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PREFACE

In"response to a request-from the Government of Malaysia, the Government of Japan -
decided to conduct the study on the Maintenance and Rehabilitation of Bridges in Malaysia and
entrusted the study to the Japan International Cooperation Agency (JICA)

_ JICA sent to Malaysm a study team headed by Mr. Hisashi OHSHIMA from Nippon
Koei Co., Ltd three txmes between September 1990 and October 1992,

The team held d;scussxon_s_ with officials concerned of the Government of Malaysia, and
conducted field surveys at the study area. After the team returned to Japan, further studies
were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the en-
hancement of friendly relations betWeen our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government
of Malaysia for their close cooperation extended to the team.

December 1992

Kensuke Yanagiya
President
Japan International Cooperation Agency







LEGENDS

comesmasws  FEDERAL ROADS

DIVISION
BOUNDARY

STATE
BOUNDARY

NATIONAL
BOUNDARY

BAHAGIAN : e : _
KUCHING : NOTES . THE STUDY BRIDGES COVER!NG
BAHAG!AN . IN THE STUDY ARE LOCATED IN FEDERAL
SAMAHAHAN tiid | ROADS AND IN STATE ROADS WITHIN
THREE STATE:S [NDICATED BY m

LOCATION MAP







Photos of Typical Construction Type and Defects

1. Steel Beam with Buckle Plate Bridge (SBB)

-

Cross Section

Lamination of Lower Flange Corrosion of Web Plate and Sediment
Accumulation on Lower Flange

2. Steel Beam with Concrete Deck Slab Bridge (SBC)

General View

Paint Deterioration Two-Way Cracks on Deck Slab Soffit






Photos of Typical Construction Type and Defects

3, Reinforced Concrete Beam Bridge (RCB)

General View

General View
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Flaking and Rebar Eiposure _ Water Leakage and Flaking

(2)






Photos of Typical Construction Type and Defects

General View

Free Lime and Water Leakage between Beams

Precast Reinforced Concrete Beam Bridge (PRB)

Flaking and Rebar Exposure

Prestressed Concrete' Beam Bridge (PCB)

Exposed P.C. Tendon on Beam Web

(3)

Reber Exposure on Deck Soffit






Photos of Typical Construction Type and Defects

7. Pretensioned Inverted Tee Beam Bridge (IT)

g #Vv ! pa
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General View

.
4

Free Lime and Water Leakage between Beams Exposed P.C. Tendon on Beam
Soffit

8. Encased Steel Beam Bridge (SBE)

o : S
Exposed Lower Flange of Steel Beam Fiaking and Rebar Exposure on Deck Soffit

(4)






Photos of Typical Construction Type and Defects

9,  ¥ile Bent Type Abutment and Pier

s Z

General View

W v 7

Abrasion due to Acid Attack Longitudinal Cracks on Pier Column

10.  Wall Type Pier

General View

Flaking and Rebar Exposure Vertical Crack on Wail

(5






g L}#RINC;PAL EXECUE‘EVE SUMMARY

 PART '-Ai (}U’I‘LINE OF THE s'mm

e In esyonse to the request from the Govemment of Malayma (GOM), the Govemment -
- of Japan: (GOJ) decided to:conduct the Study on the Maintenance and Rehabmtation of Bridges.
_in Malaysm (the Study) A_cCordmgly, the Japan Intematmnal Coaperatmn Agency (JICA), -
the official agency responsnbie for.the 1mplementatmn of techmcal cooperation programs of
GOJ;; orgamzad a Study Team {0 zmplement the Study.” The Study Team was dispatched to

. Malaysxa i Septamber 1990 and the Study officiatly. commenced witti the submission of the-_: .
Inception Repert After twenty seven months, the Study was completed in-December 1992

“with the submlsswn ot the Fmal Report and the Bndge Inspect:en, antenance :—md Rehab1h~-_
jtanonManual L R _ R Lo :

_ he- pnnc1pal objectlves of the Study are twofold (1) To deveiop d systemauc mamte»'__' .: '
o nanée. and: rehabzl;tatzon program for bridges in Pemnsular Ma}ayma and (’3) ‘To establish-a -
- manual for mspectmn, mamtenance and rehablhtation work covenng all the typmai bndges m L

e The Study,cnvared 216 .Federal hndges Iocated along the Federai roads m Pemnsuiar-. L

' Malaysm with condition ranng glven by the National Axie Load Study (NALS) as 3 (deﬁned_jr! -
as bridge with 31gn1ficant defect), 4 (in. structurally dangerous condition) oz study category of_--'
 Substandard: ‘Axle Load’ (SSAL) “The Study also included 30 selected Faderal bridges-in Sabah: -
and Sarawak. and 40 selected State bndges in the States of Perak, Selangor and Negeri Sembi- -

lan w:th the axm of”conducung vzsual mspectwn and reﬂectmg the mspectzon results mto the o ;_'_:'

