CHAPTER 13 DETERMINATION OF APPLICABLE LIVE LO:.\D

13.1 General

- The following design live loads were taken in this Study through examination and
assessment on the existing traflic and loading condition in Sri Lanka.

)

{2)

[©F

. Present Slaﬁdard of live load irf Sri Lanka is addpted in this Study. o

Live Load for Simple Repair Works

 Specific live load was not determined for simple repair works such as re-

painting, mortar injection to cracks, etc.: The repair shall assumed only to
reniain existing loading capacity.

Live Load for Rehabifitation

Since the design dala to determine loading capacity of bridges are not existed, -

+ - the Japanese Bridge Design Specification is adopted with some modification

of intensity of the live load, TL20, considering the present condition obtained
from the results ofoIc Load Survey carned out by RDA.

‘In order to plan thc ophmum rehabifitation method determmahon of propcr

design live load and allowable stress are principle factors

Lwe Load for Recousln}cuon

13 2 Determmatlon of Apphcable Live Load for Rehablhtatmn Plan 5

T}us section presents the resuhs and procedure for determmahon of (he appl:cablc BRI
© design llve ioad and allowab e stress t"or rehablhtatlon plan : o

13 2.1 Qtness Check Applymg Initial Lue Load TL20

- The stress check, carried out on existing bndoes applymg TL20 five loading on
some RSY and ST.TR, revealed that there were many steel bndoes wh[ch had
excessive stress compared with allowable stress. :

o There are not so many heavy vehlcles on most of the roads subjecled to the Siudy

except in the area of Colomba Poit and its surroundings. Therefore, the latest

- Axle Load Survey carried out by RDA was rewewed for lhe live load to be used
for the Rehabihlatton Plan. : :

13.2.2 Pretéermination of Basic Live Load

The basic design axle weight of 12 ton which is to be applied on bridges located on
A-class roads is taken for the Study based on the consideration as follows: -
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- 98% of\'chicles.i's'in the c’alcgdrf of "axle load of under 12 ton" according to
the axle load survey carried out on A-class roads. {see Table 13.1)

- Total vehicle weight of 12 tons is a standard size for national buses (SLTB
“BUS) in Sri Lanka.

- The number of bridges of which construction year-are known is only 34
(46.6%) out of 73 of all steel bridges. Most of them weré constructed in the
petiod of British dominion (1796 to 1945). During the period, the Industrial
Revolution has been taken place, therefore, introduction of vehicles is
assumed to be in those days in Sti Lanka. Actually, steam paving machine is
on display, which is assumed to be used in those days. However, weight of
those vehicles can not be 80 heavy considering motorization surroundings at
that time, and is assumed to be about 12 to 13 tons, and axle load is assumed
to be 9.0 to 10.4 tons. -

13.2.3 Determination o'l‘t:he Live Load to be Applied for Stress Check j‘
for lleavv Vehicles which Exceeds the Basic Live Load '

" The live load to be apphed for stress check for thc Rehabﬂ:tat:on Plan :s.-
determined as }8 tons for bridges on A-class roads based on the consideration as
follows:- :

- Vehicle weight of 18 tons covers 99.5% of all vehicles for short spanned
bridge according to the axle ioad survey camed out on A-class roads (see -
: Tab[e 13.2). - : '

- _Where mcrease rate f‘or al!owable slress is set: at 1 s, hve load for slress
' check will be 18 lons : . !

i

- On the other hand, vehlcle welght of 16 tons is judgcd to be apphed tor bnd ues on
B-class roads based on the c0n51deral10n as follows:- Do

- 'A)xle toad survey has not been'carried out for B-class roads, however, the
importance of B- class roads is assumed to be lower than that of A class
roads.

-*  The limi of total veh[clc welght for B- class roads in law is lS 27‘» tons for 2-
axle truck. '

- Véhicle weight of 16 tons covers 99{.9% of all vehicles on AAO12 road |

~ (Although it is under A-class road, it is more like B-class road. In fact,
traffic volume is not $0 heavy) and maximum weight of vchlcle is 18.6 tons

These lwc load is set based on the present . condition of traflic in Sri Lanka,

therefore, the live load shall be re-set if any condition changes, such as an increase -
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of traffic volume and a number of heavy vehicles.
13.2.4 The Concept of Design Vehicle Weight in Japan
The concept of design vehicle weight reviewed recently in Japan is as follows:=

- According to the recent specification, TL25 consists one front axle load 0f‘5‘_ :
tons and two rear axle loads of 10 tons each, stipulated by law.  Design axle
load is conSsderud to take the total of rear axle loads of 20 tons for T loading.

- On the other hand, total welght of special vehlcles area allowed by 36 tons
- provided by law as shown in Appendix M. The dlfl“erence of actual load and
design load are allowed to a cenain extent by some kinds of restrictions.

in addition, Road Bndge Rehabilitation Guideline (Japan Road Assocmt:on) tells
that "coefficient of load condition which is a factor to determine applicable design
live load for the bridges to be rehabilitated shall be judged on the conmderahon of
lhc loading of the bridges under normal traffic condmons " »

* On the other hand, the fimits of tota vehicle welght n Sn Lanka are 15.275 tons
for Z—axle truck 20 or 21 tons for 3-axle truck and 27.5 {ons for 4 -axte truck.

13.2.5 Alowable Stress for Stecl Material
) ‘Andwable Ténsilé Slress

o Steel matenal used for steel bridges in Sn Lanka can be roughly classmed
' into twa kinds as slated in the Chapter 12 Strength Tests of Steel Samples.
They are; .

< Allowable tensale stréss for steel produced bcfore 1930 is assumed to :
' be around 80% of atlowable tensile stress for rolled steel (for normal
*structure) 88400, This can be applied for wrought irén and low
-quality mild sleel

- Allowable tensile stress for steel produced after 1930 is assumed to be
- almost the sanie ‘as allowab!e tensile stress for rolled steel (l‘or normal
structure ) 88400 Thls can be applled for mlld sleel
(Allowable tensile stress for rolled steel (for normal slruclure) SS400 |
‘specified in the Japanese Bndgc Design: Specnﬁcahon 1S l400kgffcn\2

which is obtained from dividing yield stress (2400l<gffcm‘2) by security
factor (1.71).)

(2) [Increase Rate for the Allowable Tensile Stress

Although the allowable tensile stress could be specified as the ‘above, an
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increase rate for the allowable tensile stress should be confirmed in the Study
considering present traflic condition in Sri Lanka.

The increase rate of allowable stress is set at 1.5, This value is less than 1.71
which is ratio between allowable stress and yield stréss.

According to the axle load survey, only 2% of total numbers of axle load
exceed 12 tons which is adopted as:basic design axle"v.*eight. It can be
considered that the above axle weight is very rare. So.an occasion of the
increase rate for allowable stress (I S)is appl:cablc for axle weight of 12 2.
tons through 20 tons.

13.2.6 Appliéable Live Load for Rehabifitation Plan

Based on the results of the analysis of the axle load survey and consideration on
the différence of traflic volume between Japan and Sri Lanka, the live load and
increase rat¢ of allowable stress to be used for the Rehab1htauon Plan was set m

this Study as follows -

- AA,-'AB-class roads : 18 tons |

L N (mcreasc rate for al!owablc strcss shalt be 1. S)
- B-class roads :' 16 lons
. (increase rate for allowable stress shall bc 1:5)

However, these live load, allowable stress and increase rate are based on the results
from the axle load survey in the Study, so these shall be reconsidered in case any
condjlion changes are arisen, such, as: increase’ of traflic volume nerease of -

' percenlaoc of heavy vehicles, etc. o .

3.3

_ On the olhEr hand, if a rehabnhtaluo’n 'mclhod ivhich is rather durable is used, such
~ as covering RSJ with reinforced concrete, . increase rate for allowable stress for

steel shall be L2, “This value js based' on the Japanese Bridge’ Rchablhtauon

;Manual which :says that | "allowable stress ‘can’ beincreased - up 1 to 20% in

compressive side and 30% in tensile" side and is also based on a consideration
which foss part of cross section due 1o corrosion was seen presently. '

De(ermumlwn of Appllcablc Lwe Load for Rcconslrucuon Plan

i .

T htS sectlon presents the slandard Iwc load app]ned in Sri Lanka, In the Study this -

live Ioad is applied in the reconslrucuon plan OnIy

13.3.1 | D&}sign Slan_dard in Sri Lanka

1tis known that the most of bridges in Sri Lanka are built or designed using British
Standard though design data and mformahon at the time of construction is not
existed.



In 1978, new bridee loading and a design standard known as BS 5400 (1978) was
introduced to incorporate the application of ultimate limit state design philosophy
in UK. In 1982, the BS 5400 was introduced to Sri Lanka and has used so far.

13.3.2 Present Sfandard Live Load in Sri Lanka

RDA has established its own design live load based on the BS 5400 as follows:-

Loading

- All bridges in Sri Lanka to be designed to satisfy the more severe eftects of
either HA or HB Loading as stipulated in the Code of Practice BS 5400. -
The design HB loading is to be taken as 30 units, for the above exercise, for

" both A & B class roads. - 2

- " In areas of special sig.niﬁcance or industrial towns, 45 units of HB Vehicle is
to be checked, f‘or the adequacy of the s!rength of the structures. . ‘

- For design purposes, in calculating load effects the HB Vehlcle may bc
“considered as straddling two nohonal lanes as deﬁncd in lhe Code of Pracuce
'BS 5400 :

- 13.33 Applimblé Live Load for Reconstruction Flan o

'lhe HB vehicle has 4 axles, thus lhe total weight of‘ one vehlcle reaches } 200kN
(120 ton).

AcCording to thé results of the Axle Load Survey, the heaviest vehicle of its total
weight of about 41 tons and heaviest axle load of about 18 tons were observed on’
‘Gokkerella, 57th km of A-6 (Ambepussa - Kurunegala - Trincomalee) Road and
‘Boosa, 109km of A-2 (Colombo Galle - Hambantota) Road respectively, which
are one of main corridors.  Therefore, the weight of the HB vehicle seenis to be
conservative loading. ' ‘ o

Taking into the consideration on RDA practice and their request, their Live
- Loading Standard of RDA was adopted in the reconstruction plan in this Study.
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CHAPTER 14  PRELIMINARY REHABILITATION DESIGN

14.1 General

The main purposes of preliminary rehabilitation design covering the 10 bridges are
to prepare standard rehabilitation design, to estimate the work quantities of each
bridge. The preliminary design was carried out based ofi the output from the
preceding detailed survey, bridge loading test’ as well as determination of appllcable

live load.

 The design ﬂow chart is illustrated in F:gure 14.1 which also shows the
1nterre1ahonshap of above work items,

- Est abhshmcnl of
+ Design Criteriz |
i ! T - T s~ °- | I '
Vo Mvdraulic ) Am'}!lc r\sscsam*nt . ' Deteciorat ) :
E Defect 'l : of Bndgcs using D:srgn an Load 2 ' },‘23{:""-‘}5 ' F;-;:i-:';m[. 4:
S . [ R ezt
Loadmg, Capacity
Defect
r'_
" Summary of Defecis
Sland.lr;l ; o o Exlra
Y Work oo Belecrion of . ‘ L Work
* Rehabilitatioa Mathed - - . ;
i _ - : (If necespary) |

i Standwrd .
Rehabditation Alcinative
Design Sunly _

L Finadl Rehabilitation
o Work . :

P
-

 NOTE: * is presented in

i‘rcp\rmon of Dranings © : Chapter §
Estimation r.-l' \\ ‘onk Quamlles 5 T prc:cntcd n ol
Chapler 13 °

T t3is p(cscnled in

- - Chapter 12 )
CEND ' . :
CD . he 319 presented in

Appendix

Figure 14.1 Flow Chart of Preliminary Design
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Although preliminary rehabilitation designs for the 10 bridges were in various ways
from repair to reconstruction in this chapter, the above ten rehabilitation methods
were not enough to estimate rehabilitation costs for other 90 bridges. Therefore,
pretiminary design on reconstruction ptan for each bridge was also carried out.

