(2)

" Deck slab of steel bridges was deteriorated severcly as compared to other

bridge members. In general, damage of superstructure is greater than
damage of substructure.

RSIBUC and RSJCOR bridges were the nost deteriorated types of bridge
among other types. PSC/PRE bridges were niostly in good condition.

Assessment of Preliminary Inspection Results
The purposes of the assessment are to study the general tendency of the
: damage in each bridge imember based on the resulis of the inspection and to

assist in the derivation of possible rehabilitation works.

A summary of preliminary inspection results from a sl;uciural v:ewpomt is
shown in Table 3.4.1.

. Table 3.4.1 Summary of the Assessment of Preliminary Inspection Results

Main Bridge Dominant Damage Cause of Passible Rehabilitation
Member Détected Damage _ Plan
|Steel Girder * |Cortosion - Poor maintenance - Repainting -
" |Stee! Truss |- Water leak - Making wecp hole
' o no weep hole - Partial replacément
" = » - Cantilever slab
: 1Stee! Buckle Plate Corrosion - Water leak - Repainling
or Corrugated Plate - Poor mainienance . - Redecking to RC
“1Siab : . . A slab
"|RCB Flaking/Rebar - Inadequate cover - Injection
exposure - Poor workmanship - Patching , :
R - 5 -+ |- Prepacked concrete.
“IPSC/PRE L FIakmngC . |- Inadequate cover - Patching
- ; lendon exposure . _|- Poor workmanship 3 ‘
JAbutment “|Crack -1- Loose wedge stong - Injection -~
1. - Wear abiasion - Non protection - Coment grouting
. Scoring - - Non masonry - 3 R ]
Picr Crack . - Loose wedge stone .+ |- Protect concrefe
Wear abrasion - Non protection - - Stone masonry
Scouring - Non masonry

- Mat gabion

- 35 *Selection ol‘Brulges for De!auled Survey o :

“This Sludy involves two kmds of bridge sclecnon one i$ to’ select 10 typlcal‘
' bndges out of the 100 bridges shown in the Bridge Inventory, and the olher is lo.
“select 3 bridges out of these 10 bridges for a static loading test. '

3.5.1 Selection of 10 Bridges for Detailed Survey

)

Selection Procedure of 10 Bridges for Detailed Survey

10 bridges shall be selected from the Bridge lnventory made based on the
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~ Preliminary Bridge Inspeciidn, The following 3 iteiss were considered in the
selection.

1)  Various rehabilitation methods considered from damage/defect shall be
- selected as many as possible.
2)  Bridges shall be selected, which have enough design data/information
such as drawings, design condltlon material strength, etc. _
3) Bridges shall be selected, which have high pnonty for :he;r
rehabilitation. o

However, dlﬂ"lcully was found on item 2), because most of bndgc have
‘almost no datafinformation. Therefore, 1) and 3) were mamly considered to
select 10 bridges as follows:

for item 1) .
l“yplcal type of bridges in their structural aspects shall be selected and
various rehabilitation methods shall also be considered.

for item 3)

Priority of road rehabilitation shows  its necess&ty based on llS
functional aspect. Taking it in consideration, a graph of which X axis
- is for bridge damage degree, and Y axis is for road rehabilitation
priority shall be made for determination of bridge rehabilitation priority.

) Seleétién Results of Bridges for Detailed Survey

- Since a rchablhtatmn plan was closely related to bridge construction material,
bridge type and year of construction, 100 bndges were classified into kinds

- of bridge, material -used and ‘bridge age groups. In addition, ‘major
conceivable rehabilitation: plans were prcpared for. each dcfcctwc bndgc '?

. meimber from slruclural vrcwpomts : 3

' Through the above exercise, 10 brldges were selecled as llstcd in Table 3. 5.1, '
of which Iocaltons are shown in I‘lgure 3.5.1.

3.5.2 Selection Results of Bridges for Loading Test

: In order to se[ecl 3 bridges out of the 10 bridges for the Ioadmg test lhe followmg '
viewpoints w ere consndered :

- Apphcabmly of the test results to olher same type of brldgcs
- - Clearance for working space
- ‘Trafltic volume at bridge site

. Based on the consideration,’ the following 3 bridges were finally selected for the
loading test and their locations are shown in Figure 3.5.2.
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SER No, - Route © Type of Bridge

59 B 157 RSI/BUC
211 B 146 RSJI/RCS
212 © AA002 PSC/PRE

3.6 Detailed Field Survey

‘The field survey, covering the 10 bridges, consists topographic and hydrahli_c study,
geological survey, .detailed visual inspection with Schmidt hammer test and full
scale bridge loading tests.

3.6.1 Topographic Survey

(1)

Topographic Survcy

The topographtc survey was cartied oul to obfain data and information for |

: preparm_g Bridge Rehabilitation Plan. - The followmgs are cond:llons of the
_ survey -

- - " The RDA (hd ot have Nahonal Coordinates, lherefore Arbltrary.

Coordinates and Meridian were used.

1 Temporary benich marks were set near bndge site.

-~ Land registration map was not existed in Sri Lanka, so sur\'ey maps
. were prepared by using RDA pegs or any, structures such as fcnccs in.
order 1o c!anf‘y boundanes :

~ The pnncqple objccllves of the lopograph:c survey are (o wsuahze and

illustrate the surroundmg land, structure and river refative to the bnd,g,e This .
: topographlc survey |s ‘essential since ! it prowdes the basw dala for - the_
i followmgworkq— o : i - '

Hydraulic calculations

- Determination of bridge scale for reconstruction plan

- Slmc{ural analysis for subslm’clurcs

The survey work was sublet toa local suivey consullam and commenced on

'24111 October, 1995 for a pcnod of 30 days

' lecvauons for vertical survey was baszcally based on Mean Sea Level (MSL)

datum. Location and elevations of MSL Bench Mark (BM) established by

the Sri Lanka Survey Department (SD) were obtained from the SD divisional
offices. Records of all old SDBM within radius 4.5km from the site were -

obtained. From the investigations, the Survey Department Bench Mark was

~“reopen and connected to MSL datum at 8 bridge sites. Then assumed datum

level (ADL) were provided for othier 2 bridge sites.
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The resulis of the survey were shown in survey drawings as follows:-

Topographic Maps 1/500 11 sheets
1/200 11 sheets

- Center line and profiles 18 sheets
- Road c¢ross section 28 sheets
- River cross section _ 10 sheets
Hydraulic Survey

The main objectives of the hydraulic survey are as follows:-

1)

2)

To establish hydraulic rehabilitation plans based on the assessment .
To determine appropriate bridge opening for reconstruction of - the’
bridge : .

River Condition

Most of the Stud.y art{a has becn suftered from flood. The reasons of
“the flood are that, rainfall (2,000mm of mean annual rainfall} is quite

heavy in the area, ground surface is composed of low porosity soils
and the soils promote heavy run-off for the wet zone. High run-ofl is
promoted by a combination of various factors such as sleep gradients.

: Rivers in the wet zoné like Kelani Ganga, Kalu Ganga and Gin Ganga

show steep gradients in their upper courses and extensive flood plain in
the lower courses. o S ‘ '

"j Finbankments or flood bunds have been built to provide protectioi to
- density populated areas within the flood plains. 'Others are lefl being in
© natural, ' © L SR B

v

:Généra'lly, river 'lbed tends to acéclérétc sedimentation of ‘soil where the
bridges locate in flat area. ' Thérefore, the foundation of substructure
are relatively in good condition. '

~ ilowever. the resulls of river cross section survey for SER No. 33
-+ shows the elevation of river bed MSL-8.00. This may be caused by
. degradation of bed due to river. bed ercosion. Because very fast
_ velocity (v=4.0m/sec) was shown in the hydraulic calculation as well as
~ observation results in the ficld inspection. The river should be spanned

by'a center span (I=50m) in the reconstruction plan. Rehabilitation of

the river is out of this Study.
Retaining Wall, Back-filling and Slope Protection of River Bank

As a gencral rule, many abutments jutted out into the river in order to
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.3)

| Hydraulic Anatysisﬁ

shorten a bridge length in Sri Lanka. And wing wall is impossible to be
connected with abutment because the structure type of abutment is
stone masonry or brick masonry. Therefore, retaining wall is used 1o
cover back-filling instead of wing wall. However, the foundation of
retaining wall is not so strong compared with abutment, and it is seen
that there aré many large cracks caused by scouring or settlement of
the ground surrounding foundation,

‘Whereas there are no proféctions at the side embankment of abutment,

some parts of embankment have been washed away because of raining.

Slope protection of river bank should be provided at the front of
abutment and surrounding area because water {low changes greatly.
Embankment witl be scoured unless this protection is carried out.

" Therefore, cateful consideration should be given to these

countermeasures in the future designs and reconstruction of bridges.

b

- The method of analysss applled in the Study was determined

considering river condition in Sri Lanka and l'urlher operalion to be

carried out by RDA.

The results of this s{udy was reflected in reconsuuc{ion'p!an ‘only but’

" not in repair and rehabilitation of exls{mg bridges. The major items to

be considered in the reconstruction plan are as follows:-

- ¢ The des&gn Iugh ﬂood water level should be determined on. the

comparison of h}drauhc calculation’ with past ﬁood water lcvcl‘
ﬂood mark and mtemew wnh resadent ' -

- In case the raising of !he br:dge clevation is d:ﬂlculi because of
surrounding conditions, free board against design flood water
~ ivas not be kept. However, the clevation of beam soflit of new
bridge should not be lower than the existing one. :

- The FootinéSfpilés 'cap should have enough embedded depth.