In the Study, an extensa.ve data conecnon exercwe and ﬁeld survey were camed out and ‘ ‘,::
_the mam ﬁeld surveys undertaken were as follows e HRREEE : :

| & Vlsuai mspectxon fo' 10() bndges cans:stmg of 95 selected out of the above 216 bndges '

f;made ﬂp of 30 Federal bﬂdges in Sabah and Sarawak -and- 40 State bndges as men-
e.g;___,,j{txoneé above Vlsual mspectwn carried out at each bndge site involved’ measurement' :
e survey,: ﬁeld mterwews, ﬂamage condmon ratmg, p‘notographmg, and assessment of
e possxbie rehablhtanon-plans g c i : '

SR RET ;}Detzﬁed" stmctural survey for 20 bnages consmnng of 17 bndges out of the 95 seiected
f'bndges, 1 bndge out of the five. special bndges and one: bndge each in Sabah and_'
. Sarawak from the. 30 b gesdnspected “The: deta,lled stmctura’a survey included topo-_- |
,_jgraphm survey, subsoﬂ and. water investigation, ‘and - river hydrologlcal survey. In
0" addition to these ﬁeld surveys, “full scale bridge: loadmg tests were carned out for a
R ';ftotal of five spans at three dlfferenl bndgc sites. S : o




: Supplemental brldge survey was: also camed out. for a total of 199 bﬂdges s;nce NALS -

- did not cover the quantitative damage dam of these bndges, as ongmally antlclpated
These bridges consisted of 121 brldges which were discarded for the visual inspection -

and 78 bridges Wthh were visually ‘inspected but discardcd fot th 'detaaled structural -

- survey, The purpose. of the: supplemental survey ‘was o cbtam:.th bndge data. for
o piamnng maintenance and rehabilitation programs covering all the study_ im.dgES, ie to -

- ‘measure the extent of damage, to 1dent1fy rehabxhtauon method, and stimate. the
. work quantity. ‘In the supplemental bridge. survey, ‘it was’ found ihat 1 study. bndges

* have been replaced and 2 study bndges have no' defects 'I‘hus, thc total number of the -
216 study bndges was reduced fo 203 bﬂdges RN S

L ..'Based on the mformanon collected through‘ithe above ﬁe!d survey,-
. for the study bndges were catried ‘out: from:structural, “functional and hydrauhc v:ewpomts Ao
 identify and diagnose all defects so that suxtable rehablhtatwn methods can be seiex,ted to effec- __

| twely recufy the cause of the defccts e

, Asse.ssment from the structurai v1ewpomt is, dmded mto two categones ne is: matemal'-_
deterioration and: the other is load carrying capagity. : The matenal detenoratxon assessment_ o
was carried out through the visual inspection,’ while the assessment of: 1oad carrying: capac:lty’- o
was carried out through structural analyms for- only 20 representatzve bndges to. 1dent1fy which' .
structural member is madeq_ tg, or. adcquate in carrymg 'Long Term Axlé: Load (LTAL) "
.,_-loadmg The :esults of the structurat analytxc assessment: for the respecnve bridge: 1ypes were_ _-
-used fo esnmate adequacy of the. load carrymg capamty Gf st’uctural members in the remaxmng )
“same bridge types LT : 3 - '

“Trafﬁc Volume Maiaysm ' Pedestnan ﬂow capaclt on each study bndge was aiso e\raluated* L

assessmen works

| _based on whether a bridge wlthout sidewalks is 10cated in an urban area or:fiot or its proximity -
' with public facilities. such as schools, hospltals, mosques,; “and: other. ]andmarks_ {0 the bndge T

Bridge opening capacxty was' also assessed to determine. whether ‘it can ac

mmodate flood :

- runoff discharge. through interview: surveys with- Tesidents: hvmg ricar the bndge:sne ‘and also

based on the flood mformatlon ceiiected from cach Dratnage & Imgatio'

-’partment (DID)"VZ_-
District office.” PRSI

- The assessment from hydrauhc wewpomt for each study bndge was’ camed out through"f_'

the iasual mspectxon to ldantify flood marks and local scounng/bank crosmn ocazxons, to con- |

firm the main water course and to evaluate whether the riverbed is rising ‘or
thermore, hydrologwal analysxs for the selected ‘major- bndges ‘was also camed ‘out:fo. theoretls-‘_-'-. .
cally-estimate the magmtude of ﬂoods, the. ﬂow capaclty of the_,_rlver at- bndge site and the"-- '
flood level at the bndge sue : . T " i a e

- lowering, Fur—-;_"'_' -



R Bssef.l on dxagnesxs of aIl ths dst‘ects 1dent1ﬁed through the above sxercxses such as .

-'structural functtonal and hydrauhc assessments, suitable rehabilifation methods were selected

.+ for each. dsfectlve member or each defective bndge Accordmgly, the work quantlty of- each )
- rshablhtatmn method was estxmatsd on & bndgs by bndge bas1s ' S

o __Ths rehabxlitatwn methods selected in: the Study were broadly dmc eci mto thrse catego~ _
jﬁes, structu"a_ ’ o
'_ 3deter10rated ridg; member or to: strengthen a bndge member whxch has m"tdequats load carrya o

w1demﬁg camagexﬁays addmg sldewalks or raising br:dge grades The nydrauhc rehablhta- ._
' tion method is mamly o pmtect nver banks Or Tiver beds in t‘ne v1c1mty of abutments and river

=nc:l contmgency v ers fzrst assessed and determmcd referrmg to ssmﬁari‘_

anctional and’ hydraullc The structural réhabilitation wcrk is to rectify a. | ..

