2  Sysrems o1 Presvess
16 . r .3  Mate r6s
16.1  4  Presress  Losses

16 2  PBECAST MEMBERS
16 3  RE NFORCEMENT

16 4  1  Gener6
16 4  2  Cemenr
16 4 .3  Sampins  and Tesrng
16 4 .4  Compacr ion

16.5  PFECAST PNETENS ONED OECK UNTS
]6 .6  TRANSVERSE STRESSING

]  7 .1  FABRICAT ON OF STEFLWOFK
17 r . r  Ge iera l
I7  r .2  Drawings
l7 . l  3  Fab lca t  o .  ProcedLres

11 2.1 Geretal
1J .2  2  P tenear
r7  2  3  0s ro i ton
l7 2 4 Olalilcat o. ol Werd nq Operators
17.2 .5  O la l i f c6 t  d .  o l  Weld  ns  Proc€dures
17.2 .6  E lecrodes
17.2 .7  nspec lon  and Werd  F€parc

17.3  ]NSPEC- ION OF FABRICATEO ST€ELWORK
r7.3 . r  Gerera l
17 .3 .2  nspec i  on  o f  Wedrnq
]7 ,3  3  Defec ls  ln  wednq

17 4  PFOTEC' IVE TFEATMENT
r  7 . r  1  Gene,a l
l7  r r .2  Sur face  Prepa ia t  on
17.4 .3  P i  mers
17.4 .4  U.dercoats
17.4 .5  F f ishes  {Top Coats )

r5  33
15 33
15 33

15 39

r6-3

1q9

SALI
NAN



17,5 HANDL NG AND SIORACE OF STEELWORK
17.6  ERECTON OF STEEL STSUCTURES

17.6 .1  Gnder  Er€cno.
1762 l russ  Erecr ion
17.6 .3  Cross  &ac ins

17 1.1 Gene?l
1 7.7.2 High Strensth Botrinq
r7 .7 .3  F ie td  wed ino
r7.7 4 Repan of Protective Tr€aiment

BEAF NGS AND EXPANS ON JOINTS

]4 ,2  EXPANSION JO NTS

RAIL INGS ANO BARR ERS

]9 ,3  ALUMIN UM RA LS 
-

19 .4  CONCRETE BAILS ANO BARRIERS

TIMBER CONSIFUCTION

20.2  SELECI  ON OF T MBER

20.5 . r  Genera

20.5 3 Termires
2o.5  4  Mar .e  Borers

20.6  CUTT NG,  SOUAR NG AND TRIMM NG
20.6 1 G€n€ral

20 .6  3  Sawn T imbers
20.7  T IMBEF CONNECT]ONS AND SPL CES

20.3 .1  Prep6,ar io f
20 .3 .2  Hafdrng  a fd  P i rch inq
20 3 3 Divino
20 3  4  Cu(  ng  Of l

20  9  T IMBER SUASTRUCTUFE WOFKS
20.9 .1  Genera l
20 .9 .2  S .ar l  iO  o t  P  , "s
20.9 .3  C6ps,  wahnss  and Bracnq
20.9 .4  Corbes
20.9 .5  Sheer inq
20.9 .6  ko .work

131

243
20-3

SALI
NAN



20. ]O T  MBFA SUPERSTRUCTURE
20.10.1  G€n€ra
20. r0 .2  Gnders
20.r0 3 cross Gnders or cross Beams
20 l0  4  Deck ing

20.10 .6  tonwork
20.1O.7 Erection Merhods and Equipmenr
20.1O.3  Concr€ te  Deck
20.1O.9  Handra i lnq

2011
20'r l

21 TEMPORAFY BRIDGING

21.2  TYPES OF PANEL BR D6ING
2] .3  DESCR]PTON OF PANEL BF]OGING
2] .4  SELECI ION OF CONFIGI ]RATION

2] .6  CONSIRUCI  ON
2r .6 .1  Ge.era l
2 r .6 .2  S te  Layo l t
21 .6  3  Assembly
21.6 . / r  La !nch ing
21.6 .5  Jack inQ Down
2r .6 .6  Ramps

22 ]  COFFERDAM CONSTRUCTION
2211 S te€ lSh€6 t  P i lno
22.1 .2  Concrere  Shee l  P l ing
22.1 .3  &aced Co l fe rdams

22.1 .5  Suspe.dedCol le rdams
22 2  DEWAT€F NG OF COFFEROAMS
22.3  FEMOVAL OF COFFEROAMS

DES GN OF TEMPORARY WOFKS

23.2 .1  Ge.era l
23 .2 .2  O€sA.  Lo6ds
23.2 .3  Cacuat ions  and Oraw ngs
23.2 .4  Bracnq
23. : .5  Prov ison to r  Ad)us ime. t
23 .2 .6  Fou idar ions
23.2 .7  A  g .menr  o r  Memb€.s
23.2 .3  Proore taryFarsework
23 2 .9  nspec i  on  Check is i

23 3 1 Scattoder's Responsibi ty
23 .3 .2  Us6 o f  Sca i lo ld  nq
23.3 .3  Types  o l  Scat lod ing

22.

21.

21 1

21 1

222
222

23-5

SALI
NAN



23.4.1 eehe'.|
23 4.2 TypcalFom Assembtes
23.4.3 Oesign or Fo.mwork

23.8
23-8
234

23 11

252

25.3
253
253

24.2  PROPEFTIES OF EPOXY RES NS
24.3 APPL CATION OF EPOXY RESINS
24.4  USE OF EPOXY RESINS

24.4 .1  S€L€cr ion
24 4.2 Sudace Pr€pararion
24 4.3 Mix Propofr o.s

24 4 5 Epoxy Mo(ars and Concr€r€s
24 4 6 S€alnq Concr€te Cracks

24.5 SAFETY PRECAUTIONS
24.7  PRODUCT INFOFMAT ON

DEMOLITION AND REMOVAL OF STFUCTURES

25.2  EXPLOS VES
25.3  CONCFETE STRL]CTURES
25 4  T IMBEF STRUCTURES

25.6  PRESTRESSEO CONCRETE AR DGES
25 7 EXTRACTING PILES
25 3  UNDEFWATER CUTTING OF STEEL

25.

a

26.

APPENDICES

STANOARD FOFMS FOR BF]DGE CONSIFUCTION SUPERV SION
(AOMIN STRAT VE ANO TECHNICAL)

EXTRACT FRoM:  THE USE OF F o lc  CONDI I IONS OF CONTRACT
FOR WORKS OF CIV L  ENGINEEF NG CONSTFI ]CTION'

SALI
NAN



SALI
NAN



o

a

DIRECTORATE GENERAL
MINISTRY OF

REPUBLIC

OF HIGHWAYS
PUBLIC WORKS
OF INDONESIA

BRIDGE CONSTRUCTION
SUPERVISION MANUAL

PART 1

ADMINISTRATIVE AND
MATTERS

PROCEDURAL

JANUARY 1993

DOCUMENT NO BMSg.M,E

SALI
NAN



SALI
NAN



TABLE OFCONTENTS

] . ]  SCOPE OF CONSTRL 'CT ]ON
] .2  OBJECT VE OF MANIJAL
] .3  OUTL  NE OF MANUAL

SUPEFV S  ON MANIJAL

o

SALI
NAN



SALI
NAN



1.

1.1

Ths Manla describ€s procedlres
and Bidge Rehablitaion proJecrs
lDGH) Proj€cts are usLa yc6ried
is  a lso  app lcab l€  ro  works  ca i i  ed

SCOPE OF CONSTRUCTION SUPEBVISION IVTANUAL

PABT 1

INTRODUCTION

ro b€ lolowed lor supe,vision or Bridse Fepacemenr
undeftken by rhe Dreclor6le Genera of Hiahways
our byc.nnadblt much o1 ihe .anteni ol rh s Manua

Tho Manua l is  d iv ided in io two paG.  Pa(  1  (S€cr  ons  r  1o  11)covers  6dmnis t61ve and
proceduraL maters issociated with sup€tuis on ol projecrs. Part 2 lsect ons 1 2 1o 26)
covers te.hnlcal asD€crs ol consructon suoervison.

1_2

The obrec tve  o l the  consrucron  supervs  on  Manua s iosrenqrhen lhemanaoemenro l
the bdse constuciion process a.d mprov€ th€ qualry of bdge consrucron. The
ManLa conla ns slandard p,ocedures and su delines ior the supervis on of br dso proiects.
app'cation of u.'form and adequate slpervsion procedLres wil assist to enslr€ bridoes
are compered wthin time and bldset constraints,6nd wi be consvlcted . accorda.ce

rmprovem€n n rhe qual ry ol constiLction w lLlessen the need lor repan and rehabinaton
o l  b rdqes  earv  n  then servce  i le

OBJECTIVE OF MANUAL

OUTLINE OF MANUAL

The M6nua descr bes rhe componenrs ol rhe slperv s o. pro..ss . a los ca and o,de,ed
manner. standard tormsareinc uded whLch can be lsed for nspecnon and t€stins caii ed
oL_ d .  pa ' r  o r  rL le  s .  pd . ' .  on  o
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The Manua 's dMd€d i.to the totowrng secions:
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10.
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Dulies ot lhe Superulsng Engine€f

Admnstralve Procedlreslorsuperyisonotaridq€ conslrlclion
Us€ ol Feponng Foms
Pefodic Fepod ng Procedlres
Preparalion or Projecl Compretion Reporr
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20.
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Gene6 Asp€cls oi Techn cal Superuision oi Brjdae Conslrucrcf
Seung Olt ol Brdqeworks

aear ngs and Expansion Joinls
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oehoiro. and Renova ot Struclures
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2. GENERAL ASPECTS OF CONSTRUCTION
SUPERVISION

GENERAL

Elfective and uniom sup€fvison and manaqement ol bddoe consnucton aclvries
invoLvas linancial, technica, sch6duing and cont6cru6l conto s.

Ths S€ciion presents an overvew ot th€ slporvsio. proc€ss and intoducas the othel
S€ct ons ol the ManLal.

Projecl pL6n^ins coversrh€ p ann nO th6t snecessaryto ansur€ that a pfoj€cr isorga.is.d
and caded out ln an elficia.r mann€r.

llhe cofstuct on wofksare to be c6r ed out n an orqan zed m amet, a ConstLctian Tlne
Schedute  s rcwned.  Th isshowsthevarous t6sks6ndact iv i t ies raquredrocompl€ t€ the
b,dge andrh€ rolationsh ps between these lasks. The dependence olon€ taskon anorher
dictates wh€n individua tasks ca. be csiied out.

ll resources requned lof €ach task 6€ lncluded, Resor..e S.hedutes can he ptepated.

Section 4 ollhls Manlald€scrib€s in more d€tai how ih€ vaaous Schedules are pr€pare!
and how they ar€ used as a conto d€vic€ dling constlction.

PIANNING AND SCHEDULING OF PBOJECTS

RECORDING AND REPORTING

The co lection and p,ocess ng of data gath€red dur.g rhe sup€rv s on process is anintelraL
pa( ol supervsio. o. consvucron projects.

s!petuision on a constucr on proj€ct roqutes :

. mo.itori.S ol the proqress of the work compared to the Cont'actor's

mpiance wth thetechnica re.rliremenrs ol rhe
Specilicalon (Oua iiy Conrol), and

! monirorng rhe overa I cosl ol the projeci.

-rh€ inspecrlon repods a.d test resllts q6fiered by the Supervisng E.9 ne€rand hs nalr
are used ro 6ssembe 3 pclure or progress on tlie project. l. addrion, rhs data records
wh6locc!.soitheprojectasrhewofkprogresses. Deta ls such as the €tfects ol w€lher,
ind!sti6ldisplles, and deays due ro the Emp oyer's lairuta to provide mateials on time
erc, are @corded and may be used ir a dispure arises wilh the co.racror to show what
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-ti: dara is aLso L.ad as lhe bds,s ot Mo.rrtY o,ogress Repols dnd orhe,Fepons wnca
ar€ ,eqwed by  the  Empov€r  I

R€cordinq af d r€port nq s describe! i. more deta I in Sections 9, jO and I t.

PROJECT SUPEBVISION

Project supervsion nc udes not ony O@try Coniro
aenera , rhe contracror,s pfogGss, and tho methods

It:s Lsuallorih€ sLpetuising Enqine€r and his slaft to monitor the progfess ot e6ch activiry
usrng rheT'me sched!re which wassubm ned by rhe conrracroras reo!ired bvthe Ge.eral
Condrions ol Conract Ths Schedlte s used as the basts 6qainst which proqress is

Th€ Contractof shourd b€ requesbd ro suppty d€tai ed schedutes for at maloracrivires, in

The rype, avai6briry and producrivity or the Co.tracto.,s oquipment shoud b€ recorded
and ,epo(ed. Any s'gnilcani changes shoutd be discussed whh rhe conractor.

Inlormar on on the classificai on and numb€r ot tabour !s€d o. the projecr isaso gathered
1o establish ihal the contracror s6beio compele the tasks on rime and ro rhe;pecit ed
quaily. For exampe, if the.€ are too t€w carpenterc on rhe site, the. there may be
potenta probl€ms with constucnon of tormwofk in $e ineframe nominated by the

waathe. r€cords shoud ncud€ rhe acruat weather condiuons such as dre daiy malimln
mounr or rainialterc. and a so shou d indicar€ the ofiect on

rhe projecr. There can be qure a dilterenr etfeci on the Drolect caused by 50 mm ol rain'a  iaod .  5o-  Lor l -d r r r . s "o  o r  Jo - f  o r ,a r  rd l r sa r
r  wo r  L  oJd  bP l .  Lddd

qc  odsr  oLoa30b . t .p ro i  \o r . -ep .o ,p . r  ^  n \ ie>

analyzed. Ihe number oi manhours per u.1ol measurem€nt, rhe number of eqlipment

or pr nq drve. per houo should be record€d for tur!re !se.

These records aG va uabe in rhe case ol a dspute wrh the contractor over rate oiproqress, a.d wrlralso be usel! to prepaie a darabase oi tnformarion tor !ss by Enqineers
n p.epa!.q iltu.e owner's Estimates 10€). oE s ar€ reqLted tor each projecr which goes

to iender. Th€y are !sed n Bd E!atuatan as one .rjrer on tor setect.q rhe coniracror.
F€cords irom prev ols lsm ar) projects torm rhe basis rorihe preparar on ot th€ OE,s for
tuL 'o  do-  I  . c roao .o  o . ld

'P .o .PSrp . . ' 5 ' sE 'sJ .
n  sec t ion5 5  and 6  0 i  rhe  Man! :

bui also monilo,inq ol tha projecl in
usad to cany out the work requr€d

)2
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sect on 8 01the Manuatdescibes
tollowed lor suporvision ol bddge

'n detai the admlnsnative pfocedlr€s which sholld be

work bid by the Co.nacror are subsranially
ihe Superuis nq Enq neer can 6!ercis€ contio

Ouality Contol means the asslrance that att wofk cairied oui bv rhe Conracror 3nd
acc€pted bytheEn0in€er confomsioihe roqunementsollhe oraw.Os, Specif car onsand
otherdoclments and nstruct ons trom ihe EnOineer whtch may be issLed 6srhe Conracr

By prosressvely cary.g olt checksand testsolthe Contra*or's work, the Emproyer can
be assLred that the Wo.ks wil b6 buh io the speciled sl6nd6ds ol qlatity.

Tha leve ol qualty acheved is often dnecry propo^lonal to the ahouni ot slpervsion
€ffotr by the Engin€e' and hs stalf. The connactor wi aeneralty nv ro satsty the
roqur66enis or rhe speciricar o. wiih dre minimon oI eftd(,.nd ir is essenrialth't rhe
supervisnq Enq neer and hs srafl ensure thar rhese reqLnements 6re acruatv achieved.
olt€n t is necessa,yio advisa rhe contra.ror thar the qu6ity targ€t ol the soec car on
wilbe un ike yro be met ilrhe Convaclor does not atso meei nrer m qua ity reqlnements,
eq. the specfie'l srandard ol surface lnish ol concrete reounes rhat rhe materialused lor
lormwork does not have surface detecF and other mpertectio^s The use ot u'suirabe

necessarily cause lor rejefi on by rhe Engineer ar the staqe thrt the
mateaalls lsed, blr ir may make compliance wilh the requrements ol th6 Speclication
ex temey d f l i cu t  o r  p€rhaps  imposs ibe .

Mosr bridge co.tracts use lar The overan srandard of bridoe
constuc t ion  work  i s  la roey  conrorLed by  the  qua i ty  o l  ihe  marer6 ls  sec tonTot lhe
MenuaLd€sc ib6s  reqLnements  to r  mare '  a  s  hand lnq  and conro .

OUALITY CONTROL

2.6 FINANCIAL CONTROL

a.
Atholgh ihe Rates or Sums lor the tems of
l i xed , rhersareanumbero tha t te rs  nwhch
over the fin6 cost of the project.

a.ried o!t mo.rhly {or mo.e often ir requned)asa checI on
the proqress oi the work and to verJy !he fqures conta.ed in ihe Conra.tor's claim for

Measu,em€nis may be made separale y or as p6t of a lo nt inspeciion. The accu.6cy ol
these measur€hems w I dicrare the va!e ol the oavmenlto the conractor . a schedure
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It th€ Conlractor rs nsvucted ro cary out addiriona work on a Oavworks basis_ ca.€tul
r€cordino ol equipmenr labour and mateiats used is n€cessary ro conrol the cost. As a
general.ue, Daywods should be 6void.d and a Vatiation ro the Conract issued. Tha
Contraclofusualyincludesf6tesiorhsequipme and abo!r in rhe Schedoto ol OaVworks
whi.h areconsideably hioherihanrhose ussd ro makeup his originatbid. An.gfeed Rate
or Sum lor 6 varlarion is senefatty prete'red !n esslhe scope ol the add riona work c6nnot
be defined. ln this case, th€re is no arternative ro caryins our rhe work on a Dayworks

The S!peruising Enai.eershould e'sure rhat records ot eq!ipment and tabourproduc!vry
etc.,6re k€pr dL..q nomaloperaions ro asssr with rhe prictng of vari6t ofs.

The Slpetuisi.g Engineer shoud efsure rhat at ihe Emptoyer's obtigario.s lnder ihe
Contacr 6re het in a iim€ty manner so as nor to live rise to any turlr€ clatms to,
addirio.a costs and/or rime

2.7 FINALISATION OF PROJECT

Al the end ol the Cofract rhere ar€ s€veral adminisr.tive rasks which nlst b€ car ed out
by the E.gineer and hs srafl. rhese are describ€d in more detai ii Seci on 1r ol rhis

o
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3. CONTRACT ADMINISTRATION

GENERAL

Administation ol Connacr Works ls a complox procodu.e. Therwo mal. p.ncipl€s wh ch
shou d b€ remembered arc:

the Coni.act isa l60ally€nlorc€able aqreement betw6en two paftles, the
Contractof and the Employar, whsr€ n iha Contactor agroesro cary oLt
ce(a n Workswhlchare d€raied inrhe Cont€ci Docum€nts, nrarurnlor
p6yment bythe Emp oyer ar.ar€s or pr c€s submitr€d . rtu Conractor's

the Engl.serlorthe Contact isr.ra p6rtyto rhe Contact. Fle mLst be
mpafta and ndepennen!. lt is hs respons bihy to oversee tlre corect
ex€clion of the contract. Ihs mea's ensurinc the co.ftctor caries
olt the Works in accordance wilh the Drawings and Specilication, and
ihai the Enpoyer promply and co(ecny pays lor ths work. The
Employels aLso obiq€d to provde eipanations if discrepanqes are
contarned in the documenls.
the E.9 ne€r. Tho aurhority ol tha Eng.a€fls descr bed in tha Co.vacr

For Co.racts 6w6rded by the Dnecio.ar€ General of
empoyee or lhe Employar, so the roe of rhe EnO neer
st ve to preserue 'mpanialry a.d mlsl reaise thathe

ol the cont6cr wrholt the

F ohways, th€ Engineer 6 olren an
is a difJicLLr ro e. However, hemusr
has no author ry to am€nd or warve
aqreemeni of both paities to th6

The EnAineer must be member also that rhe Conracror has siqned the Coni.act and has
rhereror€ agreed to catuy outlrreWorks n accordance with the Draw nss 6nd Specil cat on
tor  the  amount  in  hs  B id .

The Engineer mayberespons bl€ forcoord nation ol severalcontacrors on some projecis

3.2 TYPES OF CONTRACT
- ^ o  

L v p e r  o  L o ' r ' o , r ' a E , o n r o l / L q d d  d '  b  d q p ^ 0 4 .

Schedule oi Rares Conract

The Employer preparesa Schedu e ol ihe estlmared aLa.t ries ol the d fle.ent components
oJ ihe works, based on th€ Co.tacr D,dw nqs The Connactor entarsin hs Aid a Rar€ ot
Payme.r asalnsr each item in the Schedule, and exrends the tems to obtain ihe 6mount
o t iheBd.  in ih is  type  o l  Con i rac t ,  the  Faregove,ns ,  no t ihe  amounr ,  and rhe  F ina  Pr ice
s  cacuated  by  measdno l f re  acr la l  rem 01 work  caded ou t  6nd

31
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. Lump Sun Conr.ct

l v i '  t , ' t s  t rpe  oJ  Co. racr  In€  Conra l ro r  bd< a  rag te  _uro  SL-  to ,ca , ,Y ,nS oL-  r re
wo4 snown n  rhe  Orawinqr

A Schod!e ot Rares Contract atows more scope tor chanse
d!nnA construcnon. Chang€s are olr€n req!ired beca!ss I is dif{ic!h io ].ctude ior atl
coftnqences at rhe bid srage. under a Llmp sum conract, th€ Bitol ouantties is used
asthe basis on whch ihe va!e ol changes is dets.mined.

Llmp Sun Contacrs are especi6ty us€tut lor sma[ iobs, where the Work can be tutv
s itne ik€lhood ol any chafges bens requned teg, suppty of bearnss

or prest.essed concrete beamsr.

requred o. a Schedlte ot Rates or a Lump Sum Contract and the
Contacrof a.d Enq neer cannoi aq.ee on the vatue ot the Vartation before the work is
c6tred our, the. the work may b€ cared out on a Dayworks bass rn this case, caretul
records must be kepr olallabouf, equ pment a.d maieriats used inexecutinc the add tiona

t s mporta trrar a cohpreh€nslve record s keor ol6 vaiations and work thar is tikety
to  be  .  d  spute  as  a  vdat ion  Th iswi tenabecos t ingot rheworkrob€caredout la r€r
nnecessarv .  These records  shou ld  nc lde  rhe  numbero lemp oyeesengag€d o . rhework
and ihe r trade classlications, the eqlipmefr b€'nq Lsed 6nd the t mes r s used as w€l
as  the  tme on s ra .dby ,  and marera  s  l sed .

3.3 CONTRACT DOCUMENTS

The Contact Do.uments wh ch co.stirure rhe oftici6taqreem€nr between$e Contracror
isl ol the folowing :

cenera Co.d tions of Co.ract

a id  Schedu ie  (nc l !d in l ]  Schedute  or  Daywor ts )

3.3,1 IntroducroryDocumentat ion

th 3 t u c I ions lot a tdde I s Jo ,  s lbmss ion  o la  va  i d  bd

(he lorm on wh,ch the s,dder
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the legaly brndinQ 6greemeft b€iwe€n the
Empoyer and the Contractor. t is signed by both
pa(es and rs usually .xocured under se6l

3-3.2 General Conditions ot Contract

The Generar Co.d tions ol Contracr a,e the leqalbasis ol the Contraci

They define ihe r€sponsibrities, obisat ons, riqhts a.d pnvieqes of ar paftes ro rhe

The nieni s thar the same Standard Causes are used on alConrracrs, and ihai P,o/ecr
o, Sne-spr./,. requremenrs 1es.locat ons ol storaqe depots) are inc uded if the Special
Sp€c i rcaro .s .  TheSoec6 Spe. i f i ca i tons  shoud a  so  Lnc lde  modt rca .o .s ,  add i r  ons  or
d€€t  ons  to  the  s tandard  c rauses .

3.3.3 Specifications

The Spec l i .a t ionsq, !e  a  d€ ta ied ,  technca ldesd p ion  or ihework to  becared our .  The
Specif cat ons norma y denne the reqL red stdndardsfor mater a sro be incorporar€d in the
larorks afd, ether the merhods ro be employed rn caqnq
acceprance crtetra lor complered wo,k 1th€ lati€r is prelerable).

The Specircalons for DGH Contacts Oenerally comp,se th,ee Secrons Lniwo Volum€s.

The First Vo lme contains rhe ma n Spec lication c auses and rhe Speciar{projecr spec nc)
Spec i fc6 t  o .  c laLses .ea t lnq  1o  brdge works .  The Second Vo lme contans  roadworks

3.3.4 BID SCHEDULE

The Bd Schedue seis oli the quanrites oi the d lferent types oJ work to be pedo.med
uide, ihe Contaci. lt ncLdas the Contractor's Bd Ra@s for each rem of Wofk, which
are ls€d when mak nq paymenis under ihe conraci

3.3.5 Drawings

The DrawinAs must sve an acclraie and lnambgrous pd!.e ol the Wo,k to be caiiiad
ou r  The  o rawnos  musr  be  k€p r  ! p  to  da te  and  supe ,seded  Draw 'nos  mus t  ba . l ea ry

Th€ D,awnss  nc lded .  rhe  Co.nac t  a re  the  Drawings  Ln  rhe  Bd These shoLrd  be
reta ned ro assisr in |re cosnns of va'ailons ordered air€r rhe award ol the contacr.
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3.3.6 Addenda

Ths pa( ol rh€ connacr
B'd per od, and copies of

oocuments co.tains Adde.da to the contracl ssued dorng the
.o '  e !0o-de . . .  e \ - r  d r  god bprw.en r f  e  pd iues  p lo r  ro  q 'g  n4a

m6y include etters ol clailicatiof slbmitred by ihe Conrac
from the Employer durlnO rhe Bid €vaoatio^ period

3.4 SUBCONTRACTS

The Contactor ls r€qu.€d to obraf the approvat ot rhe EnAineer tor any ot the works
which are ro be subcontiacled.

Norwthsta.dnq slch approvat, a subcofrracror who is seected and engaged by the
coniractor to execure po(ions oJ rhe wofks on behat ot rh€ conracror is enrrety

Contactor and h6s no tegat reationship wth ihe Emptoy€r. The
Contacror ls stil responsibe for the proper ex€cltion ot lhe works.

Sup€rvislon ol subconracred work is crred out as it th€ work were betnq done by the
Cofracror. Ard rections 6nd orders by the Engin€er are dire.ted to the Contr6ctor, not
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4. PROJECT PLANNING

4.1 GENEBAL

Thls Section describes rhe Programming and Scheduling processes. Some plannnq
acl vties hust be ca( ed oul f th6 proj€ci is to b€ €x6cut6d o. schedll€ wilh maximum
etliciencv and min mum delav.

Most ol ths work should be cadod oui by ihe contfacror, butthe Enoneer and hs st6fl
musl be 6w6/e ot these lasks and shoud discuss actvti€s with tha
connactor to ensu,e smoolh commenc€menr of the project,

4.2 PROGRAMMING AND SCHEDULING

Th€G€nera Co.drions otContact requ re ihe Contaciar io pfod!ce several Const!cnon
Schedlles fo.lhe p.ojecr. Tho lolmat ol th€s€ Sch€dlles shoud be 6s presc bed in th€
Specfications. The Schodul€sshould be proso.t€d in such a w
which the vaaous activit €s wilb6 ca ed outand how rhe activilles ara imsiralared. This
is olten slppemented by sub pros.ammes which detall particuar aspects of the

p:e  d '  v .s  5 !pe ' { ' ! . ru  e  e 'e ( r io r  " r ' .

The Cont6ctor shoud also be reouested 1o orovide a ist ol the resolrces 1o be used on
the mosr lmpo(ant activiies. Thls allowsthe reso!rce !tlisaron ro be checked tor any
sisnlicanl clash€s, es. fthe same resource is requred to be lsed simlltaneolsy on two

Bec6use the conracror's schedules are an ndlcarlon ol how rhe wofk is expecled to
proce€d, th€v shoud be usad as ths bass lo. al reportins and mon(onng.

The Engine€r ne€ds to careluly ch€ckih€ Sch€d!les lor logic etrors and omissions lt is
impo(anr ihar surficieni detalis included in rhe schedules to allow proq,ess on 6..h
strlcture to be monitored, but not so much deta lthatlhe progfamme becomes d llicu i ro
to low Th€ lse  o lovera l  Schedu lesand sub p ,ogr6mmes s recommended,  burcar€musr
betaken ioens ! re tha idependenc i€so fac tv l i€snd l fe rcn tsubproq iammes6rere lEcrad

A Schedule ol works s essenia to

provrde a plan tor ihe execution or the work afd the order in wh ch it is
caried oul wih n the specilled tme irame

identily rhe [ey a.t v ries

commlncate  th€  pan to  o rher  pades

measLre and repoit on progress

provde a  10o fo r  mon i to r .q ,  3nd
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provEe a basis lor €srimatnq labolr, eqlipment ano mar€ra
roquremenls and for lnanca co.trot.

d sclsses basic scheduling te.hnquesSection 12 of the Consrucrton Techntques Manua
and rhei apprication 1o DGH projects

4.2.2 S-Cutve

Th€ra to  o lp roqress  o l  a ryp ica  pro j€cr  susLa y  qu i tes towan
acceeratesto a n'9h€r rare ol produ.ron andrhen s ows 6sarn near the compt€t on ot rhe
^o  \  ^po .o r0 ,o9 . .<  o r  q rns r ! .e ,  9 \ .a . - , .d
^ r  ' i  dba . (  5  .p . i .d ro6sa .  s . - ! , !e  o r f  rF t . c rs
the rypica lle cyc e of a cofs

The Lse ol the S curve ro monilor progress s widespread I OGF a.d indicares how rh€
Conracror  spe. fo 'm ins  TheusLa S cu .veshaoe ismod i f ied  t  rhe  Mob t i s6r  on  Adva.c€
rs  n . luded beca lse  rhs  r iqurs  o f  th€  conr6c t  va !e .

Therelore ir s lsua to ignofe the Mobiisat on Advance whe. pr€par.q 6n S.clrve.

A iyp cal S cL,ve s shown in Fiqure 4.1

9

E
8
?
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Th€ Co.vactor his Connactuar Schedue in rhe lorm ol a bar char
shown9 the sam€ aciiviries as the P6y rtems in rhs a d schedure. This may b€ conva.Enr
lor hon€iary ca culations but snot n6cossariy rhe besl presenration asseveralsignil cant
work irehs may be aggr€gar€d nto one Pay rrem.

Tha Convaclor caculates an equlva€nt rate ol Droqfess, usualy on a pro.ata basts tor
each dctivily shown on rhe bar chait and rhis s ls€d to caculate and plot rhe nita or

o

As constlction prog,essesi the p'osr6mme is lpdated by caculatina the percenrase
cohpe ion  o i  eachac t l i t v  on  the  bar  chan.  A  second Ine  s rhen drawn wh ich  .dca tes
rhe actualrare ot proaress. Ths may be comparedw'rh rhe Poatahnen cdve.ndthe
ov€fa rate ol progress 6ssessed t the conractor ial s behLnd his target { e the 3ctlal
S curve Ls below ihe Proqrammed Scurue), ihen ihe Enqneer should request fie
Cohtacto, to advise wh6r ac.on he pfoposes to take ro make !p ihe osr progresb

The S-cL.ve is lsed as an .dcaror oJ lack ol perlormanc€ by rhe Contacror and tha
Eno ieer m6y carl a "shaw catse l'leeting whe^ ihe conracror 's b€rween 10 and 20
petent behind hs proqramme. It rhe Contracl s ess than 70 perc€nr complete and rhe
co.tactor ials 25 perc€ni (or mor€) behind hs programme, the Empoyer shoud sive

e conracr n ac.ordance wirh the provis'ons o1 clalse 59
o,  the  GenerarCondr  ons  o l  Conrac t .

A summarsed torh oJ th€ S cu,ve s orten used as the basjs to, repon.q in tha monrhly
rePo( ol the Super!sins EnSin€er.

4.3 SITE PREPARATION

Belore consruction work c6n be sra(ed, rrre,e aresevera aspe.ts oi the siie which must
s ted  as  t l lows :

Wh€re and acqustrion is.equired, iiis n€cessary that the fomalties be
r  J  l ' . q . i P  . ' d a

procadures tobe lo lowedand r i sessen i ia  rhar the  Enq ineer ,  as  pan o l
p re .consrucnon pann ino ,  de term.es  rhe  .u i ie r t  s ia lus  ! t  l6nd
acqus'ton and the ellecr, I any, dl giv'ng the coniacior possess on of

Fenc na s not usua y requred on cofracls awarded by DGH where
lenc ins  s .eq ! ,ed  e  rher io  de  'neata  th€  area  oJ  the  works  or  to  p rov ide
securty, the srandard and type ol ienc€ req!tred sho! d be determ,n€d
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Remov.l or Relocation of Setuices

Ahhoughlhe responsibilitytor removin! and/of re oc6t nq setuicesisthat
authority concerned, lhere is obviously a need ro

proqramme the feocaton works so as ro calse minmum deiay ro the
Works. The Enginee, shoud d scussthefe ocat o.s withrhe Connactor
and ensure that adeqlare steps are taken to iaise with the approprate

Offic6, rnd Accommodatio.

The EnOneer shold request the Contractor as eady as possibre ro
provde del6is ot the oc6ton ot his olfices, 6ccommodation etc The
Eng.eer is requned ro gv€ his conseft to these rocarions. They shoud
be ocated as close ro the bridCe site as possible There sholld be
su table accessfrom rhese laciltate to the n€aresi plb c road and to rhe
bndqe site. Oflices and accommodaron sholld be we lura 'so

CONTBACT R€OUIREMENTS IN PRECONSTBUCTION PHASE

The G€nsralCond tions of Contact and th€ Specilcai ons togerher prescribe rhe 6cl ons
by tha Contacto,, the E.gne€r and/or the Employer fldr to the

commencement of works

rasks are related to Bonds 6nd l.sdrances beinq submitted by the
Contacto. Oihers r€ate to t6sks thar th€ EnQineer mLst pedom, eq, oeteqaton ot
aurhoi,ly fiom ihe E.q neer ro the Eng.eer's Represeirarive(s)
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5. AUTHORITY OF THE SUPEBVISING ENGINEEB

GENERAL

The Enq neer is usually the Proj€ct ManaAer lor B,idqe Replacement lPemimp i Proyek
Penssannan Jembaran).

The Ens inee. ' s  Repr€senta t ive is !sua ly rha  Superv isnO Enq ineer ,  d  Co.su tan l  apponted
by DGH to cary ali the supervison ol the Co.ract. Ths Sup.rvis.q Engn6€r has rhe
responsibi ty tor tlre day to day runnrng of the Convacr bur does noi have th€ pow€r ro
app iove  vara lons  o ,  ro  make

The authoniy ol th€ Supervis ng Enoineer w I usua ry bedelined n the Conract Docum€ms
{uslaly the Genera Condito.s ol Conta.t} or as delelated tom nme to rime bV rhe
argneer. The s!per!sory slaftmust be t!ly aware oJ the L,mtar ons of their elthofty n
ca(y.s out slpetuision of ire conract

Deieqalion ol authoriry Jromihe Enq.eer to his R6pres6ftatve musi be notilied in wrtins
torheContiactor, and rhe Supe'v,sins Ens'neerand must ens
the lmts of th€ deegated aurhorry. The aLth.riry deeoated may vary lrom co.racl to

fhe job  o t the  S!per !s inq  Ens in€er  s to  ensure  ihar the  work is  caded ou t  'n  accordahc€
and the other Conta.t Documefts wthn the imts ol authorny

5.2 AUTHORITY NORMALLY DELEGATED TO THE SUPEBVISING
ENGINEEB

Authorily s no,maly deleqated io the S!p€rvis nq Enqinee, to

approv€ shop and field drawincs prepa,ed by lhe Contracror

p ,€pa 'e .hange  o ,de ' s  i o ,  e , i i a  o '  om ' red  work

pr€pare  repons  (  nc !d  ns , ecommendard .s r  l o '  r ho  E fgnee '  on

prapar€ repons I nc!d no recomm€ndarions) on desiqn chanoes

prepare  month  y  P ,oqress  Paynenr  Cedtca tes

accepr  o r  r€ j€cr  wo,k  done by  ihe  connactor  on  rhe  bas  s  o f .ompi .nce
or non compliance w rh de Sp€c,t,.an@s

SALI
NAN



5.3 AUTHORITY NOT NORMALLY
SUPERVISING ENGINEEB

DELEGATEDTO THE

Authority ls senerally nol deregated ro the Sup€rvisinq Enqineer tor ih6 totowins :

ro approv€ d€s gn charses

ro aPprove varanons to ihe works

1o qranr Ertens ons ol T m-c

to approve Proqress P6ym€nr cert ficales

to approv€ claims by the Cont6cror lor additional paym€nt

to nesoiar€ d rectly wirh ihe Connactor lof new rates ot paymeni for
ex ta  work lo rwhchth€ fe isno app ic6b te  ra re  in  rhe  Schodu e  o t  Rates .
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6. DUTIES OF THE SUPERVISING ENGINEER

GENERAL

l is the duty of the Enq.eer to admrnister rhe Coitract betw€en the Emptoy€r and the
Cor r " . to .  'n ra ' la lh  wr r  -o  bd( rowa os  erFe '  pdr ,

I t s made clear lrom rho commencemeit or the conracr rhat rhis is ihe Enqi.eefs
niennon, then a good work nq re6tionsh p with the co.racior w/rbe esrabltshed.

The E.9 neef sholld I rmly appy ihe reqltements ol ihe Spe.'ficailon and musr ensure
that ihe Co.nactor is notlied or Draw ns amendmenls as soon as poss ble.

i s €ss€ntial that rhe S!perusing Engineer 1as E.gineers Rep.€senrarve) applies rhe
SpecLlicanon in lhe mann€r I which t is actualy wrhten. lhe Eng.e€f or Slp€rvisinq
Eng n6€r's must m6ke alldecsio.s prompny and tnmry so as to cause m nimum delay 10
the Works. He shoud aso ensure thar th€ Connactor s paid promptlv lor all wdrk
satisfacro, y completed.

t there is a dspule, su.h payments as ere possible wiihour prejudicinq rhe postrion ol
e ther  pany  shoud s t i lbe  m6de.

The Sup€rvsinA Enqneer and his sraJl must never pLace th€mselves under any obigaion
to tha Co.vaclor byacc€pting lavolrsand sho! d €nsure rhai lnstuciions are o.ly issuod
to the Coi$adto, or hs olficia r€pres.ntarive and not to any subco.tfa.tor or employee.
A .instructions to the Conractor must be confnmed in wit nq, to min m se the poss biity

Checklists for Consru.r on Supervison are inc uded in Appendix 2.

6.2 SUPERVISION BY ENGINEEB

6.2.1 General

The duties of lhe Eng.e€f are 6s fo ows :

ens!re thar al stafl Lnvolved Ln superyLsion linc!dnq cons!hants) caiiy
our prope. checkson rhe connactof s work ar alr stases ot consiL.t on
and rha tapp,ovaLs  Jor  a l  s tages  o f ihe  wor (  a 'e  ca t red  o !1 to  a .cep ied

e.sure thai p,oqress s prope y recorded on standard lorms and ro

aPprove Prog.ess Payments io

ensu,e the requnements ol th€

montor  rhe  t ime schedu le  o r

rhe cort1ctat tot conpteted '|atk

Speciric6tion are ach eved

the prdjecr a.d draw rhe co.tacior's
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co(espond wilh rhe Conractor on marers ol conce,n

presid€ ovq regular siie me€rinqs with the coniractor, consutranr and

ensufe Proqress Paymenrs are based on measlr€d quantites

ssue acceprance c6rt ficares

eva uare coniracror's cla ms lof varations 6nd extra pavrrsfrs

6.2.2 Project Ofiicer

The d l les  o f  the  Pro jec t  O l lcer  nc tude l

. L6'son wilr rhe Supetusins Engineer abolr va,ai ons n quanritres.

. L a son wirh the Supervis nO Efg neer and the Enq neer about chanqesto
desiqn oJ rhe Works

. Assstance to lrre E.s neor n the adminsrarion ot th€ Conract

6.2-3 Inspector

Theduty or the nspector on
Ol fcer  on  da iV  ac tv t ies  a i

6,3 SUPEBVISION BY SUPEBVISING ENGINEER

6.3.1 Genehl

The d l tes  o r  rhe  Supervs ing  enQineer  a re  as  lo tows :

.  p 'ov rde  car i rca ion  o I  the  spec tca t ion  and Drawinqs  I  necessary .

lesred bY the conra*or.

nspeci materiais and worI prompdy.

a i i ed  ou r  ro  dccep rab le  s tandards

ens l r€  ma te ra  s  a ,e  supp led  o

th€ Contra* isro provrde an independenr report to the prolect
the project sile.

,epon non.comprance w i rh  G

no y the Con&a.to, ol .o. compiance wiih rhe Orawinqs or

6 :
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keep necessary recof ds.

suppy measuGmonrs and .lormarion for monthly Prooress Paymenrs

measure exl,a and reduced wor( as dnecred by ihe Enq'neer

cohpleie As consrrucied Drawings

ensu'e ire Engneels nlormed of al deveopments of rhe prorecl, by
r mely and adequa@ reponnO.

d€ra led  in  lo l low.g  s lb  sec tons .

o

6.3.2 D16winss and Specifications

The Supervisns Engin€e. must use the Speclicariofs and Drawings as the ma n termsof
re le re .ce  and shoud become lami la r  wth  them.  Work lng  rh rouqh h  m Ln derar  can be
tedious, but il the elfon s made at the sran ol rhe Conracr, ir wil assst him throushour

I a dscrepa.cy or ambiOUity s notced, or I a.yare found by th€ Co.tfacror, rh€y should
be mmediatey r€poded io the EnAineer.

I t  th€r€  is  any  doubt  . rhe  n ie ip re l6 t  on  o t rheDrawingsorSpecJcat ions , lhe  Supe,v isns
Enq ineer  shoud seek  advce J r

6.3.3 Information requested by the Contactor

f the supe,vs ns Enqineer s lnabe to provde iniorhaton reqLested by the contracro,,
,eler€nce should be made to rhe €ngLneef The nlo,mation shoud be q v€n promptY ro
the Contraclor to avoid delaynq his work. Alintormalon re.r!ested and gven should be
recorded wirh imes 6nd d6tes.

6.3.4 lnspect io.  of  Mateiats and Wo*

Inspect on ot mai€rials nclud€s sampi.q and theca'iying o!t ol fie d t€sis lReJer section
tl f the rest procedures a,e sei out n Slandards (s!ch as AASHTO) or Sta.dad
Speci,ca!o.s, copies should be kepr on rhe site. t s 'mpodanr tlrar procedures are
tolowed €xacny as spec fied, orhErw se the tests may be ot il1le vaLue The Conlacro,
sholld b€ q v€n access to the resuts ol a tests, but r€sults wh ch may teq!rc skL led
inlerprerarion sho!Ld not be supp ed to hm u.tlrhey rra!e b

The Supe 'v is inq  Ens ineershou ld  JorwardaL lsamples lo r tes t  ngro th€ laboraro ,y  p rompty
oncrete samp es be lorwarded fo.rest ns althe appr0piate

t ihe  (e .  concr€ te  tesrs  a t  7  days  and 2€  day)
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lnspection ot particular wo.k slch as lormwo& and reintorcement p6cins shoud noi be
delayed lnll comperion. The Superyisrno Enqineer shoud obserue rh5 work.s it
proqresses, and it I is obvlous lhar th6 work is nol co(ecr, the contfactor,s €nqineer or
fo@man should be advised so as to avod costty r€ciilicaron latsr. The Supetuisins
Engine6f and his stali must not issle nsr.uctons dr€crtvro wo&m,.n or sub-co.vactors
as thsco!d  be  cons tu€d 6s6nemploye. /amployee rea t ionsh ip  and cou ld  teadro  r€cerp t
of claims Jrom rh€ Conr6*or and possibty the breakdown ot rhe Coniiaci.

Not i f c . t io f  sho !d  be  in  wr r ino  and a  coov  or th€  nor icero the  Co. t rac to r  re ta .ed .  Even
m'nor marers sholrd be noied in the daiLy dary. I the contactor does not rectty the
non complianr work, rhe Ensineer must be advsed.

6.3.5 Notification ot Non,Compliance with Drawinss and Sp€cificarions

6.3.6 Checking ot  Senins-Out

6.3.7 Non-Compl iancewithRegular ions

Und€r rhe requ rements ol th€ Genera Condnions 01 Cont6cr, rhe Conractor s reolned
lo s€t o!t rhe work and rake responsibilty for is accuracv.

It 's mpoftani to eave the responsibilry wirh ihe Co.ractor evenlholqh tlre Supervis ns
Enq neer s otten asked to do setting oui work for rhe Conrractor bec6use the Contracior
has .o  sk i red  personne l  on  the  s i te .  The Con i racror  musr  b€  ins ruc ied  io  b l .o  hs
slrveyor io ihe site lo do rh€ work.

|r ]s mpoftant that bench marks are .oi estab shed or nansleiied by ihe slpetuising
Eng neer and his srafl wrhout rhe wofk b€ nq checked by a Surveyor.

r " i Je to  omp,s i  Co le ' -p  ro  o ' r "  dq ranoars ro . tooe 'epo  edr ! I  eF  q iaee '

6.3.4 Keepins Records

The types ol rocords and meihods oi reportins are d€scfibed in sect ofs 9, 10 and 11

6.3.9 Inlormation for Monthly Prosress Payments

Ar  the  €nd o l  each mon ih ,  the  Super ! i s inq  E.q .eer  shoLd prepare  a  l s r  o f  the  quant r ies
or  work  competed lo r  each tem oJ  the  Convac t  S .hedue Ths  is  besr .a r led  ou t  by
obta ,nnqscopyot rh€q!a . t r ieswhch iheconrac tor ln rends to .c tude n  h is  Proaress
Payment Clajh anli compar nq trrem with the qLantries qiven tn rhe measurement book
The Con$actofs q!a.tries srroud be chec[ed and conected I necessary. The quaftries
shoud b€ c€(ifi6d cotrect by rhe Conracror and ire Supervrs ng Engin€er

The monihly Proqress Paym€nt certticaie ts prepared by rho S!pervisnq Enlin€ar !s.g
the sta.dard lormai for the p6dcuaf Co.racr lpayment n ocatcure.cy or ioca 6nd
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o 6.3.10 Vaist ions or  Changes to the Works

The Supervisi.g Engin€ar usually does nothav€ the authoity ro ord€r exvasand omiss ons
to lhe Conlracl. Thes€.re ordered by th€ Engno€r and m€asurod bvtho Supervisng

Changeslo tho Wotks - amendments, omissions 6nd axr. work may be ord.r6d by the
E.s'ne€r at any time. The Engineer is sven ths power u.d€r the GeneG Conditons ol
Contract whch provides qudeli^es on how changss ro rhe work are to be handl€d.

ery €tfo( sholld be mad€ to mlrlallv agr€e on th€ cosrs
belor€ rh€ work is begln

al amendments occutring duina consttuction must b€ adequately recorded by ihe
Supe,visn9 Eng.eer and his slafl.

Paymenr lo. extras and mssons 6/e made on ihe basis ol :

. Rates in rhe Schedue ol Rares

. N€goriaied ilehs o, rares

. Oay wor(s Rates

The Sch€dule Ratos are set our in the Contracto,'s Bd and rhese sho! d be used ro assess
the exrasand omss ons ttherype oJ work s the same as that desc/ibed in the schedue.
Itih€ ncr€ase or decrease ii the ouanr-v of work exceeds ihe limits ser olt n the General
Cofdtions af Co.tsct,then a new Faie tor those tems mav be requn€d

lJ any ot rho work invovnq extras is fot oJ rhe same type ol work provlded tor n rhe
Schedlle, or ilthe,e s no Schedule Rate lorthe work, the Far€sro be pad are negoi ated
between tlre Contactor a.d the Eno neer

Negot ia ted l tems or  Rates

t the Con.actor.nd Efg neer cannot aqree as to the price to be paid for afy rem ol €xtia
wo,k, the Eng.eer may d rectlhe Cont,ador 1o cary out the work by Day Works. In thls
case,theCon.€ctor 'spaid iorthe a.tlal cosi or the work plus a marq n lor ov€rheadsa.d

Fo, Day Works, the Slpetusinq EnO fee, and h s srall must be carefulto record

t detaiLs of nlmber ol m€n, houis worked and cassificaion of aach man
lsk i  ed ,  u isk i red ,  € ic . )

qu6nlity oJ materla s used.

the make, cL.ss and hour worked by each of equipment
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6.3.11 As-Constructed DEwings

As Constucted Drawings show the locarion 6nd dimension ot altadditionat work and al
amendments tothe Drawlnqs Detats of revised tevets are recorded tora[ tooiinos, ptes

6.3.12 Report ing

Repods subm tted bylhe Superuisinq EnAineq to the E.gine€r ar6 d€scrtbed in Secl o. 10.
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7. HANDLING OF MATERIALS

PBOCUREII]IENT OF MATERIALS7.1

The Specilical on r€qunes the Connactor to subntr lorthe approva olth6Enginaer, detais
ol mar€ials, suDolers and samoles ol mareia s intended tor use on rhe Conr6ct.

The Contac tor  may a lso  b€ .6qun€d to  submi t  6  p roqramme show.q  tm 'ns  o l
procurement or the major mat€rials ro be !sed.

Physic6 contol s reqlned to prele.t maierials beinq wasted, d6m6qed, losl or slole^.

Respons biiry ior rhe conro ol maleials unti ihey ar€ incorporated in the Pem6n€nt
Works g€nefally remains wiih rhe Contractof. The Contiacro. shoud have an nv€ntorv

hch pass inro a.d out ot hs sto.age areas.

ll paymem isro be made lor materiars-on.site, an accolnung system is needed to ensur€
thatrh€ mar€ials oad torare L. fact used inrheWofks. The Supe.vislng Engin€e. a.d hs
stall should have some dentirication and invenio.v svsrem lof such matenaLs. lt is
mpo(ant rhar mat€/ials which,eoure orotection riom su. and rain ar€ stored lnder

7.2 CONTROL OF MATERIALS

STORAGE OF MATERIALS

HANDLING OF MATERIALS

TESTINGOF MATERIALS

lhe Contactor lor lse on the Contiact are req!,ed 10 comp y wtrh

' rhe  SupeNis .9  Eng in€*  and hs  s ta fJ  shoud cary  ou t  perodc  checks  to  derem.e  the
quamiiv and condition of hateriarswhich have be€n paid lor in previous Proqress Payments
and which are stiiin storaQe pendins luture use

-rhe Co.tracro. is raaured to store maie.ials to be used in the worls n 6ccordance with
the Specifications. Detais ol the storaqe method aid the area ro be !s€d lorthe siorage
sho l ld  ba  submt6d to  the  E iqneer  to .  h is  app,ova l .

7.4

The method o t  hand ins  many marer  a  s  i scovered n  de ta i lby  the  Sp€c i tca tons ,  n  o rder
to 6vod damago d!6 to improper hand nq by ionorance or negligencs. A typcalcase s
the method olhandlnq and pilchins precast 'einJorced concrere pies. Itrhe piesare ilted
ai ihe wron! ponls, severe damaqe ro rh8 pies can res!t

The Supe,visLng Enqineet and hs stafl should monitor rhe Co.nactor's actvities d!rln!
handlins of such materla s to e.sure cofrplance wth the Sp€cilcat on or.ecommended

7.5
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Complance e$ inq  o f  materas  s  c6r r€d  ou t6s  pan o l rhe  supervrs  o .  p /ocess .  In  some
Instances, tesnna shmir€d to a v suat examinarion, on ywh tsr 'n orhers detait€d aboratory
1€slng 6 requn€d soh€ maieriais may be deiv€r€d to the ste accompan,ed by
manuracrurer's test certilicates6nd |s essenriat that rhe ma|e.rats ar€ matched with the

Onsome Contacrs there wi be a requ .6ment tor tho Cofvactor roerecia abor6torv ror'a "  Ero  ee '  .o ,  '  . .uJ  resL> or  so ,  t  a .o  aoq,codres  ro9" r1 , ,  w ,L
qrh test.q ol concrete.

I ihe provincalcaptralo' ar a specL6tsed taboratoies €tsewhere.

i  rs  the  respo.s  b i l ry  o l  the  Superv ts ing  E.gneer  to  sampte  or .upetuse the  sampl .O o f
matet als n rhe coiieci manner and ro enslre thar represemaive samptes are take;loi

The method oJ sampinq sholld be as set oul in th€ Soecificat o.s or coniained in rhe
appropi,ate AASHTO, ASTM or oirer Srandard Tesr Mer,ou.

The merhods oi samp nq afd rest nq descr bed in the Siandard a16to be stricnvtotowed.
f  ths  ' s  no t  do fe ,  the  resurs  o l  rhe  t€s i  w i t  nor  s !e  ra  I  o r  cons is ten t  resu ts  tJ  ihe

Conrac io r  o r  supp er  i saware  o l  der ic  enc  es  in  samp ing  and/or tesrnq , tneresuts  o r  th€
tes ts  w ' l  norbeabetobeusedasrhebas is to rqLat i ryconro l .  n  add i t ion , lhe  resuhs

conta i exc€ssive eftors dLe to rhe sampL.g and resnns
b€'na .arled out ncoirecily afd a comparison ot the resuts ot dilf€rent €sts on
s!pposedly srm lar m6teia s wl be meanfgtess.
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8. ADMINISTRA,TIVE PROCEDURES FOR SUPERVISION
. OF BRIDGE CONSTRUCTION

Ths Section cove.s a nlmber of admnistrative aspects ol Bridgo Slp€rvsion which 6re
comhonio allproj€cts. Technica SuperyLsion procedures recu red lor Bridae Consrructio.
works are d€scrlbod in Pall I of the Manual.

4.1 GENERAL

4.2 PFOGRAMMING AND CO,ORDINATION

4.3 ACTION PBIOR TO COMMENCEMENT OF WOF^

It js the r€sponsibiity ol the Contractor to suppy th€ Engin€ar wth a program lor rhe
completion of tha Works wthn the Conract p6riod, afd ro adhere to rhis program. The
Engin€e. should anslre that datters whlch cau d qiv6 ris€ro claims {or€trenson oftime,
such as dasicn chanqes or unlores€en loufdat on .ondrions, are shown on subseqlent
lpdat€s to rhe co^tracior's pfog.am. The contaclor sho!d provide sLfticienr data to
allow eft€ctive monito,ins or his acivt€s to be caried our.

The aciua tormar and minimum requnemenis ol rhe program wll be as s6t out in rhe

When 6  Cont 'ac t  lnc ludes . la rge  amoln t  o t  hd ie r las  leg .  s teer  sup€Gtruc tu .€
components) ro b€ suppled bythe Employer, it simpodant rhatad€quat€ thought b€ I v€n
io  nming.  Th is  w l lensu,e  tha t tha  Conr rac io f  i sno i  de laved due ro the  6cko l  mater las .
Th€ Contracloi's program should ceany show the d6tes he expecE ro receive materias
which 6re to be slppli€d by rhe Employer.

Ihe Ensinee' and/or the SupervsinO Fnsine€r should:

Obraln a copy ol the elter otAcceptance and note any special provisions

Discuss ihe job wth rhe desqn enginaer io tamliaise himsei wirh
reasons lor various desiqn leat!res.

sarisfy himse t that access Ls avaiable io ihe ste ol rhe bridoe 6nd afy
cond lons which mav r€st.l access (s!ch as heaw rc nfa ).

(d) check thar the Contact has bea. sgn€d a.d Secu,ty Oeposii lodg€d.

(e) Beq!esl ihe Contactor to s!pply evde.ce thar tha ins!rance poicies
requned by rhe General Cond rions of Coftiacl hav€ been elfected A
copy of th€ Policies shou d be obtaned to ensure that they comp y wkh
th€ reqlnemenrs ol the GeneralCondit ons.
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Check on $e existonc€ ot urtities whch may b€ altected by the work.
Oblain copi€s ol conespond€nce with utilities authoii€s. Whe'e th€
Efrployar is responslble lor mov n9 d tiltes, enslre rhft$e work is don€
'n lme ro avo d delay ro the contract works

Checklhat suryey peqs are ln pos tion and, ilnecessary, arcnge lor thet

Check materials which 6re 1o be supptied by rhe Emproyer, to €nslre

Ananqe lo send 6 etterde egar nq aurhor ty 1o rhe supervis n9 E.gineer
lthe Ef gineer's Repres€ntarive).

