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PREFACE

In response to a request from the Government of the Democratic Socialist
Republic of Sri Lanka, the Government of Japan decided to conduct the Master Plan
~ Study on Bndge Dcvelopment in Sri Lanka and enlmstcd the study to the Japan

International Cooperanon Agency (JICA). - -

JICA sent to Sri Lanka a study teaf)l headed by Mr. Hiroshi Namba from Japan .
Bridge & Structure Institute, Inc., three times between Marph 1995 and May 1996.

The team held discussions with officials concerned of the G'overnmcm of Sri
Lanka, 'md conducted field surveys at the s{udy area. Afler the team returned to Iapan .
. further studics were nmade and the present report was preparcd e

1 hope that this report ‘will comribmc to the prdm_otioﬁ of theé project and to the
enhancement of friendly relations between our two countries. '

- wish to express my sincere apprcc:anon to the' officials conccmed of the
Government of Sri Lanka for their close coopcratlon extended to the tcam

July 1996

“Kimio F u;lta
o Presxdent .
Japan lnternallonal Coopcrauon Agency. .
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PHOTOS
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Master Plan Study on Bridge Development
in
The Democratic Socialist Republic of Sri Lanka

Study Period: March 1995 - July 1996

Counterpart Agency: Road Development Authority
Ministry of Health, Highways,
and Social Services

Executive Summary
1. Backgrou'nd. of the Study

Road system is the most dominant transportalion mode in Sri Lanka for both
passenger and freight. Traffic surveys show that roads carcy as high as 82% of the
total passengers and 90% of the total freight in the country, and il is expected that
also in the next decade the role of roads will be increased.

Since independence from Britain, Sri Lanka was given various assistance from
" developed countries including Japan for their infrastructure improvement. Road
“maintenance, therefore, had been started nationwide. However, although there is a tot
‘of bridges which need to be repaired urgently, only 20% have been repiaired and
others remain untouched due to budget limitations and engineering aspects. These -
decrepit bridges are a serious hindrance to providing a larger and better network.
Without repairing these bridges, further economic growth in Sri Lanka can not be
expected. S ' ’ o : S

~ 2. Objectives of the Study
: -_The:Sludy‘: aims at‘:for;nulating a dlaéter plan for i,mi)rbv'eme'm and irchz{biiilalion; of
“bridges on A routes and selected bridges on B routes and preparing for the bridge
inspection, maintenance and rehabilitation goideline. - P
3. Summary of the Project
3-1 Basic Conception
Most of the _briclgés can not withstand the loads of hca\_}y cdmméréial vehicles which
" have been increasing recently with socio-economic development. And there is a lot of
bridges which have serious damages. L
“The improvement of the bridges are programmed in the Public Investment and carried
out by RDA, however, it can not cope with the demand of traftic to promote regional

development.

Thetefore, in consideration of the present traffic condition and future development



trends, it is necessary 1o find a solution to improve and rehabilitate the bridges
urgently.

This Study focused that the bridge development should be carried out by the year of
2010.

3-2 Studies on Bridges

- This master plan ivas prepared on 100 bridges of which economic analysis was carried

ut. " And the Guideline for Bridge Inspection, Maintenance and Rehabilitation was

prepared to introduce how to manage all bridges in Sri Lanka considering the
maintenance of bridges and technology transfes.

There are about 4,430 bridges on national trunk roads of A and B-class. 206 bridges
were judged to need urgent rehabilitation and tabulated in the list by RDA. And out
of these bridges, 101 bridges were selected based on the S/W and on the
consideration that these bridges should summarize all bridges in Sri Lanka
Assessment applied in the Study is roughly divided into two categories; preliminary
ihspection on the 101 -bridges and detailed survey on 10 bridges. However, one
bridge which needs no rehabililalion was excluded from the 101 bridges. |

“The 10 bridges were. selected from the Bndge Inventory made based on  the .
prellmmary inspection.  Each of 10 bridges is representative bridge for preparing
vatious rehabilitation plan, and all of them do not need to be urgently reconstructed

3-3 Contents of the PmJect '

The 100 bridges which need to be rchabilitated were selected and divided into 3
groups based on the priority. of rehabilitation which: was determmed con&dermg
© function of roads,’ traftic volume and damay,e degree of lhe bndgcs Project
: ';Implementatron Programmc was prepared m aocordance wnth thc pnoruy of
rehabllltauon as follows - : : : -

First group 35 nos, of bridge 1996 - 2000 year

Second group : 35 nos. of bridge 2001 - 2005 year
Third group @ 30 nos. of bridge 2006 - 2010 year

: Thc contents of the bridgo' rehabilitation projcci‘ are shown in Table-1.

- Table-l Summary of Rehabiitation Plan for 100 Bridges . (unit: nos.)
: First Group | Second Group | Third Group Total
i 1 (1996-2000) | (2001-2005) | (2006-2010) |
‘Repair - | 8 5 10 23
Reinforcement | 11 26 15 52
Reconstruction 16 4 5 25
Nos. of Bridges 35 - 35 30 100




" 4. Project Cost

‘The project cost for 100 bridges divided into 3 groups is shown in Table-2

Table-2 Project Cost for Rehabilitation of 100 Bridges

_ (Rs.million in 1995 piice)

First Group | Sccond Group | Third Group Total
(1996 - 2000y | (200t - 2005} | (20006 - 2010)
_ Local |Forcign| Local [Foreign| Local |Forcign| Local jForcign
Repair 129 | 248] 33] 63 15| 29| 1727 340
Reinforcement EFR 724 393 754 42.1 80.7 | 119.3 ] 2284 ‘
Reconstruction | 2063 | 4143 | 722 | 1383 40.9 R3] 3294 | 6309 :
._Tetal 7185 3348 246.4 © L3597 '
No. of Bridges 35 .35 10 100

The budget for rehabilitation of bndges are ﬁgured out Rs.4,044 million for the years
1996 - 2010, which may cover thc pro;ccl ‘cost for rehabilitation of 100 bnclg,es
subjected in the Sludy ' o

©* The total numbcr of bndgcs managed by RDA are about 4 430 Thcrcforc the study
“results needed 10 be extended to these bridges, and it was assumed that 253 nos. of
- bridges needed rehabifitation. Table-3 shows the grouping of lhe 253 bnd;,es and

! cost summary.:

']able 3 Rehabnhtatmn Plan of 253 Bndgcs - (Rs. mllhon in 1995 prlce)
. First Group| Second: |Third Group| = Total

(1996-2000)| - Group . [(2006-2010)| - |

_%(2001200‘3)

" Initial 100 Bridges’ | . 779 | 335 | . 246 1,360

Secondary 228 Bridges | © © 695 | 695 | 695 ;| 2,085
- Total . i | 1474 | 1,030 .} T 941 ;| 3,445
Nos: of Bridges | 86 86 | . 81 | 253

When the bridge rehabllnallon cost of Rs.3,445 million is compared to the budget

; eslimated, it appears a shostage of Rs.276 million in the first period while the surplus
‘of Rs.599 million is calcutated for the yedr of 1996 - 2010. It should be noted the

“surplus amount would change after through bridge inventory surveys are compleled in

other bridges of 4,066. ~Allocation of fund for bridge rehabnhlanon works should be

reviewed by RDA. .