' ‘_Summaf);f of Hydraulic Defect and Rehabifitation Plan .

The major hydrautic defect are shown together with the rehabilitation
plansin Table3.6.1 = -



Table 3.6.1 Summary of Major Hydraulic Defects and Rehabilitation Plan

SER Hydraulic Defect Cause Rchabilitation Plan
Na., | '
Represenlative 10 Bridges
212 |- Exposure of caisson - Local scouring |- Proiect conereto to
foundation (A2) foundation scouvred
77 |+ Exposurc of caisson - Local scouring |- Reinforced concrete
foundaijon (PR & PY) - Insufficient curtain wall
embedded depth
of foundation
211 . |- Exposure of spread - Local'scouring - Protect concrete o
foundation (Al) foundation scoueed
7 - lia:ﬁagc of wedge - Insufficient ' - Stone masonry and mal
stone/brick wall (behind strength of wall | gabions
Al aid AZ) '
Other 91 Bridges
' g6 |- Seulenient of abutment | Local scousing |- Protect concrete to
ERRGUS i B foundation scoured
87 |- Expasure of :fm.'“daﬁ"“l < Local scoucing |- Protect concrele (o
' ' ' ' foundation scoured
103 |- Beams submerged 1~ Insutiicient frcez - Raising of bridge
' board " | (This rehabilitation shall be
: taken with raising of road in
future.)
60 |~ Cavseway —= ~ Reconstruction
j3y |- Causeway re - Reconstruciion I‘
& | Causeway ——— - Reconsinuction
63 |~ Causcway -—= - Reconstwuction
_ '25': - Exposure of foundation . |- Local scouring . |- Protect conceete to
S| (PLie PY) : | foundation scovred
35 |- Ex'pos,uri: of Iou:idqlion — Local scouring . |- Protect conerete to
o o | foundation scovred
S)  Recommendation fron Hydrautic Aspect

Through the field inspection, it was observed in some bridgés that the
hydraulic effect have not been fully taken into account in the planning
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of bridges.

~ There is not a systematic waterway improvement plan on the rivers.
Where the plan is not existed, the bridge planning shall be individuaily
made considering the bridge site condition.

It is therefore recommended that the River Structure Standard in Japan
should be a good reference and applied with some modification. Major
items to be considered in crossing requirements for waterway are
bridge opening, abutments, piers and bank protection.

3.6.2 Geologlcal Survey

The objective of the survey is 0 c!anfy componcnt and characteristics of subsoil at
the bridge site. Important subsoil enginecring parameters were obtained from this
~survey and adopted for the analysis, design, and selection of foundation types.

© “'The gealogical survey was carried out on 8 bridges out of the 10 bridges.

The survey was sublet to a geological organization and commenced on 24th
October, 1995 for a penod of 30 days

The ;_,eoloycal survey compnses of the followmg works mamly

- Rotary wash bormg techmque which is common pracucc it Sri Lanka.
- Rotary core driving technique where the wash bormg could not be apphed to
' the subsoil such as rock or boulders existed.

" - Field tésts such as the Standard Penctration Test (SPT) mcludmg the
IR collecuon of dlsturbed and undlslurbed soil samples to conduct laboralow

tesis. : :

- Observation of under ground wate# levels.
- Laboratory tests to obtain soil index properties.

The resulis are reflected into the preliminary design regarding the following items:-

- Assumption of bearing siratumn
- Determination of type of foundation
- . Bearing capacily of foundation :
- Sl coefhc:tent for des:;,n of'plle and caisson foundatlon

3.6.3 Detailed Visual Inspection

“The objective of the detailed visual inspection is to obtain detailed engincering
information for preliminary rehabititation design. The detailed visuat inspection
- consists of detailed structural measurement with deterioration degree measurement

- and material strength measurements. -



'(i) Detailed Structural Measurement

Detailed stiuclural measurement consists of basic dimension measurement,
crack/corrosion mapping and steet thickness measurement. The objective is
to prepare drawings for each bridge, and all measurement results were
compiled in drawing sheets.

(2) Material Strength Measurement

In order to obtain a concrete strength, non-destructive test was carried out
by using Shmidt hammer at 6 bridges sites.  The test results revealed that
each member has sufticient strength. :

. -

3.6.4 Full Scale Bridge Loading Tost

The main objcctwe of a full scale bridge loading test is to conﬁrm actual load
carrying capacity of bridge in Sri Lanka and the test results were used to estabhsh a
* determination of applicable live load.

In ordér to estimate load carrying capacny of bridge, iheoreucal ca!culatmn and
~ full scale loading tesl can be considered as a practical method. ' Theoretical
~ calcutation needs all data of bndge design and can be used for a comparison with

the results of full scale loading test. The results of full scale loading test indicates
- the actual loading capacity including a residual loading capacity, which depends on -
~ type of structure, constriction materials and extem of defects or detenorauon

The | pnmary purpase of a full scale loading test is therefore to esumate the re51dua| ‘
“loading capacity. To achieve this, comparison of deflection will be made between
' theorehcaliy calculated values and those actually measured. The theoretical

calculations were carried out by. usmg a finite clemcnt method (FbM) in order to
: expect Iug,her accuracy : o ;

3 spans at three d|l’f'erenl bndges fisted below were selected for a l‘ull scale bndge '
loading test. '

“The loading test is static loading tests under a known load in which ioaded veh;cles
.and it was to measure deflection of main component part .

:}-Imwhart shows the pracltcal Ioadmg test procedure in hgure 3.6.1.

Results of the full scaTe Ioaclmg test indicated that steel gtrder bndges act tike a
half-comp(}s:tc beam with some load distribution action by deck slab. PSC/PRE
beam which is used as a standard design in RDA has an adequate lateral load
distribution action without any transverse direction prestressing. A summary of the
result is shown in Table 3.6.2.
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Table 3.6. 2 Sunimary of Assessment Result of Loading Test

SER No. “Type of Bridge Sunimary of Assessment Results

59 RS)BUC . The ineasured actual deflections meet with the
catculation results.
- Effect of composite action in RSJfBUC can be expected
sufficiently.
211 RSIRCS - Deflection ratio {test result/calculation result) indicated that
the beams acted as a half: -composned beam. ‘
* Live load is distributed into and main gl irders by deck stab in
. §OME proporion.

212 - "PSC/PRE - Deflection ratio (test rcsnll!calculalmn result) indicaled that
‘ ; - | the actual rigidity of the bridge is greater than their value
obtained in the preliminary calculation using FEM analysis.
|- 1n the FEM analysis, all of dimensions of the bridge was -
based ont as built drawing, while the actual thickness of the
bridge which includgs a insitu concrete was greater than the
designed value, The residual thickness of the insitu concrete
was about 100mm and this means (hat the actual rigidity of
the bridge is about 150% of the designed value. '
- Considering the differences between the actual model and
the theorctical calcutation, it scems to be quite all zight to
consider that the test result it relatively reliable and the
calculation method is suitable.
I Furthermore, the deflection diagram by FEM anal) sis meels
with the distsibution of actually mcasured value, Thus,
it could be cancluded (hat the prclenslon slab beam based on
the standard design of RDA has cnough durablhw even
though stress due to dead Iuad is added and desiga live load

is applied.

Stréngth Test of Steel Sahiples |

Materials mamly used for steet brldges in Furope have been changed as from time
to time as foltows L

- ‘approx.,1847 to 1895 : Wrought iron - . .

- “approx. 1855 to 1870 : Acid process Bessemer Steel (Ac:d chscmu Steel)

- -approx. 187010 1895 T homas process Bessemer Steel (Basic Bessemer Steel)

- -approx. 1856 to 1930 : Low quality mild steel (early days of Open Heath Steel)

- “approx. 1920 to  Mild steel (sumlar to Structural Mild Stecl ($5400) used
: . at presenl) ‘ :

Some data and m!‘ormahou from U K. Department of Transport Bndge Sectaon
state some idea for material quahly as follows:- . :

- Although lhcre is no réliabfe daia, steel produced before 1955 has its yield
stress of 230N/mm?2 {2,340kgf{/cm?2) :
- Steel produced before 1922 has low quality.

it is known that the most of steel bridges are constructed during the dominion of
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U.K. There should be a time lag between producuon of materials and conslmc!lon
of bridge if the girders were fabricated in UK. and transpotted by ship to Sri
Lanka. Therefore, the strength test was done by taking samples from bridges of
which year of construction is known, and by sending them to Japan to carry out
tensile tests, hardness tests, chemical analysis and micre scope observations for
classification under year of construction and its strength.

Also, further study was carried out in order to find a simple non-destructive test
method which was applicable in Sri Lanka to identify the material used in other old
bridges.

(1)  Selection of Bridges for Taking Steel Samples

2

3

At first, 7 candidate bﬁdges were selected through discussions with RDA.