Ch€ck whh othe. enqineers who hav€ had de6tinqs wlh the Contracror
Ths  may d isc lose  padc l la r  aspecrs  whch w t rneed cose angnron

ReqLes l the  Contac io r to  supp y  samp es  o l  co .c re teaqs ,cgaresd"o , '  s
proposed concrete m: des9n ar an aarly date. otherw se, he may be
deayed awairl.q approva lor his mix design.

ara.oe for an .itia site meeting wirh the conractor.

The in  t ia ls  te  meet  nA sho l ld  b€  hed we l l in  advance o l  the  commencement  o t  work  o f
the ste Thls meetnq shoud ba atrended byihe Engineer, hrs asststanls, the Superuisins
Enqne€r{sl and ihe Consractor's Represefrar'ves.

8.4 INITIAL SITE MEETING

8.5 SITE MEETINGS GENERALLY

The plrpose ol ths m€et no s to discuss rhe Consruclon schedute, equipme.t ro be
!sed, and s€ne16 orqen sarion or the job

The Coftracror shoLld be ask€d to suppty rh€ Consruction SchedLte a.d detals of maior
lorhwork a.d lalsewo,k for appro!at.

She meelings shoud be aranled al mo.ihty nte.vas ro review proor€ss and discuss
ptob lems wh ich  ar  se  Speca s  re  heer  ngs  shou d  a  so  be  ca  ed  i t  necessary rodea wrh

Minures ol sire meetinqs shoL d be an acclraie record of rhe proceedinqs ot the me€r.q,
6nd shoud be  wr i t ten  mmodla tey  lo lowing  the  meet rq .  A  copy  mls i  a twavs  be  senr ro
the Contacror wiih a cove nq efter requeslinq hs comme
Min l tes  o f  s te  me€r  ngs  have cons id€rab le  imponance o .  marers  ndspute ,and i r i s
esse.ta that the conractor be s ven the oppo(lnrv to commenl on the I co(ectness.
Lack ot comhent can be lake ness ot the r€cord.
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4.6 SETTING OUT

The Conlraclor's settfq out shoud be periodicatv check€d by ihe Supervisng Eng'neer
and h  s  s tz t t .  Approva l to  p rocoed whh rhe  workshourd  be  g ivan onv  whenthecheck .g
s successfllly compel€d. ch€ckinq by the slperysing Encinear does nor reieve rh€
Connactor of u rimate rospo.slbiily.

Checking ol seting out may jlst invove rhe use ot tape, revet, p umb bob 6nd stinqrine
or it hay requne detaiLed s!ruey work. The slperusins Ensin€er shou d ca llor spec6 ist

The Con$6ctor iscomp erelyresponstble tor seiting our rh€ works wirhrEspectto pos iion,
line, leve, dimons on etc., but the Enqfeer mlst insiat the minimum numb€r of basic
contlolpoinrs to enabia se inq.out to be cared out.

Conrol ponts should be pemanent les. concrete b ocks) tn positions that wit not be
d,sluded by rhe consrruct on operalions. Theyshoutd inctude h6rk nqs on rhe cenreine
e6ch sda ol rh€ bridse constlclion acriviies.

A.7 SAFETY ON THE JOB SITE

8.7.1 G€neral

The safety ol empoyees on the job, and ot rh€ gonoralplbic lsinQ arers adjacenrto or
alt€cred by the works and rhe saleiy and adequacy ot the Works lhemserves, incrudinq
any temporary  works ,  a re  the  d  rec t  respons ib i l ry  o f  the  conr6*or .  t i s ihedutyo l th6
Enq ineer rocheckand ens l r€ rhara  Ine .essarysare tymeas l rearc taken.  Howe!6r ,  n  no
way does lfris rereve rh€ Coniactor of compete €spo.s biity lor th€ Works.

The Contactor musi complv wth alsrailrory requtem€nts coveing th€ saf€tvand w€l'
be ng of€mployees and sub co.tactors. The superusins Ensineef shoud ensu€ thatal
relevanr noricesrequned undarihe various reou ations aresiven a.d r€qutememscomp iad
wi th .  l l th is  snotb€ ingdone,  $e  Cont ,ac to r  shou ld  be  nsr ruc ied to imdedate lycomply
and as a lasl reso(, rh€ Engineer may o,der that work be stopp€d u.t lit s done.

ll is mpoitanl lhar publc salely be guarafreed at a liimes and p!b c inconvenen.e [ept
to a miiidum. Subjecr ro the requtements ol rhe Spe.ifications, rhe Connactor is
respois ble to. watch nq and lghting theworks and for al siqninq,liqrri ng, badc6drna etc.
oi any roads or paths allecred by the wor[s Ths s €specia y impodant where s d3
tracksand delo!rs are invo ved and,eJerence shou d be made to ihe Soecilicarions lor tha
methods ol sgnng to be used lnder ihe Contiacr l, in the opinion ol rhe Enoineer,

by the Cofractor to provide lor pLblic saJery 6re nadequ6le, the
Contr6ctor sholld be i.srucred to mmed6le y make qood ihe nadeqlaces. F6iing this,
rhe Enainee. mav ca(y our the nec€ssarv worli, ar the conra.ror's cosr.
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The desiqn ol all r€mpoGry works, lormwo&, fats€work, cofledams etc. s the
responsibility ollhe Convactor blr tis!su6 lortheEngineq to requne drawings oi major
items to be submifi€d fof checki.q in alvance of consrructio.. h is aso imponant. att6f
ch€ckLng, to ensute thatthe tempo6ry wo sare bLit in accordance wth the Orawnqs,
or approved varlanons, as temporary works oiten Oet ch6noed dunq erection.

4.7.2 Job Safoty

A sat€ty proqram shou d be impL€mented arthe preconsrlcrion srag€ ol p anning to ensuro
unements a.d sal6 workins standards.

A salery commhroe lor a m6ior project colld be orgdnised adhis€anystage, !orevrew lbe
arang€mehrs lor sale working and to arang€ for app.opriate rain.g il Gqlndd.

Standard procedures lof such rhnqs as scaltoldifs, rissing, maintenance ol equiOment,
disposal or rubbish, lr€ fiOhtin€, site communicariofs and I'rst ad facilities h!st be
lo.murated afd mainia ned.

Saf€lyiralring lor job employees shourd qeferar y concenrrate on the need for rhe use oi
perso.a protectv€ eqL pmenr, corectliftin€ procedlresand sood housekeepns pracrce.
Special cours€s fof rlgOers, scaltorders, pant operators, powder monkeys and li.st 6id
atendants can be ar6nqed when requned,

8.8

8.8. ' , I

TFAFFIC CONTROL DURING CONSTFUCTION

Adequaie provlsion should be made lor the sale passaqe ol al tlaltc. throuqh or arolnd
the s'ie, wrh mnimlm delay. Pedestrian movem€nt shoud arso be considered.

Wher€ an er st nq road is atlecred by rhe works and 6 s€parar€ sid€ tfack s fot provided,
the ex'snnq road hlsl be maimalned in a sale and nallcabe co.dtion.

I roads need to be closed io allow constuction to proceed, advance wain.g sholld be

8.8.2 T 'avet l insPoblrc

R" ro  
"b l " 61d ,a ' epcs , "ge r l oLo5 r  

dao ' t  r . . r . .

M nimum inconvenLence.

To be  quded byra t l .  co . ro  devces  such as  ssns  and ba i i ' e r3  wh ich
clea y '.d caie the tavelparh, under borh day and iighl condtons.

- o  
b d  \ 3 J a e o  o  o d a g p ^  o  d  c  o  g p  '  r l e  ' o o o  a l e c d
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Colneous teaiment and co operarion trom employees ot OPU, ihe
Consultanl aid th€ Coniracior.

Propedy owners have rhe r ghrro etpect reasonab e accessto rh6n !rop6dy. osturbance
or damage to then access musl be made good, ro a conditior ar l€rst equd rb or berer
rhan irs condiron bofore work commenced. The aih 's ra '€csvs
operaton. The best wav to achieve thrs td discuss the mare, withrhem belore rhe wor[

Advis€ them oJ the nature of ihe propos€d wo,k and lhe Inte.ded

Assur€ rhem that every ellort w llb€ m.de to calse rhe Ieasi possbe

Enco l rage themto  dsc lssany  probems th€vanrc ipa te  o rencou. re ra i
any time durln! the course ot the work

4.4.3 Side Tracks

Sidetacks should be ceared, alsned, tormed, sratled, antl !irained to enablethe v€hcles
us'nq the road totr6ve freelyand wiihout dllflcuhy Cleainq shoud be exlended loSive

ch side oi th€ tack and a 6 m ve,tcal clea'ance to any
ove,hanq.  The sur face  o l  th€  sdet racksho!d  be  conss lc ted  wth  a  c ross fa l lo f .o l  ess
th6n 2% lor draLnage and should be sea€d or otherwise t€ared 1o redlce dusr and to
r€stci ngrass ol moist!/e durnq rhe pLanied ile ol the sdetack.

Temporary culveits or 6dequatey co.c.eied or qraveled foodways mLst be provided at
wate'courses, whethe,,!nni.q or d,y, overihe lul width of the lo,mstion, roqerher wth
s!rable 9ude posts ructioi. Gude Dosts at subm€rs bls
crosslngs should be marked wrtrr pant to ndcaie |re depth of warer at the crossrng.

The srandard ol formation and paving used Jor the side t,ack wildepend on s!ch lacrors
vehc€ lse  and job  du 'a t  on .  f  a  s ide  t rack  on  a  heav ' l y

talf cked,oad s io be used tor a long per od, the s detack and ts approaches shou d be

Where b(um nous surJac ng oJ s de racks s intended, |re p'e
trre 0,ave pavement and the surfac ng sho! d be catried out t

Al side t,acks and cross.gs ol waier.olrses should b€ ma.ta ned n good condtion wirh
a smooth runn ng su.face. Consrderanon shoud lra q ven to the requred llood mmlnity
srandard of ihe sids nacl in order ro reduce ralfi. dsrupt o
Th€ ncreased cos t  o ,  co .s tucr ion  toa  h iq f re r  s l6ndard  shou ld  be  consde,ed  nre lanonto
eip€cred Jr€quency and dLralion 01 nundat on

Provs ion  mLs l  be  made io r  eary  warn inq  when the  s ide  nack  s  inoperabe
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8.8.4 Dstorrrs

The reqlnemenrs for sid€ r6cks shoutd generaty bs appti€d to iralfic detoufs.

D€iours mlsl becl€a vsgn posi€d in 6ccqdahcB
ar ve route choices

delined by adequare dnecrio. signs.

wlth appropiate standards. In builr up
the preter€d rouie should be clearly

Cofsideration mlsr be giva. ro the efJect ol trafiic on rhe detou., in partcu6rwtih respect
pavement a.d also the eft€ct ol the generated traftic on toca

approva!io use 6 parri.uar road as a detour mlsr be solqhr tiom the authoary whch
cont ro rs t re road,6ndagreement r€achedoncompensar ion tor6nydanage.€sut r ing l rom

4.8.5 Warning Devices

work bei.q unde,lak€n on 6 road under irartc req! @s the use ot temporary warn.g
dev ces and taftic connoters ro 9ve adv6nce warn nq ot hazads and guide vafi c safett
pasirh€ sle,3nd io prorect workmen. These aranqemenrs 6re nec€ssary lor bolh smatl
s€Lated qrolps or m-An are ca[ying out m nor mainrenance and wh€n major consrruction

l -a roe ,naoro 's  oo !ar . r rma ' r 'ag  s ,91 \ . ,q r rsa lo  od , , .do€sc f  o rd
o .  a red  .o  p  ov ide  ddodJ6re  saa,aq  aro  g .  ida ,  -p  ro  I ,d . , r . .

Wfrere bldgework is n progress above a roadway catryns raftic, ad€auate precaurio.s
must be rakef to sareg!ard aqainsr ,a Ins .ocks or other marerats.

Tehporary w6rning liqhts are r€quned dlinq the hours berw€en sunset and sunris€, in
sgns ,  bar ie rs  and o th€ f t6 t f i c  conro tde ! ices .  Lqh is  shat  be  k€pt t i r

o lo r ' rd  a rd  \d  beo 'd . "opo .eoo .<qa" ,  g t .o ,and6d l
Ig |  ds  pq  r .d .  -L rF  

95 '  . !o . to  oa  o .  sL t  .a . r , . . . .< i r r rob" r . ,be . .o -aosra r (e
of at lea$ 100 m und€f normat aimospher c condn ons dlring rhe hours ot darkness.

re ie . r !e  and be  req ! ta '  y  c leaned

When blasnnq operaiions 6re beinq catrred oLt, a I trarric mlst be sropped ar a sato
ess than 200 m tom th€ sre dt bLesrjnq. The road shoud prete.ab y

be comper€  y  ba t r rcaded across  a .d  ssns  such as  Basr ing  Srop, ,  Awaj t  S iq .a ,  e ic
ere*edar theb6t rcades .aworkmandr€ssednah ish tyvs ibesa le ty rackers .ecessary
a t  €ach bamcade ro  ens l fe  rha l  the  sg .s  a re  d ispayed jn  a  su tab te  ma.ner  a .d  rha t  ihe
trarrrc compl es. Ne can also r€move the wam nO sOn when the At Cte6i has been
A 've i  and s rg .a  lhera i l c lo  p roceed when condr ions  ar€  sa te .

Where elecr c deio.aiors are bei^S usd, sahins signs slch as"Blasltnq Area., Swkch
orl Fad o Tra'smitrers and End oJ Btastns Area. are to be ereded o. each approach,
a t leo" .200-  o -q -  - , " .g r .o . .obc lepr  apo . r ,o r  J . - l
c r Idc . . r ' ! da ro .a ros ,o . "beqrc .o / .o t ,o_Le , re .

SALI
NAN



Where a snole lane is used to catry rafJic n borh dnecrons
fac i lue \  _o  oe l r r  r r ra f (  ro  b€a1" lnare  v  qopp€o o .  ro  p ,ocaed.  Cor l ,o ro i rn . r . , t , c
ca. be cari6d oul using ratlic conro €rs, tempoGry tratfic son6ts or potce, as

Each rrallic contrott€r shoLld wear a cooured sal.tv jacker (rred with rcro reUeclive
markings flsed at nlohn. He shoud lse 6 sujiab€ sign board p6i^ted red ltor sTop) on
on€ srd€ and qre€n llor SLoW) on rh€ other sda.

Oefective signs, iqhrs or baiiieB shoutd not be used of rhe wo .t an! rime Warnino
dov. .e :  s r  oJ  d  o" ' "Lc  "eo  r  rna f  co 'ecr  pos  r io r  da l  d ro  r ,€ t - r .  | | .e .e$dv  .he . i
on tlre war.ing devi.es sholld be dranq€d outside normat workins hours io ensure rhan

Only competent persons sholld be appo.r€d as raltic controt€rc and rhev shoutd be
propar y nsrucr€d in the conect procedures in conroling ua,, c.

artempo/ary wanfO devc€s should be '€mov€d promprty when it s sate to do so

rf cas€s where tfaflc is permited ro Lse any portion ol ihe existing road or bldqe deck
du..9 consrrucrioni 6lmovable equipmenr musr be femoved trom tho roadwav or deck at
nght. when r is Lnavoidabe ro eave eqlipmani 61 niqhi wiihtn 7 m of rhe edqe ot rhe
t.afic route, it musr be rit by a surabte numbar oi red Lqhts.

naddtion toth€norha saisry precautions, when eqliph€nt is operat fO ar niohi on,oads
under t'alflc, i m6y be.ecess6ry to ftoodighl the work afoa

8.8.6 Br idge Widening

It it s not possibre io detourlrattc ofj 6 bridge du.g widenin!, speciat precaut ons m!st
be takon to protecr both the workmen and rherafitc a.d to ensure rhe inteo(tv of the new
wo P . .aL .  o '
ihe.ew work and ro min m se rhe eliecls ol vib.ar on caused by pass ns vehces. These
requrements ca. be achieled by the !s€ ol o.o or more ot rhe ro ow nq:

Placing substaniial bar ers betweei otd and new work.

Leav'ng enough space berween the baiiier f6ce and rhe n€w work.

RestJcrinq the speed of ralf c io ess than 5 km/hou., especiatydurinq
placemem ol lresh concrete. tn some cases tmay be necessary to stop
the  ra l l i c  enr r€ ry  Jor  a  sho^  perod and,  in  rh is  cas€,  i t  i s  adv is6be to
qNe as mlcn advance war. ng as poss ble

workLng, at night when ihe voiume ol raflic is tow
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As much oI lh€ wldening work as possibe shoutd be cariied out betore the otd k€rb and
l€nce are removed. For.xampe, tr isoiten possibte to compterethesubsnucture tofrhe
wdeninq b€lore it is n€cessarv to disruptthe lraflc ftow over the ersting structlre. h
s foJ  d  b . 'ememb. .d l -o ie lo r  r .a r  lo1 tus  n9  d ,  d  odng€,oJ
ans6 'n  b  id9p 4 iddn-  q  do4 ard  ev . ' \  p .eca ! r  on  s1oL.d  D.  ra .  e .  ro  a"o ,o  r f .  oo>rb  t rv

4.9 FINAL INSPECTIONS

The sitlation should b€ avoided whefeby rhe Conracior is cont.!a y be nO request€d ro
return to cariv our coiiection work.

The lollowing procedure is recomn€nded I

ra) rhe st.ndards ol finsh requnad shoud be esrabtished at 6n eadv d6re.
At rrris stage, the Engineer shoutd satisty himsejt rhat rhe superysinq
Efgineer is achievins rhe sFndard rcolired.

{b) Ibe SupervsinA Engine€r shoutd inspect e6ch secrion of the work
deta l l ,  and  shoutd  .o r  a tow sca t to tdno ro  be  removed un i t  be
satsl'ed lhar each sect on is up to standard.

lc) Prior to issL ns ths Certlicate of SLbstanriat Compelon, ihe whote of
the works shoutd be inspacred by the EnOineer. At rhs st6qe, ihe
Contactor shoLtd be given 6 w t€n tisr ot the wofk ,€m6 ning to ba

w.rk frust be done before the Ce(icate ol Fina
cohp eiion is ssu€d.
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9.

GENERAI-

DRAWINGS AND SPECIFICATIONS

USE OF REPORTING FORMS

o 9.1

The e$ab ishms.t a.d mainta .ing of a good system otrecordino and reporr.g by boththe
Engine€r and the Supervising Efgrne€r and hs srall isvery importanr. Thisb€comesvery
apparsni I a displt€ arises, when 6l lorms ol r€cods, from oft c aL corespondence,

s, €t.. are used 1o estabrish what acluarv d d take ol3ce.

Greal care is n€eded to ensuro ihai repons a.d Minutes ol m
co.cse l€rms. Ony marterc which are lactualsholld b€ descibed, without amorional
expressio.s of opn on. t s most importanr ro lnderst6nd iha|n lesal proceed.gs, ihe
mean'ng or a r€podcan only be based onrhe words6nd e4ress ons used. Anyambiquiiy
in wrilnq can be s€zod Lpon and a sutable inrercferarion presentad ro an arbinato.. Any
matteGinc!dod in repoft which have been based on hea.say willrout 6ckfowtedg€m6nt
ot lh€ so!rc€ can also be mLsinrerpreted as lact, in reo6 proc€edinss

Exampl€s of varidls feponinc and recordns lorms ar€ inc uded in Appe.dtx 1

o
9.2

9.2.1

The SLpervs ing  Engneer  must  mak€ hmset  thorouqhy lamt ia r  w i th  the  Draw.gs  a .d
Specilcat ons lorthe works, and the r€qunemenrs ol the Generat Condir ons ol Co.tfact.
He should report imnedatey ro rhe E.ql.eer 6ny dscrepa.cy or ambigliiy he may
d scov€r in those documenG.

The Supervisns Eng.6er's.opy or rhe DGwings and Sp6clicarions must nor be atered
unless authorised in witi.q by the Engneer. Any dolbr in $e nterpret6tion oi the
Dawinos, Sp€cllicat ons ot other nari€fs cofnecied with the work sho!d be retetred to
ihe  Engfee f  lo r  hs  decs io f .

9.2 2 O,awi^ss lssued

Adei6edr€cord incud ingDateo l l ssuemusrbekepro la  re l i sed  drawings  ssued lo lhe
Connactor, as rhese c6n have an mpona.t bear nq on Con

9.3 ADMINISTRATIVE FOBMS

9.3.1 Di6ry

The Superv:s n9 EnQineer6nd h s siarf mlsr k€ep diartes to record theday to day proqress
ol the job, inc udinA nores on a ld scuss ons w th rhe Conractor. t sespecialy importanl

deiaired, dairy record dl job D
numoer oi men, types of pant erc. on sre. This inlormation can be very valuabe for
determining tha valdty ol afy flture cams lor addiriona paymem.

9 l
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The Slpervisnq E.gineer musr ke€p a da y diary whch w provjde a
record ol rhe progr€ss ol the wo . The lotowtnq intormation sholtd

! nJTbq . a.d Tq o .d eqJ pr 6n

matenars sLpplied to rhe Co^r6ctor and Materas,on.Hand
lsee a so section 9.3 3)

delivefy, installation and remova ot Connactor,s equipme.r, and detais
or major pant b.aakdowns and rerurn ro seruicei

ocar o. and descaption of oporarions caiiied oul each day:

oates ot commencnq and linlshnq var ous s€*ions ol rhe workj

dera ls ot' dates ot noriflc6llon of aurhorsed amenomenrs ro rne
Drawings o. Spec licationj

derais ol any instructions or warnings qiven to, and imparanl
conversaions herd wnh ihe coniracior or hs Representarjv€;

daie 6nd m€rhod ot despat.h ot iest samp€s;

results of lied and laboratory tesrs on mareriatsl

del6is ol mater a s rejecred or work.ondemned, afd disposatot relecred

pa{,culars ol derours includinc ther condiion a.d rhe odLe o, a!enrns

part'cu afs oi aiy resnictio's on hor zontatorvedjca c €arance, inctudtnq
dales mposed and removedl

photographs raken at rhe dnect on or rhe Eno.eer (eq phorogfaphs ol
works  n  dspu le ; temporarys iqns  ind icar i ^q  the  I  tocar ions ;  ano exsrns
sg.s, pav€menr markr.qs, bolndary fe.c.g 6nd orher trems to be

in . lud inO app,oxmare  ran la  and tempera ture
r€ad'nqs and the, erject on the progress o, the wor(, inc udrng any

oeta  s  o l  any  emerqenc ies  or  6ccdents l

deta ls of any delays whjclr occur o. the work a.d the reasons rorrfeml

teatlres or tha work or assocared iMid.nrs:
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9.3.2 Corespondence

A compl€l€ record oJ cotrespondence s
ia  n ra ined.  rhs  w i l  . c lude e f le rs  s
,lnstf!ctio.s, sivi.q details ol orooress

The Supervis.q Enqineer mlst keep
ImerEaved co(espondence book.

cotrespondence received must be kept

Atlni€ryals req!ired bythe Enqinee., the Supervlsng Enqineer sho!ld lorwa,d rhe orgina
she€ts  o l  hs  d i6 ry ro the  Fns ine€r  Thecarboncopy oJ  h  s  d ia ry  s  be  kepton thes i re  un i i l
rhecompeion  o t  the  work .  Tr re  d ia rescan be !sed Ln  the  prcpa,a l 'on  o l  regL l . r  Proq ,ess
Reports by sir€ stafl to trre Enqineer.

n a llln9 system, and copi€s m

9.3.3 Measurement Book

Tlre supe,visfq EngLneer sho!d make a necessary measurehefts and [eep records or
receipt and use ol mareras to enable him to cedily rhat ihe specLried amounls ot the
var o!s marer6lshave been inco,poraied in thewo,k tse must e.sure that th€ contacror
undernands rhe  bas  s  o f  measu.emem in  each case

d6tes  o lv is ts to the  s re  byrheEng ineer ,  o lher  DPU s ta l l .nd  mpof t . t
members ol th8 conraclor's company,

nstuctions received lfom the Engin€er; and

where similar mat.rials aG drawn tom dil,eronr solrcos, th€ rocat ons
ol rh€s€ mar€aals in the works.

wr ten  Ls .0  a  s t6nd6rd  lo imar .

he shou d teep an inre, eaved measurem€m bo.kio 'ecord 1in duplicare):

a l  messLremenls  o l  c .mpeted work ;

quantn ies  and types  o t  ma leras  as  they  are  rec€ved;

deta s of duly auihorsed dedudions and ertas;

deiais oJ any work be.q car ed our by ihe connactor on an actua cosi
bass ,  wth  a  re te r€nca to  ihe  au thor ry  lo ,  the  work ;  an(

detais of tha marenars reje.ted or wo,k condemned, and disposa ot

eni to and received tom the connactor musr be
ent issuino or6wlnOs, q vnq or conlnmino she
payments aid conlrminq Ertensions oi Time.

copies oJ hs ourqons corespondence ,n an
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In r€cordlnq deiails ol work caified out by rhe Co.r.acror .n a^ act!.j cost b6sts. the
SuDgrlisino Enqinoer musr show sepafately, tor each jol,.

ea .h  man wor ls .  h is

to the conracror at the

or each €qu pment ii€m
used,  and rhe  lme workod by  i t ;6nd

a d€scr pi on and finalmeasuremenr ot rhe work compei€d.

the number ol men €ngaoed, the hours
c lassJ ica t ion  6nd the .a te  o l  pay ;

rhe 6nounrs ol marerals lsed and rh€ir cost

the make, class and orher reeva.t p6dcua6

onih€ Itsr d6y ol each costinO per od,
records lor the previous cosr ng period

A comprehensive record ol deratts t'or proOfess p6yments mLst be kepr. Ths nctudes
oera s or measur€d quantiries, v6riatio. orders afd Dayworks orders. Derais ot rh€
Coniractor's calcularions and the Supe,visnq Engin€er,s catc!tario's sho!td atso be kepr

9.3.5 Secui ty

The Supervis ng EnAi.eer must enslfe thai a[ reasonab,e pr
h is  s€  o lnc€  secureaga ins t  b 'eak inq  and emer  nq  padc l ta r  a renr ion  shoutd  bepa id lo
the secuty otvaluable rems, sLch assufv€y instrumems and cameras, which shoutd not
be r€ri in rhe orfce overnghr or ar weakends and pLbjc ho days when rlre otnce s
unoc.upled lo, a o.q per od, t hust to be kepr tocked

The Slpetuisfg EnO ne€f sholtd ndcate ihe source
meft oned above and must .heck the hems with th€
who s requned ro acknow edqe rhe corecrness ot rh€

ol his inlormarion for $e h€ms
contactor, or his Fepresentative,

nlormal on by sg.rnq rhe reco'd

rh€ superuisin9 Enqineer shourd send the originar
lo th€ EnO neer, and r€tain the carbon copv for his

copies oi any repo(s ro the Engin€er

whch can be  used lo r  tho

The Proreci da res, connad coresrondence, a.d
must lre teared as conlde.ta afd kept in tocked

9.4 TECHNICAL FORMS

Appendrx  contans  exampes o t  s randard
s!perv sion ot bidq€works.
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Soma ol these to.ms relate to |h€ results ol standard tests catred our eirhq bv the
Superuising EnOineer and hisstafl on sit€ or in rhe site tabofatory or in oth€r tabo6to es.
Othar foms re at€ ro $e resulrs ot .spect ons carisd olt bythe Supervising Encineq and
his slall duing ihe projecr Not atl ot th€ forms are requned on every pfoj€d 6nd the
Supervisng Enoineer wir nomatv dete,min€ which foms are to be us€d and w[
sLmhar se trre feqLnem€nrs ofthe specircat on as ro ine rypes and kequency ot testir,q

Exampes are rhe number ot iesr sDecime.s ro be t6ken pe. cubic mere
ol concrere plac€d (obrain€d tom ltre specitcaron) and the slaoes 6t wh'ch the
Cont6cto, s setine olt s ro b€ checked (a procedura raquremenr aid down by th€
EnAinee, or the Supetuisins Ensine6n.

The use ol these lorms s dscLssed n mor€ datai in other sections ot lh€ Manu6.

Cop€so la l  ma ler la ls  tes t  resu f ts  1 lo .  a r6mpe so i  compact  on ,  aqgreAate  qradnqs e tc . )
shoud ba keptonsiie. Orhenmpo(ant on sii€ measlremenrsslch.s piledrivin€ records,
presress,nq srand tens on n9 erc. shoutd a so b6 kept. These resuts conlim thatihe
stiLcture comples wilh the Speclication and a so se.ve 6s uselu relerences it ihere are
anv lutlre Drob €ms.

li s uslal to glv€ the Conracror a copy ot at tesr rcsllls, borh successtut and
unsuccessf!, which enables him ro modity his consructo. methods it necessarv

9.5 TEST RESULTS

PHOTOGRAPHIC RECORDS

9.7 JOINT INSPECTIONS

Requar  da i€d  pho ioqraphs  shoud be  ta (€n  to  bu id  !p  a  pc tor ia ths to ry  oJ  progress  and
r0 assist in provid nq evidence n the case ot dsoutes.

SrpD.b . r  "o  DJ  o -oo  ao t .  o r  no \a r  a  o '  r . , . ( n  i q  . o i<uL .  ! o ,  r - l aa ,qJes  d r€  - .e l

V:deo 'e .o 'o .  
"  e  a )o  \ "L"o t "  lo  ono 'oSrdp '  r " .ods .

are nsp€ctions ca'iLed our joinrly between the Enqneer a.d rhe
coftractor lo, no.e usua y beNeenrhe SupetusinO Enginee,,s siatf afd theCo.tia.ror,s

Jo nt fspect ons olJer severa advanlaqes over ispeci ons caded out independ.ntty by
the Eng nee, and rhe contr6cro,.

i rhe two pades agree tMl the meihod and ocarion ot rest nq ts approprtare, rhen the
a ly  beyond d ispLte

ndepende.t restins otren 9ives r se to the araLment thal lrrelesrs wer€ rmpropeny cari6d
oul and/or th6r the ocalions ol the tests were not representanve oJ rh€ etemem ot work
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In many Instafc€s the re$ing pfocess invotves considerabe 6fton and ndsoendenl lesrs
may requtr€ rcpetil on ol 3uch tesb belore agreemenr between the parties is r€ach€d.

The most  us€ fu /  app lca t ion  o f jonr  nspec t io .s  j s  n lhe6@aof  measuremef t  t i the
Supeivisng Enoineer and rhe Contrcctor cary oW joft heaslr€ments 6nd agree on rhe
meaqremenrs rhen ir is onl) rhe acilalca cutation ol the aua.nty which can b€ rn d soute.

b  / 'es ,  e  oa  ro  'econc 'e  o r r ,e , -Fs  rFr  re@dMo rhe
who € measu'emenr Drocess.

The Supetusino Engineer and his naft musr resist rhe aremDrs of rhe Conrracror ro use
these jo nt inspecrions as an easy wayro get work done bv rhe SLpetuis nq Eng.e€r. A

s in setinq-olt tha bidge wo.ks.

Notwithstanding ihe 6bove, it m!st be rememb€red that uttimatev it is rhe r€soo.s biirv
or rne Enqin€e. to inspecr and measufe rhe Works.
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10.1

10.1.1

PROCEDURES

ENGINEER AND HIS STAFF

Other r€cordsshouda lsobesef t to theEng in€er , .c lud ingweather records ,p lanra .d
labour retums, productivity lOures lo' the peaod belng tepon€d, copes ol rh€ daily diafy
and weeklvsummary, andany orher temsolsignitcance. Deta ls ol Var ar ons a.d desiQn
chanses shoud also be included.

Enginaer should, al monthy or other int6rvas dnected bV th6 Engineer,
Ropod whhthe r€quned numberof coplesand in rhe appropriat€ tomar.
on€ copy 6nd fo.ward the remainng coples io ihe Engineer.

be in th€ fom ol a bref wdtten summary, slpplemented by a redlced
the side elevation 6nd plan olrhe bridse, co oured to show the work do.e

10. PERtODtC

BEPOBTING BY THE

REPORTING

SUPEBVISING

10.1.2 Progress and As.Constructed Drawings

The Supervlsinq Ensin€e. should mark proAressivey on his copy of th€ Orawinqs, or on
proqresschaft, detais oftheworkcompeted. Hesho0ld aso plor lin a disrinctive coLour)
o. his copy ot th€ orawinss, al amendments 1o the conracl.

The amendmenlssholld b€ plotted6nd d mensioned so asro perm i acclralecomputation
from ihe Drawings alone ol al exr6 o educ€d qlanriries ot materiar, excavatior, elc.,
nvolved. O. competion ol each podon olth€ stucture coftain ng an exta ordedlctio.,
a separale compltal on shoud be recorded ln duplicate in rhe Measur€menr Book and
nftaled by rh€ Conractor or his Any addition6 work done by the
Contractor lor hs own co.venience 6nd not ordered by the Ensin€er shoud be shown in
lfre Measureme.t Book 6nd sepaGtelymar(ed on the Orawlnqs. At the conc !s o. ol ths
work, the Orawings m!st be lotuarded ioihe En9 neer whowila'ranqeforlhe preparation
oi As Constucted Drawinos.

'lo_2 REPORTING BY THE ENGINEER

The Engine€r's B€pfeseftative shoL d produce a Monthly Proqress Fepod o. th€ bridga or
bridges ben9 co.srucled and torward rhe reqlned rumber ol copies 1o the Enoineer.

Th€ q6nera iorhd ol rhese F€po'rs 's as to ow\i

Dascipron ol the Project

Srarus ol each bidqe in the project

Mon ih l y  Cad i l ca ra  and  P roO,ass  Paymon t
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. Program lor ner month

Proj€cred and Actuat Progf.ss ot

Conractol's Eq!'pmani

Projecled afd Actua Prooress ol

contraclor's ProQramme

Ceco,d of Mereoroloq cal Oata

Summ6ry of Change Orders

Sumhary of Contmclor's C aims

summary ol Escalat on Paynents

Summary of Dayworks Orders

Slmmary ot Conracr Vatue

Pholosraphs of Projecr siie(s)

This Fepo( wil bethe on y solrce ol inrormarion abolt rhe projectlor many persons and
rhe Report n€eds ro be both compele a.d concse ro pfovide d€tails of the starLs ol the

The Bepod sholld highlight any anlicipated pfobems as wet as any cudenr problems.
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1l

1 1.1 FINAI.ISATION OF CONTRACT

'1 1.1 .1

At rh€ end ol the conract lhe Engineer musr enslre thar al detais 01 the contracl6re
nnalr5ed 6s quick y as possible.

11.1.2 Provis ional  Handover

PREPARATIONOF PROJECTCOMPLETION REPORT

On DGH contacts, ir 6 usualto have 6 Provsional Handover Commirte€ consstng or
represeotatLves f(m rhe Employer, rhe lnojneei aid rhe conracror whch darres olr a
forhal nspection ol rhe Wofks prior to tha ssue of th€ Certli.ate ot Slbsta.tar or
P/act cal Comp etion by the Engin€or

The Project Man6qe, sends a siandard Iet€r ro rh€ Contacror and rormalLy seis up th€
Committe€. The Provs onalHandover Commree issu€s a process-verbal ( n one ormore
paGl sering our rhe resLrts ol rrre visua examinalon and qLarty convolrestn0 ol rhe
Works, a.d informs rhe Cont6.to, as ro rhe detecls and deiiciencies whch €qure

A ara.e period may be siven to the Conlractor these reques6 A
!  ' o ! d q l e '  p o . e r , ! c o a l d e  e r e c  d a o m ' a r e r t 5 6 d r r e
of  Prov is  ona l  Ha.dover .  Ih 'sdaremarks ihe  s rar to f th€  Ma n tenance orwar rn ty  per  od

The process ol Inspection and .epair of tho Works s set out in the Genera Condit ons or

anna measu,omemoi theworksmu$beaqreedandtheco. rac torpada.yours tandrng
mones,  nc !dng re iL .d  o l  Retenr io i  Money 6s  reqLned by  the  Ge.e .a lCond i r lons  o l
Conracl. Ceneraly a lina Change Orde, s issled ro inc ude a I OaV Works, d€€i€ the
baan.e  o f  any  remain ins  conr  and ro  con l rm the  l i .a lCo.nac t  Sum.
rt there are 6ny maiiers ol dspute stll oltstandnq, paymeni shoud be made where
poss ble witholt prejlddno rhe Empoyer's position a.d a slareme.t ot th€ posrion made
so that any remainnq action s lrren I the hands of the contactor.

Ar rhe concLs on oi the coi ure thar tha as constucted
Drawings  6nd the  Br idqe Comper ion  Repon have been rna lsed.

11.1-3 Final  Handover

The o i l v  remain .g  mat te r ro  f .a lse  the  Conrac t  s  a l l ro rough checkor rhe job  a t  the  and
ol theWaiianty Pe, od Anydelecrs must becorecled bythe Contacior. The Certilica@
ol F i! Compel on is then ssued and |re balance ol Rele^tion Monles and Secutv or
Ma.enance Bond retlnded to the conracior
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11.2 AS.CONSTRUCTED DRAWINGS

11.3 COMPLETION BEPORT

The dark€d up copies ol the Slporvisinq Enqneer's Drawings are toNard.d io the
Ensineer ro allow prep6r6tion of ths As Consllcted Drawinss (R€ter 10.1.2).

A Bridq€ Comperon Repon is requned lor every nd v dlat brtds€, resardtess ot the €ase
or ts constucton or the sood performance ol lhe Coniractor.

The conten t  o l  the  Fepon w l ldepend upon the  narure  o f  the  br idse  and the  d  t fcuk€s
encounte 'ed  in  i l scons tuc ton .  Smplebr idges  w i  ony  requr€  rher€cord inq  o l  essent6
detars while complox brldOes and Conracts wrh major varalons wll requne erlensive

Feports shoud qenerarly b6 divided i.to lour major secrtons as d€scrtbsd b€ ow. Colour
photoqraphs olthecompered stucrure shoud be atached, as wet as phorographs taken
dunng signlicam stages of consifuct on. A copy of the cene6 Aransement Orawng
toh ire As Cofstrlcted Drawings shoutd aso be attached.

The &dqe Comple t ion  nepot  w i l  p rov ide  dara  o .  thecomp€i€d  s ruc ture  lo r input to the
Bridqe Manaqemeni Svstem and 'eportfg ot costs, rim6 ol consrlcrion €tc. wit be
c.nta ned on standafd report lorms tor €ach brdge.

11.3.1 Conrract  Detai ls

This s€ction of the Fepon is a biet sLmhary of the coniiacr derais in a lom suirabl€ for
future reference or ror incorpoiat on into a database.
'rhe deia s r€,luned are :

Names ot Coniracior a.d approved sub co.nactors. For combned road
a.d bidge co.tracis, the Coitractot listed shoud be the lrm thar
actla ly constflcred $e bridqe.

Initia desiqn cr te' a,iyp€ ofcontracl a.d relerences to sland6/ds, codes
3.d specir cat o.s eic.

cosi ofcontractinc uding d€iais oJ Increases . costand lactors 6lated

clraiqes n ihe scope.l ihewor(s d!. nq consr!dion and rhe reason(s)

orqin6 consruction sch€dures and any deviation there lrom and the
reaso.s for rhe d€viarions

Contacr Pe od ncludng approved elte.s o.s.

ac tuardLr6 l0n  ! r  the  co . t iac t .ts)
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Ths data willbe reqlned 1or each bldqe and s to b€ lited olr on standsrd repotr to.ms.

1 1.3.2 Construction D€tails

Ths secuon lsrs basic inlomaion lof llture reference.

ia) actualconracr levels tor piles and lootinos (6^ a3 copy ol tha reevanr
sheet ol the As Co.sructed Drawnqs is sarislactory)j

11.3.3 Comments on Desisn and Construct ion

n th's sect o. are isted :

(a) any sisn licani cha.9as to thedesion or specified consruction procedure
wh'ch were approved, and rho b€nefts

6ny sig.ificant vaianon iiom the D/awings, slch as d€ck r€ves,
co.crete srength, pr€sress'ng ananaement, erc wh ch m6yatled ruru6
maintenanco of lpqradng ot the bridgej

detalls of actlal items install€d whora app.oved ah€r.anves 6re
permirtad by the Conract Docum€nts, €.9. alnnium/sr6e ralno,
bearings, expansion joints and olhe, proprietary nems; and

any insnumentation or peman€nl measuring devlces instaled on iho

iechn'ca probems and r€medialmeasur€s r6kef.

any areas wh€re changes
proced l re .0ud l rave  saved

anv consnL.t on d ir curi es

ro the desiqn or speciled

f o f  whch  the re  appear  to  be

any rnnovarv€ constucrion procaduras adopted by the
Photographs shoLld be provided where rpproflarer and

o ,  d r r ,  u t iA (6  r '  o leo 'oo"

] l . 3
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11.3.4 Comments on Contractor's performance

I this secion ol rhe @pon s cririca oi tho conracror
Conlcddt lurlre prNp€*s ot wo'k may be afi€cred lby redlcrion of prequaiticatiof,
ror example), the. it should be written as a separate, coffid6ntiat s!pp ement, personaty
srgned by the Enginaer h should be nored, how€v5r, rhat 6ny torm6 action proposed as
a resut of the contractor's poor pedormance shoutd be rhe sLbject o1 a comptetey

The Conrracror's pertorhance should be assessed in th€ toltowina areas :

orqanzarion 6nd plannnq was the Contacior abr€ 1o comptete the
works whhin the Cont.act Pe od {nclLdnO approved exre,Eo's, cno
wilhoui causinO excessiv€ variat o.s, and did the Connacror provros

sound panninq bzse by supplyin€ cGdibe bar
chaG/programmes, etc rhrouqholr th€ Conracr 7

dd the Contactor supply app'oflat€ pla.t and
to complote the contract on lme 7

dd the Contactor employ sLpervLsors with
expedise io ensure the work was caded our

Altitude d d the Co.tractor app,o6ch the conracr wth a spnit of co-
operat on or cortfonration ?

This soctionsho!ld concrude w'rh a recomm€ndarion as to rhe suitab tity ofthe Contra.tor
endario. co!ld also6ddr€ss, with r€oard to the Contl6cror's

per lo rhan.e , lhe  appfopr ia teness  o i  the  Cofua . ro r ,s  cur re f t  o reoua lca l ion  tmt .
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PART 2

12. GENERAL ASPECTS OF TECHNICAL SUPERVISION
OF BRIDGE CONSTRUCTION

Pall 2 ol lhe consnuclon superyision Manuarcovers the iechnica sup€fvision ot bidss
constrlction Pa^ l contains rh€ adminsranve procedures a.d qudelinesio be used tor
s!peruision ol constuction projecrs.

This P6rt ol the Manua consders rhe major iypes ot work assocared with bridqeworks
(rcplacem€nt, r€habliraron o. r€pat) and dsclss€s some ot the probems and sotuiio.s
thatanseinthenorma colrse ot .onstflct on. rt s assumed thar prob ems are .or rctatod
to manasemenr or the projecr lrhese ar€ addr€ssed in Pa( r) but thar thev ar6 r€lated ro

Severalslandard lorhs have been suggested ior use by enqneers and superviso.s on
bridge works. These loms cover the major areas of inspection whch are cared out ro
ensurc rh€ quairv sG.dards reaured by th€ sp€cification afd are included in ADpe.dr L

Nor a I ol th€ to.ms are needed on every pfoj€cr and it is up lo rhe SLpetusihA Engin€er
ro dec de which toms arero bo ls€d a.d to assisn rcsoons bi tes lor rhe supetuis o. and
inspect on ol th€ diferent Darts ot the brdoe works.

The Jollowrns seciio^s coniaD basic descnliions ot varjous consruction merhods a.d
techn qu€sand thecorespond n9 superuisjon and nspecl on requ rodroensure ihelin sh€d
product s ol lhe reqlned quarity.

Amor€detaileddesciption ofsome consrucion iechn ques and morhods, many of wh ch
a.e  spec i l i c ro  ndones6nprac tceandth€ typeso lbr idgesconsnu. t€d . l fdones ia ,  s
'ncLlded in rhe B doe Const,uctjon Techniques Man!at.

121
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13.1

13, SETTING.OUT OF BRIDGEWORKS

INTRODUCTION

The consrruct on ot a bridge rsaur€s rhe consnuction of a i

lhe tr6nsro.marion of a desigi rep.essfied o. d ser al Orawings ,.io a siructure dn ihe

!  iheremusr  be  as€ to to round survey  co . ro  marks  rhe  toca t ion  o f  wh ich
's related 1o i consisient refe.ence system;

. the b,idge design must be rerared ro lhe same rel€fence system.

By measurns aDd levelr.g toh rbe suvey conrot lMks, teipd'jy su. caDttd nrks
can be established nearthe brdge s te lrom which ihe I falpos r on ot eleoenrs ca. be set

rtlresetinc @l iniormat on shown on the orawlngs is not c ear or s ambguols or s nor
. a iorm convenie.t lor sett.g o!t, the stre eng.e€r shoutd refer th€ marer ro the
desqner for clar fi.arion. The conractor s responsrbte tor rhe setti.q olr bur the sir€
6n9.eer must ensure thar the coiiect .formation is avaitabl€ ro the conracror a.d rhat
sullcient contol marks h6ve been instated.

13.2 HORIZONTALGEOMETRY

tsorzontalAeomety is based on ether a conro Lne sysrem or a syst€m 6l coo,dinates or
sometm€s a  combnat  o .  o l  bo th  svs tems.

'I3,2.1 Control Line System

n lh ls  sys tem,  the  ser tnq .o l t  qeomety  s fea ted to  a  re fe rence inewhich inm6ny
instanc€s slhe cenre ne of the brdoe. ollset conrol ines may also be !s€d.

K€Y porms on th€ seting out diagram a.e ocared by chalnages, by olfser a.d bV d.ecr
measurehent  o t  ds ta .ces  and anqLes a lo .g  l l re ,e le rence Ine .

Conr,.l lines need noi .e.€ssarily be srarqArr rney olrer tr
cases ,  a  $bLaton  o t  ihe  c r rca l  po in t  coord  nares ,  chanaqes,

bearngs and curvarlre dara is inc uded on the a qnneni draw nss

'13.2.2 Coordinates System

In this system, coordinates d€line the key po,nrs on rhe ser,nq our da0ram. To ocate
rhese poskidns in rhe t€ld, dis.ances t.on s!.vey.o.oo, na.ks afe.rr.ulared !s[s rhe'noth'nqs and eastinqs lX and Y co ordLnares) srrec I'ed
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LeveLsafe derenin€d frofr b€nch ma.ks. Co.sruct o. cont.o ba.ch marks m6y be ptaced
elth€r on a looaldatuh or on af inreQraled datum.

VERTICAI. GEOMETRY

13.4 SURVEY CONTROL IVIAFKS

The v€rtica seomeny oJ rhe contfo line is usoatty d€rined. This information derais the
po'nt chalnases, linished surlace tevels and orades vsrtic6 curve

geomety  i s  o l ten  om t ted  i  the  ver tcarqeomery  is  rea l ra r ,  and r€duced eves6/eq !e .
at regua, slrort 'nr€tuals along the desiqn ines

network s established to covq the whole sie and ma*s 6/e olaced tn
p6'rions alpropraie to rhe co.srucion j.volved. Distances berwee. .o.t/ol marks
slroud normaly be ol rho order of 50 metfes.

Slrveycontro marksshoudbe oc6red close ro the bl dse sire bot c ear oJ the works 6/e6
to avoid dlsrlrbance by moble panr and eq! pment They shoLtd be chscked r€qutar y
Movem€nr 01 sury€V conrot marks may atso occur ii rida a.d rectaim€d areas, in
€mbaikments oveJyinq compressible sals, and in Oround subject ro l6rge vadation in

13.5.1

SETTING OUT OF STRUCTUBAL ELEIIIENTS

Thr locaton at malor eleme.ts such as aburments, pers, and rhe slpersuuctLre 6re
d€tned reanve to ihe adopred relerence sysrem.

Olrset rereren.e harks srro!d be esrabrshed Jor each per a.d abltmenr. The posiron ot
each rele'ence mark sho!d bo careflly descrbed o. sile io provida convenient re-
establshm€nr ol per and ablrment postr o.s rhrouoholt the consrr!.tion works, a.d so
rhar they are unrkelv ro be dtsturbed.

Mino, elementssuch as kerbs, pa'atets and d.anage pils are sel olt retarive to the major
e ements by measuremant

ar rse t t inq  ou t  o r  ma jor  e rementsnus t  be .hecked che.ks l rveys  shoud b€  ndependent
e .aiiied out by the E.qineer's st6fJ and using .srumenrs orher than thos€ rsed n rhe

I t  sarsoadv isab€ fo r rhe  Co. iac io r lo .heckhs  ow.sex inS odt  us inq  a  methodd i t fe renr
f iom rhar  o rqna ly  used To avord  e i io rs  o t  rnco f ted  idennrca l io i  oJ  pe9s ,  .corec t
ma,kinq or etrors in the orig. enoth and tevets shoLld be
checked rhrough the job irom one efd to rhe other and ted inro the orginat survey.
Measllemenrs sholld nor be frade Jrom one e.d onty or trom both efds separately

The bas c princ ples ol suoeynq should a ways be !sed, part.u6rty over tarle dtsiances.
Instruments shou d be eveiled acc!rale y and anq esmeas!red on both laceriqhtand face
ert Survey .stiumefts shoutd be.hectied regltary lor adjlsrment. n reve ing,
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a backsichl and foresiqht distances shoud be approxmarety equa whenever possible.

13.5.2 Pi les

Seit.g olt ol loundations is crhcal. Dimensons such as dstance berween pite caps
shoLd 6 waysbechecked in re aion ro !he supersrructure drmensions betore commenc,ns
consrucnon, pal1clrary 't rhe superstructure is nor hoizo.ta.

Spec6 care  shou ld  berakenwhen a  conroL lne  is  oJ fse t t rom ih6  bndge cenre in€  Care
sholld also be takef to enslre that skew anstes a,e tlhed irom th6 co.rcct tin€ esp€cialy
when skews 6/e berween 40o 6nd 50o.

Pile locations a@ normaly delined ar the plane of the u.d€rside of pte cap or 6buimeht
Thei€lore, whensefi.s.out raked pies, 6djlstme ol the p te pos tion al n6t!r6 surlace
or ple iiame oc6lion husr b for the evet differe.ce between the
u.ders'de ol 0ile cap or aburmenr 6nd the .atural surrace or pile rrame.

Conno of ple locarion aite, drvinq has commenced is difJic!r and judgemenr is olten
reqlned with nitiarsel-up of r6ked ptes to ensure thar th€ driven posrion is ocat€d as
specifed. Faked plestend to hove n rhe dnecron ot ihe.ake with drivina. Thev ofren
lend to increase n rake. Adjusheft to raked olrer pites in a group may be waramed, to
min'mise the risk 01lhe pile benq loo close to the edge of rh€ pie cap necessraring
ehtatsemenr 4f the pne cap lsee also secnon r4). lle tusr.arL€d pile 't,i@n nat be us6d

e '  .  io -  In "  de<S.  rd r .

'13.5.3 Footings and Pile Caps

ReJerence i .es  sho l ld  be  es tab ished on the  too t ins  o r  p te  cap cen.e t .e  and thecouhn
centrelines. Relerence pdnrs esidllrsh€d before ihe pile drividg comm€.c€s should be
rechecked afler driv nq to ensure $ar .o dlsrlrbance has occured.

The fo rmwor(  lo r  the  s taders  o r  n  bs  o l  co lumns shoud be  care t l l y  ser .  l l rh€couhn
stader  rs  oca t€d  prec  sey  and acc l ra rey  d  mens ioned,  ver tca l ty  o t  rhe  co lumn.an b€
conrolL€d dtrecty tom the siarter.

'13.5.4 Columns

ve,tcalry may be co.noled f,ofr accL'aley consrucied corumn naners as descr bed
abov€,  o r  w\h  p lmb Ines ,  o ,  where  poss ib le ,  w th  ihe ldo l re  obsotua tons  Ln  two

Soirir l€vels sholld nor be ls€d ro checri wrticality. Ftunb rrnes slspend€d ove. the tlrJ
heght or the colmn provde rh€ besi form of conrol and can even be ls€d fo' rh€

Colmn heoht  may be  conno led  by  e i rher  iape measLreme. t  o r  by  rever inq .
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The hori2onta location of a fosshead mav be set liom fied stati.ns on th€ rops 01
corumns us n9 coord fates, or f.om cEntrclinesna.sl€ned lrom the bas€lne bytheodolte

SoJrt lo.mwork is sei lsing a evet and stalt, wih 6ttowance beins mlde ror expocted
sert€meni and delecnor ol lalsework and tormwork.

Bed, ng pedestas are somer mes cast monolithically with the crosshead, but because of
$e riqht to erances 'equ red in posirLonLnq pedesraLs, iris p(elerabl€ ro c6st rhs a,,ier the
crosshead Wheredow€lho les  arero  be iom€d n ihec fosshead,  thesesho l ld  be loca ted
caietuly and checked usfg dtect heasurement lrom pier lo pier ro ensure rhe proper

ac€ ol bea.ins pedesials 5 horzo.ra/. The
redLced rev€r or bean.q pedestars to slFpo( prestessed concr€te gnders may r€qune

xpecred lariarion ir Itder hoq. lReJs ro seclion 13 5.a.)

Besn.gsare accurate y positioned on the beaino pedesrsls of which c€nneline m6rkshave
been piev ously estab shed

Somedesgnsrequ ia  beamsorsnde.s to  bes lpDof ted  on  tempo larv  bear inos  Ser ina  our
oJ iemporary bea, ngs is calned our n the same w6y as pemanent bearings.

I3.5.7 Beams 6nd Gnders

Marks ror setlinq out beams are tansfered riom rhe grouid io rhe crosshead.

Fo,  seomenta lq  rde^  pos t  rens  oned o . la rsework ,  in i ta rpro f res  shoud be  spec f i€d  on
rhe Draw nOs io provid€ for the d€sgn p,olle alier sress g.

Ca3t . p ac€ supers(Lcrures a,e set odi fiom lixed stations o. rhe crossheads ol col!hns.
For the level coftiol ol casr in.place box srders, a qrid is marked odl on the solnr
to rnwork  wh ich  is  ad l l s red  wh re  a  s ta l t  i s  observed ar  ihe  9r  d  po  n ts  Arowance mus i
be  made io r  sa t temenr  and deJ le . l lon  oJ  1a  sework  and tonnwor [

13.5.8 Decks and Parapets

Honuonial deck geomet,y rs sel olr n!tr'rhe cennerine ot the brdqe nanstered to
neni wo,k such as crossheads .u(a nwals, deck slabs and

Theven ic6  pro t  e  o i  decks  n  wh ich  p iesressed beamsa,e  used can vary l rom rhe  des iq .
p 'o l 'e  d le  to  lac rors  such asdg€ o t  udrs ,  co .s ruc t ion  i imesand. tmar id  condr  o .s .  To
acheve the cotrect deck prol e r nay be ̂ ecessary ro adjusr the dess. d€.k leveis to

pedesiars or varyf9 the Jhickfess or rhe deck srab. any adrLsiment proposed must be
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appioved to by rho Engin€er.

Whde rlB vettLal prclile ol rhe d€c& does not natch rhe destg n ptat'ite, adjtstnenr ro rhe
dapth ol kerbs and parap6rs may 6tso be nec€ssafy to improve appeara.ce.

adlLstmenls shoud be made ior on! rerm cr.ep dnd shrinkase deiectons as rhese can

when lormlnq kerbs and parapets ,  i t isAood
bey,nd ihe c4snuction jo,nr as pracricar, so

Kerbs and parapets shou d not be set out unr ralrer the decksoflii forhwort and tats€work
hav€ be€n relaas€d and rhe resurins settemeni r6ken oace.

t s good pracrice ro crricallv appra se rnes by eye. nsoecrion hay pjck Lp erors t.
seerng our. A good llre oJ rhlhbi,s rhain 3 rln4 o/.rr!e Joor6 wrons, njsJlleJy rD be

practice ro €xrefd and 3 iOn lormwork as lar
tbrl r're3 and l€vels set by mersu/emenr .aD

o
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14. FOUNDATIONS

14.1 GENERAL

Th€ capacty of a bl dse ro carry h€avyralfic 6nd ro withsland the etfects ot t oods etc.,
dapends lo a large degree on th€ inr€grry ol rs loundai ons. Arholoh alow6nce 6

r  . .np  reLpoo i rdd  b ,  oqes  a .qe  sen- ren  or  a
p'er or an abutment in€vitaby causes oversftess 6nd damaqe to &dqe eeme^ts. tia
bridse has been designed as a seremenl ot lhe substruclure ma!
l e o o  ' o  d  € ! e , \ d  o .  c n . < < . <  .  r r d  b '  d g e  q ' o e

resu t in dam69e ro rhe sruclure.