. Project Evaluation

This project is evalvated as feasible based on the results of economic evaluation,
technical studies and environmental examination.



5-1 Economic Evaluation’

Economic evaluation of each bridge rehabilitation plan is conducted by a routine
process of calculation 'with and without project’. However, the bridge damage which
will happen in the future can not be determined because bridge history file is not
found.

'Under the circumnstances, the probability function of bridge unusable damage is
developed for each rehabilitation category and for each priority group. Vehicle
operation cost is estimated in economic terms and integrated in the vehicte travel cost
with and without project, to which the probability of bridge damage is applied..

Results of the calculation are summarized in Table-4. Each group showed justifiable

‘return figures. There are some bridges with lower return values even in the first
priority group. Main reasons are high cost caused by difficult natural conditions,
small teaffic, etc. However, it is concluded those are in minor numbers and there
would be no need to restructre the groupings. The phased programme of the master
plan is reconmendable. o ' -

H

... Table-4 Summary of Economic Bvaluation :

. ‘|First Group| Second |Third Group| = Total
|(1996-2000)]  Group - - [(2006-2010)[(1996-2010)
SR © 0 feoor-2008) 0 |
Average EIRR % o218 359 14.6 245

[ Evatvation B/C raiioinlz% v "1.97 308 3 1.40 : 244

| Econoniic NPV Rs.miltion 12% 24 31 - 0.0 17

© 5-2 Environmental Ixamination

Initial Environmental Examination for 10 bidges detailed-surveyed ¢oncluded that the

Environniental Impact Assessment will not be required if appropriate countermeasures.
are taken for estimated environmental impacl. o - P

On the other hand, according to the results of scoping for other 90 bridges, 80 bridges
~ will have cestain impact to the environment, and therefore consideration should be
~given to them: The environmental examination items to be considered are as follows:-

- Relocation of Residents and Right of Way
- River-use - o _
- Traflic Jam (vehicles and pedestrians)
- Others {remains, cultural assets and scenery)

It is necessary to carry out the Initial Environmental Examination for the 80 bridges
~ and to examine the considerations for the improvenient plan and traflic control during
© construction. '



6. Recommendations

1) Need to prepare bridge inventory which covers all bridges and to plan maintenance
and rehabilitation programme

2) Need to preparc own Manual for Bridge Inspection, Maintenance and
Rehabilitation by RDA

3) Need to establish a solid organization for bndge managemcnt in ['ugmecnng
Service Division, RDA .

'4) Neet to allocate budget for bridge mamgcmenl :

5) Need to adjust relations between road network devclo pment plan
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CHHAPTER 1 INTRODUCTION

Backgrowd of the Study

Sri Lanka built up their economy based on the exportation of tea, coconut, rubber,
cte. to Western countrics and the Middie East during the British Dominion Era.
Further, transpotiation of thosc goods between plantation and port had stimulated
the development of a domestic Imnsportalion network.

© Of the national transportation system in Sn Lanka, roads arc the most domlmm

transportation mode for both passenger and freight. Traffic surveys show thal
roads carry as hlgh as 829% of the total passengers and 90% of the total freight in
the country, and it is cprclcd that also in the next decade the role of roads will be
increased.

Sinice independence from Britain, Sri Lanka has been gwcn various assistance
from developed countrics including Japan for their infrastructure improvement.

* Road maintenance, therefore, had been implemented nationwide. -On the other

hand, there arc a lot of bridges which nced to be repaired urgently.  However,

‘only 20% have been repaired, and others remain untouched - duc 10 budget

~ limitations and incxperienced cngincering.: These decrepit bridges are a serious

- hindrance to provide a larger and better road network. Without rcpairing these - - g

- bridges; furthcr €conoMic growlh in Sri Lanka can not be cxpectcd

:Undcr these cucums!anccs, the Gm'cmmcnt of Sri Ldnk"l (GOS) askcd thc '
~Government of Japan (GOJ) for their assistance in- January, 1990, and GOJ

carried out the Project Formation Study in Fcbruary, 1993 to investigate and
analyze 1he needs of these bridge projects. As a resulf, GOJ decided to conduct

“the Master Plan Study on Bridge Development in the - Democratic Socialist
‘Republic of Sri Lanka and ¢atrusted the Study o Japan International Coopcmtion
- Ageney' (JICA), the official agency . responsible for the . lmplcmcn(all(m of
-:tcchmcalco()pcmuon progmmmc of GOI - : :

J [(,A dssp'ﬂchcd a Prcparalur) Study Team !0 Sri Ldnka from 28!h Novcmhcr fo
{1th December, 1994, Accordingly, JICA and RDA concluded and signed the
Scope of Work (S/W) and the Minutes of Mecting (M/M) on 8th December, 1994.

- Subscquently JICA organized an Advisory Committce and selected a Study Team
~ organized by the Consultants of Japdn Bridge & Structure Institute, Inc. (JBSI)
- and Pacific Consultants Intcrnational (PCl) in March 1995 whach has conducted:

the Study : : o : : :

The Study l“cam was d:spalchcd to Sri L‘mka on 30th March, 1995 dlld the Sludy

offictally commcnced with the submission of the Inception Report to discuss and
confirmed with GOS on the approach and methodology of the Study together with
the Study schedule.

‘The Study was completed in July, 1996 with the submission of the Final Report.



1.2 Objectives of the Study

1.3

1.4

“The principle objectives of the Study were two fold:~

(1) To formulale a master plan for bridge rehabilitation for all bridges on A
routes and some selected bridges on B routes by the year 2010,

(2) ‘To prepare gmdclmcs for maintenance and rchabilitation by Sri Lankan
- authoritics.