As for the other 90 bridges, it is necessary to establish some judgment criteria so as
to decide a suitable rehabilitation plan for each bridge based on the bridge
inventory. These criteria are described in Appendl\cl and the Guidetine for:
Matntenance and Management

Estabtishment of Assessment Criteiia -

The structural assessment critesia to be applied in _lhé Study isin principle based on

- Appendix - L except where the specification is not clear then the Bridge Design

Specification in Japan applied. The assessment criteria covers the following items:

- Geometric design condition

- Bridge width '

- . Bridge loading

- Material and allowable stress
- Assessment method applied

- Superstructure design

- ¢ Substructure design = -
- Applicable design standard

This section presents an absiracl of the above items and the dc{alls are encloscd in
Appendm L : : : :

(l) Geometnc Des:gn Standard

The geomelnc dessgn standard appi:ed is in accordance wnh the: RDA's
: standard However, this is for highway dessgn and it was used for approacll
- road desxgn in the casé of reconstruction of bndge

(2) Brldge Width
* Bridge width applied in the case of reconstruction is in accordance with RDA

- standard, while bridge width applied in the case of rehabilitation is based on
“the sub slandard de:cnbed in Appcnch\ L. -

| (3) ' Free Board

"lhe free - board rcqu:rcmenl is not clearly in RDA standard, thus the G
‘recommendation given in River Design Standard in Japan is adopted after
some modifications were made considering Sri Lanka river condition.
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(5)

Bridge Loading

For preliminary design in the case of reconstruction, the load to be
considered are as follows: '

. Dead loads
- Live loads (HA, HB loading)
- Footway load

- Breaking force

- Force due to earth pressure

Above design criteria are basically in accordance with RDA Standard. The
other hand, live load for rehabilitation (reinforcement and repair) is T -
Loading applied based on the results in Chapter 13.

Assessment Method Applied

 The as'sessmen_t of the existing bridges and the design: of rehabilitation work
: on the existing bridges were carried out in accordance with elastic design

method (allowable stress design method), while for adding a footway which

*is not attached to the emstmg ‘bridge or a new bridge for total replacement,

the des1gn was carried out using limit state design method

~ The reasons for adOptmg these two different desxgn methods in the
: prehmmary rehabahlallon design are:

- For assessment of the load carrying capacnly, bridge history (year
- ‘constructed, materials used, specification adopted) and design data
and information’ are essential, ‘while many bridges studies have not -
mformatlon and some of them were constructed in colonial times and
~are over 50 to'100 years old.: These bndges were designed io varlous '

‘ spec»ﬁcauons which folows the eFasuc design prmmple '

- Quality of materials used in the studies bridges are ¢ also various. (That
is strength vaniation is very wide.) - :

~Thus, it is safe to apply elastic design method for the assessmént and
rchabilitation work.  Contrarily, qualily'of material and accuracy of design

for a new independent structure can be controlled properly within a very low
tolerance. Accordingly, it is rationat to apply limit state design methods only.

for an mdependcm structure which will not be attached to thc emstmg bridge..

The elastic design method was based on the Bridg'e Design‘ Speciﬁtatio’n n’

- Japan, while for imit state design the provisions prescribed in BS 5400 was

applied.
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{6) Matenal and Allowable Stress
1)  Allowable stress design

Allowable stress for reinforced concrete and steel member shall be
specified in Chapter 13.

‘ 2)' Limit stafé design

The design strength of materials for limit state shall be as specnﬁed in .
"BS 5400.

{7) Applicable Design Standard

In establishment of the assessment criteria, the Japanese Bridge Design
Specification and the Rehabilitation Manual for Road Bridge pubhshed by :
~ the Japan Road Assocaahon

- (8) Assessment Cntena for the other 90 bndges .

‘ .-As for the rehabllltation plan for the other 90 bndges each p!an was decudcd :
bascd on the followmg crileria:

- The width ofb;idge for repair and feinfor_cemént s.ha'll be determined in
accordancc with the substandard ‘GhOWﬂ in T able !,-3 in Appéndi}f -

- . Incase of RSJ bndg,es rehabllttallon method shall be decided based on
o the assessment result de:.cnbed in Chapter 13.
s _ S:m.e \wdenmg i$ remarkably d:mcult in ‘case of' fruss : bnd_sac the
: rehabllntaimn plan is, limited to repalr andfor redec!unn S :

- Sclcauon of rehablhtauon method for cach bndge shall be bascrl on the
~ judgment criteria shown in section 14.6 and the Guideling for
Maintenance and Management. '

14.3 Assessment of the Bridges
1431 _General

! Thc contents of rchablhlatlon work for 10 bndbcs selected were dmded into three

main methods: Repair - for concrete and steel member, Widening - for footway

and deck, Reconstruction ‘- for’ super and ‘substructure. The summary of

Rehabilitation Plan is shown in Table 14.1

Fur(he_rmoré, preliminary designs of additional reconstruction plan for the 7 bridges
- (SER No. §3, 59, 20,70, 7, 211, 212) were carried out in order to assist the cost
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estimation on the other 90 bridges.

Table 14.2 shows the abstract of reconstruction plan for the above 8 bridges.

- Table 14.2- StimmaryofReéonstruction Plan for 8 Bridges

SER | Proposed Width . Bridge Contents of
No. - [Carriageway| | Qverall [Length {m)] - Reconstruction .
53 |6.80 920 46.36! 2@ 23.14m L =46.32m
; : . PSC/POS Abut: 2 nos. Pier: 1 no. .
59 [6.80 9.20 45.10| 3@ 15.00m
. ' __ - . _{ PSC/PRE_Abut: 2 nos. Pier: 2 nos.
20 |6.80 920 i 18.08{ 2 @ 9.0m
: a PSC/PRE Abul: 2 nos. Pier: | no.
70 '|7.40 11.00 43.60({ 3@ 14.30m
: : PSC/PRE Abut: 2 nos. Pier; 2 nos.
7 |6.80 . |9.20 146.32| 9 @ 16.23m
1 ' . PSC/PRE Abutl: 2 nos. Pier: S nos.
211 |740  |980 - 23.28{ 2@ 11.60m N
o e PSC!PRE Abut: 2 nos. Pier: 1no. .
212|740 0 19.80 48.79] 3@ 16.23m - 3
‘ : L PSC/PRE Abut; 2nos. Pier: 2 nos. ~ |

14.3.2 'Asscssnle:n( olf 10 Bridges
(M SERiNo.‘ss

: Thls bndge is proposcd to be reconstmcled in near- futurc by Kuwalt Fund.
Although the existing wndth of this bndge is 6.3m without foolway, the load
- caryying capacity is still enough as a structural member. Therefore, it was .
‘judged that it.is possible to make good use of this bndge by widening wnth L
~ additional footway at both sides. | .

Asa widening melhod,- the existing curb at both sides shall be removed and
‘then additional pretension slab beams shall be erected afier construction of
additional pier on the existing arch springing. The additional piers shall be
anchored befside and on the existing arch. ‘

:l). : 'Qua:nlities

ITEM - . UNIT QUANITY
Demolish of existing cutb | | m 1992
Additional concree for body ' m? B 150.3
PSC/PRE (L = 16.23m) : ROS. 16.0
Insitu concrete LS. - 1.0
Curb and handrail - m_ 137.8
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2) - Work Schedule

[TEM UN_]_T_ [ QUANTITY | DURATION
Preparation LS. 1.0 30 days
Scaftolding _ LS. 1.0 30 days

- |Deniolish of existing curb m? 99.2 30 days
~ |Additional substructure - m? 150.3 90 days
Additional superstructure L.S. 1.0 . 90 days = |-
{Curb and handrail o om '137.8  30days . |
- |Removal of Scaffolding LS. 1.0 30 days
Demobilization L.S. 1.0 30 days
' 12 months |

SER No. 77

' Ths:. bridge consists of ST, TR!T/COR and RSJ/BUC. Functional defect of |
truss bridge is a narrow width and difficulty of widening, while structural

defect is corrosion of steel member (corrugate plate and main franie). The

‘reason for corrosion of lower chord is due to structural prob!em such as no
“drip check at lower chord member:

 On the other hzind st‘mctural deféct of RSL‘BUC is corrosion "of stee! - j.g '

member (buckle plate & main girder) and this type can be widened adoptmg o

- additional main g:rders and redecked slab

The poss:blc rchabllltauon work for truss’ bndge could be repamlmg and

: spricing with cover plate o

;Mam reason’ of defects of RSJIBUC are - slmctural problems such as

inadequiate length ofdramagc pipe, no curb or no cantilever slab. In addition -

“to the above problems, it is edsy 1o cause corrosion of the steel plate

espccrally at the joints between buckle p}ates and glrders in thns typc of stab.

Possible rehabilitation work for corroded steel buckle plate is repainting as a
short term rehabilitation plan or replacement of the slab by appropriate type
such as R.C. slab to cope with the structural prbblem as a lohg term..

As a fundamental so!uuon it was;udged that reconslmcnon isa bcsl way for
‘this multi type bridge which consists of trussed beam and RSJ[BUC o

1 Oullgne for Rec_onstrucuon .
Outline of reconstruction plan on this bridge is as follows:

" Type of Superstructure : PSC!PRE,'PSCfPOS
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Bridgé Length . : 120.00m

Span Length : 4x100+2x200+4x%100m
Carriageway Width : 7.40m

Overall Width : 9.80m

Typc of Substructure Wall Type (Spread)

Quanm:es for Rehab:mauon Plan

In lh;s clause, quantities required for rehabilitation of truss bridge were
caiculated in order o assist cost estimation of the other 90 bndges

1 Painted Area

(A1} Upper chord = 3744 m?
(A2) Lower chard = 41.82m?
(A3) End post = 13.81 m?
(A4) Lateral member = 31.51 m2
(AS) Main member - = 249 16 n2
; (AS=(Al+ A2+ A3+ Adyx2) -
-~ (A6) Crossbeam ~ - = 11563 me
- Total arca = 365 m?

B Amount of Covér Plate, H.T. Bolt

. Plate (t = 9mmy) for Web = 1335 m2
o Odke)
Plat'e (t ¢=-12mm) for others’ = 0.148 m?
7 (k)
‘ H T. Bc)lt (M22 X?O) = 84 nos. :
. .‘(47kg}
. Weap holc (20} = ' 8nos.
B Anount ofSlab
- Demélition of slab cofcrete = '2'0.3m.3_

ch1acmg of slab concrete - : :
d=kl xdo=1. 20 x 198 238 24€m
d0=5L +11 =5x1. 757+ 11 = 19.8
‘ ]Ae1832 0.15/2 —I?S?m
S kl=120 .
: V =274m3 '
Rebar (19 ctc 125 for longitudinal)
- (@16 ¢ctc 125 for transverse)
$19:\W=3572kg
$16:W=2558kg
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G13:W=245kg
Total : 6.4 1 {234 kg/m?)

3)  Work Schedule (for Reconstruction)

ITEM UNIT QUANTITY DURATION
Preparation L.S. 1.0 ' 30 days |
Temporary Jetty m? 7200 . 90 days
Substructure LS. 10 350 days °
Superstructure LS. 10 250 days |
Curb and handrail m 240.0 90 days
Pavement .omr 8880 | : ‘30days

~ [Demobilization LS. 1.0 | - '60days
30 months

SER No. 53

The type of this bndge is ST. TR!T/RCS whlch has snnple span (L=39.95m) "
and main defect is corrosion of upper and lower chord member. The reasons
for the defects are due to not only improper maintenance such as lack of

. repainting but also in some cases, stnictural problem such as no drlp check at -
~ lower chord member -

The ponsnble rehabihiahon work could be repamlmfl and spricing with cover

- plate.

1 'Quami:i'es

'The Ca!culation resuhs on repamlmg area and cover plate amount are
: _as follows - : : _ :

ﬂ Painted Area B

(A1) Upper chord 95.39m?

' (A2) Lower chard = 94,60 n?

- " (A3) End post L= 35.04 m?
. (A4) Lateral member = 11523 m?,
. (AS) Main member = .680.52m?
. (AS=(A1+ A2+ A3+ A4 x2)

+{A6) Cross beam = 79.82m?
(A7) Stringer = 56.12 m?
(A8) Footway = 1 27.06m?
(A%} do = 56.12 m?
Total arca = 899.64 m?

= 900.00 m?
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“AS+ A6 C = 76034 m?
= 760 m?

AT+ A8+ A9 = 139.5 m2
=140 m?

B Amount of Cover Plate, H.T. Bblt

Plate (t = 9mm}) for Web = 1.800m?
Plate (t = 9mm) for S.T. = 0432m
S2.232m
-~ {158kg)
Plate (t = lme) for others = 0.022 m?"
‘_ | (2kg)
© H.T. Bolt {M22 X 70) =" 1i0nos.
B | (61kg)
Weap hole (20) ' = 12 nos.
Amount of Stab
- Demolition of slab concrete * =31.8m?
" Replacing of slab concrete =262m
Rebar : =63t
New S.T. | = 8.42 t

Note: The above mount on slab is calculated in order to assist cost
esnmauon of the other 90 bridges.

2) - Work Schedule

H i

© . Item - [ Unit Quanmy -+ Duration. -*
Preparation | LS. C 10 ). - 20days
Scaffolding LS | 10 7] - 6days
Removal of Existing Paiat m? 1471 32 days
.Repainting : n? 00 - | 6 days
Spricing | ke 22 5 days
Removal of Scaffolding | LS. 1.0 _6'days
Demobilization - LS. 10 20 days
- ' o 1 3.5 months

(4) SERNo.33

~ This bridge consists of ST. TRIT/RCS and RSJ/RCS, and precasl reinforced
- concrele slab is adopted in both types.