IFe . r  o r r lao 'oo .DL iod  sLo(o .su . i r J1?edrS  ouaooro .s  a  ras "  rFa(  oe-aads
(Fe 0  r ro redL '1 !oa . ' s raqeo o , 'oqe oJ td ,on io . r .  p ,e lcLr  ons ,hoJ td  be  G\en

g r .€  i .€  o t  rh€  ordq€ \
eo  b  b€  ' r - . -bered  rhd  0  c€  d  o r  dg€ i (  opo+o ro  r r r tc .  ,Foan o ,  < r .nqraer ,nq  or
irs foundalions is usuaty a dillic!r rask.

Fa! ts  ro  be  avoded nc tude rhe  lo tLow.s :o
th€ to!nd nq ol lricriof pies ar insulficie.t deprh;

the over d vLng of ples folnded oniard rock;

th€ Lse o/ e&essi@ d.itng ene.sy when penerdrins r€lfiively sotr
Sro!nd, resurlf9 in ihe crackjn9 ot concreie pies,

damage toconcrere piles caused bV impfop€f handiDg and prching a.d

the cotros on of unprotecred steel piing dle 1o aaqressve waler or

thecoros  on  o l re  i lo rceme. l resu t  nq

nstabilty in a p er or 6butment caused
and scounq ha i€ r ia l t rom around ihe

f rom'nsu l , i c ienr .dn . re te  cover ;

by wale,I ow nq ar hiqh ve ociry

iheinclusion during.onsnuct on, ol ron€s ol weakconcrer€ or ot Jofeign
materar drrno rhe.rsring of lnsiru pilesl

.eq ect dt prorecrive reaimeni of tmb€r p es whch may be sLbjecr ro
le rmre  6 tack  and ma,ne bore 's l

l r re  sh i r t inq  o l  lounda,  o .s  due ,o  gJound mo!emenr :

ol spr-Aad Jootinss due io insutrjcenr bearjnq
capacty  o , In ld€quare  removaro f  oose or  !ns ! (abe harer ia r ;

the lalure of pies due to down.dras caused by the serement ot
approach embankn€ntsl

SALI
NAN



rhe fa ru€ oJexpansion joints caused
.r th€ taillre ol bridse b€arnss

by clog!lnO with lor€iSn mate'ial,
.€sutino in ove.st€ss in the

SPREAD FOOTINGS

Frofr the avaiabe geotechnjcal inlodai on, the desig.€f darermtnes rh€ design bearins
capacity of the soi or rock. This c6pacity is usualy shown on the o'awngs. aased on
that valua, the slze ol ihe lootinss is calcuared. The b dse buiLdef then has th€
respons biLiry r! checr lh3r rhe losndaris nar€iat .n which rhe J6in9s 6re ro be
co.structed messlr€s up ro rhe desilner's esthate ot bear n9 capacry.

As  a  g !de  to  le rd  ide . t l i ca t ion ,  ' ru€  o f  th lhb"  methods  fo r  es imar inc  rhe  bear ing
capac ty  o f  non.cohes ive  so is ,  cohes  ve  so is  and rock ,  a re  g iven n  Tab es  14 .2 .1 ,  I4 .2  2
and 14 .2  3  respedt ive  y

It 's €mphasised rhat these esrimated valu€s shou d nor be used lo, desiqn purposes.

14.2.2 Soi ls

tmavbe necessary to hake adjunmenr to the arrovrable bearino press!re to rake accouni
or the efJecis ol fie prese.ce or qroundwater, an adjacent slope, rnclined or eccefific
oads, and lndeny'nq solrer so s

14.2. ' l  General

Spread looi ngs, as d st nct lrom p'ed Joundatio.s wh chifansmit lo6dsro grearer depths,
d'strbui€ oad dnecdy onto ire soi at.eativ€ y shatow d€prhs.

When dearns wirh sols or lower srength lvery soir to inm corresive sois a.d very oose
to  med Lm densecohes io .  so  ls ) ,  s€ i t lemen land nor  bear  nq .apac i i ymay b€ lhe  pr inc ip re
cnieron qo!e'ning the desl9n.

Sm6 instuments such as 6 pocker efrear vane or pocket pefetometer hay be !sei! n
ass€ssn9 t r re  p ropen as  o f  cohes !e  mater  a  s

14.2.3 Bock

The lalles qven I Tab e 1,1.2 3 are ror uitadured a.d oenara y deleci fr€e rock
Red lc t  o fs  to  th€  va  Les  mls i  bemaderoaccountJorc rayseams,  h iqh  y  wearhered zon€s
6.d  nac iu  ng  Be i r .o  p ,essures  o l  rhe  magn rLde qNei  n theTabashoLrdonybe ls€d
n conruncto. wilr ufconrned compressive aid poni load t€sis.
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14.2.4 'tdmning 
.6d Prcparafion Work

Excavation ls osuatty raken 6t tea$ j50 mm nto sotid srata. Atrer rhe base has been
l€veled and the sides ol the excavarion clt to rhe dimensions shown o^ $e draw nos, rhe
boton  ,s  sqepr  

" -d  
I  oseo ro  e !po<a r lo  sL , ra le  ro ,  ,a ,pe ! r . " .  |  

"a ,  "e  
. " . " r , . . ,  

" rr5 i  q6de ,o '  h "o \  v  oaoea toor -g^  .o  ra .e .o ,e )  be ioh

These may be slpplemenr€d by smatldiameter drtLed holes irom which scr6Dinos a.€
raLFn.  l f  rFe  oc .  q .onr  rs ,  iaJesr io .  uyor f  .dd .oro , .q< io r  D,Fo. .oJFd,nDe,
rar  b . ,eoJ 'ed  la  genad.  I  e  rd ,6 .  -1 .  o3d ' t  o r  a  toor . .o  r f  .  g r€dre ,  <  (nd  rddd
tor prolmq bsts. Vis ble cayseams n rocksholtd be cle6ned ourand r€pac6d wirh m6ss
co.c .e te .  rpoorqua l rymaterarhas tobe.emovedt romo.ear€aoto loon.o .  th€  base.

b€ 19 'a1 "o sr1 . d,(

A 'bljnding Ja)€, ot ma$.Drc/ete, 50 mn firck, rs o/ren prlced o,ef .he base or ihe
roonng exclv6ron to torm a ctean Leve s!.lace on whch I
Provsion should be made for d/anaoe or ihe excavaton by provding a sump betow rhe
Ioo( iao  le r 'e l  . ro rdar  o .  r6@ 'a r  ! .4 r  \  opo, r , .g .  rae .oo  s  !d ,  o "  cd{  d  6  r }

a .on  k  (5 , :  'a tcnce .o . , \ ,  o  our  rhe
d \ ' a . a r i o  r o  T ' 1 , '  F A  o . € ' o ' . a r .

WherB loo t ings  are  'equredro  be  keyed n to  the  found inO mare .a t to  r€ssrs t id inA,  n is
rm06.an!6 $ar rhe key be cast dtrecny asainst rhe sides or iho excavaion.

Pr€caut ions  shoud be iaken io  p r€vent  exca la ted  oremba.kme. t  mar€r ia ts  d rno  f to .  o r
be,nq washed by rainwarer .to the exc6vation, partcutarv atrer rentorceme.t has been
placed. It Jomwork is to be uEed arolnd the fut perimeter ol the fooinq, ure btfdng
rayororconcreresho l tdbeconsruc teda.c l ra ley loshap€, .aandte le t .Th€s id€ io rms
can then be  praced ha ,d  up  aga ins t  rhe  edqe o t  the .oncre t6  b tnd ins  aver  Ths  D.ac tce
speeds up consiruci on and heJrs ro ml. m se loss ot monar at th€ bas€ ol the to.mwork
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No4-Cohe.ive ME'!na,s loavels nd Cl@ Sandsi

Cohesive Mrre,t ls rsilrs, C/6ts sandy Crars)
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'14.3.1 Dynamic Formulae

Many diflerenr €quations have been developed in an arempr ro pr€dcr the lrtimate
capackyoJap i lewh ie  t  sb€rnqdr iven in to theqro !ndat thesre  Noneo l iheequarons
rs c@slstenlly reiirblr e /rljab). awt a w)de 'ang6 at pr. capacny

Mosr practico plle driving lorm!Lae are smplfications of a qeneraleq!ario. and contain
a numlrer ot .mp . cal 'constants and coefficients.

The r rad l t  ona l  method o l  p redc t .g  p ie  capac ty  bV dynamic  means has  been 1o  drve  a
pile, ,ecord the drivino history and then oad tesr the piLe More rece.ny merhods ol
ns l ,umei t  n ! thep leandcary  n9  our  comp q  ca lcu  ar ions  us  io  aco f rpu te fw l r iedrv .g

's  n  p .oq ,es3  have o f le red  a  v rabe aherna ive .

Ane, the !himale capactV ol the piLe has been ca c! ated, a sLrable lacror 01 salety is
t. of wo,lLns capacry. The choce oi rhe taclor ol saiety

s rself op€n io quesnon a.d wherever poss ble il shoud be determ ned bv rhe Desqner

Trre Dansh lormura 's oite. specned ror rhe .a c!lai on ot' uhrmate pjre cap6ciry h is
.€.osnjsed as beinq on€ ot rh€mosrreiabr€ to.mulr€used to preai.l rlrtna.e ptle.apac'11

Mrsd crunbres under njm rmoddd.) bows wrh

DRIVENPILES

14 5
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The !h mate capaciry may be catcltated as

' '*o ' [-:!+]

E

Ford iese  ors teamhamm€re,  th€ra tedhammerenergv( inNewtonmetesorJo !es)mav
be Lsed for the pfoduci wt|. The va!e of /, is the adua|ength ot rhe pte lor engths
area@r than lwonty t'mes the cross secio.a dihe.sio. ol rh€ pte. For smrt€r tenqths,
lplstaken as 20 rimesihe vatue ot rhe cross secriona dinension ot $e pie. A for a ste€l
p pe ple s the are6 of the stee oioe.

The values ofrhe coeftcents e 6nd E, which ar€ dependenr lpon the rype dt equipmenr
!sed and rhe b6rtef ot piles, are qven in the Specitcarior as:

0 .901o,  s t€am hamners
o  95  fo r  d  es€ lhahmefs

Urtimate prre capaciry in kiloNewtons
Weight ot.am n Newtons
(9.41 x Mass ol rah rn klograms)
Ne thr oJ l.€e ta lol hammer in m€tres
Elficiency ol far ot hamme.
Modu!s ol Elastcity olrhe nareria of the pte lin MesaPascars)
La.Oth of pie n m6res
Cr .ss  s€c i iona la6a o l  the  p i le  ln  squa.e  ml lmenes
tinal set ot pile in millimetres p6r b ow us ng an average of tO
consecurv€ dnv,ng blows, or tha lrst 5lu I rorest b ow"
Iemporary compress on arowanc€ in hi imeres as catcltated

E 21 000 MPa (2 .1  x  105 kc /cm?)  to r  concre te  p tes
210 000 MPa 12.1  t  10 !  kg /cm'z ) lo r  s tee tp  es

on the pir€ bens driven v€dca lV. rl the pi e is be ng driven on a
be made Jor both rhe reduct o. in the vedca torce ex€rted byrhe
du€ ro irictio. berwee. the hamher 6nd rhe eads

o i  r r re  coer fc ren t  o f  f rc lon  is  0 .10 .

thus  :  w ,  r  (cos la rc lan( l /F ) l  o . r  x  s in la rc tan t r /R)D fo r  6  p i re
in  R.  Ths  s  lus ra ted  n  F iqur€  t4 . l

eq ,where l l rep ie ' sd rvenonara [eor1 in1011  ho iuon la r to  l0va  rcaD,  rha  va tue  o f
W,  i s  0 .985 imes ihe  ac l la lw€ iqh t  o l  the  hammer .
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Figue 14. 1 . Reduclitn i, W lq a ra*e ol , i, E

14.3.2 Pile D.ivlng Opehtions

a.  Select ion of  Equipment

Th€ eq!iDme.t io be used to dive sree, concrere or timber plres is bas caty ndepe..tenr

n general, the basic eq!'pmert comprises l

{ ) leaders 10 slppon the pie and provde guid6nce duing driving;

l i )  a  p le  d rv lng  l fame to  suppo i t  | re  eaders ;

li' ) a hammer ' drop, sieam, compressed a I or dese powe,edl

{v }  a  p i le  he lmet ,  wh ich  6ay  aso  be  guded,  to  r6nsm t  rhe  brow o f  rhe  hammer
to the p le,

Iv )  w nches  or  a  c rane to  l J t  ihe  pre  f ro  posr  on  and

Moble eqlipment is genera ly used for drlvlnq ot pies on and, arhouqh slationary pi€
r rames are  sn  lused

Stat ionary Pi le  Frame

Pile tam€s coDprrse a rowerwth. set oI leaders a.d a w nch. Th€y ar€ normaly ot ow
o sei !p. move and operare 6nd rherefore .€suli in 6 slow
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r6te ol prog.ess. lh6 eaders mlst be sutficie.tly hsh to t6ke the pte and the hammer
prls an alowance lor hamm* d.oD.

The frames can be of rimber or st€et consruction 6nd a.e oiten cusrom buih to sut a
padcllarjob. The leaderc m6ybe tiled loreitho. vedcator rcked divinq or adjustabtero
alow boih. Cuy fopes a€ olten lsed ro set up and stabitse the rower over rhe pie
posnon afd ro hod rrre eaders ftmty in ptace durins dnvino.

ii. Mobile Crans with Hanging Leaders

Ths system uslally com/ses a tracked cran6 with a sei ot sreet pie eaders or qudes
huns lrom the boom, The base ofthe te6de6 is bracod backtorhecr6ne by€. adjusrabte
s tay  Thecranemls tbeab ie topos i io r thep lehadme'  n th€  eade.s  and ro  l r t r  and
pos[on ure pile underthehamder. Ths usu6ty Gqlnes the use ot a ta.!e capacirycrafe
as the read€rs, pie and hammer mlsl at be iit€d nto postron.

a skerch oJ a rvpLcat mobire pile div6' rs shNr jn Ftqlre 14.2.

The p're s poshion€d lnder the hammer with the €aders rcsrinA on the ground o. rihb€r
slppons. rhe lnit s ihus compteretv setf-co.tain€d. In som6 nslance5i and tof sately
o l  opera t io f  espec ia l l y  wth  o .O p ies ,  a  seco.d  oob i le  c16n€ rs  !sed  to  ass is twth  i i tna
the ple nio posil!n ufdef rhe hammor. The ti3cked pie drivercan 3lso b€ operared tioh
a ba.!e il rhe racks are securely botted or chain€d to rhe oeck

lf operai.9 a des€lhammer on raking hanAing teade/s, rhe eaders musr have suftcient
rigdiiy io prev€ni bowinq ldue ro the weiOhr ot the hammer) when the hammer reaches
rhe midpoint of the r€aders or when rhe nip mechanrsm does not operare

WTH HANGING LEADERS

fypicat nab,le ptk dnve.
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Regardess ol lhe type ol plle, ir is esseniatio use a hammer arse enougn ro overcome
the inedia ol the ple. For elfcienr and €conomico pit€ dnvLns, a substantiatp6( of the
kinaric enerqy iho!Ld be avaiabte ro drtv€ ih€ pi€ inio the gfou.d afrer de!uctinO osses
du€ ro rmpaclond orh€r causes.

Drop hammerc a.d dese hamhers are the mosr common rypes used

D,ophammersha le  a  rc la i i vey low c6pta tcos t6nd vnrua ty  nomain tenanc€.  Theenercv
'np . r  a 'cdd i  v  cd  Jar .o  a< rne  o 'odJcL o  re  ac- r  e  seoFr .  rFr  f  qq l r  o -  ra r  a .o  ; .
efliciency la.tor whch isdependent oniremethod ot operarjon oithe hammer. Anigqer
rorease operaton approximating a iiee lai ot rhe hamm€r s more efticient thar a wn.h

nammersare 6ade in a varety of shapes a.d aro hanuracrur€d iioh tarse btocks or casr
ron or steelor ol ahinared stee secitonswhich alowfor adjlstmeni ofthe wesht otthe
hammer by rhe €movator addil on ot oaies

Some hammers are glid€d bV sots cast inro the sdes of rhe bock, oihers troh a
proleci 0n alih€ back whch fits b€tweenihe teader quides For rhe htter, two hoazontal
tjhbet keepers ate dtlren ti'h v rhrough rwo ho16s
Sometimes a s@€lplate and raiainer bots aro lsed.

Drop hammers are av6 able n a varery ot sizeslroh 0.5 to I tonnes The fnatsetection
wlLdepend o f  ih€  w€gh i  and sze  oJ  rhe  p te ro  bB d iven.  The hahmer  s  suspended by
a rope ariached to the toD, ho sted bya winch toa pre.deremtned h€ ght a.d rh€n r€teased
to droD onro th€ head ol the die

Every  hammer  shord  b€  c tear  y  marked wth  rs  weroht

The ratio or dfop hammei weqhr 10 pte weghr recommended tor sree 6nd reinlorced
concfete prres s as iolowsl

P les  7 .5  to  l2  tonnes  -  hammer  ro  p le  ia t  o  m.  hum on€ ha l t .

ForeinJorc€d concrere p es up to 7.5 to.nes weiShr rhe p,oducr of rhe distance the
hammerdrops teey  n  met resandtheweiqh t  o l thehammer  nroMessho l td  norexceed
5 meneronneS.  co . . re te  p ,es  the  maxrhum e ferqy  may be
derermined by the EnOineer

p ,esnessed concre te  p les  rhe  v reght  o f  the  d .op  hammer  shoud be
approx matery thal ot the pte.
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Diesel hammeG have a hiAhs initra calital ouday rh6n drop hamm€G and do r€quke
dalnrananc€, bur wirh 6 drivinq rate ol45 to 60 blows per minute ar€ usualtv taster 6nd
more economical lor 6rgerpiling works. Thstength ofsroke sdr€crty propofio.at to the
pie resEtance, The harder rhe drivins, rhe more enefqy is €xerted by the hamme..
Eltremey solt drvfq can be a problem b6caus€ the a.[ ot res]stance means rhar the
hammercannot reac t ivare tse t t . t . s lchcases thehadmer is  tedandd 'oDoedbvcrane
!.tlfnmor drvinq s encounter€d, sufiicie.t to activs@ the hammer.

Dissel hammers hav€ 6 verticat cy rnder op€n at ihe rop n wh ch a ram hov€s Lp and
anvil. The a.cilary equ pment rc!des a fue tafk, a tu€

p lmp,  a  t  ppnq d€rce  and lon  some node ls )  a  wa i6r  jacke t  1or  coo inq  the  cy lnder .

The method of opdraton ol a dese hammer is elptained n most oi the propri€tary
handbooks afd s shown in Fgure 14.3. Nore thal some hamme's have provision for
varv'ng the enerqv Lnpur by ihro{tirq ihe luet supDl).

The fecomme.ded hammer sze lor a diesethammer is determined by choosinq a hamher
wilh a rah welOht not ess than one thrd oJ the w€ishr of the ple be.o driv€n.

Fisule 11.3 Opetation ot Dieset pite Hannel

l5t of the character st cs ol some o, rhe more comnon ma[es ot diesE]
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Chaactedstics ot Pitins Hanne.s

a

iv .  Helmets and Dot l ies

Th€ helnet 's lne sreelblock lsedio prored rAe head otrhe pil€ duri.q drv n9 surabte
packins is placed n ihe top ol the he net to acr as a cush o. berwee. ihe hamn€r and rhe
pL e 6nd ro drsr bure the brow over the tut area ot rhe pjle head. rh s is usual y r€f€ned
to as rne cip brock' arihough occasona ty it may be ca ed the ,doty, (see b€Low to.
a te ,na tve  mean inq  oJ  do  y ) .

The helmer is ma.uta.tured ro sur the type ot DIe beins driven and may comorse 6
hor zonta 50 mm rh ck sreet pLate w th 25 mm th ckstee boxed s des extend nO 3OO mm
above and be low rhe  s r r l ke  p61e The he lmet  must  be  oose l rng  on  rhe  p ie  to  6vod
nduc'ng stosses n the ple il t rolales durinq drvtno. The lpper cavty ol rhe box is
tch tv  packed wrh  hardwood boc [s  w i r  rhe  end qra in
elposed to the hammer (rhe cap block) T'mber should never be used such thar the
hamme, ia  l sperpendcuar  to  rhe  end Sra  n  as  pL€ces  o l  t  mb€r  may f l y  o l fand acr  as  sma I

Prorecnontorheheadof .o .c re lep tesmusrbeprov idedbyar reasr t50mmolpackng.
Thrs may be oregon or pine or slmllarsoitwood boards, co ed mani6 rope, ayersol rubb€r
bet ing ,  hessanbags,  bagso lsawdust  o r tay€rso lcanete  Depend in !  on ih€durar io .  and
hafdn€ss ol dri!inq th6 Dacking may need replacng aiierrhe driv'ng of ea.h pte. Sr€etof' .bc  0  e<do  '  o -  .ou iaoa ,L .9 -o - . r .ao0  . "p ' -
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s!itable liiiinq luOs atrached 1o attow

hemet arcnoem€nr tor a concrele

6asy ins ta l la r ionend remova.

pil€ is shown in Fiqure 14.4.

Fiqurc 14 4 fyprat Cap atoct dnd Hetm.t tot prccast concrcre pre

The do ly  (o r  ro l lower l  te  10  e .ab te  i t  ro  be  d ,ven be tow
water  o r  beow qr .und Th€ do ly  t rs  n to  a  hemer  on  top  oJ  the  p ie  and may b€  m6de
ol roufd hardwood t mber or of sree. Where possrbte rhe Lse ora do tv shou d b€avoided
assomeloss  o fenerqy  occurs  a t rhedory lo  p ie  c !nnecr  o .6ndrhe.a i tcuared. jo 'n r  can
/e6d to oss of dte.r'ona .onrot

Some !le eadeis have provis o. lo, boh.q sho( ertens'on p€ces be ow the bottoh ot
the resders io allow the helmet afd h6mmer to rave down betow the normalend ol tr6vet.
Th is  shou ld  rea ly  on ly  be  ca(ed  our  i l  I  s  cons jder€d thar  the  p le  w i lach iev€  the
'equt red  ser  be lo re  lEnera l lnq  roo  ta r  n to thesrou .d t .eas l tysp lce
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a v. Water Jetting Equipment

Water ieltinq equ pmenr can be used io ad penevation ot pies in cohpact sandy sois

A s te€ lp ip€ ispushed down next ro the pte,  asthe p e sdrve. ,  and conn€credioa water
supp y The plpe is uslalLy 30 to 50 mm n diameier w th a 1o ro I 5 mm nozzl€ at ihe

rhe je t  i s  pos t ioned a t the  toe  oJ the  p ie  to  oosen theso i  ahead o I  th€  p ie thus  a t tow.q
the ple to penerate under irs own wgight or with o.ty iqht divlno.

ollen rwo or more rets around rhe perm6ter oJ rhe pite ar€ used to orovide berer conrol
ov€r rh. a gnmont ol the plle.

A p pe can aso be cast c€nta y nro a pfecasi conc'ete p e ro d reci warer to lou jers,
one d each lace ot fie rrpered poini lhe pipe It fi(red whh d 90 degrce bena
app,ox'matey one het,e be ow the head ot rhe pile lor s!pply ot wdt* unde( press!rc io

Jeltinq shoLld be d sconrinued 6boLt 0 5 m above ihe I na roe eve and the pire rhen
dr iven  1o  ts  f  narpos i t ion .

su i rabe wat*  l low ra res  lo r  je  ng  are  in  rh€  order  o l  7  5  t resp€rsecond per  norzear
a pressuro ol abolt 70 kPa measured ar the nozz€

The pre bo ng of ho es wilh hecha. cal auaers is row a commo. procedlre 6s an aid to
lou fd  ng  p lesa i  specned depths ,  a id  to  ach ,eve grear€raccLracy  ndrv .q  Thed, l lnO
operar  0n  husr  be  done wth  sccuracy  as  ro  pos i ton ,  ve^ca i ty  and rak€ ,  and to  p re .
deteth)^ed depths. The djarerer .t rhe h4Jer hlJr nor be s'erier rhan rhe djagonzr
d,mension of the pre iess 50 nm. Over depih dritinq must be evo'd€d. The lina depih
maylrav€ 1o be dec,ded by exper me.t. Theam s to achieve the spec't ed ser o. retlsa ,
wlien lfre t0e oI lhe Dle reach€s the design evel I is.orma lo, pre.bor nO to cease one
he i ,e  above des iqn  toe  leve .  0ncomp€r iono ld rvng,  cav  .es  a ro lnd  rhe  p i  €  a re  f i  ed-
in  w i ih  c lean sand,  shoveLed n ,wh lebernshosedororherw ise 'nundatedwrhwaier .

Equipment  lor  Casr  in-Pl .ce Pi les

O ven and Casr in Place Pi les

The r Os us€d to 'nsiaL dNei and .ast
types prev ols y descr bed b( mod i,.atons ar€ olten made to sut the sp€cifc
requrements  o l  the  d i f te rer t  p roprerary  i ypes  o l  p  es

fte ar^o tlbes are oJ he.vysec.iah,L.tr.))y dest1,edto be dnve. toD tba !o! by drop
or  d  ese  hammers  bu t  F  ankL p  es  are  drven by  an  n te rna ld rop  hamDer .  The leaders  o r
rhe piln9 trsmes a,e olten adapred to ncorporaie suides tor a cofc,et ig sk'p.

Drven s iee  cased p  es ,  des iqned to  be  f  led  wrh  co ic re te ,  a r€  d r  ven  more  e t l€c lve lyby
a hammef op€rarng irom the top tha. by an inrdrna drop hamher acrng on a pLq ol
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concrete ar the b6se. l. 6ddh on rop dr ve. plles can be dr ven open ended wh ch sready
redLces lh€ end bearnq /esisiance during d vins.

DrillinQ eqlipment s usualy crane or tuck moLnted but special purpose brrqe or sted
nsmed eqliDment is :om€rimes $ed -th€ depth ot ths hole is uhited by the tenqth ot
ihe  ke ly  bar  kod suppor tng  €rcava lon  roo  a t  base o l  hoe)  6nd 50  merss  is  usuaty  a
Practc6l maifiLh va ue.

The depth afd dam€t€r oJ holes which can be dr ted are dependent on rha system ot
drlri.q lsed 6nd th€ Dower of the driving eqLipment. Rorary excavat o. usinC auqerc and
driling buckeis rs the quickest afd most economica method when qround condito.s
p€rmr .  They  ar€  su tab le  lo r  ns ta t inq  bor€d p ies  in  cay  so ts  and may be  usod tn  open
or lLned e:cavario6 or unde' heoronite 1or s.tr r@k and mareriat other rhan r@k.

Various lypes ot bucket ard availabe for lse with rorary augers. The standard type has
scoop baded openrnos rtied wrrh projecting roeth. The 'ock bucket has a arge openins
dessne'l to pick !p rock token by raisn9 and lowerfs the chopping bft on rhe kety bar

Enarqed or under reamed bases c6n ba cur by roratina a b€ting bLcket wirhtn the
prev'ously dr led stra thl sded shalt.

Spe.a  io ta ryd .  Inqequ ipment  s16q lnedJorexcavat ton  nrock .  Anarernar ive  s to lse
calrle 1o!l €qupmenl empoyng rcck chisels, baiing lruckets tor siutry remova afd
damshellgrabs. The.e 6re many rypes of cable toots availabe ro suir va. ols uses and
they have rhe advanraae rhai rhey may be operared ai orear depihs

14.3 .3  P i le  G@ups

r f  3  numb€r  o t  p lesare lo  be  daven rn  a  g roLp,  I  w  tbe  lound rhar  rhe  drvns  o f  th€  t rs r
p 'esa l r€crs  the  dr iv inA o f  subsequenr  p ies .  Thrs ispa i tcuar lyso  f  p i  €s  a re  be  fg  d r tv€n
'n to  ighr  sand l f  these c i rcumsrances ,  eacr rs !ccessvEp iemayputupsharower than
th€  prev  o ls  p le .  as  a  oenera  ru ie ,  p  es  n  a  q ro lp  in  $ndy  so is  shoud be  drven
start ng wiih those pi€s nearesr ro the cenre oJ the 9ro!o and prosr€sstng oLtwards

14.3.4 Di f f icul t  Ground and Obstacles

Hard Uni lorm G,ound

Cays lo .e  s ra ta  and soma sha es ,  wr r ie  read iy  a lqured ,  may.ess ip i€drvnq.  p re-
bo..9 is ihen d p.ereq!isre ro rhe drivrnq ol the prles

ii. Bored and Cast-in-Place Pil.s

Al luva  grave ls  o r  q raves  w i th  c taysand mar i r  may prove dr lcu t  to  penera te  w i th
d spacement piles afd may reqlte pre boanq with special eqLipme.t and the use ol
temporary o, disposable cas nq ol rhe hores ro reach accepiabe depihs. Ther pr€se.ce
may even r€,tuire a radical prling soililon sLch as a cha.ge lrom
displacameni Dlles or the !se or ca$ in.siiu oilno.
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Burled logs ar€ id€ntited when 6 noticeabe r€bo!nd is
may requne remova lor  ahernatvey  I  may be  poss  be
h€avv  s tee lchse.  n  some cncumsta .ces ,  i r  may be
smalletp osive charqe. As a ast rasort rhe ple fiay

I .

Pure sands can pr€s€nr ths mosr dJlcutt
pile The jening ot pies may be the ony

qround to pe.erate wth a d. v€n displac€ment
so ! ton  to  ach ievng su i t .b€  depths .

encou.t€red durn9 dNing. They
ro  s0 t r  o r  b .€ak  the  r  mbef  wth  a
possibe to sharerih€ timbeJ by 6
h6ve to be rerocated ro avod the

These a€  isoared hard  bouders  genera ty
overcom,n! these obsraces rs simiar to thar tot bu,ed tihber.

Oowndraq on a pie occurs aire( d ving whenever the slrounding soi s s€ntes r€lat ve to
rhe p'e Tfre maOnilude ot ihe eflecl may be increas€d il addtriona II js otac€d on.n
emb6hkteht altet pite diving ih.olgh jr has ceased Dowrdras may 6rso occ!. rt rhe
g,ou id  water leve  6  owered.  oowndrag te .dsroreduce ihe  mar  mum dtLowabet@d rhe
p le can cariy. P ac n9 oJ I I f or abltments shou d be comoleted we I tn adva.ce ol o te

Drv nq of lroLps or plles can res!t in s gn Jicaft so lheave ar rhe srolnd surtac€ as wel
ds causilg !plili oi piles d!e ro subsequenr dr v.9 of adJ:ace.r pires

LeveL checris should therefo'e be made on each pie arter drv nq and 6Oainat'rei drivinq ot
neqhbor .g  p ies .  Any  p le  lound rohave is€ns iqn i r i can t  y  mus i  beredr iven  ro  ts  o rqnat

14.3.5 FinalLocat ion ol  Pi tes in croup

on conpletion ol drivins oJ ihe pi€s in a qroup, rhe contractor shdud be requesred to
prepareandsubmi i to iheengfeeraDanshowinq ihe  oca ionoreachp ewherer tmaets
the  undersLd€ o t ihe  p le  capand theJ  na  cu t  oJ l  eve to t  the  o iehead Th is  i s  ro  a  ow the
Supe.v s nA Eng,neerro checkthat aL pieshave been driven w ih n the spec I ed roler6nces
and w i  be  comp€iey  €nc  osed by  the  o  .  cap  and rha t  su l fc jen i  jens th  d l  p te  w ren ter
t !m ihe  un ' le r  sde  o f  ihe  p ie  cap io  the  desr9 .  cur  oJ t  teve

any proposed adjusimert ro rhe sDe of the ple.ap,.ddtrjon6 p e leiolh 10 be sp ced etc,
must be app.ov€d by rhe Enq,n€er and wi !s!ary be ar rhe contracro/s erpe.se
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PiL€s which have be€ndrven oltsid€ the reqlned tot€rance mav beacceored Dfovided ihe
ple cap isenarg8d and/or splices mrde to ihe driv6n pjtes to atow suitici€.t e.casoment
nsde the pie cap. This work wo!d normatty be 6i rhe Conraclor,s axpens€.

14.4 BORED AND CAST IN PLACE PILES

Bored Diles 6re n rdisplacemem ptlrs, in$atted by ftst €hoving rhe soit by a diUins
process ls€eSecr io f14 .3 .2 .c )andrhenconsruc i .g thep iebyptac i .gconcr€r€o fsome
other sructurateremenr in rhe driied hote. Thesnd*t to/m of co.sruction conssts of
drilinO an unlined hoe and ft ns ftwth concrete. Howeve/compticarions oiten arise ltor

q'ou.d condirons, presence ol warer erc.) and the hole mLst be
slpported pror t! rhe placem€nt ol concrete, typca y bv i.ino wjth a sre€ttlbe.

r. nabre ground an !nined ho€ .an be drilted
r.mrorcemeniis requned a lilhr cage is thsn ptaced
n maiy  so ls ,  cas  no  is  ne€ded ro  suppor r  ih€  sdes

Fenrorcemenr  n  bored p  es is  needed
rer ro rc ,no  bars  f rusr  be  s l l f l cen iy

.  s t t l  cays  and w€ak rocks ,  an  enarqed base can b6 lo rhed
to increase the end bearins @sisranoe of rhe pites. Ths €nargemenr may be lormed by
riand excavario. or bya rotarins expa.ding tool. Th€ s ze or unde, reamed ho es dcavated
by hand is imited by the pra.ticat c.nsiderarons of s!pportins rha s op ns sid€s ot rh€

Where the base ol a pile cannot be cteaned by hand (eg. under wa@r o. . benlonite), rhe
p 'e  base may be  ceaned w i th  a t  i f r ino  equ pment .

For reasons ot ecofomy and the n€ed ro devetop sktn lficlion oniheshatt, [ ]s the.orma
pracnceto w thdraw irre casinq durino oralre.pacins rhe conc/ete Ths procedurc needs

ansh iproprevenr theco.c re tebenq i t ied  bv thecas ingand
thus resLftns in voids in rhe shait or inctusion ol coLlapsed soiL.

by hand or mecha.ical alger It
in the hole and the co.c.6te placed.

i ulliit s ro be reesied. The spac ng beiweer th€
arqe to ensure thar the .onc.ei€ does not jam

14.5 WELL CAISSON CONSTRUCTION

a.arsson sa  s ruc ture  whch iorms padof the  p€m6.ent  works ,  compnsrno one ormo.€
tiL*ed oi stee, reinlorced co

sectons, proqressvely srressed rogerher. Concrete is iorn6ry preierabre, because its
qreater we'qht ass'sls in ihe sink n9 oi the sructure to the reqL red deprh rhe majaritv
or .a ,ssons  used on  b ldqeworks  n  t fdones ia  a re  re  i to ,ced co .c ,e re  w i rh  rea tv€ tv ih ick

.  reanon to  rha t  o i  the  supers
be su f tc ien t ro  perm t  some deva ion  toh  nsr rLe  oca t  on  dur ing  i re  s ,nk i .q  p rocess , lo r
,t rs vrrua}y lmpossible 1o sink 6 ons cajsso. Drecsely ii rs.o,eci tocarton.

ca ssons a,e c as'r ed accordinq io rype. An opei caisso. has the w€ls open ar ihe toD
and botiom durjng s nkinq. rts stabiitVdepends upon rh€ triction berw€ef its sjdes and the
suroundrng sois. wh€n slnk to the required deorh, $e botroms oi the welts are seaed

SALI
NAN



wtrh concr€te plqsto ncrease stab tiry. Atypica exampieofan open caisson in common
usa rn  rndonesa is  shown in  F iqure  14 .5 .

a box caisso. isc os€d ar rhe bortom and
suspended cofiedam lsee section 22).
s|l!*urcs whrch are I oated .to posrion,

open atrh€lop, and s m€re y a variat on ol the
Box casso.s afe

s!nk 3nd th€n tll€d with b.last

o

L a .  o F < p . L d . l  ! . ' . e > a ' o  r 1 p c d . . \ o ' \ d , c  J r ! o t l  r a .  o v o , p a g . g
trom the nside, usualy by mea.s ot a qrab. n exreme ca5
dr l l rq  o '  " / " r  ,0 .
tho best choce ol folndaron tuoe

The s des oJ a caLsson must be odra e and siaiOhr
ma 'n taned,  roavo 'd  overs ress ing  and rLnn ina  o l i  pos i ton  durng s .k in ! .  Th€w3 s  must
be  desqned ro  wrhsrand a lposs  bre  sv .sses  dd .q  rhe  s .knq process  Thetowerend,
wncn 6  known as  th€  cu( .9  edo€,  usu6 ly  has  rhe  wats  tape.€d  n  th ick .ess  to  ass is r
penetrat on Lnro lhe g.o!nd. This section ot wa is more heavilv ieihiorced and olten
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protected wirh a eeel shoe. rhe actuat wtdrh ol wa pres€nted to rh€ grolnd d€pends
upon tne expected nature of the stria it musr be sharp €nolgh to clt inio rh€ ground,
but should prese.t sufticie.t wdrh ro pr€v€nt the caisson tom u.conirolted s nk nq.

Sk . f tc ron  s  nor  dne. ty r€ ta ted  ro  ihe  type  o t  so i tencountered ,  a .d  susuatLyassum€d
ro be I the r6ns€ 10 to 25 kPa. This tiction s of course redlced by the passaoe of warel
or a, b€tween rhe outside wat o{ rhe casson and rhe surolndi.q sround tt w[ be
ncreas€d tlhe ca sson is stationarv for any cons derabte tengrh oi rine, aad undercu(ng
ol the cltlng edqe pus high pfessuG j€tting m6y be r€quned to enabe sinki.q to

wherher rhe caisson s sunk thfough water or on and, th€ site must be eveted afd
ceared ot obslru.t ons, and th€ caisson bult as high ,s pfacticabte betofe ercavation
besins. Therealrer the ercavation is carned out as uniform v as ooss,be. and shoutd noi
beiak€. ary fudfe, b€ ow th€ cltling edge than snecessary to keeorhe casson movino
downwa(d lnL{ormLy. As rhe caisson sinks, r is bljh lpvards, thus addjnq weishr ro

r necessary, addiiiofat weiqht o. kenfledse Itor exampte sree
o blocks) can be added to he p n ove.comino skn triction.

l r  .qs  a 'e  L . "d  cL  on  r  .  . r  oe  e .a r - iqeo ro  a ro ,o  ca , { .q  r t -e  d  . io .  r t  a r " .  wher
the top oi rhe compleied port on approaches lround €ve a turrh€r seclon ol concrete s
cast oii and the process s r€peated untltrh€ c6sson has reached the reoLned debth.

whef the caisso. has fea.hed rhe req!r6d deprh the base ot the e:calarion ssmoothed
on as evenly as possble and the concrete ltoor paced lthe inrerior ofrhe oD€n caisson

pro .€ss) ,  and rhe l loo .  Droper  p  aced on  rop  oJrhs  concra te  sea l .  whe.  deware , .q  o l  the
'  d .  be  d  1 . .eo  b .  d ,e - r  p ,nprq  e fd  r r  "  { '  oe  1o ; '  nc \

then be  p la .ed  n  rh€  dry  Cassofsmaybes lnkasasrmp/eop€ncy inderorah€rnatve ty ,
s ruc tedaspa l lo l thec6 isson, rhusd iv id .o  r  n toseoara te

n"  t -oo  r " .  o ,s r , r .  -  ad .o- iaoe> o ,oJ ld  rd ! "  ro ;os  n  .o  r f
patt on wa s prevent the b dw in from spreadins Lor..rher wetLs.

a more detaired descrpnon of cai3son consrlcrion s rcllded n the consruction
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15. CONCRETE

15.1

15.1 .1

There are nanv srucrlra reqlireme.ts for whch
R6inlorcdd concrele is abe

than pan concre te .  l t .an  6so  be  used to  ih i i

BASIC PRINCIPLES OF REINFORCED CONCFETE

pra'n co.crere does not give rhe mosr
to meet many more roadins condrions
delLecl'o's and to reduce rh€ size ol

wh le  th€  d€sgn inO and dera i rng  o f  re in fo rcema. t  s  the job  o t  the  des ign  €nCineer ,  t  s
ervse rhe fixing of renforcemem ot the iob sre h6ve an

cpo,d. d'iol ol -fn w,l h"tD r"m b
lnd€rsta.d why r is necessary rhat reintorcemeft iscoiiecrty handted and correcrv nxed
r  rhs  do< i  on  .o  !c  ed  or  -1 .  o  av  .0 , .

o
Reinlorced concfer€is a buiLdins mater a wh ch ts desig.6d to combtne cofc.€i€and steel
nro one stuclu'ar6.tty rn slch a marner as to usb rhe charactersncs ot each ol these
mater a s ro th€ besl advantaoe.

Charac@r stics ol Concr€ro:

Pastic aid molldabre when tresh
Hqh compressive srensth when hard

Charac ter i5 t ' cs  o r  S t€e t :

Th€ alm ol $e renforced concr€t€ desgner s to combne stee rei.t'orcedenr with
i lus t  enouqh o i  the  e \pensve s ree l i s  used to  res is t te .s ion

to,ces and excess shear torces, whjla the compararrvety

Sre€Land concreie comb ne together successluty bacause:

Can be made .to rods suitabte for embedding I co.creta
H gh compressive strenqth

Upon hardeninA, con.rere bonds Irmty ro n.e reinforceme.r ano me
two ac las thouqh rheyare  one when a  f td  sapp l€d .  Ths  meanstha i

o snetch and cra.kin a r€s on ot te.sit€
stress ca. be dtecny coLnrer..ted by sreal rods emb€dded rn rhat area.

When sLbrected to chanses I tehperarLre, co.crete a.d sreetexpand
r r  th  s  were  no tso , rhey  woutdssparar€

because o l  d i r re ,enra  expans ion  and no  onqer  ac t  as  one matara .  f
ths occutred, rh€ Lack of bond beiween
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prevanr lenslle stesses n the con.r€r€ beinq translBrcd ro the st€61
.ernforcem€ni and th€ concrele wolld crack 6nd collapse.

Concrete, having a highr€ssrancetodamaga byfte, pror€cts rhe sleel
re nlorcement embedd€d in it, prcve.rng i lrom losing irs stenQih at

'15.1,2 Types of Stresses found in a Structure

The tolownq are rhe p' nc paltypes of stress which develop in structuralm€mbersl

i

t

L"'a+l--_--.]+L*a

Load+f----1+L@d

cause s ld ins  be twe€n ad jacen
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Thedes iqnero lasnuc tureexaminesho l ' i tds l l€c isunder thedes isn load.  Hed€t€rmines
whetetens reslresses and €xc€ssiveshear snesses occur, and derermines ih€ a.€a of sre€
reflorceme.t ro bo paced in these 6reas !o /esist rhese sr€sses.

Af exam,nano. ol how rh6 folowing snuctures bend shows wheG reinlorcement shoud
be pLaced to ressr rensile crack.g.

a. simpty supponed B.6m o, srab

15.1.3 The Design ol  Rehforced Con$€te

-t

when a s,mply supported beam
ndicated n the diagram, This

Sl€el reinforcement is th€refore
io prevenr r€hsile crackina.

is eirher cenrally or !nlormry oaded, irbnds ro bend al
. " ' . " " " . ' " " . " . ' , " . " . '

otaced near th€ botom ola simply sLppoded beam or slab

when a cantilever be.m or s6b is loaded as shown
downwards, as tnd cat€d. This causes rhe iop ol the

Steel rcjnt d.e.. ent I s th et et ore
to res,sl rensL e crack.0.
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Anredended beamishetd  r iq  d  a t i t s  ends  and rends  to  bend as  .dcared n  r l red iaoram.
, r .  : ker?  b .  -  { r ;J . ,

ther€rore be placed nea.ro the rop of a beam at tited supports lsee daq.am). The cenr€
ot  th€  beamiends ios6s .a !snq iens ion  inure  bo t rom.  s tee  .e in lo rcemeni  must  a tso  be

d. Two.span Beam or Stab

rr borh spans are roaded, a two span beaa w I tend ro befd to the srraoe indicared in the
d 'aqram above ihecenna/supDof i ,  ih is  bendrng w lcausa lherop o t  th€  beam ro  s r€ ich
and th€ botton ro compress. sleetreinforcem€m must therefore be oa.ed jnilreroo oJ
a b€am or sab over nrdrmediare supoons The cennes of rhe soans sao and are

o  ,  . Jppo. . "d  ooaf  s
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7a,
I
&":p"

The eanh p.essure b€hlnd a.etain n9 wa land the sollpr€sslre uider the fooring r€nd to
cause tho wal and loot.o 10 bend 'n rh€ man.er shown n the abov6 drasram.
Relnforceme.t is plac€d n ihe regions ot tensila sress.

L

Colum.s under oad can b€nd n any d 'ect on depe.d nq upoi the oad dist bution of
f ,amfA beams.  Re in lo rcement  i s there lo re  p laced iear  the  o ! te r  faces  o la l  sdes .  n th€
daqrah, ir ihe oad s moved to another beam rhe si,esses . rhe column wl chanqe to
conro ,h  wth  rh€  new mode 01 bendng

I

t Ie
i
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Laiefa re nrorc€ment ln the lorfi otties or h€tres is requied in cotLmns (orconcr€t€ pitest

hod ihe hain feintorcem€nt fnmy in positon durinq concreiinA.

D Frenr  a_Ar6  bL4- rqo l rL r€co t rmru te  r ,g

Shearstresses may b€ ol rwo typas

ve(ca sheaf stesses as demonstrated . a simpty support€d beam
occur nea, slppoft as a result ol heavy oads tendfg to cause the
c€ntarsecnontosrdevenc6 lydownwardsre la tve to iheendsec tons

-l

:1 lJ

l
I

llI I

t
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o NorDonia shearstresses
!nder r06d and sptit nto

r€surt |loh rhe tendency olire beam to bend

at rhe ends or the b€am 6 combination
tens're stesses which cause didgdnal

ol vedica and horDontalshears
crack ins  ls€e  da9,an  be low) .

F#-Fs
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INSPECTION AND OUALITY CONTROI OF MATERIAIS

Ihe qua ity and lypes ol materi6rsused in concrere consnucr on aredetinedi. the re eva.t
sDec licatlons o, Oraw nqs.

Sampring afd resring of hareriats is usuaty atr?nq€d by ihe Co.tfactor Represe.tatv€
sanresof  oca l  mater  a ls  such asaggreqa iesand watersho! ld  be  subh i r ted  ro  a  mater ia ts

ce wlh fie specifed .equrem
sample of 20 k9 of eachsDe of ag9@qate, raken in a.cordence wirh aasHTo Te$t Merhod
T2, shou d b€ subh red ar easr s r w€eks betore rhe mrter a s ro be used. Baqs used
ior transport or samples mlst be clean and tee ot.lay pallices, sugar and other

w:ter ror conc,ere mlg b€ n s harmru ro concree or ste€
such as  o is ,  ac ids ,6 lka  is ,  sa  ts  a .d  o rq6nc  mater ja  s  /Ja .ew source  o l  s ! !p ty  s tobe
used,  a  sample  sho l ld  be  Jo&arded lo r  tesnng to the  marera  s  tabora io ry  nac teans tass

15.2

15.3 MATERIALS

'15.3.1 Cehent

The type of .eme.r n no.mal Lse in hrdonesia rs ord nary Por and c€m€ni.

elleci on rhe m| des'qn due to rhe use ot aitarnative tvres ol cements

Tha Superv's fq E.l] neer shou d ensure rharihe coniracror co'npties wirh the requ reme.rs
of the speclications wiih resped to srorase a.d aqe oJ ieme.t.
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15.3.2 Aggregat€s

The sebction ol sLitabte agg.egates

Concrete aggr€gaies shou d co.sst
wthtta.d th€ oads mposed on rhe
naruErsa fds  o f  g raves ,  o r  c rushed

Conc,ete agqrogates sho!td be:

s impo(ant forrh€ producnon of sultabe concrete.

ol clean, had, durabe padlces srong B.ouah ro
con. re te .  In  senera l ,  they  shoud co .ss t  o t  e ther

stonq aidhad efough ro produce concrere otthe r€quned compressve
stength and ro.es st abras on and wear

dlrabre to withstand rhe acuon of lhe wearher and cyctss ot wertnO

chemicalV .ert so thal lhey do not.eacr wirh the cemsm and cause

cLean or lroe lrom impuiies such as organic marer which ca. rnhibt
the  sebnq and ha .den jns  o t  rh€  c€ment  S i tand. tayca .weakenthe
concrote. weak, sofi pa(icres can reduc€ the si/enqth and m6y break
down when exposed rorhe weathor. Surlace coatings of cay or olher
weak materal can redlce the bond beiween the aOqreOare and the

Ghding

Aggreqaies for concr€te arecassilied !sua ty asrin€ or coarse. F;ne aggregates passa s
mm mesh sieve whUe coars. sggtegates arc rcrained on ths 5 mn mesh 3€w. The
g a d  q o ' d  d g g r d q d - a . d e d | e d o . o d . \ - q o & n p A o .  I  r n  o  4 t -  d  . c . . .  o r  < , a v . <
a r 0  ^ e ' o i ' n q  1 5 P  o n o l . L  d (
percentaqe of the rora sampe weLshr.

I t  i s  us !a l ro  spec i l y  f  ne  and coa,se  aggregares  wh ich  conra
lrrat s rhev sho!ld be graded. Gfaded agqregates pro.tuce workabta concretes which are
not uslary subjecr to sesregat on or bleedinq Gap qraded aQq/eQales are ihose
aggregates or a comb'nai on ol aqqreqates jn which a ranqe ol inrermediate p6rce s zes
sooh ied .  Th€se agqregates  can o i ren  be lsed to  p rod lcea veryworkabreconcre te  w i ih
a. ,hprovemenr In orher co.crere propedes unJo(unatety concreies made rrom gap
qraded aggr€qar€s are usLa lynore d tr cuLi ro co.rotasthe workabjtty is more senstr v€
1o changes n w6tar.ontenr, ihere s a danger of seqreqat on . mixes which are too wer

arse agqre!are padi.las 's tikery to craz€ Lness the mr is

It Ls Aeneraly accepted th6l coars€ y sraded sands are the most desrabe. On rhe other
hand,  a  l sands  must  conra  n  a  su l r j cenr  quanr i i y  o r  J  he  par tc
prod lcno qood workab l r ry .  A  qrad ing  o t  sa .d  lwo padc te  szes
predomin6le should beavoided. sLchsands ha!elarqevod conlenrs and rherclore requne
rarae amoufts oi ceo€nt pasts to oroduce a wdrkabe mi:ture

i59
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Th€ par tce  shape. .d  sudace te r lu r€  o t ihe  aggGgaies  w i r  a f tec t theworkab i i ryo t rhe
concreie. ror qood workabrity, p!(icles shoud be smoorh and wer rounded, a5ln warer
som gElels, or cubicl.shapeaslncrlshed rocks. AngLl6r llaky panicles not oily .educe
wofkablily bur ead 1o seqreqalion and should be6voded. Maximum snenqir, withsome
loss of wofkablily, ls achiev€d wirh crushod aqqresates due to $e inte ock obtained
between rha reqular laces of the slones.

Th isceanyconravenesrhespecJ ica t ionand iheremedys in t r rehandso l thesupervrsng
E.gfeer, rhal is ro rejecr the aggdAate as !ns!rabte

15,3 .3  Wate t

The greatest economy s acheved when the largesi marimlm sze aggreaate possible s
!sed. The tacrors imtino size are the 6brity of the fflxnq, ransponinq and prac.O
equipment to handle the laroer stes and ihe cte6r spacnq baiwee. $e lormwork and

Maxrmum ag9/eq6te  sDe shoLd.o i  exceed one lJ th  the  minmum
d me.son ol rhe sectio., or rwo rh rds rhe cear spacins berween bars or ihr€e qua(ers
tne conc,ere coverto trre reinfo..emenl l. the specificailons, resvctions a'e paced on
aqcreqate szes ror confiete used in various oa(s ot th6 works which refect rhe abov€

Many proje.ts in Indo.esia us€ coarse agqresar€s whch are far too big, €speciaty tol
s. rt is common to se€ 75 mm unctushed rve. aogreqates

be,nq used ror deck concrete. Ths caus€s are6s arolnd scLopers, lence oosts, deck
anqres etc. and the sp6ce beiweenihe sde lorms a.d rhe rento,cemenr bars to be fired
wth cement paste o.ly and .o agsr€gate, and rhe concrere snengir in rhese are6s wll
a lmost  cenr inv  be  less  rhan tha l  soec l ied

Panicb ShaDe and Su.f6ce Texture

waterlsed lo, concrete shoud of sarrs, dissotved orqa.ic
npur r ies  wh lch  w i l in re r le re  wth  rhe  hvdra i ion  o l  the  cement .

warer  J i r  to  d rnh  s  usua ry  sa ts f i c to ry .  wh€re  doub l  exs ts ,  a  r ia l  ba tch  o f  concr€ ie
sholld ba made a.d tesred to cohpare rs rare ot hardennq and ur mare srengrh to those
ot srm lar concretes mad€ with tesh warer.

Sea water should nor be used ln rel.lor.ed concr€t€ as it w r Dromol€ corosion oJ the

15.3.4 Ai r

The presenc€ ol vods n concrere qreat y reduces ire srengih As I tt e as 5 percenl of
!ods  ca .  ower rhe  s rength  by  30  percen iand eve.2  percent .an  rsdu.e  th€  s renqth  by

Voids in concrete are either l
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bubbles ot enrGpped ar, o'

spaces eii aner excess wai€f has bee. removed Thesedepe.d onihe
wat€r cemenl rauo of rhe to x

The ar bubbl€s are governed by rhe Arad n9 of ihe ftnesr padictes in the mit6nd ar€ moG
eas y expel6d lron a w€ttef mi! than a drer one.

There is an nv€rse re6tionship b€rween the strengrh ol the concrete and the votune ot
lhe vo he ol6 r s reduced wth compact on bui ts usuaty n th€

Entapp€d a r bubbes n .on.rete are relatjve y targe iabour 1 mm in dameten €nd are
oten tapp€d unde, ih€ ower sLnace ot the coarse aggr€qate padicles.

ce to detbe.are y entratn ar (up to about I perc€hr) into
corc re te  !sng  su i rab le  admxrLres .  These ar  bubbtes  are  much smater  (O05 mm
d 6heter) rhan those acc denraty in.tuded orrapped.nd afe dtscrere or separ6ie so thar
no channe s lo. the passase ol warer are cre6r€d and the p€m€abtiry ot the con.rete is

Entra ned a. w I c6use sohe reducron n the compressve srensth ot ltre concrete but
0oesresuri'na more workab e mix lor a oiven warer cehent 16

be reduced for the same workabtiry and so ofiset the reduction in
stenqrh due ro the addrionat enaaned an. The entaned an reduces bteeding and
seqreqarion olrhe concrete whe. w€t and lowers the dens ty ol ire concrete, olter.g an
economrc advantaqe. I a so increases the dur6btry ol ine conc,€re.

'| 5.4

15.4.1

STOFAGE OF MATERIALS

Cehent mlsi be stored .
t  can  be  used n  the  same
shoud be re tested belor€

weath€f pfooj bu d.9 and airanq€d so that
C.meni in srore lor mor€ rhan toL' monrhs

a90r.aare shoud be stored in bins or stockptes adjacenr ro ihe
posrve y separaied nom ts neiohbou. to prevent nierhxnq Floors oJ siockpites musi
be we d,a ned and surtaced w th

15.4.3 Reinforc ingSteel

Rei^lorc iO steermusi be sta.ked c ear or the sround on aoe
ro keep the ba,s iiee ol c ay and olher mafi er de eter 0!6 to sood bond.s. Loose su ace

I or to instatation.
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Reintorcing sreelshoud bechecked lo' comptance with the bar sched! es wet n advance
ol instalation in th€ works.

15.4-4 Prestessing Srrand and Bar

Prestressing sree should besrored under pemanentcoverrt possibe. Storagein rhe open
s rcc€prab e only tor shon per ods, approxrmatety on€ mo.th maxim!m dufarion, provided
it s srored crear ol rhe grolnd and covor€d with a waterproot tabrc o. fim.

Bars should be supported ar suttcem points to prevent perhan€nr bend nq and rh.oads
shoud be proiected asainsr d6hage, by wrappino or olher means.

o

CONCBETE MIX DESIGN

Theconc/e lemx s .o rha lydesgnedo. rhebassot theaoqresaegrad.go t th€mater .
ava i labre  on  rhe job .  Fur | re f  in roha i  on  o .6  ryp  carm I  des isn  meihod i ;  nc ld€d in the
Cofstucnon Iechnlques Ma.!at.

T.a mxes shoud be tesred al easr lour weeks prior ro concret nq operaions. Tho t.ial
mx desiqn shoLrd a so del ne a.V adhixrures or I yash to oe Lseo.