In addition to the above, the Study includes providing practical training to Road
Development Authority (RDA) counterparts in various enginecring aspecls,

Scope of the Study

The Study covers 100 bridges which were selected from the List of 206 Bridges
preparcd by RDA. The Study also includes all bridges on A class roads and some
bridges on B class roads which nced 1o be rehabilitated urgently to preparc
guideline for a implementation of maintenance and rehabilitation manual for Sri

‘ Lankan authoritics use.

 The Study carricd out in the wholce of Sri Lanka (except the north and cast artus)
- includes; collection and review of related data, preliminary inspection on 100

typical bridges, detaited survey on 10 typical bridges including loading test.on 3
bridges, formulation of the master plan for bridge rehabilitation with cost estimate

- and cconomic analysis for Ihc'lOG bridges, and prcparation'of the guidclinc

Thc Stud} was c'amcd ouf in 3 phases from March 1995 to Junc 1996 [‘lgurc l i

o shows lhc lI‘l'l_[Ol‘ ‘work items of the Study and lhcu’ mtcrrclationshlp

| Composil_lon of the Report

The final report consists of four volumes as listed below: -

-~ Volumel Summary
-~ Volume 1l Main Text

'~ Veolume Il © Appendices
o Volume v Dra'wings

ln addl!mn 10 lhc above, the bndgc mspccuon shcct bndgc invéntory on thé 100

bridges, preliminary environmental examination sheet on the 100 bridges were
prepared as a scparate volume and submitied to RDA in the beginning time of
Phase 2. And maintenance and rchabilitation manual was also prcpdrcd as a

. separate volume and submitted to RDA.
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2.1

CHAPTER 2 CONCLUSION AND RECOMMENDATIONS

Conelusion

2.1.1 Bridge Master Plan

- 2) o Bndge Cond;lton of[lach Bndge Type R

(1} Studies on Bridges

‘The number of ex:slmg bridges on national mmk road (A ~class road and B-
class trunk road) in Sri Lanka is about 4,430, 206 bridges out of 4,430 were
judged as candidate bridges for the Study by RDA, and 101 bridges were
then selected for Study based on the S/W.

Assessment meihods applied in the Study are broadly divided intoz two
categories; preliminary mspecl:on on 101 bridges and detailed survey on 10
bridges. . S

of w]uch 100 bridges were selected and studied from various engmeermg
v1ewpomts Traflic forecast passmg ‘those bridges were conducted to
recognize the traflic demand on major corridors. “A rate of 5.7% per ‘annum
was estnmated as a general tendency of road traflic gromh in the coming .

~ years.

~ Main résults of the preliminary engmcermg surveys are sumnarized as in the

followmg
1)y Mei11ber Condition of Each Main Slructure '

- Deck and main frame have suﬂered seveier delenoratlon than
- other members do such as abutmcnts plCrS and wing walls

A T

. Steel girder such as RSJIBUC and RSJ/COR Was found to be lhe'
- most defective bridge. ' :

- Truss bridge . rcqmres some weep holes*on lower chord lo
prcvenl corrosion caused by waler stagnatlon :

- Some of‘ PSC!PRL have madequatc concrete covcr for PC
tendons at lhe soffit of beam.

~3) ° River Hydrological Survey

- Generally, many abutments which were built in old days jutted
out into the river in Sri Lanka.  Retaining walls are used to
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je)

4)

%)

6)

cover back-filling instead of wing wall. However, the foundation -
of the retaining walls is not so strong, and there are many large

cracks caused by scouring or settlement.

Whereas there are no protections at the side embankment of
abutment, and some parts of embankment have been washed
away because of poor maintenance.

- Slope protection of the river bank should bc’givcn to the front of

abutment and surrounding area because the water level changes
substantially. Embankment will be scoured unless this protection
is carried out,

Structural Survey

The cover of PC tendons at ‘the softit of PSC/PRE was

‘inadequate and many - flakings duc to construction deficiencies

were observed. In the new specmcallon by RDA, the cover is
changed from 25mm to S0mm.

The Schmidt'hammer tesl revéalcd, each concrete member has

adequate compressive strength compared with a design strength.

Full Scale Bridge Loading Test

The loading test has that steel girder bridge acts like a half:

- composite beam and some load distribution action by deck slab
~ canbe expec!ed :

. PSC/PRE beam whicﬁ is $tandard in RDA has an adekp:al'e fateral

load ! dlslnbutton acuon wnhout ~any iransverse dnrecuon;
pres!ressmg ' : '

Enwronme_nlal Examination

An Initial Environmental Examination revealed that there was no

- necessity to carry out an Environmental Irpact Asscssment
- because an csumaled environmental 1mpact could be reduced by .
" some countermeasures for the impact.: -

Déetermination of Rehabi!ilétion Priority

Prior to the preliminary rehabilitation design, rehabilitation priority was
determined considering function of roads, traftic volume and damage degree

of bridges.

* The 100 bridges are grouped into 3 stages wilh priority gjrder. In each stage,
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the

rehabilitation

arc categorized 0
reconstruction. They are in Table 2.1.1 through Table 2.1.3.

into

repair,

reinforcement

and

Table 2.1.1 Conncction between Function of Roads and Dantage Degree of Bndga,

Function of Read Damage Degrecof  Bridges
Road by | - Traffic 4.0 32 3.0 241020 | under2.0
Priority | Volume L :
1st Oner 1,175 - 127,66,70, | 76,7984, .
5,000 ' 75,108,120, 1 85,99,195,
veh./day : L 197 -~ 201
2nd | more than | 32,836,202, 119 17,41,93, 36 F46,106 -
3,000 212 102,123, ;
_ veh /day ' 151,154
3id morc than 21 78.80 52,65,77, 138,211,216 -
2,000 ' 189, 147,148,
veh /day 173,209
- 4th more than | 7,18,20,33, § 14,40,42, | 19,26,30, | 2,43,45,58, -
1,000 120,150 1 44,87,178 | 39,57,131, | 59,103,130
o vehdday 135,136 _ ' ]
5th fess than | 31,3538, 24,24,55,56,) 254167, 53,60 22,7173
1,000 | 61.62,63, § 74,127,133 | . 69 ‘ N :
veh./day | 68,72,122,
128,144,2088
vuder going - 139
| or plannéd ‘ o
_Sub- Total 25 16 34 20 -5