The defect of truss bridge, especially vibration and deflection of ntain frame
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was remarkable and some of precast slabs of truss bridge havc severe

damages,

“Considering difficulties to amend this deftection of main frame and to widen

toe width of truss bridge, reconstruction could be a suitable rehabilitation

method.

‘1) Outline for Recenstruction

' The principles of preliminary design for reconstruction are two fold:-

- To use the standard design bndge (PSC!PRE PSC/POS) as well

as possible,

- To avoid increasing number of pier compared wnth the E:‘(IStmg

bndge

- After considering 'the prmcrple above mentioned, mtermedlalc span
~length (51m) could riot be changed and it is necessary to adopt a steel
box girder in simple span. Thus the composmon of new bridge is as

follows:

© Type of Superstructure::
' Bridge Length
. Sparn Length
* Carrtageway Width
- Qverall Width
Type of Substructure

- : -'z)i : Wbrk Sc'hed_ule'

' PSC/PRE+Stec] Box Girders PSC/PRE

.. 76.00m

160+ 50.04100m
- 6.80m 1 :

- 9.20m

Wall Type (Caxsson)

QUANTITY| DURATION

: TOITEM | UNIT.
| |Pfeparation - "LS. 10 | ' 30days

- iTemporary Jelly m? . 4560 - 90 days -
iSubstruclure LS. 1.0 280 days

" |Superstructure - L.S. 1.0 270 days
“|Curb and handrail .| m 1520 80 days

. |[Pavement - nm | - 5168 30 days
|Demobilization . | L.S. 10 ¢ 60 days

- ' L - 28 months -

SER No. 59

This bridge was one of the three bridges where loading test was carried out
and it was confirmed that the loading capacity of the bridge still enough for
the design load in rehabilitation study. The possible rehabilitation method is
redecking and widening with R.C. stab and this plan includes repainting of
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existing main girders.

y

;_2)

3y

Cutline of Rehabilitation Design

- Thickness of slab shall be decided in accordance with lhe theory
described in Chapter 13.

- Total width after wsdenmg shall- be decided in accordancc with’

the sub-standard descnbcd in Appendtx

- “TFhe principles ofpreliminary design for rehabilitation are three fold: -

© - Inorder to rehablhtale the defect which causes corrosion of steel

- members, slab on a buckle plate or corrugate plate shall be
redecked with R. C slab ' .

Type of Supérsim;turc :

' Bridge Length
- Span Length

Carriageway Width

Overall Width
-Type of Substructure

RSIRCS

4510 m
-99l+356+855+957+857m

500 m

6.00m

Thus the composition of new bridge is as f'o!lows -

dia. 750mm concrete cylmdcr
and steel frame

Additional main girder = © S nos.
. Qua‘niities.

TIEM —_UNIT__ | QUANTITY
Demolish of existirig deck _j o mt 1816
Additional main girder ' kg 4886
Redecking nm? 255.0
Widening of substructure LS. 1.0

* Work Schedule.

{1EM. UNIT_|QUANTITY| DURATION
| Preparation . -~ ¢ LS. 1.0 20 days
| Temporary Jetty . om? | 306 30 days

Scaffolding I L.S. 1.0 30 days
|_Demolish of existing slab - | m? 181.0 20 days
Additional substruciure LS 1.0 |- s0days
Redecking m? 255.0. 50 days
| Curb and handrail _ n 102.0 | * 20 days
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Pavement m? | "204.0 5 days -
Repainting m? 3424 15 days
Removal of Scaftolding LS. 1.0 10 days
Demobilization L.S. 1.0 20 days
' 9 nionths

(6) SERNo. 20

This bridge consists of 2 nos. of simple beani (RSJ/COR), and it was found
that some of main girders and corrugate plate have severe corrosion due to
rain water penetrating into slab.  According to the results of assessment on
the applicable live loading described in Chapter 13, this bridge which
conceits of H beam (300 x 155) 7.2 meters length does not necessity to be
covered with reinforced concrete in order to keep the Ioading capacity of the -
bridge. Therefore it is required to replace some of main glrdcrs and to

~redeck and widen with R.C, slab.

1) Ouﬂmeof‘Rehab:hlahonDesign :

‘The principle ofpreliminagry‘design for rehabiiitatibn ére;!hree fold:-

“Thickness of slab shall be demded in accordance w1th the theory
described in Chapter 13.

- | Total width after w;demng shall be decided in accordance with

the sub- standard descnbed in Appendix -

- In order to ruhab:htate the defect Wthh causes corrosion of sleel:
" members, slab on a buckle plate or cormgate platc shali be: :
redecked w:th R C. slab. 5

 Ths, the camposition of new bndge is as follows:-

Type of superstructure :

Bridge length
Span length

~ Carriageway width
‘Overall width

- Type of substructure
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~2)  Quantities
| ITEM UNIT QUANTITY
Demolish of existing deck m? 61.6
Additional main girder kg 3110
| Redecking m? 100.5
Widening of substructure L.S. 1.0
3)  Work Schedule
ITEM UNIT | QUANTITY [ DURATION
Preparation ‘LS. . 1.0 30 days
Temporary jetty. m? 86.1. 30 days
Scaffolding L.S. 1.0 ~ Sdays
Demolish of existing deck m? 61.6 20 days
Additional substructure LS. 1.0 80 days -
Redecking - m!? 100.5 . | 30 days
Curb and handrail m 28.7 15 days
Pavement o 86.1 15 days
Repainling om? -70.3 15 days
Removal of scaﬁ‘oldmg LS. - 1.0 5 days
| Demobitization LS. | .10 25 days
' ' 9 months
SER No. 70

- This bridge consmts of 5 nos. of sunple beany (RSJ!RCS) and it was fouud
- that the superstructure js  generally in- fair condmon and suffer only litde -

- corrosion of: steel’ frame of substmcture .and crack at Al abutment.
o _Accordmg to the results of assessment ‘on the applicable live loading

described in Chapter 13, this bridge which consists of H-beam (400x150) 9.5

metres lenglh does not have necess:ty to be covered with reinforced concrete
in order to keep the loading capacity of the bridge.” Consequently the main -
rehabilitation is to widen superstructuse and substructure.

)

Outline of .Réhabililjation Desigﬁ

- The prin‘cif)lc of preliminaryidésign' for 'rehabiiitétion are three fold:-

T hlckness of addntlonal slab shall be dec:dccl in accordancc with

" the theory described in Chapter 13

the sub-standard described in Appendix -

L Total width after widening shall be decided in accordance with

- Widening of substructure shall be carried out by using bracket-
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lype frame on the existing sylinder without " any " additional
sylinder.

Thus, the composition of new bridge is as follows:-

Type of superstructure : RSJIRCS

Bridge length © 42,50 m

Span length oo 7.5949.21+9.05+9. 43+7 22 m i
Carriageway width 6.50 m "
Overall width : o 7.50m

Type of substructure *: ‘Steel frame & concretc sy!mcler

2} © Quantities

ITEM UNIT "QUANTITY

Additional main girder kg | 4072
Redecking o m? -+ 68.0
‘| - Additional substructure : kg . 3679

. 3} Work Schedule

TTEM "UNIT [QUANTITY [DURATION|

| Preparation o LS. - 1.0 | 30days
Temporary jetty N 2550 30 days
Scaffolding : LS { 10 -} 20days
Demolish ofe\:shngcurb& handrail m - - 850 20 dayg
Additional substructure e 3679 50 days.
Decking B g 68.0 ‘| 50days
Curb and handrail o oom ] 0850 | 30days
Pavement e ] 680 10 days |
Repainting . L mr 265.6 20 days
Remoal ofscaﬂoldmg VLS |10 | 10 days
Demobitization : . LS. 1.0 30 days
- : ' 10 months

/(8). SERNo. 7

This bridge consﬂsls of PSC/PRE, RC T-beam and RC-beam a:ncl the defects”
of the bridge could be found only in RC T-beam and RC-beam espemally at
~ both outside beams .

Main defects of R.C. bridge are remarkable rebar exposure and extents of
them are up to half depth of web. And there are some columns which have
severe damage. This bridge located in Negombo Lagoon and it is considered
that chloride attack accelerates the deterioration of R.C. bridges.
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It was not observed during the visual inspection stage that any vibration or
deflection occurs, therefore the loading capacity of R.C. beams are adequate
for existing traflic load.

1.

_2'}

- Outliné of Rehabilitation Design
~ "The principles of preliminary design for rehabilitation are two fold:-

This bridge has not footway and the carriageway 5.8 meters wide

is not enough for full two-tane traftic. Therefore almosioflraﬁic
loading is not concentrated to outside beams but 1o inside beams,
This is the reason why any remarkable vibration or deﬂecuon

could not be observed in the RC-beams. - :

Considering the above situation on traftic flow, it is _conéidered :
that the defects of outside RC-beams can not prove fatal (o the
bridges.  Therefore, the possible rehabilitation work for rebar -

~exposure which has more than 10 centimeters depth could be -
- prepacked concrete with reinforcement bars :

CIn the {:a1culati0n on the inside’ beam, T-20 loading which’ '
: consists of d<lon and 16-ton axle weight is adopted and slresse>
of concrete and rebar calculated are as follows :

L'oadi_ng_casc D ;oc'#f 21.3 kg/em?
s | ‘os=414 kg/ cm?
Loadingcase 1 DL - oc= 951 kg/em?

L S '.05518541(3/0:11? ; “ :

The a\le \\enght mvesngahon dcscnbcd in Chapter 13 mdlcates

' that 16 tons axle weight is observed rarely,: consequently it can
be con51dered that the overstress above mentmned would not be -

a big problem for the durability of the bridge.

Quantities '_ '
: UNIT IQUANTITY
Removal of loosc weak material o 10.95
Sealant for crack injection N ni 332.6
Crack inj¢ction ' m 3326
Re-bar . [ 112
Form m? 14,598
' | Prepacked concrele m? 1095
| Scaffolding L.S. 1.0
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3)

Work Schedule

ITEM UNIT | QUANTITY | DURATION
Preparation LS. 1.0 20 days
Scaffolding L.S. 1.0 20 days
Removal of loose weak malenai m? 10.95 10 days -
Sealant for crack injection m - 332.6 10 days °
Crack injection m - 132.6 i 10 days ¢
Setting of rebar kg 112 | 15 days
Formwork o ‘m? 14,598 10 days
Placing of prepacked concrete | m? _ 1095 1 "40days |
Removal of form m2 | 14,598 | . 5days
Removal of scaffolding . 1..S. 1.0 20 days
Demobilization LS. 1.0 20 days

" 6 months :

SERNO 2[1

This bndge was one of the three bndges where loading test was carried out
and it was confirmed that the loading capacny of the bndge is adequate for

the design load in the rehabilitation study. This bridge consists af 2 nos. of
. simple beam (RSJ/RCS) and substructures are abutments and 2 nos. of pile
" bent type pier. ‘In the delailed structural survey, it was observed that there

~was not any remarkable damage. * Therefore, the possible rehablhtauon work

.:1);

“¢ould be \wdemng of bridge.

‘Oulime of Rehablhtat:on Desngn

I ?The pnnclpIes ofprehmmary demgn for rehablhtatlon are lhree fold -

Co- Thickness of additional slab’ shall be ‘dECldEd in accordance mth
" the theory described in Chapler 13, ‘

" the sub standard described in Appendlx -

Tolai width afler mdemng shall be decided in accordance with

L Wldenmg of subclruclure shall be carried om w:lh addluonai

- pile-bent type piers.

Thus the composition of new bridge is as follows:-

Type of superstructure :
Bridge length

Span length
Carriageway width
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Overall width 700 m
Type of substructure Pile bent
. ITEM UNIT QUANTITY
Additional main girder kg 12,461
Widening of slab _ - m? 74.8
Widening of substructure L.S. 1.0
Work Schedule
ITEM UNIT._ | QUANTITY | DURATION
Preparation L.S. 1.0 30 days
Temporary jelly m? 141.6 30 days
Scaffolding L.S. 1.0 5 days
Denwlish of existing curb m 47.2 10 days -
Additional substructure LS. 1.0 85 days
Additional decking m? 74.8 30 days
Curb and handrail m 472 | 15 days
Pavement ' n? - 63.0 | 15days
Repainting: : m? : 200.1 15 days
Remoal of scaffolding 1.8 1.0 -5 days
Demobilization™ - LS. 1.0 - 30 days
' o ~ ' 9 months

© (10) SERNo.212

This bridge is located along sea shore and, it was deﬁgnéd and constructed
.~ about 20 years ago based on lhe Sn Lankan standard chIgn which followed
" BS code. ’ : o

: Therefore lhe Ioadmg capacily of existing bndge 1s suﬂrcwm for dessgn load.
In fact, the result of loading test shows that this bridge has adequate rigidity
- and it was confirmed that the defect of the bridge could be repaired with
- palching with epoxy mortar or crack injection. . As for a chloride attack, any
damage could not be found in spite of the abovc Iocatton

by

. Outline’ ofReh_ab:htauon DCSIS" o

- " The principles of prelininary design for rehabilitation are two fold:-

- The main defects of superstructure are P.C. tendon and rebar
- exposure at the soffit of PSC beam and locations of these defects
are near supporl. Consequently they don't give any severe effect

© 10 a durability of superstructure.
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The depth of flaking ‘and P.C. tendons exposure is less than
30mm and the possible rehabilitation work will require some™
protection of soflit of beams against a further exposure.