Thd sre €ng neer shoud e'sure that he has cohptere d€tais dJ rhe approved desisn
qrad:nqs afd should checkthese per odica ty asat.sfthe mater 6 sbeing used. s qn Jicaf!
variat ofs occur, rhe cause shoutd be investsared afd rhe conrccio, drectetto tak€
prcnpi eeos taken b &rr{t the srad.os. As a asr r€sort I h6y be n€cesssry tor th€
co.tlacior to redesg. the mix and fesubmit rhe mix desiqi tor rhe approvar of the

Ih€re mLst be no depanufe iiom af approved concreie mx uftess aurhorised in wir.q

15.5.2 Mix Desisn

I ! ' - c d c a  :  b .  o , d  r d . ,  .  e . . o o  o r  c i l .  . c o L  d
,  r i o . o  o p ' o d J . d o r

econom'c8  concre tem x ,  mak nq  op l  mum use oJava tabre  loca  I  ma ier ia ts  to  comply  w i rh
tire requremenrs oJ the concrete specli.arion.

The l,rsr $ep is thus a study or o.a ty ava iab e haeria s dno rne I
e  aqo reqa tes ,  wa te randadm x tu res  ( J

compressrve srength ar 23 daysl This is dofe by add no to |re characleristic arensrh a
s!itable mutiple ol the siandard d€viat on ldererm ned by the eve of conno ot concrera
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Figurc 15.1 Mi' Design tot Conc.ete

Tlre next step is 10 deierhne a sutdbe waretcement rar'o which w prodlcerhis rarqet
comrr ressve svenq ih  wrh the l i ven  cemef rand aggregates  awate tcement ra l  o  wh ich
wi lg ive  the  appropr ia te  dLrab iny  is  a tso .hos€n a .d  compared wrh  rha i  rea t ing  ro

Tne coarseand f ineaqqreqa i€sare .ombned n  propor t  ons  wh ichwt  q ive  aco .c r€ temix
w(h  ihedes i red  p lss tc  p ,oper l ies  T f r i s  w i ts€nera  ty reLate  ro  a  s  umpderermin€d by the
ocaron where rhe concrere is ro be oa.ed

rne m ! .9  ware , ,  asq ,esa te  p rooor t rons  and cemef t  reauremenr  can rhen be  ca tcua led .

At r ia lm 'x  s .a i  o reoared ihe  mLx desgn.he .ked and,  i r  necessarv ,  modJ ied  to  r rod !ce
conc ,e te  wt r r  thedesred prope(€s .  Tha resu i ts  o1  rhe  h ix  des ,q f  a re  rhen !sed to r  a  I  e td

, | " .p . ' d , " ,n ' ' - ' e |e

The mLX des iqn  w i rqene.a tV be  c6red  o l i  by  rhe  Conracror  a .d  wI  be  submred io r
checklno by the Efg.eer

15 r3
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15.5.3 ChomicalAdmixtures

ll is oiten posslble to chanqe some olthe propedes ofrhecemefl bvth€ use ot asuirabe
addn ve, k^awn 4s a. adnixtute _

A larqe numb€r of p'ofletary prodlcts are avaiabte. Many are jn requtar use by arser
o pfoduce corcrere with rhe soecilied prooedi6s but at a

g96gate conte rhan il a mix with no admixtLre was

The use ol adm x1!res, whie common in taroercofcrere ope,
GKenrn  tne typeand amount  used.  acco .drngy ,  chem cat  admix t l res  sho l td  on tv  beus€d
i approved by the Enq ne€r.

Theymls icomp v  w i lh  ihe  requ 'emen ls  o IAASHTo Mr54,  M194 ors imi ta r .  adm x t l res
conta nins Ca cLm Chloridr shoud not be lsed 'n ret.forced or presressed concrete

Adm'rtures a,e cassil€d accord nq ro rhe pLrpose for

ASTM C.494, 'Spec l i car ion lo f  ChehcatAdmi t tu r€s

water Fedu.inq (Type a)

whch they are used In concrete.

in  Concre te  ,  cass i les  admxtures

the  tme o l  se t tnq  o f .oncre t€  and aso
Accee,a tors  may qLVe sm a ,  h igh  eary

l .  add i i ron  however ,  acceera torswi  o l te .

water redLcing and /elarding iTvpe D)

Waier redu.ins and acceteran.g (Type F)

Ware, r€ducnq, hish range (Type F)

Wate ,  reduc .O,  h iq r r  ra .qe ,  and re rard inq  iType G)

Accele6rinq admixiures
oi rhe concrele.

s rengrh  to tha iob ta  nedwrhType I  cene. t .
q ve an ear y s€t, somet mes as lilre as a iew

Sel relardeG are commonly used io deay ser and atow rn
longer pe, ods alter m! n9 rhey are used where iemparatures are higher and/or the
exposed workng tace  or  concre ie  s  ta r0e  and I  i s  necessary  to  ke€p rhe  face ,a  i ve , to r
a onqe, nm€,rhLs prevenr.g 'cotd, jo nts. care must be rakei in usnq rh€se adm {Lres
as , t  Lsed in  th€  wronq q !a . t t ies ,  rhey  can compele  y  p revenr  l r re  ser  nq  and hardenns

retarders rend to increase prast. srr.nliase and resutant

waterreducinq admixruresa low a redLctior in wat€rcemed rario tor a given s ump. They
are !ommonryusedroreducethewaterconten t { therebyncrearngco.c reres t r€ngrh)and
at the  same r imeach ievng a  workabe nr .  They  can be  used to  ncrease th€  wo;kab i l t y
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o of 6 mix ior a given wate. content.

SupeFlastici*rs (or high range warer reducng admtlres) have the abit|rv ro live
p  l in  dcess  o l2O0 mm)ro  a lowthe concre to  to  low in to

I  oa t !  c '  o  a | l . .dbo l r  30  -o
. .  d r e  '  h , 6 d  r a . o  i r e  ! d t ! e , .  a o o  b e . o , e  r n e  a o d  r i o n  o l

rh€ superp asriciser. They ar€ commonty added to rhe concrere at the job sii€. Theyare
rel*ivery eipensive rnd should be lsed o.,y wh6n reqli@d ior a specific purpose.

An €nt.inins age s break up aftrapped ar nro minlte bubbtes and ihprov€ the
workabilty and durabilty ot th€ mx. They ar€ paiticua y uselu tor condete ptac€d i.
bridqe decks due to probl€ms oncountered in fdofesia with hOh temperature concr€rtng
and rhe inablity to lutry compact the concrete under such condtions,

Adm xtlres shoud be acclratety measured bv means of a sutabre dspens€f whch is
/eqularycalbrated o€lvery dockets and/or batching records m!st cteartyshow the brand
n6me a.d type o, adm xrLre afd ihe dosaqe rare or iotatquantry tor each b61ch.

15.5.4 Fibr .Reinforcement

Polypropylene I bres h6ve be€n ussd n a number or concr€te bridgo d6ck n Indonesa.- F d f  
' b  e s  h d F  n . 6 b t r /  o  n 9  d t  i t - o  p e . . 4 d o , t r y  o .

n  e  d ,  0 1 6  r ' . < i s " i o

The use o t  I  b res  in  concre le  w l t  no t  sove probems duE ro  a
cof.rete prodlcrion The tjbres wit on y be eltecile I rhey
rhrouAho!r the concrere.

a typcal dosage rare for potypropy.ne I b.es s
co.crete. Th€ manulacrlrer's nto.mario. shoutd

Poor mix design o. poof
are un iomlv dist buted

6round I klog'am per cubic m6r€ of
be ca,et!lly checked for €commend€d

15.6

15.6.1

CONCRETE PRODUCTION

The a m ol a lbatch ng ard hixins procedlres rs to produce un iorm concrete conraining
Ine  req ! t red  proponons o t  marera  s  To  a t ta rn  ths  n  l s .oc

matera s are ma.tarned n an homoqeieoLs and nons€qresared stare
pno,  to  and du ' .0  ba t .hno.

rne eq!'pmeni p,o!ded wi accurare y batch the reqlned 6hounrs of
nafe..l3nd the af,roun.s can b. eastf.hangeJ if and when eqtircd.

rhe reqLned propooofs ol mateaals ar€ mat.ra ned fiom batch io

armater i6s  a re  in roduced in to  the  mxer  n
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15.6.2 Ready,MixedConcrere

Seadymxedconcre iemls rcomptywi tha t ther€qunementso f lheSpec i t i ca t ions .Roady
nrx€d concre te  has the  advantaqe rha t  be t i€ r  q la l ty  conro t  spossbtea ta  a rgs  p tan t
lhan can be achieved lnder ihe condrions on host brids€ stes. Mosr r€adymred
concrere prants us€ a we qh batching plant lor barching and rruck molni€d transt mixers

Howev€r, bridse projects which are at soLated stes r€mote irom a.V txed ptant wir
requre  the  Lse  oJ  an  on .s re  ba tch ing  p6nt .  rhs  nc t ldes  a  ta rqe . !mb. r  o t  b  dqe
consrlcno. proJecrs cafted oLt in Indo.6sia.

15.6.3 Si te Batched Concrets

ste baiched concrere s lsua y batched 6nd mixed o. the sire n a mechancalmirer.

The concre le  ba tch 'ns  and mrx .q  p6nt  i s  bes i  s rua ted  ara  oc6 ion  and e tev6r  on  whch
fac i  ta res tha leednq o faqgreqates  nro the  hopp€rand th€  de lve /y  o l  the  mixed concre te
1o the work. The mostconvenie.t locariof ror w6igh.g hoppers is berween theaoqresare
bns  a fd  tha  m:er  so  tha t  dscharge can be  made drecr ty  n to  ihe  h ixer

a Lng.odienis 6G thorouqhly intemlngled duin! mirinq afd atl
aggreqate panrces are cofrrl€r€lv coated with cement oasr€.

lhe cofcrere, when discharqed lrom the mixer, wit b. untrorm and
homoleneous wirhrn esch barch and trom barch ro batch.

we,qh  b6 lch .q  oJ  a  l concrere  .g€d ie . tsshoud be  a  fo rmal  requneme. t .  Watermayb€
voLme.batched.  The w6rer  suppy  shoud Dre ie rabry  be  fed  by  qravry  f 'om the  meter  ns
source to the conia'ner on the m ins pla.t.

Baqqed c€menl  must  be  1 ! l y  p ro lec ted  f rom ihe  wearher  a r  a t  rmes.  r tmavbestacked
each day o. a 1'mbe, jraiJom 6rqe enolqh ro accommodate up to one day s produclon

weghn9 or  mxer  hopper .  cemef r  nor  used shou ld  be
d or  ihe  dav  s  wdrk

Betore  commencng ea .h  ba tch ing  and mx nO opera t  on .  the  pan i  mus i  be  che.ked ro
n 9ood runiinq order and cea., partcular aiten!on berng paid to the

The Conra . ro rmust .a  cu ta ie rhe  requ red  qLant  i y  o i  eadr .
each p .u ,  and mus i  hava a t  eas i  rhar  quanr i ty  (nc tud  nq  a  towance to r  oss€s)  ava iabe
be lore  cd ic ,e t ing  s  a  towed ro  cormence
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a 15.6.4 Batching and Mix ing

Barching

The essential ,equrehenr in batchno s thar rhe specilied propodons ot matera be
ma,nta.ed nom batcrr ro b6rch wrhn rhe gven rorerances ro Drodu.e untto.mnv in lh€
r€sut ng qualLty or concf61e. Fuctuatio.s in sources ol sLpptv shoud be avorded.

The supervsof shold ensufe ihar iesrs to' moisrlre co.tent and Aradnq arc requta y
m6de ?ndihat bdch propeft es 6re adjusted to give ln orm quatitv concrele. Ch€ck tests
occasonary by rhe supervisor wit be hetpf! n tghrofing !p rhe convactor,s conro

reaton to the oper6ilon, condit on and accuracv of barchtno

o
Alhosr al con.rere ev€n lor sm6 tjobs, is m xed bv machina in barch hixe,s of various
capacties Mxers have b€e. touqhr to a hgh srare ot efticiency, producnq sarislacrory
resuts ar a m'nmuh cosr ol labour 6nd power. smaL chanoes jn ihe speed ol tha miter
have l r€o t fec t  onrhes t renq lh  o t the  concGrsa.d  I  s  a rqe ly rher imeot  mLx ins ,  no t the
rata ol rolatio. ol rhe hixef, thar nt uences the strcngrh and qualty ol the concrete.

Tests shdw thatthe str€nglh ot concrete s fcreased by tonaer periods ot m xns. Th€rs
's a rapid increase in strenqth !p to a mixjnq ime ot about lwo minltes. n additio.
thorough mixnq w i lv io ld  mor  hch  ts  more  watedqhr  and
co.c re tewh ichsmoreworkabe.hsho l tdbenotedhowever rha tovermxng, ie .mrx fg
lo r  roo  ong a  rme,  i s  l [e ty  to  ]ead io  q rnd ing  o f  the  aqqregates ,  as  we las  redLc ino

Th€ ma i6 m ot m xing sto ensure rhar mate alsareunilorm y drsr bui€d wth n rhe mass
Ths w i t .equne rhar  mate ia is  be  mxed lo r  no t  ess than I  5  m nut€s  in

th€  m,xerwhch sho!d  be  d  scharsed comptere tv  be lo re  n is  recharqed Thsperodmust
be ncre6sed ladding 15 seconds per I m3 of mror capacity) tor mixers aroer than 1 m3

fhe udldhitf rcarnenents tot a..nctete ni\ ste gileh i. rhe r6bre berow

1r 's pe,miss b€ ro redlce ihe hixinq t me be ow r.b minures iie m x can consst€ndv
meer ih€uf i fo rm ' ry requt remef rsg ivennTabe l5 . t ,w i rh i t ra t red lcedm,x ina lme.

s ta t  o .a iy  m xers  sho ld  be  equFoed w | r  a  mera t  p la re  o r  Dates  on  whch are  c teanv
mar(€d ine  m xnq speed o fdrum or  p6ddtes  and ihecapacny  .  ie rms o lvo tum€ o f  mi led
concrete. In addtion, rhey shoLd be eaurroed wiih a revoiuiion codnrer or rimer.

Transt m xe.s and aaitalors srrould have a meral plate or ptates attached in a promnem
pace showrno the  ranqe o l  m x inq  speeds 6nd rhe  number  o f  revou ions  a t  each mrx .q
speed io  obra in  rhe  u^1orn  ty  specJ ied  I  Tabe r5  ]

s  n red  in  a  ra is l  m ixer ,  the  vo lme o f  ihe  mxed concre te  sho l ld  no i
norms ry exceed 63 per ce.t of the sross nlerna volu,ne oi the drum. whe. concrere s
centa  y  hxed and th€n t ranspof td  rn  a  ia fs t  mrer ,  rhe  vo tume o t  mred.oncre te
shoud nol exce€d 30 p€r cent of the sfoss inierm volme of rhe co.ta,ner

r5 r7
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Tahle 15.1- R.quheherts fot nitonity or.oncrcte

The basc  purpose o l  a l  m rers  s to  mix  concrere  u . i fo .mty  wrh  n  the  t lme specJ iad  and
the  order  o l  addt ion  or  marer  a  s  shoud be  su l tab€ to r  mi r t .q  w i lh in  tha i  spec f iad  rme.
Gene'aly, the w6ter shoLtd be add€d tnlo the mixer over the iut perod ol mareriats
loadf9, orelerably beginnlnO just b€fore 6nd endin! just 6ller road.g Tha dry materi6ts
sho!ld be oaded as quckly as ptaciic6ble, withour oss of mateiats.

wrren ure supervrsor determines lrom observario's ofrhe con.reie m x or trom s !mpr€sts
iharrhe mixinq nme s nots!fficent, he should atrange lor unitorh'iy i€sting ofrhe miter
ro delerm ne the requted fiixins r me.

The superviso. must b€ aware that 9re6te. mxfg rma may not mprole unilormty. At
the same tme ( wll reduce m xer oltput, mav increase fie a I conrefr and m6y cause
som-A qrndLnq aciLon, !3(ic!hn\ sirh soJter aqareoares. trisgoDd practice ro estabtish
maximum h,xing rime rr the bacrr s to be deayed tonger, the mxer shoutd then b€

A s ump tesr s requned rrom the rnst bat.h oJ concrete m lad belore any concrete s
paced 'n thework .  As lum!  tes t ,s  a  so  req !  red  i iom th€  seco.d  b6 tch  o t  co fc rere  m x€d
and add r io ia  res ts i romsubsequE. t  ba tchesasdeemed.e .€ssarv .  rempo16rys toppaq€s
or  t ie  work ,  changes n  rhe  wearherand o iher  unLsua .ncuns tancesaf t 'ec t r i s ihemix ing
operat d.s shou d arways be Jo owed by the tak ng of add r ona s Lmp tesis. a I sLump
tes ts  shoud be  c3(ed  o l i  by  experencad operarors

l i  any  s l lmp tes i  does  no l  comp y  wrh  the  va  Le  spe. i led  w i rh :n  reasonabe tmi rs ,  i re
barch  o f .oncre i€  wh ich  i r  rep .ese . is  shoud no t  be  used n theWork .

whenever  mix .g  s  s topped lo r  more  than 30  mnu ies ,  the  mxnq d 'um must  be
rho,ougnrr dash€d wiitr ctean waier

Requtgm€nt, €rpreased as narimum
permissible difterenc€ berween resuhs ot tests

ot s.nples tak€n frod rwo locations i.

ll averaoe s ump is 30 mm or less

lf ave.aqe s ump exce€d3 30 mm

A,  Conte f t ,  per  cenr  by  vo lume

Coarse aqqresai€ content, poit on
by mass ot each sample reia'ned
of  4 .75  mm tes i  seve,  per  ce . r

Mass  per  !n r  vo  uhe o l  r r  tee
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'o ?5-6.5 EmergencyMixing

I t ' sd€snabhtohavean€m€eancymi rerava i tabeforuse incasethemixe f t€aksdown.
rhe €me|gancy mxer sholld be stafied and operated Feiodica y to ensure rhar I s in
good machanica cofdition and jt shoud have sultcent capaciry io €nslr€ thai tesh
concrete c6n be suppred and matnia ned over $e lutexrenr of ihe wofkng lace shoutd
tne ma. mix€r b.eak down duang a concreling ope,aior,.

l l  noeme.q€ncy  mixer  s  ava iab te ,  a  mi t ing  board  to r  em€eencyhand mxnq canb€ usedro  e '  ab le  r l -d  co . -de  is  eo  ro  a  oo ,1 i  wh. r .  a .o .q .

r5.6.6 Becord or  Mater iats Used

F€cords must be k€Dt 01 a mareras ls€d ,or each
include the quanrity ot cemenr used afd the nLmbero

ar  rhe  cohpre t  on  o f  the  day ,s  work ,  rhe  mxno p ta f i  6ho!d
used ceme.r baSsco lected and nacked or otherwrse dLsDoseu
ahd runways to and fiom th€ mixer had€ iidy

day 's  work .  These records  sho!d
oJ batches mrxed afd ther ocation

be lrroro!shry c ean€d, al
o l ,andrheag0reoarehe6ps

tr ready.mixed cond€r€ is being used, rhe detivery dockeis shoud r€co.d atreevant
rnromsnon. Th€se DUsr be checled betore dischrrge.dd rit€d for flrsre rete€nce.

15-6.7 Cleaning Up

' r5.7

15.7.1

HANDLING, PIACING AND COMPACTING CONCRETE

It s esse.ta when handring concreie thai detays be mn,mised and thar concr€le be
prev€nted tom dryn9 our ot seqreqat nq

I rong delays are exp€cted, consde.arjon sho!d be given to rhe Lse ol a ser rerader in
t r ie  m t  a .d  spec  a  p recaur  o .smayhave ro  be  taken io  keep ihe .o .c re te  cootddno rheperiod ol the deay. !.de, no cnclmstances shold concrere be paced in toms il
workab lity has beenlosr, rhar isrhe o.iq.atstump has beens,qnificannv redLced by drying
olr or by inltar sertng, as rhis wif read to weak, porous con.rere water must never be
6dded during handlnO as il.annot be efte.rjve y inlermded and cou d seve/e y weakenfie

Seq,egarion s the sepaiat on or rhe coarse agqreqare iroh llre moda, To preveni
sesre9ar on, rhe rorow'ns precaut o.s sfroutd be rakei .

nanspor t  w thout  excessve jo l tng  or  vbrar ion ;

r5 r9
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/aceme concreta as closeas poss ble to ns linalpos tion in ihe torms,
do nor lorce it to I ow sideways wirh ercessive imernat vibrarion. I
concrereh ls tbenoved in the foms,useshoves .  Nore i  An€rcepron
lo  ths  i s .oncre te  bens  p lac€d n  the  anchoraqe zon€s  o t  posr
tension€d prestessed ondors where concr€te may need to be pta.ed
crear or the conqesied re.forcemeni and moved late.aly ro alow
ettecive observaron ol compact o. around the anchorages.

use a hopper a.d tubuar placnq glide when rhe helght ol drop is 2 m
or  more  lsee  F ig ! re  15 .2) .

avod discharginq concr€te 3Oa nsr veit cal re ftorcrng mars.

ensure the forms are s€aled to preveft wat€f and mo(ar toss.

insea and wdr rdraw rnrerna t !  b raro 's  ve i r .a t r .

Figu.e 15.2 . Placing Cancrcte in wats and C.lunns
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15.7.2 Concrete Placing Equipment

At tho ste, concrete is either discharged direcrly nto toimwork or dis.harQed va
eqlipment such as t€mre rlbes, blckets posit oned by crane, concrete pumps, hoisrs,
dump buQqies, wheelba(ows, chutes and the ike.

The choice oI eqlipmeni s dependem o. site condirions and reouremems. precaut ons
should be taken io mrnlm se concretE seOreqarion and premaiure dryinq.

The most.ommon melhods ot ptac€ment are by !s€ ot buckets and concrere pumps
Smaler qua.tties o1 concreie may be ptaced by wofkefs pushng wrree barows a.dror
.nutes Larqer chure systems can be efiedive when th€ topoqraphv sfavourabe An
ansle ol 25 ro 30 deorees i6 dea lor concrel€s wrh 40 to 50 mm s ump.

Placemeni lsfg a crane ahd bucker is a simple 6nd eltective means ot ptacng arOer
qLantties ol concrei€ The bu.kels are round
narowersec t ion  a t  rhe  base wnh a  gare  a i ia .qemenl !o  reguta terhe i low o lco .c r€ t€  . ro

The buckets may have an ang ed dscharqe chLte lor workt.q in cont nod ar€as. Straisht
roor ia te  io r  lower  sLmp coro .€rs

Concr€ie can b€ paced acclrarey6nd continlousLy by pump usrnq a two manteam o.e
conto l l .g  th€  pump a .d  tha  o ther  d recr inq  the  dscharoe work ing  n t ron to fvbra tor
ope,a to ,s  and concrere  l . ' shers .  Pumps are  !s6 lV  se l  conra fed ,  ruck-moumed unrs
wiih delvery capactries va.y nq from t0 !p ro lO0cubic merres per hour. O€lvery pip€s
ar€ genera ly ol stee or rubber wrb qLck{ee6se coup nqs lor ease ot assemb y and
ac.ess to blockaqes. some uniis have booms up to 30h o.q

Ihare  are  sovera l  t ypes  o t .oncrere  pumps one svsren  dervers  rhe  concrere  by  a
squee, ng a.non ope,ated rolers e*uda rhe conc,ere a ons a
Je !be tube.  l .  ano l f re r  sysrem the  conc .ere  is  d raw.  n toahoppera .dmechan ica ly
plshedrr@C tbedervery tlbe bya prsror ,r!r. reglraled by i sysED ol rder a.d ouler

ow the  more .ormon sysre ' r  l sc

15.7.3 Pumped Concrete

Pump nq is  be  ns  lsed  nc ,eas jns ly  as  a  m€thod oJ  pac jnO. .n . re re .  Theoumpsupp ler
shou d be.ons! ied wel I advance ot rhe poLr 6nd iniormad ol rhe s ump requ rement,
the  p lacnq ra te  andrhe pos(on inq  oJ  pumpls l roe isura .onc
po l r  The des 'sn  o l  a  conc ,ere  m x  n t€nded ro '  p lmpnq requras  erped knowledse and
norha ly ,eq ! ,esahqhe ,sandconren t rhanamxdesOnedfo rp tacngbycraneandskp

t  a  Drnp sho!d  be  cons ldered I
pump on s tandby or  on  ca  I ,  a . ,a .e .9 ! led  to  conr  nue rhd  p

I  pa .  n9  ihe  conc ,e te

l  shoud be  no t .d  tba t  we l  dessned m'xes  may be  read iy  pumped ar  ow s lump and
ncr€asLng the  s  u 'np  o i  such a  mrx  may make r  mo,e  d t l cur  ro  pump.
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15.7.4 Placing Concrete in Foms

Bolore cofcrering commences, rhe torms shoutd b€thoroughty cte6ned by mea.s ot an. r
j€ t  o r  water le t to remole  loose rubbsh,  especaty rew.e .  r  may be  necessary  to  p rov  de
lempofary cle6n olt hoes in the bae ol iomwo ro altow proper cteaning.

Pacing musr be carelullv supeJvised to ensure that fomwork and reinlorceme.t are not
damagedord isp lacedandt l ra t rheco.c reredoesnotseOreg6te .WhereconcGre isp6ced
in vedca forms lor columns and wa ts, rhe r6re ot ptacnO musr be ca.eru y conroted ro
ensure lhe rate does noi exceed rhar adopted in the fomwork desisn lret€r S€criof 23)

Fiqu'es 15 3 and 15..1 aive suda..e as io the coiiect merhod or ptacrng co.crete in
slopinq and hor zontal lorms.

The merhod of placinQ concrere in rhe lorms must be capabe ot cov€rjng ih€ e.tte area
over  whchconcre i€  s ro  be  p lacod.  For  a rgervo lmes o t  co
pumps or . r6nes  lsnq  borom dump buckers  o r  skps  o t  0 .5  io  3 .0m3 capacry  a re

er !o!mes, concrete pumpsi pneLm6lc iyfed ba(ows, or chutes
may be  Lsed F lnways  Jor  ba(ows e tc  sho!d  be  ad jus tab te  w i th  de tver ,and re rurn ,

n te r fe rence i  6nd wth  sur fcent  w jd rh  fo f  t  pp inA and ru rnnq

Access holes in the botlom lanqes ol b€ams and other s miar ocat ons may be requned
ro  prope,  y  compact rhe  conc .a te  and ro€ns l re  tha t rhe  concrer€  has  compte tey l i ted  ihe
forms. A meihod sealing rhe accesscoversand hodingihem in posrion unri fte cofcr€re
has set must be employed. where acc€ss for compaction is not requned, a round hote
abour 15 nm diamete' may be drilted . rhe upper panot rhe botiom fianqe to check rhar
concrei€ hasi red the r anqes These ho es maythe. b6 subsequent y ptussed wrh rubber

Fiqu.e 15.3 Ph.ing Con.tete on Stopng Fs.e
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Fiqurc 15.4- ptacins Concrcte @ Hotizo.tat Face

15.7 .5  P lac ing  Concre te  UndeMater

Conc,ete can b€ suc.essfuly p6ced LnderwareJ by plhpLns or by usin! a trem€ lsee

A remie is a war€r rlght pipe r50 300 mm in diameter with a hopper at rhe top and a
valve o' oih€r devce at the base whch prevents the sukoundinq water trom miting wth
rhe concrei€ d!rlng rhe inrial cha/qe. The base ol rhe tube m!sl sit on ihe foLnd6rion
wh le  rhe  in t ia lcharqe s  made a .d  ihe iube and hopper  needs to  be  complere ty  f i red  wrh
concrete belore the base valve ls opened Jor lhe first d scharge ot concrere. The tower end
oJ the  tem e  mus l  remain  be  ow rhe  sur fa .e  o t  the  r i s ina .oncre te  a r  a  l t  mes.

The leme must be capabe of clnrotLed movemenr ar rhe discharoe end in borh tarera
and ve( ica  d  r€c .ons  a^d  hus t  be  capabe o t  rapd lower inq  a t  6ny  t6a  to  de . rease rhe

deDth so tfrat tlre d scharge end is submerqed beow rhe slrtac€ tevet of ihe con$ere

T,em e concreie sho! d b€ pLa.ed asa.ontinLous ope16t on. Should any inretuption occur
o, shoud lhe base ol the lram e nadverten|y rise above the con.ret€ surfa.e, paceoent
sho! d cease. The ile' or concrete at ihe rop oJ rhe pour shold be removed atrer
l ra rdennq,  be lo ,e  the  p la .ehen i  o l  any  add iona Ths  may requre  ihe
lse ol a d v€r n areas wh ch ca
lusua y  Cass  K 225 c .ncrere) rs  requt red  whch is  deggned ro  ! ' ve  a  s  ump o f  about
1€0 nm.  Th 's  h 'gh  s  ump is  r
competey  t l l rhe lo rm,  esp .ca  y rhrouqb lhe  re in lo rcehE. r .  v  b raron  mls r  nor  be lsed
as i lw I  cause seqre !a t ion  in lhe .oncrere  or  f te rm x .9  o i  rhe inJer  o rconcre te  a t  the  iop
whe.e  r ,s  rn  co . tac t  w i th  l r re  water .

ced by tem e 1!be underwal€r s nvariab y or Door qua ity
a.d m!sl be remo!ed by b.€akinq back ro de.se concrete, i. rhe dry. belore proceeding
w'1fr rL(he. concreting.

Wlrere concr€i€ must b€ placed ina lou.dafon cov€red by sha low, sri warer, concretnq
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Md iq dus d @dsl'dg m€tu

'iiid chaQe ( AiMa'v6 ro 6a vdrd ).

m ftm e s,ehrt ro ope. va va and drow

Figurc 1s.5 UndeMatet Concrcting

ihe  warer  d  spaced by  t f re  advancng iace  o i  concr€re

i t  w6ter  s f low 'nq  rh ro !gh  a  toundar .n , lhe  warermust  be  drver ted  or  the  fo !ndar ion  t  Ied
6nd t€ded as a. ufdswder !ou. A good merhod ol d verting tjow com n9 up through
the base s io ser a p pe .to the lssure a.d ro €ad the o pe our irrrolgh rhe side ot the

15-7 .6  Thns i t  M ixe6

t  s  p re ie ,ab le  tha t  i ,a fs r  mxers  d is .harse  drec ty  in ln  Jorms rn  o rder  ro  mn imise
hand .q  I r !cksmust  nor  s rand in the  ho t  su f  ro r  o .q  per iods  as ih is  redL.esworkab i r ry
and sho(ens  the  er fec t i !6  tme 3va tabre  Jor  pscement  and compa. t  0 . .  deays  occur ,
the  ba tch  panr  s r roud b€  contacred  as  soon as  poss jbe  a id  derv€res  r .schedu/ed .  p .o r
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to dlscharq nq co.cr€ia, iherransr miter shoud

15.7-7 Compsct ion

b6 operated at mrxing sp€ed Jor at reast

maxmum de.s ty  l s  obraned and
surrace of re.ro.ctng ste€l ahd

The objective ol compacrng concrete s to enslre that
rhat domplere conracr betq€en rhe .oncrere and the

ThorouQh compact on is mo$ impoitant as i teads ro:

solno, w6i€( ghr con.rere

q0o0 sudace appearance

qood bond with st€ej re nlorcem€nt, 3nd

sound protective cov€r 10 sreer reinlorcemem

Concrele mlst be proper y compacred to ensure thai rhe spectt ed snenqth, durabiltry and
slnace lnish are achieved. Compacrion can be accomDish6d by tmmeisiof or,pokef,
vrblators, externallorm vibEtors, s!dace v brarors, vibrar.g screed boards, or by hand
rodd'n0 lHand rodd iq shouid .or be used lo, srucl!ra concrere,.

n cong€sted zones oJ r€ nlorcemeni, su.h as at anchoraqes n post i€nsioned concrete
wor(,specr6rneaslresnaybeteaDnsdtoehsutetha!oughptacenenlandconpactiohcl
rne co.crele. such measures may .ctude l

!  a  redesgh o f  rhe  m x ;

n  rhe  sze  or  coarse  aggreQare ;

r rlre lse or superp asric,sers or other addrivesj

t aollstmeni oj the spac n9 or reinJorceherl

. an rncr€ase in ire r.l€nsry ol vitaton.

Most compacr on ls caiiied out by high frequencyv brarors appted inrerna y o. ext€maty

Eternaleecrfic or 6 r operared vibrators which are rsdtv arached ro ihe lomwork are
. precast'ns wo,k where cross secrions are thrn and heaviy r€rftorced.

Thermain  pu |pose is lo  p rov ide  a  h9h s landa/d  o i  sur lace  tn ,sh  to rhe  precasr  u . i t .  Th .y
are usLally !sed in coni!ncrlon with .t€rna vibrators.
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Exi€rnal Jdm viblalion should ont be used on pu|pose'blllt torms propeny rel.lorced al
vibrator mounting poinrs. mproper use ol enern6l forn vibrators can cals€ s€v€re
damdqetofoms wirh corresponding eflecis onthe shapeolthefomed conc.etesu ac€.

Inrena vibrato.s provderhemoste{fective means ol compacting co.creie. Thesrandad
vitator has aneccen.ica ly ba 6n.ed shartwh ch isdr v€n 6i h th sp€8d (5,000 ro I3,Ooo
cycesp€rminute)  Theyarepowe,ed bye lecr lc ry ,compressed anor in ie rna  combus!on
€nsine and are ma.ufactured rn various snes lrom 25 to 150 mm dLameier

Vlbrarlnq screed boards are nol sllicendy elt€crivo ro bo us6d alone, and su ace
v br6i on should be sLpplemenled by .r€mai vibration around the edae of slabs, kerb
!psrands, and orher thck 'egions. Th6y are used to shape the upper sudace ol concrere
and req! re ihe sccurate plac€m€nt ol screeds to sve the ,equred surface profie.

15.7.4 Emergency Consl ruct ion Jo in ts

r  the  ambanr  tempera iu r€  i s  l ke ly  to  exceed 32 !C,  some o ,
pr€caurions shoud be adopred ro l.h bt p,ematu,e serins ol rbe conc,ere

plac n9 the c.ncrele when the ambienr atr temperat!.€ s lkely to b€
be ow 32!C 1ea,  y  I  the  mor . inq  or  a r .q l r t  especa y  lo r  de .k  sab

shading a9qr.!are sr!ckp les

sprayrn9 ware, on coa'se aqqre9ate stockpie

i n l ec t  o .  o l  l qL  d  n togen  . t o  the  n  x  wh , l s r  n  rhe  n  \e r

,ns!lat.g or bu,ying dater supply r pes

pa inr inq  6a ter  ranr5  whne

The pacing seque.ce lo, concrete mLsr be organsed so rhat the ength and area ol th€
work  n9  tace  o l  theconcre ie  smin 'msed,€nab:nqaconsvuc .o . loLnr tob€.onven€nt lv
ro'med 'n af emerqency Belor€ stadnq the placing operalon, rhere must be sufrici€nt
o '  n $ o , r  T o ' a  d l d \ a ' o b P  o

15.7.9 Hot Weather Concret ins Pfecaut ions

eleraion ol hydrarlon ot th6 .emeni r.suh nq in reduced
sering nmes ware, is a so osr bv evaporation, panic!arly n wndy condnons. These
elleots ead to a rapid loss oJ wo,kablily . the concrete wth co.seqleni difjicurty .
p lac  ig ,  .ompadr9  and I  n ish ing  Th is ,n  t ! rn  w i l .esu t
may g  ve  ,  se  ro  a  par te rn  o l  shr inkase c racks .  sprayon l imsareava i laberod€raY
evaporat on and permii f.shing work to proceed over a ong€/ p€nod.
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shad'no ot work afeas and water

arect on ot w'nd teaks

rcduc 'ng  the  tme lo r  pac ins  and

cover.9 ot l.ished work wiihout

prompr commenc€m€ni or cur n0.

nor be Paced on a job when

The anbenr  a r tempeGr l re

Th€ ambieni ar temoeratlre likelyio exceed 35!C with n 2 ho!rs oJ

o 15.4 CURING OF CONCRETE

15.4.1 Reason ror Cu ns

The objeci ol clr.g s to retatn mosture tnside rha concrere whila th€ cement hydrares,
and thereby achiev€ the desned srrucrura strefgih and tevelot mpermeabtny reqL redtor
durab i l ry .  An lncLred concre ie  su . face  w i ta tade much hore  qu ,ck  y  than o .e  p roper  y
cured and, 'n aqoress've envro.ments its hiqher permeabi ry s more [e y io l€ad ro
coiios on oJ the fe niorcenenr Reduced curjnq also resuks in increas€d concrete

15.4.2 Coing or  Concrete

ari€r concrere s p aced afd compacted i musl be adeauare y prorecred a.d cured n
accordance wth  rhe  spec i rcanons

ol conc,ere such as srenqrh, waiertAhtness, wear resistance a.d
voume srab i  ty  imp,ove wrh  age as  long as  condrons  a ,e  lavourabte  fo .  con tnued

The mprovament  i s  .ap id  a t  ear ly  aqas  bur  co f tn les  more
s owry tor an LndeJnire per od Two co.d t o.s ara reqL red

. the plAsence 01 morsllre

.  a  favourabe tempera tu .e

Evapo,ano i  o lware , toh  newry  p lacedcon. re recancauserhe hydraron  processros top
Loss ol warer also causes concrete to shnnk thus creainq ienste sresses ai rhe dryinq
sutrace. tr these snesses dele op belore the co.creie has ara ned adequaie srensth,
surface cracking may resu r
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15.9

15.9.1

Coa-  p t .  a r  be  l "p '  mo  {  r v  c  n  jmba  o l ! r ,Snp r lod r

methodswhchs lppyadd i t iona  mois i l r€ ro th€s ldaceo l theconcr€ te
dunng thee6r ly r ra rden ng  per iod .  These n . lde  pond nq ,  sprnk lng  and
wer cove,ings lsLch as hessan, earth, sand or straw)

methods which p,ev€nt loss ol moisture lrom rh€ concr€te by sea ins
the surfaca. This hay be done by me6ns of waterpfoof pap€r, pastic
sheeis,liqlid membran€ lorming (spray-on)conpolnds, and forms lelt

hqlr temp€ratLre curing, such as steam curng and .!to.lavin! Ih€
h qh temperarLresaccele16te rhe chemica r€acronsand themolsture is
p,ovid€d by the seam or s re16 ned by ihe altocave chamber.

Cuanq hlsl coni.ue uninterlpred lor as long as pract cab e bur ai leasr lor ihe m n mum
per  od  spec i ted  lusua ly  seven days) ,  .ommenc ins  l rom rh€r lm€the con. re re  h6shadrh .

15.8.3 Steam Cui6g

Sream c ! r .g  ' s  usua ly  camed o l i  on ly  in  p recas tns  ye fds  because o f  the  erabora te
equ'Dment a.d r.srrumentat on rhat is requned to ensure th
p .event  dsmaqe io ihe .ewy cas tconcre te  by  rhe  hgh tempera t l res  invoved.  s teamins
must .o l  comhence ln l l the  concr€ra  has  reached ns  ln t ia lmatu i ty  The tempe,aru ,e
or the .o.crei€ mlsr be raised 3i a contro ed rare. The st€am musr nol be a owed to
rmp nqe d reddy onto th€ concrete o, rhe loms a^d ihus cause locaL over heanng

TrielemperalLre lnd€r the sre6h covers must ̂ oi erceed 3O'C, and rhe covers must not
the surlace temperarLre ol ihe.oncrere is wiihin 40!C of ahbLent

Fecording the,mometers, adequale iesr sampres and comprete re.ords 6re essenriarfor
sansiactory steam c!.nq.

Hgh st€nqrh co..rete, steam cured ro 30 MPa or more lor p,esress ra.sler or
demoud ing ,  does  io t  no ,ma y  requre  J ! (hsr .L r inq .

TESTING CONCRETE

Beasons for Testing

O!a 'tycontollesrs ar€ to be.ariied our i^ acco,d6nce wdh rhe app,op' ate AASHTO tesl
r .  ad ' l  no .  to  tesr fs  rh€  maier ia icompone. ts  o l  co ic rere ,

concre tes tasreddur fgmanuJac lu ,€ lo rcdnss iencyandworkab l i t y ,a .d6 i te rhardenns,
tor compressive strenqth and oiher prope^Les

v isua.specr iono lco .c re tede l !a redrorhesne,byerpene.ced lo remenor inspecrors ,
's a so a very ,mpo,tant a d n deteclfq efors i barchng. A.y obsered chanqe shoLld
lea t l  to  immed6te  s !mp tesrnq  a .d  rha  maiuracrure  or  add i to .a l tes t  cy r inders  I  rhs  i s
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15.9.2 Slunp Test

Testng rhe sluhp of lreshty mixed concrere is rhe main meihod used for chockino
co.ssiencv and workabtry. Slump t€srs shoutd be cad€d od on the rar mrx and a;
acceptab€ rang€ or  s !mp shoutd  be  de termined ar  rhar  rme.  Gen€ra ty ,  concre ie  wrh
sLmp less than 50 mm requires 6 ot ot efiod 1o achieve adequar€ compaclon whle
concrere  wrh  sump mor€  rhan r0o  mm s  no t  usuary  specned exc€p i  fo r  pLmped
concrete o' tor tem e concrele whch s paced under war6r

A slmp t€sl slroud be c6ded out o. each batch of concr€te suppted by a ransit mixer
belore placins n ihe fohs. I stlmps are too high or too ow, the reasons shoutd be
derermined mmediatelyand cor€cred. concrete wrha sluhp outside rhe sp€cified raige

'15.9.3 Compressive Strensth Tesrs

compr€ssive testinq or hafde.ed concrere is requted throlqholr the consru.ron peiod

ol lest specim€ns to be tak€n irom each concrete polr shoutd be n accordance wth the
Specificarlon. S6mp€s shoud be raken tfom rhe discharQe chute ot rhe mx€r or ruck.
SampLes shoud noi b€ taken fton rhe lnsr of tast qLarter of $e concr€ie in th€ mix€r or
trlck. The specimefs hust be careflry compacted, tinshed 6nd cea y mark€d for
subseq!e.t denrif:carion w rh rhe barch and tuck number and rhe tocarion oJ ihe conc/ete

Soecmens mlsr be keDr co.iinuaty moisr
demoLrded ali€r r3 rrou's J necessary, aid
wl r ' s t  cov€red w i th  wer  hessa.  o r  seaed in

u.til iust prior to testnq rhey hay be
careruly tansported 10 the t€sl aboratory
pas tc  io  p re !en i  d 'v ing  our .

15.9.4 Time of  Test ing

No,ma lV, concrete acceorance s reLated lo iis 23 day sr€ngth

e..es are gefe,a y ol sho4 durat on and lunhar concrete
wi be joimed ro the et shg 23 days after the prev ous casrns,
6ddn o .a l les r ino  ear rer ihan 23  days  may be  requ red .  TheSlpervs  nq  Eng ineer  mls rdo
i's lest10 ensure rnat each se.t o. ol co.creie s ofadequ.resnenqth and qLatry betore

s  o i  | re  s ruc ture ,  as  th is  woLd make remeda measures
diflicLLt 10 mplemem slbseauenty d,scovared. i sucrr
cases, the supeMsing Efg.eer must dererm'ne, by pr or resr ng, ih. stength-gain vetsus
tme cure ror th€ conc,ete beLng used so thar clmpararive assessm€nts can be made ar
an ase eani.r rnan 23 days 4n er3npre ot lnrs 'erarjonsh F rssnow.j, Fgure j5_6bui
rh  s  chad s  no l  ac .L rareeno!qh  fo .  s  re  usa  ihs  re ta t  onsn ipsho!  d  bernvesrgared eanv

€ re la rve  3 /5 /7 /14 /2€  day  s t iensrh  ra r  os .  An ndcatonof
trh d ileienr curnq merhods is aso show.
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Fiq!.e 15.6 Concrcte Age aod Shenglh

Characreas l i cs t ,ens th  lFc ' )  =  Tarqe i  Sr€ngth  1 .64  x  iSrandard  O€var ion  o f  3 l th€  tasr

15.9.5 Acceptance and Beject ion

otvarab les t€ns thandrhenorm6 methodorspec i l y ins ther€qured
s tenq lh  s lhe  95  perce f r  e  o r ' characrer  s tc  sneng ih ,  ie  the  s tengrh  su .h  tha t  957q
ot aiLtesrs woLld exc€ed rhe spec'f.d srenqrh (and 5% wd!d raLL below lhe sFecLtied
st€n9th) For a larqe nunber o1rests, {hore ilran 40) th€ aciua .haracte.stc st€ngth
oi ihe concrete can be dererfr ned as to ows :

."e6;.e:
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Tf r is  ro rm!a  is  l rom the  tndones ian  concrere  code N. t .  2  1s7 l

The ta rOats tensrh  s  se loder j  hav .g  regard  ro the  degr€e o t  cua  tyconro  whch can be
nd ha fd  .o  o f  concrere  in  rhe  led .

The Specdrca i  on  shd!d  be  consut ted  lo r  qudetnes  on  rhe  choce o l  s tandard  devar io .
ano rne crclmsta..es lnder whi.h concrei€ shoutd be rejecred

ndividla compressve svenq$ lest ot concrere specimen
Mean ol comp.€ssive strength tei of concrete specm€ns
Nlmlrer or i€st specmens lN sholtd be arearer than to Jor

15. I0 FORMWORK

1s.1O. l  Design

Secr ion  23  nc ldes  gu jde tnes  lo r  rhe  desqn and cons0 lc r io .  o t  to rmwork

'15.10.2 Cored Holes.  Hotdins Down Botts and Fi t t inss

whe,e bohs or orher meratnr'n9s are reqL red ro be casr inro concrele,jgs shoLtd be used
to  ho ld  a  I  re  a r€d  .ompo ien ts  secur€ ly  in  ther  rea t ive  posr ions .  The jq  must  be  t rmly
a ta .hed ro  rhe  io rmwork ,  tue  io  teve  and a lonment .  Arehat ivey ,  the  j iq  may be
desrqned to be arached to the prev ousty casr co.crete and,€ma n permanenny cast nto

Cored holes may be lorhed usLns pastic d sposabe tLbes, by
r€moved by  dssovng wt rh  sov€nn or  by  us 'ng  s tqh{y  taDered.

Alre. srropins, a reusab a oaits sn!urd De

Al te rnar ive  y ,  ho las  may be  dr  t€d  a i re r .as tnq  !snq  an  npacr  o r
dorn rroris may be sroured n ust.q epory gfolts.

15.10.3 Str ippins and Cteaning

Formwork  shoL d  nor  be  *  pped un t t rh€cofc 'e i€  hasache led ihe  spec  ned s re .q lh  as
ver  l ied  by  tesr inq  o ,  u . t la l le r  the  sDec i fed  perod o f  t  me Kerb  fo rns ,  becauseof then
ow he ighr  a .d  the .eed lo r  a  n !h  s ra .dard  or  I  n rsh  lo t ien  feaut r ,ns  hand rearm€nn,  a re
nornary  exc lded r rom rhese resr  c rons

d !o  check the  s rens th  o r  con
st,ppnq, and specrmens lsed ro delerh'ne concreie srenqrh ror presressfs, should be

as the pa,eni concrete

Forms srrou d a ways b.c eaned, djred and carej! ty sracked between uses. S m jar y, torm
iittnqs should be inspecled ior dah!qe, oled and srored n or!ms
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15,11 CONCRETESUPERSTFUCTURES

15.11.1 Intoducrion

The slparsvlctlre compris€s that pa( ol rhe stucrure from th€ bearinos upwards,
exc !d  ng  the  b ,dge baders  and ra i  nqs

15.11,2 Precast  lJni rs

ufac turedor fs te6nd i  su i  c  €nr  quan i i t y  to ius t  ty  tho  !se
rk. Typica preca$irems n bridge sLpersrructlres ar€ de.k

pranks, deck slabs, qtrders, dec( sottt sabs, kerb unrs and posts. struciu..titems such
as  deck  p la .ks  a id  gnders  a re  usua ty  p res i ress€d,  and are  d iscussed nsoc t ion t6 .

UnJorm ry  o f  qu6r ry ,  sh6pe,  coour  and genera tapoearance s  desnabte  in  p recasr  work ,
ftecied by formwork quaityi types ot lo,m o and retease

ag€.rs, ch6nqes I the naru'e or propodons ot the rawmate.asused, rhe amo!.r or type
ot v brat o. typ€ ot curfs, age atstripping or even wearher changes.

Forms io r  p recas t  remsareusednanyroesandthere for€needtobes t r lnq ,s t i f ta .d
monar t !ht. lt s mportani io be abre 10 srrip and re.assemb e rhe f orm many t mes a.d
reia. the same shape and dimensiois, monar itqhtness and quarv ot tintsh. The finsh
requred contos  the  rype o t  lac ing  maier ia t  ! sed ,  €asy  c tean.O o t  wh ich  s  aso  an

The S!pervislng EnOineer shouid check thal cas.in fixng components are corecdy setl
and that trrey cannor move dLrng pacinq and vibfation ot concrete when st€am curinq
is  used,  iha i  they  r r ing  bo ts  must  be .emoved a f te r  in l ia t  ser  a .d  b€ tore  s reamnO
cdhmen.es, to 6row ror d llerenliat movem€nr berween rhe torm and co.c.at€

be ca!sed by fco'npatibtiiy or c!rinq compounds, waterprootrng
,eease ace. ts  Pre  produc ton  resrnq  o t  combina tons  o t  these

chem caLs is desrab a, and shoLtd be catrred out lnder tacrory condrions nctLd nq the
erlect oi ure lac'ng marerial used n rhe tormwork

Eve,y effo( mlsi be made to reproduce in each batch ol precasr tems rhe denrics
manulaclur ng cyce ot prevous barches so ihat consstency oJ qua ty a.d appearance

P,ecas t  u .  t s  a ,e  eas i  y  dahaqed nhandrnq.s tack .qa .dnansDonnq I r  i f t inq  dev  ces
are  provded 'n  rhe  un : t  rhey  must  b .  used t  po . ts  o f  supoor t  dur  iq  s racknq are  no t

e  mun r re  sdushr  f iom rhe  des  g .e r  suppodnq a t  mo.e

eorher .  Pa.knqshou ldbeot  nen malar js .  o r  i fhardwood
tmber ,  shou ld  be  w 'app€d i i  pas t ic lo  avo  d  s ta jn  ng  Saqg inq  or  twrs inq  o t  onq sender
uiils is kary il surJicient .are is not raken in the desion oi the support sysi€m dur ng

movemenrs of p.me mover and rai€r musr be cons'd€red when
t ranspo i t 'ng  unrs  to  r revent  to rsona c rackng,  c rushnq or  chat rnq
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-o 15.11.3 Deck Slabs

Oeck forms m.y be remolabl€ or efi in pace. The tarter are usuary qatvafis€d stee,
compressed I ble cemenr or co.c.ot6

Gavan ised s teer fo rmwork  rhar  i s  to  be  e t t  in  pace w i t l sua  y  be  s tee  ro ls r r  deckLng
sDppNle. ah sntngets ahd ctoss gtrdels rhe undssde o, rhe concr€re deck wiih,eftjn
pd  .  lo . rdo  I  Ldr  nor  be  nro

. i " , ra .e  .ae  oo . !  o ,  n r

Canrievered decks and lootpaths are rhe most vsibta p.ds ol6 &dg6. Eridse 9.d.rsdenect wh€n rho deck srabs ar6 benq poured, and ths deflecrion m!$ be atow€d tor
wnen seti'ng rhe edqe torhs, so rhar th€ decl( edqe presents 6 smodth tne, on grade ol
wrh slshr postNe cmbd d cenne span Deck lorms must be supported from gnda^
and not rrom the grouid, Ders or abutmenrs

Whist th€ d€ck s be nq cast, it k essenia to protect rhe outer Orders and bearinAs
a9a nst the eflecr ol torsonal noments cals€d by roralton o, .r.l evered de.&s ard
loo tFaths  Ths  is  smpy done by  ty inq  the  iops  o l  ihe  9rd€rs  togerhe,  w i rh  weded
reftorcin0 bar and s0!tiinq at the €ve ol rhe ower tanue

rr s olten lound iral . a sDan of a beam and sabrype bldqe, strders which a/e inrended
io be 'demica have slonlicafry drfiere.t vertc6 profies, caused by d fierent6 hogq n9.
It the hoq of one or mo,e ol rhe q rders rn ihe spaf is g.€arer rhan atLowed tor in th.
desqn, rhe whote deck sp.n wit have 1o be rased to accommod6te the dcess hog, an.l
risers wil have to be casi on the oiher grders. The chanoe miqhr aso aftecr adjacent
spans rt w'r be nec€ssary lo heasure, by caiiyjnq o!1 sohe fo.m ol suryey, rhe profie
ol al the qnders and to draw up a tong secrion ot rhe deck prorjte io esrab sh the dect

aner the lormwork for rhe deck sab has been compered and checked tor srenoth,
workmansh ip ,  monaFt igh tness ,  eves  a id  cean iness ,  re in to rcement  may be  paced.  t

/e  checr ied  r ,equent  y  durhq  s re  bend ng ,  o r ,hmedare ty
a f ie r  dervery ro  s re i f  ben l  o i r  s i ie  useo l ihbers ,s iee t ,acksoro thersuppodswl  keep
the reinlorcemeni out ot the d n or mud uit I ready to. use paint, ot, grease, nud, oose
m ilsca e or loose rust w I reduc. ihe bondjnq properies ot pta,n bars . partcutar, 6nd

cove,  s  most  mp! (an i  €speca ly  n rear iv . ty rhnde.ksabs . too
I t  e .over  cou ld  resu t  l .  rus rnq  o t  rhe  bars  and subse{ ruenr  s0ar  .q  o j  concrere ,  whts l

n the assumed des,qn ste.qrh oi rhe slabs nol being achieved.

wr€ t es aie jusl as suscer,tible io rusi as ord nary bars, and the ends or rhe t€s m!sr b€
kepr wel away lrom the slrtace of ihe co..rate

Monar  b  0cksend pasr ic  cha rs  a re  used to ,na . ta in .over  n  o re t 'e rance to  p las tc  t  oo€d
steelchans Some prasric ch6rs have inadeqlate base dreas
especlaly in hor wearh€r. when used Ln the horzo.ts oostrjon to hotd vedca

rare un ess caretuiv rixed
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Th€ reinforceme.t must be supported in such a wav rhat it is nor mov€d, dstoned or
damaqed in  any  way d ! i .O c ls rng  o l  $e  deck  s tab .

c. Casting Sequence

Plaining ol rhe casrino seqle.ce shoLd sve co.sideration io rhe fotlow nO:

(a) Transversey cohm€nce concr€ie ptaceme.t at ihe centre, movrno
oltwards rn a $6nced manner.