~ The priosity of road section was determmed based on the 1mp01tance of the
_road function, The road function (whlch is for lows) was selected in the
.ordcr of five ranking groups considering connection of provincial capitals
- and dis{ncl centers and places of nahonal lmportance

| The Damage Degrcc of‘ Bndges (Ratmg) (whlch is for columns) shown m.
. Tabrc 2.1.1 indicates overall evafuauon for brldgcs ‘ S

Table 2.1.2 Bndg_.,e Rehabnluat:on_b Pnonty

4.0 32 3.0 {2.4102.0)u
H
2
3
4 - L -
- 7 4 e 3.
- oller - - fe - -
‘sub-total 25 16 34 20 5
~ Nole: . first priority = 35 nos.
. second priority = 35 nos.
| I : others =30 nos. -



Table 2.1.3 'Summarjf of Rehabilitation Plan for 100 Bridges

Repair Rein forcement Reconst niclion

Nos. Cosl Nos. Cost Nos. Cost
Group | 8 37.7 o $106.2 16 630.6
Group 2 5 9.6 26 114.7 4 210.5
- Group 3: 10 4.4 13 -122.8 -5 T 1192
Total 2] 51.7 52 . 341.7 25 - - 92603

(in Million Rs. of 1995 Price)

(3) Conceptual Desigh for Rehabilitation .

1} Conceptual Dé‘siéns

* in order to diagnose a ltoad carrying capacity of each bridge

The conceptual engincering design of rehabititation of selected
10 bridges were conducted to determine the standard methods of
rehabilitation and typical costs which could be used for the cost
estimate of similar type of works. -

Furthermore, since it was necessary to definé a certain standard

¥

analytic assessnient applying TL-20 live load was carried out for

all steel girder bridges (RSJ) which account for 50 percent of all
- studied bridges.

The assessment revealed that all the bridges
were inadequate 1o carnry TL-20 load and 8 bridges should be

‘ replaced by a new bridge.

" Based on the above assessment’ results as well as the inspection .

results, each defect was ptcked up from viewpoints of material
deterioration, load . carrying’ capacity, bndgo function and
hydraulic adequacy Therealtér, a suitable rehablhtallon plan was _

Eselccted for eachof‘ihego bndges L : o

“The summary of the rehab:hlanon methods for lhe 100 bndges is

shown in Table 2.1 4.

2)  Cost E‘:limate

The summary of the rehablhtauon cost for the 10 bndgcs is
shown in Table 2.1.5.- ;

Table 2.1.5 Summary of Rehablhlatlon Cost for the 10 Bndges

“(in Million Rs. of 1995 Price)

Bridge No, Financial Cost
Repalr 33,7, 212 | 32.2
Reinforcement 85, 59, 20, 70, 211 51.7
"Regonstouction 71,33 ©486.7
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- The costs studics in the 10 bridges are applied to estimate the
rchabilitation costs for 100 bridges which are’ summarized in
Table 2.1.6 afterward. It shows the total cost of Rs. 1,410
million in 1995 prices.

Table 2.1.6 Project Cost (Million SLR)

Consteuction Cost 1,044
Engincering Cost Detailed Design 63

: Supervision . -
Administration 2
Conlingency : _ 209
Total : 1360

(in Million Rs. of 1995 Pnce)
(4) Economlc Evaluation and Financial Analysm

" The ccénomic evaluation using three economic parameters: EIRR, NPV and

" BCR was carried out for individual bridge and for the whole project covering
100 study bridges. The project covering 100 bridges was divided into the

following three packages in accordance with the pnonty of rehabnhtahon
plan descnbed in Table 2.1 2

- 1996 - 2000 year
2001 - 2005 year
2006 - 2010 year

' 35 n0s. ofbr?dge
35 nos. of bridge
30 nos. of bridge

_Fi'rst gtoup
Second group

Third group
The summary of economic evaluation is shown in Table 2.1.7. Although
there are some differences amount the values of average'intérnal rate of
*return for cach package the internal rate of return is about 25% as a whole.
* Afew bridgés have shown less than 12% in the return’ calculation where
reasons are small volumes of traflic or Iargcr costs ‘of thé rehabilitation ptaii.

However, those can be'reviewed in the next feasibility study stage. * The
grouping can be recommendable froin viewpoint of economic evaluallon
Tablc 2. l 7 Summary of Economic Evaluation
Financial |  Econ. Average | Ecoriomic | Evaluation
Group l_\‘os. of | CostTor. |- Cost Tot, EIRR: NPV | B/C ratio.
: Bridges ‘Rs. Rs. - % b Rsabdll, |1 dnc
R million - | million - 12%: 1%
Ist © 35 7785 576.3 2146 2.36° 197
oand i5 3348 ). 2544 3591 | 3.08 3130
- 3rd o . 216.4 L1873} ez [ w001 140
“Total 100 C1.359.7 1,018.0 24.46 1.72 24

(5)  Conclusion

< & Most of the study bridges have suffercd various distress or damages
and some of them are in critical condition.
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- Those bridges can be improved by standard rcpalrmg, strengthening
works or reconstruction. :

- The 100 bridges grouped into 3 packages in priority order are studied
in economic analysis and found the grouping is justifiable.

2.1.2 Maintenance System

(M

2

(3)

Organization, etc.

Engineering Services Division in RDA has 4 sections including Bndgc
Design Section which is responsible for designing new bridges. In the Traflic
& Planning Section there are some slafY who do review the existing bridges
and prepare rehabilitation plans of damaged bridges. They have file records
of brtdgcs but not yet completed in covcnng the whole bndges under RDA

“Implementation of bridge rehablmatlon plan is in charge of Maintenance
o Management and Constmcuon Division who manages field works with local
* offices. : :

“The expendnurcs of RDA' allocated 10 bridge investment are found which has

increased at a tate more ihan mput on roads. In 1994 the amount was

Rs.156 million (6%) while that on roads was Rs. 1,520 mllhon (57%). (The -

percent is in the RDA's tolal expendnure) However, the maintenance of
roads and bridges are shown not separatcly It means bndge mainteniance
works are mlxed in road management in the past.

Fslablmhmenl of New Section for Bndge Mamlenance and Managcmem

A new section should be estabhshcd which covers mventory ﬁlmg,, plans and

'demgnmg using’ ‘standardized methods, cost estimate and related ‘studies for
~ bridges in RDA The section should be in Engineering Servnces Division and
~ should gather up all staft rc[ated to bridge plan and maintenance programime

at the begmmng, years.