2)  Quantities

[TEM UNIT QUANTITY |
Removal of loose weak material - Com? 0.77
Sealant for crack injection ]l .m0 39
Crack injection . im 3.5
Bond for damaged surface om? 14.5
Repair mortar _ ‘ | m 077

- -3) © Work Schedule

ITEM | UNIT | QUANTITY | DURATION

Preparation e L.S. L 5 days
Removal of loose weak material - | 'ni3 0.77 10 days - |
Sealant for crack injection m_ 39 | . Sdays
Crack injection -~ | mo ‘35 -} . Sdays
Bond for damaged surface | m2z | . 145 | ' Sdays
Repair mortar . w7l 10 days
Demobilization L LS. L0 ] Sdays
. : R | 1.5 months
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14.4 Pretiminary Design for Reconstruction

14.4.1

General

This section presents the results of pretiminacy design for reconstruction as 9
bridges out of the 10 bridges 10 assist cost estimations on other 90 bridges.

. At first, bridge planning was carried out based on the results of defailed survey
consisted of topographic survey, geological investigation and hydraufic study.

The foundations of substructure vary with parameters such as reactions by
superstructure, soil condition, its height and so on. Therefore, calculation of
stability check was carried out on all 9 bridges in order to obtain certain aceuracy
for cost eshmate

14.4.2  Selection of,Slructural Type

(1)

: (2)

SUperstmc_lure

- RDA has prepared its own PC concrete standard beams and they are bemg
* used for construction of bridges. - :

According to the RDA design pracucc bridge span is determined by uqmﬂ :

“these staridard concrete beams. ']he dnnensnons of these are auached in
Appendix : :

—=The strenglh of existing concrete bridge in Whlch one oflhe standard beams,

(PSC/PRE) were used based on the resulis of the: full stale Ioadmﬂ test
camed out in this Study : .-

.CcmSIdermg the present suuauon menl[oned above it can be judged thal thc_

standard beams are reliable to be adopted in this Study except for the center’
span of the bridge SER No. 33. Steel box girder is recommended in order to
span 50 meters length. Since the steel box girder is very common type of
superstructure in Japan, there are a lot’ of useful design data. Therefore,

- calculation was omitted by utilize of ihese data to determine the dimensions -
and stecl \\e:ght of this steel bridge. :

‘ Substmcture .

The lype oF foundahon applscd in lhls Study was determmcd conssdcnng'

current deelgn practices in Sri Lanka and they are as foliows -
- '_ Spread foundation

- . Piled foundation (RDA siandard R.C. square piles 355 X 355)
- Caisson foundation (open caisson)
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[n the case of SER No. 212, two allernatives are prcpared assuming the
construction condition at sile as follows:-

- Alternative 1
Existing foundation can be used for new bridges

- Alternative 2
New foundation can be constructed in the same place of existing

foundation,
14.4.3 Results of Reconstruction Design

The preliminary design of reconstruction work in the Study was carried out in
accordance with exercise mentioned in section 14.2 and 14.4.2. -This section
presents the summary of the stability check results and the corresponding work
quantmes while the drawings prepared for all the reconslructlon plans are allached
~in Volume IV Drawmgs : :

| (]) Summary of Stability Check
“The stability check of foundation were carried out by applymg HA and HB
‘loading (30 units) which meet RDA" design practice. ' The results are
'summanzed and shown in Table 14.3 to Table 14.5. -
(2) ;Summary of Work Quantmes
The work quantities for 9 bndges 2 bndges for the purpose of actual

-rehabilitation and 7 bridges for the purpose of cost estimate, were computed.
_based on the prellmmary demgn drawmgs attached in \’olume IV '

3 SER No 212 (Alternalwe l)
l)‘ Outlmc for Reconslmc!lon

Type of Su persteucture : PSC/PRE

~ Bridge Length o 48.790 m
“Span Length R Ix16.23m
“Carriageway Width ~ © 74 m
‘Overall Width F 9.8 m
Type of Foundation - : . Existing Caisson =

2) ' Quantities for Reconstruction

Superstructure : 478.00 nﬁ

Substructure Abutment : ' 2_Nos.
Pier : 2 Nos.
Foundation Caisson : Existed
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Table 143 Summary of Stability Check (Spread Foundation)

SER No. 7. 20 Rentark
Width {m) 98 92
Case 1 Structure No, Al A2 Al
Height of Abutment () 16.0 7.0
- |Fix or Mov F F N
Breadth of Footing (m) 5.5 4.0
Bearing Qmax wm2) | 294 | 2-6.3 :
Bearing Qa (Wm2) | 300 | 300
Case?  |Structure No, | : A2
Hcight.of Ablilnllent C(m) 7.0
Fix or Mov M
Breadih of Footing (m) 35
Bearing Qmax: | _(U'm’Z): 231
: B.t‘iaring Qa | U ?30.0.
Ulcase3 . [StuctoreNo. P3 Pl
' Height of Picr eme | s | e
 |Fix or Mov | MR : M+F
Brea&nh'qucoting w4 | 35
- Bearing Qmax - Wm2) | 292 | 274
" |Bearing Q2 o waey | os00 | 300
Cased . [Structure No. | . : P4 - |
" [Height of Pier ) | s
Fix or Mov - | omerE
Brcadth of Footing 5 , .(m) 3:»
Bearing Qriax wm2y | 319
Beating Qa wn2) | 300,
Case 3 Structure No. . | 1 - Bs
o |Heightof Pier - () | © 120
o fFixerMov MM
. Breadih of Footing =~ (m) 5.5
-~ |Bearing Qmax W) | 21
u |BearingQa wm2) | 300
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Table 14.4 Summary of Stability Check (Piled Foundation)

SER No. 22 | 211 | 59 7 |Remark
Width (m) 9.8 9.8 9.2 9.2
Case 1 [Structure No. N Al Al Al Al
Height of Abutment {m} 4.8 50 4.5 35
Fix or Mov | F F F 'F
Breadthof PileCap  (m) | 30 | 30 | 30 3.5
INos.of Pites - Nos) | 3*10=30 | 3*10=30 | 3¥10=30 | 3¢11-33
Bearing per Pile {t) 286 | 29.8 27.51 27.7
Bearing Qa per Pile {t) 30.0 30.0 30.0 - 30.0
Case 2 Structure No. | A2 A2 A2 A2
~ [Height of Abutment (m | 438 5.0 45 5.5
Fix or Moy | M M | M M
'Bread'lh of Pile Cap {m) 30 3.0 30 L 5
Nos. of Piles . (Nos) | 3*8=24 | 3¢3-24 | 3*3=24 | 3+g=34 ]
Béaringpef Pilc [0 282 | 251 o268 | 293 |
Bearing Qa per Pile '.'(l) 300 | 300 300 - |- '30.0_ _
Case 3 - |Structure No. . J Pt | Pl ;Pll |1 m
. [Height of Picr @ | 40 | 70 1 oas. | 85
_ - |Fix or Mov R | "F+M | M+F M4F | M+F
. Breadth ofPileCap () | 30 | 35 35| a0
- [Nos.of Pites - Nes) | 3410=30 | 3011=33 | 3012-36 | 3+12-36
- |Bearingperite (@ { 282 201 | 288 | 294
Bearing QaperPile (@ | 300 300¢ | 300
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Table 14.5  Sunumary of Stability Check (Caisson Foundation)

14 - 24

SER No. 33 33 70 Remark
Width {m) 9.2 9.2 11.0
{Case 1 Structure No. Al Al Al .
Height of Abutment (m) 90 7.0 50 B
Fix or Mov F ~F F
Breadth of Fooling m) | 40 35 3.5
Size of Caisson m | 4030 [ 35030 | 3590
Nos. pf Caisson (Nos.) 3 "3 3
Bearing Qmax (t/mZ). _ 43.3 58.7 42.0
Bearing Qa wm2) | 600 60.0 60.0
|Case 2 Structure No. ) A2 A2 'AZ
Height of Abutmient {m) 9.0 70 13
Fix or Mov : M| M Mol
Breadth of Footing ) 4.0 35 3.5 '
SizcofCaisson (| 40v30 | 35430 | 3540
S Nos.praissoﬁ : (N'os.:) F 3 3 3
| Bearing Qmax | C U2y ;16.3i 535 489 -
|Beacing Qa Cwmdy | 600 | s00 | 600
|Case3  [Structure No. R B Pl | I
- |HeightofPier - amy | 100 | dos | 75 N
Fixoi Mov o aer | omeE | oMeE |
B.readlfi pfFool:ing; - ;(n:1)‘ ‘ 40 , 30 i 35 o
Size of C_ailsson | {(m) 40“30 5.0'3“0 3.043.0
Nos. of Cziisson (Nos.) 3 o 3 | 3
Bearing Qmax {t‘m2) | 408 . 300 . 484
Bearing Qa wm2) | 6001 600 ] 600



Approach Road
Masonry

Temporary Jetty {(w = 6.0'm)

3)  Construction Period
- 21,0 months

SER No. 212 (Alternative 2) -

1) Outline for Reconstruction

" Type of Superstructure :
Bridge Length
- Span Length
Carriageway Width
Overall Width
. Type of Foundation

2)  Quantities for Reconstruction :

30.00 m

13400 m? ©

- 293.00 m?

PSC/PRE

48.790 m-

3Ix16.23m
74 m '
98m

- Pited .

- 478.00 m?

- Superstructure :
‘Substructure - Abuiment 2 Nos.
: Pier : . 2 Nos.
Foundation  *R.C. Piles355x355:  690.00 m
:Approach Road . 3000m
: ‘Masonry ‘ 1 134.00 m?
. “Temporary Jelty (w = 6.0 m) - 293.00 m?

3 Co_rist'mcli:on Period
25.0 nionths’
 SERNo. 77

1} . Outline for Reconstruction

| Typé of Superstructure :

Bridge Length -
_ Span Length

¢ Carriageway Widt‘hE e

© Overall Width _
Type of Foundation

2) = Quantities for Reconstruction

Superstructure

14 -25

~PSC/POS + PSC/PRE
120000 m . - SR
2Xx200m 2 x 4_x_10.0 m

74m o

08 m

Spread

1176.00 m?



Substruecture Abwtment
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2 Nos.

Pier . 9 Nos.
Concrete Wall (H ave.=3.0m) = 14.00 m
Approach Road ; 30.00
Temporary Jeity (w = 6.0 m) 720.00 m?
'3)  Construction Period
- 30.0 months
SER No. 53
S 1) éOulline for Reconstruction
Type of Superstructure : PSC/POS
Bridge Length 46.355 m
Span Length 2x23.14 m
Carriageway Width 68 m
Overall Width S 92m
“Type of Foundation - Caisson
‘- 2) "Quantitie_s for Reconstruction
Superstructure 42600 m?
+ -Substructure ‘Abutmcnt - 2 Nos.
‘ Pier ~  INo.
Foundation : = Caisson: ©1,026.00 m3
Approach Road 60,00 m
- Masonry o : 33500 m*
-~ Temporary Jetty (w = 6.0 m) - 278.00m2
3) Conslmctién Period .
© 20.0 moaths .
SER No. 211
| (DI Outline for Rcconslmction_
- 'i"y'pc bFSup‘erStmclll;rc:: . PSC/PRE -+
. Bridge Length 23.275m
Span Length 2x1lom
Carrtageway Width 7.4m -
Overall Widlh 98m
Type of Foundation - Pited



2)  Quantities for Reconstruction -

Superstructure : 228.00 m?
Substruciure Abutment : "2 Nos.