The samplings had to be carried out on bridges. -

1)
2)

traftic probleny;

of which construction year had to be Idenuﬁed and
of which members had less fatigue eftect. '

-Finally, 4 tiridges were sclected for lhc tests as foliows: *

which were abandoned or removed for reconslruc!lon to avoid any

' Cohside_ring these conditions, a pre-inspection trip was carried out upon the
: candidate bridges to confirm their identification and member to be taken.

Table 3.7.1 List of Bridges for Taking Steel Samples

No, | Namc of Bridge Year Type . . Members
1__|Giriulia Bridge (1880 - IST.TR (pin truss) _ [End post, Web platc
2 |Kuruwita Bridge | 1934 . |STTR (rivel truss) [Slab and plate .

'3 |Warakatola Bridge {1909 . |STUTR (mel truss) |End post, Flange platc ?
4 . |Matara Old Bridge {1860 to 1870|RS) - ] End ofglrder !

Results of Strength Test

~The results of the strength test are shown in Table 3.7.2.

: Table 3.7.2 Results of Strength Test

Allowable Tensile Stress

| No. | Namg of Bridge Year i | Steel | Ma!cnal Used

-1 . |Giriulla Bridge (1880 |Wrought iron 80%of No. 2

2 '|Kuruwita Bridge 1934 |Mild steel Equivalent to $5400
3 :|Warakatola Bridge 1909 - [Low quality mild  {80% of No. 2

stcel or Bessemer
steel

4 Matara Old Bridge

1860 to 1870

Low quality mlld
steel

8% of No. 2




3)

“

Classification of Stecel Material

Steel materials can be classified into two major groups depending on their
year of construction and allowable tensile stress as follows:

Table 3.7.3 Classification of Steel Material

| Year of Construction Steel Material _Allowable Tensile Stress |
~ before 1930 Wrought iron or 80% of SS 400 ‘

' , _|Low quatity mild steel (yicld stress = 24kgffmm2) |
after 1930 Mild steet equivalent to $8400 '

Identification of Stee! Species by Simple Method

In order to confirm the strength of lhe steel materiat used in other old steel
bridges, the field test using the handy type wlirasonic hardness tester is

*. suitable for snnplc non-destructive method, However, accuracy will not be .

reliable if the test s carried out ori the rusted surface. Theretore, in order to
obtain accurate resuits, the surface should be finished properly. - '

Then it could be distinguished whether the material is low: quality mild
stect/Bessemer steel or mild steel. The latter shows the hardness higher than

: the foriner one.

However, this simple method cannot be apphed for wrought iron because of
huge uomneialhc inclusion i the wrought iron. The wrought iron 1usts
differently from’ ‘other-steel materials.  The rust have laycrs or layer ‘crack :
because of its mcluelon lhus the wrought iron can be cIass:ﬁed by visual
inspection. . :

R I

3 8 Delcumnahon of Apphcabtc Live Load

The fol!owmg design live load were determmed lhrough examlnatmn and
assessment on the existing traflic and loading conditions in Sri Lanka.

@

Live Load for chair

Specaﬁc live load was not determmed for s:mple repalr wor!\s such as

_repainting, mortar injection to crachs ete. ¥ hc repair works shail be done to
“naintein existing loading capacity. . .

‘ L'ive Load for Rehabilitation

Since the design data to determine loading capacity are not existed, the

‘Japanese Bridge Deésign Specification is adopted with some modification of

intensily of the tive load, TL20, considering the results of Axte Load Survey.
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(3)

In order to plan the optimun rehabititation method, determination of proper
design live load and allowable siress are principle factors.

Live Load for Reconstnuction

Present standard live load in Sti Lanka is adopted in this Study.

3.8.1 Deteimination of Applicable Live Load for Rehabilitation Plan

(N

(2)

[OF

Steess Check Applying Initial Live Load, TL20

The stress check with TL20 live loading, revealed that there were many steel
bridges which had excessive stress.

Delerminalion of Basic Live Load

The basuc design axle load of 12 tons applied to bndg,cs on A class roads’ was
1aken fer thc Study based on the consu!crauon as follows:- -

- 98% of \CthICS is in the category of "axle load of under 12 tons"

accordm;, to the a\le load survey:

- Total vehicle we:ght of 12 tons is'a standard size for national buses
© (SLTB BUS) in Sri l anka

Delcrmmatlon of the Live Load to be Applied l‘or Stress Check for Heavy .
Vehicles which Exceeds the Basic Lwe Load :

. The Ilvc Ioad apphed for stress check for lhe Rehabilitation Plan is

determined ‘as 18 tons for bndges on . Aclass roads bascd on the

' conslderatlon as folloivs:- -

- Vchiclc wetghl of 18 tons covers 99. "\% of all vehicles far short'
spanned bridge according to the axle load survey on A-class roacls

- Where inCrease rate for a!lowable stress IS sel at 1. 5 Iwe Ioad for stress
' check is 18 mm :

On the othier hand, 16 lons is apphed for bndgcs on B-class roads based on f

the consideration’ as follows:-

- mclc load survey has not been carried out on B-class roads, however,
the importance of B-class roads is assumed to be lower than that of A-
class roads.

- ‘The limit of total vehicle weight for B class roads in {he regulation is
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4

15.275 tons for 2-axte truck.

" Design Vehicle Weight in Japan

The design vehicle weight reviewed recently in Japan is as follows:-

- According to the recent specification, TL25 consists of orie front axle
load of 5 tons and two rear axle loads of 0 tons each, stipulated by
the regulation. Design axle load is considered to apply the total of rear
-axle loads of 20 tons for T loading,.

- ‘O the other hand, total weight of special vehicles are allowed up to 36
tons provided by the regulation. The difference of actual load and
* design load are allowed to a certain extent by some kinds of

~ restrictions,

" In addition, "Road Bridge Rehabiitation Guideline"” - (Japan Road

Assocnation) tells that "coelicient of load condition which is a factor to
determine applicable design live load for the bridges to be rehabilitated shall -
be judged on the conmdcral:on of the !oadmg of the brrdges under no:mal
traffic condmons

E On the other hand, the limits of total vehicle in Sri'. Lanka are 15.275 tons for

2-axle truck, 20 and 21 tons for 3-axle tnick and 27.5 totis for 4-axle truck.

Allowable Stress for Steel Matcneﬂ :

The increase rate of allowable stress is set at 1.5. This value i is less than 1.71
w}uch i ratio between alfowable stress and yield stress :

e Accordmg to the axlc load survey, only 2% of lotal numbers of‘ axtc load'
- exceed 12 tons which is adopted as basxc design axle load So, an occasion

(6)

: of the increase rate for ailowabie stress (l 5) is appllcablc for axle weight of
121 tons A :

Applicabte Live Load for Rehabititation Plan

" Based on the results of the analysis of the axle load survey and consideration
‘on the difference of traflic volume between Japan and Sri Lanka, the live

10ad and increase rate of allowable stréss used for the Rehablhlation Plan was

- setin this Study as follows:-

. A-classroads 18 tons

- (increase rate for allowable stress shalt be l 5)
- B-class roads : 16 tons
(increase rate for allowable stress shali be 1.5)



These live load and the increase rate dre set based on the present condition in

Sri Lanka, therefore, the live load shall be re-set if any condition changes,
such as an increase of traflic volume and a number of heavy vehicles.

3.8.2 Determination of Applicabte Live $.0ad for Reconstruction Plan

)

@)

Present Standard Live Load in Sri Lanka

It-is known (hat most bridges in Sn Lanka are built or designed using British -
Standard though dcsngn datd and information is not existed. In 1978, new
bridge loading- and & design standard known as BS. $400 (1978) were |
introduced to incorporate the application of ultimate limit state design -
philosophy in U.K. In 1982, the BS 5400 was mtrodnced to Sri Lanka ancl :
has been used so far.

RDA has estabhshed its own d(:‘%i[,n live load based on lhe BS 5400 as
follows:-

l.oading

-~ All bridges in Sn lanka lo be designed to satisly the morc Severe
*effects of either HA or HB Loading as stipulated in the Code of
. Practice BS 5400.: The design HB loading is 1o be taken as 30 units,
- for the above excrcise, for both A & I3 class roads.

- - . In areas of special significance or indusirial towas, 45 units of HB

“vehicles is to be checked for the adequacy of the slrenglh of the
- slruclure .

- l"or dcssgn purposes in calcuialmb load eﬂccis lhc HB vehicles may

be consldered as straddling two ncmonal Iancs as dcﬁned in the Code
of Pracucc BS 540{) : L :

Appl_icable Lw_e l-oad for Reconsiruction Plan

 The 1B vehicle has 4 axles, thus, the total \wnght of one vehicle reached

1,200 kN (120 tons).

Accordmg, to the résults of Ihc Axie Load Survey, the heawesl \BI]ICICS of its
: total weight of about 41 1ons and the hcawest axle load of about 18 tons |
- were observed on A- class roads wlnch are main corridors. 'lheretore the :

weight of the 1B vehicle seems Lo be conservative loading,

5Tak_ing into the consideration of RDA pfaclice and lhcir request, their
' Standard Live Load was adopted in the reconstruction plan in this Study.
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3.9.1

Preliminary Relabilitation Design

The purposes of preliminary rehabilitation design covering the 10 bridges are to
prepare standard rehabilitation design, 1o estimate the work quantitics of cach
bridge. The preliminary design was carried out based on the outpul from the
preceding detailed survey.