";;the umt pnce of each rehsbnhtanon method was analyzed o estxmate Lhe »

o Velufne Maisysm 1998 ¥ whlie the estimated prq;cct cost was converted to economxc cost by L :
- usmg the. authorlzed sverage conversmn factor (CF) of: related werks pubhshed by the “Eco Lo

: :s1dered in this Study are threa categones, (1) savmg in vehicle operatton cost due. to a: reduc-'-f L
tion of trafﬂc ﬂow mterruptzon period,(2). saving in ‘vehicle operation cost- ‘due to an’ mcrease__j__-? .

of vehicle spead and (3) saving of mmntenance cost: between "thh“ and ’*w;theut" proje,ct'

ononiic: evaluation was -carriedout- using three' parametsrs Beneﬁt/()ost Rauo -
_ .-Net- nt_ _V_aiue (NPV) and Intemal Rate of Retusn (IRR),and assuming a project life
of 20.years starting from. 1994, The results mdlcated that the benefit: which is. mostly derived

- from the reduction of the, trafﬂc mterruptlon period due to brndge failure is large enough as

compared to'the cost

witha bencﬁt cost ratlo of 6,75 and an mtemal rate of retum of 58 % as.

. a.whole- prOJect_ Furthermore the economic evaluanon of individual study brldge revealed

B ;that the 197 stud; brldges,- or 97 % of the 203 study bridges, are economically viable in 1594,
g _The 6 remammg b:ndges are also substantzally feasxble in 1999 due to enhanmng an mternal :
. -rate of retum hy reta:dmg the rehablhtatton for § years : :




" PART B: (,ONCLUSION

B i Nggsglty of Bnd : Mamt nanc‘ : A '.R_@Qamﬁm&q
- 1he gmwth af the transport and commumcahon sector, especxally the road network in -
o the road trdnsport suhsector, has been: playmg an important’ part in the natlonal gmwth and-
economic expansion.of the country. On the road network, bridges are key elements because of
then' strategm locauon and the adver:«,e consequences when thesr capaczty 1s 1mpalréd-il e

§ Ont of the 216 study brxdges, 34 (15 %Yiwere co f__tructed before 1945; and 180 .

' '(33 3%) were bmlt between 1946 and {974, On the t.ype of Construction,. 6. (35 2%) are steel .

beam buckle plate (SBB) bndges which have ‘major. structural and mamtenance problems i

_ 'Hence, the aging and inadequate- toad carrying, capdcxty;i of these bndges are one of the most.

- -'potennal problems. : Moreover, the rapid. grewth of total- traffic volume and’ mcreasa in'the

traffic loads require bridge widening and an increase: in the brldge: Toad carrymg eapacity ’I‘o; _'

 make matters worse as revealed in the Study, river water and air poﬂunon have aggravated
- detenorauon of the bndge matena]s due o chemlca] aitack chlonde attack as weli as cazbona-ﬁ -

- tion,

_ ' In ordcr to prevent the adverse consequences such as a loss of trafﬁc safety and ai} :
" reduction of structural safety, and to avoid an increase of the- Government expenditure for
bridge replacement, there is ciearly a nced to carry out. bndge mamtenance and rehabxhtanon .
in Malaysm asa matter of urgency 8 SR R LT s L O

_ Based on the pxehmmary ehabxhtatmn demgn and the economlc:_ al o
~in- the Study, it ‘was concluded that all the-study. bndges are: techmcally a, d.; cconomxcaliy i

viable and the 1mplementauon ofa bndge rehabihtahon pro_]ect cmrenng all the bndges should. |

. be carried out within the earhest possﬁ)}e tlme, in’ conformmg with the. Govemment pohcy"i ,
emphas:zed in the “Sixth Ma]ayma Plan. 1991-1995". “The total” preject cost covering 203 - -
- ‘bridges amounts to M$ 58.148 milhon, December 1991 pnce levels, as shown below R

| construction Cost 45 423,'5? N
-..Englneerlng LCost i 40543 00
Admlnlstratlon Cost L. Lle363T
Contlngency e . 5 314.1'-':_ I H e
S motal _53_-"1_48::._:_:_*--: b i




?ART C RECOMMENI}AT!GNS

-_ It is recommend@ that the bndge mamtenance and rehablhtatmn covermg a tctal of
203 bndoes deﬁned as "A_ Pro;ect” shali be 1mplemented based on, the foilowmg reasons:

@ ~“All-of the: study bridges have suffered varmus dxstresses or damages and' B
S ‘_some of them are ini critical condmon , : g
< (i) 0 Those: bndges can be 1mproved by mamly usmg standard rehabziztatzon or :

: ;_;strengthemng techmques, RIS S
© @) The economic evaluanon resuits mdlcate that the prOJect is economwally
. highly feasible; - |
iv).+: v The Govcmment of MaIaysna presumably, has enough f" nanc:al capabihty to_ L

o ;i‘"_:-prepare the total pmJect cost. [ R o .