* Pier : | No.
Foundation - Piles 355x355 : 50550 m
Approach Road ; 140.00 m
Masonry T 179.00 m?
Mat Babion : & 7150 Nos. _
Temporary Jetty (w = 6.0 m) - 140.00m?2

3) " Construction Period
17.¢ months
1)  Qutline for Reconstniction

Type of Supeistructure:  Stl. Box + PSC/PRE

Bridge Length o 76.000m o
" SpanLength 1 50.0m+ 16.0m+10.0m
- Carriageway Width '~ 1 © 68m '

Overalt Width =~ : @ 92m

" i Type of Foundation  :  Caisson
- 2) * Quantities for Reconstruction

‘Superstiucture S 1699.00 00

‘Substruclure Abutment ¢ . 2 Nos.
. Pier - i . 2Nos .
- “ ‘Foundation =~ Caisson - - ° : = 1,251.00 m .
" ‘Approach Road - S 135.00m
Masonry . T 335002

Temporary Jetty (w = 6.0 m) . 4_56.00 m?
3) | C‘onst‘ruction Period .
. ¢ 28.0 nfohtﬁs.. _
1} Outline for R.econst'.m;ction
Type ofSulperslmclure : PSC/PRE

Bridge Length : 45100 m
Span Length : : 3x15.00m
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2)

foor -

Carriageway Width
“Qverall Width
Type of Foundation

Quantities for Reconstruction

SER No. 20

Construction Perjod

o 14.0 months

© SER No. 70

1) Outline for Reconstruction

: Type-ofSuperslmcmre:

14 -28

68m
02m
Piled

Superstructure _ 415.00 m?
Substructure - Abutment 2 Nos.
‘Pler : 2 Nos.
~ Foundation R.C. Piles 355 x 355 756.00 m
- Approach Road ; 30.00 m
Masonry 112.00 m?
- Temporary Jetty (w = 6.0 m) - 271.00 m?
3) Construclibn Period
23.0 months
1y Outline for Reconst.jnl‘cli-o.n _
o Tybf;;of“Su;')cr‘stmtt.ur'e: . PSC/PRE
Bridge Length 18.075 m
Span Length 2x9.0m
Carriageway Width - 6.8m
Overall Width . .2~ 92m
Type of Foundation « Spread
o ‘2) Quan(iti_eé for Recon’s{ru,élidn_ |
i ‘Supcrstrfucture_ | L : :166.00 m2 :
- Substructuce Abutment . 2Nos.
' . Pler 1 No.
Approach Road - o, 105.00m
Masonry D 224.00 m?
- Temporary Jetty (w=60m) - = :

108.00 m?

PSC/PRE



* Bridge Length
Span Length
Carriageway Width -
Overall Width
Type of Foundation

2) - Quantilies for Reconsteuction

Superstructure _
Substructure  Abutment
. ‘Pier
Foundation " Caisson

Approach Road
Masonry
Mat Gabion

Temporary Jetty (w - 6.0 m)

3)  Construction Period
© 21.0 months

'SER No. 7

1)  Outline for Reconstruction

Type of Superstructure .

Bridge Length
Span Length

Carriageway Width

Overall Width
. Type'of Foundation -

2) ' Quantities for Reconstruction

Superstructure

' Pilcd

_43.600 m

3x145m
7.4 m
1.0m
Caisson
- 480.00 m2-
- 2 Nos.
2 Nos.
1,001.25 my?
3000m
179.00 m2.
150 Nos.
262.00 m?
PSC/PRE
146320 m
9% 1623 m
6.8 m :
2.2m

1,346.00 m?

" Substructure  Abutment ' 2 Nos. .
o - Pier .. 8Nos.
‘Foundation -~ R.C.Piles355x355: - 3,924m ~
Approach Road - Lo 3000 m

. Masonry ©201.00 m?

- Mat Gabion : 150 Nos, -
Temporary Jetly (w=6.0m) = 878.00 m2

3)  Construction Period

36.0 months
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(3} Specification
An applicable specification for reconstruction work is in principal based on

RDA Standard Specifications for Construction and Maintenance of Roads
and Bridges, 1989 and briefly described in the drawings.
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14.5 Preliminarj' Design lor Steel Bridges
“Fhis section presents the results of stress check carsied out on RSJ and ST.TR.
14.5.1 Stress-check on RSJ

RS} Bnds’es have been constructed for short spans, 3.7m to 10.5m. "Skab type of
BUC, COR, DEC and timber should be redecked with RCS according to Section
14.6. Since design standards for deck slab to determine slab thickness ‘and
arrangement of reinforcement has not yet been established in Sri- Lanka, the ‘

~ standards have been prepdred in this section. In addition, the study of load

© distribution expected by deck slab only was carried out. The study of composite
action on existing non-composite beam bridges was also carried out. The stress
‘check was carried out based on the results of above studies.

" This section presents the resuIts of the studies as follows:-

(1) Design staudard for deck slab regarding slab, thlckness and arrangemcnt of
_ remforcemcnl f _

(2) Load distribnlion by deck slab only
(3) . Comboﬁite action ofnon-cémpbsitc beams
{4 Reéulls of stress check for RSJ bridges

- The stress check was extended: on all RSJ brldges 54 nos., which the
prelnmnary mspecnon was camed out, ' - : ' :

:- ;’lhe resulls are auachcd in Appendlx M- 8

" ?The summaly of ihe stress check is tabulated together wnth the -
corresponding tehabilitation plans in Table 14.6. '

(1 Desng,n slandard for deck slab regardmg slab thxckness amnd arrangement of
reinforcement '

| "Slab“ thicknéss and arrangement of ‘- reinforcenient - were dé:te.rmincd; in
~ accordance with the Japan Bridge Design Specification.: The standards used
* for theni are abstracted from Division 6 Deck Slab, Part 11 :steel: bndgesj

specification for nghway Bridges, March 1987 and 1994 issued by Japan
: Road Association, and attached in Appendix-L. i

(2) Load Distribution Ratio by Deck Slab

Generally, most of RSJ Bridges now in operating have no cross beam in*Sri
Lanka.
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Table 14.6  Summary of Suess Check and Rehabilitation Plan for all RSJ Bridges
SER Stress check Reconstructien needed by _
No. { Without Concrete | With Concecte  [Calculation | Damage . Rehabilitation Plan
Cover Cover S : : ) :
44| Excessive stress | Excessive stress O Reconstructioh by PSC/PRE
89| Excessive slress OK Covering of main beam with RC
2| Excessive stress OK Covering of main beam with RC
36| Enxcessive stress | Excessive siress O - |Reconstruction by PSC/PRE
102 OK - -
65 OK - .
52| Excessivestress | Excessive stress O " IReconstruction by PSC/PRE
11 . . O Reconstruction by PSC/PRE
106 . OK . . OK _ - _
108]| . Excessive slress OK Covering of main beam with RC
l 18] Excessive stress | Excessive stress - O Reconstruction by PSC/PRE
175 - ' - o Reconstruction by RCB
120] . OK - -
30 OK - -
53] Excessive stress OK Covering of main beam with RC
56 OK ' - - :
127 QK - ; -
31 . - © O |Reconsiruction by PSC/PRE
37 OK - - ’ - -
131 OK - -
209 OK - -
210 0K - -
211 OK - : SR
33 - - " O ¢ " |Reconstruction by PSC/PRE -
58 “OK . : e
59 OK - -
67 OK - = - :
18 . - O |Reconstruction by PSC/PRE
|68 OK - : - '
133| 0K . - ! -
78|: OK - - -
135]° OK : - C e
20| Excessive stress OK . |Covering'of main beam with RC
38 - . O Reconstruction by PSC/PRE -
136]  Excessive stress . OK - Covering of main beam with RC
195}° ' OK - ‘ T '
0 OK - .
133 QK - -
173 OK - -
39 OK - _ : :
144 - - 0 Reconstruction by RC3
7 - OK - L ,
© LI8] - Excessive stress .| Excessive siress o - IReconstruction by PSC/PRE
) 0K COK . ' ' L
10 oK .| - - - }
317{ Excessive stress oK s - S
32 - - O ¢ . |Reconstruction by PSC/PRE
(150 FOK - -
151 OK - -
154 OK - - :
© 24| Excessive slress "OK Covering of main beam with RC
251 Excessive stress Excessive stress O Reconstruction by PSC/PRE
35 - - 0 Reconstruction by PSC/PRE
M OK - -
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It was assumed that load distribution was not considered or was considered
with deck stab only at the time of construction in old days.

Accordingly, comparison of reaction force from superslruciure was carried
out for load distribution. These data were obtatned from the 1-0 melhod and
FEM analysis of SER No. 59 and 211 :

The results of the companson of the load distribution ratio is sun':manzcd
and shown in Table 14.7 below.

Table 14.7 Load Distribution Ratio by Deck Slab

SER No. 39 ~ SER No. 211

Dead Load Live Load - Dead Load Live Laad

10 [FEM | 10 [ FEM | 10 [ FEM | 10 | FEM

. Imethod method method : method] - . -
Outside Girder | 0400 [ (1.03) | 027 | (1.19) | 0.419 | (1.00) | 0.267 | (1.33)
. 0413| 0.32 ' 0.419 o 0.356
Inside Girder | 0.600 | (0.98) [ 0.73 [ (0.93) [ 0.581 | (1.00) | 0.733 | (0.88)
0.587 0.68 0.581 0.644

Note: (- ) is obtained l‘rom dividing reaction force of l -0 method by
~ teaction force of FEM. - -

Since the load dlslnbutmn ratio derived from 1-0 method and FEM ana!ys:s :

“are alinost equal, the dead load is not dlstrabutcd by deck stab.

12% of‘live load dislribution ratio is reduced on infier beam of SER No. 211
~ which has thicker slab concrete slab thickness {(t=27cm) and 7% for SER No.

59 which has thinner thickness (t=23cm: RCS+BUC was COIWeﬂed to RC

':slab) This ‘reduction rates mean that 10% of lwe !oad on_inner beam is

S dlsinbuted by deck slab only

1o

lConzpossle action on non composite bcams

Tables 14.8 and 14.9 show the companson of actual value and desygn vatue
of deflection of beam. The actual value was obtained from full scale loading
test for SER No: 59 and 21! and the dcs:g,n value was ca!culatcd by FEM
analys:s : :
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Table 14.8 Deflection of Beam (SER No. 59)

==y

Outside Girder . Inside Girder

Loading Test Cases L/ L2 L/4 ‘L
Def(mm) | Def | F/A | Def | F/A | Def. | F/A | Def. | F/A
Case-]  |Actual 049 - oss - osi - loso | -]
FEM Analysis 1 [0.433 [0.891 [0.608 [1.031 {0.484 [0.949 [0.698 [1.012 |

Case-2  |Actwal 0.55 - 067 - jos0 - jors -
- [FEM Analysis I {0.522 [0.949 [0.659 [0.984 [0.598 {0.997 0.756 [1.022"

Case-3  [Acwal . {0.54 - loes | - fose | - fom -
- H:MAnal)swl 167506 [0:937 0.626" 6'.'5}6'3 5578 0.980 [0.702 [0.989 |
Average [Actual 0521 - o637} - foser | - o713 | -
© [FEM Analysis 1 [0.489 [0.928 {0.631 [0.991 [0.553 10.975 [0.719 1,008

Note: The amount of deflection above derived from FEM analysis are compensated.

“Table 14.9° Deflection of Beam (SER No.211)

- Outside Girder Inside Girder
" Loading Test Cases L/4 L/2 L/4 Li2
' Def (mm) | Def. | F/A | Def. | F/A | Def. | F/A | Def, | F/A
Aclual. 0.160 - [0.240 - [e.200 - 0270 -

. Ca'se§1: FEM Analysis 10.103 [0.644 [0.16% [0.704 [0.117 [0.585 [0.201 {0.744

- |FEM Analysis 2- [0.350 [2.188 |0.575 |2.396 {0.364 |1.820 [0.G611 |2.263

L |Actual Joaes | - o245 | - [o.260 | - {0300 | -
|Case-2 . [FEM Analysis 1. [0.106 10.544 {0.153 [0.624 {0.126 [0.485 [0.176 [0.587
FEM Analysis 2 [0.350 [1.795 [0.520 [2.122 [0.379 [1.458 [0.544 [1.813
Acwal . o200 | - fozds | - Jo270 | - Jo3o0 | -
Case-3  |[FEM Analysis 1 [0,100 [0.500 [0.344 [0.588 [0.120 [0.444 [0.164 0.547
[FEM Analysis 2 [0.331 [1.655 [0.490 f2.000 {0360 [1:333 0.510 [1.700

“lActwal 1 [o8s | - j0o.243 | - Jo243 | - o290 § - -
Average, [FEM Aualysis 1 0.103 10.557 [0.154 [0.634"|0.121 ]0.496 0.180 [0.621 |
- |FEM Analysis 2 10.344 |1.859 }0.528 {2.173 [0.368 |1.514 [0.555 {1914
_‘FEMAnalys&sl Composite- " FEM Analysis2 Non-composite

Since the ratio of FEM/Actual of deflcction of beann is nearly 1.0, it can be said -
that the beams behave like composite beam in case of SER No.59 as shown in
Table 14.8. '

Since the average ratio of FF'\UAcluai Ofdeﬂeciioh of beam is 1. 5 il‘can be said

that the beam behave muddlc position of compos:tc beam and non- composnc beam,
in‘case of SER No. 211 as shown in Iable 14.9.