Lono rudrnal y . plac€ concrere ro max mise deflect ons eany so that rhe
wilnor be aflected by delrections caused by

poured s .or evel, r rs usu6l practice ro work tom ihe owesi to the

che! ls  ro  bc  made berore  .oncreunq rhe  de .k

la) chec( thar a I rubbish, d n,
.leaned our ol th€ torms.

s lab  i nc  l de  the  fo lownq :

old concrete, wne !e oll curs elc ar€

Cofcieie canbe mixed o. site or elsewhele, and.an ba p aced usi.o barows on runways,
clrLl€s. monora I conv€Vors, trom buckers Jted by crane or ho sr, or pumped Concrete
shoud be  ru l ldep th  n  tha  to rm5 as  cose as  poss  be  ro  rs  f .a lpos i ton  sorhar  rdoes  no t
have to rre mdved excessive y wth screeds or vibrators

red ro ens!re rhar.oncrete
iscompacred rmmed a te lva i te r  p  a . r .q .  Forow.o  in te r .a t  v ib ra t ion  a  wet . .ompacr€ddeck

an be achieved eilher by rhe !se ol a vibrarinq scr€ed and

confnm that runways are supported clear of ire re.lofcemenr.

ir adverse weather condrio.s ex sr, espe.ialy hor weather, check th6i
work c6n proceed wiihodt co.trav€nf9 dre Specilcario.s

ents have bden made fo, a{ t c a lght ng
l cofcret n9 cannot be competed . day qht

ch€ck rhat sulncleN linbe' is on hand 10 nLah€ a srop.eid it concfete
supp| es are Ime(lpied.

e fsure  tha i  personne and lac i r r ies  a re  ava iab  e  r !  s
concrele as requred by the Specifcat on

. meia Ined a.d |rat concrele wi not
segreqare  'n  the  chute  or  be  p€rmt ted  ro . r roD hore  rhan 1  5  meres

cne.k  thar  ade ' rLa te  s ta .dby  pran t ,  nc rud i iq  vbrarors ,  LSava lab leand
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hand floatinO or by hand scre€dtnq and a power foat.

ilthe deckisiohave bitu.iinous su acinE, astgh{y roughened surlace wil|mprove bond
and bnlmen and this can b€ obrained by dGoqinq a slilt broom

tEnsversely ovefthsslrf*e beJo@ it hard6ns. caretuttihins otrhs operaron B€ss€nta
ro acheve the dested efrecl

CutiiA ptacedues bte be, id.ated imhedbtetv inial et has raken pla.e

Add tiona consideration ar€quired whererhe I anges ot precast p.€sress€dT be6mstorn
pr ror  tpd€. r  <ao A re  'a€grdq<a 'dd  e  red  ro rgrJo ,nc t , l r t secro lsd ,e , i . ra tdd

r a d  ! d . c , r  s  o e '  e o g e s  a  d  - . A
inlilconcrete. The precast edges shoutd be roughened 'n the casting yad and w.rod
'mmed aiey belore rhe infit concr€r€iscast. Despite care, the shrinkase of th€ concrete
and the aex bity ol modern presressed sacrions freqlefr y resurs n crack.g ar the
consrudion joinr, so rhar an mpervious m6mbrane s uslalty appted ro the deck betor€

The deck slab concrete adjacenr to rhe erpansion io ni n* nss musr o€ ca$ ar rne same
nme as ihe ma. deck po!. rhe pract ce ol om tl ns ihe cofcrere w rh . 3oo mm or so
dJ rhe joj'r shold ,Dr be pe,nnted by the Ergjreel beca*e the canc,ete added arbr rhe

facio.ty bonded to rhe ma n deck concrere and probems
w'tlr the expansion joinr wir occur €ar y . the ile ot ltre sruct!re simitary, rh€ pfacrice
ol om ting th€ concrete arou.d concrere fence posrs durins the main deck concr€r€ pour

The p,actice ol placng a monar tay€r on rhe,jeck rormwor( prior to pacing co.c.€re
shou ld  no t  be  permi t ted  byrhe  Enq ineer .  Thsresuts  naweaktayero lmor ta fwtus la ly
c rac l  and la l lo l l  a r  an  eany  s taqe

15.11.4 Formins Voids

voids ,re to.med rn concrere bridge supers@fiufes ro dccomnodare posrtensioning
cables, to accommodate servces, io ighten the stlucrure,lo d splace concreie nea, the
neu$a axs . whch the@ rs iine oad, or to provide 6ccess tor maintenanc€. S€ryces
may also b€ caiied i pasti. or meiat rubes cast 'nro ihe supersruciur€, ard under
loorparhs, or slbseqlent y arached to the &dge e{ernaty.

Ducts  to  accommodare  pos i  rens  on  nq .ab  es  are  dea I  w lh  n  Secr ion  t6o f rhs  Man la t .

Polystyr€ne i06m pasric s suiiabte tor lorm nq voids where the purpose oJ rhe vojd is to
,q i ten  rne  sv lc tu re  a rd  ihe  toam.an be  e f t jnpace j rdes ,ed .  rcaneasty .emovedby
a.omb natoi or cuttinq oui Jotowed by rhe use oJ a sotvent on rh€ €dges whi.h adhere

Foam formers are a so surabte lor shod acc€ss openinqs

Voidsmusr be seltdrainidQ unjessihey remai. compldidty rilt.dwirh dre ndreriatosed ror

OependinQ on ihe sn6, shape and app caijon, vods may aso be lormed bv waxed
cardboard lormerc or by conventiona merhods, !s.s sacrlca of removabte loms.
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Void lorme.s tend to lloai dllng concrerino and must the,etofe b€ caret! v fixed ro the
prevent floaino or betng dislodged by v blators. Larger vords, or 6

number ol smaller vods, can caus€ sulficient ftotation ro dstort reinforci.g caOes,6nd
therelor€ requne hold down devices independonr ot the rcinforcins to coo.ier the eJtect.
sp€c lacarehus tb€rakenat jo tms in the tomers ,andpadtcu tadyat theends, toensure
mo&rr0htness as reakage can resutr in a resrictiof in rh€ void, causino dillic!ltv in the
, !  d  d  o n o i - c b e q o  J e , v '  . <  o r p  o o J ! J g s r a J p o ' o r e ( l o T w t , - t - - o - t d d s T a q e r r e m .

Our nq concrer.g, care must be taken nor ro damaqe lormors, pa.tcujady withvibfarorsr .  ibedJ  r \ '  d \  dero  n .  o  oFc , ,o l  t r t - . .h , i r ra -cv !dL . "d r1-Lhv

in, ca!s n9 a blo.kase. Wh6tever ihe method otlom.O, nsho!td be surricie.t y rigtd to
ensure thar no reducr on n void sDe occLrs.

15.12 CONSTRUCTTON JOTNTS

15.12. ' l  G€neral

co.s tuc ton  jo i ts  a .e  Lsed io  a low concre te  ro  be  pc lca  n  rsasonao€ nases .
Dsconi.!ir! in the matiix or rhe conclete s un6voidabe ar ihe ioj.t and soeciatcare s

te a boid as poss bte between rhe .ew and otd conc.€te.

15.12.2 Locat ion of  Consrudion Joints

Jo |s  sao  to  1o r  oe  to  o r .o  .  ' . g  o . .  o t  a9h  \ . p6 ,o .  oe rd .  a  r . , 4<
d  oc rq .d  r t  i ,  d . 1o r

b6d -  do '  p  o '  '  oddn  o .a t  ron  .  a ,d  eoL  "d  
- . p  F

rhe o nr sirould be obrained

15.13 SURFACE FINISH

15.13.1 General

Acc€ptab e surlace f nishes ca. usual y be achrev€d . sev€ra ways The E.O nee. must
ensure th6i ihe provis ons of the Sp€cifcat on are mer. The use or €rcess ve ptaste, nq
wnh morta, in an attempr to hrde poor surtace tnishes stroud be p,ohibred by the

Screed n !  qu ides  ana.hed to  fo rmwo,k  shou ld  be  s€ i  accurarey10 f . , shed sur face  eve,

Thespecf ica t ions forco .c re tecass i rys ! r face l inshes . toa .uhbero tc tass€s .  Each
c lass  has  mG paced on  sur lacermper fec t  o fs ,  jon ts ,  de l rec ionsand methods  o t  repan.

Melh lds  o t  ob ta inng lhe  var ioussudace I  n rshes  are  descJ  bed I  sacr io i  l5  13 .7  o f th is
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a

al lormed co.crete husr r€ceive at east a cass l
6pproled by the Enqineer, the sud6ce of rhe con.rete

Uniomed Sudace F nish

Cass 1 Su a.e Finish lunexposed Fo6ed Sutace Finish)

cass  2  Sur faco  Fn ish  (o rd inary  Formod S lnace Fnsh)

Class  3  Sudace F .sh  {Fubbed Formed S l r tace  F insh)

sldacd ln'sfr unless othetu'se
mu$ be nnsh€d lmmadiately atter

o

Excopt where other surfacelinishes are shown onihe Ofawings or ordered by$e Enq.eer,
sudace ln ishes  Cass  r ,  C tass  2  and C lass  3  shou ld  be  lsed  as  to  ows :

unlormed surfaces shoud be compacted and rahped so as ro rLsh
n.ttar lolne srna.., scteelel Dtf and t;na y dtessed wnh a woade^
roat ro 6n e!e. surtace. caie should be taken ro drain ur uurerwrse
remove prompt y any warer whchcomes tothe surtace. Capping wirh
mo(ar  s r roud io i  be  pemt ted .

The rear  sur lace  o1  aburmenrs ,  cu tvens  and wnowa ts  s , ,ouo ,eueve
C16ss 1 su,r... linirh

Ar€xoosed s l r laces . l  abLrmer ts ,  wnqwats  and p ie rs  i iom 300 nm
below qround leve lshoLd recerve  Cass  2  sur tace  f insh ,  sxuepr r fa r  n
ce ru a, stucrlres the iacesol winswa s a.d ends of p,ers or w6ts dny
shatid tecetve Cbss 2 sLtf.ce r)n)sh. Upper srnaces at c@c,ete
bear .9  pedesras  sho!d  rec€ve Cass  2  sudace tn ish .

The underside oi rhe dack belwee. beahs and verca laucs or D€ams
orher tha . lhe  ourer  face  o l  ou ter  beamsshoud recev€ Cass  I  sur lace
nnsh lhe ourer iaces and lndersde of rhe be3ms rha edaes and |re
undersLde ol the.ait evered rleck sab, ihe ntenor and exteior taces
or  keros  and rh€  upper  su l taces  or  ihe  te rbs  shoud rs .eve  C lass  2

The inside surface oI box s rder webs, ftoo' a.d deck shauo ,eceve
class 1 su.lace t.ish. Alexrerna surtac€s ot th€ box q rder, nctuding
k€rbs and e\cludinq rhe deck surface, shoutd receve ctass 2 surrace
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Above Deck

Al surfaces abov€ th6 tops ol korbs should receive Cass 3 suiface
fnish. E.d postsshould receive Ctass 3suri6celinish. Prccast parapet
uni6 and assocared casl.in-plac€ concrete sholld receive Class3

Pr€cast crlwf unns should be gven a C6ss 1 sudace linish. Precast
parapei ufis should be Srven a Class 3 sudace nnsh. Precast lnts
o ther than c row.  un tsand parape iunrs  sho!  d  rece iveClass  2  sur face
finsh. Al pracast unirs shou d rece ve rh s lin sh withi.lo(y e ght hours

15.13.2 Conciete Fin ishing Equipment

ObtalninA a sood sld6ce tinlsh on a bidoe deck s a skited operation whch can be
asssted byth€ use of a vibraring screed afd a Doweraoat. However, sarisf6*ory fin shes
can be obtar.ed !sin! a t mber screed and suitabre imber t oa6.

Iher bratins scre€d sformaly a heevy stee secrion to whch a vibrator is arached. The
screed ravers on 0urdes whch 6re supported oll the formworli and wrrich deierm ne the
i in ished p .o l ie  o f  the  deck

Arte' the concreta hashafdened sullici€nny to be watked on wilhout eavtng an impress on
on ihesur t '6ce ,  a  p lwer f loa t  maybe used io  reoove a .y  oc6  res l ra r t€sandrorework

ln i la  l insh  ns  shoud be  comolered  as  soon as  poss ibe  a l ie r  Da. 'n !  and compacton  by
Lave s shoud be checked wilh a sraioht adqe beiween temptares and

A vibrating screed board can be used wnh concrete hav.q a stump tess rhan BO mm
. Ieep conc.eie conrinuaty ar rhe lroni of the screed bui

t  shoud nor  be  a lowed to  ac . !m!ara  there  ro  a  deprh  qrea tor  rhan about  50  mm

F na l  J in lsh lns inc ludeseds i . ! ] ,  jo inn .s ,  f  oa i  ns , rowet  .9and
set has laken pa.e, rllr'ch Ls .dcared by the

d sappe6.6nce ol lree surtace ware, and rhe loss of surla.e sheen

In w ndy condit ons, I may be recessary to c ose surlace crack nq bV retinish.s.

! 5  33
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Cehem mosr not be lsed to absoib surtace moisrure as this can resltr rn a weak, crazed

15.13.5 Fin ishing Af te.  Bemovatof  Foms

Forms should be removed carelllty io avod damag€ ro the co.cr€r€ surface.

)nned)zre)r lD)laaj"g renoval ot totns hM any patt ot the work, ihe surrace ot rbe
concre16 shourd be siven a t na nisti jn accordance with rlre spec t'ications.

f flnhe. cur ng nme is r€quired, th€ surrace should be kept most or sprayed wth an
acceprabre cu nq comp0!hd mmediarety afier rhese I nishino operarions

15.13.6 Protection of Fresh Concrete Surfaces

l l  ra  n  beq.s  fa l inq  on  a  concrer€  sLdacd whch has
bs covered immediatety wirh pastic sheerinq which
Alt€rnativey, rreav,er maiedats s!ch as iarpa!tns
Precalrlo.s nlsr rbo be iake^)1the.n tenpetatDte

15. '13.7 Sur lace Fin ishing of  Concrete

The Specificai ons nclde a nLmber ol dttfere.t types of sLdace tnish

A C/ass'7 finsh s basica ty an oltthejorm lin sh withropans6sreqlired. A C/ass 2finish
req !  res  a  q rea@rdegrea o t  conr ro  on ihe tormdetec tonsetc .  a  c / rss  3J in ish  requnes
as i rq rea terdesreeo ico^ to lo f the fo 'medproduc t toae lherwrh lherequnemef t rha t
ihe co.ciete be rubb€d dow. wth a carbo.lndlm stone and baq washed wirh wet

Fo lowing  the  renova o l lo rmwor t i toms l r tacesexposedtov iewlCass2f in tsh) , lhe
sldace should be ceaned !D and dressed ro prese.t a neat a.d p aasina appearance. al
fins and other lnwanred prorectjons shouLd be ground olJ to provde a snoolh surtace
Anv pockeis o' rroneycohbed areas a.cepled by the Efq neer subrecl ro salstactory

d 4 o  . d  1 d . . o r  
. !  . 4

A Class 3sL ace rinsh wi fequre thal |re concrere surra.e be mprov€d by baqging wth
a  sand ceme. t  q rou t  consrs r ing  o l  eqLatpa f t  o r  cement  and f jne  sa fd  pass .g  a  600/ ,m
s'eve, m xed with an approved bond nq addnve and warer ro Droduce a ptaslic mir. ttts
appl ad Ltuio,mly ro the surl6.e us iq a pad oJ hess an o. s m lar mater a so as ro t I al
a  r  r ro res  and orher  m nor  sur lace  bemshes.  Thesur facomls lbekeptdampwhierhe
rn ta laFp ica i ion  s  s t  lp las t  c  bv  fubbng wrh  a  d ry  mr t  o t  the  same ! roDon ons  teavno

onlv . dep'ess ons and no.e o. ihe surtace. Sagotng shoutd be
u.dena l ien  wthn  four  hours  o i  t f re  remova or  to rmwork  cur .q  shoutd  commo.ce
mmed,ately Jorms are striDp.d or baqsins s comp€ied.

Thera are many su{a.e fintsh reatmenis which can be specjled. Some ol th€ mor€
common typ€s  a ,e  dscussed be  ow l

no t  ve i  ach i6v6d t .a lse1 ,  i t  shoud
h ls t  be  p laced wtho l t  d raqgnq.

may be doged above rhe slrlac€
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Of l  rhe ' lo rm l inshcan be  ob ta in€d us ing  s r€e lo r t imberJormwork .  The
torh in.9materla determin€sthes! ace.haracteristics. saw.nmber

.terestinQ te.ured surface ra.sl€r.g the Orain
patier. ol lhe r mber to the I nished concreie. Boards may be ol u.even
rhL^knessand random width to creaie sp€cia €tf€crs. when iha intent
rs io obrain 6 unilorm olf rh€ lorm u.ish boards are nleror to pty and
wi l requ re  s lgn  I  canr  amounts  o l  (addhona l )  hand i insh  ng  ro  compty
wth rhe requt€ments of $e Specificarion.

For smoothers! acos, coated pywood or sreelrlning isGqutred Care
sholld be rake. n marching and searng jonis b€twe€n she€ts. t is
armost impossible to disqlise the ocalon ol joints evef with Oood
workmansh p, a.d so t is mpoftnr thar rh€ rayour ol panes on the
surface s,e9u ar with continuous.athefthan staqgered jor.ts. off,curs
shoud.ot be us€d to make !p paners on exposed su.faces. Likewise,
t 's mpo(anr r0 prace arrties a^d anchors n a requrar parem.

Whore  sandbast  no  or  bush hammernq is  sp€c l l€d ,
ma 'nbn oood workmanshp because jo in is  w i  s i l l show out  Sand
brastn0 or blsh hammernq wil fot d squise bad workmansh p.

Slper smooth sudaces wth a Olass ike appeara.c€ can be achieved
!s .9  tb reqass  or  pLas tc  lo ,m
co'npacnon o, trre concrere aqainsr such surraces becaus€ a.y an
bubbres  or  inconss tences  w lbe  conspcuo ls .  F  hng a .d  r€pat ing  o i
mpert'ect ons can b. equaly conspicuous

Patte.ne,i o.sculptL.ed surfaces can b€ created by rhe !se of blockouts
oJ timber, polystyrene, pastic, fibregass, tubber, or /ope. Blockouts
have ro be careflry d€sgned so that rhe tormwork can be sr pped
wtrhour damaqLng th€ sldace. Trials
de i€ rm.e  rheop imlm t  me a t  wh ich  the  fo rmwo. l  shourd  be  s r ipped.

Go0dwo,kmanship a.dAood hai€riars a.e essent a requnements tor surtace fin sh and to'
o l r '1he-Jorm f lnsh  (C iass  l )shou ld  suJ lce  w i t l rou i  fu (her  cosm€rc

f colour and iexiur€ s of paramounr mpotra.ce, rha !s€ ol
app ed  sur ra .e  coa inqs  may be  war ianred .  There  are  a  va t re ty  o f  p ropre tary  l ines  o f
suriace coatngs ava able soma 1o, pLre y cosm€tc plrposes, afd others whch q ve
some Prote.lon irofr an asgr

h ir mpodant thal a sheets used lor ro'm'ns
afd have b€e. used 6 sLmiar number ott mes
rares or a diliereni s!rJace re!

a con.rete su,fa.e be ol the sam€ qua tv
orher r  se ,  d i f re ,enra  mo s rneabsorpnon

Forso fewo{ f l rbanareas ,anr i s ra t f r coa tnqsmaybeapo 'ed to i reco fc re tesunace
remova oJ  qrar f t .  These coatngs  le id  io  da .ken th€  coour  oJ  ure

.oncrele Lghl sand basrins has bee. demonstrated as an eJlecrve merhod ol sralrit
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15 14 MISCELLANEOUS

15.14. '1 Repair  o l  D€fects

divlded nio two c 6sses:

Mrnor surface blehshes, scr6rches afd spalls which etfect onty rhe
te and do .or expos€ .€rntorcemeft.

Major repans nvoling concrete arolnd and behnd the 6nrorcement

i  the  i , s r  case,  mnor  reJrans .an  be  made us inq  6  su tab te  moda.  usuaty  incorDora tng
a commer.a bondns ag€hr, or by riLjnq wirh an epoxy resin pury. I sudac€ !n iormiry

care must be exerc sed to obtain a co o!r ,,a(c,r

Maror @pans can be elGccd by ptacnq and compacting con
aua ty6sthe 0!q na concrere. Thedefe.ttv€ area husr be cut out and the hole,sqlar€d
up io obra n a key ror ihe.ew concrete. r s hjqhty desirabte to coar the suriace ot ihe
rrole wth a wer.ro dry epoxy resn belore pacinq rh€ t,es,, uoncrere.

Epory /eslrs shourd nor 5! lsed atone as a UUet rot haju e
the  pasevarng chemca lenvn and the  d  J le r .q  co6t tcems o t
thermar€xpafs  on  h€an ihar . rac I  nqa mosta  ways  occLrs  a r t | re  concre te{es in in r€d6ce,
w th the risk ol codosion of rhe re niorcehenr

add 
"oao 

ro  ra .oa
consr lc t  on  Techn q les  Ma.ua.

1 5-14.2 Dimensional  Tolerances

s  .onra  ned ,n  rha  Bndqe

spec t  ed  Jor  rhe  to low is  p l rposes  :

ro enaore precasl conpon€ms ro tt toaether

s or wor(manship and prele.t wast6qe

to  ensure  adequ6te  cover  ro  re i . lo rcement  to r  durab i ry

e ro, srens|r and to prevem et.essve
oads due ro ove.stro .omponenrs

Io a.heve an a..epralr e appearance oi in€s 3nd sldaL.

Ens neer must be avr'a,e oJ the iolerances requ red a.d rne reason ror

co 's ruc ton  w thn  to rera .ce  han orhers .  For  damDte ,
p,o!'ded stanqrh 6nd durab ny crileria teves are obviousv tess

y hdden from vew rhan thev are for exoosed laces As t
s  , .adv isabe ro  spec ty  a  mu Ude 01  d t fe ren t  ioera fces  r
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ans'nq in ihe leld, occasiofs will 6ise where it is necessary for ih€ consruct on
supervrsofs ro use than own discretio..

15.14.3 No F ines Concrete

rr'o t es.or./ere cons sts ot a mixture ol co6rs€ aggr€gate (us!a ty 1o or 20 mh in s z€)
plus cenent and w6rer. h s used primaiily asa dr.in.se titr€r tayer 3^d so ir is essemial
rnat  ns open texru@ be preserved dunq p lacnO and J insh.g operst  ons.  Consaqle. ty
v,brarors mlsl.or be used tor compaclon. cu nq is reqlired tor at te6st 4 days bui wet
sand should not be used lor ihis purpose as ir c6n tit rhe vords.
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16.

GENERAL

PRESTRESSEDCONCRETE

a 16.1

16.1.1

coa-  ? ' .  . t vq  s  r  t a ra tps , ; f  ou r  1en . . I  h€d

:r:i:?':J:::; *- *"'
,f pr€sresseo concreie, rh€ abiiry otthe concrete to resist compressive to.ces is used to
advantrOe An external compressive torceis app ied rorheconcrere to keepr permanenr y
.compress  on  durng 6 .orna  i t€ roprevenr rens  esnessesoccur f ingwhentoadswhch
tend to sirorch o. bend lhe concrere are app/ied.

n eJlect, nirla compr€sstve stresses are set up in rh€ .oncrere
tensie sre$es which result trom dead weishr or servce toads.

In renrorced co.creterhestee takesat thetension sressesD us anyexc.ss cohpressive
$r€sseswhcrr cannor be cken byrhe concrere. lnpr€stessed concreteth6 steetislsedpl mar ry as a m€a.s o1rntrodlcing comp.€ssive sresses imo the concrere

a  o '€ . res ,ed  mer  b .  i s  oe l -o r . . r  \  J -de , .ono,es jo -  r r  € ! re . , i .  r  e t ,  n  aareq  non
€ be ,  s  .  ig \n r  ]d  . ,  -o ,  n  r fese  n , t  .  ose  01

rcmova ol rhe ovenoad (provided the steet has nor b€€n oversra ied) wirh reinlorced

steelwil cre6te cracks with obvious undesrabe ofie.ts on durabtitv and deftecrton

Prestressed cofcrete membe.s are usla[y smater than €quiva enr reintorced concr€te
membe/s Ths smaller sz€ redLces ihe qlaftties ot sreet and concrete blt is
counteracted to some ext€nr by the need ro lse hioh sr,eosrn marer a s

There are two systems ot induc.g a prestress in concretei either by sriessing before rhe
ing after ihe concr€re s casl. Thes€ ars feteiied to as

.  PkTrc ' ' .o  ed  Dosr  r+s  m I  g  , .<od. lvc  l .  r .  oo ,h  (5 rer  r te  51 . ! {n9 ,<  (a . , ,ed  oL .
bero  o  a0p l i .o r io l  o ,  rhe  deco drd  t !e  odd\  o .  r ro  -embe,

16.1.2 Systems of Prestress

Pretens on.g ls any system ol presress n9 rn which rhe sree re

a _ . 1 o , e d o " a r ' d r > o a n s . o \  . d . r , . . . , a 9 o a d o d . o i e . o n a e , e , (
p6ced when the concrele has attained a specnc srefqm r
rne ro.ces rn them ranstdred ro ihe concrete, rls indlcihg ihe compresson akeady

Thetens  on  s  nduced in rhe  s tee  te fdons  by  means o l  pu t rnA !snq a  hvdraL c j6c(  The
dmoln tor  tens ,on  smeasLred byrheetongat  on  o i rherendo.  i iom a  oredeterm.ed oo im
and is chocked by erher pressur€ gauge or dyfahometer l|oad ce ). r stroutd be;or€d
that the r€nsionins p,oc.sses lor boih prerens on.q and pos.r€nsionina are s m tar.
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Pos.rensilnLng is a sysren.l pre!$essin! in uhich rhe sreel rendons arerensraned atter
the conc,ete has been paced 6nd rras ara ned a spectic ste.oih.

Posftensioning requres rhe provsion ot preformed dlcrs or vods in membetsto contain
ihe lendons. When $e r€ndons 6re tensioned, th€ to'ces in them are ransfered ro rhe
concreie by meansor anchor60e pates or cones. The ducts orvods 6re pressure grouied
after completion ofr€nsion nq operatio.s in order to pr016ct the tendons asainsr corosion.

The mechanism ol the $6nster of presress ts described tn the B dQe Consructton

This merhod of prestressdoes not r€qune a srsssfO bed 6nd the work.a. be doneeither

Thereareanumbero fpa tenr€dpost . iens ion tnOsys iems.ndones6but i remostcommon
s rhe  vsL  sys tem,  a .  example  o l  wh ich  s  showf  n  Fqufe  r6 .1 .

Figue 16.1 VSL post-fensioring systetu

a threaded ba' system is also used, ma n yforransverse post tens on n9 ol precasr deck

oetails ol rhe snessrns and qroutins operarions are des.r bed n rhe Brdq€ Constuclon
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15.1.3 Mate als

Ste€l

Th€ use ot high srenglh con.rete a[ows eltcent lse ol ihe poiential created by hgh
i l  

a rs ' "  nee.  ro  &h€\ .  . , s f  !o . ,  a -a  s renqrh
od_. , ro  m \T .  p  &  -s  aad.onDc. . ,  I  o r  11- .oa !?rs .  T t - .
concr€ t€  member  w i l  besmaler th6narentorcodconcreremembero lequvaremsrenqrh .- ! b  m- red6 .  l f e  d r r . J  r v  d  p  . . " . . - " " " . , " * , " . ,  

" " , | , ,a rd  p  " ' _  " '  ' d

. i l : : ! e ! | i ' e . os |o . sDevoa ' ' e ' ea \ 'P |a l ' a ! ' e . . . qrn "  d ' .  r d  sF l . r . s -  a '  d  dp . , eJ ! .  9  
- . c  d . , cb t  r '  o .  r . d  ! ,  . . e

Because presvessed membere can be made co.s derably sma er th6n re fto.ced concret€

:- t:tt",*-'n,Pagn.o .  (  e ,c  a  lo ,s  r . .  c  .o  F  "d  , ,ed  . ,  rhe .o . " ,  - . y  ; .reduced to as lirle as 20 mm, fcreased care jn bendno and rixjnq rerforcement is

Usua hethods of 6pptyin9 prestress are by tensio.ing wre. suaid of bar. Arste€ lsedr  p rn re f , l g  <d  c  c t r<de  ao .  t ^g rq . r  r  dF  ts .s , " , r ,e  o ,  -Ts , - .aamdsr . .
coo ,o , , -o rp  v  2  0oo MDc .o ,  r ,  n  |e  ro  .  5oo vpo .o ,  /  n r  i  ,e

H sh tensie s1€elshows no definite yretd poinr, !nike mjtd steetwhictr has a w€t delnedy€d pont. Elonqatio. ar taiLure s abour 5 percerr tor hgh tensi€ stress reteved sEel
compared wrh abolr 25 percefr for mid si€el

S t rnd  is  a  comb.ar io .  d l  sma ta r  wres  Generarycrcuar  o
our  <oreLne \a r  od  r iad  +ao  . .o .oF" . . ,o .d . r ,oLg fodp .

- r r . o m p o . r  i q  o ' o . e \ . , . d 1  e )  I n d . .  d r o  )  o r d o  I  d a  . d r d .  I  e  d  d ,  . r  o .  : t r a n o  I
a nom na d'ameter lnd is measlred acrossrhe crowns o, the opposii€ w res, iral rs rhe

The smal le rnrands  13  b  tb  mm d iamele , )  l sua  tv  co .s ts l  o t  7  wres .  The ta r le ,  s t ra .ds
Lo  ro  l0  T -  dd

a ' v 0  a  o e d r , n 0  Q d r o  o  2 ! r . . . . d  0  .  3 ! r \  l \ r  - , " n  , _ 1 .  d . " " o . . ) 5
mm s i rand 110r .2  hml  ths  b ,eak ,ng  oad woutd  produce an  averaqe s tee  s ress  o t  lg tg

Stand is used ro provide tarqe forces in resrrct.d areas. n a so red!.es ihe ahounr ol
hanll n9 whs conpa red w(h m! ri wtre sysrems Snand hassood bond.q characrer st cs

me.hanca key in addtrron 10 qvno a qrearer surface area rhan a.
eauiv6 enr sDe bar.

Eas 6€ a $ ced to prcv'de srge rorces jn resnrcred areas. They are retatvetv easy to
ha.d  e ,  s  mpeto  coup€ wrh  th readed connecr  ons  and npre
are sured to short lenqth stessing or where resnessfg or coupins is reqlned. The
ur - rk  l " r i d  r re  9 , r  .g " .qar .  o^e .

r6  3
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' I6.1.4 Prestress Losses

There are cafta n conditions p€clli6r to pfgstiessed concreft wh ch necessitareihe use oi
reLarvoly hqh strefgrh concrete (30 MP6 and abov€) and hiqh srenoth steet{e.g. 2ooo
MPa) .  The major  reason io r  us ing  these h igh  s r ienqth  maredats  s rhereduc ion  n the

ore of the folowing causes:

1 Shinkace ol Concfete

'Depends on age of concrei€ at sress ns.

Aii€f .o.crere has cured and begins to dry our, ii undergoes a reduct on in
!o!me n a p,e tens oned unit all concrere shrinkage issha'ed bvrhe sressed

slrortens rhere w I be some loss ol pr€sressnq torc€. tf
pos.te's ofed corcrete some ol rhe concr€te drylnq shrinkage wt be ol fo

ccutrinA aftei stress.g wllr€duce presresslnq

Eltslic Sho(.nins or Conc/.re

As a prest,ess.9 lorce is appied, rhe concrei€ w lshoden. In pre.iensioned
ufns the sho(e.'na or the co.crete immedare y ajter th€ steelis released wjl
give a cotrespondinq redlcto. in the inriat pr€sressfo lorce. wth posi

.qdur fss ressnq sa ! iomancatycompensated
by the exrensron oI rhe jack ram 6id does noi have a.y afte.t on the innia

when concrere  s  loaded th€re  w i lbe  an  imhedare  e ias tc  shodentno  lsee
above) .  Howeve. ,  i  a  load s  ma. ta ined i reconcre te  w I  c reep" ,  th6 t  s there
w, rbe a permanenr sho(enng The r6te ol creep or pasiic I ow s dependeni
on  the  the  (  has  been app led  Creep e i te*s  s raduaty  d iminsh and a i re r

. Asc,eep s a lo.q te'm €ttect n app es to bollr
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-o
wh€n sree s tensioned 10 a high sress and rhen hetd at a constaft tength
!ndet rha ls t ress  rh€ few tbe  a  oss  o l  s tee ts t ress  as ihesre€L re ta res ,  under
the ro6d. The efleci is simiar . concept ro the croep ol concrete u.d€f
comp@sson orcepr that n this case the sree is in re.s o. Retax6ion occurs
wth borh tensionng syst€msr howeve., its eftecrs can be reduced by hotdnO.o i  a  . ro "  De,od  son"  posrpaqo-  s \s " .  ,  F .v "
p 'o r ' ' s  o ,  ,o  'es  ,e ! , ing  d-  a  ta (e '  s .age ano rhese , \s
n,n'mrse sree relaxation and other ong ten stress toss effecrs sbelmLst
have adeqLate prorecrion tom damaqe and coroson during rhe deay period

. Ancho6ge Draw-in

w ' th  somerypesofanchors ,  no tab  y  ihe
r. as iie a.chorage takes up ts toad.
e tampe 5  10  mh lo r  15  mm srand,  up
it may be signttcanr on shon cabtes.
srfti.ient m.rgr. o, saret', on rhe sreel

w.dge tYPe, there w ll be som€ draw-
The amolnr  o f  d raw-n  s  sma| fo r

to 20 mm for 30 mm stra.d), however
Of o.9€r cabes there s uslatty a

to arrow olersfessing r4 provjde rh8

wilh mosl types of stross nq jacks the lorce is measured by a prcssure gause
atlached ro a hydrautic pump. The pressur€ gven by the qalqe wit be more
tha. iharapplied to rhe stee dLe ro nternat oss€s and tri.riof within the jack

ed for by ca brating rhe sysrem or ahenarivety
ihe rorce can be measlred by another merhod, e.O dyf3momerer or caDre

Frictonar Losses in Ducr and ancho,ag€

in posr €ns oned work ther€ wlt ba some oss ot sress . the steet dLa ro
trict on between the sreetafd rhe ducr. Wrh some rypes or ancforaAes tnere

I ,oJo t  , r "  a . .noJcoe oLraS
l t d t l r  9  w t t  d o L b t - p  d  a  r i l q  e . r - . . " p p & " f  1 1 " p r s i r r d  n ? 5 h
rowaros the ceiire oJ a beam, 6nd wirh s nq€ jac( n9 the sleer sress wil
oecrease towards  the  dead end ,  thar  i s  rhe  e fd  wh.h ,s  no t  jacked

The amount of loss in dlcis deDends on severa Jaciors

enqth  oJ  cabe r iom jackrns  end
tyDe o f  cab  e  sze
iype or d!cr - nareriar, diameier.'wobbe of d!ct thar s departufe oJ duct profjte irom
rhaoret.a cuNe due to eiiors n serns our and aigninq duct.
curvalL,e or d!ct sharp Gd obviousry
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Masnhude of Pr€sr*s Losses

The ellocis ol causes I to 4 i. rhe tabe above are primariy d€pBndenl o. rype of
concrete, method of clring, rype ot sleetand tevels ot sress in ste€ a.d ihe co.creie.
As a v€ry rough approximat on, ihe shrtnkage and creep of cofcrere reach half thet
l l rmate  va lue  w l thn  one month  and 75o lo  o t  $e  u l  mateva !e  a l re r  s :  honrhs .  Tvo ica
lo ,<es  o ' ,  " -s "s  l .a  d rp  50  o '  po{  -a .soaeo $or \  d ro  2ooo.o ,  o ,e .ensoned io r r
ln  posr  re .s ioned work  the  to la t  osswoLtdbeco.sderabyq,ea ter than l5q /owhereno
prov's on was made ro compensare tor draw-in on short c6bes

Total pfestress losses wou d also bemuch hightha. I50/6 n tons ducrs panicLartythose
wth sharp radi, hiqh ficllon sudaces and un€ven proftes. Th€ €llects of csuses 5 7 are
rereied ro rhe type ol €quiphent and pracricatprocedures afd m!st be rreared individua tv.

wnh iypical presnessed concrere systens, tossesof l5o, woud €or€sent stee|osses ot
about300 MP6.  As the  y ie td  po in t  o t  mr td  s tee l i s6  i f ie  over  3oo Mpa,  r  i saooa.en t  tha t

I  r ,  D F  d  I ' e o r  o ,
As a lacior ol sdlety musr be appti€d, n td sleet becomes

impracrca as a presressl.q marerial

When only ow sre.gth steets a.d concrete wera 6vatabte ths mechansm ol creeo.
reaxaton a.d drying shlnkage were nor tu y lnderstood. I is o.tv rhe reatv€tv racenr

I ' q  '  e fo |  maq" -
members to become 6 sate and efficieft constuction ordcrcs.

16.2 PRECAST MEMBERS

ol brdqe supersri!crures are precast, the requtrements are
genefa y the sam€ as lor reinlorced conc.ete descr bed n Sect o. l5

Fo,ms fo, presressed g rders which atow one
, .depend€nr  o l  l l re  o rh€r  w i t  mate  rhe  rx .g
tens onLnc ducls, holes and blockouts €asier

The major difler.nce between torms ior ord.ary precasl concr€re and forms lor
s rha t  n rhe  arer ,  p .ovs  on  mls t  be  made fo r  the  sho{en i .q  o t r l re

p,esrfess nq, and lor the conca.tated oad condit o. al the €nds ol
menbers brouaht abolt by trogsing atter sress n9 Durig sressi.o, baar nq pales and

he casrnq  bed a .d  a towance nus t
b€,nade ro' th,s bv Lsi sr op fq rhe sde ro.ms of q rders or sde and rnrer.a orms oJ U
snaped q rd€rs or remov'nq pane sro e.suje thal none ol ihe sness nq o6d isabsorbed by

s tpp ingnmewi lusua ybesp€c i f  edby ihedesqne,bu i
2 days llowever, lt appearance s mporta.t, the ase
should be ihe same lor e6ch lnn

sde lo 'm io  be  er€ . red  n  i l s  i ra lpos i r ion
6nd checkinq of th€ renforceme.t, post

n qenera wr be between 1 and
or rrre co..rete when stripped
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No d  en 'o 'cem{r  m D * r 'esseo gndar .  a rd  eao( isur  a  y ,edr ,vev  i .Or i  . \ (epr ,n
o  g 'a .  .  {h  ( .  c .e  I  edr  4 ,o . , .o (ad .o  wf i  s ra .d  ou ,sung
L o h '  o n ! o i . e  e a  c d g . s a . . , t A ) i b .  a 1 d  h a , 6 . a , e  r u ! r

b c  J o i d ,  . L p o o , r d d  r e r ! . c t .
|  - , .  n  . i - u r  . r , u e  p p  -  n r p o  o \  r a e  B l o s p  D a . , g .  C o o e

so lhe dme.so.s ot lhe renforcem€nt alter clttine and be^dnq musr be acclrate.
ich reduc€s the cover can serousty damaAerhe tons ten

t  e  p  c . : a o  o r  h " o . ,  P . d .  o
n,  oe .o , . J . .ad  n . . .espe , , , . "no , ; , rn

respec t  to  rame cur t  iq  ! .  hea lns  mus l  be  sn ic t  y  observe ! .

16.3 REINFORCEMENT

16.4 CONCRETE

d n presressed memb€'sdemands a corespondingty high
sta.dard of slpeNsion ihroloh every staoe, hdm pro!sion oj materjas, at barchins,
mrl.9, plac i9 6nd I nishing ro.!nng, wnh adeq!.re s.rp|ng ot ihe Dtred con.,ele ar

10.4.2 Cement

Eecalse oJ iis Lower eary svenqii, the use or btefd€d cem€nr coftainng flyash is nor
usuaLy cons id€red io r  ! resrassed concre te  tJn is iobeused, ihemeihodorbatch insand
mrn0 ihe  lyash a .d  cemef t  must  be  s r ic ty  conro  ed  c l rns  aso  becomes more
mpo(anr .  c€m€m oder  rhdn to l r  honrhs  J rom the  dare  o t  manu lac l l re  o t .onG nnq
LhFs should nor be used slllicleit cemenr ro comptere rhejob musr be 6vaiab e althe

16.4.3 Sampl ing and Tesr ins

Co '  4 .  o  Ddres :ed  J  9orc  'o  aca  o i
o rdnary  concre ie ,  a  i ypca  ra te  be .q  one sampte  to r  ev
esse. ra  rhar  ihe  method o l  tak .q  rha  samptes  and mdknq,  s ror .q  ra .spod no ,  c l r  ng
a.d  tes t  nS the  specme.s  ssn ic t  y  n  a .c l rdance wrh  the  re tevanr  S ta .dard ,  because I
spec'mens lai sLbseqLent rerecion of cofcfeie hay be s!bje.r to crraila.ge lry the

rJ rast sampes ta l,load tesrinq may be acceptab€ as prooJ oJ sarisJaclory perlorhan.e
o f  th€  ln t  i t l reunt  s ldbe posr i€n$oned.  cores  hay  be  ia r ien  and les ted  be to ie
te.sonng. I coie tesring shows rhe concrete to be 6.c€prabre, the hotes hlst be
sat sJaciolly repared before posrteis onnq begrns.

Excessive honeycombinS, caused by bteedins ol cemenr stu y tom .ad.quate formsi o.
surlace cr6cks may make rhe u.t u.ac.epiable lor use i a major $tucture
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16.4.4 ComDact ion

Ponablslmernal vibrators ar€ thebestmeihod otcompactinq mosi concr€re s€cioN, the
sisnincrnr erception b€inq rhin sect ons cast 1161. Extema vibrators a.e olten us6d n
conjundtion wth inrenalv br6lors, espocalyin p@castnq y6rds. a rhough they produce
sood €rternal I nishes, rhe effecl ol rh€ oxternalvibraro6 6t a distance fiom rh€ s! ace
d€pe.dsoreat  yon ihe  desgn o l lhe lomwoa,  and isnor  eas i l y j ldged.  h is6ss6nnar iha t
p€rsonneopera t inOin te .nav ib ra to rsbeexper ienced,conscent iousandsysr€mat ic in ther
work to Fr.vent secno.s ol concrete beng LndeFv brated. on th€ oth€r hand over
vibra.o. ca. cause segreAalon, reducing the deveropment of bond. Vibraiors can also
caLse ser  o ls  damaqerod lc rs ,vods  fo rmersorcasr  n  compon€nrs .  Whsre  pas t ic lo6h
nse(s are used to torm voids ro permit temperarure €xpansion ot bridae sLperstructures,
ihe toam should b€ protected lrom accidenta damage from intemalvibrators by plywood
or  s im la i  mare i ,a l .  V ib rarorsm!s tno ibe le l topera t ing lnconcre leu fa t tendod.  Wndows
may bo requned in some shuations, slch as very talnatrow sactions, throuqh whch
vibfaiors can be insen€d.

Hislr stength concreie slitabe lor prest€ssed be clred propd y
Prematlre oss ot water lrom the concrere must be prevenied. Uflorm€d slrlaces are
s!bj€cr to mmed ate ross ol warer, and ro.med concrete beq

SLdaces may be wrapped o, covered wilh piasrc sheetfq or sprayed coninuols y wiih
waier. Paslic sheetins must be fixed sothat icannot be d slu.b€d by w nds, and sothai
a  d ry i .q  w ind  cannorqet  under foa th  l t .  Loss  o lwar€rduetohydra t  on  mustbe  prevent€d
lor at easi 7 days, and prer€raby onqer

PRECAST PRETENSIONED DECK UNITS

The deck  un ts  a re  paced s ide  by  s ide  mak ing  rhe  deck  fo rmwork  s imp le  and min ima.
Dilfcuh€s ca. however o.cur dle 1o d fterences in the hos or bow ol adiacen! units.
Th€se ditlerences can resu t tom varatons in concr€ie and dilJere.c€s in the oostion ol
prestessrnq tendo.s within |re ufit .aused bv lormwork naccLra.ies 6nd distodons.

lfcoiiect storage and stackina, espec,aly dur.q the period wlren the co.cr€te is sril
ga innq s te fg th , .a i ,es ! r  in tw lsn .q  o l  theu i i t  whchrandsro  become permanen l .  Th is
a lso  ca !ses  d  i t cu t ies  in  the  p05 i l ion i .q  o l  the  un i ts

Tlre ease oi placement orihe taisve,s€ bars lor stassnq the unirstogethe, r€ es on the
a.cura te  posno. 'nq  o l lhe  hores  The,e lo re  themel l rod  o i  ro ,ming  theho€sshou ld  e .abe
theh to be a.cLr6tely dupl.ared in alL!.rs even alter stipprnq a.d reassembly oJ the

50 mm or  30O mmrh i .k ,600mm wide and spans  vary .0
They ma], be lDided or soiid.

Keys b€twean the !.6 aro somet mes oacked wdr drv mo.ra, afrer the Lnrs have baen
posit oned and belo,e pacinq deck,einforcemenr Concrer€ shou d be p a.ed 6s Ln lom y
as  poss ibe  3c ,oss  the  Ju l  wdrh  o f  rhe  deck  ro  rmr  derL€c i ions  b . rwae.  ad jacenr  un i ts .
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o TRANSVERSE STRESSING

Th6 mosl common application ot transvers€ snessinq is rhe posr,renson.q togerher ot
redan9!Lar planks. Geferally, sing€ srand tendons are used in rhs apDticarion,6nd rhe
ma,n pfobrems6reto atrangethe besl malch of adjaca.t dlcr oponinos and to ensure that
those openinqs lor posr i€nsioning are repr cear. Th€ hog ol each deck un I and rhe
acculacy of dlcts a o.g ihe enqth of each lnii s checked belore ptacjna rhe lnis in
posr io f .  The u i i rs  a re  rhen a i ianqed i i  the  order  whch w i  gve  the  bes t  march  oJ
aoJace.r 0ucr opei,nss.

the pJa,ks have 3 bjocl&r whi.h is tilled wirh doda. prior ro posaensr@rng ro €nire
even oeanng arono lhe  pa iks  and a  poys ty rene or  s rmiar  packer  a rou fd  rhe  d lc r  io
prevenr grolr reak'ng irom rhe ducts.

Caps b€rweenadjace.r holes must be sea ed to preventthe c€menr modaf or epory 6ortar
pack'ng marer6 plac€d berween rhe uniis Jrom eakino inlo the ducrs
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17, STEEL STRUCTURES

17.1

17.1.1

FABFICATION OF STEELWORK

Fabrication sthe tem used to describe ire manltacture ot rhe various comoonenr o6iis
lp6 tes  o ,  secr ions .  l t  incudes  the  o focesses  o f  cu t tnd

lo - t rq  d ' l ' ns  p r . r ' . g  o r .qoaoc- 'o rn "  op-d ' .  .o " .a ,maro  m. " , t .noe
pl6les and s€ctions imo linshed comoone.rs.

17.1.2

Th€ desion drawings provlde a deraied coicept ol rhe snuciue. For major labrtcaton,
shop drawLnqs arc Gqlired to qve the compets intorharion r€qut€d to. l3bic6lon,
includins the dimons ons and ihe ocaions, iype and sDe of altweds and hoes. The6e
drawings musl be accurat6lvand caret! yderaitedio avojd probjens dur.g labr cat on srd
erection and must b€ checked berore tabricaiion commences. The shop drawinqs are
prepared by the Contactor froh the des sn draw.gs and w I rel€cr h s proposod method

ldenritication of Steet

Al ls tee lused in  ihe  lab ica ton  o f

Ths can b€ checked by retetrjng
wrrich is sramD€d on the sieet at

lest certlicates
composnon oJ the sr€ol

a  b '  d9e mus '  .on lo ,m ro  rhe  re levanr  Codes as  ser  our

ro ire heat nlmber or orhe. coded nlmbe/ ol ihe steel
rhe  tne  o t  ro lng .  Th is  ̂umber  can b€  re la ted  to  rhe
whch qve the physic6 p'opedes and rhe chenlca

lf the absence ol s!ch d6.t tication, it may be necessarylor the laficarorto atranse ror
samples ot lhe see ro be tesred at an approved 6bo.at!,y.

Sfuaighrening

Be.t or ollre,wis€ d srorted steaLmLi be coreded . a manner which w' lalo d damage
to tlre stee Should mate,a req!ne sraLghi€ninq ro ma niain roterances and rir, eiiher
belore or ait€r labacarion, t s generat pracrice Jor this to be done by mechan ca maans
at amb'enllempe,ature, athough mi.or klnts a.d bends ii norma srenorh sreets may be
.oreded by rrm@d hearn! undel.a€tl'l slpervlsjon.

The heatinA ol hiqrr strengrh stee sto achievestia qhr.ess or /emove d stoiions shoutd nor
lre atempted wthour rnvesrigaiina rhe eflecr on ure sleel

app yinq forces e ther horionrarry or !enica ry, a.d rol6rs ars us!aly
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Th€ matkinq ofi of steework, ncludng the localio. ot ho€s, may be don€ trom shop
draw'ngs  o f  by  the  use  o l  r€ f fp la tes .  a iempate isa l l t  sc€ le  pa t te rn  o f  gude,  made o t
c6rdboard, pywood, sheet neral, t mber stnls or hardwood.

Marking-Ofi

Bending

Curr ing

a.d  o iyser ,  scommof ry
manua ly  o r  by  the  use  o l

or stee prares ro, werd

The g,esses and r611s lsed in \he sraighieninq proc€ss ca. also be used to pemanenny
shape stucturaimemb€fs sleellubeslor pilecasinq are us!allyiormed in a plar€ rol and

camber n9 ol ro ed steel members m6y be acheved by the same processes used tor
stra shi€n nq and be.dfq

Camb€rs lor pate 9,d€rs are produced by cur n9 ihe web prates to ihe.€qured shape.

Camber ol a qnde. m6y b€ measured wrh rhe qnder on its sid€ or with the snde.
slppofed at iis beaina porrn ot camber should mak€ allowance tor
de fec t  on ,esur in !  f iom se t  w€ qh l .

f .

The. ! t  edqesshoud be  t '€e  r rom bu i rs ,9o !g€s ,  and o ther  der€c ts  whch mayadverse ty
a f lec t  rhe  servceab l ly  oJ  the  member .  a .y  svess  ra is fs  norches  'nus t  be  remoled

Stee may be  cu t  by  shea inq ,  sawing ,  o r , la f i€  c l r i inq .

Sh€ar ng ol plates Ls .orha V not perm red etcep1 in a dne.tio. perpendicurar io the

vhere t t i s  i s .a l ted  to r  in  rhe  Spec i tca t  on .

F ame cut n9, w tha slnab e d xiur€ ol a q6s such as acetyiene
used io r  cL t tnq  s l r l c ru ra lsec t ions .  The lame may be  gLded
auoman. i  seJ  prope l red  equrpment

aso w ide lv  used fo r  bever lnq  th€  edses

s,
Hoes hay  be  e lher  d r  r€d  tu  l s  ze  or  reamed ro  J !  l sne  aJ te /sLb dr  Ing  or  sub punch.g
ro a damerer aDpror marely 5 hm sma Lar rhan rhe I ra ho e d ameter

To ensure  comparb i l t v  o i  ho€s  In  man members ,  adron ino  componef ts  a re  las tened
roqerher  by  camping  and i ren  march  dr ted .

co ,  ' o  nemb"  . o t "5 '  d .o .o ' t " o  vqa  " rpa re
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Ass€mbly ol componems ts ge.er6ty eiiher by w€ding of bohnq. rn shop.work, wetdrng

Tominimise djstonion ot neDbers, a balarc€d Danern ot w€tdjno ot oeimanenr fasre.ers
ars  c  e  senqa t ,  oL-  i .ao  i .  -p  apecr ,  aL  oa

h_

methods or ass€mblv of weded anders. These merhods deDend uoon
the  sze  o l  rh€  o f  the  labr i .a r ing  shop and rhe  requ.€d  wedfg
rechniques. G€nerally, rhe compo.e.ts are tack weLded inro pace and rhe strd€r is rh€n
posto fed  lo r  a  cont inuous  wedng process  ar  rhe  pr€ te4ed a .g€  to .  wed ing .  Th is
post on,ng may be on txed suppods or on specja y co.srucied rlnnons on whch the
gnder may be turned io any angte.

17.2 WEIDING

17.2.1 General

A l the  nee s rades  ls ted  in  l f re  spec f icar io f  316 wedabte .

Wedins proc€dures for the hsher srengrh qrades invotve the lse of hishe. p.€h€at
remperarures a.d ow hydrog€n w€ding rods, particLt6rty as the member thickn$s
'ncreases. Th€so req!neme.tsarero ensure sat slactory strensrh and thetoughness . rhe
heat allecr€d zone IHAZ).

Deta led  qude ines  on  the  wetd  ng
WeLdinq Code and qener3 weding

17.2.2 Prcheat

Pteheatine a, steel belDte wetdng n3rbe rcauned, Nnic'tatly ldthickd.tes. Geheo)tv
a  req  on  or  appro lmarey  75  mm on e i ther  sde o f  ihe  jon t  i s  requned ro  be  preheated .

-rhe plrpose of preh€ar sro d min sh theiat€ ot cootins ot ihe wed meta as th€ hearfrom
the wed is i ransmi t red  away l rom the  wed rh rouqh rhe  par€  Exc€ss ive  ra tes  o l  coo tnq
can eaoio -Afa hardn€ss and brr€ness I rhe wetd mela and n the hear altected rone

or bridges are g v€n ih rhe AASFTO/ANS| 'Bridqe

s!delines . other ANS /AWS standards.

The requnemefts rearinq pretieatand wetdinq e.e.gy npur lor various tvpes ot plate and
erecnodes are  g ,ven .  the  Aher ican  w€d ing  ns t tu re(aw)wed ingcodes.

17.2.3 Distort ion

Dur,ng weldi^g, the laViha down ot a weld NtdIes e hearng.nd caolire c:lrcte ehich
causes shnnkaqe n both lrre base metalsnd wald meta and shl.kaoe torces dove ooed
eno,o .  aL<A a  o .d  ee  o ,  d .  "a  a .  r ; , s r -o  .a r  

" t - ,  
n r ;se

a.d transverse shrinkaae.
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a d€rared alide to coftiolol dsroftion issiven L. rhe Awl,s

Exc€sslve dstort o.s can be mnimised by pre senina the
d stori n9 thay aral. ther corect shape, of by resirajningth€
usins cramps and b'ac€s.

l \ d l d e d  n e r o  a . o < L ' . [ r d (  I  o o  c a o . d . c a  . e s a o ' r e 1 a q
of  lonq] tud jna lweds n  p  a te  Onde.  can cause a  sho(€n n9  o t

Jornrs whiclr 6re expected io

17.2,4 Oual i f icat ion ol

WeLdr .q  mus i  be  cared  o l r

Ithe sh.inkaqe is not !n form through rhe rhickness ol rhs we d, angular drsrort on res!tts.
wh€n slrrnkag€ acrs in a dn€ctio. thal is for atono the neutfa sxis oi the memb€r rhe

There  ar€  many tac io rs  whch a f te*  ds to i ton  dur ing  wed ing ,  such as :

rererenced doclm€nns).

compononts f iom distof ing

or members. The shrinka9a

haverhe 6 .ses tshr  nkaqeshourd  b€werded fns t  w th  as  t r t  e

, . d0 .  r a  r i !  dno

Genefa ly ,v is !a  inspec t ionot rhewelder 's techn iqueandrhewedwi t  nd i .a re theq!a t ty
or rhe welder With the excspion or occas onat Lndercur, slr,ace detects sLch as
nsuincient throar, overrap etc., shoud not be evdeft in wedLng carried out by a

we ld€rswhoa,e  engaqed on  bur  we ld  iq  o r  u .convenr iona l  rypes  o l  wetd  n9  ar€  nomaty
ens  whch dup lca te  as  la r  as  poss  b te  the  6c tua  cond t io .

17.2.5 Oual i f icat ion of  Wetding proced!res

As wer aslesting rhe comper a p.a.ri.e ro resr the actlal
p foc€dure  ro  b€  ro lowed rmaknq6weld .  Procedures{or  c rson iy res  o j  Nerds  mar

Procadures for less common iypes or
weds are  verned bv  fabr ica i ing  les r  assembles .

Procedure deta ls nc ude :

type afd make ol eqLipment

tVPe  and  sze  o l  wne  o r  eec rode

SALI
NAN



weld sze afd number of passes

o

Once a p'ocedufe has been approv€d it shoutd .ot be subsiantajtv ah€red.

Eectod€s  used in  a  wed are  gsne/a  y  requ.ed  iog ive  proper tes  .  rhe  w€ ld  m€ta to tnor
etaLbeinq joined, un€ss the !se ot a tower sve.qth grade

oi eecrrod€ is shown on the Dr6wi.qs. Each packet of eteckodes w have a maker,s
b,a.'l and a finted pa.elshowinO the electfode classifjcaron.

Eleci,odes wh ch have become separated f'on rh.r pack€rs shoud nor be used as such
eiecrodes wu nor be ide,r,abi6. Lo6e Ejecrodes /e Jikelv rD bav6 hrd rher ru
oamaaeo and may b€ conrahinaied with watar.

Anexperencedwede ' ,sse lecr iono ianeLecrod€wt !suatVbasat is f6 . to rv ,Drov idedn
conrorms wrth the specilc6ton. For weLdinq srlcruratstee n rhe downhand positon,
a genara purpose erecrode wi be satjsfa.to.y However, 1or spec6

Fo,€xampe,  n  the  wedLng oJ  no tch  dLc t te  s tee ts ,  ow hydrogen €  acrodes  are  no /mal tv
spec  l ied .  These eecrodes  produce a  wetd  meta to t  inc reased d !c l i i t v

17.2.7 Inspect ion and Wetd Repairs

The posito. olwerd.g Inspecto' cariies greai respons bi ty. lte m!st ensure rhat the
werders  a re  su tabLy  q !a l i f ied  Io r  the  type  o f  work  rheV are  do .q ,  and iha t  rhe  requned
pro .edures  a 'e  be  na  lo lowad The arearo  be  wetded shoutd  beche.ked to r  c te6n iness
and alg.menl belore work narts Tlre ftnshed w€lds shoutd be cleaned and then
Inspec led  Jor  ta !  t s  borhvs la t l y  and by  o ther  methodsasmay be  spe. i fed .  The jnspedor
musr ensure rhat the merhod ol cea. ng does not obscure or cove, up cracks or oth€f
iLaws. Areas to be i€paned must then be marked ceaay, I a manfer that at p€rsonne
rnvoved !nders iand,  and the  marks  sho!d  be  su t fc ie f t  y  permanent  to  be  v ts  b te  a j te r
repanshavebeendone.wetdsshowr .qcra . Isshoutdbere jec tad , reqard lessor the tensrh
or dc6ron of ihe crack.

