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OF 

CONCRETE BRIDGES 

by 

Kulbhu~han S Tullu 

ABSTRACT 

This thesis plesents the vanous methods of assessment and repair of damage to concrete 

bridges. The current repalr and replacement techniques are identlfied and evaluated. Plausible 

repair-In-place techniques bemg used presently are reviewed along witt! the relevant details. 

Guidance IS also provlded for inspection and assessment of damage from accidents, flre, design 

and construction d~fects, and other causes. 

Suggested gUidelines for damage assessment and for selection of repair methods are pr~sented 

along with some examples from the eXlstlng practlce. The repalr methods have been evaluated 

on the basls of load requirements, speed of repalrs, durablhty, relative costs, aesthetics, materials, 

methods, and englneenng solutions. 

The thesls also deals summanly with the subJect of bridge management systems, hlghhghting the 

need for effective mamtenance and repalr management strategies. Examples of two software 

pélckages belng used currently for management purposes are presented. The case histories 

presented hlghllght the vanous current practlces of rehabilltatlon and replacement 
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REFECTION DES PONTS EN BETON 

par 

Kulbhushan S. Tullu 

SOMMAIRE 

L'auteur fait une revue des diverses méthode~ rie détection et de repar atlon de dommages 

structuraux dans les ponts en béton. Les methodes présentement utilisées sOllt decntes, 

comparées et évaluées, de même que les techniques de réparation sur place L'auteur discute 

également l'inspection des ouvrages en vue de l'évaluation des dommages dus à des Ciluses 

diverses telles les colliSions de véhicules, les incendies, les défauts de construction et do 

conception, etc. 

L'évaluation des méthodes de réparatIOn est faite sUivant les cntères sUivants eXlpences 

structurales, rapidité des travaux, durabilité des réparations, coût relatif, apparence Visuelle, 

qualité des matériaux utilisés, fiabilité des techniques utilisées, et concept structural 

L'auteur discute aussI bnèvement la problématique de gestion de la rnalnten::lnce des ponts et 

insiste sur l'Importance de l'efficacité des stratégies de réparation Les pnnclpa!es Cal actenstlques 

de deux logiciels de gestion de la maintenance des ponts en usage sont decntes Enfin, troiS cas 

practlques Illustrent plUSieurs des techniques de refectlon et de remplacement decntes dans la 

these. 
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1.1 General 

1.1.1 Concrete Bridges 

CHAPTER 1 

INTRODUCTION 

The term con crete bndges, as used in this thesis, refers to ail bridge structures wlth a COl1crete 

deck, hence it includes ail kinds of composite bridges, concrete deck and prestressed or 

reinforced con crete or steel glrder bridges. For brevlty, ail of these composite bndges will be 

termed ·bridges·. 

1.1.2 Need for Repair and Rehabilitation 

Bridges are designed to provide satisfactory service over a long period of tlme. The IIfe of any 

bridge d€>pends on Ule preservation of the physical integnty of both the superstructure and the 

substructure. Whllst bndges are generally required to have a design IIfe of over 100 years, a 

number are suffering durablhty problems at a fraction of thls age. Of the 572,000 hlghway bndges 

bUilt before 1940 in the United States, over 42 percent are classlfled as structurally dcflclont 

because of deterioration or distress, or are functionally obsolete requmng rehablhtallon and 

replacement estlmated to cost more than $ 50 billion. Twenty percent of 60,000 bndges on 

motorways and trunk routes in the United Klngdom sutter trom decay and corrosion. The U.K 

spends C 35 million on bridge maintenance and repalrs annually. In Germany, a survey of ItS 

30,000 prestressed concrete br;dges showed that 600 bndges were dama~,ed and the repalr cast 

was estirnated at DM 200 million. France with 6700 bndges (span larger than 5 m) plans ta 

aUocate $ 40 million annually for 20 years, of whlch one thlrd 15 for routine maintenance and the 

remaining two third for rehabliltation and strengthenlng of about 25 percent of the stock A recent 

survey of the bridges on national hlghways in Indla showed that of the 6500 bndges surveyed ln 

23 states, about 1100 showed distress and sorne 50 percent of these are in need of replacement. 