Although preliminary rehabilitation designs for the 10 bridges were in various ways
from repair to reconstruction, the above 10 rchabilitation methods were not
enough to estimate rehabilitation costs for other 90 bridges.  Therefore,
preliminary design on reconstruction plan for each bridge was also carried out.

Stractural Assessment Criteria
The structural assessment criteria applied in the Study are principally based on a

new modified design practice established from various design standards including
the Bridge Design Specification in Japan. The assessment criteria cover the

following aspects.

- Geometric Design Standard

RDA  standard ‘was applied; for approach road design in the case of
* reconstruction plan. : S - : '
- Bridge Width
' Bridge width applied for feconstruction is in accordance with RDA standard,
while bridge width applied for rehabilitation is. based on the sub-standard .
~ established in the Study. o ' ‘
- Flre'e Board |
Freé‘:bcﬂ)aid requiremen!‘ is not ;speciiﬁ‘ed' in RDA standard, | thus the "
recommendation given in “River Design Standard® in Japan is adopted with
some modifications considering river condition in Sri Lanka. '
- Bridge Loading
‘The loads 10 be considered 's;h'an be dead lozx?d,if‘qot,xvﬂy foad, breaking force,
" earth pressure and live load. As for live load, HA ‘and HB loading were
‘applied for reconstruction and T-loading is applied for rehabilitation. P

- Asscssnien;t Mélh'od

Analytic assessment and rehabilitation design on exisling bridge members
were carried out by using the elastic design method (allowabte stress design).
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Limit state design based on BS 5400 was applied for a reconstruction plan.

3.9.2 Preliminary Design for the Selected 10 Bridges

Based on the assessments carried out in the previous sections, all the types of
defects and the corresponding causes were summarized.

From these results, a siritable rehabi_lilati'on method was selected for cach bridge
and a summary of the selected rehabilitation plans is shown in Table 3.9.1.

3.9.3 Standard Rehabilitation Method

To select standard rehabilitation methods which are applicable to cach bridge was
not only for 10 bridges for detailed survey but also for the other 90 bridges.

(D

(2

Study for Rehabllllanon for RSJ Bridge

Ahhough many options can be considered for repair and remforcemcnt for
RSJ bridges in general, practical methods shall be adopted for rehabilitation

" method conSIdermg various conditions in Sri Lanka A sumnnry of practical

methods for rehablhlat:on is as follows:-

l) : Painting .
- Tar painting

2)  Reinforcement of deck slab

- Partly-redecking of RCS
- ,' : Injcclton ofepo:q into cracks

i

: 3) :Redcckmg

- Redcckmg of BUC COR and DEC to RCS deck slab

4): Covermb main beam with re;nforced «,oucrele

_° Reinforcement of main bcam by covering of reinforced concrete

5 Additionat main beam (widening)

- WldemngD after redcckmg to RCS deck slab

: Sludy for Rehablhlalmn for Truss Bndg,e

Suitable rchabililalion methods for truss bridges were selécted as well as the

case of RSJ bridges.- In the ¢ase of truss bridge, widening with ‘additional
main frames can not be applied in terms of structural propertics.  The
followings are summary of practical methods for rehabititation:

.l) © Painting
- Tar painting
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2) Reinforcement of deck slab _
- Partly-redecking of RCS
- Injection of epoxy into cracks

3) Redecking
- Redecking of BUC, COR, and DEC to RCS deck slab

4y - Reinforcement of main sinicture
- It shall be adopted only for substantially damaged members.

'§5)  Weephales

- - Weepholes shall be made on the bottom ﬂange of the lowcr
- chord (# ) for drainage purpose.

'6) * Placement or addition of kaee brace

- Knce brace shall be placed for bridges which do not have it and
* of which main structure is swaying.. . ' '

7 Addmg, offootway

o

@)

- Footway shall be added omsme of main siruc!ure of bridges it
: : necessary : :

-Study for Concrétc Members

“The standard rehabihtallon methods are broadly dmdcd into the fO"OWIlIE,
two categorics:-

- Protection work to concrete

. Reinforccmént work to concrete

' ‘_Cons:dcnng, various condlt:ons in Sn Lanka, su:tablc rehablhtalmn mclhods

for comrete members were ﬁelcctcd as foilows -

1) Protection work to concreté

- Epoxy injection

~ 2)  Reinforcement work to concrete

- Prepacked concrete
River Rehabilitation Works
River rehabilitation work consists of slope protection, foot protection, river

bed protection and river alignment. The followmgs are selected for the river
rchablhlauon work:-



)

2)

3;3)

4)

Stope protection
- Stone masonry
- Concrete block masonry

Foot protection

- Dumped stone

- Wire mesh gabion

- Concrete block mattress

River bed protection
- Wire mesh gabion

- Dumped stone and sire mesh gabion -

River realignment

~~  Spur dike by stone masonry

- 3.9.4 Prerliminar)-‘ Dcsign for Reconstruction

: Prelimmary design for reconstruction was carried out for 9. bridges out ofthc lO
‘bridges to assisl cosl esmnahons f‘or other 90 bndg,es - -

:At ﬁrSt, bridge planniug was car(icd out based on lhe results of detailed surv'ey_.

W

Selection of Structural Type

i

' Superstructure

. RDA has prepared its own standard of P_C concrcte beams and they are
“being used for consimclton of br:dges

;Accordmg to thc RDA dcmgn praclice, bnd;,e qpan is dctcrmmed by .
using these standard of conerele bcams ' - '

3

The strength of the standard concrete beams (PSC?PRIE) were

confirmed in the full scale loading test.

Considering the preseit siluation mentioned above, it can be judged
that the standard beanis are rcliable to be adopted in this Study except .
for the center span of the bridge SER No. 33 Steel box girder is :
rccommcuded for the span with SO meters long. Since the steel box -
garder is very cominon Lype of superstructure in Japan, there isa lot of
useful design data. Therefore, calculation was omitted by utilizing of
these data to’ determine the dimensions and steel weight of the steel
bridge.



2)  Substructure

The type of foundation applied in this Study was determined
considering current design practices in Sri Lanka and they are as
follows:- .

- Spread foundation
- Piled foundation {(RDA standard - R.C. square piles 355 X 155)
© - . Caisson foundation {open caisson)

{2) Resulis of Recouslnlcilon Design

Prehmmary drawmgs for the 9 bndges were prepared, and work quantities of
the work items for each bndge were also computed together with
constructlon penod :

- An applicable specnﬁcanon for reconsiruction work is in prm(:1ple based on
RDA Standard Specifications for Construction arid ’V(amtenance of Road>
~and Bridges, 1989 and bneﬂy described in the drawings.

3.9.5 Prélimilialy Design for Stécl Bn_dgcs
(l) Stress check on 1 RS)

'RSJ Bndges have been constructed for short spans, 3.7m to 10. Sm “Slab -

““type of BUC, COR, DEC and timber should be redecked with RCS. Since t

design standards for deck slab to determine slab thickness and arranbcmcnt

of reinforcement has not yet been established in Sri Lanka, the standards is

. -prepared in this section. In addition, the study of load distribution expected

by deck slab only ‘was carried out. The slvdy of composite action on existing

~©non: composue bean brldges was also carried out. ‘The’ siress check was
© “then carried out based on lhe resu!ts of above studies. :

1) Dcs;g,u standard for: deck stab - regardmg slab !hlckncss and
: arrangement of reinforcement

.~ Slab thickness and arrangement of reinforcement were determined in
accordance with Spemﬁcauon for Bighway, Brldge% March 1987 and -
1994 1ssued by Japan Road Association. ‘

- 2) 'L oad D]Slrlbllllon by Deck Slab

Comparison of reacucn force was carried out for load distribution by
deck slab using the data obtained from 1-0 method and FEM analysis
on SER No. 59 and 211 bridges, on which the loading tests were
“carried out. '



Table 3.9.2  Summary of Strcss Check and Rehabilitation Plan for atl RSJ Bridgces

SER Stress chegk Reconstruction nocded by _
No. | Without Concrcte | With Concrite  |Caleutation | Damage Rehabilitition Plan
Cover Cover
43} Excessive stress | Excessive stress O Reconstruction by PSC/PRE
89| Excessive steess - OK Covering of main bean with RC
2| Excessive stress OK Covering of main beam withRC
36| Excessive stress ' § Excessive stross O Reconstruction by PSC/PRE
102 OK - : -
65 OK - -
32} Excessive stress | Excessive stress O Reconstruction by PSC/PRE
71 - - e Reconstiuction by PSC/PRE
106 OK . OK _ -
108| Excessive stress 0K . Covering of main beam with RC
119] Excessive sticss - | Excessive stress O Reconstruction by PSC/FRE
175 - - e Reconstruction by RCB
120 OK - -
30 OK - . : _
35| Excessive strcss OK Covering of main beam with RC:
56 OK: - ‘ -
127 OK - : - )
K} - - O |Reconstruction by PSC/PRE
37 OK . - ‘
131 OK - -
209 OK - -
210 OK . -
21 OK - - : .
33 - - xe Reconstruction by PSC/PRE
- 58 OK . . T -
59 OK - _ -
D67 OK - P - -
18 - - ‘(v IReconstruction by PSC/PRE
63 OK - ' - -
113 OK - -
.18 "OK - -
15 oK . o : o
. 20| Excessive stress - " OK ¢ -+ i |Covering of main beam with RC .
| N - . O, Reconstruction by PSC/PRE
136] Excessive sircss | OK Covéring of main beani with RC
195 oK =
70 OK - : -
138 OK - ' ;
173 OK - -
3y OK - _ -
144 S . 0 Reconstruction by RCB
147 1 OK i e - “ s -
148] * Excessive stress | Excessive stress 0. Reconstruction by PSC/PRE
21 COK ' OK C : Pa T
q0f . OK - -
17| - Excessive stress . OK _ . . o
32 . o O Reconstruclion by PSC/PRE
i50) OK - : - .
151 OK - .
154 - OK . _ .
24| Excessive slress oK Covering of main beant with RC
25| Excessive stress | Excessive stress O " |Reconstruction by PSC/PRE
35 - - 0 Reconstruction by PSC/PRE
.M OK - -
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3)

- 4)

The dead load is not distributed by deck slab.
10% of live load distribution can be expected.