Fauty  we ld  na te .a lcan be .h ipped,  g round or  qouqed o ! t .  The exposed sur ia .e  shoud
then be  checked io  e .sure  l r ra r  a lJa !L iy  mate .a thas  bee i  removed.  Th . reparcanthe f
ba  hade by  rewe ldnq the  a i tec ted  sec t  o .  Ths  .ewed s  r r re .  sub ja . ted  to  the  same
resB as r r w€re an orq'na weld

A qude to permissible methods ol repa rng fauhy welds can be folnd in rhe Amercaf
Wedinq  nsr i iu re 'S tuc tLra  wetdnq Code ,  D1.1  33 ,  cLause 3  7
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INSPECTION OF FABRICATED STEELWOBK

17.3.1 ceneral

Thd inspecion offabricared sleelworkand rhe prorecrive tfearmo.ts s Lsualycairied our
hanulactLre. The lnspeclors arc €sponsibje lor checkinq msreras,

rkmansh p ro ensure rhatrhey contorm to rhe requtremenrs

steel nspectors w I normally have had pracrica experence n the weding ol sructLres
and w iL  be  lam ia r  wt rh  fab lca lon  m€rhods  and equ ipmem.  They  w i ta tso  have
knowedge ol the d€rectswhch can occur intabrjcaronand of sar stactory merhods to be
Lsed ro  r r .  o  4 .  o l  o r  r ld re  dere-s .

17.3.2 Inspect ioD of  wetdins

nspec lnn  or  we ld .O invov€s  cons iderar ion  o f  rhs  lo towinO po n ts  :

weld is equipment, matercs and processes and their timiiatons

cotrect rusron and p€netfarion
weld defects and ihe methods ol corecion
non destr!ctive reninq and inte,preiatio. ol res!hs

'17.3.3 Defects in Wetdins

Deta s ol delects in w€dinq are s ven in AW Codes.

A number oi weld derecrs can be dereci€d bv visua tnspect on These inctude u.dercut,
'ncotr€ct prones and surface delects An nspe.tor ca. emproy othe. hethods to assisr
hm in  the  de tec i  on  o l  wed 'ng  der€c ts  whch are  nor  6pparent  t rom v tsuat inspec i ton .

Magnetc  Pa( ic le  Tes ts  lo r  de le . r  dn  o i  suna.e  c racks  or  undercedan
cond t  o .s ,  c racks  whch.an  be  rusr  beow the  s lnace

tor detectioi or slb sudace

u nasonc insp€c t  on  -  ro r  de tecnon or  subs l r race  deJec ts .  Thshds the
d'sadvantage trrat no permanem reco,d s made bur on rhe other hand,
la rqe  ar€as .an  be  co !ered .

Oetarled intormat of on the non.desructve teslnq ol we ds is siven n variols srandard
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"t 17.4 PROTECTIVE TREATMENT

17.4.1 General

The protectiv€ rfearmo.t oi rhe sreework shoutd be applied in 6ccordance wrh rhe
Specitcal on or rel€vant Standard. The surf6ce reatmenr a.d thckness ot prorecive
avers should be fspected and measured bv painr thckness gaLoes

17.4.2 Surface Preparation

A. adeqlare deqree oJ suria.e oreoarar on deDendeft on the envnonment ro whch the
stLctLre wi be expos€d, is essenliat becaLse the 6dhesion ol the oat.tino svsrem s
determned by rhe slriace preparat on

un lessdh,d !s t ,o ,q roaseandorhersur lacecontamnan lsare .emoved i rhepa in taoo l i€d
ro rhe sLnace w llbav€ poor adhes on, wth subsequenr breakdown of the pa nr sysreh
and €rposlre ol the s!bsrat€roarack Pa nt mlsr a wdys b€ aoo ied as soon as possibte
anef tne sutrace preparaion and no aier than o. the same dav

Abrasive bast cean ig is ihe rorma meihod or surface r€armenr on sree bridses

P.imerc pfovido a coarnq which must

. be adherent to ihe sldace oJ the ste€

.  re ta rd  co (os  on  o l rhe  sudace  by  a rhe .  i nh ib i t nq  i he  c
o ,  by  ac i i ng  as  a  ca thodc  sa . t l i c i a  bade ' ,  and

' prolide a base 10 which subsequent coa$ ol pa'nr w I adhere.

The pr imers  norma v  Lsed on  new iee l  tdqes  are  z j . . . c f r  o rmers .  Thes€ pro€rs
D/Dtecr sreel be.6use zln. ro. Provded there s

two meta ls ,  the  z inc  w i icor iode sacr  l i c ia  l y  ins tead o l rhe
ron .  z lnc  r i ch  pa ims there lo re  shou ld  conta f  a  max im!m o f  lne ty  d iv ided pure  meta l i c
z nc powder d sDe.sed in a mnimum of srabre bnder. They must be appl €d ro a iresh y

n acco,dance wjth the SpecJicarion, to ens!re €lfeciv€ €l€ctical

z inc  f l ch  p ,  mers  Ja l  n to rwocassesac .ordLngtorhenarureo l l f rebnder .  The more
durabe are thos€ based on Lnorganc b'nde,s The second rlroup dre based on organ.
bnders .  These b .dersarederved l rom a  numbero t res in tbur rherwo pac tepory  va ie tv
Ls norma y !sed lor pdtch n9 and Jo, rera ni n9 work

17,4.4 Undercoats

ca led  i ie  coats  o r  ba(er  co . ts  and
necessary to ensure adhesion ol lwo olhetuse .compat bLe coarings. Old gloss 6 kyds
lorm a poor base tor recoaiins wrh rr€sh gloss a kyd unjess 6n u.de.coar 's used Panrs

nys and ch orinated ,ubbers .6nno1 be appl ed ove, newol
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!nes a barier coar is interposed to ressr rhe swelina acron of
the arkyd bindef ol the prime,.

The p,ope(€s of linshng or lop coats are derermin€d bv ihe combt.arion ol vaious
pighenrs and lehi.les The most ulirtaran ol pigments is MicaceoLs ron 0xde, olre.

Beca!se  o l  l t sdarksrey ,  a  most  charcoatco  our ,  on  y  Arey  or  mLddy co  o ! rs  a rea !a i tabe
rhs  ron  oxde p iqme. i  has  a  f iakey lom i i ke tha !o I  mtc6 ,  hencethe  name,  Thesetakas
le  in  a  pa f t  l i lm lke  sca tes  and provde a  phvs ica lbaner  to  rhe  peneranon o t  wat *  and
ro ihe uta voret rays of slniOht whch a.€ paliic!6rty desradins ro orsanrc binde.s.

17.4.5 Fin ishes {Top Coats)

Galvans ing  o t  heavy  and lon !  hembe.s ,  such as  s ree  brdse grde .s ,  may be  a f
edo.om ca ly ati,acl ve altErnal v€ ro orher lorhs !r proi€cr ve nearnenr

vny  coa.ngs  are .apab le  o t  g iv i . s  sood prorec ton  I  app ied  over  znc  rch  f ime6.
lse depends on proper apptcarioi 6nd then recoarino will

pres€ni p'obrems I trre exacr type ot v ny used s not known, and a sliiabe formuarion
is nor ava;labe lo, repa nt nq Th€re ar€ rwo basica y dirjereft tvoes ot r€st. b6sed
coatinqs on the markerwhich are not necessar lv comoat bte wth each oiher and both are

Ony spray  app lcar  o .  i s  poss jb le .

Crrlorinated tubber coarings are a!aiabe in borh hiOh,bu d ard seatns coars, and thase
d ls r  b€  apprad as  spec i led  by  aach man l tacrLrer  They  dry  qurck  y ,  a re  easLy  recoarod
a.d hav€ qood ressiance in 'nanne afd indlsra envnonments. Thev are suiiabe lor
app l ica t lon  by  e t l ie ,  b ,ush ,  spray  or  ro te . ,  bu t  spraynq js  ihe  pre te , red  merhod.

i tabe lo r  hgh.bu id  coar inss  and have erce len t  ress tance
under  mar .e  cond ions  They  requ re  consderabe c6re  in  recoatng  ro  ach iev€  proper
adhesion oi rhe ov€r o, rop coSALI
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o Co s 'dear ioa ' "eo . robeqverLor re .o to* i l q  Iqc .a . ' s 'ns , .Lsed

drsroftion resurting aronr hor dip galvanising dnd nethods or coiiec.ion
need lo r  mask .9  a r jo ln ts  wh ich  are  to  be  ied  weded
poss biily of colod dilferences if a gtder is doubte dipp€d, where rhe
rengrh  o t ihe  oav6ns inq  ba th  l im i tsd  pp .9  to  ha f f rhe  €ngth  o l6  lnder

rethread.g ol nLts.nd bolts atter galvanis.g.
repan ot damage ro rhe qarvanising .alsed duing rhs handinq or

HANDLING AND STORAGE OF STEELWORK

Launchtnq otqnders requr€s either lalsework or a iemporary launchinA Onds ro carvihe
tiacks for the toleys or rolrer on whlch rhe g rders ar€ moved. with qrders continu.us

Durins tansport ol the ste€ woit lrom rhe tabrcauon shop lo the sre, rh€ 9r€at6st care
hlsi 0e rak€n ta 6vod damage. Fa cated members may be damased €asiy bv car€t€ss
handling or mproper sroraga. Loadins and untoadtng tfom vehictes, fitino and 6u 6specls
or t€.spo^ and stoGse mlst therelore be cos€lv suo6lvrs6d.

Fof remparary storase, sreetcomponenls a'e nomalty sracked on Dtattorms or skds o.
fnm,we l  d ra inedand:ccessbLeground.  Theymusrbesopost ron€drhar rheydonotho td
water and are protected iiom mLd sptashes otherwis€ rhe shop coar of Dsnt wil
de i€ rorare ,6nd rhere  w i lbe  €x t ra  wor l i  n  c tea i ins  a .d  p 'epar jns  fo r  the  ted  proGcr ive

Tne sl€ework ia&cator shold supp y a dtaoram showing rhe corect markinq ol au
membersand parts 19.d€fsegments, span, upsream or downsiream m€mbersorsid€sand
iop or boltom etc.) and ihese ma'kings shou d coiiespond w'ih the aciLat mark nOs on the
members and wnh the labrcaior,s shtppn! isrs r is atso preierab e ro 6ark each p ece
wi th  i t swe ishr ,  espsc ia  l ywhen heavv  membarsare  nvo tved De ver ies  shoLtd  be  made,
J possibe, in ihe order equned by rhe conracror caiiyinO
out the erection ot the sree wo'k.

17.6 ERECIION OF STEEL SIRUCTURES

This Secton Ls relevam ro sm6 | and medium size bridq€s. thes€ can b€ erected wkh
smple le.hnjqu€s using readly For tarqe brdses, erection meihods
are usLa ly speciied as part ol rhe desqn, and the !s€ oJ soecialis€d eoliDmeni and

Gndersmaybe l tedd recny in  aver rng  a  lnqsdethe  br idse
r rh€ grou.d condnions a.e sulabte, lry txed n rh€ v,cintv oi the
suppod posit ons, o, by I ying lor. It a I y^q lox s used, a tiliinq q rder shoutd be paced
beiween trre tox aid rhe main g rder ro enab a approximarely venca|ifts to be appted ro
the main snder. ilrinq ander s nor raquned.
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over rwo o, mor€ spa.s, it,s possibl€ (by firlns rorlerc on ihe abltment 6nd piersuppofts)
lolalnch grders wrhour usingialsework. Launchina melhodsshourd belolly d€t6iledand
approv€d by the Enginoe. before thei us€ is allowed.

L,lt ng poims arelsually specrlisdlor sreergnd€rc, and rhe sreel mL$ be protecred wh€re
sinss ar€ atached solhat tho prolective coaiinq willnot be damaoed. The provisron ol
l l r  n9 lugs  w i l reduce damaqe to  pa in ted  sudaces

ll ihe q rder has b€en labricar€d as a competed span, ir can be ow€red d .ecdy on 1o
hordrno down bots and bearins pates whi.h have been sertempora.ly . rhe approp are
posr ions .  f th€gnder is tobesprced.s rL , la lseworkwr lber€out r€drosupponthe jo in r
or peAaps the compete snde. s€ctio.s dependng on the oethod spoclied by the

F6rsework roundations musr be adeqGte and pror€cted ii.m d6m6Oe by debris and scoul
i r  over  a  rver ,  o f  by  t ra tJ ic  i r  over  a  road.

The lalsewo'k siflcrure shou d be checked regltany lor siqfs ol serlemeni, and arrfau rs
cotrected befor€ botins of weld nq ol the ma. sructure commences.

Members shoud be nred roqerher without
cotrecny a ign€d onotud.ally, ve(ica ly and

Provslon ol jacks, ropes and/or wedqes s requned lo. adjuminc jol.ts ir.ecessarv in all
th re€  panes,  in  p repafa l ion  lo r  wed ing ,  bo t inq  or  las ien fq

!nd!e srain or dlsloftlon, and should be
iiansversely,6nd w(h the centeine of the

Dlri.q the movement ol lndvdualgtders inro posnio. and unri such time as rhey hav€
been connect€d by rhe cross girders and br6ces, rhev shoud be secLre y snutted and/or
guyed aqainst overturnnq. Tmbe/ or stee trames, deslgn€d to prevenr boir lateral
movementand overtu,nrnq ofihe Onders, and co.necred torhe substuctu,e, a'e s!'table
fo r t l r i sp l rpose.Framesshou ldbebL i tnsuchaman.er rhar theycanbee6sry removed,
a.d shoud be posrioned io give flr slppon io the onders belore lrre rifting tacke is

Long s le fdeJ  g ,de .smay requr  s t i l rennq wh is r  be ing  L l ted  and p6ced
nio posnoi and lnil nansve,se brac.O s nxed A sysi€m ot horzo.tal tusses us ns
ro'ls, turn.buckles afd snlts can be instarled on each sid€ of rhe qnder lor ihis pLrpose.

17.6.2 Truss Erecron

Erecro^ Manla s are avai ab e for ea.h ol the d rrereni types ot russ &dqecurcnrrybeins
used throushout l.donesia Th€s€ Manuasdescribe I dera tthe melrrods ol erect on and
aspacts of consruct o. ol tuss beina usad. The coisiruction
Te.h. qles Manuar contains I on the assembry and er€crion of th€
Alsnalan, Bo and'a K oos and Ausriaf russ€s.

.  qenefa ,  russes  maybe buh and ra ln .had . to  pos t ion  or  b
abulo€m. The AOn and lOOn Alsi'ahan tlss spans are desiqfed ro be €feci€d as rwo
ha l t  spans .  ln  e rhercase,  a i  anchor  spa i  and poss tb  y  kentedge (dead we igh t  as  ba i las t )
a rs .equ red  ro  ensure  s rab i l t y .
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Any of the truss types loth€r than ihe 30 m or 1OO m Ausiratian russes) may be roted our
iiom one bank on er€crion rotlers support€d on l6lsework, ard j6cked down o.to rh€
pe'man€m b6annas. Alternaiively, the tuss hay be assembl€d of rh€ fasswork and
jacked down onto the pe.mane.t beariqs (lor the Ausratian russes onv loltow.q
compenon o t  assemby and cas tno  o l  the  in -s i ru  concr€ i€  dock) .  | l l as€work is robe
!sed, th€ goid€l .es given n soction 23 otlhis M6nuatsholtd b€ fotow€d. risimport6nr
thar the lso of fhlsework in 6 river be carefuly assessed as toss or damage to rhe

quenr  oss  o f  th€  pan ia ly  competed sv lc tu re .  Ths  is
espec'aly mpodant for consvlcnon dling rhe wet se6son.

17.6.3 Cross Bracins

Cross bfac ng may be inthe hotuonta p6ne berween
in ihe vencal pane betwee. .djac6.t onders. t
labric6red plare gnd6rs, or riansuLar€d systems.

h s usLallyl:ed bywed nq or botrnq wiih h gh srenoth bo is or p6iem tasteners as soon
as possibe aftererccnon ol qirders. unr trh6r r me the gnders mLsr be prorecred asainsr
rate16r instabL ity afd l. the case or tong sende. girders,6o6inst tater.t bucktinq under

ranses ofrusses or box qtderc, or
may cons si or srucruGr shap€s,

Steelbox q rd€rs €qu le f xed internalbracing ro slpood the s ender webs, and substantial
horzonta l  c rossbrac inq  1o  provde ro rsona res is ra ice  dur .g  osd  no ,  116nspod and
erecrion The dosqn hay alow lor the r€movalol the latter br6.ing 6fier the top fianqes
are  he ld  la ie ra  y  by  the  dec( ,  bu i  o f te .  rhs  i s  no t .ons idered e .onomi .a .

Access lo r  t r  ng  c rossbre  ns  can be  provded bysLspend iq  a  caqe tom acrane,  a  ruck
hounted pratrorm, a fixed paitorm o. scaltoding or staons slppo(ed troh llre ma,n
stuclur€. rr rhe cross bracng s ro ba weded, prorection aga'hst wtnd and rain m!sr be
Provid€d on th€ staqin!

'17.7 FIELD SPLICES

17.7.2 High Srrength Bohi^g

s teermembers  m6y be  jd ined on  s le  by  e t rhsr  hqh s renqnr  i rc l ion  qr  p  bo t ts  o r  by  Ied
wed ing .  Tha !s€  o f  fed  wed ing  r€qu i resrhe  ava i lab l ry  o i  sk  t€d  wed,nq  op€rarors  6nd
surtabLy quallied sire nspecrors.

ts'qh stenoth bo nnq may be c assLtied by iwo iypes, a tfict o. orip tvpe wirh no st p,
anda bear .o  type i iwhchan n i ta  s l rp  l s  a lLowed.  Generd ty ,  bo led  con.ecr ions  o t

odern  b ldq€s  a .e  desgned as  l r i c ton  9 .p  jo . i s .  The s tee
lsed in rhe bolrs is a speciat6toy which wtLstafd mlch hiqher sresses rhan structlGi
sr€era.d h willelongale consid€G6t\ belote laitte. ire iuis ar. made otsuftable marsrial

6re specialry ha,den€d to resst scuflng when rhe bohs arc being

SALI
NAN



The tension in rhe bot creat€s t ci on betw€on pads ol rhe ioini 6nd the lriction can
transmir lorcesthro!9h rhe joinls, lrh€ienslon in the boh and the coeftcient ol lficiio.
b€rw6€nrhe patesare known, thelorce which can be tiansmitted wthout any mov€m€nt
olrh€ parts can b€ caculated. Al hgh srenqth lriclon srip bolted joints work on this
qe1.  a  o '  r 'o 'e  addo. r . r 'o r  rhe  rJTb€r  and a  r rqer  e r  o  rebof ,  r r le  oa

The hqher lhe clempino or tenson lorce creared by the bot and the highef th€ lrcton
mor€ torce can b€ rafsmirt€d botween rh€ parts of 1]re

lo nt To & ng this pr ncip e to a praciica evel, the designerasslnes a ower limit ol bolt
tens on and a reasonab€ value lor rbe lrictio. coeflicieft belween the matins sudaces.

The m fimlm bot tensioo which husr be obtained tor ditjerent bort dameters is nomatty
slaied I the &dqe constucron specrticaiion. lhe coeliicient oi lriction between the

k n reasonabe condilon js knowf. Provid€d lhe bolr is
cotrecdytiohtened 6nd rbo specillcaion s lolowed bykeapingrhe contact sldaces clean
oJdnr , loose rusr ,  g reaseerc  , the  bo tw l l ransm t the  fo rce  asexpecred by thedes ignsr .

Botts which have been luly tightened nust nevet be ftBed zs Li.tio, s,ip boLs ard
shoutd be innediatelv djsposed ol.

Ther iqhren .q  o fh ig r r  s r rength  bo ts  snorma lyconf io led  by  us inq  one o l ih ,eemeihods
rhe Load Indcatns washer method, rhe Pall.Turn' merhod or ihe 'Torqle conrol'
melriod. F!nher l.formaiion on bolt tiqhtenins merhods for e6ch ol rhe dilterent rypes oJ

ncluded in ihe &dge ConsnLcrion Techriques M.nual.

It s 'mportant that ihe l! area ol ihe contacl surtaces at a I ioinrs be roush€ned by
vi9orous w ra brushinq 1or simi16rhethod)and rhat lrre dnectjon of b,ushinq be acrossihe
f lanse or  wab o f  rhe  member  benq conn€cted

High Strenqth Bol ts

Tishtening of Bolts - Load Indicatinq Washer Metho.l

nthe  oad nd icar i .g  washef  method,  rhe  bo l ts  a re  assembled  wrh  the  oad ndcat ing
wash€r under the bolt head wth rhe projectons bearing agalnsl th€ bot head and a
hardened fa lwasherpaced u .der the  nu t  The b . ts  a .d  nL tsmusr  be  proper ly  lubr ica ted
to e'su,e that the load indicall.g washer ls abre ro c ose propary under load. rl re

must be cleaned a^d a.€rneme pre3slre oil, grease or wax
sudaces must be (epr cean and any ol must be creafed orf

,mmed a l€  y  us  nq  a  sunabe so len l

The hoes  io  a  lp  ies  o i  each io in l  musr  be  proper  y  a r iqned be tore  rhe  bo  1 is  nse . red  lby
rhe  use o l  s ! tab le  d r j l l s r  Thebor tsa .e  n i la ry  snuo rChte .ad  us inO a  podqer  o rs imi ra r
spanner  snug r  qhren ins  is  ihe  t  qh tenng ach eved by  the  i !  a l lon  o i  a  man usns  a
stanoard pod9ar spanner

No J ina l  tah ten fg  s  unde i t6ken u f r l rha  whoe o f  ihe  connecton  comples  w i th  rho
requtrements ol camber, {l aid member aiiaiqem€nrs

The bo ts  a ,e  f ina  y  tqh i€ned us .q  spec ia lspan.ers  as  appropra te  Tqhten .q  l s  ca t r ied
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our by rum'na rne.ut and nor rhe bott head 1th€ h€ad ot the boft nay need ro b€ hed ro
prevent it iunnq). Each bot s rshten€d lmi rhe gap m€asured at ihe toad indicarins
washers ials within a predeiermtned range (usuaty O.t5 mh ro 0.25 mm). This oap
shourd be checked wirh fee)e/ Oalges rne reDsie is applied eveDry ard coDDrers,y io
each bort in the co.n€crion. Tiohtening shoutd commence ai the cenre or any group ot

Tightening of Bolts , Part Tu.n Method

n the padtlh hethod rhe componenr pans are fn$y brou€hi nlo ctose conl6cr le'med
the snug.toht condtion, by hand or by impacr wrenches alter altthe bohs in a jofi
6re snuq rsht, each bolt is o ven 6 1in6 tight€nng. The finaltishrenins tor ih€ lsua
diamerer and ength o1 bolts is an addir onaLhait t!m ol the n!t feaitv€ to the boi

Tightenins of  Bohs -  Torque ControtMerhod

method lo ,  bo t  i iqhren .g  s  .o r  as  a .c l ra re  as  th€  oad nd ica t .g
wash€r meihod. very sman variarions n rhe Jicro. coellcenr ot ih€ threads can.€sutt
'n larse chanses n bot iens on. conrahination ofrhe rhread, ora djtf€rcnt batch ot bohs
can makethe  resur is  o r  th€rens  onng qL te inaccura le ,  I thewrons  ensrh  o f  bo  I  i s  us€d
and the n!t re6chesire e.d otihe thread, the rorque wI be reac]red o. ihe indic6tor, yer
the  bo i t  may s t l lbe  oose.  n  rh€  case o l  ga  vansed bo ts ,  the  tens  on  req lned mav nor
be raached 6t al and lhe boh wi bresk due io the iw st produced bv ihe apo ed rorque
Bols are lsua y suprjed w th lu&cated nlts if lrris method is 10 be Lsed. Resllar
calLbrat on ol torque app ed and the coiiespo.d nq bor rensLo. shoutd be cared oui.

The TorqueConto  Method o f i igh ien ingcanq ivea. .co i rac t indcatonofbor ienson
lor  gava.sed bo f ts  I  su : rab€ th .ead t !b rcan l  s .o r  Lse" .

17.7.3 Fierd Werdinq

Ste  wedn9 procedures  and merhods ar€  genera ty  the  sa 'ne  as .o 'espondrns  shop
wed in9 .  Howaver , rhe  on .s re  s i ruanon 9  ves  I  se  to  soecLa d  J tcu t t€s .  Genera  y ,man!a l
arc werd,ng ,s used becalse of rhe podabilrry.f rhc eaurprenr.

f tocedures  shou ld  be .hose.  sLch tha t  dsro( ion  and resdua shrnkaqe svesses  are
m.m sed.  Ths  requr€sadep pp ted  hear rsba ancedabour
centes ol possibe movement. n some cases, iwo wetders ian work on oppos(e srdes
of  a  jo . t  to  acheve ths  L lw hydroger  eec t rodes  are  used fo f  jo  n ts  where  add i rona

Oltenihe wedinq p,ocedure can be var ed to improve wed qua try and reduce dsrodton)
alter6 fewjoihts have been made and eram ned Jo its wh .h are expecled to have tafge
shr nkaqe should be frade Lsr whLe ltre.o.ne.t iq mambers hav€ tLttle resra.t.

The s ra l ing  provded fo r  wede.s  shou d  be  o l  a  h9h s ta .dard  be .ausea wetdermayhave
to  spend a  consrderabe pe ,  od  oJ  r  me wo,k ing  ar  a  lo  n r  as  a  co .sequence,  a  weder

as sec!,e wo,(rng pLaiJorm ro achele a hqh siandard of

Portable drying cabineis lro ensure rhatlhe elecnodes rema. drv) may be nacessa.ynear
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i h€  work ,  depend ing  on  rhe  type  o l  e recrodeand lhe  d  $ancerorhemaine lec todes io re .
w€arhersh@ld ing  may ncre6sethe  speedand quat ry  o t ihework  o f  jobs  o t  tong dura t ion ,
by protecing rhe welder and rhe wedins operaron trom ra n ano w'no.

Camp nq dev ices  co .ss t inq  oJ  peces  o f  d  led  angte ,  bor  c tamps,  tanQ bors ,  doos  6nd
wedges may be  usefu l in  d raw19 in  and a lqn fs  members  be to fe  wed ing .

17-7.4 Regak of Protecrive'Ireatrnent

Where i re  p rorecr lve  re6rment  o fs tee tmembers  lpa im or  Qa vans i^O)hasbeen dam6s€d
durins handling or erecton, t mLsr be repan€d in 6ccordance wrh rhe Soeclic6tjons
Somebr ids€saredes iq ied  ro  havethe t  na  coar (s )o t  pantapp 'ed  a t te /e rec ton ,  rhe  s tee
beino pafted o.ly with a oim
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o 14.1

18. BEARINGS AND EXPANSION JOINTS

BEARTNGS

B.d@ bed '  r c  a  e  o '  '  o , , epdpo l . . r r d ra ,e  r qd rod
(  ec l  d ' €  .  r re ' e ,o ' c  raq  ' i ' cd  c .  -  c , .  ( raq "  o .  . p ,  adao l

Th€ Supe iv isng  Eng neer  shoud che.k  mmedarey  on  de ivery  tha i the  spec i ted  rype or
bear ng has b€e. suppied, rhar t is the 'ghr sz€ and shape, rhai there are no visibte
raurs, that th€ haes are rh€ rghr size and in the rahr ptace and ihai rh€ spec ied resr
ce tnca tesafe iva lab le ,  F ina ly ,  he  musr  ens !16rhar  the  bearnqs  are  care f ! ty  s ro red  so
i ia t  lhey  ar€  sa te  l roh  phys ica ldamaqe.

survey ma.ks shoutd be paced oi aburments and pers mmediatetv adtac€nt ro bearind
a 'o  r  "a r  c  d  tavp  be  - re - .€d  * , . ;

or epoxied .. These marks shoud rare ihlo accouft minor
d€dep6..es I ihe me6$red €ngth berween b6a nq pjares on each gnde, and any
vanauon tn 9n4et depth whtch migrir 6lfed b€an^g leve,s

For cdncrer€ brldqas, he mlst ensure ihat rhere s contacr overthe whoe area beiwee.
r L r c  r b { ' . . r LFd .d r t e  o re ,oa ' o  a  dbe rxdq  i ha -opq  ooLeoao . r s ro€ , .  . F ,< .d -

' o r . f  i l L  qao rd ' o . . oo ,? .  : , 0 . , odd ,o i , ngs , , . 6 (es
shoLd be cafel!ty ctean€d and Lbricated (it aoorooraie).

Before  the  bear inas  are  lx€d  in  ther  tna lpos i r ion  by  qro ! t ' s  o r  eDoxyLng rhe  ho td ins
thar they have been s6t ro the requtred tonoirld na and

"-;" "" "' "creep and ihai rhese a owances have been mada in the coiiecr oneci dn

14.2 EXPANSION JOINTS

ufress properry installed and maintatned expanson jojnis w€ar, become oose. seze up,
0reak, bend afd generally requ.€ lrequenr 6rtenr on and repats durina ihd I service lte.
'  ! 4e 'eo , "a . ! . . .a  , , , ,<  o r .  o , . r " r " ron

e these orob ems

Bots hu* be set in the co(ecr post on and at th€.otrect ha qht. Whei rhe sructlfal

'n  the  heav i lV  re in lo rced areas  around.he  bo t  an .hors .

The upper surface ot the arpanson joni musr be ser exac y to both the spected
ta'svers€ and lonsiiud na gradienrs ot the bldqe.jec[.

I t  s  desGb€ thd  the  asphaf t  ovenay seat i ig  coat  ad lace . i  to  rhe  jo . t  be  s i iqh ty  h iq l re r
lnai the lo nt Ge I ro redlce rhe eJlecr ot wheet rpsct and 10 alow lor the sradual
ae.r€ase or ihe th:ckness ot the se6 caused by co.sotdarion under ratfc The road
sLdace sholrd neve, be ower rhan the r! nt

r3 l
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19.1

19. RAILINGS AND BARRTERS

GENERAL

o

The lnalappearanc€ ol a bridge is tnflLe.ced to a very targe exrent bv ihe protie ol the
ra i ing  as th is  i s the  mosrvs ib te  t .e  seen by  the  moror is r  Accordnsy ,  q re6 t  care  shoud
be taken to ensure rhar ft is e/ecred to smooih curues, both horzofta v and vedcatv
Ths app les  ro  a l l rVpes  o l  16 i inO b ! t  padc ! ta r  a renr ion  shou d  be  Dad to  s te€Lra ts  w i th
site weded members io ensur s obiain€d airer weldins. Erecrion
toeranc€s on Glling a.€ uslally very lsht but they are mooft.t and shoud be achjeved

To€6nc€s shoud be stated in the Speclicatio. bur, f nor, aDoroDiare toteranco aro :

variat on r,om rla plan poqton ar oosrs a 5 mm

va,iat on or dmensions n elevat on a 3 mn

v6riat on ol rne or rais iiom specified vert catand horizontat proti e 1 5

a larg€ numb€r of diflerent rypes oI baiiiers a^d raiinAs !sed on bridOes, both
pedesran. lhese range nom sihpre dhber rairing and s16nd6rd arfrco iyp€

to speci6ly 16bricated sreelof alum nium rals a.d concr€r€ NewJers€v stvt€

19.2 STEEL RAILS

These .cludes ,4,mco type guardrair.q as we tas fabrcated rafic o, pedesran rcirs.

siandard armco qu6rdrailns can be ere.red on eirher rmber of sre€lposts Molntins
d€raisvary, bur typicarlyare U-botts casitn the edge parbpei ot rhe bridqe. Timbet posls
sbeld be inspecred io eNre ihe rinbef is somd aDd tee ro n anr delects and cotecttv
i rea led .  S iee lpos tsare  pre  lab ica ted  and shoud be  checked toensurea d tmens ionsare
coriect and that rhe s!/lace neatmenr is undamaged.

Ho €s in posts lor mounring bolts musr be drjted and sto(ed ve'ijcatylo enabte the railro

Ra l ing  s r roud inna ly  be  assembled  lo r  rhe  iL  ength  o f  the  bndge bu t  o . ty  toosey
lastened toqeth€r to €nabe ihe prottes ro be adjust€d beto'e iighrenins up. cuardrail
panes mLst be assembed wrh ihe laps a(anged ln ihe dtrec
reduce the  possLb i l l y  o l  a  veh ic le  b€  n9 lmpa led  lo  owing  an  acc ide  Fnaty ,  a t  b6 l rs
must t'ghiened and termina secrions coiiecdy installed.

The corect desis. and instalaiion or q!ardra ierm,na s€ct o.s is very imponanr. They
musr  a fchordown the  end oJ  the  ra iL .9  s .  tha t  i  canac tco i i
r ibbon and aso s€ru€  as  a  cush ion  to i  a .y  vehce npac i .g  the  €nd o t  rhe  ra  td  rec t  y .

Other si€el rail .9 wilforma y befabricated oil'site.
manutacrure and padcu6r atrenrion shoutd te
complanc€ whh rhe SpeciU.6 lon.  Ar ier  de jvery ,

Thera  ing  shoud be  checkedduns
paid to the sLr,ace reatmo.l for
a check shauld & made lor damase
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durnq transt Erectior can be on bois or sockets cast into ihe Daraoet. Theraitshouid
b€ efocted loose y usino packgrs or shims ro set the corecr protire beloG borina 6nd
w6d 'no .  a ls tee  and imbef  packers  must  be  fsmoved to  e ih rnare  ih€  poss ib i i i y  o t
slbsequenr sraininq ceme.t lib'e or galvanised packers fi6y be elr in place.

Fna ly ,  socketsshoud begrou led  and b6se p tares  mor ta rDacked pack ins  shoud bew(h
dry'pac( modar rammed h6rd into pLace. wooden rammers shoud be lsad ro orevenl
dafraqe to surface trearment.

Theefecton.t onq, contin!ous l€ngihs ol sreelraiinq w thout expansionjor.issomet hes
s,ves problems in arainng the corect profies becals€ ol tempe.atufe movem€nts. In
slch crcumsrances, expanson lonts should be insrat€d at not more th6n apDfoximarety

For  s te  wed nq  and ,epans  to  su . fa .e  i rea tmenr ,  re te r  to  rhe  Spec i tcar ions .  Some
Spe.ncaions requre ihe finar coar ot painr ro be appted on s(€ alter the repar ol
damaged s ldaces  ero the  ra i t  care  must  be takendunq
pa.t ng to ensure rhat ih€re s no sta ninA ol th€ suiiound is conc'ete.

Arum n ,um rs lsed  bo th  fo r  comp ere  r6 i  inqs  a .d  fo r theropra is roco .c rerebare6.  Both
er t r !ded s€c t ions  and casr ings  are  used.  Ma.u tac ture  sbyaspec6rsr lab icaror .  The
ra i.q shoud be checked d!/l.q manllacture ro ens!/e rhat dimensions are corecl a.d
that satsraclory w€ ds and casrnqs are being a.hieved tt r fomar ro load test 6 sample
ot the cast.qs ro che.k 1or impert'ecr ors. A um nium rail n9s do not normaty require

refetred for aesrheric or oth€r reasons, the rarlinos may be
a.od sed o, pa nted checks shoud be made on unitormilv of suriace or€Daraton 6nd o.
ihe  rh  ckness  and co  o l r  o l  coar .qs .

Erec t  o i  o i  a  um n ium ra i r fgs  i s  smtar  to  s ree  wrh  the  ony  add i t  onat  p reca ! t jon  be inq
thar rhe alrmin,!$ sI blrd be ettecr veryl.sutated trom any s!eetnxtures such as mouniing
bots to preve.t galvanc acron. Plasr. r6pes, sleeves a.d washers may b€ used.

19-3 ALUMINIUM RAILS

'19.4 CONCBETE RATLS AND EARRIERS

Concrel€ posl6nd ra type railfqs lrale beon used on many bridges blt 6re now beino
r€raced by  s leer  and aruminrum d le  ro  rhen h igh  cosr  a id  ne tJedve ac ton .  New
J€15ey type ba(e ,s  a ,e  a  l ype  or  co . . re te  quardrar

Th.se ra lings cai be casr as p4( oJ the edq€ parapet, when an add(onat met6 rop,ai
to ,m a . l iner  ba . i ie r  to  a  too lpa th  lhey  are  a lso  used ae

m.danbat re rsonbothb .dsesafdroads iopr .vent . ross .over ' rype6ccdenrs .  n  ih i .
case,  the  ba f 'e r  w r rb€  doLbe s ided.

Conc,ete batrre,s shourd be casr arrer.omplerion oJ the brdqe decli to efsure that the
corecr proJi e and ine rs arained F€l€rence may be made to sect on 23 lor !L dance o.
io rdwork  consn!c r io f ,  ren lo rcemenr  and co .c re tng

whencas t  nqconcrere  bar i ie rs  ms ara  accurs re tv  made a fd
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rocated, and are of ioid consrrucrion. Ths is ro ens!re
are $raChl and tlue wiih a clean, smoorh su ace. Even
atr bubbles on the sloping iaca and oii€n it s necessary
1o obiarn an acceptabte s! ace.

Cof ro l  jon ls  shoud be  provded
remperature and shrnkaoe cracks
crscK ng, .  rna t  pos t  o .  A  groove

lha t  ihe  I  na l l .es  o l  the  ba(er
so ,  t i sd i l f i c lh  toavo id  su  ace
to 'esort to baggng and sion.9

coqro l  the  oca ton  and sze  o l
rh€ ionts Drovde a plane or weakness to encouraq€
or orher rearure shoud be provided on the s!rtace to

concrete edge and median bafrters may be precast. precast concrete med an bar erc are
set on a lhin laver ol horiar, dnect y on the bridoe d€ck. The nd viduat unirs shoutd be

another and asphattc conc€ie taid aqansl the base to Drovda ateral
reslrainr. EdOe batrersare uslatysuppofted o. evelnO boiscast .to rh€ concrele deck.
A casr In place reinfofced seclion is used to rio d y cof.ect the deck io ihe baiiier

r s..!
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20.1

20. TIMBER CONSTRUCTION

INTFODUCTION

Timber bl dge consruct on is dim nishino in tndonesia bur I mber issiitused tor some new
brldg€ constucllon ev€n rhough imbef constrlcrion has been tarsey supersedsd by

There are hany od rmber bldges stil tn servc€ whtch hav€ ro be
r€pareo ano marnrarned. Teopo6ry tmber bldqes ai€ sometihas usod . an emeraency
or ddno constrlct on works and ax st.g bridses may reqlne e{ensLve upgradina.

T imbar  b idaes  can be  co .s ruded f rom e ther round t ihber  in  rs6s . te  ed  condr io .  (w i th
tha branches remoled) or tom sawn timber. Rolnd imber has sreater sr€ncrh a.d
durabiny compa,ed to sawn tmber afd is therelore olten used tor rhe morc importanr
sructurare ements such as pies and srringers.

ll is stil poss ble to coostilct timber bridsesar a comperh ve pl ce comp6red with concret€
o ,  s ree ,  p fov ,ded th . .€  i s  adeq la te  r imber .onven ien t  to  rhe  br idse  s t€  a .d  sk i led
iradesm€n are availabe. As tonq as rhe b.dqa isdesigied tor adequar€ srilin€ss there
shoud be no problem with d!rabittv over the desiqn lile ur urts snucru.€.

Some rerms rear jnq  io  r imber  b rdse  consruc ton  are  shown I  F jsure  20  t .

rypica|rinberR,dgcgbfun/s

1.,.."
]I""*

lil-*'1i-ll
I
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2O.2 SELECTION OF TIMBER

Mosl provi.ces ol ndonesi6 h6ve tmbef which has bee'r
bldges over a pe. od ol m6ny years.

The Standa,d  BadQe Spec l i ca t ions  inc  ude the .equr€ments

20.3 TNSPECTTON

used sarlslacto ly in tihb.f

lor the selecnon 6nd use ot

Round timber loos sholld be checked alter tet nq to' sze, damag€, stra ghrness and rot.

Timber shoud also ba checked immed atey alter d€lvery to sir€ ro enslre ihar ir is in
accorda.ce with rh€ Specilicatiofs and has not b€e. damagod in tansh f rhere ts any
doubt as ro the speci€s ol tmb€r, rhe suopier shoud be requesied ro suppty approflate
doc lmenta lon  faming and denr i fy .g  the  r imb€r

When unloadins rofg rimbers, stings shoutd be tocated such rhar the member does not
Under  no  c ,cumstances  shoud ons  nmbe.s  be  ,bared  o t f ,  nLcks

because or rhe d6mag€ rhat can reslh. Afyrmbers sohandted shoutd be reiecrad

20.4 STORAGE

The rimber storaqe areashould be ar a conven€nr tocarion, wel-draned and cr€ar€d of al
t lammabie  marer i6 r  To  avod exra  handt fq ,  rhere  shoud be  adequare  space ar  the
stora9e ste lor cliiing a.d squarins.

The supo er  shou ld  be  reqLes ted io  band theends o t  a  round tmb€r  wth  s t€e ts rapsa.d
to .oa t  the  ends  wrh  a  lbera  app ica t lon  o t  ho t  peroeum J€ y  as  soo.  as  poss  b ie  a f te r
cu t t fg ,  to  p revenr  sp f l inQ.  The e .ds  o i  a tsawn r imbers  shou ld  be  s imi tany  coated
,mmedate  y  a l te r  s tack l .q .  Theendsof r imbercurons i ieshoutdb€.€coa iedwrhhot
pe t ro  eum le ry  as  soo.  as  possrbe  a f te r  c l l l i ng .

Tmber mlsr be nack€d clear of the qrou.d on bed oqs, spaced at cenr€s such rhatthar€
sef temenr  o l  the  bed logs  and there  warp .g  oa  rhe

suppoded t mbers n addlion, saw. nmber shoutd be sracked w rh 2smm thck batrens
{pieces ot rmbe,) berwee. rhe ayers and 25mm spacns berween ndividua pieces io
a !w proper vent anon for season n9 ti posslbe ire tmber should be covered lwrh
ra,pau ns or qa van sed ron) for prorect o. aqa nst the weath€r

I  s  advan laqeous i l  a  l t imber ,  esp€c ia ly  deckrnO,  i s  de tver€d  io  s te  as  ear  y  as  poss ib le
to I !e rhe onqest poss ble rihe for seasonr.q belore rncorporarion t.to ihe sruct!re

tmbe,  s racks  shourd  be  Lnspecred neque. ty  io r  n les ta ton  by
s A visua ch€cli fo, nesrs, qa eires et.. w | lsua y be

242
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20.5 PRESERVATION

Tinbe, is slbject 1o der€iofario. both from rot and artack by .sects as wet as tom

Rot  s ihe  br€akdown o f the  physca s r lc tu re  o l rhe ihbercaused by  tu .qa tarack
Fungus spores a'e presenl n the atmosphers and c6n enrer nmber throuqh crrcks of

Ufder  co .d t  ons  or  hear ,  moLsture  and 6ck  o f  vonr ta ton ,  lhey  can

nsecistackisprima, y irom to.mires on l6nd aid marine borers in r dat waters. Borh are
a serous probjem n susceprble areas as they can qlickty s€riousty weak€n brdo€
m€mbers wth r'ftre wah n9

Th€ desiq.er shou d be.war€ ot rhe prob ems and sholtd have spec lied.mb€rs which are
nor suscepnb e to attacrrand shou d have deta ted preventive heas!resrequned. How€v6.,

and slp€rvson srafi undersrand rhe problemsand ensure
thlt preservalle mersL.es rre prapeny canjed but

20.5.2 Bot

The fincjpalmeihod oi preveftnq rot is by prevenrtng the condit ons thar €ncouraqe is
q,owih Ths means sealing |re imbers and keapng rhem dry, or ntroduc.o chemical
runq cdes The best way to enslre maximum servce ile is Jor al tmber ro be pressure

o i  rhe  ava iab€ commerc6 pm.esses ,  io r  exrmpe,  usns  c reosote ,
ch orophene in petroeum ol or Copperchrome Arsenat€

(CCAIcompounds.  Penera t  on  o l  rhe  preserva ive  n to th€ imber  w i l  vary ,  depend ing  on
the  speces  a .d  o t  the  tmber ,  bu t  shoutd  be  checked aga ins t  the

rt !ressu,e treaiment is !navaitabe dr impradicabte, rhen tmbers can be brushed or
sprayed w'lrr cre0sor. aihouqh this isa much ess efJeciive rrearment. c'€osoie wit aso
have to be appl€d to al cul surf6ces or previousy treaied rmbers for exampte, at
notcn,ng, rebares, seat nqs an b€ appred, preJerab y when
lfre rmber is as drv as possibe and ihe creosote permred ro dry olt berween coats.

te  fo r  o i  s re  aDp ica t  o .s  s  rhe  use  o l  one o ,  rhe  coppet
nap l f ra  a re  1CN)compou.ds  now avs  lsbe  These can be  apDl  ed  n  e rhera  tqL  d  o r  p6sre

20-5.3 Termites

Presslre imp/eqn ioi treaimenis aso hetp to proreci tmber rrom termiie atrack, butihe
besi protecron 's 10 prevenr rhe r€rm res rea.h.q ihe lmber Th s s dofe by prov'dinq
a rotic so bar er 6r the abu@enrs and arolnd prles not srind nq r. warer

oi sar!,atins rhe soi berrind the abutments wrth a chemical
'nsec icde lo ra  min imum wid th  o t  200mm ro  a  d€pth  o f  1m.  any  qravetsur lac ing  on  the
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deck sholld be smiarlyreated. Chtorinated hydrocadons a,e the pr€toired insecicdes,
dllred and appliod as speciiied.

20.5.4 Ma.ine Borers
'rhe'e s qreal dan9er ro tmber bridce pies in tidatwar€rs in lndonesa from arack bv a
vare iyo lma ne bo ,ers  such as  Tofedo.  Some nmbers  are  more  ress tan t to  a i tackrhan
oih€fs (or ercmple b€ 3n from Ka m6ntan), blt ths onty meirods ro ofter retiabe

9e pr€ssure impreq.aion wrh bolh CCA and creosote or
by compretely s€aling the rimber aOa nsi bor€r 6ttack

The reqlted method of prorect on shoud be detaLled on rhe Orasrngs.

The €nqth oi ple which has to b€ protected ext€nds lrom betow the hud tin€ to abov€
lrigh waler d6r(. It usino tr€ared ples, care must b€ taken rhat the timber in ihis reaion
is nor cLt or damased. rl rhe pies are to be physicaty prorecred then rhe prorection must
be conrinuoLs over ihs lenolrr and shoud rlow tor any a.tc pated s.ourins or rh€ river
bed. The !sua methods of phys car protection are either pipe seeves ol concr€i€, tbre
.en lo rc€d cement ,  l ib .ogass  I  red  wth  sand or  p ropr ie ta ry  wrapp ins  rapes  and
hembranes. Protecrive j6.kets can a so be consrlctod by pLmpinq cement modar .to
ny on zipped slockings litled 1o rhe pi€s.

other chehicas meniioned above ca. be hazardous and D.oDer
precaut ofary measur€s must be iaken when handling and usjno them. This rnvoves the
use o f  barer . reams and fu l  p ro iec tve  c to rh .q .

An adddonarhazard wrh cCA r€ated t mber srhar when il s bu,nr I q ves ofi poiso.ous
tuh€so ia /se . ' .p€n ioxde.  l t s r roudrherero 'ebedsposedofbyburnnqony nrheopen

n en.losed spaces or ls€d as tu€ ior cookino Dlrooses.

20.6 CUTTING, SOUARING AND TRTMMING

20.6. ' l  Genercl

bar 1or incorporar on nto rhe r.rshed work, t shoutd be
cbe. ! .ed io r  s rze  and de lecrs .  rshoud ihenbeta ido ! tso i i canbec! t robes tadvantaoe

20.6.2 Round Timbers

Pies  norma ly  requt re  po  nr  n9  and shoe ing  o f ihe  toe  and erhe , ihe  head be inq  shaped ro
ac .ep i lne  p ,  ng  he  mer ,  o ra  haavys ieeranr isp t r  ns  band f i red .  The ma nco is iderar ion
s  to  ensu,e  tha t  l l re  roe  is  on  the  r le .€nre tne  o t  i re  p ie .  Thrs  rs .om. ty  esrabhshed
by strerch,ng a sr, nslne down rhe pte toh rhe cefrre ol rhe head and judgins the besi
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When round tihber sused torsr.gers, rhe m nimum searing d me.srons soec tied tor the
decking and corbels husr be obrained. Searng wdrhs shoutd b€ ked to a mnimlm
rrowever to retarn ma{mum srrefgth. srnqers shoutd be o.enrared sorhatilthey6re
ovals,raped, tlre major axs shoutd be ve^ica. Ths s shown in FiQLre 20.2 n addrio.
any sag s usuatrv aranged downwards ro g v€ marmum dep$ at midspan a rhough the
saa m6y aternatvely be 6tranged upwards to counter dead oad deflect ons. tt is aso
,mpo(anr  rha t  the  !op  sudace o l  a l  thesr r inqers inaspa.are in ihesamepan€sotha l
rhe  deckLns  w i lbe  lu l l v  suooof ted .

Figurc 20.2.Oientation ol Round Tinbel Stinge6

20.6.3 Sawn Timbers

sawn t'mbers can be either backsawn or quadersawi depe.djng on ihe posriof they ar€
cur  r iom rhe  lo !  as  sh lwf  n  F igure  20 .3  The ma 'n  d  t te rence ths  makesro  the  rmbers
's the distort on whch accompanies dry.o oLr. wood tends ro enh bh an nc,eas,ns rate
0r  shrnkage rhe  la (her  i t  ' s  l rom rhe  hean,  so  backsawn tmber  w i t  bow in  one pane,

€reas  qua i te rsawn w i tbow n  bo l f r  p tanes , lF iqur€  20  4  ) .

I

* " * * * . * * ^ \
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Fisue 2O.3 - stwn Tinbet Saction

The r€su ts  o t  th is  a re  mo{  mpof tan t  especa ly lo rdeck inq  r imbers  wh ich  are  d i f l i c l l t to
hold dow. t,m yLnder$e€tfects otnalricand are more lableto dere oration lrom thetr
qrealer erposLre 1o ihe w€aiher. For these casons, d6ck nq s nornaly specified to be
backsawn and s then a  d  sapwood up.  Th is  i s  b€cause t i s  eas ter  to  pu  tdown cded up
€nds rarher ihdn 6 bowed.enre. t is a so means thar the more dlrab e t mber Ghe rrue
wood c o5er to the hea(l s in contacr w(h oth€f tmb€r. allsaw. t mber js L6id sbpwood
!p where poss ble ro enhan.e dLrabirry and mak€ disrooon

Figurc 20 4 . Saan rtnbe' aowns
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o 20.7 TIMBER CONNECTIONS AND SPLICES

. linDe' b' dge rorstrJ!!o- o

Sp kes are us€d prnc pally for txng ira.sverse decking drectlv to srfin€ers. Th€ foma
size is 225 mm onO by 10 mm diamer€r. Thay musi be inserted i. prebored hotes 3 frm
d amorerr0 oreveft sprtrLng. The holes sho!d be bored 6tan anqie ro prevent rhe s, [es

o

Bolts should be or mid sree and prelerably Ad v6nsed, as black bors tend ro cotrode in
g.een wood wrh the consequ€nt possibi ty ol spiiinq lfre thber. I bors are nol
sava.rsed, they sholld be cleafed and reared w th a Drorectlve coating immedare y on
de ivery .  Fed ead p lmer ,  hor  Inseed o i  o r  ta r  may be  !sed .

aolisshould be order€d with suflicienr rhread to atow for varat on in rhe t mbers and atso
to  p€mt  i l tu re  lgh tenrnq as  rhe  rmbers  d ry  ou t  and shr .k .  Eo ts  may be  sq la re  o r
hexagona ly  hgaded.  Ahehat ive iy ,  round h6ad 6nd squarod sha.k  bo is  may be  used to r
cD@te'snktDg. Arte/ ritur trsbrenjn!, rhe e.ds oi rha bolt should be cur oii ctose ro the
ilt and the cut slrlace painred over where boh h€ads ar€ r€cessed nto timbe., the
,ecess srroud be oacked w'fi a birum nous sand mtxture to prev€ni enry ot water whch

Ihe use of splices . oad bearnq m€mbersshould be avoid€d wherav€r poss bte be.ause
ol ihe raduced sfiengrh caused by the sDlLce, bur in some cases such as tona pies and
ha tcaps lcdpwa es), thev mav be unavoidable.

The formaltyoes ol sprice used in t mber pi€s are shown in Fiqqr€ 20.5. The choice ot
sprca  depends on  whethe ,  d , !  n9  is  to  cont . !e  a i te r  sp l rc in9  a .d  ihe  type  o l  oad ing  on
thep i€ ,  e .  pure ly  ax ia i  o ,  ax  a  pusmomenr .  l J rhere  s  do !br  about the  round ins  teve  o t
ihep les ,  t  sawaysp 'e le rabe, i f  p racr icabe, ioorderov€ '  len
on spLc  n0  because o t  l r re  assoc ia ted  hqh cos ts  3nd deays .

20.4

20.8.1

TIMBER PILES

Tf rbe ,  p i les  a re  p repared io r  d rv iq  asdescrbed .  Secr ion  20  6 .2  a .d  by  mark .9  the
angrh al on€ mere nr€ryaLs of the Dres

Arter drivinq, on€ permanenr mark.q should b€.!t, ocared abole ground or war€r evel
ed, 1o r.d'.are iha re^qth oi if. p . nom the 1oe.

20.8.2 Handl inq and Pi lch ing

T mbe.  p i les  shoud b€  handted  a fd  D iched as  descr ibed rn  Sec t  on  14
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Fisu,e 24,5 Splices in fihbel Piles

20.8.3 Or iv ing

Dnv inq  or imber  p  esshoud comme.ceLs  ng  rqh t  b lows o l  the  hahmer  un t l the  p i le  has
penetared suffic,ent y inro the srolnd ro ensu,e rhat 1 's oroceedi.q 'n lfre .otect
dre . t  on .  E  ows shou ld  the .  be ,ncreased gradua ry  u . t  r rha  sDec I 'ad  16 le  o t  penetanon
s acheved.  a i  no  t  me shou ld  rh€  f tens ty  o l  dnv inq  be  ln . reased I  i  an  endeavor  to
reach rhe  specJ ied  toe  leve l l  io  s !ch  a .  ex ten t  as  to  cause dahase the  p ie .  Un less
.s tuc i€d  o therw se ,  d , !  ng  shoud ba  cdn lnuous ln l l  the  r
specJ  ed  toe  e !e l ,  o r thespecJ ied  pehenar ion  per  b low a i lu l im l r3c t  h .s  been ach ieved

As drivi'rq proceeds, the ropes holdins rhe pile . posr o. musr be progressivey lower€d
to  avo  d  lou l ins ,  and ur tmate ly  removed.  shoudtheperendtov€aro t rcoLrse , the
tw t.hes may be used to coiiect trs posrion to a limited ertanr, bu1'l the p'la veers oll
course to a mar(€d exrent r should be core.ted if oossb€ w rhod damaae to tlre ple.
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f rhs cannor be dofe, it shoud be withdrawn possibe and r€ driven near its cor/ect
pos ton u^less insrlcted orherwse.

Rock of other obsructions can be shatrered in situ bye4tosive.
don€ successively in nor essthan ihree exposons per pte. The
fned at a depth 0.5 m€nes be ow rhe rock surface and ihe tina
depth o.5 metes greater than th€ €ve ol rhe pi e toe as snown

The shattering should be
tusr light shot sho!d be
shoi should be tued ar a

D!.inq progress ol rhe pte driv.9, measurements ot peneration

Rete, also to sect on 1/r tor luither deiaits on dr v nq pies.

20.8.4 Cuttinq Off

On compei on ol d'v.q, the su'prls rengrh ot pie should be cut ofi at th€ specifigdtevel
shown on rhe  Drawincs ,  and the  cu t  sudace tea ted  immedarey  w i lh  peroeum j€ ty
(app 'ed  l ro l )1o  preven l  sp l r  nq

24.9 TIMBER SUBSTRUCTURE WORKS

20.9.1 General

Subsructure raters 1o rhat port on ol ths stiLcture trom the I rm tdlndanon base uo to
beannq eve ot 9 rders, 6nd nctudes loorings, cotumns, headsrocks otc.

20.9.2 Scadins of  p i les

where scarling or'c!til.g in' s necessary ro join rmbe,s iogerher, r sho!d b€ do.e .
6cco'd6nce wtrhrh€diaqrams shown n Figure 20 6. A t mbef su.faces in .onract shoutd
oe t€acd wnh a wood prGsvinq compolnd betore being tin6 y bohed roqether

20.9.3 Caps,  Wal ings and 86cins

The t lesshou ld  be  marked o j l6 t thecor iecr  e le rsshown on rhe  Draw nqs ,  surpus  ength
cul o1l, lhe sholders cu1 to rece've rhe caps and rhe

qs ro receve ihe braces.