_ Wl‘th consmeratmn of the Government $ finanmal arrangemcnt capabihty as we!l as o
urgency of the pmject melementauon the followmg key aspects are recommended

-j:The pr01ect covenng 203 bndges shaii be chv;ded mto five packages R

___ “The construction of the first package shall be commenced in early 1994; and
UG In prmmple each’ package shall be completed- w:thm one. Maiayszan ﬁscai o
. .ﬁ.-_-yearand thaprq;ectbccompleted by theend 0f1998 R R T

: ', (I) Need to ; hmma{e Demgn and Construcnon Dcﬁcxenmes m New Br;dges |

;fmcluded the deficiencies due to- 1mproper bridge demgn and. cnnstructwn “It'is, there-

. ' ‘fore, obvious that'these deficiencies should be climinated in new bridge design.and

f}'"__'-constmctmn ‘otherwise ‘the workload of the malntenance and’ rehahlhtauon wﬂi never
i Lbe reduccd m the future LT : :

‘*-;;"' ;In orde “'"'0 ehmmate those deﬁ01enc1es the foﬂowmg measures shouid be takeﬂ

S e :,?_.Standard.de&gn of appropnate type,s of superstrucmres covenng span length from o
s o -10m to:40m:and” typlcal demgn of several types of substructures: shall be estab- _

i dishedy and apphcatmn nf these standa.rd desxgn shall be mstltutlonahzed nat;on- -

_.',.;"‘-Iw1de ‘ STy UET o - et '

In new bndge planmng, bndge type sclecuon, span arrangament determmatlon of o
- total bridge length and finish grade shall be carefully exammed especmlly from-
. _river hydrologxcal and hydrauhc v1ewp01nts ' o

o The study -results"revedled that vanous deﬁcwnmes observed in the study bndges‘ e



- A comp;ehenswe brldge desrgn manuel meludmg constructmn detatls and ereetton _'
/construenen methods shall be prepared : : SN

- The Bndge Umt in }KR shoulcl be gtven the authonty te revu,w and to approve ail.".
the bndge desagns under JKR junsdtctton. R R T

e The }KR’S management aud superwsmn team for bndge eonstrueuon should be
strengthened and pay more attentton to quahty contrel of the: werk e '

(2) Need to Establish a Sehd Orgamzatton fer Brtdge Manageme and to Implement
Systemanc Bndge Inspectton, Mamtenanee, and Rehabzhtau R -

As stressed in Part B: Conclusmn 'ther‘_ sclearly aneed t carry out systemat— ,
ic brtdge inspection, mamtenance, and rehabtlltat n-which are only partof a broad-;
panopty of the measures from the moment a bridge is ‘opened to traffic. . A successful _
bridge mspectlon ‘maintenance, .and réhabilitation; hewever, will to- a censxderable
" ‘extent.rely on the orgamzational managenal and trammg aspects of the operatlon o
’[herefore the followmgs are recommended o B R s

- :"I‘he Bndge Umt in JKR shouid be gwen the authonty to'_'versee all the acthltxesﬁ_'
~ related to bridge inspection, miaintenance and rehabllztatxon and be reSponsmle for :
' :"bndge management under JKR ]unsdtctwn x e T A

} The State JKR should be respensmle for management of the rehablhtatmn work 7
while each District Office is respons1ble for. 1mplementatlon of superﬁmal andf
_penodtcal bndge lnspectton ‘and routme bndge mamtenance G L

- _"'AH the mspecnon results and the memtenanee auid {ehablhtation records sheuld be'
_ -centrahzed in the JKR Bndge Management System S C a

= o To enhance the }KR engmeers and techmelan s capabxiity wlnch.-m turn .dlreetly__ iy
' affects the qua.hty of work a professmnal tram:ng should be camed out penodical-i o

y.

- Quahfied Bndge Inspectors Reglstratwn sheuid be 1ntrodnced in the ‘na‘tlonal bndge
mspectlon system 50 that they can mamtam a professmnal mmd R R O

- Frequent personnel turnovers must be avoxded S0 that workmg on a_bndge znspee--_ :
tion and mamtenance team does not become rnerely steppmg stone to another'f"_ :
job, o | SRR

- A bndge mspeetzon mamtenance, and rehabxlztatlon budget should be separately" - '
' a}located from the road mamtenanee L o SRS T el e
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CHAPTER 1
INTRODUCTION

I-1 Background of the Study

It has been recognized that there is a necessity to strengthen the Bridge Management
System (hereinafter called "BMS") and that bridge maintenance and rehabilitation works
should be systematically carried out throughout Malaysia. ‘In this regard, the Government of
Malaysia (hereinafter called "GOM") requested the Government of Japan (hereinafter called
"GOJ") to provide assistance for this purpose. In response to the request, GOJ decided to
proceed ‘with the Study on the Maintenance and Rehabilitation of Bridges in Malaysia {herein-
after called "the Study").