The section will enroil several engineers and several assistants. Specified
staff néeded in province and local offices should be mobilized from other,

~ engincering section as they are necessary. When the work burden becomes
* heavy, regular local s!afl should be recruited in each province or rcg,lonal
: oﬂxce S :

- Guideline

For cstablishment of the manuai for bridge inspection, maintenance and
rehabilitation the guideline is prepared in a separate file.



2.1.3 . Financial Aspect

M

4,430 Bridges Maintenance by RDA

RDA has been carrying out a data base filing of all bridges which RDA
administers on A and B routes expected to be completed by March, 1996
Since the results of the above data base could not be used in the Study, the

~assessment for all 4,430 bridges was made based on the study results of
selected 100 bndges

The grouping of lhe RDA's overall bndges are in Table 2.1.8 whcre the
completed bridges in the past years since 1980 are included together with the
100 bridges, 153 bridges and 4,066 bridges. While it is thought majority of
those 4,066 bridges are in fair conditions and coverable by routine
maintenance, the classification may be restructured when the data base filing
is completed.. : :

. Table2.1.8 Estimation to 4,430 Bridges

Group First Priority [ Second [ - Third | ~Sub “No | Total
: : ' o | Total | Defecis 1
: ‘ Priority | Priority S :
E .. |Reconstr. Others| I ¥ )
86 | e | . - 66 3 66
90 s - 1 4 45|
ThisSwdy | - 12 23] 35 30 100]  3ssif 3651
Not Surveyed 7 4 sl s 1S3 sis| 668
ottt | sss7l o sel sl e 4066 4,4_30 -

~ Notc)' '80 1 means the numbms of bridge uhlch was rgoonslruchd in 1980'

-'90 mceans the numbers of bndgc \\h;ch was reconstructed or \\111 bc rcconstntclul l

" in 1990'.

)

Estimated Proj'e(:t Cost for 253 Bridges

‘The master plan in the Sludy is pianned for the 100 study bndges whlle lhe
cost of the 153 bndges in Norlh and North-East provinces is approxiniated

hy ﬂtudles over the 100 bridges. Table 2:1.91is thc summa:y of 253 bndgcs



()

Table 2.1.9 Rehabilitation Plan of 253 Bridges
(Cost in Rs million, 1995 Prices)

Initial 100 Bridges | Sccondary 153 | Total 253 Bridges
Bridges
"Nos Cost Nos - Using the Bridgesin
Av. Cost| mumber  Cost
_ a b c d. h ;
1996-00 35719 S} 695 86 1474
2001-05 35335 51 695 ©86 1030
12006-10 30 - 246 51 695 8l - 941
Totat 100 1360] 153 2085 253 34450

‘Budget and Rehabilitation Plan

Budget wilh sectional distribution of RDA are assumed by using available
data in the Study. In which the investment for rehabilitation of bridges can
be figured out Rs.4,044 miltion for the years 1996 - 2010.% '

If the bridge rehabilitation cost of Rs.3,445 miltion is ‘compared to this
budgetary scale estimated, it appears a shortage of Rs.276 million in the first
period while the surplus of Rs.875 million is calculated for the remaining
periods, being shown in Table 2.1.10. | should be noted there remain 4,066

* Dbridges which are waiting for thorough investigation in the similar way done

)

" for the 100 bridges.” The rehabilitation cost depends on the result of
* thorough investigation which should be better conducted urgently by RDA.

Table 2.1.10 :' Budgel Estimate and _Rcha_bi!itaticn of253: B'ridges S
: ' . - (Rs million in 95 prices)

“Year « | Estimated * Bridge Rehabilitation Cost . | Surplus or

" |Budget for| ' Initial  Secondary . Total .|’ Shortage

Bridges | 100Br. 1 153Br. 253 Bri [

] - a b Td=ctb | etad |
1996-00 1198 779 695 1474 -276|
2001-05. 1353 335 695 1030 323
2006-10 1493 - 246 . 695 941 - 552
| Total 4044 . 1360 . 2085 . 3445| . 599

~ Other 4,066 Bridges

The remaining 4,066 bridges are thought in fair conditions manageable by
routine maintenance. The budget for routine maintenance for. bridges is
assumed at 2% of total budget for RDA in this Study. However, it should be
noted that conditions of those 4,066 bridges change every year which may
need 1o revise the budget scale and sectional allocation of RDA. If the



ongoing data base filing of biidges by RDA is completed, it will affect the
budget scale and allocation additionally.

2.2  Recommendations

8y

@

)

Need to Prepare Bridge Inventory Rapidly and to Plan Maintenance and
Rehabilitation Programme

At present stage, there are many points which are uncertain regarding the
background of this master plan. However, at first bridge inventory study

- which can give a clear technical interpretation for the defects of each bridge

should be completed. And all the inspection resulls and maintenance and
rehabilitation records should be centralized in the Engineering Services in
RDA Headquariers. From a practical point of view, the most important
queslion is apparent; how to selcct a suitable rehabilitation niethod for cach
bridge. In order to implement the above works, “the Guide Linc for Bridge

‘Inspection, Maintenance and Rehabilitation” will be a great help. As for its -

application and correct method of usage, a professional trammg should be

: camcd oul periodically.

And it is ev:denl that the method, which is suggested in thc Study, is only

: prcllmmary and refinement of it should be achieved in the subsequent stage in

the feasibility studies, designs and implementation. - Together with these

'expenence a comprehensive manual shoutd be edited and utitized by RDA.

Need to Prepare Own Manual for Brldgc ]nspecuon Maintenance aid
Rehabilalatlon :

To mamtam bridges in sound state, ‘early detection and rehabnhtahon of
damage to bndges are essential. Overlookmg any abnormahly or damage in

lhe early slage will allow such damage to grow ﬂlrlher to result in acculents

- To prevcnl this, it'is nccessary 1o inspect the bndges present slate corrccliy

according to the established inspection procediire ‘and to prepare and to
assess the inspection result on the basis of recognition of the characteristics
and deformation of the structure. In order to implement' the works
systematically by themselves, it is recommended that their own manuat be
prepared based on'the "Gmdelme for Bndgc lnspec{mn Mamtenance and
R{'hablhlalmn S -

Need fo . Ezslabhsh a Sohd 0rganmatmn and Manpower for Brtdge
Managcmém

In order to implement * systematic bridge inspection, maintenance and

rehabilitation, il is necessary for RDA to establish a solid organization for

- bridge management. Because those aclivities will, to a considerable extent,
‘rely on the progress tn organizational, managerial and tcaining development.
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Therefore, the following aspects are recommended:

- The Engineering Services in RDA Headquarters should be responsible
" for bridge management.