Note: Ihe distances shawn an the Drcwingsbet||een the i'nettaces.t caps tand beces)
at ptes a'e nt.ihuh d)henstans, and, in the case ot ave'size pites, cate shaujd be taken

y in an eftan ta rcduce the distances between faces al
caps tand blaces) to these hintnun dinensrars. h 's bettet ptacrce to cut away onty
enough tnbet ra ptovtd,. a fult beating lat the capsand an even serie. of facesac'oss the

The  caos  and  b ,aces  shoud  be  cu110  tha  co i i e . t  eno th  a .d  then  p l . ced  ' n  pos t  o .  and
b0 ted, care ben9 raken to reat surfaces in conracr wnh wood preserving compoufd.
Holes tor bors shourd be dr red aller the caps and braces hav€ beentemporarity camp€d
. post on. and speca arenr on gvan to ensure rhat holes a.€ slored whe€ specited.

209
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Figu.e 20 6 - Sc..l;ng ot Pit6

20.9.4 Corbels

Corbessho! ld  be  cu t  to  enqth ,  corners t r inmed,  and sLr facesdr€ssed 'n  accordance w th
the Draw nqs before be iq paced i pos,t on on lhe capwaes or headstocks, surt'6ces i
co . lac t  benq neated  wth  wood p ,ese ,v i .q  compound.  Ho€ssho l ld thenbedr i led ,and
ihe bohs rrted and riqhlened uP

20.9.5 Sheet inq

where sheetfs behind plles at abltme.ts or wingwals s to be li ed, the backs of piles
should b€ tlmmed io a lat surlace and neated wirh wood prese,vnq compound beiore
sheer ing  is  paced.  Ony the  mnimLm amount  o ,  tmber  n€cessary  to  ensure  an  even
beaano surlace lor the sheet nq should be cut Irom the pies.

where  bo l ts  a ,e  requned i !  connect  imbe,s  whch may va ,y  n  th .kness ,  lo r  qampre
capwales ,  b races ,  corb€  s ,  e rc  ,  the length  o i  bo i t  req ! ,ed  m!
th reads  c ! t  to r  a  su f t io ie . t  €ngth  aLonq thebot roenab le  the  nur  ro  be  l  qh ien€d lu  l v  wth
due allowanc€ beinq nade lor re tlghlenin!:r aiter shrinkase o
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o 20.10 TIMBERSUPEFSTRUCTURE

20.10.1 c€neral

superstudure work rele.s to that porton oj the struciure iioh rhe bearnq bases
merhods of erecto. oi supersrucrures wil depend on the totow'.g

l ' )  th ! .a tL re  o l the  c ross ,ng  lb idoe.ver  road or  ra i ,  b ld9€ over  normat ty
shalow water, brdge ov€r deep waier etc.);

li) the weghrs ol individuai menbers to be moved;

1ii) th€ maxmum lenSrhs ol hehbers and wherher ihese are compet€ in
themse lves  o ,  requne sp lc .g :

liv) th€ ha.d ing equipment avaiabre ro' rhe work

20. '10.2 Gnders

G rders should be cur ro le.qth ro lii the aciuatspacas beiweer pers and/or ablime.is,
thetr cornerst mmed and suriaces d,ess€d n accordance wiih the Drawings b€tor€ being
placed in posrion on the corbers. Sldaces n contact shold bs reated wirh wood
presetu n0 compound Hoes shoud ihe. be dr led rhrouqh Anders and corbats and botrs

20. '10.3 Cross Gnders or  Cross Seams

cr.ss qnders 10. cross beams) shoLld be cut to enqth in accordance with rhe D.awings,
f rhe Otders, plac€d n posit on, .lr | €d and bohed in pLace.

Al sLnaces n contaci should be reated wth wood preservino compound

20.10.4 Deckiog

De.k inq  shou d  be  cu t  to  renq lh  and I  red  naccofda fcewi th lheDraw iqs ,  ends  oJ  p lanks
be 'nq  'e teared  w, th  wood preserv  no  compound.  PanGshoudbecramped ishr ,ho les
dr i  ed  and bors  n red  ar le r  ihE de . t  ' s  r .  pos i ton  and f l t ied ,  ihe  whoe o f  the  deck
sudace may be teated wnh b ved p.esetuanve. Jo nts rn
the deck nq sho!ld be siaqgered across the b' dqe

20.1O-5  Kerbs

Kerbs should be c!t to ensrh in accorda.ce w:rh rh€ Drawinqs and titled n posiion, ihe
deckinl] be nq timmed 't necessary to provde a near rr Anv tmber teshlv exposed as
a resLlt oi rrmm'no hlst rereai€d wth wood preserlins codooLnd. Kerbs should be
dr l led  in  pds t ion  and bo i ted  !p
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20.10.7 Erection l,lethods and Equipment

Timber g rde.s a.d sma ler componenrs may be Llted 6i the cenre or ar both e.ds, us n0
hob le  c ranes ,9 f  poes  wth  wnch accessores ,  f l v ing  lox  eq l ipme. t ,  € tc .  wre  rope
slngs may be us€d lor hano nq the q rders from the hook olrhe liir,ng planr. Tmb€rmay
be d,assed or wnched ro th€ lifring point provid€d car6 is ta[€n noi to damaoe rhe
timhed faces. Maxmum weqhts I ilmber superstucrlres wi not uslally €x.eed 2

20. '10.8 Concrete Deck

20.10.6 l ronwork

Bolts, nuts 6nd w.shers shoud b6 troated as described n Secion 20.7 of this Manu6 .

f o  { ddd (Ls ,  o -ob4  o . t ! . ( Leo  d  ! o ,oan !e ( rnSec ro ,  5o l r h  v "  La l

20.10 .9  HandEi l ing

Tlre lierbs and hand'ail.g are portions ot 6 bridge which are seen by th€ sefe'alpublc.
1 s$eretore ess€nila rhai the h6nd16iinq be erected ro a good ine and levelihroughout
the Ju ength ol th€ bridae belore b€ ng linaly txod

The posrs lor rimbe, handrallno are adached by boftnq 1o rhe outer q rders and kerbs
Notcf nq ot rhe outer gtrders to r€ceve rhe posrs shoud be
handra i.q when I'na y bored s tue to ine a.d level aoh,.q h.€s rhrodgh rhe posts,
wth  ihe  except  on  o l  the  owesthoe,shou ld  bes lo tedr
10 be made Jor rhe shr.kaqe or lhe snde,s, de.k a.d kerbs.
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a 21.1 GENERAL

21. TEMPORARY BRIDGING

TYPES OF PANEL BRIDGING

o

There are a number ot dft€r€nr types ol brd9.g used

D does  *e .  o 'de  b ldgas  oga< ' i rdd .  o  ood aaD Dcnetordqes .o .
rhe  aa iey ,  Mabey or  T .anspsne l type) .

This S6crlon cove,s panetiype iemporary bidQes.

Panelb. dqes are sma L poitabte, pr€fabricated bridges suitab e tor r6p d afd eas!assemb y
and rnstalation by hand and lght crane. They are espec,aty lsetu when reaured t.
replac€ bridOes damag€d by tire, t ood, accdent, cotsion, tmber decav erc. Temoorarv
b 'd9 '9  i<  6 l (0  u>eo ro  p ,ouoe ro  d .d . io .

Dei€is ot pats ed comporents and th€ t6djno capacily to, known types ot b.tdges and
rhetr conrqLr6lon.re provded I the r€spectve manutactu

2l .2
- rheorg ina  typeo lDa.6 lb r idAew6s ihe  Ba iey  typ€  deve oped in the  rg4O,s fo fmt i ta rv
use. Th€ tollowins typ€s ot paie bridse ar€ in use in Inoones'ar

More  de ta i l s  abo l t  Mabev,compact  2oo,  and Transpane,b ldg .g  a re  conta ined in the
& dse consr!crion Techniaes Manual

2l .3 DESCRIPTION OF PANEL BBIOGTNG

A lhe above types or pa.et br dqe have the $me des 9n ph osophy The paie s torm a
s,mp€ throLqh{ype br'd96 wilh the roadway catried between rwo
ordqc .  T1d  rs '  g rdq<a . .o  oo . "o  o  d  

" " . "  
p , ,  . . , " . " . . " ,

rom abutn€nt ro abltment.

The gtder units may be sracked two or rhr€e hch and/or addittona chord re ntorcemenr
may be added lo, ncreased span and oad carivino .apactry (Nole rtrar Tr6nsp6ne
bridginO is nol abre ro be sracked ii rh s mann€rr.
-rhe han gndors are connecied and spaced apa{ by road bearers ca ed ransoms whch
a/soca(ythe subs diary sree work suopo(,ns |re roadway Decking syst€ms ol ste€t ptate
or tmoer can be Lsed but nofmaly t mber is 6dopled for remporary consrucrion

21  I
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Pane bndging can.lso be used veiticaiy 1o 106 p€rs a.d rowers.

Th€ fi dge conliglral on isdescribed by r€t€rence to the number ol trussuntrs o. rows and
sroreys or evels These may range lrom sinole truss/s ngle stor€y to ifiple/tuss niple
storey. Then desqnation io ows this lorm with rh€ tirsr tett€r reter nq ro rhe nunber of
panels side by side and the second letter r€t€r.9 to the number of sro@ys. Astrucrure
o fs in !1 .  pane lw id i r r  and s .A  e  s to rey  s  S  S , th ree  p6ne s  w ide  6nd one s to rey isJ .S .  a fd

l. some nstances, the chords ofrhe panels are strengthe.ed by rhe borrinq of reinlorcino
channel sect o.s ro fie chord a.d in rhese nstances rh€ erer 'F' is added to th€ uslal
des isnaton  to  nd 'ca te  the  lse  oJ  chord  DS.F.  i s  do lbe  s ins le
reinhrced. Relnloicemem is lsallv an alrern6nve ro tne use ol af addir onar storey but
is somotmes lsed n conjuncion wrh mulipre stofeys. some svstems (ior exampr€
Mabey) arow rhe use oJ reguar or heavy reinlofc€ment to the chords

The b,idge may be dessned to be contnuols ov* a sLppori or simply sLppo(ed. rl ir s
a muli pre spa. s mp y suppoited bridge tr is ofren releiied 1d 6s bernq a broken-span

Pa.elszes !3ry wiih the typd of bridge The o qinat Baitey bridqe panets were 3 043 m
o.o  and  I  443  m deep .  TheMabevComoacr toooa .e lsa re305m:1 .45m, rhe
Compact  200 are  3 .o5  m x  2 . r  3  m and the  Mabey rJn  v€rsa  are  4 .5  m x  2 .36  m.  The
Translield Transpanel b, dgin! p6ne s 6re 5 000 m x 2 210 m (smattchord re nfoJcinq) or
2 .390 f r  l ra rqe  chord  re . ro rc inq) .

The d  s rance be iwe€n opposte  t r l ss€s  can varv  berween 3 .75  and I1 .75  f re t res
dapendinq on ihe type 6nd conlsuration. Some sysrems have lootways whcrr aracrr ro
the ourside ol the badqe

ln  ganera l ihe  sys tems above are  ncomparbe w i lh  each o the '  cohponen is  l rom ore
tvpe ol paie brdge cannot be used inr€rchanqeaby wth.ohponents fiom o|rer rypes

f : o  d  ) l  ! ' o ^ \ . \ p  o  ooa "a r .  o  d - , p  a  aa ' e ,  o , ' oqe

FiquIe 21.2 shows rhe various span conf q!rarions oJ Ba ley br dqe Note rhat ihe exaci
.onJisu,a!on and nam'.q pate,n maydilte, berw€enihe va, ous p,opl eiary types ol paneSALI
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Figu.e 21. t . Conponents ol a Baley adse

2l .4 SEIECTION OF CONFIGURATION

Ca,eJ! considerat on of the conts!rarion req!ired rnust ue n

Ful dela s ol var ols co.fau n eacrr ma.utactu'els manlat but r is
essentialtlrat the iolowing dspeds of perlormance be considored:

sneat, part.ular y w th iie use of fiusses to supDorl exst.q brldqe

r reqLency  a id  in rensry  o r  ta r r i c
sra.dalls tor oad .eq!tremenrs

resuar  m6Lnrena.ce  and in  se
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Figu.e 21 2. span ConhsnBnns

o

SUPERVISION

The Supe,v is fg  EnOi .eer 's  ,espons ib i l r ias  ncLde the  Io lowing  aspec ts  o l  pa .e l  &dgs

ensurino trrat rhe sri!crure s b!ir co(ect y accord,nq to the Erecr'on

checkinq ol d mefs ons and levels
.on l rm  ns  rha t  i he  b .dge  span  and  raLn .h  i g  de thod  a ,e  su ted  to  the

ensu ,  n9  tha r  t he  aunchns  i s  exec l i ed  co (edy
ensu, ns that rha jact is s catred oli safely
nsDec i i nq  i he  f i nshed  b rdqe  I
cotrecrry tiried a.d rohren€d beldre perhrtns ratr,c ro c,oss.

SALI
NAN



CONSTRUCTION

21.6.1 General

a

P6nel bridging ls desilned to be assembed !s.g onty simDt€ roos and eqlrpmenl. a
toorkr containing jack(sJ, spanne's etc. ohe. a.compa.ies I

The norma method o l  € rec t  nO panetbrdqes  Ls to  bu  d  rhe  brLdqe cohpere  on  ro  e rs  on
o.e side ol the sap wth a lalnchinq nose {made rrom standlrd codpon€nts) attached to
the rronl end or ihe bidqe. The bridqe ts rhen roted roMard over lhe cap lni rhe point
or baran.e or ihe bridge lwih taunchi.q nose) is r€ached. The nose wI then be over ihe
and nq rolers on ihe far sde ol the qap. when the nose has been towered onlo the
and ng rollers, the who e bndge is plsried lorward unii the ehds olthe bl dqe are ove,the
prepared oaseprate posrons. The taunchnq nose can then be dsmantted 3nd rh€ b.d9€
jacked down onro the bearngs after remov.O rhe roters. The bridqe may be taunched in
trs compreted condilion wth tha deck . ptace or more usuaty the rimber deck is instated

Alterrhe bidge islacked down, ihe rampsare fitred at e6ch end ot th€ & dg€ to comp ere

The no,ha meihod oJ construct o. descr bed above is.or a ways the most approfiare.
Othe, merhods oi consructon cdn be used where suilabe hravy iiii.q eqlipme.r s

When pane bridql.q s used ro sLppo( bidqe spans under repan, spaca d€sg.s are
adop led  w i rh  o r  wthout  $ansohs and deck ing .

21.6.2 Si te Layout

depend  a rge  y  on  the  des iq i  o l  l he  b rdge ,  t he  s te  condr ions  and  rh€
re revanr  L€ves  on  bo th  sdes  o l  rhe  qao

Launch ns ,s  s imp ler  f rom rhe  h igher  ban l  ro  ihe  ower  bank  b .cause or  the  need to  bu ld
up,o le r  L€ves  on  ihe  lowet  s ids  Ona l ta rs te , rhemor€convenen isdecanbesetecred .

bac r  l r om theqap  fo rdd* " . ! eequa  ro 'h .  eno rhAn area  15  met ieswideand e : tendrns
oJ rh.lonAest spa. s requ red

Assembry ot th€ bridse musl be catr ed
lor ihe iype or bridqe be ns consructed
f r iq  d t  a r  pns  and  cncrps

The add t on ot seco.d o, rhnd rlsses and/o, sroreys may be c6tr.d olt ar rhe rime ol
at€, nme, even alie, rhe bridge is n op.rat o. Th€ w€Lshi of

pa .e  s  added p , io r  to  6unch ina  hay  requre  the  use  o l  more  aunch ns  ro rers .

o ! t  as  de ta ied  n rheapprop ra te  E rec r io i  Manua
Spec 'aLa ren i  on  shourd  be  q ' v
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21.7

Jack 'nq  is  commenced by  i l i l ng  the  b ,dge cear  o l  the  rock inq  ro le ,s  whch aE rhen
wtrhdrawn The b'ldqe is rh€n g.adualLv t.wei€d ont! rhe beaings, care bein0 r6ken ro
ensLre lrrai it is caiiied o!t ev€ny. ofrv the proper bearnqsshourd be us€d ro suppot the

21.6.6 Ramps

' . "  b . a 9 .  1  t  
"  

o  .  o .  - o , d , r r  o  5  n d r  4  d o o  . . F  q . o  1  d  o . d
,ampfg  w lbe .ecessary  A  mar imLh sop€ o l  I  rn  10  .an  be  adopted  bu t  a  leve l
approa.h  dr  a  maxmum s lope o i  I  r .  20  s  p re ,e rabe

The length oJ rhe ralnch'no nose must be der€mned to ensure rhar, with the bridge
compele and lh€.ose ciear ofrhe landing folers, the weighr oi the bidge and nos€ ov6r
$e qap w i lbe  ba lanced bV the  weghr  o t  rhe  br idge on  ths ,home,  s  de  o i  the  ta lnch inq
rollers. Generallythe enqth ol nose iseq!allo hallrhe span tength ptus on€ pane tenqlh

21.6.4 Launching

Mechanicalaidsio iaunchinA wi/onry b€ necessary where the talnch nq p ane has a sreep
The bridge s pushed or plled foNard car€fllly whie care is tak€n to

ensure thatrhe bidqe rema.s on the rolers, $e rolers do notjam or move and rhe nose
islocared over therard ng rollers. Long brdqes t€nd to wander olf tine easiy I p!shedand
theyshoud be pulled oui nto posiion. LaLnchnq coninu€s lnrilthe e.d posts or rherai
ol the & dgo are ceitfa on the b6sepate. a method shoutd be€mployed toensur€rhai
ure bldge wi not ov.tun its lnal posiron eg. by th€ use ol 6 tai rope anchor€d to a
sifono tree or connecred to a blldo:er.

n some instances, there w ll.ot be suflci€nt room to permt assemby ol the lLl span
le.qth 0rior ro er€crion. A co!nterweight system 6nd additionalconsrucron rollers may
ba needed !o p.o!id. rhe 3dd(i6€l barancing nomenr, alrhollh careisneeded in planning

2'1.6.5 Jacking Down

wh,lst the aunchnq nose is b€ing dsmanred, jacking down
bank. at no rime sholrd rh€ &dqe be supported on iacks al borh ends ll the bridqe is
on a s ope, i shourd be secured in posno. pr or io iacking. Th..umber and capacry ot
the Fcks req!ned may be calculated tom ihe wsiqhr of rhe brjdqe rt ls €ssentialrhar
pack ng with l mbers accompa.ies the jacking process ro m nimise rhe risk ol damale
shoud any  ra i ! r€  o l  the  jac (s  occur .

DISMANTLING

Dsm6ni inq  a .d  ,emova l  o l  Dane l rype brdqes  s  bas ica  ly  the  feverse  o l  rhe  procedLre
used ror assembly and launchi.O.
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o 22.1

22. COFFERDAMS

COFFERDAM CONSTRUCTION

A colredam is. tempordry wa I or sruciure ni€nded ro €xc !d€ waterl.om consructon
work (usuaLy lound6lons) lt mlsi iherelo.e be d€sjgned lof stabiiry und6. maximum
waler leve  cond l tons ,andshoudb€sateaqa ins iburs t ing ,s td ing ,a fdov€nunng,  snce
conerdams ara remporary srucrures, economyrs atso major consideration. The setecrion
ot rh€ type depends lpon the area ro be protecred, rhe depih of warer ro be catered 1of.
th6 possbiitv or ovonopping by foods, a.d rhe naore ot the maleriat in which rh€
co{ le rdam is  lounded (whtch  husr  be  feasonaby impervous) .  rn townq s t reams,  the
possiblity oI scourdu€ ro the reducnon of tho waterway by rhe cofierdam, and the eJtecr
or pressu,e o. the iace oJ the dam, mlsr nol be overtooked.

22.1,1 Steel  Sheet p i t ing

Stee she€t pil nq is a common m6reriat used for the consnud on ol colterdams. tt h6slhe
advantage o lo rear  s rength  and sabLeto  be  savaged re ta i i ve ty  eas iy  6 r  the  compte ton
of th€ work. Etcepr whe. rhe borom s ba,e rock, a singta waL oi sr€6tsheerptinq is
cenerrrry tbe most etfecflve .otbdan td dep.hs Englng tbm 5 ro 20 mer€s. E!6n bn
bare rock, ifrhe surl6ce ssolr 6.ouAh 1o perm r a minimum ot 3OO mm pe.araiian, steel
sheot nq may be used slcc€sstutY.

The,e have be€n many shapes of section d€vised ior sree sfreel.oi no and a[ are usuatv
I 'T  . r  I  " .  3  o1o aa . '  edqe

one advantaqe ol stee sheeiins is thal t mav be drven betow the bottom ot the
ercavat on to cui ofl water and ro feta. soJt and u.siabte mater 6. The deoth of cut.oit
shoud be at l€ast ha, the depth of warer act nq on rhe cone/dam.

A sLngle wal ol steel sheet nq is driven by means of a OUide trame. n water ot !p ro tO
metres deptrr, ths may Eke the to,m ot tmber p es with watngs boted nto position io
provLde alignm€nt 1or the sheerino. n deep warer, I s !sualro bLid a t16mework which
wil brace rhe piing after rh€ coiterdam s plhped our. h s essenta to (eeo thd sh€ers
veitcal, and this ls most essiy achieved by standing !p a long row ol sheets a.d driving
them down a  shon d is rance,  the  who€ row be n9  qradua y  d rven to  rhe  req lned deprh .

s to plac€ a verv heavv grease n the inrerloclinc clui.hes plor
ro assem0 y to preve.r rLstinq and make exira.ton easier.

22. '1.2 Concrete Sheet Pi t ing

Concrete sheer p es are precast membars coisrucred erher with or wthoLt a jonrna
sysiem (e0. tonoue and sroovel

The ponts  a re  o t ren  qas t  w1h a  bEvaL,  wr r ich  iends  to  wedAe eac t r  p ie  aAan$ the
prev oLsy.drven p e. The p les are ratat ve y butky and rhey dispta.e a re arive y 6r9e
voumeolso l .  Ths la rq€rdspacema. lo ls . l te .dsro  ic 'easerhe dr iv ina  res is rance.

Ay cleannq and qrolr.g the jo nts 6i1er drivi.!, a reasonabty warertohl se6 may be
ach ieved.  Groured wa ls  may need expans on  jon is  ins ra led  arons  lhe  wat .
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walings are .sr6red by ha.ginO $em irom rh€ gutd6 fiame

Aiowance should be made n dessn ror tha possibility ol stuts beinq d6maged bv the
digginA bucket. h s usla to s!ppor them wirh braces and oosts at reasonable intervas
In orde, to reduce rher !.suppoded €narh 6s corumns. They mlsr aso b. a.ranqed 1o
avod fou inq  rha  permanent  s t ruc tu re  as  much as  ooss ibe .

22.1.3 Braced Cofferdams

B.ac€d coilerdams are d€sOned solhar oads on each setot hoizonratwalinAs 6re eauar,
n order to srand.rdise the size oi mombers

22.t.4 Oikes

22.1.5 Susoended CofferdaDs

OLkes are embanknems o1 eaih 1i]l or iock till, and are desiQned 6s gravlty dams. Thev
are rhe simplesi lorm or collerdam but must be high enough ro avod a^y chanc€ ol
overtoppinq lness suilaby prorected. Ea(h is used . qliet water a.d rock in mor€
iurbuenr ocat o.s seal.g the atte' is ofr€n a ditcult lob, but may be achieved by
sandbagg ing  rhe facewi rh  c lay .  o  kesareusuar lyemployed fo r l im i tedper  ods ,  p6r tcuar ry
ro enab€ installBnoi ol a more perm6nent corre,dam behi.d rhem. sandbaq dikes are
!se fu lJorsmal lhe ,q f r ts , rhe ind ivdua lbaqsorcrayb€ ins la id .cours€saswthbr ickwork
a .d  the  9aps  berwee i  rhe  bags  packed wrh  c ray .  n  senera l ,  d ikes  shoud have a  top
widrh ol at east one m€tr6, with side s opes ot the order of 2:1 to 3,I lor earth fil, and
r .5 :1  t 'o . rock f l l .  P .o iec t  on  agans i  wave eroson is  essent ia lon  ear th  d ik€s .

Suspe.ded colf€.dams afe lsed when piles or casso.s have ro be capped below ow
warer ,  and the  depth  to  ihe  rve '  bed is  la rse .  a  wated iqhr  bor  s .o .s tuc ted ,  o€ .era ly
o l  t  mber ,  w t rh  su tab le  r ro les  in  the  l roor  ro  r t  over  the  ca  sson or  p te  heads.

22.2 DEWATEFING OF COFFERDAMS

Dewater nq of colle'dams must be catred olt w'ih great car. and attention. Assoonas
rhe c.ll.rdas is clo*d, ihe vater snould be p!'nped down in stages, with a.curale
observallons ol infow of wale, berw€ef plmp nq peiods sea nq ol bad eakaqes and
nsta la t  on  oJ  b ,ac f91as ,eqL,ed lcanproceed dur  ig  theses i6ses  co f le rdam pumpsare
us!ally ot |re ce.triluqai type wiih w de . earaices snce sand, sii and olhe, Joregn
mar te r  a re  qe .erary  c .n ta ,ned in  the  wate ,

After the inside oJ the.ofle,dam s dry, ir srroud be kept dry !ness a b ow n occ!.s as
a  resu l  o l  lhe  I  oor  benq to rced !p  by  warer  p ressure  J rom o ! rs ide  f ih is  occ ! .s ,  rhere
,s ob!'ousry nor enouqh cu.ort be ow the toe ot the sheet nq, and lu her di,vins io
a .hevea be(e 'sea 'nay  be  necessary .  the lou .da tonareamlsrbeobs€dedara l  tmes
io ,  sons  o f  weakness  wh ich  mav ead toa  brow n ,  a .d  person.e  shoud.o i  be  pemred
tos iay in thaarea, tdanser  ssuspe*ed At  rhe  t  rs r  s  g .  o l  severe  eakag.  o r  w€akon nq
or  the  bor iom,  ihe  a ,eashoud be l  ooded and s reps iaken to  ob ta  I  a  berer  sea l  onrock
loundat o.s, qroutng may be ellecive 'n b ock no l€aka9e throuAh lissLres. rfthis s not
possible, or t 6 correrdam cainor be dewaieied comp€re y, excavdt o. w I have to
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proc€ed !nderwarar ,ahd a  concre te  sea l tdes igned aqa ns t  uDt j t ) ins ta  €d  on  ihe  tn ished
boltom, ihls enablinO the cotlerdam ro be plmped dry so thar lLnher.onsrucr on work
may proce€d as planned.

Ovodoprin! olcollerdams shoutd beavoded Jpossibe. Ftood hazardsshoutd besound y
.vest0ated, and the herghr olthe cotferdam der€mned by judsemenr The economica
h€ gh t  i s  rhar  a t  wh ich  the  cosr  o f .dd i  onatprorecr ion  w i tbe  more  than rhe  cos i  o f  de  av
and dama96 due 10 overtopp n9 and flood'ng. t' a coJterdam ,s n danqer of ove(oppinq,
s imlarac tonmls tberak€naswt rhabtow norser io ls  eak6ce.  Water  shou d  be  pumo€d
ntorhework 'ngs topr€vemserousdamaqewhchmayr€su l i i romsudden jnsressota |9e

When the da.g€r has pass€d, rhe area may again be dewatered.

cene,ally, it is expecred rhal arter a colf€rdam s d€warered, work shoud proceed to rs
concLusio. nside as la$ as poss b€, with the nsde ot rhe coilerdan mainra nod as dry

o 22.3 REMOVAL OF COFFERDAMS

The desien ol a calfetdam musr rak€ rnro accounr fts rehovat aa conptenon ot rhe
There must not only be slfticienr cearan.e nsde the colterdam to

perm t ts removar wltholr damage to ihe .ompered permdne.t sriucrlre, blt 6so to
€nabe work  to  p roce€d wrh  reasonabe access  to  6 t  par ts  o l  the  snuc ture  durnq the
cons t lc t  o f  pe , iod .  Brac inq  oca l ions  mus l  be  care tu lychosen so thar rhe  bracesmavbe
removed w rhour  fou i^9 .

Sheer plLnq ls pulled wth e{racrors, care be.q taken nol ra damaq€ the sheeiina. The
g 'ea tesr  e l fo (  w i  be  requred a t the  s16r t  .  oosenng the  p i lnq  bo th  tom theOround and
trre nter ocks and dillic! t she€ts may be left unntfeiqrrbou fs ones have beenexracied.
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o
23. DESIGN OF TEMPORARY WORKS

GENERAL

Temporary works for bidge construct on include falsework, romwork, cotf€rdams a.d
shotng. Th€s€ works do not lorm pait ol the finsh€d stru*ure and they are uslaly
16 .  o led  p  io  ro  54  ro -prer  on  o '  Ld  p .  n3r . .  r  04  . .

This Secrion .overs onry laisework and t'ormwork. Section 22 describes ot coller dams
6nd sho,ing ot excavar ons

23.1

23.2 FALSEWORK

a

23.2.1 General

Fa sewof k is d€t ned as any iemporary suppon feq! t€d lor bl dse
must b€ desrgn€d to withsrand al the lorces fesuLting trom ure
addn,on6 loads that may be lmposed durng consirlct on.

Tha desrq .  shou ld  tako  . to  accounr rhemaqn i iude,  d rec t  dn  and
indlv dualy a.d colL€ctLvely.

cons t r !c ton .  Fa lsework
specif ed loads a.d a.y

duranon ol these rorces

The design ol al lalsewo/k members and connections slrould comp y wrh the relevant
Standards referefc€d . rhe Sp€cltcar on aid any st

Fasework m6mbers shoud b€ desrgned ro ihii del ecl ons to 1 /300 ol th€ span and ro
prevent crack'no ot proviously cast sect ons by slbsequeft casrs Dellections ot beahs
and d  mensona l .hanqes norhe.membersandconnec i ionsmustbehmi r€d to€nsure tha t

s wnhln the spec fied toLerances

23.2.2 Design Loads

r l c r ion ,  the  dss  qn  dead load nc ludes theweghto f fo rms,
la lsewor ( ,  we i  conc ,ere ,  re in rorc€ment  6 id  any  o ihar  embedded marera .  Themassor
wet  concre i€  nc  !d  nq  ren lo ,cemenr  shou ld  be  tak6nas 2700 k ioo ,ams percubc  mete

For seqnenra work, rhe desiqn dead road
anv o ther  add i t  ona ldead oads  whch may

s imia . ly ,  in  s tee  consnucton ,  la lsework  may
pe,manent q 'ders ot olfrer sle
re'nlorced concrele decks.

shouid i.c ude the mass dt the segments and
be appliad beJore rhe snuclur€ becomes sel.

be  reqLred to  remporar ly  suppor t
as  any  addtona dead oads  sLch as

2 l l
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These oads incLude the weioht oi workmen, ptant, equpment and runways, sracked
frat€raland an Lmoa{ artowanc. equ6l io 25 percem oJ ihe tor?r seighi ol mechahcaly

In  no  caseshoud the  des lgn  cons l rucron  oad be less than 2  kPa (0 .02  ko /cm: )  lp tusrhe
we'qhl ol stacked material) on rhe pan ar€a ot the tinished concrei€ or a slnqe isotared
load ol2.5kN appled at any polnl of the sriucture, whLchevef ts th€ more severe.

Horzonta loadinq inc udes wind loadrnq, horDonl6 impact oaninq equ6 to 25 percent oi
the lotal weight ol mechanicarry operared equipme.t, and atother horizontat toadinq
occutrrng d!nnq cofsrurt o..

n no case should the desrgn hoizo.la loadino n.ny dnecrio. be less than l.skN/m
app ed at the edse ol the deck, o. 2 percent ol rhe torat dead oad, whichever is rh€

rhe design w nd oad shoud be 2.5 kPa 10.025 kg/cmr) act.q on ihe exposed are6 01
lals€work,lormwork and 6ny object supoo(ed bv th€ ta's€w

23.2.3 Calcular ions and D6wings

Thedes isnca lcu la r ionsshoLdstarea ldes lqnassumptonsa.dshoud.c ludeananatys is
or the fo 'ces ,snesses ,s tab  i t y ,deJrecr ionsafdorhe.dnensonatch6nsesduero toad.g
n a memb€rs ol |re faseworli

The d,aw fgs sholrd bellly dera red inc ud ns a member sDes a.d nater a s, d me.s ons,
evels and erection procedures, b,acfo detairs, .on.ecr ons and louidarions.

Other desqn oads sholld include oads reslltinq tro6 speca co.dt'ons likely to occur
dur.q consrucion, the elJecl ol pfesressino, corsrucion stao.O 6nd removat of

Th€ faseworri shbltd be tury nspacted by ihe Supervsino Ensrneer before I s toaded to
e .sure  tha t  i t  comples  w th  the  desgn assumpr jons  and rh€  draw ngs .

23.2.4 Wacins

A arce nlmber ol Jarures that rrale oc.Ltred dung tdge consrlction have been
anrlbuted ro .adequate bracing or rals€work.

! d "d l c r -b rd  . omr roepo .deo  J  t o  q ' Ld r , cao  , o -
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o the ta lsawoikGst6b leandthars 'qn i f  can tho tuonra  movemenrsresur t inq t romrhe6ppted

23.2.5 Provision for Adjusrnetrt

The lals€work slrould have prdvison tor vedtca adjusrmem, to laci raie erect on and
stripoing of forms and lor reatiqnmeit it exc€ss'v6 sstiement rakes pace.

screw Jacks may be used at boih rhe iop and borom ol tLbutar stro€s and rian€ type
sho,ns The amount ot extens on of a screw ja.k nay redlce the load capacty of ihe
jack The manuiaclLrer's recommendations sho!Ld be ro, oweo

wedges may be  lsed  to  lackra tesd i l s rmanr  a r f ie lop  or  bo t loh  o t  shores  wedgesare
usua ly  made o l  hardwood and drven i  pans  ro  p rovde even bear .g .  wh6.  t ina i
adjustment ot shore e€varion s compere, wedses are na e! to rhe shore

J  a  heavy  oad s requred,  sLch as  when a  ta rge  sec t ion  o f
shoredsnucture  s tobe oweredor rasedasa!nr ,hydra !  corpneumatc jacksareof te .
usell ra ptovide adeauae contal ot Gtease.

For de-p,opp ng on y, sa.d jac[s can ower heavy toads and olter the advanraoe of ftte
deflect on under load and ttte dangef ol Ja ture durno plactnq and cLrina. Ttre rate of
ower ing  is  eas iy  connoted  by  rhe  re tease o l  sand nom rhe  F lLq  hoes  lsee  Fgure  23  1) .

Foundatio.s lor fa sework must be abe ro caryihe load w th
ihe la sework of relatve seremenr berwee. adJaceni s!pp!(s

Ind vdual footnqs and Oro!ps oJ roorings sho!Ld a so be desiqfed to sarisJy stabiity
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Foundaionslorfa seworkmustbe drainodwherever possibero preventpondinc olwater.
Wrrere natu6 dralnage ca.not be p.ovided, such as In ooen excavatons where the
loundarons can becomesat!rated, a towa.ceshoutd be made it appropriaie lor reducrio.
I des'qn bea' no cdpacty, chanqes n srab ity and increased ser€menr or heav€ ol rhe
roundaions. N€verther€ss, it is qood enoineerins sumps in open
etcavanons ro assrsr I dewatennq

Bear  na  sLdaces  o f loo t lnqsshoud behorDonta .  Foundat ionmaterassuchassot , t lo ,
ortrer m6lerials whch are soll and dompressible or which ma! be slbj€ci to eros on bv
water ,mustbe  femoved toe lposeas ! rab l6 foundar ion ,  Whe€ such na ie r ia ls  h6ve bee.

be  back . t l led  to  the  requred leve lby  compacred s rab i rsed
crLshed rock or equivareni.

Foot ngs suppo(ed d,ecny on the sround nearsurlac€ l€ve shou d bear on co.crete bases,
imber bed loss or oure, types ol approved mareriats.

23,2.7 Arrqnmenr o l  Members

Al lalsework m€mlrers must be siratght without twisrs or bends 6nd a damaOed
c0mpo.ents  shou ld  be  removed t rom rhe  s te .

vedca shor€s sho!rd be braced to prevenl titins. t. mur.ijer scafiods, rhe vertical
shores I the LpDer ref must be ser vedica rv, dtect v above the shores in ihe towe' ri€r

d  vedr .a  y  and wthout  e .cenr ic i i v

sp cas coupiinas aid jor.ts ii compo.enis mlsi be secured aqainsr be.d.g or buckting
a.d they musl be siagq€red with r.spe* ro oiher memuers

. . r  c d  o - b e l  r , . r  b e o J d . . o a q c r

23.2.8 P.opr ie lary F. lsework

Pfopr ie ta ,y  ma ierae  are  now used
.onstucnon. They have the advanrage

r rames are  dass .ed  fo r  a r  to rmwor I
caDacty  o l  up  ro .15kN pe, les  when used wnh heavy  d l i y  accessores  Th€ycafa tsobe
used in co.juncrion w th slandard tubes and litti.qs

whe,e  la lsewcrk  Lsreouned o !  e rwayor roadwaycearances
hale r0 be mainra ned dlrino .onsrlcrion, ong spa. fas.work has ro be used. Long

nc udes sree gnders or tames and russes ierther sre€ orrimber. Baley
b l0fq s a spe.'al torm oJ stee: rlss wh ch has be€n successtu ty used tor o.q spaf

Athouqh laiseworri rs otren suppored ott permaienr pans ot ihe seucrure slch as p€fs,
pr.r rooi.qs or be necessary io ered temporary suppo(ls) at
.temediate lo.arions for onq€f spans.

extensiveiy lor lalsework in concrete bridq€
o i  sare ly  smpl i . i l y  oJ  desLqn a
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For long spans, p.ec6mber ig ot the faLsework may be n€cessarylo overcom€ rhe€tfecrs

n presness€d, pr€castseQnentalconsruction, segments hayb€ ass€mbt€d o. tatsework.

o i r ' s  oJ , ,9  o r .s rasq i .c  ano o ,
€{o . r 'a tv  -  rdge o1  s 'asp  !o ,  s t r . . !o -

23.2.9

1s)

oDiaLn a copy of the rars€work layout drawings. Make slre rhar rh€ spacings
betw€en towers and the c'oss brace spac.q ol ire towers do not €xceed the
spac.gs shown on rh€ drawinqs. I varation is necessary becalse ot a liotd
r€qunement ,  consuk  wrh  the  Engneer  who prepared the  drawings  io r  hs
approva or lhe am€nded ayour.

lrames should be checked for aignmeni in borh dne.t o.s. The maimuum
toeranc€ ior a i6me which is olt of pLmb is 1 in 300. lhe trames €xceed

base should be adjusted lnti rhe irames are within th6

check thar there are no qaps n the venicatjonts or .onnectons 01 trames
Gaps nay indlcare jhar irames are djsrorted or bases our o, adjustmenr.

alllfamos must be conn€cred to ai easr one adjacenl rrame r
Check to h6ke sure rhat the rowers have a tthe cross brducs tr, pdcs.

Insp€ction Checklisr

i o /  a  check is r  to r  rhe  fna l  i spec t  on  o f  sca f lo td  rype ta tsework  s  as  Io  tows:

check to se€ rhatrhere ls a soufd footina, under every eq of every tram€ on rhs
lob afd rhat the loundal on s adeauate v drained

ch€ck that al base pares or adjusime.r screws are . ftm contact wrh the
lootnq o, s l. Al adjusrmenr screws shoud be s.ug aAanst ihe teqs of the

whie  check inq  the  c ross  braces ,  a  so  che.k rhe  Iock tnq  osvc
ihev  3re  .  ther  c  osed pos t  o .  o r  rha t  they  are  a  t tqhr .

SCAFFOLDING

23.3.1 Scaftoldels Responsibility

S.a i lod ig  sLsedtosuppor tme. ,  mater ia  s  and equ pment  l ca .besub jec t€d toheavy
oad n9 and ts sale desiqf, ere.tion and operaron s or pnmary,mpo^ance to job safery
and the qlalty ot workmanship.
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B€sponsibility of Scanolders

t s rhe respons bi ry olrhe scalloder ro ensLre thatat scaltotdins wort ts c6red our in
a saJe and ellicient manner accordinq to rhe reeva.t reAltations. n rhe absenc€ ot
approD.a te  regua lons ,  esrab ish€d cus toms and p 'ac t i ceshoLtd  be fo lowed.  Ara [ rmes
the I'rsl consideral on must be dnecled to rhe salery ot a tpersons usinq rhe scatfotdno
or In the su(ounding 6 of scattotding is to he us€d, i\ is
.ecessary tor approval to be soughi irom the Efgineer befor€ jt is erecled.

23.3.2 Use of Scaffolding

Th€ desi€not scafJoldrng sholld b€ canied out by an E.9.eer with a rhorough knowtedqe

The Supervsins Enainee. should rhat ihe to!.d6t on loornO or strlcrlre iiom whch a
scarrold s to be efe.ted or suspended is solid, substamiat 6nd ot sulfictenr strenoth ro

r rd  ba .d :  o .  . .anoc  ds .  .ao- to  be  ; r  o .
prnki.g ai le6st 200mfi wide 6nd 4omm thi.k. and ol sufiicient Lengrh ro disr,iblie ihe
ord ovar a sutable beaino 6rea. Whe,e qround may become solrened dle to wei
we6 l r re r ,su tab ledra  nagemus l  bep.ovded.  Asphat tpavementsmavbeso i ren€dbvhe6t ,
and sLdaces whch may appear sound may cover iraq e or broken pip€s. Wherc
ne.essary, protecl on a!a 'si the mpaci of heavyrucks or other heavymovina ecu pm€nl

Spacing of  Ve ica l  Members

For  tubL la r  sca t fo ld  ns ,  r  s6dv isabeto  se tou t theved ica  nembersa tcent ,es to  su i t the
re .s ths  or  the  p lank ' .q .  For  pankno 4  m n  r€ngrh  rhe  ve i t j cas  shoLtd  be  paced a t  2  m

Erecrion in Vicinity ol Etecrricity L'nes

a€lore erect.q afy scarfodinq adja.enr to or n the licintv or ee.rica wtr€s or
aDparat!s r s essenta to ens!fe that s!rabte proiecrion s pr.vded for ehployees. Al

reare  a  dangerous  co .d  t ion  shoud be  de .e fe rgsed,  sho, i
c r r ! red  a id  ea^hed,  o r  re {o lcd .  sca j tod  iq  shoud no t  be  erec led  L . i  I  ihe  aDpropnate
Authorry has lreen co.tacred, a.d ihe hqh vottage wres have bee. made sate. postive
steps shoud be take. ro prevenr accidenra tv re-enersisjno the wnes when work s n
progress wher€ th€ de-en€rgisins ol overhead wnes s nor pracrcabe, the wres sho!d
be ru rV.ov€red by  rhe  app 'oEate  co f t io l ins  Author tv .  rhe l ro tecr ion  prov ided shou ld
sare9!aro emproyees a9arnsr c.nrscr w rh ive w res wfrich may lead to severe e ectrica
srrock I touched cafe mLst be taken nr wet and windy waarher .ond t ons

Scalfold pranking and p ywood sheernq sho!d atways b€ re.ured, r€gardiess ot' h€ighr
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s.

Anytree stand n9 scaflotd, whether ofimber_rubes !rirames, sbolld nol erc€ad,rhetghr
or ength more rhan rhree times rhe teast dime.s on or wio

w,a  , opd  qL r :  r o  o  \ . . f e
aacaoraga  A rLe ,  anv6 .  r ra  ba , "  c ,ed  o . rFd  . . o ,oo ,as
addiiiona b6ys or trahes propeny secured and braced sothat rh€ heiqhr does nor ercee;
three nmes the leasr dime.s on ot lhe exrended base

a l  a r .  o '  r . a lod ro .  t -o  to  o .  n ,d  9 . .  a . . o  bv  oopo
, re  r v  - ched  o  pp ,n rdd  ( ree  q re  ,op .<  o

aoequare dramerer mav be used tneead ol ste,"lsnxh

Mo 
"b  

o  , . "1o  ds  -Lsr  h"v .  r
oj tne vstic"ls, and cire mlsr be exe.cised when movirg

Maximum Free Sranding Height

Tie Bracing

HandEils and Toe Boards

each whe€ io provenr bendng
the scattord rhafthe wheers do
aso lre r red at the base ol rhe

o

Ha.dra  lsand ioeboardsshoLtd  be f i t ied  on  a [  scaJ to ]ds  t fom whcha person or  ob jec t  can
d  ad 'no- "o r l3 -  o ,  noe  -o  o .a t r r red  nd

marer6 l ,  o r  o l  sma ld imens ions  q  ve  a ,a lse  sense o f  secur ry  Ropes are  no t  acceprabe

Accidantsinvo v.9 t6dde,s shou d not occu/ il proper sar€ry ru esare
usla ry .vorve p€rsons ta ng when a ladder stps away ar iis base

Ar  adders ,  remporary  o r  pormanen i ,  sh .ud  be  t rm,y  Lco  a .d
molemenl Regu ar ch€cksshou d be ca( ed oLt to ensure oeiecr va

Laoders  must  no t  be  raked hore  than r  n4andshoudprorec tpasr rhe tandnqbyO.gm.

23.3.3 Types ol  Scaf fotd ins

o  o r o , I  I  p o , 1 o , d o e
p 0 e  s c a n o d s  a n d  c a h r l e v e r  s . a t ' r o d s

eavy dury, med,um and isrrt duty They are sLrtabte to,
(o  q  {  b_ ic t  d  oa ,  , , l 9 , ioA-  .  v "oLa .  o t9 t .o r , . .a . .ods'  

"  oa ' rnaq ' "
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Sree tube scaflodinq, because ol irs hgh sr€ngrh, sholtd be used lor ndepe.deni poe
scalloding o!.ept where spoca cncumsra.ces m6y @nder the use of mera inadvisabie.

A camiever scaflod may be used as a working patfom around the perimerer ol6 deck.
In may cas€s, the canti€ver bfackets are p.€fabricared from tmber and rhey sholld b€
fnmy attachsd bv bohs wirh lulthread contact on ihe nurs Screw connections inro
terules a.e .ol recomn€nd€d bec6use the.e is no clear method of nspectlnO the thr€ad

FOBMWOBK

23.4.1 ceneEl

Forhwork is des'gned and buli asa c!.fia nm€nt tor nesh concrete jn order to hould
the re'tuted slrape6nd d'mensions i has ro suppoft the we s
t hardens slli;c enrly ro become serl.suppoding and has to s

23.4.2 Typical  Form Assembl ies

ngenera , lo rmwork  cons  s ts  o l  shee i inq  toshape and re ta .  the  concrere  and suppor t  n9
membe^ to hod the sheetinq frm y . prac€ Dnect suppo( of the sheetins s pfovided
bymenb€rsca ledsr rds inve i l ca lo ,mworkand/b ls rsnhor izonra formwo,k lo ,s labs .
s tuds  are  Lsua y  s !ppoded by  c ross  members  ca led  wa les  (o r  wa ers )  andthe jos tsby
s t ,ge ls .  The waes or  s t  noersare  he ld  in  pace by  tens ion  members  such as t ie  rods  o ,
bolts, or compression members slch as shores or posrs. Ihe whore 6ssembry may be
braced by  s t ru rs ,  quys  or  .ab les  Typ ica  lo rmworkassembiesar€showninF isures23.3 ,

There are a nlmbd of pubicailons whch provid€ sltlicie.t refeEnce mrteial tor
des0n and constucnon ot tormwork, such as rhe follow.o

H! /d  M.  K .  Fo ,mwork  fo r  Concrere 'ACr-  SP 4  (Four th  Edt ion) ,  and

F6 .  o - ,  . . dbd  p i o .  . " r o . co . . , .E -o - ^o . l  ac  147 . / 8
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23.4.3 Desisn ot Formwork

Design Obj€ctives

St€ngth rhe forms shourd be desig.edso iharthey wtlr sdrs'y sLppo(
al loads withour co apse o, danger to the wofkmen or rne svLcrure.

R ig idhy . Io rms mls r  be  su t tcenry  aqd u .d€r  cons tucnon oaos  ro
ma'ntan ihe requtred shape and algnment. Formwork toterdnces a'e
senerarly rishr€r thaf rha tolerances speclied for lhe linshed concrere
dLe 1o ihe dellscrions calsed by eistic shortening ol b'aces,
ehbedhem ot matinq slrlaces and fl€xlre ol beams

Appe.bnce - the appearance, terrure and co our ol a concrere surlace
s a tuiction ol ihe quaLtv of rhe forms. fhe apDearance is determinell
by the deQree or ratfess, misaiqnmem and su ace roLg ,,ess

lrom smooth to rouqh and can be acc'd€nta or
,niendpd. colour may be unfon or varabe. where u.'rom cotour rs
requn€d, it is impe'atve rhai torms and joims are waredtohr and torms
ars olsullicidntand unifo.m stilf.essro avoid vary.9 amptitLdes durtnq
compact on caused by high l.€quency v brarton.

Darkareaswi l l io rm o .  rhe  concre te  s ! . lace  i f$e torm s  no t  water rgh t
or the form lining vares ii srilt'.ess

The use of prasrc sheeri.g as a Ln nO wi prelenr leaks but wit be
d i tcu t  io  s rp .  i s  use  shoud be  drscourased and r r re  conrac io r

speca ly  io r  deck  sab pours

Ecbnahy rn the buildinA cl lbrnwdk, rhe ,rD rs ,or mDrmD cosr
wxh lu t  sad tcng sa lqy  or  qua i t y .  Experence and ngenu i iy  in  the  use

have a a,se inllu€nce of cosi. Fornrs musr De
adequate ly  consr lc red  so  rhey  w l l  w  ths ta .d  handtnq  and re lse
wrtholr losing rheir shaoe

Loadings on Formwork

rorhwork has to w rhstaid ara

DeadLoads w€Sht ol fo.mwo,k, ,einlo,cement, emb€dded maieriats,

superhposed Laa.ls ' weqhr oI workmen,
arLowahce for lnpacl, and |re weiqhr or remporary oads caused bV

Late'at tuessurc of C.htete. w
poured. v brarion oi coicrete arso increases taterarpress!reri
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Other LateQl Laads' wi^d oads,lorceslfomcabtetensions, andtnctin€d
supports. These loads h6ve io be co.side@d manlv rn the desisn oi

' Sqeciat Loads

Fo/ the design ot to.mwork, lhe

.causod by 6ny speca cofditions ot construcnon.

d€nslty of normalreintoc€d concrere should berak€n as

(.) Loads on rb zontal Forms

For horDonta Iorms (es tor srabs), the loads on the torms are tisted abova.

The weoht ol the ,ormwofk irsell can be i6ken as 0.5 kpa. The minimum vatuo for
supei mposed oadsprovid ng ony lorrhe we ght of workm€n and an 6lowance fof mp6ct
s 2.0 kPa A loadino o13.6 kPa s recommended wh6. concrete is paced with Dowered
bugg les .  wher€marer ja tsare tobes tackedrehporar ivon the torms,  a lowancemLstbe
made lor the oadinq caused by such materiats

Loads on  ved ica lFo ,ns

For vert ca lorms su.h as Jor wa ts and co !m.s, rhe toad ts detd.mined by th€ tatera
pressure ol the fresh conc,ete which is, in rum, a tunctiof ot th€ amlrientlemperature,the
her9hr ol lhe iri, th€ rale of casring and rhe method ot compactio..

{il Lateral Pressure ol Fresh Conffste

Veficallorms a.e oaded by the lateralpressure ol rhe wet co.crete. The Jr€shty paced
like a flud, producfg a hydrostartc pressufe which acls

a tera lVonthevedc6r lo ,ms.  Th is ra ie ra  p ressure  scomparaberoafu t  t iqu idh6.dwhen
concrete s praced ro ire f!r heaft wirhrn the period req!irsd for rs initatset.

wrb s ower rates ol placrnq, con.rere arthe boitom ol rhe torm besins to harden 6nd the
ra terarpr€ssure  is r€du.ed  to  essrha f  fu l l l l Ld  p ressure  byrhe  t  me.oncre ie  s  compte ted
n the upper pa(s ol the form.

The ellectve areral p,essura .a mod led trydrosratc pressu'e . has been found to be
rnrLenc€d by the hass, rale or pracemenr and lemperalure ot the.oncrete m x, useof
t€r6rders and ihe ellecr of v braion or oiher conso dation meihods. How these facrors
eiled aiera pressufe wn be dtscussed briely berore consid€rt.g the hag.iiude of
p,essure ro be used n Jorm dessn The lactors aifec!ng late16rpressure of Jorms are l

Mrsso f  c r r . r€ te .  Thenassof  rhe .o . . re te t rasa  d  rec i in f lu€nces ince
in t  n  a  f lud  s  c reared by  rhe  mass  o f  a

sLpermposed f l !d .  Lqud thydros ta tc )  p ressu,e  is  ihe  sam.  n  a l l
dfe.r ons al q ven depih n a fl!d. ll co..rete acred as a ru€ q! d ihe

ncrease propor t iona l l v  w i th  deprh  in  th€  lq !d .
of so ds and war€f whose

ha i  o l  a  lqLd,  and then lo f  a  rm red  tme

Rate oj Placing. The average rate or r se ot rhe concrere in rh€ torm is
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ielercd to as the rare of pacins

> oq1o o laceo a-  6  q \e .  ponr
incfeases as concrere deprh above ihs poinr increases, Finaty, by
corsolidaljon, siiflening, or a comb.arion ol rhe two, t,re concrsG ar
lhs poinr rends to s!ppo( trselt, ̂o lonOer causing
the forms. The fare ol pl6cins has a prm.rv €tfect o. the ateral

pac ing ,  up  ro  a  lmr  eqLa l lo  the  lu l l l  u id  p ressure .

V,6/',br. The purpose oJ inrern!tvibrarion sio co.soliodre curcrsre
tr resLrs in increased renpora

!a-p-"t*" .r canc'ete ar 1l'e rme ot placino has 6n mpona.r
nrue.ce on p@ssues because t aflects the sering nm€ ot concrete.
ar ow temperalures,ihe concretetakestonger ro ser and rh€relore, tor
a q,v€n a rare ol casrinq, a 9rearerdepih wilbe ptac€d b€ror€ rne,ower

r d s d l | J . d e ' 4 o p b d ' " l J ' 5

S/,Dp. Trre hiqherrhe water c th€ tonger n witt6keto
ser and thererore hish slump co

Aer".d./s. The use oJ rera.ders in concrele hasthe etrecr ordetayng the
settnq time fierebV ncr€as nq interna pressure on the iormwork.

he 9overnin! fa.tors I rhe desiqn ol sr!ds,

Anoirer ractor n rhe desan oJ rimber me,nbers is rhe bear nq sresses sei up where
rher .  S !ch  ma 'nbers  m!s i  have su t rcenr  a r€a  fo r  b€ar .q

ro  p revenr  c r !shn9 o f  the  ! ra 'n  o t  the  tmbers .

lii) Lateral Prcssurc Design Values

Forms, ries and bracins shoutd be des'g.ed for maxmum tateiar pressur€ ot ptastic

The a te ,a lp ,essu,e  may be  € ten  asrhe  mnimum o i :

Pressure m rar on due to
wriera d s nor ro erceed

Pressure imital on due io
P= lpxRxK) /100  +

ar .h inq .  P  =  r5  +  3xR r  d /10  lkPar)

2l  r3
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P = marmun la rera tpressure  in  k topascas
R = rat€ of pacehenr n metres per holr
p = densily ol plasric cofcrete in kg per clbrc mere
d = th'ck.ess of concrcte n forms n mi imetes
h = height ot pour in menes
K = coracrion lacror lsee rabte 23.1)

Tahle 23.1 Conection FactolK lo. usei, tatnuta lcl tbave

An impacr a rowance ol4 x p x I0i kpa shou d be added ro rhe atera pressu.e c6lclL6ied
6bo!e lt sho!rd be applied ar 6t deprhs.

Concrere tempe.ature, degr€es C
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an epory @sin isa syntheric tiqLid resjn conrainng tha epoxide chemica groupinc, which
is changed to a sro.g, had sotid by ihe addirton ol a curfs

Epoxy resns are used as coatings, adhesives and lor a var€ry ot purpos€s In the
constucton, marntenance a.d repar ol co.crete sttucrlres.