Composite Action on Non-Composite Beams

~ Comparison of actual value and design value of deflection of beam was
carried out to diagnose composite action on non-composite beams.

The actual value was obtained from full scale loading test and the
design value was obiamed f‘rom FEM analysis on' SER No. 59 and 211
bridges.

" A half composute action can be expected although the RSJ bridges are

composed of non-composite beams, therefore, 10% of live Ioad
distribution can be e\cpeccd

.Resulls of Stress Check for RSJ Bridges

The stress check was extended to all RS/ bridges studied, 54 nos. The
summary of stress check is tabulated together with the correspondnu,
rehabilitation plans in Table 3.9.2.

{2)  Stress Check on Tmss Bridges

Truss brrdges have been constructed with its span range of small to mcdlum
10.9 to 51.0m. Many of the bridges have about 20m spaus. - Therefore, SER
'No. 77 {(1=19.7m) was selected as a represcmahve bndge 10 bc checkcd the
‘slress of its main frame -

“Fable 3.9.3 Results of Stress Check on ST. TR’

Live Load: ¢ Members Increased Allowable Stress. | Stress
T-200 | Upper & Lower |Taken 1.5 of increase rale . - [Excessive stress
o Chord | lofallowablestress. | ' " lof3to4%
L-20. | Upper & Lower {Taken 1.5 of increase rate | - Excessive siress
. ' © Chord |of allowable stress i lof 121014%
“T-18 | Upper & Lower |Taken 1.5 of increasc rate -~ |No excessive stress
' ' Chord ~ lof allowable stress -

According to the above rcsults it is assumed that other truss bridges are in
some excessive stress in case of T-20 or 1.-20 live load is apphcd as the samc_
as SER No. 77. :

3.10 Maintenance an'd Rehabi!ilalio’n Pr:ogr‘anlme f_or 100 Bi'idgcs

Plannmg of maintenance and rehabititation works covering all lhe study bridges
{100 bridges) was carried out based on the preliminary inspection resulis and the
results of preliminary rehabilitation design.
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'3.10.1 Selting Up of Criteria in Selecting Rehabilitation Plan

In the selection of bridge rehabilitation method, the criteria were set up considering
the items below.,

(i)
(i) -
(iii)

(iv)
(v)

{vi)
{vii}

Evaluation of structural condition through preliminary (visual) inspection
Carriageway width determined by the traffic volume

Possibility of rcpair and reinforcement by the results of preliminary (v isuat) -
inspcction

Capability of dddmg footway

Existing road alignment condition

Results of high-water level study (free board) _
Scouring of foundation detected in the preliminary (visual) inspection

{viii) Constiuction year of the brldgc (deterioration by year, loading capdcnt) and

dc:;lg,n standard)

lhc sclection criteria are classified into 3 alcgoncs such as slrucluml aspect, ['Udd _
' funclmml aspect wnd hy d:duhc d‘;pCCt '

© (1) Seleclion Cnlcrm for Structural Rchabllnahon Mcthods

~The structural [Chﬂblllldill)n methods can hc divided mto wa_\,s such as
rrcpdlr, reinforcement and rccomtruchon. Each method hdS various kinds
depending on the types of damage and its range and degree, and also cause

of damdbc. Therefore, establishment of the criteria shall be made Tor

'cllgln(:(:ib to select & particular method against the structural defecls casily,

uch as wi c.zk mcmhcrs and slructural]y insuf flClcnt loadmg capacity.

1) chdll’

, The n,pair was selected to’ the, struclires wluch lnd cnoubh l(_)dl.llll‘t_,
~ capacities based on the resulls of structural study for the' 10 bridges.
For concrele members, the repair covers non-aggressive cracks duc to
shrinkage and creep, light deterioration/damage caused by insufficicnt
construclion such us honcycumb flaking and crack. ‘And for
steclfiron members, repainting is required.  In addition, change of
: hridgc iiCC(‘-SSOIiGS is also appl_i_c;ibl_c.-; :

‘ rhc rcpmr varies depending on the l)'pc&. of d'amagc, its range, degree
and also the cause of damage: Bach type of rchabilitation method is
defined together with the mrrcspondmg dppll(‘dill)n criteria.

2) - Rcinforccmcnt
“The reinforcement was selected to the bridge component which has

serious structural damage or insufficient loading capacity determined
from the resulls of study in scction 3.8. The serious structural damage
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which nceds reinforcement is the defects such as progressive crucks
duc to bending or shearing, remarkable scitfement and large area of
scction lack, ete. There are varicly of reinforcement tncthods, which
depends on the types of damage, its range and degree and also the
cause of damage. Bach type of the rehabilifation method is defined
together with the corresponding application criteria.

© Reconstruction

Reconstruction basically was sclected for bridges with overall rating
of 4.0 and/or bridges with inadequate foading capacity. If the Study
result shows difficultics of economical repair/reinforcement, the
reconstruction is applicable for the bridge componcnt or whole bridge.
The: bridge componcit which has serious structural damage or in
adcquate loading capacity shall be replaced with proper bridge
members. : ‘ ' : '

Addil_iuﬁally, where the bridge needs complcx reinforcentent due to
many defects such as functional defects and hydraulic defects with
structural damage, it is recommended to reconstruct the bridge.

(2) Selection Criteria for Functimial»Rchabililznion Mcthods -

AR

The functional rehabilitation is categorized as widening of carriage way and
adding footway. ‘ - '

-

2)

Widcning carriageway

- Asithe ncccsSilg of widcning is gencrally determined by preseant traffic
~ volume and future traffic volume projection, RDA' has own standard

on’ carriagoway width. (7.4m is for standard and 6.8m is for less

. traffic ivolume bridge on A-route.” ' On B-routc - the width is
- determinéd considering the existing site conditions.) :

Adding footway

‘The nccessity of adding foolway is determined bascd on a situation
whether the bridge locates inner—city or ncar public facilitics such as

" school, - hospital: and temple, cte. or not. In the preliminary study,

these” surrounding conditions were reported it the. preliminary

. enviromnenial examination.

3) Risiilg

In the prefiminary inspection, some data and information rcgardihg
flood level were collected through RDA and interview to resident at
the site. ' '



- Genesally, the bridge height shall be riscn where the bridge submerges
in the water flow. However, rising of vertical alignment sometimes
causes adveise cffects bLecause of no  consideration given to
surrounding.

“Therefore, the rising of vertical alignment was not considercd in the
Study.

(3) Selection of Criteria for ll)dmuhc Rehabilitation

The h)dr.whc rchabilitation covers river protection, slope foot protcclmn,
river bed consolidation work and river re—slignment work as follows:-

1) River protection is applicable to protect crosion af ziver slope around
abuiment. _

2)  Slope foot protcclwn is applicable to proteet slope failure caused by
~_river bed scouring at foot of river slope. o

3}  River bed consolidation work is 'ippllthlC to proiccl scommg aruund

~ river bed. . ;
~4): River rc~ahgnmcnl work is applicable to prolcct remarkable croxmn L
“caused by irregutar flow at upstrcam side of the bridge.

Hydraulic rchdbihtahon methods is’ “determined dcpcndmg on fiver Ilow :
condition, scale of nvcr, flood flow vclncﬂy shape of foundation and sml
Z condmuns -

l“ypc of rchabilitation method for cach plan is dcstgncd together Wllh the .
cmrcspondmg dppll(‘dllon Crthl‘ld

10 2: Plauning Results of Malnlemnce and Rehabllllaliou Wox ks

A summar) uf phmnmg rcsults for thc 100 hndg,u is, sho“n in l‘dblc 3.10.5

o1 -
i H
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3.11 Eunvironmental Examination

To examine the impacts of the bridge improvement on the environment, a
preliminary environmental examination and a site inspection were carried out.
Based on their results, an Initial Environmental Examination (IEE) and scoping
were carried out.

~ (1) ‘The Results of the IEE on 10 Bridges due for detailed Survey

Based on the results of the site inspection and the bridge improvement plan,
the impacts of the bridge improvement on the environment were predicled.
Then, measiires to mitigate the environmental impact were examined and an
Environmental Impact Assessment was judged as to whether it was nccessary
or not.