Therefore, half‘ compos:lc acuon can be cxpccled a]lhough 1he RSJ bndﬂes are
: composed of non: composite beamis. '10% of live load distribution is taken for the

stress check of RSJ bridges.

(@) - Results of Stress Check
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This section presents the results of stress check for main beams, 1-305mm
and [-400mm. Calculation procedure and samples are attached in Appendix -
M.

(a) Stress check of main beam on the assumption of non-composite beam

Table 14.10 Results of Stress Check of Main Beam [-305 assuming
Non-composite Beam

- [Ma g 9.440°| 8.563 | 7.728 [ 6.936 | 6.186 | 5480 | 4.816 | 4.16
- Coeficient of impact | 0.331 §0.333 | 0336 | 0339 | 0342 } 0.345 [ 0.348 | 0.351

SpanLength L(m) | 75 | 7.0 | 65 | 60 | 55 [ 50
Md (ifm) 4.521 | 3.938 | 3.396 | 2.894°| 2431 | 2.009
Coeflicient of impact | 0348 [ 0351 | 0.354 | 0357 { 0.360 | 0.364 | .
M1+i(T20)(tF.m) 25.275 | 23.643 | 22.003 | 20.355 [ 18.700 [ 17.050 |,
£ M (T20)(tf.m) 27.269 | 25.217 | 23.199 21.214 [ 19.261 | 17.354
1T20 ¢ (keffem2) - | 3150 | 2913 | 2680 | 2451 | 2225 { 2005
T18 0 (kefem2) 2888 | 2667 | 2451 | 2239 | 2030 | 1828
TI6 0 (kgffem2) | 2625 | 2422 | 2223 | 2028 | 1836 | 1650

Table 14.11 Results of Stress Check of Mam Beam 1-400 ‘assuming -
L Non-composite Beam ‘
- |Span Length L (m) 105 [ 100 95 | 90 | 85 8.0 7.5 7.0

MIH(T20)Un) - |34.939(33.325 [ 31.730 | 30.128 ] 28.518 1 26,900 25.275 | 23.613
LM (T20)(fey [ 40.885|38.556 { 36.285 | 34.051|31.852]29.690 | 27.564 | 25473

{120 @ (kgfiem2) | 2791 | 2632 | 2477 | 2324 | 2174 [ 2027 | 1881 | 1739
T18 o (kgfen2) . | 2576 | 2427 | 2282 | 2139 [ 1999 [ 1861 | 1726 | 1594
T16 0 (kgtiem2) | 2362 | 2222 § 2087 | 1951 | 1824 | 1696.| 1571 | 1448

' Where; Span length of slab lm 1.07m f'or 1-305 I = l 10m forI 400

- Slab thickness . : «d=17cm" - .
Coeflicient of load distribution rate by slab, : d 090 '
Coefhcwnt of:mpacl v i=20/(504L) -
Md - Bending monient due to dead load
MHI+i - Bending moment due to live load
P . Knife edge load per beam taken P = 10tfbeam for T20
: . P = 9tffbeam for T18
= Stﬁbcanlfbr'rlé

C(b) Slress check of‘ main beam on lhe asmmpt:on of co:nposntc beam

1-305 Smce the neutral axis of composne j beam i m. the sla_b
concrete even if the height of haunch is increased up to 10cm,
~ many cracks will accur on the boltom surface of slab concrete.
Because lower part of slab becomes tensional area. Therefore,
this beam can not be composite beam.
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(c)

@

1-400:  The neutral axis is in the stab. The height of 3cm haunch is
considered to shifl the neutral axis. Considering the dqﬂiculty
of seiting haunches, thickness of slab concrete is to be
increased. The inertia of the additional concrete is ignored
but the dead load is considered.

Span [cngih L =9.0m, Span length'of Slab f=1.1m,

Slab thickness d= ‘20 0Ocm (including the haunch 3cm height)
Live load T20: P = l0tfibeam

Flexural compressive stress in slab concrete

Jc=63.2kgllem2 < gca= 260/3.5 = 74 3kgffem?
Grade 30N/mm2 (Cubic Strength) — (Sylynder Strength)

" Flexural tensile stress in cxlreme beam

us= l4??kgﬂcm2 < dgsa=1400 ~ |, 5= ZIOOkgffcmZ : Mild Steel
< 0sa= 1120 < 1.5 = 1680kglieni2 '
' Wrought lron,

- , Low Quality Mild Steel
{1400 < 0.8 = 1120) ' '

- Strengthening by covering of main beam with reinforeed concreie

1-305 =~ Span lcngthofslab 1= Lim

T20 can be loaded on ma\mmm span of' 7 2m \»hcn. the nnlcmi is
Mild Steel. '

T-20 can be imdcd on nn\mmm span of 6.4m \_'.hcn, the malmal is
_ Wroughl Iron and/or LO\\ Qu'llllv M ild Steel.

1:400 - Sp'm lenglhofslab I=;l.lm L

" 'T-20 can be loaded on maximum span of 9.6m where the material is
+ Mild Stecl.

'l -20 can be loaded on maximum span of 8.5m where the malcnal is
Weought Iron and/or Low Quality Mild Steel.

'Pruparahon of figure for appllmblc beam d:.plh 'md sp'm length for non-

composite beam and beams strengthencd by covering of main beam with
reinforced concrete.

In order (o visualize the effectivencss of the rehabilitation method of

steengthening of beam, a figure is prepared.  The figure shows relation
between applicable beam depth and span fength with reinforced concrete, and
aftached in Figure 14.2.
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~Length of Span (m)

1 . f
: Coverd by RF lor MS [
asa=1400'_><LZ='I530kg'llcnf
. R
_ Coverd byl RF for H‘[&LQMS\:
10 1 ya=1400%0. §%1. 3=1344ke {7
g
s
7 :
. M5 ¢ Mild Steel
| I Wrought lTton
CLOMS ¢ Low Quality Mild Steel
5 RF - Reisalorced Concrete _
~osa ¢ Allewable Stress(kel/cel)
5| .
2=1400 ¢ 1: 5=2100ke f/cd
4 {A AJ
- Vmcns o 1 PdiaL_J
; N 52=1400 X 0. 8 X 1. S=1680kg [/ed | e
5 ‘Slab Span L. lm

" Depth of Beam {uwn)
Figure 14.2

Applticable beam depth and span lengtlh Eor'nonwtomﬁbﬁile beams
and beams sitengthned by covering of main beam with reinflorced
concrete
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" 14.5.2  Stress Check on Truss Bridges

Truss bridges have been constructed with its span range of small to medium, 10.9
to 51.0m. Many of the bridges have about 20m spans. Therefore, SER No.77 (L
= 19.7m) was selected as a representative bridge to be checked the stress of its
main frame. Calculation procedure and sample are attached in Appendix-M.

Results of Stress Check

Live Load Members | Increased Allowable Stress . Stress
T-20 Upper & Lower | Taken 1.5 of incrcascrate - { Excessive stress
_Cord | ofallowable stress of 3~4%
L-18 | Upper & Lower | Taken 1.5 of increase rate Excessive stress
: Cord “of allowable stress of 12-14%
T-16 Upper & Lower .| Taken 1.5 of increase rate No excessive stress
Cord .| of allowable stress

- According 1o the above results,. it can be assumed that other truss bridges are in
some excessive stress in case of T-20 or L-20 live load is applied as the same as
SER No.77. : o S ' ' : '
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14.6 Standard Rehabilitation Method

This section prfesents selected standard rehabilitation'method_s which' are applicable
in the Study in order to decide rehabilitation plan for each bridge in not only 10
bridges for detailed survey but also the other 90 bridges.

" 14.6.1 Sludy of Rehabilitation for RSJ

Nine options mentioned below (1) 10(9)) could be considered for repair and.
reinforcement for RSJ bridge. Merit/demerit and applicability of each option‘are
studied considering various condmons of Sri Lanka.

()

" Thick-painting with tar paint and painting with epoxy paint are contmon in

- Sri Lanka for maintenance measure of steel bridges. Compared with the

~ former and the latter, tar-thick- pamtmg and epoxy-painting, if was observed

.- that the former could prevent corrosion better than the latler. Besides, tar- -

- thick-painting is more economical than the other therefore, tar- thlck-
painting shall be adopted for palnlmg :

@

Painting

Reinforcement of Dec_k _Slab '

Reinforcement of deck slab is generally adopted, as rehabilitation measure,

‘for bridges which do not have enough load carrying e‘apacity andfor have
“heavy damage, but it shall be limited to the case that main structuré such as
‘main beam of bridge is not damaged in their funclton

54 nos. of RSJ bndges out of the 101 bridges which have been mveshgated ) )
inthe Sludy can be classified into types of deck <lab as follows

' _Buckle plate typé {(43%), Cormgated plate type (28%) Decl\ plate type (2%),

Timber deck type (4%), Relnforcecl concrete slab type (26%)

RSJ bridges each for buckle plate type, corrugated plate type and deck plate

- 1ype, which have been reconstructing or abandoned during the investigation,

. have been obsérved and found that loadmg carrying capacity of the deck slab
: for the bridges are 1remendously poor. Because some of them have low o

- mixed plain concrete stabs (generally dense reinforced concrete slabs are

. used nowadays) with subbase course material over steel plate “and olhers :
© have block stone on plam concrete slabs :

© Two-direction cracks of pavement and severe corrosion under steel plate due

to high water permeabitity of the plain concrete slab also have been found.
Deck slab with heavier corrosion caused some ‘fallings of slab concrete.
These deck slabs need to be rehabilitated so as to recover their loading
carrying capacity by a replacement with reinforced concrete deck slab which
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is rather durable. Some reliabilitation -measures to increase the loading
carrying capacity such as adding stringer to shorten span of slab or placing
cross-frame under steel plate should be considered as temporary measures
until the time when a redecking or reconstruction would be carried out. In
the Study, it has been observed that five bridges have rehabilitated by the
above kinds of make-shift measures. However, these method are not basic
solution, and they shall not be adopted except for the specially required cases.

On the other hand, RSJ bridges with reinforced concrete slabs have been less
- defects compared to the bridges above nientioned. In this type, five
measures could be - considered for repairfreinforcement for reinforced
concrete slabs. These are; 1) Adding stringer, 2) Increasing thickness of top
of deck slab, 3) Increasing thickness of bottom of deck slab, 4) Covering
- with steel plates, 5) Partly redecking, and 6) Epoxy injection. Applicabilily -
of each method is as follows: '

1)  Adding stringer
This method is quite difficult to-be carried out in Sri Lanka because
almost all the spaces between main beams are about l.Im and this
'_space is not enough fi the workability.

2)  Increasing thickness of top of deck dab
This melhdd neeas special works which are cutting of asphalt surface,
cutting of concrete, surface, chlppmg/hnlshmg of concrete surface:and

reinforcing with stcel fiber concrete, and these works use also special
" machinaries. : :

3) Increa'sin‘glhickncss of bottom of deck ‘slab'
As evcry reinforced concrete slab has no haunch this method is not .
only pracllcal bul also economical. - T

4y Covering:with_ steél'plates

This method is not practical eithier in Sri Lanka because this method
: reqmrcs wide - extem of cover plate and hlgh cost.: Furthermore, |hete
‘are. almost no fly over bridge above road or railway, which shall -
' prcvent from falhng ofconcrete p:ece:, from damaged deck s]ab ‘

: S) .Par!ly redeckmg
This method can be adopled for rehabilitation of bridges which have -

partly damaged deck slab and need minor redeckmg This method is
" often adopted in Japan,
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6)  Epoxy injection

This method is quite practical for rehabilitation of bridges which have
deck slab with minor crack and free lime. Although epoxy and
machinaries to be used can not be procured in Sri Lanka, works do not
influence upon traftic flow so much because the actual work is carried
out from bottom side of deck slab. The method is often adopted in
Japan due to its reliability. '

Considering these mentioned above, 1) to 4) are judged ot to be practical in
Srilanka. 5) &6) have much more applicability. :

Rédecking

Replacing damaged deck slab with reinforced concrete slab is conunon

- method for maintenance in Sri Lanka: However, thickness of the reinforced

concrete slab is not assumed to be standardized. First of all, any design
standards for determining thickness of deck slab and quantity of reinforcing

" bars have to be established for adopting this method.  Although it needs

some works before actual implementation is commenced, this method is

-practical and desirable for br:dge rehabihlanon considering its durablhly and
-reliability.

' Adding main beam between existing main beams

This method is geherally'adopted for rehabilitation of deck slab which has

some problem in its durability and rigidity. However, actual 1mpIementau0n
is rather difficult and |mpract|ca! bccause of narrow space belween main

f beams as menuoned under (2).