Recently, considerable emphasis has been placed on bridge rehabilitatlOn. Rehabilitation 

simply means restoring a bridge to ils proper condition. A global strengthenlng or upgradatlon 

is not a part of the standard rehabllltation process, although indlvldual components may be 

strengthened or replaced. Technically speaking, rehabllltatlOn is a modification, alteration, 

retrofitting or improvement to a bridge structure in order ta correct defects or deflclencles ta 

1 
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ensure a reasonable service IIfe (33). 

Rehabilitation englneenng IS a hlghly speclallzed fle!d reqUlring special skilis that are beyond 

clas51cal design englneenng Over the years, vanous repalr systems, testlng techniques and 

proposed remedles to damaged, detenorated, or dlstressed conerete bndges 'lave been 

developed However, they do not always provlde consistent and predlctable results whlch has 

necessltated the development of standard Inspection, testlng and repair techniques through 

proper classification of rehablhtatlon needs. 

1.1.3 Scope of the Problem 

The scope of the problem IS broadly classlfled Into two aspects: Replacement and Rehabilitation. 

The decislon between them seems to be rather dlfflcult to make and essentially depends on the 

severity of damage to the bridge. The damage may be elther due to structural defects and 

concrate detenoration or It could be an accidentai damage. Replacement of whole or a part of 

t"e bridge IS necessary If the damage IS beyond repalr as IS the case when a complete bndge 

or some part collapses. The method of selectlng a partlcular repalr method 15 based on several 

factors includlng the nature of damage, durabihty of repairs, Inconvenience caused dunng repairs, 

speed of repalrs as weil as economic and aesthetic conSiderations. 

1.1.4 Research and Development 

At present, the decision to rehabilitate or replace a damaged bridge and the techniques used are 

determlned by evaluatlon of the situation by local engineering authorities with very httle pubhshed 

information avallable for gUidance. The main objective of thls research program is therefore to 

identify the varlous procedures being used for investigation, assessment and repair 1 

rehabihtatlon. The research has been accomphshed by categorizlng the vanous bridge 

components, identlfylng the innerent problems and suggestlng possible remedles that have been 

apphed ln practlce. Economlcal replacemellt systems have been identlfled where repair or 

rehabilitation is not feasible. 

The repair and r9habihtation procedures described are applicable to common structural and 

functional deflciencies found in bridges. They have been generalized ta apply to a broad range 

of bridges. Nevertheless, rt IS expected that addltional procedures Will be developed through 

2 
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future research and development. 

1.2 Rehabilitate/Replace Decision 

The decision between rehabliitation and replacement IS made only when external constrûlnts tlavu 

not dictated that the bridge must be replaced Cost IS usually the govermng crltenon and It IS 

generally accepted that a rehablhtatloll proJect wlth a cost of more than hait the cost of a new 

bridge should not be bUllt but Insteac.1 ft should be replaced Two reasons supportlng thls 

statement are presented from Reference 8. 

"1) The amount of work to be done when rehabllitatmg a bndge mevlCùb:y grows durtny 

construction Even w/th the best /fl-depth mspectlOn and evaluatlon, some Items that reqUlre ,epalf 

may be overlooked, some Items cannot be found until the constructIOn uncovers them, 

deteriorat/on contmues dUf/ng the pef/od between the mspectlOn and tfle start of tf7e construction 

work, and the rate of detef/oratlon IS dltf/cult to estlmate and account for If) the plans and 

estlmates Further, those responslble for the construction of bndge rehabllitatlOfJ pro/ects must 

constantly walk the Ime between domg too litt/(J work and not achlevmg the deSign Ide of tlle 

pro/ect, and dotng so much that the cost of the proie ct esca/ates dramatlcally durtng construction 