- The Engineering Services in RDA Headquarters should establish bridge
inspeclion and maintenance teams, and frequent personal turnovers
must be avoided to keep a certain technical level on the bridge
“management.

- The above teams should have the authority to give a professional

training to engineers of each regional office of RDA on the job.

- The traince shall become "manpower” to deal with the actual periodical
‘inspection, and proper filing of bridge inventory and rehabilitation
record. Therefore, the training shall aim them to understand the
necessity and importauce of the bridge management.

Ncéd- to Allocate Budget for Bridgé: Managenient

T he cost needed for lhe bridge maintenance and managcment is eshmated at-

‘Rs. 149 nnl!lon per year

" The cost consists of the expense of personnel, plant, equipment and oftice
“maintenance, etc.,- lo manage the Maintenance Center which is to be
" established in the Engineering Services and the Maintenance Section in each

province of RDA.

‘The cost is well within the budget, which is 28% of the budget for bridge .
~maintenance in the amount of Rs. 53 million {estimated) for the year in 1995,

Need to 'Adjust. Relations betwean Road Netivork De(tel_oﬁmbni P_la'ns:

~ In general, economic evaluation for bridge rehabilitation: project should be -

carried out following to road network development plans, while the road

~ improvemenl projects are still ongoing in Sri Lanka. Considering these

circumstances, bridge rchabi]itation plans were prepared separately from
road rehabilitation plans. llowever, it might. cause -an ‘untimely
nnplementahon of the plan. To have rational and eftective development
plans to' be ‘realized, cach plan has to be made, checked and ‘altered
considering  other - development  plans - including . national “plans. for -
development to have a balance. : '

In this sense, it is necessary to continue look after the progress of road
improvement projects. In the meantime, a long-term developmeént plans
must be determined simullaneously covering both of roads and bridges
rehabilitation plans.






CHAPTER 3 ABSTRACT OF THE STUDY

3.1 Socio-Economic Framework and Traffic Demand Analysis

3.1.1. Population

Sri Lanka has a population of around I8 million in 1995. According to the census
in 1946 the population was nearly 7 million, while the latest census of 1981
showed 15 million, a growth rate of 2.2% pre ananum. The growth from 1981 to 95
has been slow down to 1.3% per annuni. ~Despite a significant slow down of
growﬂl the population share in'urban sector increased fram 21.5% in 1981 to 24%
in 1995. Although urban drifl has been modest, there is a considerable growth of
population in the western part of the country partictilarly suurounding areas of the
melropohs Regional populalmn distribution and growths are in Fi |5ure 3.1.1

3.1 2 Fconom)

~ Since | 1990, Sri Lankan economy showcd a growth with a rdtc of 5. 1% durmg,

5 1990-94 despite various political unstabilitics. It marked a 6.9% growth in 1993
which ‘was the highest sirice 1979 Statistics of the’ economy smcc 1989 are m'
Table 3.1.1. ‘

| Tablc 3.1 1 lcono:mc DweIopment by lndusmal Sector
‘ (Rs mllllon in. 1982 coristant price)

| 1989 1990 1991 1992 1993 1991
"'_23;‘;‘;::-:? Yorestry 27666 30011 30,570 w0000 K2R 32,5_93:
:z.Minihg'&qua{qing 3,576 - 3,901 ;-'3,511 C 33000 3,693 3,915
3Manufacwring ¢ C 20488 22427 23949 T 26089 | 28806 34418,
4. Construction T vgsig 8,761 : "19,033' " 9;76'5; " 10,400 .11,0’24j
5. Services 61,485 64,144 68,141 71,776 76,330 80,319
6. GDP 121,720 129244 135208 140,990 150,783 159,269

'3.01.3 Motorization

A'total of 1 million métorized vehicles was in 1994. The ownership increased at a
high rate of 15% in 1986-94, while the car ownership increased at only 4% in the
samé period. The largest growth in number was in motoreycles. Selected data are”
in Table 3.1.2. A motorization rate at the number of 4-wheel vehicles per 1000

- inhabitants was 19 in 1986 and 24 in 1994. Compared to such South Asia countrics
as Bangladesh (1), India (4), Indonesia (16), Philippines {16) she has higher tigures,
while far behind from those countries as Thailand (52).
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Table 3.1.2 Motorization Growth, Sri Lanka

3.1.4 Future Economic Framework

. 3.5

- Vehicles by Type :
Year Motor Car Buses  Trucks  Mofor ‘Total Total w/o
Cycle MC
1986 155224 40214 106067 187717 489222 301505 |
- 1987 147,837 37,064 106,624 213,441 504,966 291,325
© 1988 155,194 37,977 111,658 240,869 545,698 304,829
1989 163,779 38,609 117,025 = 307,392 - 626,805 319413
1990 173,519 39,147 124,959 391,732 729357 337,625
- 1991 180,135 43,259 136,608 450,372 < 810,374 . 360,002 -
1992 189477 46,162 151,583 516,205 . 903,427 - 387,222
- 3199} _ 19'1'_,300 47,692 165,418 570,136 962546 392410
1994 2_10,013 58,512 180,396 606,924 1,048,845 441,921

Accordmg to the Drafl Pubhc Inveslment Program 1995- 09, whlch was prepared
in April 1995, GDP ‘and per caplta GDP are forecasl to grow at 6 9%’ and 5.7%

" respectively.

Fnture: Popil!alion,- GDP, and Motorizalion

i

“The Deparlmcnt of Census and Statistics made a set of projections from wlnch an
estimate of population can be conducted. ' As in Table 3.1.3" the figure in 1991 was
‘173 1111"1011 which grows to 17.91n 1995 and 19. 8 milhon in 2005 :

~ Table 3.1.3 Future Popula!non 1995- 2010

i Year i * Population ¢ .o Annual Average -
o : (mlhousand) - {growth rate in %)
1995 17,940 - |

2000 18,830 0.97

2005 19,780 0.99

2010 120,690 0,90

~GDP per capita is assuned o increase. at 4% on' average Motm:zallon data
indicated more than 8% g g,rowth per annum in 1986-94, which would taper off to

some extent in the future. Considering those forecast and development in other
countries, the road trafiic growth thus can be determmed as follows

1995 2000 o132
2000-2010 1.4
The period 1995-2010 230



The motorization growth is figured out in Figure 3.1.2 including data related to
- GDP per capita in other countries.