Cov'enng main béam with'reinforccd concrete

Covering by plain concrete is commonly adopted as a rehabilitation method
for main beam in Sri Lanka for purposes of anti-corrosion for main beam and

“increasing of its rigidity. However, this method ofien causes pealing-off of -

the cover concrete because reinforcing bars are not placed in the concrete,
and . consideration is' not’ given to any bond between main beam and the
¢oncrete.  Thercfore, reinforced concrete: shall be used- mslead of plam

" conerete in this method

Rehabililaliori b'y the reinforced concrete have other efficiency for other than

~ anti-corrosion for main beam and increasing of its rigidity, which is to
- decrease a stress of main beam by placing reinforcing bars at the bottom

flange of main beam for axial direction. Considering these aspects,’ this
method is very useful. :
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10,

Reinforcement of main beam

In case inertia of main beam is found to be inadequate for the design loading
by the results of calculation, it is considered that increasing of inertia can be
done by steel cover plates at any corresponding parts.

It is general that steel blales, inverted T-beam, 1-beam and H-beam' are
placed at the bottom of lower flange by welding or using high tensional bolts.

Structural steel comimonly used in Sri Lanka is assumed to be produced’

before 1930s. (Although nine bridges (17%) out of the 54 bridges studied in
the Preliminary Visval Inspection are judged thal they were constructed after
1930, other 83% are judged that they have been constructed before then by
some data such as corrosion state and type of deck slab used. And it is
confirmed that the materials used for these bridges are wrought iron, which is
impossible to be welded, and mild steel of which quality is poor according to

the material slrength tests carried out in the Study.

Furthermore, it was observed that surface of the bottom lower flange of I-
beam is uneven by its manufacturing conditions. Thercfore welding is almosl
lmposmble because of its poor quality.

" In lh'e case high tensional bolt would be used, new steel beam and old one
~ even can not be firmly welded because of the unsniooth surface of existing
. plates. In'this case its structural action is éxpected as a non-composite beam,
- And the space between the new and the old causes corrosion because llns

space even can not be filled wuh pamt

'Moreover since w:dth of ﬂange of I beam IS narrow companno o us

thickness of about 20mm, the cross section of flange is reduced by 30 to
40% because of holes f(_)r_ bolts. And this reducing of Range arca causes.
increasing of stress of main beam. . ' L S

From these demerits above mentioned, reinforcement by using of steel cover

‘plate shall not be adopted for reinforcement of existing main beams.
‘Additional main beam (widening)

Widening by additionial main beamm on one side or both sides is a effective

method for rehabifitation of bridges which do not have enough width.  In
case of this tethod i is adopted, some considerations have to be given. T hey
arc; to confinm continuity between new members and existing members, to
avoid rigidity differences between the new and the existing ones. As stated
in aforesaid section {2), bridges of which deck slab has poor load carrying
capacity, such as buckle plate type, corrugated plate type, and deck plate
type, need to be widened basically along with redecking by using reinforced
concrete deck slab which are highly durable and reliable.
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(8) Placing sway brace and cross beam

Almost no bridge using [-beam has sway brace nor cross beam on [-beam in
Sri Lanka. Therefore, most of bridges have features that the end of beam is
embedded into concrete or bricks on its abutmeént and pier as to prevent from
falling down for transversc direction and to increase stability of bridge for
transverse direction. Placing of round bar at intervals of 3m between spans is
also found on many bridges for countermeasures against these problem.

Purposes of placing sway brace and cross beam are as follows:

- To prevent excessive concentration of loading on each main beam by
. grid consisting of main beam, sway brace, and c¢ross beam. This grid
structure produces good results such as a decrease of: relative
deflcctions between main beams and an addmonal bending stress of

' deck slab by uneven deﬂec{:ons of‘ main beams

- To prevenl from reducing allowable bending conipressive stress which
“is decided by lateral buckling condition and can be increased by
. shortening the pane! distance at compressive side of plate girder.

Since the width of flange of I-beam generally used in Sri Lanka is very
- narrow (125.to 155mm), sway’ brace’ and cross beam shall be placed at
~intervals of 3.5m to 4,0m at least in order. to comply w:th the Japanese
. Bridge De51gn Slandards

If there are 2,200 nos. of platc g:rdcr bridges out of 4,720 bndges in Sri
 Lanka, which is assumed by the proportion (53%) of the plate girder bridges |

out of the 101. bridges ‘studied in Prelimiﬁafy Investigation, placing sway - '

_brace and cross beam to each bridge is mdeed a visionary plan from thc i
: quanmatwe view point. - '

According to the results of other studies, in which a loading test by using
201f truck was carried out, it was confirmed that the structural states of the
tested bridge was similar to a perfectly compaosite girder although it was non-
composite girder. In fact, the loading weight by 99.7% of traftic which cross .
bridges with span of under 10.8m on A-¢lass roads in Sri Lanka are included
within this category (2010 Consadcrmn that the Ioadmb on plale girder i
Sri Lanka is almost samé with the loading described in the report of other
studies, in can be judged that there is no necessity lo_reduc_e an allowable.
bending compressive stiess al a compressive side ofpl_at'e girder.

Most of plate girder bndges are simple beam and shall be redecked with
reinforced concrete deck stab. Girders of miany bridges are embedded into
abutment and/or pier as mentioned, and tie-bar connected with each main
beam is adopted for many bridges. Considering these matters along with
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remarks under this section, this mecthod, which is visionary from the
quantitative view point, shall not be adopted.

Construction of additional pier

It is also considerable to construct new piers belween existing substructures
of a bridge which has too much stress on main beam because of unbalanced
state between its main beam and the length of span.

This method was adopted in 4 bridges out of the 101 bridges in the Study.
Actually, in Sri Lanka, shape steel is used for new piers of these 4 biidges to
prevent from occurring excessive deflection of the bndge However, severe
corrosion has been found in the piers because any countermeasures for anti-
corrosion has aot been taken, so the new: piers have lost some of their
function. This method should be consulered as'a temporary repair, but is not
permanent method : : '

Maximum span length of plate girder bridge in the Study is 10.8m, and it is -

" not so long. Considering durability, refiability and economical aspect, it is
* mor¢ reasonable to replace this type “of damaged piale girder br:dge wnh
* PSC bridge than’ to construct new pier by using shape steel.

The. followmgs are the summary for all above memloned (1) to (9). They are
classified into their pracucabllmcs constdering the various conditions in Sri Lanka

© Practicable Ideas ['o'r Repair'and Reinforcgment

IO

l_j(z)

(3)
: (5)

| :(7)

Painting 1,
- Tar pai'nling'

Rcmforcemenl of deck 3 ab |
- Panly redeckmg of RCS
lnjecuon of epoxy into cracks

Redecktng
- Redecking ofBUC COR, and DEC to RCS decL slab

Covermg main beam wuh remforced concrele | ,
- - Reinforcemént of mm n bean by covering of reinforced concrete

Addntomﬂ main beam (mdenmg) _
- Widening after redecking to RCS deck slab

Impractical Ideas for Repair and Remforccmen;

)

Reimforcement ofdcckslab o
- BUC, COR, and DEC deck slabs do not tse remforcum bar, of
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(4)

E (6)

®

o

which loading carrying capacity is quite low and poor, so this
method shall be considered as temporary method. - '

Additional main beam between existing main beams
- It is impossible because of the narrow space between existing matn
beams of about 1.1m.

Reinforcement of main beam
. This method is not effective because of the condition of steel used.
Sonte of themi are wronght iron which can not be welded, and other
~of them are mild steel of which surface is not smooth

Placing sway brace and cross beam
- This melhod is visionary from the quantitative view point.

‘ (,onslnlction of new pler

Thls method shall be cons:dered as lemporary becase its durability
- can not be expecled.

As menhoned above pract:cal methods shall be adopted for rehabilitation of RSJ
bridges considering various conditions in Sri Lanka. They are: painting, with tar-
paint, redecking, parlly redecking of RCS deck slab, injection of epoxy into crack

“of RCS deck slab, covermg main beam with reinforced concrete, and widening.

Figures 14.3 tb 14.6.show a summary of the references.
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Figure 14.3 Cross Section of RSI/BUC
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14.6.2 Study of Rehabilitation for Truss Bridge

Nine options mentioned below ((l)ito {9)) could be constdered for repair and
reinforcement for truss bridges. Merit/demerit and applicability of each option are
studied considering various conditions of Sri Lanka.

(D

)

Painting —

Thick-painting with tar paint and painting with -epoxy paint are common 'in

‘Sri Lanka for maintenance measure of steel bridges. Compared with the

former and the: latter; tar-thick-painting and the epoxy painling, it was
observed that the former could prevent corrosion better than’ the: latter:
Besides, tar-thick-painting is more economical than the other, therefore, tar-
thick-painting shall be adopted for painting.

Reinforcement of Deck Slab
Reinforcement of deck slab is generally adopted, as réhabilitali‘on measure,

for bridges which do not have enough load carrying capacity andfor. have
heavy damage, but it shall be limited to the case that mam structure such as

© main bcam of brldgc is not damaged in their funcuon

' 22 nos. of truss bndges oul of!he 101 brldges which have been 1nvcsllgaled

in the Study can be class:ﬁed into lypcs ofdecl-. slab as foliows:

Corrugated platc type (59%) Buckle p!ate type (4. 5%) Deck plate type |

- {4.5%), Reinforced concreie slab type (32%).
. It is assumed that most: of those remforccd concrctc slabs have replaced '
. buckle plates or corrugated’ p[ates which have been falhng down due to

' substantlal damages

Truss bridges each for buckle ‘plate type, corrugated plate type and deck

plate type,. which have been reconstructing or abandoned, have been
observed and found that loading carrying capacity of the deck slab for the
bridges are tremendously poor. Because some of them have low mixed plain
concrete slabs {generally dense reinforced concrete slabs are used nowadays)
with subbasé course material over steel plate and others havc block slone on

- plain concrete slabs.

" Two-direction cracks of pavement and severe corrosion under steel platc duc |
to high water permieability of the plain concrete stab also have been found.

Deck slab and/or cross beam which supported the deck slab both/either with

“heavier corrosion caused some fallings of slab concrete. These deck slabs

need to be rehabilitated so as to recover their loading carrying capacity by a
replacement with reinforced concrete deck slab which is rather durable or
replacement with deck steel plate stab under reinforced concrete with high
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rigidity.

On the other hand, truss bridges with reinforced concrete slabs have less
defects such as two-direction cracks and/or two-direction free lime at the
bottom of slab. It is because these bridges have been constructed more
recent than the bridges above mentioned. In this type, certain measures
could be considered for repair/reinforcement of reinforced concrete slabs.
These are; 1} Epoxy injection into cracks and 2) Partly redecking. Other
than them, there are also 3) Increasing thickness of top of deck slab, 4)
Increasmp thickness of bottom of deck stab, and 5) Covering with steel platc
as general rehabilitation measures. However, these measures, 3) to 5), ar¢ .
not assumed to be suitable considering various conditions of Sri Lanka-as

. mentioned at the section of 'Study of Rehabilitation for RS Therefore,

measures against reinforcement of RCS deck slab, which is not damaged
severely, shall be limited to epoxy injection ancl partly redecking.

Redecking

Replacing damaged deck ‘slab with reinforced concrete slab is common

‘method for maintehanée in Sri Lanka for truss bridges as the same as the
- case of RSJ bridges. Howevcr thickness of the iemf‘orced concrete slab is

not -assumed to be standardized. First of all, any design standards for
determining thickness of deck slab and quantity of reinforcing bars havc 1o be
cslabhshed for adoptmg this melhod

Deck slab of truss bndges in Sri Lanka is gcncrally supported by cross beams

~therefore, the design span of deck slab is paraltel to traffic. In case the space

between cross beams is too long, several stringers shall be added to shorten

. the design slab span and:then (o reduce the dead load due’to reduce of
; thlckncss of deck slab This de&gn span is lhen pcrpcndwular to lraﬂac

' Iflhese considerations are given, redeckmg w:th remforced concrete slab is

o quite effective method for rehabilitation, which is rather durable and reliable

@

It is assumed that low mixed plain concrete slabs are used for COR, BUC,
and DEC, lherefore these shall be replaced wnth reinforced concrete slab.

Deck: plate sIab Wlth re;nforced LOHCI’EIG could be COH‘\‘IdQICd As- a

"rehabxhtatlon method other than the above, however it is less economncal
‘Covermg main structure with remf‘orced g:oncrc,lc-

* ‘Covering main'structure wnh law mixed plain concrete is commonly adopted
~ for anti-corrosion and increasing rigidity for RSJ bridges. However, if the

same method is adopted for truss budges it will cause tremendous increase
of dead load and excessive stress by tension member. Therefore, this method

shall not be adopted.
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Reinforcement of main slructure

In case inertia of main structire is found to be inadequate for the design
loading by the results of calculation, it is considered that increasing of inertia
can be done by using sleel cover plates at any corresponding part.