Accordingly, the Japan International Cooperation Agency (hereinafter called "JICA"),
the official agency responsible for the implementation of technical cooperation programs of
GOJ, dispatched a preliminary study team to Malaysia from 13 February 1990 to 24 February
1990. The agreement on the Scope of Works for the study was signed between GOM and
JICA on 23 February 1990, Subsequently JICA organised an Advisory Committee consisting
of three members and a Study Team consisting of 8 members in August 1990,

The Study Team‘was dispatched to Malaysia on 6 September 1990 and the Study offi-
cially commenced with the submission of the Inception Report to discuss and confirm with
GOM on the approach and methodology of the study together with the study schedule.

The Study was completed in December 1992 with the submission of the Final Report.

I-2 Objective of the Study

The principal objectives of the Study were two fold:-

1. To develop a systematic maintenance and rehabilitation program for bridges
~ in Peninsular Malaysia.

2, To establish a manual of inspection, maintenance and rehabilitation work cover-
ing all the typical bridges in Malaysia.

In addition to the above, the Study includes providing practical training to the Public
Works Department (Jabatan Kerja Raya (JKR) in Malay) counterparts in the fields of inspec-
tion techniques, bridge loading test and assessment techniques on the required maintenance and
rehabilitation methods for various types of defective structural members.
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-3  Scope of the Study

The Study covers 216 bridges located along federal roads in Pemnsular Ma]aySIa w1th _
condition rating given by National Axle Load Study (hereinafter called "NALS") as 3, 4 or
SSAL which is defined as a bridge with significant defects detected, structurally dangerous
condition and Substandard Axle Load respectively. The Study also includes 30 selected feder-
al bridges in Sabah and Sarawak and 40 selected bridges in the States of Perak, Selangor and
Negeri Sembilan.

The Study carried out on the federal bndges in Penmsular Majaysm mcludes collectlon
and review of available and related data, visual inspections on 100 typical bridges, detailed
survey on 20 typical bridges including loading test on 5 of the selected bridges, preparation of
rehabilitation and maintenaace programs with cost estimate and economic analysis for all the
study bridges, and preparation of the manual on bridge inspection, maintenance, and rehabili-
tation works.

The Study carried out on the federal bridges in Sabah and Sarawak includes; visual
* inspections on 15 bridges from each State and preparation of a visual inspection report, de-
tailed survey on a few selected bridges and their rehabilitation design, and reflection of the
results of inspection and design in the manual on bridge inspection, maintenance. and rehabili-
tation works.

The Study carried ouf on 40 state bridges in the States of Perak (10 bridges), Selangor
(20 bridges) and Negeri Sembilan (10 bridges) includes, visual inspection on the s_ele_éted
bridges and preparation of a visual inspection report, and reflection of the inspection results in
the manual on bridge inspection, maintenance and rehabilitation works.

The Study was carried out in 3 phases from September 1990 to December 1992,
Figure I-1 shows the major work items of the study and their interrelationship.

i-4 Composition of the Report
The final report consists of four volumes as listed below:
Volume!  Executive Summary
Volume I Main Text
Volume I  Appendices

Volume IV Drawings

In addition to the above, a bridge inspection, maintenance and rehabilitation manual
was prepared as a separate volume and submitted to GOM.,
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CHAPTER I

CONCLUSIONS AND RECOMMENDATION

O-1 Conclusions
Ii-1-1 - Necessity of the Bridgé Maintenance and Rehabilitation

The growth of the transport and communication sector, especially the road network in
the road transport subsector, has been playing an important part in the national growth and
economic expansion of Malaysia. Up to date, a total of about 40,000km of roads has been
built in the country and among those, the federal roads amounted to 13,000km.

. On the road network, bridges are key elements because of their strategic locations and
of the adverse consequences when they fail or when their capacity is impaired. It is estimated
that there are about 4,500 brldges in Malaysia, out of which 2500 bridges are located on
federal roads.

About 12% of these federal bridges were constructed before 1945 and 77% were built
between 1946 and 1974, Hence, aging of these bridges is one of the most potential problems.
Besides this, the rapid growth of total traffic volume and increase in traffic loads require
bridge widening and an increase in the bridge load-carrying capacity respectively. To make
matters worse, river water and air pollution aggravate deterioration of the bridge materials due
to chemical attack, chloride attack as well as carbonation,

In order to prevent the adverse consequences such as loss of traffic safety, reduction of
structural safety and increase of the Government expenditure for bridge replacement, there is
clearly a need to carry out bridge inspection, maintenance and rehabilitation as stressed in the
"Sixth Malaysia Plan 1991-1995", in which the emphasis has begun to shift from building new
roads to maintaining and rehabﬂ;tatmg existing facilities in road transport network.

H-1-2  Assessment Results of Study Bridges
Out of 2500 federal bridges, the bridges which were classified with condition rating

"3, "4" or study category of Substandard Axle Load (SSAL) by NALS are defined as the
study bridges and amounted to 216.%

(1) Afer commencement of the stwdy, 11 bridges have been replaced and 2 bridges have no deﬁ.cbs lhus a8 lotat of 216 bridges was
reduced to 203 bridges.
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Assessment methods applied in the Study are broadly divided into two categories con-
sisting of visual inspection covering a representative 100 out of the 216 study bridges and de-
tailed field survey for 20 lyplcal bndges se]ected from those 100 bndges

The f‘ ndings from the visual inspection results are as follows

Member Condition of Each Main Structure

_ Steel and concrete beams have suffered advanced deterioration as compared to
other members such as concrete decks, abutments, - Especially the deterioration
of steel beams is quite remarkable.