" The bridges due for detailed survey are as follows:

 SER No. 85, 212,77, 53,211, 33,59, 20, 70‘7

Accordmg lo lhe resull of ILE the foklowmg measurea are reqmred to
- mitigate lhc cnwronmental impact: -

A

SERNo.211,7 T

Rc!ocalion of Residents ahd Righls of Way |

: Relocatlon of mSIdems at permancnt bu&!dmgs shall be avoided in

planmng the bridge improvement.

,'i

) !mpoﬂant facnlmcs shall not bc dislurbed by the bndgc 1mprovement
: plans ' a o '

o ‘ R

- SER No 85 (kmdergarlen) and 7 (ﬁshmg, pon)

- Acquisition or lease of private land shall be minimized in pianmng the
bridge 1mpr0vement

‘SERNo‘ 35'77 53 211, 59, 20, 70, 7
: Pames concerned shall be comulled pnor to any Iand acqmsllton

'SER No. 85, 77, 53, 211, 33, 59, 20 70

Compensahon for the acquired land or aliernative measures shall be
considered.

SER No. 77 (well), 53 (coconut trees), 20 (unauthorized buildings)



- Poor drainage shall be improved.

SER N:o. 59
B. River-use

- Consideration shall be given to intake for water supply.

SER'No._ 77 (domestic use), 33 {industrial use), 20 (hgricul@ugal use)
- 'Consideration'shall be given to bathing, washing, and san.d mining.
: SER No. 85, 77, 53, 211, 33,20
-+ Consideration .shali be given to river tlow .an'd water traffic

~ SERNo. 59, 70,7

C Traﬁic Jam (vehlcles and pedestnans)

Traﬂic eontrol and pedestnan safety shall be ensured at the bridge
nnprovement work site. _'* :

SER No. 85, 70
- Siudeht's safety at the bridge improvement work site shall be ensured.

SER No 53

: 'Imwronmenlal mpact w1El be mitigated by 1mplemenung the above measures. -
" Therefore, Environmental lmpacl Assessment (EIA) wnll not be requ:red for

; “the proposed mprovements on 10 bridges.

2)

The Results of Scopmg for 91 Bndges due for Prehmmary Survey

- Based on the resuits of the preliminary environmental exammatlon and the site

inspection, scoping was carried out for the 91 bridges due for preliminary

‘environmental examination (out of 101 bridges excluding 10 for which an IEE
‘was conductéd). Then, the enviranmental examination details involved in the !
bridge lmprovement were selected and the enwronmental check points were

proposed

Certain unpact will be given to the environment and therefore consideration
shoutd be given to the bridge improvement project at 80 bridges out of the
91(Refer to Table 16.3). The environmental examinalion items were
determined as follows:

A. Relocation of Residents and Rights of Way



- B. River-use
- C. Traffic Jam (Vehicles and Pedestrians)
D. Others (Rema_ins, Cultural assets, Scencry)

The items for environmental consideration are:

- A. Relocation of Residents and Rights of Way
A-1 Avoiding relocation of residents of permanent buildings
A-2 Consideration for important facilities including public, religious and -
industrial facilities
A-3 Consideration for acquisition or lease of private land
- A-4 Consideration for temporary building illegally invaded by squatters .
. A-5 Discussions with parties concerned in advance
- A-6 Compensation or alternative measures at acqu:smon of land
AT Improvement of poor drainage

:B. Rwer—use :
- B-1 Consideration for water intake (for water supply, agrlcuitural use, and |
- industrial use) :
‘B2 Consideration for bathing, washmg, _and sand mining :
' B-3 Comlderanon for problems agamst nver flow and water traﬂlc

C. Traflic Jam (Vehacles and Pedesmans)
C-1 Traflic control and pedestrian safely
C-2 School chxldrens safety al the bndgc tmprovemcnt work s:te

D. Others :
'D-1 Consideration for remains and cullural assels. -
D- 2 Consmeratmn for landscape

"Regardmg 80 bndges it is necessary to examine lhe lmprovement plan and
traflic control during the improvement project; to carry out an 1EE; and to,
examine the environmental con&deratmns ' - :



.12 Planning of Bridge Maintenance and Management

First of all cxisting system of bridge maintenance and management of RDA has
been investigated.

3.12.1 Organization

" Engincering Scrvices Division in RDA has 4 e,cc!mn‘; mc]udmg Bndgc Design
Scetion which is responsible for dcs:gnmg new bridges. n Traffic Planning
Scction there are’ some staff who review the cxisting bridges and preparc
rehabilitation plans of damaged bridges. Other offices are Highway Design and

* Land Acqu:snwn Offices. The Maintenance Managemenl and Construction
Division arc in charge of implementation of roads and bridges rehabilitation and

* construction with the Provincial Oftices.

The expehditurcs of RDA allocated to bridge investment are found, which has
been increased al a rate of more than input o roads. In 1994 the amiount was
Rs.156 million (6%) while that on roads was Rs.1,520 miltion (57%). (The

' pcrccm is in the RDA's total expenditure). However, the maintenance of oads | -
“and bridges arc nol shown scpatately. W means bridge maintenance works arc

mlxcd with road mamtcmncc and mamgcmcm in {the pas!
C322 A Ploposal for Brldge Mamtenancc and Management .

A new scclion should be established which covers inventory fl]mg, pl.ms and
3dcs:gnm§, using  standardized methods, cost cstimate and related  studics for
bridges in RDA.' The section should be cstablishd newly.in Engincering Services
"Division and sheuld gdlhcr up all staff rchtcd to hndgc plan and maintenance
:progrdmmc al lhc beginning yc‘tr :

“The scchon WIH cnmll several cngmccrs and scvcral m;s:s!'mls Spcc1f:cd smf f
inccded in provmcc and focal offices should be molnhzcd for; some months from
‘highway cngincers as they are ncccssar) ‘\Whea' the work burden hccomca heavy,
regular local staft should be recruited in cach pmvmcc or rcgloml office.

3.12.3 Guideline

A guulclmc for preparing of the Mﬂnual for Bridge Inspection, Maintenance and
Rchabilitation has hccn prcparcd in a separatc fllb _ : :

The gu1dclmc consists of three componcnis as shown in’ Flgurc 3.12.1.° The
inspection covers data collection, filing of the existing conditions of bmlgcs
design documents and related data. RDA has already been conducting the b idge
inventory suiveys and keep some of them in their files. It is advised thal those
filing system be restructured in accordance with this gmdclmc Basic approaches
fn ficld inspection and use of cquipment arc suggesied. The guidcline dtso
suggests asscssment procedures.



The resulis of assessment of bridges arc grouped and classified whether they shall
be maintained or rchabilitated under routine matitenance and others requiring

rchabilitation work,

(Components}) (Activitics)

-Periodical inspection
—-Inspection in unusual case
- HDetailed investigation

- LSimple cleaning

— [nspection —

: ; ~Smali-scale replacement
L~ Maintenance ———————}-Small-scalc recovery

: -~ Partial repair

‘Bridge . L Partial repainting

Maintenance

Manugement - o ; _ Supcfstr_uc(urc
: - . - Repair- —[Subslru‘clurc
' ' : Revetment

- Rehabilitation-

Superslructure
~S|rcngthcning'«ESuhsmlctu_rc B
S © LRevetment

Functional— i&upcn\slruc‘lurc
- Improvement  LSidewalk adding

Figurc 3.12.1 Definition z{nd Functions of ‘:Viai_ntcnan‘cc:Ménagcmém
124 :Cost Estimate for Bridge Maintenance and Management
') lnspccliun‘ j

Tablc 3.12.1 Total Cost of Bridge Maintcnancci:xml Management per Year
: ' - . (Unit: Mil. Rs.)

1 Maintenance Center | Maintenance Section ~ Total
. |in Uingincering Division /] - ~ in ¢ach
: RDA, ilcad Office * Provincial Office L :

Personnel 20 0 40 0 - 6.4

- | Plant, Equip. & Tool | ‘3.6 1.0 : 4.6
- L office, cte. L 12 06 .8

Coitingency ' 04 : 06 - 1.0

- Total ' 12 6.2 134

Note: L. Pepreciation of plant, equipment and tool shall be cslimaied for the
~ duration of 15 years.
2. Repair fee is estimated by 20%.
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“(3)

3.13

Routine Bridge Maintenance including Minor Repair

Since the accounting method of the routine maintenance is not shown scparately
for bridges and roads, it is hard to determine the budget cost. However, Rs.1.5
million for the bridge maintcnance shalt be suggested.  The total cost for
inspection, inventory filing and routine maintenance shall be Rs.14.9 million.

“As discussed in Table 19.7, Chapter 19 of Main Text, the cost would be abuul
‘Rs.53 million for the case in 1995. The above cstimate of Rs.14.9 miltion is 28%

of the total budgel of Rs.53 million. The cstimated cost scoms agrecable; since
hic remaining 72% is thought to be used for material, transport, ctc. '

Bridge Rehabilitation

As shown in Chapter 19 of Main ”lcm the COSi for bndgc rchﬁblhhnon is (hwdcd

into two catcgories: (1) is the project cosl for 100 studicd hr]dgcs (2} is the

praject cost for 253 bridges which require some rchabilitation in the near future.
The above 253 brides include 100 studied bridges, and the tofal cost of
rchabilitation for these brldgcs is C‘Sllmdi(‘d Rs.3,445 million in 1995 prices.