§ 7

®

g 52.2 Veh/Popt000
o 67 _ - Sri Lanka 2010

B 7 . ) .‘ '
§‘5_ 28.7 Yeh./Popr000 =~ L T I
;c‘é _ Sri Lanka 19 '.. ' e
:6. 5 (3,.?6_)__. :_.:;_ ‘| _______

P . .

8
N u o e e e e e —
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-

=
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S I uss 652, ,'Uss 1221 . o
5. Hé. &® L 11 S S S

SIn X (¢t per capita GNP in USS)

1

'Figljre 3.1 ..2"R"ela:!ion'ship bet\'ééeh Motorization an{i GDP per capita -

3.1.6 Traffic Volumes £995

Traffic count data are available for most of Class A and B roads in other than those

- of Northern:and Eastern Provinces. Western Province followed by Central -

~ . Province has a wide variety of stratified traftic volumes, but Uva Province has only
- road sections confined to small traflic volume Jess than 5,000 vehicles per day The

_ eshmated 1995 lraﬂlc volumes are dlagrammcd in Figure 3.1.3.
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Figure 3.1.3 Estimated 1995 Traffic Volumes on Class A Roads -
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3.2 Route Selection for l‘reiiminmy Survey
3.2.1 Road Network

A major road network has been developed in radial directions from Colombo City.
The classified roads have a hierarchical system designated as A, B, C, D, and E. In
January 1990, the C, D and E class roads were handed over to the newly
established Provincial Councils, while A and B class roads along with a selected set
of roads providing access to places of national imporiance were categorized as
National Highways, Presently, new Road Development Authority (RDA), who is
the successor of the previous Department of Highways (DOH), ntanages these
national Highways which adds up to a total of 11,130.96 km.

Major highway project groups aré listed in Table 3.2.1 which is composed of those
implemented since 1980 and others being under construction at present. They
utilize various aids from foreign agencies. Several new highways and circular
roads have been planned to meet the increaseing demand around the capital. The
following eight highways are the examples at vatious stage of lmpiementauon
which are in Figure 3.2.1 also.

" a. Improvement of Baseline Road and Extension southwards

| - Inner Circular Highway to Colombo

Colombo - Katunayake Expressway (CKE)

Outer Circular Highway (OCH) to city of Colombo :

d. Southern Highway from Colombo (0('H) {o Galle and Matara
Highway from Colombo to-Ambepussa via CKE B

‘Highway from Colombo (OCH) to Ratuapura via Ingiriya

Highway from Colombo to Padeniya via CKE and

H:ghway i‘rom Colombo to Chllaw via CKE and Rala Meda Para

SRS

e

T able 32 l Iilghway Developmcnt Pro_;ects smcc 1980 .

WB Ist ' l9805 (.‘omplclcd Rchabllllatlon ZOOkn' .«,rlodlc maml ZOOkm

. Bridge replace.: 40 Lridges

|ADB st 1980s Complcled  {lmprove.: 228k, Bridge replace.: 4 bridges

WB 2ud 1980s Compleied . [Improve.: 292km, Bridge replace.: 22 bridges

ADB2nd . 1990 - 95 Ongoing |Improve.: 145km, Bridge replace.: 6 bridges

WE3rd 0 |1990- 98 Ongoing [Improve.: 402km, Bridge replace.: 20 bridges
(ADB 3rd - |1994 - Qugoing  f[lmprove.: 175km, Bridge replace.: 19 bridges

WB #h . . |1995 - Ongoing [Rehabilitation: 7,000kin, Biidges not finalized
1OECFI . - 11996 - Start soon . [Bascline Rd., F/S by ODA (UK) 91, D/D ongoing
. [Kwuail : 11995 - Startsoon * [Improve.: 28 bridges

|CECF} - [1995 - Start soen . |2nd phase of Victoria Br., Replaccmcm

IKOREA 1995 - F/S & D/D ongoing for Katunayake - Anuradapura




THGHWAY FROM COLOMBO
10 Pnoenwn VIA CKE.

THOIWAY FROM COLOMBO
YO CHILAW VIA CKE.

HIGHWA\' FROM COLOMBO
TO AMBEPUSSA ViA CKE,

COLOMBO KATUNAYAKE
EXPRESS WAY (CKE ).

Mrmer CIRCULAR
. HIGHW_AY F

OUT R CiRCULi\R
HlGHWA‘{ ‘

SOUTHERN HIGHWAY.

['snenway FrROM coLOmMBO | =
YO RATHAPURA, :

Figure 3.2.1 Locations of Priority Highway Plans



3.2.2 Uvban Sectors

There are 53 Urban Authorities consisting of 12 Municipal Councils and 4§ Urban
Councils. Therc are greater numbers of small and medium sized towns. Slow rate
of growth of larger towns is evident from the fact that the number of towns with
population more than 50,000 increased from $ in 1946 to 9 in 1981, while the
number of towns with population between 5,000 to 50,000 increased from 25 to
94 in the same period. '

Urban centers with more than 25,000 population in 1981 census are concentrated
in the suburban area of Colombo. Figure 3.2.2 presents urban population
distribution in 1981.

3.2.3 Route Priority

Class A and B roads are categorized as National [lighways, the former connect 9
provincial capitals and 25 District Centers, and the latter is the secondary routes
that connect up the network by A roads. There ace other roads which link as
access roads from the key urban centers to the natlona! road nelwork Those ate . -
undcr the administration of RDA '

" However, from the view point of urban centers spreading over the couniry and

- their development potentials in the future, route identifications with priority are
considered necessary. In this sense traftic flows are used to classify the roads in

“the order with the volume. Bridge rehabilitation plans should mark this- demand
sca!e for priority determination of roads from the network. :

Priority Ranking
Classification. = Traﬂlc VoEume
Ist  © . roadswith ADT >= 5,000 '
c2nd . . roads with ADT >=3,000
3rd roads with ADT >=2,000
4th roads with ADT >=1,000 and
5th roads with ADT < 1,000

-3.2.4 l’rio:’ily Routes

\ Based on the prevrously mcmmned criteria, pnonly road seclions’ were sclected in:

~ the order of five ranking groups. The road sections selected for a certain priority

" group are nol necessarily connected in a reasonable manner. In order to delineate a

- meaningful route { road sections in continuity}, sections that should be grouped into

" a lower ranking might be upgraded to form a coherent route. As the consequence,
the priorily routes for the prefiminary survey ( bridge rehabilitation planmnb) were
selected. Frgure 3.2.3 shows the case of National Highways.
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Figure 3.2.2 Distribution of Urban Population of Principal Towns in 1981
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~ Figure 3.2.3 Priority Routes for Pecliminary Bridge Survey
: (National Highways Class A)
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3.3

Selection of 100 Bridges for Preliminary Inspection

One of objectives of the Study is to formulate a Master Plan for improvement and
rehabilitation of all bridges on A roules and some sclected bridges on B routes,
which need urgent rehabilitation.