They can b€ modified by the use ol l6xibi sers, ltLers and pqmems

24. EPOXY BESINS

24.1 GENERAL

24.2 PROPERTIES OF EPOXY RESTNS

Epoxy r€slnsCen€16 ryexhibn outsrandinA adhes ve, tens te and compressive srensthsand
h6ve high reslsrance to moisrure a.d olidarjon. Epoxy resins aso have hsh chemic.i
resistance, padlcular y 1o atka

Typ€s o l  epoxy  r€sns  are  as  to tows:

absorb  wator  wh€n u .c l red .esu l t .g  ln
These .esins are s!trable ror use . dry

absorb water n th€ lnclred stat€ and are
They are sLrabre lor use oi bolh dry 6nd

Hydroph i  c .  these read iLy
si9nitcant loss ot srrensih

Hydrophobc .  these do  nor
described as water io erant.

F lex ib l i sed  rhese can accommodare  sgn i f i can t  dsror !u , ,  suo , ,  rs
bend 'ng  o .6on9ar ion  n  rhe  cured  s ra te .

Heat Resistanr rhese resst hioh levets ol appted hear wilhoul toss oi
mecnan'ca prop€i'es. Most epoxy resi.s become cheesy and ose
trretr mechancal properes when heated ro rhen heai dsrodion
temp€ratlre. This is qenerary n the.anqe from gooc to laooc bur ca.

use on vertca o. overhead surla.es ar6 Lsua ty avaisble in allol lhese

24.3 APPLICATION OF EPOXY RESINS

Some 6pplications ol epoxy resins inc ude :

bondrng ot maleriaLs inc udnq meta s, concrete and neoplene rubber;

bond'nq or wer ro dry concrerej

'eod i '  _o  co- i  e (e  i  ,9  "oo ,

repar or c.acks in concrete by inJection 01 epoxy res ns.
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sp iclnq oi concreie ples:

provislon ol non.skid surfaces lsrng epoxy r€sin and sandl

prote.t on ol meralsurfaces agarnsl corosion with epoxy palnls.

24.4 USE OF EPOXY RESINS

9oms lacto,s ro be taken nio accolnt when sel€cting an epoxy.esin for a aiven

antc pared s€rvce conditions and oadincs, io detemne reqlned
' ' ' . . q r a  ' -  t d i  .  , r a l e d '  o  w r c r l - q  o I o  d  o  ' l "  b | .  " o o  )  ' o q .  ,

the condrion of sldaces to be coated, wh€lher wet or dry.

ih€ ambem and sldaco rampe.aeres.

c!inq rale and t me 6va lable lor applcatio..

24.4.2 Slttace Ptepaftrion

Th€ su .cass t 'L l l se  o l  epoxy ,es ins  s  depende i t  on  cor ied  su ' face  pr€paranon.  Ths
invovas  ihe ,emova o l  6  dus t ,  scae,  o i l ,  g reas€,  dn t  o r  any  orher  lo re iqn  maner
Dependins on ih€ lormL6i on, t may be necessary ro hav€ a drv slrface.

Conect sLrjace preparatioi dapends on the rature and composrio. ol marerials to be
bonded For most .oncrete and meral surtaces,6b,asive blasi cl€aninq s the preletred
merhod oi surface preparat on

Man!iaciurers recomhendaii.ns srrourd be
da ieras ,  pa , tcua , ly  p las tcs  and r !bbers

24.4.3 Mix Proport ions

wth manllactlrer's l.sruciions n o,der ro

Tr re  hx  propo{o .s  o l  ,es in  and ha ,dene '  specr l€d  by  the  manufa . tu ,e ,  to r  a  s 've f
produc t  a r€  desq.ed  ro  obrarn  a  cured  resn  w ih  padcu lar  p roper tes  Add ing  less  rhan
i rema.u fa . tu ,e ,  s .€com,nended quan l i t y  o i  hardener  o r  c r r  nq  aqenr  to  a  q  venepoxywi l
p roduceaowe,cross in tde .s tybe iwe.nepoxynoecues,h€ncebeter io lgh .essand
J lexbr t ry  bu t  poorer .hem'ca  res is tance and owe,  hear  dsror to f  tempera iu re  Add ing
do,e ihan the recommeided quantty ol fra,dener can srv€ ov€f cur6 with increased
bntteness I some cases but .creased sofiness I orh€rs nqen€ra, excessve hard€n€r

so!ght Jor rhe suria.e preparat on oJ other

res in  and harde^er  be  s t i c t l y ,n  accorda.ce
achieve ihe stated Droped'es toi any q'ven
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'o resuris rn poorer chemica ressrance and nre.ior prope(€s.

The rara ol cling ol €porv resins is .dependenr of th€ propodons
hardener. Thus rncreasinO the pfopo(ioi oJ hardefer w,r nor ncrease

24.4.4 Mixins

Complate mixing ol epory resn and hardener s necessarytor olrimum resutrs. Use oJ an
e€c.rc or ar plwa.ed paddle srtrer is recomnended.

24.4.5 Epoxy Mortars and Concr€tes

aaqresa ies  ro r  epoxy  monars6ndconcre tesmLs l  be  ovehdry  and w€ ! rdded ton . ih ise
vo'ds. The maxmun size ol aqaresare sholld not dceed 20% oJ the rhckness ot rhe
s€cnon lobe l l led  compacr  on  by  hand or  mechan ica  tampins isess€nt ia tb€dauseepoxy

ompa.r thems€ves and reqwe work ng inio posit on

24,4,6 S6aling Concrote Cracks

The recommended procedLre tor epory inlecijon or cracks s as fo ows l

contamjnanis a onq cra.k such as drt, arance a.d Orease

seaL aronq cracks between rippte tocario.s !sng epoxy paste.

6ltach n ppe 1o $ock at owesr teve and fjecr an €eoxy nayns row
vscosry  and the  req ! red  s re

atrach slbseqlenr nipptes and pump epoxv ar each sLccessive stock

lol ow nq inlection d alpo nrs and mtn mum cur nq ot I2 holrs, remove

,emove epoxy sealinq alofq cracks by grindinq or by sortefing bV t6me

FJex,bitsed epories are us.d where cracks are subjecr ro,novemenr

Cut fg  Vee 'Arooves  a  onq. racks  s  nor  recommended becaLse th is  ca f  resur
n the crackln ns with concrere powder whch te.ds ro nh br the penerration
o lepoxy .  rn  add t  on ,  rhe  cu t tnq  or  vee.s rooves  resu l ts  I  a  repatwh ich  is  ta r

s€nera ly more unsshfly rhan that prodlced by rhe
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(iii) N pple stocks can also be insratLed in ddled holes allng cracks €ther rhan by
atiachm€nt ro the concrete sudace bv m€ans of epoxy pasre. This is usualy
succ€ssful tof wde cracks but.a(ow cracks ca. be bockod bv conc€te
powder produced by the dritinq a.d ihe p€n€rarion oJ €poxv c6n be inhibrted
n a  s  mrar  way to  rhe  curn9  o f  vee  io in rs

K ts are 6vaiableconmefc a ly which inc ude a Inec€ssary apo:ies and njecl on
pon ts  to r  rhe  epo ty ,n jec r i o .  o l  co .c ro te  c racks .

One commercia ty avairabte iechnrqu€ ifvotves rh€ lsa of eq! pm€nt which
smploys two merering pumps ro deiiver epoxy rcsin and hard
or a rasr settng epoxy to a miinq head. Mxed epory rs i.iected drecnv nto
cracks ihrolqh a specia sasket.

24 4.7 Cuting

Reac lons  or  epory  res  ns  and ha .den€rs  a fe  exo ihem c  and yed.ons ider6be hear .

The srearer the loltrne of a qilef miied resin, the qreatar rhe butd up ot heat and rhe

ComDon€n1s o l  epoxy  r€sn  shoud be  s rored  a t  a  i€mperdrure  recommended bV rhe

compone. ts  shou ld  no i  be  [ep i lo r  more than one yeara .d  sho l td  be  checked b€ tore  use
Jo, signs ol gelinq or rhe epoxv @sin base and cysraLtisarion s srnace skrnntnq oj rhe
hardene.. For rhis reason, t is essentiat thar epory prodLcrs have a date or manutaciure
or a barch number lwhich can bo used iodetermjne a dale or manuiactlre) cteartyshown
oi rne packaq f9 or conia ner

STORAGE

24.6 SAFETY PRECAUTIONS

Personne hand rq  epoxy  res .s  sh !ud  be  ru lLy  ns i r !c red  o f  rha  porenta  hazards  or  rhe
lse of eo! pmenl, rhe need tor prorecr ve ctothing, washj.q

procedures and Partcular car€ mlst be ta[€n ro prevent eporv resins
comrng inro conrsct with exposrd skin.

Fume5 from epoxy res. hardeners are olten roxj. and often have an rirat.O odour
These materials musr ihere,ore fol be used in co.r.ed spaces whr.h m,qrrt s v€ rise ro a

unress  lo r .ed  venr ia lon  or  re
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24.7 PRODUCTINFORMATION

Suppli€rs should provde rhe tolow.g product intormati. r

. m'x'ng drections tor lhe base and hardener.

. surlaco preDaration requned lor vartous marera s

a I t6mperarures tor 6pprcation.

. pot or woikino times ar variols a. t€mperatures say berween 2O!C and

.  I 'me ro r  cur inq  ar  typ ica twork fg  temperarures .

. hn mum and maxjmum rempafatLres tor sate slorase

.  sheJ  t fe .
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25. DEMOLITION AND REMOVAL OF STRUCTURES

25,1 GENERAL

Plannng lo r thedemol i t ion  and remova o f6br idgerequnesconsdera tonof rh€ fo towng:

t  rv !€  o l  p6nt  6var tabe

. sze and weiqht ot rhe seciions into whch the strlcture s to be cut tor

whether rhe bldge is ov€r dry la.d or ovor

cosls or altenaiive merhods ol demoiio^.

complete extaction
I metr€, below groufd or stream bed leve

the constuction materia ol the brdg€.

oroceed . an o,de v and workmanlike mann€r. The method
adopted shoLd ensure thei the siandinq port on ol the snucture s stabl€ and securo ar
€achs laqe o ldemoLi t  on .  cons idera t ionmay l rave iobes iventorhe !s€o l remporary r€s ,
glys or stuts ro erm,nare pote.ta dangers.

25.2 EXPLOSIVES

ExpLGive are otten used n demoilon work, especiaty . underware' sitlario.s. Faclors
to be consdarod belore oroceedino wirh the I Lse nclud. .

Pro*mity to exisrin! structures:

presenc€ of services, both ove,head and underlroL.d:

tVp0 oi erp osve best suited to rhe workl

ava'rab ity ol rope or othe. iype ol matins or heavy bla.kets 10 contfo

)

ErD osles mLsl be tansported, srored 6nd handed ony by exp€rienced, quaitied
Dersonne. Forconna*demo ton work, lse ol erplosives r€qunes ihe wrilren permlssion

25 1
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Socrions or rhrlness 3OO mm o' €ss can be clr using :

hammersand manua l  labour .

exp  osvee as  6 l ine  pas ter  chaee.  A  I  ne  exp los  va  is  p laced on  the
surface I a conrinuous I re and covered wnh sand, ctayor btast ng mats.
Theetted sto remove co.c.ete iromaround the reinforcement en6b in9
the,einlorcemenr to be cui and ure seci on removed

exp osves in diled hoes. a I ne of ho es dril ed c osetv toaeiher wiih
every second noe char0ed produces a simira. €lfect to li) v€ry tht.
sabs  (150 mm) wth  rh is  method show a  rende.cy  to  b ldw our  .  the
dnect ion  o l  rhe  hoe and nor  a ro .g  th€  lne  o t  hoes .

hydraulc pck or 'breaker' molnted on an ercavaror ro €irher comp 6te y
demolish the stLctlre l(m .r@nd rhe

mera  ba  lo '  s im iardroppad i rom a  c rane

chemica expand n9 aAenrs. The chen cat is mired a,'u pourea inro
drled hoes. Th€ €tpaision calses the con.rete ro crack and assts$
s!bsequ€ni remova by jack plck

Secrons  s rearer  rhan 300 mm rhckness  can be  cur  !s ,  e  .

hammers  and manua l  labour

explosives in dri ed ho es;

25.3 CONCRETE STFUCTURES

25.4 TIMBER STRUCTURES

a rock  sp iner .  Ths  is  a  l rydrau ica  y  d r iven  wedge whch is  paced in  a
dr  l led  ho le  6nd e tpand€d.  whenusedao.g6  .eo fhoresnear roa t rea
eo0e, .oncrete can be c,acked a lowing easrer removal by j6c( pick. tt

be Lsed ,n pa rs

Tmber strlcrures can be remov.d cheapry by blrn n9.
b !  t  Lp  6reas  n .ed  co .sde 'a r  o .

Remola l rn  p ieces  d  tn  ta fger  secnons lc rane handed)are  o ther  opr  ons  I tsomeot ihe
t  hay  be  e .onoo car ro  cur  t r  ou t  wr th  cha in  saws6nd s rack
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Si€31 siilctures ca^ be remov.d in secrions by itame clrtins in ihe reverse oder or
construction, or in larg€ s6crlons dependi^q on the itting capacity ol avaitabe cranes. f
steelnusses or gtdors afe to be recovered ior.e use esewhere. carelutaltentio. has to
be paid to the method ol demottion ro avod damaqe ro the sreetmembers

25.5 STEEL STRUCTURES

25.6 PRESTRESSED CONCRETE BRIDGES

EXTRACTING PIIES

25.4 UNDERWATER CUTTING OF STEEL

Piesshould be€xractad by an ets.ror suspended irom a cr6ne. The ernactorAr psth€
weghr ol tha exnactor itsell is taken on rhe crane, atowinq the

hammern0 ac lon  oJ  rhe  exkc tor io  ra is€ ihe  p ie  Trv i .q  ro j€ /k the toad io  exrac t  a  p i te
mav,mpose c.iic6 oads which colld ov€doad or ovcfturn the crane. AssLsra.ce can b€
provided in sandy ground by jeit.q arou.d the ple whist op€rating th€ sxracror.

Dnedy plli.O on a piLe with acrane snor good practce. Horizortat oading onthe crane
boom c6n resut and this can ove. oad rho boom.

Care  shoud be  taken when l l r ing  p ies  whch are  submerged n  wa i€r .  There  w i r  be  a
suddei increase in iha load once 't s iiled lree ol the warer 6nd rhe atowab e o!e.arino
r6d us ol ihe crana mav be er.eeded.

Except to rbr idoeswt rh !ngrouredr€ndonsorererna t tendons,normad€moi tonmelhods
as used lor re'ilorced concrete brdges can be applied. The procedures and s€quence ot
work proposed musi t rst b6 approved by ihe Engineer. n the case ot bridges with
unqrour€d or ext€mar iehdons, the procedure tor dedoir on wit be as dnected bv the

o 25_7

Plles in wate, have somenmes been srapped ar ow tde and an
et tec tve  l l t  obra in€d w i rh  the  lncomino t ide .  I  ths  la is  to  d isodge th€  p ie ,  a  p ipe  is
dr v€n orjati€d down adraceft ro ihe pre and a sha rexplos ve charge towered insid€ tha
pip€ Th€ perclsson re3uring trom the lrfg ol the ch6rge, combined wnh the appti€d
!pwafd llt, is olten sullicient to lree ire pie

over  water ,6nd whe@ a nrm bed s  avarabe,  p res  have been success lL  y  e ta . ted  by
a numbe. ol 50 tonfe hyd,aulc rams conla ned in a si€elriame whch nis over the plle.
Tr re t rame sseated  on  rhe  rver  o r  saa  bed Power fu lp lo led  qr  ps  engase w i ih rhe  rop  o i
lhe pile whist rhe thrust tom iha r6ms on each sde of the p e, Ls exen€d

cas cutt ns ol sleelLs possibe under waier provded the dppropriare mirure ot gases is

under 3 m deep. o:y.aceryLene or L.P.G. and oxygen;

o !e r  3  m deeo  H !d roqen  and  O ,yg -An .
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26, CLEANING UP

wofk proceeds, rhe Works sholtd be m6ntained . a ridy conditon
Slrplus mateials shoutd be resuarty removed from rh€ s,s.

remporary works. buirdings, workshops a.d
brouorrt on to th€ s te mlst be r6moved, elcept
pedormance ol rh€ mainrenance and rehediar

Alter completion ot rhe bridqeworks, a[
equipment which have beenconsruct€d or
for rhose ir€ms whch are n€eded for rhe

Temporary  concreres labspacedt .  workareasdur ing  consnudon musr  be  broka.  !p  and
remov€d a.d areas disiurbed by access roads mlsr be resiored. Excess so shoud be
spread ev€ny  on  the  s te  and us€d ro  l i t loca  depressons .  Topso i r  and t l r f  sho l td  be

a

Damaged le.ces must be.einstated to rhe condriof at commencement ot ihe Works.

Whe,erempo.ary f lhasbeenptacedasana id tocons t rucno. ,€spec ia [y ]nwa@rways,
d, drsposed ol, and the banks r€turned as cos€ as possibte

io rhe  condr ion  exs tnq  6r lherm€ o f  commencemento t  rhe  work .  L ikewse,  tempor ry
anchols praced tn warerwsys tot nan.euvetihq ttoarinq ptanr musi b€ .€co€.ed ,nd
rcmoved lroh ste. Temporary pil€s nust be withdr6wn o. cut oft at an appropl6te tev€l
and removed from th€ s@.

A pans ol th€ Work mLst be ert in a fear and iidy cond rior,
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APPENDIX 1
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(ADMINISTRATIVE}
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STANDARD FORMS FOR
BRIDGE CONSTRUCT'ON SUPERVISION

ADMINISTRATIVE:

nspectors  Da ly  Dary  &dqe Works
SuDerv sor's WeekLy Report
D3 ry Dary ror Co.raci Brldge works

corespondence F€g s te r  lncom nO and ou tqonO)
Dr6wing  Regster  lTo  and From Convacton
ssue of orawng to Contactor

chanQe Order I nstuct on to Conraclor)

consruct on Froje.r npur oala Sheet
Progfess Paymenr ' Month y Ce(nicate
P.ogress Paymenr ' Summary
Proqress ol Consi,ucr on (S Clrve)

P e  Group or !  nq  F€cord  Summary
Coic,ere Mx Oes gn ChechlLst
Week y Repod o, Concrere Aq€reqate Tests
Prepaceme.t Chediour Card - Coic,ete
Conc,ete Pacing F€cofd
Concrete Field Tesrino Oata Sheet
Epoxy  Jo  n ts  and Repa 's
Fecord  o l  S te  Sness  nq
Eot  T ,qh te fnq  Fna Chsck  Ce i t l ca te

TECHNICAL:
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Correspondence

t a r .o  I  co i ! { t o rs
B r . e  \ € d  I  L € f t e r
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CorrespondenceRegisler
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Drawing R€gister
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Drawing Register
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CONTRACI VARIATION/CHANG' OHDER
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Change Order Register
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APPENDIX 1 (Continued)

STANDARD FORMS
(TECHNICAL)
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EPOXY JOIN1S AND REPAIFS
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SALI
NAN



APPENDIX 2

CHECKLISTS

SALI
NAN



o

SALI
NAN



GENERAL CONDITIONS OF CONTBACT

2t2 l

CHECKLIST FOB SUPERVISOR

Authority and Outies ol the Ensinee6 ReD'esenrariv€

The Ens'neer m!$ norlv rhe Conractor ot ihe name ol rhe Eno neer's
Representalve .nd ihe powers and
deregate to hs Representarive.

Award ot sub.conracts

The CoN6dd s req! red io not Jy rhe Ei9 neer ol at sub.conracts h€
l, €q!rpmenr, or other componenis ot the

The Enqineer musr respond prompty lo ihs slbmisso. riom rne

Two seis ol Drawigs (sz€ nor siai€d) are to lre supp'ed to the

lhe Conracior is rEquned to submr a pe,ro'ma.c€ bond as lotlows:

-  wth  n  15  days  o i  the  ssue o l | re  Notce  o t  Award  and be forerhe
s'qnrnq oi rhe Contracr (ths may be exrend€d by E'notoven;

amount  to  be  r0  percen l  o f  the  roca l  .une. .y  eqL va tenr  o t  rhe

va d ty  per iod  o l  Bond ro  be i i .m rh -ada ie  o t  s isnn9 rhe  Conracr
Agreemanr Lnn 30 days ane, the dare or P'ov
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advance Payment Aond

- le  
E . .ovq  -a .e .  d \a  ooh  (  e  Ad ,d . (e

!onra .or  ru rnsh€s  an  Advance pavme. r  Bond.

The Conradof s /equned to subnl an Advaice paymeni Bond as

wrh n 15 days ot rhe daie ot sisfing of the conra(,

amoLnt ro be lre varue ol rhe Adva.ce pryment (20 per c€nt of
and toretqn cu(ency ahounts ot the Cont6cl

Do.d s r0 be !a/id Jof the 'epayment penod (norma v tom rhe
thrd  io  rhe  seve. lh  Monthry  Cer t  care)and s ro  be  capao,e  or
adrustmed . value lto rere.t the repayments made).

P@q6hhe ro be ruhished

The Conractor is r€qu r€d io submit w thin l 5days  o l  t he  Norceaward

Mobilisat on PfoO13hm€
Dera led Consrucriof proOramme

The r€qunemenrs ior ea.lr orrhesa programmes shoLld be sel.ut n rhe
:pecrcarons  a iy  p rogramm ng req les tad  by ihe  E.g  re€r  whch ra ts

. . .  o . . 1 d c o , . d  ,  d o  i .  p  i .  q . o ,  o  r o . o  d  d

is requned ro subm,t. berore sra(ins w!r(,
e-dan.e rhar he has a !a rd policy . Jornr namas (Empl.yer and

our nq lrie wa.i3mv Penod

Ihe  Conta . ro r  i s  req ! red  r .
po l , . y  n  io ,n l  namescover  ns
€qua ro  rhe  ru lvarue  o l  the

suomtr  ev 'dence rha t  he  has  a  vard
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22' ] t1 \2)

Ihe  Connado,  i s  'equred to  sLbmr  evde ice  o l  a  va ld  th rd  par ty
Th is  po icy  i s  to  be  ob ta .ed  pr jo r  ro  rhe

commencemenr oJ any works. The m nimLm amounts or rh rd patry
. Cause 2212) ot the Cenera Condtt ons ot

Corta.t tGCC) ThrAdvan.e payDe4! rt,lrot be rade ull elrdrn.e
ot sL.h poic,es s rurnished ro the EnOineer. The reiewatdares shoLd
be no ted  ind  rhe  Conrac tor  raquesred ro  lu rnsh  cop€s  or  me re .ewed

Insurance Aqainsr Accidenr

TheConoacto, is to slbm t evdefce oj a va d acc denr nsurance po tcy
e . rs  o l  Causes  2311) ,  2312rand 2313)

o i  r r re  Gcc .  Tr r i s  evrdence s  to  be  submred pro ,  Lo  rn€
comm€ncemenl of 6ny wor[ Th€ requ r€ments ot 23(3) are atso ro be
noted and rha cofuactor's atr€ntion drawn ro them lnole thai rhis s
pad.uar  y ,e ievanr  lo ,  Jo ,e iqn  Conracrors  who may be  nor  compeie  y
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CHECKLIST FOR INSPECTION OF CONCBETING WOFKS

For convefie.t reterenc€, thts is a tst of the vario!s ii€nrs
s itefded as a €terefce, fot for da ty

inspec to '  w i l t ind  i r .ecessary  ro  hav€ a t  hand a  sh i la r  t rs r
that appry to rhe g v€. sp€cncarions, organization, 6nd lob

Genera l  lappres  to  a r r  mare , ia ls )
tden i t .a r io f ;  quant r ies  1used,  on  h6nd) ;  acceprabt ly r  !nJormj ry j
s to raqe cond ' t  ons ;  ha .dr .q  methods ;  was l€ ,  schedd€ o t  res t .q

wrr/ch miqhr b€ cov€red by
,se For a D6rncurar Job, the
conta frna on y thdse tems

Sjudy oJ plans and specifcat o.s; consruciion codes

Div's 0. oJ dltes beiween Sup€rvsi.g Engineer a.d t'sp€crors

P€.n ss ble tolerances or measurehenr

Prov,s on tor re.!.ds and reports

contac io r ' s  pa( , .a  'b ra r ions ,  eau ipme. t ,  o rsan iua ion ,  and methods

Giad na  o t  'n  red  aqqr€qatesr  ba tch  quanntes ;  yecr  an  co . ten l

Sanp  nq  l o r  abo ra ro ry  res t
ProiE- on rrom dampness

G,adanon i  o 'qan .  mare r .  dee te i . us  sLbs rance5 ,  s lunoness ;

vo  .  bop

S ie ;  bend  i s r  su . l ace .o fd r i on
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Fixrures

Excavar ion ;  to !ndato .s
Lo.anon,  d 'mens o 's , shap€r dra.aqe; prepararon of surlaces

Spec fred rype ol torm
Locan6.
A gnmentj orovis on for serLament
Srab i  ty  (b€a. lnS;  shores ; les  and space,s r
nspec!on opef'n0s

s :e  ld  6merer r  le .g lh r  bends ;  end anchoraqe)
Locato f  1n lmber  o f  bars ,  nnmum cearspacnq;mnmum coveraqe l
sp lcn !
Srabi tV {wiringr .hans a.d spacers)
CLeanness  Lno oose rusr ;  no  o  ,  pa . t ,  d r ied  mo^ar ,  e lc . )

F'xru,es ( ocat o.r stab iyr cl€a.ness)

opennqs no i  showi  on  p  a .s

ca braiion ol batch nq devces

Cond rion ol 'n xer: speed ol oDerat on

Provs  o .  io ,  con l inuous  pace inanr

Provs  on  io r  p ,o recron  oqa ns l  sLn ,  ra  n  ho tor .odw€ather

AdeqLare  loosand ne f  ro r .om0a. ron ,  rn  sh  nq ,  and c ! , , , s

complered ,  sp€c i led  n te rvar  snce pre !  ous
plscemenl ghring ror.lghr wor[, covering and prote.ton
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C€menr  po?zoan agqregares ,  war€ ,  6dm,^rures
Chec l  barch 'nq  dev 'ces
Check vield ot concr€te

olrssraron ot concde banQ

Inon,o ,  nq  o l  . ,  fonrenr

con. re te  rempe ia tu re  check  1 t  requr€d)

rw $9€s4on d odd a s; no excessive sritfenmg or ory.s oL! rme

operat o.r prepararon ot

r I F o .  o i o /  d . r 6 . o . o o . , , . q  d e p . .  o .  5 r d . \
w d t s  9 a i  o
o'sp0sr'on or relected bat.hesr p16crnq concr€te !nder warer

Tho ,ou lh  and  Ln to in  compacr  on r  i o  ove rwork ,ng

Dowas  o r  ! es  1 , t  a f y )  n  p lace  and  a tq ied

consnu. r  o f  a id  h i .qe  jon ts
Lo.aron .  p repsrar  o f  o l  s ! r tace
Dowels  o r  t ies  1 r  a .y )  |  p rac€  a .d  a  i l r r  so

E\pans,on and 5otat oi jo nrs

F.rshinq ot u.lo,med surtaces

foa t i nq :  a  gnhe f i  o r  s l r i a .e  , i ,  ha rd

Minimum iihe; batches delayed
number o, revo ut ons ot drLmi

qa  n ;  no  d le .wor Inq ]  i  r s t
t owe l ' nq :  p las t .  sh ,  nkaOe
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Fr. slrinO of lormed surfa.es
Condition ol sldaces upoi
r6gged r€s  hoes ,  raqged
reaim0.t; no s!rrace drying

remova or  bms (ho .eycomb,  pee lns ,
form Ineslj repar ol delecrsj surlace

lmpact: overoad nqr h6rring ot surfaces

Surtaces .onrinuolsty mo s! t me
penod s€e a  sd  concrer  nq  in  cod

Mod 'no  spec imens i  cu . .q  spec  mens ls tandard  condr ions ,  t€d
cdndronsrr fe d resl; shlDpinq spec mehs ro taborarory

Tesls ot ha,de.ed coicreie

m,r  comlu ia r  ons r  ba rch  n9  and  m i r i ng ;  ! acLng  and  cu r  n9

aepo ts :  da  y :  summar !

ljmi.g d.d atignm€nt or sawnjoinrs
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SPECIAL WORK

Coolnq  mater ia ls  p rewet tnq  agqresates  a id  co . tacr

L  h  1 .q  combnat ions  oJ  w ind ,  re ta r ive  h lh  d rV,  6nd

Filrin9 under base plates

o e o " d o  o  b " . "  o o r d  i ,  o  o d . e r  '  g o i  o , o .

tsores {deDlrr. spaci.g, iieedom tom c og9 ng}

Mater  a rs  {acceprab iny ,  qua i l t jes  used)

,mes, comp €teness ol penet ra r  on  nodahage to  n ,Lcrure)

Matera  s  {acceptab , r ry ,  { ruanr r ies l ;  cond i ion  o feq !  pment ;p rerm.ary  h rxnqrpressures
1ar  ' ra len ;prepa16t  o .  o r  sur tac€s :app lca t ion  1 th  ck .ess ,  nosago ina ,  consrucnon jornrs j
s ! r ia .e  I  n rsh ;  curngr  resrs

e .  and sou idness

Mo,s lL reconte f ro tunrs :  comp e te .ssso l  bedd nq  .  mor ta |  a  iqnme. t l
comp an.e  w th  b !  d  ns  code lmorar ,  m n imun wa l rh r . tness ,  a te ra l

po i i s  ro r  beams .penfqs  n  wa is )

Laoorato,y i.sts r0r srenqrhs aid absorpnon

Fed i specro . ro ,sou idnessa id  u . io rmty  lmarchsan !e t

Locar  on  and near  lo ,n  nq  o l  mo ds :  su . ia .e  coar . ( ]  ro  avo id  s r . .ns  o r  s ta in  nq ;  cur ing

Re i l . , c€men1 near  sur race :  s
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Coor and exiu.€; mock !p

FioGcr o. acainsl driD srains

S!rlace repan; hole li inA

P,qhenrs ;match inOot .oors ; thoro !qr rand. tmatemrngofcoorw i thcemenr 'un i to rm

C€a.Ln9 s!rface; neutraDrnq surface 1t needed), unilorm anpti.arioi: curins podand

!,grlwe,gnt 3ggres{es rlc.eprabrity, o/e'verrno,

C€ !lar.o^crete ladh xr!re, riming ot oDerariois.m: nq processes. fo6m'ns asenrs)

Tmes and.ar€s  o i  p la .ehent  avo idanceoJh iqh  orno . !nJorm temperaruresrbond in !  o f
1 ts ;  p ,e !e . ion  o t  aAOreqare  breakage

Preplaced aqqregale conc@re

c,adar ion  a .d  p lacemenr . r  coarse  aqsr€qa i€r  ro  g ro l t .9 :  vod
ot groli: s€quen.€ a.d p'essur€s ot grounnO:

oro" rp  a .  o { l l qo .oo  ,oo .o  o  .a . ' p 'q .

Accura te  measuremenr  o i  a  renra  nrne  aqen!  les rsJor  a tco . renr  o r .o fc re te r regusr ion
i! avo,dance ol a!.assve

m x n9 or v braroi: avordance oJ !et cons sre..y; , n'shin!

Sur face  o f  cas tnO pra i to rm; jo in ts  n  sh .e t  bond br .akars j  rm,n0 and u i r fo .n  ry  o t  I  qu td
oJ  edge to ,ms,  .ompa.no i  o f  con . re re  a r  borom .o rnars ;

,on  lo ,  e rpa .s  on ,  i l  soe . led ;  sne ig rh  oJ .oncr€ te  a r  rme
oJ , r tnq :  pck  up  po 'h rs r  avo  dan.€  or  excess ive  pL  r iq ,  je rkns ,  o r  ja i i  ia

undeMarer consruction

Avo idance o l  J low n9 water :  tempe.a lu res ;co . rnuous  p tacehent r  opera t  on  o i  t reme or
bucke! ,n.rmtr'n! 01 wash; proiecnon lrom I owj.g warer ro. severat days
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ili1 l!t:k"*. 
or sabsi rihinq 6nd dlrsrion or apprcaron or vaclum: lniformty orprocessnor  condr t  on  o l  mars

Snmqrh  o1  corceb n  tme or  p fes t ress ing j  s r rea thng o f  ren tor .ement ,  I  sDected :
avoidsnce of obsruct on or €xcess!e tncron;

tens on by moans of j6ck p€ssure a.d/of tengthefing ol ste€:rnor ! !qh .ess  or  0 rounno,  I  sp€c i fed
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-o FOR PRECAST CONCFETE UNITS
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CHECK LIST FON PFECASI CONCRETE UNITS
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'The

Contract

APPENDIX 3

Extract from :
Use of FIDIC Conditions of
for Works of Civil Engineering

Construction'
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o 'The use of FIDIC Condirions of Contractfor works ot civitengi.ee ng

TENOERING PROCEDURE

The FDIC Cond ions  o1  Conracr  e .v isage rha i  a .omrac tor  w i  be  s€ec ted  by  the
Emprdyer ldllowinq conrpenriv6 ref der.q.

F IDC has  pub l ished a  documeni  €n t i red 'TendernO proced! /e ,whch presents  a
systematc approach ro the seiecron of ienderers and rhe obia n'na a.d evatu6tnq 01
tenders. lr is intended io assst the EmpoyetEngineer to receive solnd compett!e
te ide ,s  wth  a  m n imlm oJ  qua j tca t  ons  and lo rhu tared  so lhar  they  can be  qu ic l<y .and
etiiciefty assessed Ar the same time, every eltofi has been made to provide the

onracto,s to respond easiy to nvrarons io rend€r lor
p ro jec is  rhay  are  we quat t ied  to  mpemenr

, maior projecrs and those nvolv'n9 nternanona te.d€ino,
prequa lcanonoJtendere ,sLsd€srabes incerenabesrh€EmpovetEng ineer roes tab ish ,
). advzhce, the.ohpererce oJ n,Ds sllr€4lenny rnvted ro rende'. rr .rso enslres rhal

ad ins  compa.es  who wou ld  .o i  necessar iy  padc ipare  in
opei or unresticled rendernq such unr€srcted t€ndering does noi a ways laci tate

se  ihe  n lmber  o r  re fderers  may be  so  qrearasro  make rhe
odds aga.s i  tender ing  s !ccess tu ty  unacceptab le .  Add i tonaty ,  p requa i rca i  on  has  rhe
advanraqe of reducnq efJeci which musr
unproduc iv€  expefs€  'n  subm r i  nq  a  a r1 ]a  nLmbero l ten . la rs  in  the  knowledge thara  hrgh
p,opodon ol th€se mlsr be unsuc.esslul

A  i lowchan lusna l inO therecohmended procedures  to r r r re  p 'equa ncat  on  or renderers ,
fo, obrain ng rende.s and ror open n9 a.d evatlaion oj renders Ls reproduced on

Ih€ documents issLed ro tenderers (rhe Tender documenls) normaty comprise condit ons
or  Conr3c t ,  Soec i fca ton .  o rawnss ,  EL io r  Ouant f tes  and to rm o t  Tender  roqether  wrh
nstucto.s ro TendererB. ro Teiderers be.ome connacr

doclments on award or Coni,act lt js usua to send the Tender docldenrs 1o renderers
u .dercover  o l  a  le re rwh ich  shou d  be  lm ted  to idenr i fy  i9  the  doc !m€nts  a .d  g iv inq  the
,ec pieni an rnvrarion to rende.

The Co.ditons 01 conrlct wir and pa4 Lt !r the
co.d  nons  se lou t the  lega rco . rac tua l  a (angerne. is  tha t  w i tappty io  rhe  Conracr  lhe
pr  i .  p lesandthe  methodro  be io lowed . rhe i  p repara l i .n  a redescr  bed na  arerchapter
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The Specnicaiion w ttdet ne the scope and therechn catrequtrements olrhe Conracr. rhequarry ol mater a s a.d ihe standafds of workmanship ro be provided by th€ Conractor
must  becroar  ydescr  bed,  tooethe fwrh  the€xrent ,  i fa .v ,  to  wh ch  rhe  conra*or  w i t  be
responsibe lor the desisf ot the p€manent works D€ra s must be inc uded or sanples
t tre y.v'ded and tesr io be cared olr bv the conracior dur.g rhe cours€ 01 rhe
Conracr. Any rimitat ons on rhe Conir6ctor,s teedom ol choice rn the o/der. rn nq or
merhods oi €re.utfg rh€ w.rk or secrtons ot the works must be ceany ser olr a.d a.y
resn ic t ions .h isus€of  rhes i reo l rheworks ,suchasrhepro
oth€r .onracrors, mlst be I ven

The Drawings  must  be  in  s ! f i cenr  de ta i l to  €nabte  tenderers  to  assess  accura tey ,  in
co f ju icnon wrh  th€  SoacJ ica t ionand rhe  B i to l  Ouan i r ies ,  rhe  fa t l re  a .d  scope o l  work
n .ud€d n  ihe  cod6c1.  on t r ra rey is i lpossb le toprov ,oa ia r reno€rsraqe,acomoeie
s€ l  o r  d raw 'nqs  so  lu ly  der r red  rha t  rhe  work  can b€  executed  w i tho l i  any  iu l iher
d.avrl.qs b€.om nq necessar!. On mosr .ontacts s!ppteme.tdry draw nqs wi be rssLed
zner avaro as work proceeds.

The a  lo f  Ouant i tes  rsa  ls t  o l  remss iv rng  descr  p rons  and €sr imated quanr j t  es  oJ  work
io be teclied under the Conracr. The Red Book assumes a remeasurament torm or
.ontact, a thouqh rhat do€s not p'ectLde th€ inctusion ot a.Lhber ol tuhp sum tems in
rhe  B loJ  ouannres  Drov ided rhar rhascope o f  work to  be  cov€red by  eachtump sum rem

i  s  h0h y  d€srabe when .v r  ng  compet i i rve  o f fe rs  toh
renders receiled sholtd be based as tar as possibte oi equa terms afd cond(ions a.dpresented n a siandardised menn€r. In rhs way eva Larrof a
tenders receved can be dade more srmpty and
n s lndeGtand.os ,  enors  and omssons

mDo(an srnlre do.u,nenr subm tted by the lehderer h s here
rnat ea.h re.derer conl rms rlrar he has ,ead and !nd.rsr!od rhe requtremenis or ihe

I  oa t  oo9o  or o '  F c  o o , q
ne.essarv  lo r  the  Emp oyer ,  when rn !nnq Tefders ,  ro  p rovrde  renderers  ! ! , th  a  s randa,d

derer  rs  req lned ro  compere  and s9 .
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a
The form ol Tsnder which s fclud€d ar the end ol rh€ fnsr volme ot the Red Book
iollowrng P6rt loi the Conditions ol Conracr is,ecommended torihis purpos€ r is shoft,
t rs clear and when sioned and submiited creales a tegaIy binding a.d vaid olter
It s common tor Tenders 1o be ident I ed by a tendar r€t€r€nce or co.tra.t number wh ch
s  ord  bF odded o

The o,ganisat on ro which theTender is being submtted mLsr b

The sum io b€ €nlered under paragraph I of fie render isrhe te.der€r,s toratTende. sum,
whch should be rhe same as the tola t'rom rhe summary page ot the B lot ou6ntites
The amounr shal be enlered 'n words and n I sures and in the ev€ni oJ a d screpancy

r s common p'aciice rn most colnres rhat the wrren amounr sha I
ssed Ln figures.

Tha sum aqreed n6y very durng tho execunon ol th€ projecr dependrnq on whar

elents, wrrich in accordaice wrh rhe Cond r ons oJ Conracr entlte rh. Coinacior ro
addriona 1of red!.ed) p6ymenr.

U.de, paraq,aph 4 the Emp oyer musi state the rime durnq which he req!'€s ihe Tende.
to  remain  va  d  and open to  accep iance Ths t imesf roudbeadeq lareroDermtmooer
.va lua ton  a fd  awa id  p rocedures  to  be  competed.

In  theeve i t  tha t the  s ia tedr ime proves to  be ins ! l f i c ie . t ,  the  Enptoyer  mav asr  te .derers
to extend rrre pe, od of va id ry or rher Te.ders 1or a luither named penod Ai th€ same

be asked io extend the va dty ot any iender bond accord nqly.
Tende,e ,sare  l ree  toex tend or  no t ,  i f so  requesred,  and nrheeve. i tha i iheychoosenot
1o  do  so ,  tha  Emp oy€r  has  no  rqh t  lo  cash or  hod rhe  I  re fder  l rond.

The Emplover mli also J r r., beto'e rh€ issle of ine Tender docu'ne.rs, the necessary
d€ta  s  'n  the  s rs ive f in theApoendxtoTe.der , rnaccorda. .ewrh theNotesa he foo i

No re le '€nce is  g  ve .  to  a .overnq lener  in  r t re to rm o tTender  s iven  rn ihe  ned Book The
como e tedTe.der ls ,  rsar i .  i  tenderersare  .v (ed  or  Jequned

mai .n ,  they  shoud do  so  !nde,  a  sepa,a ie  cover .q  ener
ces i ry lo r tende ,e ,s ioadda ,e ie 'ence io ths le r ta r rn the

Tende, beiore submissionSALI
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THE PARTIES TO THE CONTRACT

The FID C Condtions ot Conriact are based of rh€ assumprton ihat the Emptoyer, rhetnsr
pany, who has decided ro have certain wo.ks carii€d out lor the mpemenrarion oJ apro jec i ,  and ssponsor  ng  rheWorks ,  h6s  d€c ided to  se tec t  a  su i tab  y  qua l l ied  Conrac tor ,
rne s€cofd parry, ro etecute ihe works.

ft 's aso asslm€d that the seecto. of rhe conractor wir have bee.
comretitive te.d€nnq bas€d o. render docuhefts Frep6red tor the project
rnqr.eer ns process has bee. dea r whh n rhe precedins secrion.

The F  OiC Cond i i  ms o fcodacr  can.orapptywi rhout6n  Enqrnoerbe ng  appo. red  by  the
Emp over  to "dmtn is rer  rh6  Conracr .  Usuaty th iswdutd  be  th€  Cons! f tnq  E.g ine€rwho
hasdesq.ed ihe prore.r and prepared ther€nder documenis. The Eigin€er is;ot a party
to the Contact, but he p ays an importanr roe in ihe deva opneni process ol rh€ Works.
The dutes irrat rhe Enq neer has to perrorm are detned ufder the conracl snd h€ must
have he nec€ssary detegared auihorhy iiom rhe Empoyer il he s to be abte ro p€rtorm
r d r  6 d c d a o ' D a d - 1 . o  

r  L  e  A q , a . .  p l ,  o e r a d e
rn0  Emprove a .d  rh€  fons ! r ino  Enqtne4r

s the pr mary duty ol ihe Enq.eer thai he carelLly observes
yer n tfre rea isat on or th€ proj

howeve, ,  ihar the  cond i tons  o t  connac i  be tweenthe  Emo oyer  and rhe  Ena ineer ,s  d l t  es
ared is . re to .a ry , rh€Engrneersha lac i ra ryberw€e. theEmpoyerand lheConracro .a .d
app y tfe contract in af lnbjased ma.ner. The Condions are based upo. this
fu idamentarprnc ipe  a id  ths  I  the  Eng ineer  i s  a  membero f  the

The Conrs.ror wrt, ot course, have ro assess wnethe, or fot he has
.onJidence in the abi iy oJ a. n.house Eiqineer to take indep€nd€nl decsions

As $ded n  rhe  $drcn  d*  .g  wnh rhe  lendernq pro .ess ,  the  Ernpoy€r .o r t ies  rhe
rrar he has been awarded the co.nad bv ssu.q a L€ft€r ot

" o o . o . .  f r . 9 " .  c . ' . d \ " J o n r d d o , r h d

approves rha Pertorm6n.e sec as tha rerms ot rhe ,ns!r6n.epo cessubmredbythecontacror  TheEmpoyarvr i  w  sh  to  ensure  rha t  the  . .n t racr

rnP oeou . , ,0€  rmrs  a 'a  d . .Por rbe
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a
Provid€d it is 6cceptabte ro ihe Empoyer the Coniraclor wil no.matV lse hs cusromary
soufc€s tor lhe pfovisron ol secuties a.d nsurance.
The Employer makesihe advance payme.t lit any) ag?inst a suitabte guarantee irom the
Contacior afd aurhorseslhe Conra.tor to nove on tothe Sre. Ourino ihe oer od oJ the
cedited by rhe Enq neer ro be dLe Lnder rhe conraci.

The Emp oyor  takes  ove i  Sec t  ons  oJ  rhe  Wo.ks  as  they  reach subs€nra  competon,n
ths is requned Lnder rhe Conracr, a.d uhmate y iakes over rrre whole ol rtre Works
lolowing the issue oJ CeitJi.aies by rhe Enqinee. n |re eveni or the Connacro.
becom.g labe lo r  iqudareddamages, rheEmpoyermayoeo
w'th ihe condlt ons or contact.

The Employor may 6uthorise work ro b€ comolered by orhers itire conractor is in detau L
The Empover canterml.ate the conracr . ure evenl ol the conractor lait.q 10 perjorm

.es  de fned n ,  and sub jec t  to ,  the  taw govern inq  to  the
contacr  rha  Empoyer ,  J  he  de tau ts ,  can  a tsobe sub je

so .  o l  work  by  rh€  conracror .

Th€ Empoyer  and tha  Ens ineer  shoud maf ra in  s lch  contac l  wrh  each o iher  as  w i l
lac llate shooth and unhindered p.ogress ol rhe Wo.ks The Emptoyer shouid resDond,

matters ior whi.h the E.q neer is req! red by the Connaci io .onsutt
ihe  Empoyer  b€ tore  ss !nq  an  insv lc r ion ,  de ie rmi .ng  a .  amoln t  to  be  added to  o r
deducred riom rhe Conracr Prce or qra.n.q a. e{ension oi hme

Tl re  ob iqa t  on  a l  lhe  conrac tor  i s  to  exe .ure  and.omo e te  rhe  wo,ks ,  fo r  wh.h  he  has
slbmilted hs Tender, wlhrn rtre rm€ specrfied in the cofiaci n addtr on he has 6n
ob lgar ion  to  remedy a .y  dereds  vJh ich  apoear  durnq rhe  oe tecrs  L rab i  i y  perod

as soon as s reasonably possible atrer receryrng nolfcaton lroh the Ensineer, the
Co. tac to r  sha l  s lbmt  the  securnes ,  gwra . tees  and .s ! ra .ce  porc€s  r€quned by  the
Coneacr aid stu commence rhe Works He prepa,es th€ .onsruct o^ proCrahme,
prov des a ln€cessarymate, a s, Co.ract!r's Equipmem, Temoo16ry$,orIs, manasement,
supenniendence setecrs the merhod of cafty'ng our the rJlorks. The
Conracror  i s  no t  respons ibe  io r  the  d€s iqn  and spec t .a t  on  o t  ihe  permanent  Works
!n  ess  express ly  p 'ov  ded io ,  n  rhe  Con(a . t .o r  to r  any  remporary  wo*s .or  des  qned

The Co. ta { ! r ,ece ,vesand.omp es  w th  .s rucrons  i iom rhe  Efq  neera . t .q  on  beh3 t
of rhe Emo oy€r and rs respo.srbe to. rhe care ol tha works r
per  od  !nnr the  wo,ks  are  o l i ' . ' a ly  raken over  by  rhe  ampoyer  o r  s re  deemed ro  be  rak . .

The conracror  i s  responsrbre  ro rhs  ow.s i6 f iand work io rce  a .d  r . r tak i .q  ou l  soc  a  and
o lhe ,  'nsurances  'n ,especr  o l  h  th  a l  app lcabe taws,  by .
aws afd re9ular'ois and ensLre trrar .ll those fo, wnon he ;s resoo.s bra a sd .ohp y
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ho Coniracior des sns al Temporary worksand subm ts hs

nrers lnloreseef physc6tobst,uct ons or condrions on th€
Sro he nor lies rhe Ensrneer who iss!es retevanr tnstucl ons The Enqrneer w I review the

uhano. with borh parties wn determ.e to whai exi€n1. I
any, the Contactor may be rembursed lor addrion6 costs or granted af eri€nsion rhe

rn rhe eve.t oi deiaulr bVthe Employer ih€ Contactor may slsp€.d proqress ot ihe works
or  reduc .  the  ra ie  o i  work  a fd  c ja rm an appropra ie  e r tanson or  im€ a .d /o r  add i iona

'n or prncjpat conracror who signs rhe contiact ard has
overa  respons ib l ty  Jor rhe  erecut  o .6nd compte t ion  oJ  the  p ,o lec t  TherewIusLafvbe
a number or sLbtudmcl.rs wofkno on the site undertak.g speciatst conracr.o
a.t v tes. Ih€ subconractors a'e resoonsib erothe contraclor tor m6tai3 , workmansh p,
periormanc€ and lrogress and the conractor s resDons bre under rhe conra* Jof aach
Subconrador's worti and beha! o!f.

o r  o . d . r c .  . 4 c - o o . -  
, d , < J b ! o _ , , d  . o . .  q a q - o b " . o r . .

o  c ' . . b o .  b e d ' + o  a  , o 4 d d q d o . . o . "
p,o .ess ,  mare ,  a rs  0 r  p  ad  par tcuar  y  reqL ied  by th€  Empoyer  a  subcont iac to r  serecred

'.ared sub.onractor. on.e he has bee. a.cepled by th€
ma. Conractor the atier is responsibe lor rhe wor[ o] the fominated Subcontiacror to

the work ot al other Subcont/actors Fo, this raason it s
,mpo&nt  thdnomind o f  i s  no t  h  s lsed  byrhe  Emptover  Fa  Lrero  per tom sr t j s racror iy
by a nomin6Gd Subconractor can calse many dilliclhes on Ste. The pa^rcula;
cononons appy 'ng  io  rhe  apoonrmenr  o f  nom.a t6d  subconrac tors  a re  deat  wt rh  in
Cdrc roo  .c (o 'o r 'o  .  

"Loar ,a  ro .  n "v  oo ,p  ,  .o  .ae  ao .  .  o ro1  ro .  qood  oao

the  w 'shesot  th€  co .nac lo j  w  tp rdbabty  d  s rurb  hanony on l
ro be ve,y except ona r.asons lor such a rh nq to happe..

i v€,y ra,qe or comprex proje.rs a number ol cofracto.s may rorm a idnr venrure ro a.t

A  t .  o ro , "  ^  o -  o
ve  j o  n t  and  seve ra  i ab i r v .

n p,oJe.ts wh€re are operat n!, o L c 5nrs e s rc

hen wor r i  and ths  shoud be  re rec ied  .
.onta.ts 6nd I rire respe.rve pros.ammes
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o THE ENGINEER

The Enqine€r is nor a parrytothe Cont6ct betweenthe Emproy€f and the Contracior blt
his terms ol enOaqem€nt are set our n anaoreenenr beiwe€nihe Emptoyer (Cren., and
rhe Engine€/ {Consuhani). Thls agreement s ohen n the lorm r€commend€d by FOrC
which s entitled Inlenaiionrt Generat Rutes ot AqrcementBerween cti€nr.nd consuhanr
il6RA) An updaied vers o. oi rh's mode Jorm ol6sreemeni is schedlted for pub caton
Ln €a, y 1990 The new CRA wi si p!aie what aLiroriiy s deteqared ro the Ensineer by
the Employar and should specilcaty staie if any ol lfre auihorty given ro the Ens neel
under  the  F  OrC Condt ions  is  subrec i  io  resrc ton .

The dur€sLnder theF OtC Cond i ions  wh ichare  a t  ocared io  ihe  EnO neer  inc  lde  rh€  rss le
ol informat on and ;nsnLdiofs ro th€ Conrador as ihe work proceeds, comme.c nq on
lhe connaclor's proposals lor cary n9 oLt the work, €nslring rhar hateras and
wo,knansh'p are as specired, a9,eef9 measlremenrs ol work done and checki.q and
'ssu'ng ro the Emp oyer nterm and rinalpaymenr certJicaies. In adm nisrai on or rhe
cont rac t  a l  commLncat  o .s  wrh | reConrac tor  passrhroLsr r  the  Enq neer ,  rhLsavod,ng
poss ble conlus'on and misu.derstand'nO athough meelinls berween rhe Emptoyer, ihe
Connactor  and rhe  E.g  neer  shoud be  hed requary  TheE.q .eer ,sduneswj tnorm3 y
nc!'re 'nstL{ions 'elat ng ro managem€m of the Conrracrand changes in rhd naiure and
etent or rhe work, the cost rhereof and the t me ror compelion. For examp€, rhe issue
or Insrlcnons ro proceed wlh or r0 suspend th€ progress ot fie works is a mane. ot
maiagemeft In orderro ma nt6. confidence beiwee. rhe paft€s ii s jmporta.t rhatihe
coniraci p.operly d scloses the proced!res fof the Enq neBr s
that th€ €ngineer duly observes s!ch proced!res.

rvlanL ol the rufcrions a io.ared torhe Eno neer .vo va rna.ciatmalte.s rhecenircates
rre 'ssLes ror .tar m and l na paymenrs ncldeat cosl eteme^ts ars nq under the t€ms
o l  lhe  con!ac l  o ther  t f ran  rhose 1r  3ny)  resunns ron  arb{Ja t .n  p roceed inqs  a .d  rh€
appr .anon o f  the  I 'q l ida led  damages cause.  u fder  normatc
ce^ i led  by the  Eno ineer  w |  €  w i th r .  the  Conracr  Pr .e  and w t ,  thare fore , l ra !e  a t ready
been author sed by the Employ€r, bLt !ar arions ord€red u.der C ause 5l Iuctuations in
the  prce  oJ  labour ,  m6ter ia rs  and f ia  9h t  und€r  Cause 70 ,  works  done or  marer ja  s  and
ser!.es suppled Lnde, CLause 5a and tlie seft€me.t ot the Conractor,s requ€st lor
addr iona paymei t  lnder  such Causes  as  12  and 53 .ou  d  ea .h  resu t r  n  an  ad j l s tmenr

Tha F  orC Condr ions  are  based up . i  the  pr . . ioe  iha t  the  eng.eer  has  the  a ! r r ro r i t y  ro
determne addnona n  rhe  'n te resrs  o t  e i i ced  manaseme. i  a .d
avodance or  dLp 'caro i  o r  e t lod .  I  a  so  ensures  thar  the  rander  p rce  t rom eJ tcent

f  the  co . ra . ro r  dd  io r  tee  s ! re  iha t
when h€  was re ' rL ,ed  ro  do  a  n  lo r  sLch work  wo l ld  be
eva ua ied  Uy a  p .o ressona abe to  l ldse  ihe  varue  o l  such work  n  rhe  eve . r  the

nhor ry  o f  rhe  E.q .ee ,  ths  shoL d  be .  ear  y  s ta ted  in  pan
rso t r ra r thaCon i rador i saware 'na . j vanceo , te rde .ng thecondrons !nderwh ichhe

The desree ro  whrch  r r re  Emp oyer  eaves  the  E.q .eer  td  derermLne
marters arec.ng the exrent and cosr dr the n/o.ks and rhe rtne ld then ..hq)etj'r w))j
oepeno io  a  ra /ae  .apab i i t y  o r  ihe  Emptoyer .  rhere tore ,  t r re
E iO neer  sho!d  be  se lecred  hav in !  resa .d  to  hs  proJessona n teq . tyandhsabL i ry to
r ! l t , lh is  ob  qa t  ons  u .der rhe  Co inadand to  admin  s t€ r  the  Connac l  la t r tyand impan ia ty
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l '  r ' d  " . d .  r -  o r  t ,  o , .  e .  r f  e  E .a , l ee ,  d . r eo . !  r l c . . . po . . , b  f  . \  a . . c .  J  eo  ro  f  em
re  p  4 rDd  b ' r es  \ oudb .  - , ao ,eema .od , , ee1 r t - . fmpo )4 .

. ho . t d  ba  made  1o i .  r o  r l c  co ! , o .  J

As lhe rvorks proqress the Efq neer w tbe r6qured by ihe Conract ro qive nsruct onsl
€nr, approve work, aurho se p6yme.ts, issue cedlcates.

etc rr shoLrd be lnd€Gtood by both padres ro the conraci thar rn givinq approv6 or

o i  the  conrac t  and rha i  the  conrac tor  ssurabyrew6rd€dtor iheworkhecat r iesou i .

The Enq near's dury 's ro nterprer rhe Contracr as wnen. In do,nO so he shouid
endealour to deiem ne whsr th€ Conracror coud have reaso.abty,oresee. woltd have

pa,  nO h is  re .der .

ao^P.e ,  r r . ,  enT.  r t -e  Enp or - ,

dec 's  on  lnder  C ause 67 .  Ths  c ta ls€  de t inesrhesreps io  be
eorab le  to  one or  bo th  oarL€s .

the .ommenrarv  o i  C lause 67

nor the conracror is fina y
it it is 9 vo. in rhe rorm ol a
taken wh0re the Enqrneer's
For tu(her r.formation see
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