- Concrete deck slabs are the most sound members.
Bridge Condition of Each Bridge Type

- Steel beam with buckle plate (SBB) is the most defectlve bridge among the
other bridge types.

- Reinforced concrete slab (RCS) and inverted "T" beam (IT) are in relatively
worse condition than others such as steel beam with concrete slab (SBC), steel
beam encased (SBE) and precast concrete beam (PRB).

- Prestressed concrete beam (PCB) bridges are, generélly, in good condition.

As part of the detailed field survey, topographic survey, subsoil and water investiga-
tion_, river hydrological survey and detailed structural survey were carried out for 20 selected
bridges. The major findings through those surveys are as follows:

@i From Subsoil and Water Investigation

- The chemical attack on concrete piles identified during NALS is not due to
“sulphates as originally anticipated, but more likely to be caused by a combina-
tion of acid attack and high water-cement ratio in the concrete. As a precau-
tionary measure, it is concluded to apply rich mix concrete with unit portland
cement content more than 300 kg/m? in the rehabilitation design.

- The foundation failure at Bridge No.00546980 is probably due to a combina-
tion of inadequate bearing capacity of the piles in the original design, negative
friction due to consolidation settlement and lateral soil movement. It is there-
fore prudent to consider urgent rehabilitation measures to support the super-

- structure by constructing new rigid framed abutments close to the existing
abutments.
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B ¥rom River Hj’ﬂmlogical Survey

- At Endau Bridge (No.00317000), the hydrological analysis has proven that the
beams at both end spans which were found to have the flood marks during the
field inspection have been submerged. Thus, the submerged spans should be
rehabilitated using an appropriate method such as raising the bridge grade.

- The assessment result proved that the channel capacity at Dungun Bridge site
(No.00346740) is slightly less than that required. Therefore, excavation of the
right side bank, provision of revetment for both side banks, provision of river-
bed protection and spur dikes are selected so as to increase the channel capaci-
ty at the bridge site.

B From Detailed Structural Survey

- -Based on the concrete cover measurement survey, the cover of slab soffits
- varied from 25 to 50mm and was found to be adequate. While, the concrete
cover for beam soffit averaged about 30mm is slightly inadequate and the
concrete cover of 40mm in piles and in substructure is too low. It was there-
fore decided that the minimum cover of slabs and beams should be 30mm and
40mm respectively, and a minimum cover of 70mm should be applied for all
substructures in the rehabilitation design.

- Based on the sirength mea_s'urenient fes'ults, the applicable strength of each

material in the structural assessment are as follows:
(Unit : N/mm2)

: - Congrete™ . Steel®
Superstructure Substructure Structural Steel Rebar
Beam Slab  Abut/Pier Pile

._2()-25 20 20 25 230 _ 230

Note: (1) Cube strengih at 28 days
(2) Yield strength

- From the carbonation test results, it was revealed that all the deck slabs tested
except for 2 bridges have been heavily carbonated with carbonation depth
varying from 11mm to greater than 7Smm. In the rehabilitation work, the
carbonated parts of the concrete which indicate inadequate alkalinity shail be

removed or scarified.

- From the chloride test results, it can be concluded that-most of the piles have
been badly attacked by chloride which far exceeds the critical valve (0.4%) at
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the rebar position. Chloride attack to the beams and slabs at bridge
No.00317000 is quite serious and it has reached a depth of more than the
cover. It was decided that rich mix concrete and adequate concrete cover
should be applied to prevent chloride attack in the rehabilitation design.

- From the sulphate test results, it was revealed that the percentage of sulphate
by weight of cement is within acceptable level.

- From the formation analysis of bearing pads, the rubber polymer in bearing
pad of Bridge No0.00701801 is a blended type consisting of natural rubber
(NR) and styrene butadience rubber (SBR). Therefore, it is conclusive that the
main reason for deterioration is due to inadequate ozone resistance of both NR
and SBR. In this regard, it is recommended that natural rubber coated by
chlorophene shall be applied as elastomeric bearings in the rehabilitation
design.

- From the alkaline-aggregate reaction test, it is apparent that cracks on the pile
head of Bridge No.00319110 ar_e' due to alkaline aggregate reaction (AAR).
Taking .into account the extent of damage, epoxy injection together with sur-
face coating is suitable for the rehabilitation method. :

B From Full Scale Bridge Loading Test

- 'The assessment of the loading test results has proven that each bridge tested
has some reserved residual load carrying capacity (RRLC) of a certain per-
centage against maximum design stress resulting from bridge behavior differ-
ence between in design and in actual, i.e mitigating actual working stress due
to several effects such as composite action, built up action, lateral load distri-
bution action and so on. Following are RRLC values to the corresponding

iype of bnidge.