It is general that steel plates, inverted T- bcam I-beam and H-beam are

placed at the corresponding atea.

‘Structural steel commonly used in Sri Lanka is assumed 1o be preduced

before 1930s. {Only one bridge (5%) out of 22 truss bridges studied in the
Pretiminary Visual Inspection is judged that it was constructed after 1930,

‘There are S bridges of which year constructed is not known, and there is |

bridge which is a re-used bridge. However, these 6 bridges are also assmned
1o be constructed before 1930 from their corrosion state and type of deck
slabs used. Therefore, 21 bridges (95%) are assunied to be constructed

“before 1930.) It is confirmed that the materials used for these bridges are

wrought iron, which is impossible 10 be welded, and mild steel of which

~quality is poor according to the niaterial s!renglh tests carried out in the

Sludy

}\thmigh materials used for these bridges are various depending on the year
of bridge constructed, structure type is. ‘miostly pony-truss which uses pins or

. tivets as in the respects of its component of upper and lower code and
. connection method of members. Short span has T séction for both upper and

" lower code, and long span has 7. section for both thc same. Some combined

» mcmbers such asflat plate, anOIc and channel arc welded t6 main structure |
by rivet.: However, reinforcement against reduction of section area is not '
: cons:dered which is caused by pm or rivet holes for connecuon '

: Accordmg to the results of the stress check usmg 20tt'lruck Ioadmg for SER

No. 77, upper and lower codes which are the most: ‘essential members
(gencrally for bridges) have excessive stress. However, 18tf loading can
make them in the allowable range. It is assumed that lhlS result can be
adopted all the truss brid ges in Sri Lan!\a :

It is almost mpoqsnble to remf‘orce lhrough truss brldﬁes wliich can not be
-widened éven thotigh their width is not enough. Reconstmclmg RSC bridge
‘instead of the through truss’ bndg,c is more realistic and cconomlcal
i considering any conditions such as damage dcgrcc and traflic aspect. '

Therefore, rehabilitation of steel membcrs shall be. i'mplcmentcd for
substantially damaged members. Basic rehabilitation method shall be to weld
steel plates and shape steels or to place them by using high tensional bols.
Either can be determined depending on the material characteristics used in
the existing members, '
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(7)

8

ROY

Wea pholes

Section reduce has occurred on lower code, of which shape is @, due to
severe corrosion caused by the water stagnation. Therefore, weapholes of

- 20 to 25mm diameters shall be made on the bottom Range of the lower code

for drainage purpose.

Additional main structure (widening)

Additional main structure, in short, 'widening', on one side is one of the
bridge reinforcement methods. However, in this case, stiess on central main
structure becomes about 2 times.  Considering the fact that excessive stress
on main structure by normal vehicle loading in Sri Lanka already has being
occurred, this method is not desirable at all,

Placenient or addition of knee brace

Most of truss bridges in Sri Lanka ate pony truss through bridges. Half of

" bridges subjected to the Study have knee brace to prevent lateral buckling,
however, the other half don't have it ai all or don't have enough knee brace.

It is observed that main structure of truss is swaying laterally when vehicles

- passing. For these bridges which do not have appropriate knee brace shall be

reinforced by placmg or adding knee brace.

Adding o{'fooiway

' lootways have already been added outside ofmam structure for some truss

bridges which have heavy traflic volume and/or heavy pedestrian volume

~and wh:ch are localed near school andfor other publlc facnhllcs

lf neceqsnly of ehlra f‘oo!way is found for othcr bndgcs Wthh pruemly do

-not have, because of | mcreasing traflic and/of pedestnan volume, footway
-~ shalt be added considering the corrcspondmn.‘Bndgc Rehabilitation Plan'.

The followmgs are the summary for alt above menlmned (1) to (9). They are

“classified into their practicabilities consudermg various conditions of Sri
LanLa

Pracl:cab!e ldeas for chatr and Remfomcmenl

(I) Palmlng

< Tar painting

(2) Reinforcement of deck slab

- Partly-redecking of RCS
- Injection of epoxy into cracks
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'(3) Redecking
- Redecking ofBU(‘ COR, and DEC to RCS decL slab

(5) Reinforcement of main structure _
- It shall be adopied only for substantially damaged members.

- {6) Weapholes
SR - Weapholes shall be made on the boltom flange of the lower code
{ 7 ) for drainage purpose.

: (8) - Placement or addition of knee brace
- Knee brace shall be placed for bridges which do not have :t and it
¢auses swmgmg of main structure. :

- {9) Adding of footway ' - ‘
S - Footway shall be added outszde of main stmcture of bndges if
necessary. :

Impractical Ideas for Repair and Reinforcement

(2) Remforcement of deck slab
= BUC, COR and DEC deck slabs do not use: rcmforcme, bar of
“which 1oadmg carrying capacity is quife tow and poor, so this
method shall be considered as temporary method.

{4) Covcrmg main stmclure with remforced concrete
' “This method causes tremendous i mcreasc of dead load and excesswe'
stress by tensde members. :

' :(5) Remtorcement ofmam structure
* - It is quite difticult to reinforce the through truss bndﬂes whlch do
not have enough width but cannot be widened, and which have
excessive slress even for 20if loading. '

(7) ~ Additional main structure (w:demng) :
- Atpresent, even normal vehicle Ioading has caused excessive stress,

As menlloncd above, practlcai methods shall be adopted for rehablhtallon of truss :

o bndgcs considering various ‘conditions of Sri Lanka. ‘They are: pamtmg with tar-

. paint, redecking, partly redecking of RCS deck stab, injection of epoxy inlo crack

* of RCS deck slab, reinforcement of main structure which is severely damaged only,.

~ making weaphole at the bottom flange of lower code, placement or addmon of
l\nee brace against laterat buckling, and adding of foolway.
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14.6.3  Councrete Member

The standard rchabilitation methods are broadly divided into the following two

categories:-

(1) Protection work to concrete
(2} - Reinfarcement work to concrete

(1)  Protection Work to Concrele

In general this types of protechon work is applrcab!e to defects which are

not active,

)

2)

Epoxy Injection

Condition for Application

- Cracks are not active and its surface width is more than 0.2mm,
~ . but less than 3.0mm, —
- No water leak and no lquid rust. ' -
= If surface crack width is more than 3.0mm, apply cement mortar

Hi_]CC{lOI]
_tHJECT1D
T AYPE AT ' a © _IYPE ‘B’
(zrmcumn CRACK Y1DTH 1§ WIRE TEAK CRPPLICATION :CRACE WIOTH 15 MIRE THAN
©%.1va BUS LESS THAK 3, %va) , D kra EUF LESS TRAY J.602)

e e e

S L AL
: ’ R DR~ 1 71 }
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1da

H etk 1110 L) N E eSS
—THIECIION PirE '

Figure 14.7  Epoxy Injection

Patching

"Condition for Appiiéz‘ilidn

- ,. Damage such as honcycomb ﬂakmg and cavity that are not
‘ach

- " Reason of these damages are malnly due 1o inferior concrete org

" poor workmanshxp
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Figure 14.8 Patching

(2) | Reinforcement Work to Concrete
* This type of reinforcement works is"in‘ principle applicablé to a bridge
member which has inadequate load carrying capacity or has active dcfccls

' such as bending or shear crack or two way cracks, etc

1) Prepacked Concrete Linin'g wi!h Addilioﬁal Rebar

Conditions for Application °

- Inadequate Ioadmg capacnly

- . Various aclive cracks due to bendmg moment or shear forcc
- - - Inadéqiate concrete cover

- Soﬂat ofmember where it :s dsfhcult to pour concrete.

i
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Figure 14.9 Prepacked Concrete

14 - 53



14.6.4 River Training Works -

River fraining work consists of slope protection, foot protection, tiver bed
protection and river alignment depending on where protection work is provided.

(1) - Slope Protection

This lype of work is apphcablc to river banks around abutment where

erosion is observed.

‘1) + Stone Masonry

- Condition for Application

- Slope
- Height

- ‘Application:

N, 0.5 1.5m
==

'110.5 to 1:15.
Less thati Sm :
~ Small to medium scale river

. Figure 14.10 StonciMa#omy :

2) Cbncrélé Blo_c_k Mei.sc“m‘ry‘

_ Conditions for Appllcalton

- ' Slope |
- Height

- Application:

1:03t01:10
Less than 3m N
Rapid stream'and small to medium scale river

U PILE (IF PLOUIRED}

Flgurg, 14 11 Concrete Block Masonry
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(2) Foot Protection

This type of work is applicable to footings for stope protection in order to
prevent slope failure caused by scouring action on the river bed.

13 Dumped Stone

Conditions for Application

S Small to medium scale river and foundauon ground 1S relalwely.
' “solid. : : :

Figure 14.12 ].)umpe'd Stone

2) Wire Mesh GaBiqn

Conditions for Application

- - Small scale river and foundation ground is soft.

EIREVESH C»\BIO‘( .

anure 14.13 ere Mesh Gablon
C3) .Concrete_BIo'ck Mattress

- Conditions for Appliéation '_

- Medium'to large scale river or rapid flow velocity.
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' Figure 14.14 Concrete Bl(i)ck:l_v[éure'ss .
(3) River Bed Protection

_Thls type of work is apphcable around river plers where local scounnn or
' nver bed lowcrmg is observed.

D Wire Mesh Gabion

Conditions for App!iéaﬁon '

- Foundation protection -

R SE T
~ MIRE BESK GARIOK

Figure :M.I‘S Wire Mesh Gabion
2)  Dumped Stone and Wire Mesh Gabion

Conditions for Application

- - Local scouring - .~ =~ : - —

. MIRE VESH CA3NCK
{2.0x1.8x0.50)

SUPED STONE

- Figure 14.16 Dumped Stone and Wire Mesh Gabion
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{(4) River Realignment

This type of work is applicable o extremely eroded banks of a meandering
river located upstream of a bridge.

D : Spur dike by Stone Masanry

Condition for Applicatipj :

-+ . Large scale river -

- GRNTED RIpRAS

Bl qu it Wﬁ

©TOMCA SL001F BJULDER o L_Lo0SE BMULSER
T

I
=

© D0
N i

. : GATLY RIPRL?
GRIGIRAL :
: e N K
{GROUND SURFACE Ly GASMINEZa X T2 X3 )
:;7'—‘,:7':'..7 > .
TIGIRAL CONPACTED | i
GAdKD SURFACE EARTA Ao LO0SE 3dstndr
BACKEILEIBG WITR ™ . E00EN 166
SAXD AND GRAIEL ©OPRE Q35

Figurc‘lé.l‘_? Spur Dike by Stone Masonry |
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CHAP’I‘FR 15 MAINTENANCE AND
RENABILITATION PROGRAMME FOR 100 BRIDGES

15.1 General

Planning of maintenance and rchabilitation works covering all the study brrdgce
(100 bridges) was carried out bascd on the preliminary mspcchon rcsults and the
resalts of preliminary rchabllil'mon design, :

'15.2 Setting Up of Bridge Rehabilitation Priority

The pr:onl) of bridge rchablhtatlon ‘plan shall be decided conSidcnng the
importance of roulc and urgcncy of rchablhtatlon of bndgc :

The connection between function of roads and damage dcgrcc of 101 bndgcs arc

shown in Table 15.1.

Table 15.1 Connectioi between Function of Roada and Damage Degree of Budg,e

Function of Road - " Damage Degresof Bndges
Roads by [ Traffic 4.0 - 3.2 10 24020 | under2.0 |
[Priority " | Volume . ; o :
1st C Over | 1,175 ¢ - . }27,66,70,75,] 76,79,84, . -
- 5,000 ' 108,120,197§ 85,99,195,
. _veh/day L i - 201 » _
2nd more than | 32,86,202, 119 17,47,93,° | : 36 46,106 |
: 3,000 212 o 102,123, ' '
‘veh/day L ,' : 151,154 11 - -~
3 more han ‘91 178,80 ¢ 52,65,77,89,1138,211,216 -
: ' 2,000 47,148, |-
| vehyday C 0 1732094, -
4m - mo‘rc than | 7,18,20,33, | 34,40,42, 19,26,30,39,| 2,43,45,58, ~
S Le0s b o129, 1:.0 44,3?‘173 57,131, [ 59:103,130 ._
; _veh/day o] 135436 1 0 - .
5th less than | 31,35,38,61, 21._24.557.55, 541,67, . 53,60 1| 22,71,73
10000 |62,63,68,72f 74.127,133°) T 69 - b
veh/day (122,128,144,
_ 208
Undergoing - or planned 139 ‘ o :
Sub- Total .25 16 34 20'- : 3

For the Table 15. 1, where road function is gwcn lhc first ncm to be considered
and damage of bridges is corisidered next the priority for the bridge rehabilitation
18 dc{crmmcd The rclauonship between them'is shuwn in Tdblc 15.2.
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