The cost of works sccms to hav ¢ a surplus of the budgcl by Rs. 599 miltion while

‘the assumed budget allocation for rehabititation works is Rs. 4,044 million for

1996-2010. If the inventory surveys of 4,430 bridges by RDA would recommend
more bridges for rchabilitation works, the above surplus should be reviewed.

Cosl Estimate

”lhe Sludy objecuvc is to esumate lhc rchabilitation and reconslmchon cost for
sclected IOD bndges : s

Based oh the rcsults of lhe Preliminary Rchab:htanon Demgn the cosl cshmatc '

 was carricd out' for the 10 representative bndges Further, exira calculation was

carned out for them assuming reconstruction. These results were exlended to lhe

~ cost estimate for the remaining 90 bridges.

~The t’ollowihg procedur‘es were taken in this Study.

- Assessment of the mdlrect cost iteins: and pro;ccl cost composmon and
' determmalmn of mull:phcr factors of these |tems

- Review of main work zlems dcnved fmm the prehmmaxj,r rehablhtauon desu_,n

and identification of the associated subsidiary work items.

- Analysis on the unit price of each work item or each rehabifitation method
based on above consideration.



Establishment of standard unit prices applicable to all the bridges of the
Study based on assessment of the unit prices analyzed.

Assessment of foreign and local postion and estimate of economic cost based
on thé analysis of project cost in recent studies conducted in Sri Lanka
together with consideration of tax and dutics.

3.13.1 Unit Price Analysis

)

(2)

Basic Conditions
Basic conditions considered in the cost estimate are as l‘ollows:-

- Price level of labour malertat and equipment are based as on October,
1995, :

- - - The unit prices are preparcd based on RDA standard and market -
investigation. : :

"~ . Since the data of rehabilitation cost is limited in Sri Lanka, the data

- obtained from rehabilitation in Japan is applied supplementarily.

-~ . Txeept direct construction cost, other cost such as indirect cost,
engineering fees, and conung,encms are computcd by usmg, the
multiplier factors : -

_ (omposm(m of Project Cost

‘Project cost consists of consmlciton cost, Iand acqulsumn/compcnsauon cost, -
‘engineering  fees for = detailed design - and . conistruction supervision,
‘administration cost of the Govgrament and conhubenc:tes In addition, these
‘cost can be dmdcd into foreign portion, local pomon and tax portion based

on the analysis of prcgecl cosl in recent sludles conductcd in Sri Lanka-as .
tollows:- :



3)

-Tablc 3.13.1 Composition of Project Cost

Forcign Local Tax Tolal
Construclion cost  [($) = 65% of (4)[(2) = 10% of (N |{3) = 25% of {3) {4
65 10 25 HW0
Land acquisition - - - -
JCompensation cost :
Eoginecting fecs 75% of (3) 15% of {5} 10% of (5) - |(5) = 10% of (1)
7.5 1.5 1 10
Administration - 2%o0f{2) - C
[ _ 0.2 : ‘ 0.2
Cantingency 20%o0f(1) | 20%of (2) 20% of (3} 20% of (4)
13 2 _ 5 20
Tolal 85.5 13.7 31 _ 130.2
L (in%) 165.7) - [10.5) [23.8)

[100.0]

Unit Pncc Analysis

Umt prlces applied in this Study were calculated by ihe proccdure as

2

'_follows -

Umt Rate for Labour, Matenal and Eqmpmem

- The umt ‘rates for cost of labc)ur matenal and ecquipment  were

cstlmated on the basis of RDA slandard and data from market survey.

2)  Work ftent Rale'
The work ilem rates for concrele work, transpmlatlon formwork,
“excavation, etc. were’ csumated on the basis of RDA standard and the:
- - data from the market survey. The rate covérs overhcad and proﬁt for
e onlractor :
S Unit Prite-

Unit prices for work items such as concrete works of abutment,

concrete works of pier, construction of PSCIPRE per square metres
were estimated using the work item rate.

'3, 13 2 Standmd Umt Price

: -Standard unil prices apphed to other 90 bndges were prepared bascd on the
assessmeit of the unit pnce for the 10 bndg,es

(1)

Cost Estimate for 10 the Bridges

Rehabilitation cost for the 10 bridge was estimated on each work itenis based
on its rehabilitation method determined. Slmulianeously, reconstruclion cost
for 9 bridges were estimated. The contents are as follows:-
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for O bridges were estimated” The contents are as follows:-

SER No. !’_r_gpoécd Rehabilitation Plan Reconstivction Plan

85 - Additional footway

17 Reconstruction -
53 Repair of superstracture O
33 Reconstruction -
59 Redeck & widen : O
20 Redeck & widen O
70 Repair of superstructure O
-7 . Repair of super & substructure Q
211 Widen and repair of substructure O
Q

212 Repair of super & substructure
(2_)' Slandard Unit Pricc

* The standard umt prices apphed to the 90 bndges are preparcd based on the
: resull:, of above estimate on the 10 bndges

3.13. 3 Pme Cos! le:malc

The project’ COS[ of each br:dge was oblamcd by adding cach work amount
assigned.  The amount was calculated by mulliplying the cstimated quantity of
rehabilitation work by the correspbnding standard unit pricc.

* TFable 3.13.2 shows the prOJect cost classmed into priority ‘of rehablhtalton and
: _type of supers{ructure -

3 i3. 4 Fcononuc Cosi

Lconomlc cost of the pro;cct in recent F/S studtes (road) conducted in Sri Eanka is
shown in terms of percent of the financial cost. The percentages vary in 83 - 89%
for the total cost of the project ivl1ile they are in 76 - 80% if the share in the cost of
structure and bridges are taken up. Taxation system is complex in Sri Lanka where
~additions of turnover tax and defense levy have been implemented beside the
customs and the excise duties: and other charges. In 1994 the, defense Icvy :
" increased from 3.5 to 4. 5% o the CIF. Deta:lcd analysns need to be conduclcd in
B ; lhc slage ofdctalicd engmeumg, study. ‘

“When lhe pro;ec{ is fommlated by bridges and structures such as this master plan
study, the transfer elunents of such taxes and charges will be higher than convmon
“road projects since bridge pro_|ccl depend much on imported machines. It is

determined 1o calculate the economic cost by multiplying 76% of the financial cost.
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3.14 Economic Evaluation
3.14.1 General

This master plan study will present a rchabilitation program for 100 bridges
selected through discussions with RDA. They have been inspected and studied
from viewpoints of physical conditions, traflic volumes, functional category of
roads, and so on. Various comparative ratings were conducted, resulting in the
classification of 3 groups in the ordér of priorily to be realized in 15 years up to
2010, Lconomic evaluation is conducted to justify this grouping policy by
calculating econoinic returns of each group and each bridge.

Financial framework a_nd overall rehabilitation cost for 15 years from 1996 to 2010
is estimated, which indicate the need to entarge the financial framework for bridges.

- 3.14.2 Econemic Evaluation
(1) Staged Schedule and \;’OC

The pmject covering IOO bridges was dwuded into thc following packag,es m
accordance with the prlonly, . .

The first gr'oup 35 nos. years = 1996-2000°
The second group @ 35 nos.years = 2001-2005
T hc llnrd 5roup 30 nos.years - 2006-2010

" Economic benefits are dlscussed commonly in various project cvaluatton It should

be cmphawed that * there are quantilative and quah{alwe benefits; The - ;

quanul'lcauon is by csumatmg savmgs in the vehicle opcrahon cost (VOC) with
and wnlhonl project., while qualilative ones are assessment in different viewpoints .
as social, cultural and envnronment ete. ' VOC has been studied in other feasibility
studies in recent years. In similar inanner to those sludlcs itis npdated in prices of .

1995 by rcvscmng those studles prices in the market and tax-duly elements in :
May-June in 1995, ‘The results were filed in a table. of economic cost of VOC‘
assummb normal conditions on surfaced 2-1ane roads.

(2) Bndg,e Unusable Probabllmes '

Only a fcw records are found of bridge history siich as years of constniction,

- improvemeiit, ‘as well as “design docuinents, materials, etc. Allhoug,h the oldest
year of co_nslrucuon recorded on the bridge or documents was 1932, it is said there
are niany bridges constructed and rehabilitated in the year older than it. Majority

" are thought to have some type of rehabilitation works after construction 1o now.

- Since suflicient records are not found, a statistical inference is used to deternine
the difference in probabitities of bridge damage between “with a rebabilitation and
without it’. ‘The differences are incorporated in the savings together in using VOC
data.



An exanmple of damage probability for a bridge  with assumed age of 30 years is
shoin in Figure 3.14.1. The age 30 means the remaining years in calculatton is 20
since all are assumed to have SO years in life. Four curves can be drawn each
responding 1o its rehabilitation category. Reduced probability of the damage is
shown in by shaded areas, which is used 1o estimate the savings for 20 years of
project life. = _

AGEID

WIIOUT
— — — REPAIR-

B PR RENE.

— - — - RECONST.

When it is cepaired

When it is reinforced

5 s COEnE

“0.000 - . - Whea it is reconstructed
30 3132 33 34 35 36 37 38 39 40 41 42 43 44 4596 12 B 49 50 51 e+ EH

Figure 3.14.1 Probability Function for Con?pa_risoh of Rediced Damages

C 1 (3) Cost
 The éCanlﬁiC cost of l‘the designated rehabilitation is estimated by '_l‘actori_ng 76%
1o the financial .cost.  Months of work in rehabilitaiion are also’ approximated.