Among 4,430 bridges, 1,713 nos. are on A-route, 2,717 nos. are on B-route, and
in the List of 206 bridges prepared by RDA there are 86 nos. of A route bridges

~ and 120 nos. of B-route bridges.

The data base filing was not completed at the commencement of the Sludy,

3 therefore the Study Team selected 100 typical bridges out of the List of 206
Bridges. :

" These 100 bridges could be representative for all the stddy bridges, and the
~ inspection results on the study bridges were used to establish selection criteria for

10 bridges and to formulate a maintenance and rehabilitation programme of these :

- 100 bridges.

33

Selection Procedure of 100'Bridges

- The sludyrbridgcs were selected through the following prét:edufe:-_

- Establishment of Socio-Economic Frame

- Traffic Demand Estimate and Analysis _

- Investigation on Rehabilitation Priority of Routes- .

- Classification in various ilems (year of conslmchon lype of constmclzon :
lypc of defect, type of proposed lreatmcnl) : '

- And the'procedure is charted in Figure 3.3.1;

33, 2 Selcction Résulls of 101 Br:dges .

' ?lt was necessary to select lO] bndges “which covercd all types of dcfec!s and

conceivable rehabilitation plans. In addition, bndges were selected considering the
following:-

- Excludes br;dbcs thCh have extremely small lraﬂrc volume :

- Excludes bridges which are located in northern and easlern arcas

- Excludes bridges wlnch a1ready have been rehablhtated or planncd '
 realistically ‘

Table 3.3.1 shows the bndge statistics in tCrms of bridge type for the selected 101
bridges.
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List of 206 Bridges e

Preliminary Evaluation of | Preliminary Evaluation of
Bridge Condition from | - Bridge Condition from

Functional View Point ' Sin_:ctur'a! View Point -

" Nos. of Bridge in Sani¢

- Type & Same Group
- by Propoitional

' Rep'résgntatioﬁ System

Sclec_lidn :
100 Bridges




3.4

3.4.1

Table 3.3.1 Classification of Superstructure Type.

| Type of Bridge No. of Bridge (%) | Type of Supersinicture | No. of Bridge (%)

Wrought fron 17 (7.3} ST.TRD ' T2 (1.9
I Mild Stecl Bridge ST TR 20 (18.3)|

RSIDEC 54 (50.0)

ARCH/S 1 (0.9}
Concrele Bridge ' i (13.0)] RCS 3 (2.3

RCB 3 S (2.8)

-PSC/PRE 6 (5.6)

| _ARCH/ICO 2 (L.9)

" |Stone Masonry Bridge 3 (2.8)) ARCH/ST "3 {2.8)
Brick Masonry Bridge 5 (4.6)] ARCH/BR 5 (1.6}
Causcway 4 (3.7)] CAUSEWAY 4 3.7
RC Box Culvert ] (0.9)] RC/ABOX i (0.9)
Bailey Bridge 4 (3.7)] BAILEY K )

Total 108 (100.0) ~ Total 108 (100.0)

Preliminary Inspection

Preliminary Bndge lnspecnon has been carried out for the 101 bndgcs One of the
purposes of this inspection is to formulate bridge rehabilitation plan, and then the
resulls of this 1nspecuon shal reflect the Maintenance & Rehabilitation Guideline.

'The other purpose is to’ demonstrale field inspection techniques, ‘to introduce
‘inspection récording methods to “RDA and to ucommcnd the necessary
“maintenance and rehabzhtahon works. : '

“The inspection results for the 101 bridges are described in two separate booklets

already submiltcdE to RDA in October, 1995.

Prchmmm) Inspccuon Pmcedure

' Prelimmary mspccuon was - camed out on each bndge and it mvolvcd wsual

inspection,. measurement of basic dimensions, damage condition rating, taking

photographs, ﬁeld interview and assessment of posstbtc rehabilitation plans.

Interviews with local residents at the bridge sile were carried out to obtain data

related to high flood level taken place and detour route. Damage condition rating .
was also catried out to quantify the damage or defect of various bridge members.
The rating list and criterla were prepared based on lhe mspectlon cheets prepared

by RDA and the Study Team. : :

Every defect or dcﬁc:1ency observed and general view of bndge were photographed :

for visnal records. Assessment of rehabilitation plan at each bridge was then
carried out for the type and degree of damage and the possible cause of thc :
damage.
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© Averaze Raung

3.4.2 Damage Rating Criteria

-3.4.3 Findings of the Preli'mina,ry Inspeétio:i Reélails' :

g o cdm

-—

It is important to observe any damage appeared on bridges along with the time
passed by to understand the level of damage quantitatively. RDA, at present,
carries oul the visual inspection by rating "Good", "Fair", "Poor”, and "Very Poor”,

- and the Study Team basically have followed their rating criteria. Aclua! raling was
carried out with released engineers from RDA for the following rating criteria.

Rating Rating Criteria
! No damage found in the results of inspection.
Damage found and reqmres routine maintenance inspection work.
3 Damage is critical and requires a detailed survey work to
determine a necessity of rehabilitation works.
4 Damage is very critical and requires urgent rehabilitation work,

load limitation of resiriction.

'Each bridge was evaluated quantitatively for easir judgment of damage. Bach pant

- of the bridge was evatuated with weighted factor depending on its importance and

then considered for the overall evaluation. The overall evaluation is the most

“useful data to determine the pnomy for bridge rehabilitation in Sri Lanka

“The weighted factor for cach part used in the lnSpccuon is as foilows -

- Patt
Superstncture

Substructure

Deck slab :
Main beam, Main frame :

Painting

- Abutment {incl. foundallon)
-~ Pier (incl. foundataon)
, ng

(1) - Generat Condilion of Bridges -

Wenghted Factor

08
1.0

- 0.5

1.0
1.0

05

- A gencral cond:uon of each main structure and each bndgc type is as

deplcted in Flgurc 3.4.1 and hgure 3.42 rcspeclwcly

Lo

 Average Raung
LE)

-

te I
w

I
] v

TV ee
B

SRS

Figure 3.4.1

Average Raling of Each Main Structure

RS)
ALC

R3]
HCOR

Figure 3.4.2
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