Bridge Type - Member RRLC Value
SBC Main Beam L 20%
RCB Main Beam 20%
PCB. Main Beam - 20%
RCS Main Slab 10%

It should be noted that the above RRLC values are only applicable to analytic
assessment of the existing bridges for rehabilitation design.

II-1-3 Results of Preliminary Rehabilitation Design
In the preliminary rehabilitation design, analytic ass_es__smcn’i "a_pplying the Long Term

Axle Load (L'TAL) was carried out for each of the 20 representative bridges. The assess-
ment results revealed that among those bridges, steel buckle plate, main beams supporting the
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buckle plate and concrete main beams of 2 girders type bridge were inadequate to carry LTAL
Joading. Based on the those findings as well as the inspection results and the assessment
results of the detailed survey, all defects detected in each study bridge were diagnosed from
viewpoints of material deterioration, load carrying capacity, bridge function and hydraulic
adequacy. Thereafter, a suitable rehabilitation for each or combined defect(s) was selected to
effectively rectify the cause of the defect(s).

The rehabilitation plans in the study are divided into three categories: structural rehabil-
itation work, functional rehabilitation work and hydraulic rehabilitation work. The structural
rehabilitation works are to rectify a deteriorated bridge member and to strengthen or replace
a bridge meniber which has inadequate load carrying capacity and/or has active or critical
‘defect. The functional rehabilitation work is to improve the bridge function by widening
carriageways, adding sidewalks or raising bridge grade, while hydraulic rehabilitation work
is mainly to protect riverbanks or river beds in the vicinity of abutments and river piers.

~ As a planning resuit of maintenance and rehabilitation works covering all the study

bridges, the rehabilitation works required on the defective members or bridges which have
inadequate bridge function were identified at each of the study bridges. The dominant reha-
bilitation works and the percentage of bridge members or bridges affected against all the
study bridges are shown in Table II-1.

Table II-1 Summary of Dominant Rehabil_itation Work

Stuctural and Hydraolic Rehabiftation Plene —l
Bridge Typa or Thres Most Dominant Rehabiitation % of Bridge
| Supesstructure type . Methods Reguired . Members

] Affected
teal Beam with —~ Steel beams profaction by repainting 24.0%
R.C.Slab Bridges | — Deck slab protection by patching 50.0%
($8C) . ~ Deck slab protection by water proofing 27.8%

Stee] Boam — Encasing concrate protection by patching 33.3%
Encasad Bridges ~ Encasing conciate protection by lining 22.2%
{SBE) - Treck slab protection by pelching’ 22.2%

. Steel Beam ‘| = Totat replacement of bucktie plate by RC slab 100.0%
Buckle Plate Bridges | — Tolal replacement of steel baarings a7.i%
{€B8) ~ Steel beam motection by repainting 837.1%|

RC Beam - Deck Skab protection by patching 25.8%
Bridges ~ RC beam protection by patching 22.6%
(RCE)} — RC beam reinforcement by bonding steel plate L R26%

RC Slab - RC shab protection by injection . A43.5%
Bridges - Dack slab protection by guniting - 30.4%

{RCS) — Deck slab protection by watet pioofing 26.1%
Precast RC — Deck slab protection by water procfing 75.0%
Beam Bridgas - RC beam protection by patching . 15.0%
{PRE} |~ RC beam reinforcement by bonding steel plate | 5.0% |
Precast — RC beam reinforcement by bonding steel plate 231%
RG-Beam Bridges | — RC beam protection by coating 23.1%
{FRB) - Deck slab protection by patching 15.4%
Inverted = Deck slab protection by water proofing 65.7%

. T Beam Bridges ~ Beam protection by patching 22.2%
{17} — Baam protection by injection ) 111%

- Abulment pretection by injection 28.5%

‘Abutments — Abittment protection by partial concrete lining 17.0%

. ~ Protection of abutment foundation by revertments 141%

— Pier reinforcement by partial concrete lining 6.2%

Piars — Pier reinforeement by total concrete lining 8.8%
- Pier protection by patching 5.8% |

% of Bridges

Functional Rehabiltation Plans Affected

— Widening of Carrlageway 2.0%

— Adding of Sidewalk ' ' 8.3%
— Raiging of Grade : 3.9% |
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1I-1-4 Project Cost

"The total project cost obtained by adding each progect cost of the 203 study bndges
amounts fo M$58.148 million based on December 1991 price levels as shown below :

bescription . Milljen H$)
Construction Cost _ _ 45.428
|-_Engmeer1ng petailed Design | 2.726
cCost - -
Supervision 1.8Y7
Administration 1.363
Contingency - 6814
Total _ _ 58.148

¥1-1-5 Economic Evaluation Resuits

The economic evaluation using threc economic parameters: Benefit Cost Ratio (BCR),
Net Present Value (NPV) and Internal Rate of Return (IRR), was carried out for individual
bridge and for the whole project covering the 203 study bridges.

l Whole Prgject

As a whole, most of the benefit is derived from the reduction of the duration of traffic
interruption. 'The benefit is large enough as compared to the cost with a benefit cost ratio
of 6.75 and an internal rate of return of 58%. It is then concluded that the project is
feasible as a whole.