~ Annual maintenance cost is assumed at 1% of the rehabilitation and put in 20 years
- after the work is over, - i : SRS I

(4) Conditions

- - Traflic growth »
A 5.7% per annum which is also used_fdr benefit stream. If _ADT exceeds <'0()0
vehicles, the rate of 4.7% is adopted ‘ SRR s

- Large truck conversion
The percent composition of large teucks (3 axles and more) are very small at about

1% according to traflic data. Savings estimated by converting 2 axle trucks to
larger oncs are considered minimal, and not taken in the benefits,



(5 Eco’nomic’ Bencefits

. worse conditions.

Benefits ar¢ composed of 1) sawngs in VOC resulted from smooth flow of traffic
because of widening and 2) savings in VOC to be realized by the rchabilitation
which would not require the traflic to detour the longer and poor conditioned road.

- Widening

It is comimon the traflic in one direction on the one lane bridge need to stop letting
the traflic on another directio to pass through. When the existing one-lane bridge
is replaced or reinforced to have 2 lane width, traflic will have smooth movement
with no need of wailing and queuing. The benefits is measured. In this case the
traflic can reduce the VOC when they travel the widened bridge, and the VOC per
" km is estimated to be less by 30% after the widening.

- Savings in VOC

* When the bndgc is damaged, traflic is supposed to run the detour route dunng the

rehabilitation period. The running would have higher cost because of large and

. Under the circumstance VOC per km is estlmatcd hlg,her hy
O% on ihe detour ronte

: thn the 'rchabilitatimf work is over, the traflic can travel the normal rowte and
‘realize the travel at less VOC. The balance of travel cost between the detour route
‘and the’ normal route is mcasured as lhe savings (b-:mhm) generated by the
‘rchabmtallon work. : :

: (6) Results

Results ot lhc calculallon are smmnarlzcd in Table 1 4.1 Each g,roup showed
~ - justifiable return ﬁgurcb There are soine bndg,es wnh lower return valucs dven in
- the first: priority group: Main reasons are high cost causéd by difticult natural
conditions, small traflic, etc. However, it is concluded thos¢ are in minor numbers’
and there would be no need to restructure the groupings. “The phased program of.
the master plan is recommcndable

T able 3.14.1 Summary of Economic Evaluation

Economic

Economic |'

~Nos. of | Tot. Fin. |Tot. Econ.| Averaged
-Gro_up Bridges |+ Cost |° Cost *| EIRR [NPV12%| B/C ratio
L - | Rs million | Rs million} * % - | Rsmillion 12%
st | R 778.5 576.3 21.46 2.36 197
. 2nd 351 33438 2544 3591 3.08 3.80
3rd - .30 2464 187.3 14.62 -0.01 1.40
Total 100 1359.7 1018.0 24.46 1.72 2.44




3.14.3 Financial Study
(1) Budgetary Expenditures of RDA

Expenditures of RDA during 1990-94 are studied. The total amount in 1990 was |
Rs 1155 million while it was Rs 2651 million in 1994. I‘xpendllures were not stable
in these years. The expenditure distribution in 1995 can be assunied as in Table
3.14.2 by reviewing the data of RDA. :
“Table 3.14.2' Estimated Expenditures, 1995

(Rs miltion in current prices)

Rchabilitaion west. Rowtine Mainlcnance Admin. {Tolal -
Roads  Bridges Total { Roads Bridges  Total
Rs mill 1856 212 2068 318 212 2651
(%) {70) (8) {(78) (14) “(8) (100)

(2) Forecast Expenditures up to 2010

It is evident the routine maintenance of bridges was included in 'roads’. However,

" bridge rehabilitation plan will develop as suggested in" this master plan, certain
aniount’ should be allocated in ‘bridge maintenance’. Thus a4 2% is taken inlo
consulerauon in Table 3.14.3. :

Assuming the percent dsstnbuuon in 1995 is stable over the coming )ears the
expend:tures of RDAcan be ligured out in Table 3.14.3 .- Annual i in-crease of the
amount is sel at 5% per annum up to 2005 and 4% beyond that year by lakmg into
account the growlh trend of GDP

: Table? 14.3 Forccast E:\pcndilurcs of RDA, 1995-2010 |
: (Rs million in rices of 199%)

' . '

“Year Rchabllllalmnlmcsl : Rouune Maiwtenance Admin. | Tol'gl_ :
Roads = Bridges  Total Rmds Bridges  Total o
Distrib. 0.70 6.08 0.78 012 002 04 008 1.00
1995 1856 212 2068 263 53 318 ¢ 212 2651
99600 | 10382 1198 11680 1797 299 2096 1198 14975
¢ lAver/Ye 2096 240 2336 . 359 69 19 240 2995
200105 | 11842 1353 13195 2030 338 2368 | 1353 | 16917
Aver/Ys 2368 2711 639 406 68 M 271, 3383
2005-10 13062 1493 14355 2239 373 2612 1493 18660
Aver/Yr 2612 299 2911 348 75 522 299 3732
19962010 35336 4044 39430 6066 1010 7076 1044 ' 50552
Total




(3) Bridge Rehabilitation Plan

The overall rehabilitation plan is composed by the 100 bridges of this master plan
study and other 153 bridges. The other 153 bridges are the estimated number of
bridges waiting for rehabilitation including Notth and North-East provinces. Table
3.t4.4 is the summary of bridges, cost and implementation periods for the 253
bridges. The other 153 bridges is the estimated number of bridges reqmnng
rehabilitation, but not recognized by mvenlory surveys, including those in North
and North-East provinces.

The total cost of 253 bridges is cstimated at Rs.3,445 million which is divided into
three periods. The largest amount in the first period is caused by the programme
to reconstnict those subject for urgent works.

Table 3. 14 4 Rehablmahon Plan of 253 Bridges
{Cost in Rs million, 1995 Pnccs)
Initial 100 Bridges | Secondary 153 | Total 253 Bridges
: o Bridges
Nos ~ Cost ' | ‘Nos Usingthe|  Bridgesin
o | ¢ Av. Cost] number Cosl '
~a b _c'_fd'wh'- i

|ig9s-00 | 35 g9 st 69s 86 1474
- |2001-05 15 3s sS1 695 86 1030
2006-10 [ 30 246] st 69| 81 941

Total - | o« 100 1360 - 153 - 12085] ¢ 253 3445).

(4) Budgct and Master Plan Cost -

l"ablc 3.14:5 prc:.cms the budg,el scale and lhc cosl of bridge rehabihtahon The
; budé,et éstimated for bridge rehabilitation in Rs.4,044 million, while the estimated.
- cost is R$.3,445 million. The table shows a surplus of Rs.599 million in the total of
3 periods. 1t should be roted the surplus amount would change after thorough
mvemo:y survcys are completed in other bridges of 4,066.

T able 31435 Budgel Estimate and RCh’ibllllﬂl!O]l ofBrld.g,eq

_ - {Rs million in 95 pnccs)
. YearE | Estimated ; Brldg,c Rehablhta(mn Cost : | Surplusor
: ~ |Budget for]  Initial * Secondary = Total: { Shoilagé
Bridges |° 100Br. - 153 Br. 253 Bri, : -
“a b '  d=ctb e=a-d

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




(5) Other Bridges

According to the program of RDA, more than 4,000 bridges are subject of ongoing

inventory fiting. They are assumed to be managed by routine maintenance. 1 the

inventory filing is completed including those in North and North-East provinces,

there will be some which need rehabilitation, enforcing to restructure  the

rehabilitation plan for 253 bridges.  Then the budget scale estimated would be

nch insuflicient i (his enfarged rehabilitation plan is implemented.  Different
- options to adjust before the budget scale and the estimated cost shoutd be explored
" at the earliest lime. . o : g

(6) Sunimary of Recommendations

- Masli_:r Plan for Overall Bridges, 1996-2010

~ Table 3.14.6 Summary of the Master Flan

| Budget | Estimated Balance |
. | o | Cost
" IRehabilitation (1996-2010) in Total 4,044 | 3,445 L 599
Routine Maintenance (1996-2010} in Total 1,010 ] - 138 972

i 'fhe'reljﬁbiliiati0|1 plans for 100 bridges classified in 3 stages arc assesséd in
cconomic viewpoint. The grouped plan showed the average return of 24%
which are well in the justifiable range. '

'_ The estimated budgetary allocation Rs.4,044 million for bridge 'rehabili;alion
- works seems enough for covering the cost of Rs.3,445 miflion under the current
gstimate. . ' ‘ o

- Whea the ongoing in'vchlory survey of bridgc_s’ over 4,000 by RDA is con‘_lp'lel'ed'
- with linjdings of mare bridges heed:of rehabilitat}oh, the cost would b_cc_omc :
farger. Bldgetary allocation should be reviewed to balance the budget and cost.” -

. Routine maintenance system should be established with an allocation of 2% of
'RDA's budget.  The “allocation would cover the cost of maintenance
center/section and matertalftransport and other routine activitics. '

.- Whenlever RDA seviewes plans to update road network programames, bridge
rehabilitation plan should be reviewed and adjusted to be consistent with road
rehabilifationfimprovement - programme. . Periodic review of adjustment - is

.+ recommended. ' ; .
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