B Individual Bridge

The internal rate of return of each of 197 bridges out of 203 exceeded the discount rate of
11%. For the remaining 6 bridges, it was also observed that the benefit grew by retarding
rehabilitation for S years and that the internal rate of return was improved; 3 bridges
became feasible with an internal rate of return of more than 11% and other 3 bridges
gained an internal rate of return of at least 6%. '

It is concluded that the project should be implemented for aII the bridges including the
above 6 based on the following reasons:

- The entire project is considered to be fully justified because 97% of the bridges are
feasible for rehabilitation in 1994 and $9% in 1999.

- For the 3 bridges with an IRR of less than 11% for rehabilitation in 1999, intangible
benefits not included in the calculation in this study can be added due to the service
level and reliability of nation-wide road network improved by the proposed rehabilita-
tion project. SR
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11-2

Recommendation

11-2-1 Project Implementation

Peckuge
Ho

1t is recommended that the bridge maintenance and rehabilitation covering a total of
203 bridges defined as "A Project” shall be implemented based on the following reasons:

)

()

(iii)

)

- All of the study bridges have suffered various distresses or damages and

some of them are in a critical condition.

Those bridges can be improved mainly using standard rehabilitation or

strengthening techniques.
The economic evaluation results indicates that the pm]ect is economlcally

highly feasible.
The Government of Malaysia presumably has enough financial capability to

~ arrange the total project cost.

‘With full consideration of the Government’s financial arrangement capability as well as
urgency of the project zmplementatron the following key aspects are recommended for the
project 1mplementat10n

M

(i)
(iii)

The pro;ect covering 203 bridges shall be divided mto five packages,

The construction of the first package shall be commenced in early 1994, and
In principle, each package shall be completed within one Malaysian fiscal
year and the project be completed by the end of 1998,

The overall implementation schedule is depicted in Figure II-1.

Figure II-1 Overall Implementation Schedule
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11-2-2 Technical and Institutional Recommendation
(1) Need to Eliminate Design and Construction Deficiencies in New Bridges

The study results revealed that various deficiencies observed in the study bridges
included the deficiencies due to improper bridge design and construction, It is there-
fore, obvious that these deficiencies should be eliminated in new bridge designs and
construction otherwise the workload of the maintenance and rehabilitation will never be

reduced in the future.
In order to eliminate those deficiencies, the following measures shall be taken;

- Standard design of appropriate types of superstructure covering span length from
10m to 40m and typical design of several types of substructure shall be established
and application of these standard design shall be institutionalized nation wide.

- In new bridge planning, bridge type selection, span érrangement and determination
of total bridge length and finish grade shall be carefully examined, especially from
river hydrological and hydraulic viewpoinis. :

- A comprehensive bridge design manual including construction details and erection
/construction methods shall be prepared. '

- ‘The Bridge Unit in JKR should be given the authority to review and to approve all
the bridge design under JKR jurisdiction.

~ . The JKR’s management and supervision team for bridge construction should be
strengthened and pay more attention to quality control of the work.

(2) Need to Strictly Control Overloaded Trucks

The study results revealed that some of the existing bridges especially steel
beams with buckle plate slab have inadequate LTAL local carrying capacity unless
rehabilitation is provided. It was reported that overloaded or overheightened trucks are
passing on the bridges or under the overbridges, which are susceptible to fatigue or
impact damage. Therefore, it is recommended that the Government takes the following
action within the earliest possible time. '

- Weigh bridges should be installed at selected locations along the major federal roads
to control the overloaded trucks.

- Strict enforcement is required in collaboration between the Police Department and
Roads Transport Department. '
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{3) Need to Establish A Solid Organization for Bridge Management and to Tmple-
ment Systematic Bridge Inspection, Maintenance, and Rehabilitation

As stressed in Section 1I-1, there is clearly a need to carry out systematic bridge
inspection, maintenance and rehabilitation which are only part of a broad panoply of
the measures from the moment it is opened to traffic and ending with its replacement.
A successful bridge inspection, maintenance and rehabilitation will, to a considerable
extent, rely on the organizational, managerial and training aspects of the operation.
Therefore, the following aspects are recommended:

- The Bridge Unit in JKR should be given the authority to oversee all the activities
related to bridge inspection, maintenance, and rehabilitation and be responsible for
bridge management under JKR jurisdiction.

- Tht_: State JKR should be responsible for management of rehabilitation work, while
each District Office is responsible for implementation of superficial and periodical
bridge inspections and routine bridge maintenance.

- All the inspection results and the maintenance and rehabilitation records should be
centralized in the JKR Bridge Management System. :

Figure 1I-2 shows the responsibilities of each structure, flow of bridge documents,
etc. as described above.

- To enhance the JKR engineéfs and technician’s capability which in turn directly
affects the quality of the work, a professional training should be carried out period-
ically. '

- Qualified Bridge Inspectors Registration should be introduced in the national bridge
inspection system so that they can keep a professional mind.

- Frequent personal turnovers must be avoided so that working on a bridge inspec-
tion and maintenance team does not become merely a stepping stone to another
job. .

- - A bridge inspection, ‘maintenance, and rehabilitation budget should be separately
“allocated from road maintenance.
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