This prob/em can be reauced by spendtng more on the m-depttl mspectlon 

2) The brtdge, after rehabl/Jtatton, IS unllkely to pl'fform as long or as econonllca/ly as a new 

brtdge bU/lt at the same tlme The rehabllttated bndge WIll be a hybnd of the new and old deSIgn 

concepts, detai/mg concepts, and matenal types and as such cannot be expected to perform as 

weil as a new bndge that ref/ects the current state-of-the-art. Also, the mevltable dllernma of when 

to stop removtrJg detenorated concrete or steel durmg construction results m compromises t/1at 

may atfect the useful /Ife of the rehabl/itated bndge • 

Another Important crltenon that needs consideratIOn is the ablilty of the bndge to be readlly 

rehabilitated. RehabilitatIOn should not be carned OlJ1 on low strength or partly detenorated 

concrete that cannot be easily restored. Consideration also m~eds to be glven to the vertical and 

hOrizontal geometry and load carrylng ablilty of the bridge. For example, a bridge wlth poor 

geometncs and bad accident record should not he retalned but InsteCld It should be replaced 

Also, a bridge requlrlng load restrictions even after rehabllitatlon should oe rcplaced unless the 

load restnctlOn will not cause any economic dlsadvantage to the area served by the bridge 

Exceptions ta the above mentioned crttena should be made only after detalled InvestigatiOn and 

evaluatlon. Moreover, these critena can be applied before detailed inspectIOn 
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1.3 Rehabilitation Strategies 

Tracy and Fhng (63) have developed a rehablhtatlon matnx whlch attempts ta slmpllty the 

rehablhtatlon process. As shown ln Figure 1 1, the matnx emphaslzes the Implementation of three 

aspects necessary for a renablhtatlon program, nam(~ly, a detalled condition survey, structural 

InvestigatIOn and selection of a repalr progr .. lin The condition survey Identifies the defects in the 

design assumptlons, analysls, calculatlons or detalhng Il also Identifies the amount and nature 

of damage whlch may be due ta flre, earthquake, flood. foundatlon settlement, Impact. abrasion, 

wind, long term overloadlng. sustalned hlgh temper atures, etc. Furthermore, rt can Identlty the 

amount and nature of detenoratlon whlch might have been caused due to freeze-thaw related 

scahng. leachrng, popouts, alkall-slhca reactlon. cracking, JOint detenoratlon, etc. Investigation of 

structural aspects Involves checkmg the feaslbihty of tne design systems to be Implemented such 

as cast-in-place conventlonally relnforced or plain concrete. cast-in-place post- tensloned 

concrete, precast prestressed concrete, comblnation systems, etc. It identifies the type of the 

bndge includlng !ts trafflc condition, servlceablhty considerations, load carrylng capacity and 

functional adequacy, extent of repalrs needed, maintenance history and projected future needs, 

etc. It also serves to Identlfy the constraints ln the movement of workers. matenals and 

eqUipmont, as weil as the maintenance of current operations and work scheduhng. After a full 

assessment of ail the above parameters, the action plan to be Implemented for rehabihtation can 

be adopted. 
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SURVEY 
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REHABILITATION PROGRAM 

IDENTIFY 1 
~ErECT~_J 
--------------

IDENTlr~ AMOUNT AND 

NATURE OF DAMAGE 
'---. 
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---
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ACTION PLAN 1 

DETAILED PLAN AND 
SPECIFICATIONS 

- OLD AND NEW 

FIGURE 1.1 Rehabilitation Matrlx (63) 
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2.1 Nature of the Problem 

CHAPTER 2 

DECK SYSTEMS 

The phenomenon of premature detenoraflon of concrete bridge decks has contlnued ta be the 

major problem in the recent years. This is because the bridge deck environ ment IS one of the 

worst imaginable exposure conditions for the concrete. It is weil known that a vertical suri ace IS 

more durable than a horizontal surface, and that alternate wetttng and drylng 15 a more severe 

exposure than total submersion, and that freezlng and thawrng is more damagrng than constant 

freezlng It is also known that a minimum concrete cover of at least 50 mm IS necessary to 

proteet the reinforcing steel agalnst corrosion by salt water ln a manne environment. Yet, bridge 

deeks have been subjeeted to frequent applK:ation of delcing salts on a hOrizontal surface, 

alternate wettrng and drying, and freezlng and thawlng, and also the concrete caver used has 

been l11uch less (around 40 mm) even for a severe type of exposure. 

ln addition to the above, bridge decks are also subJected to severe temperature changes and 

hlgh live load stresses, includlng fatigue and Impact. In lieu of the Slwere congestion of 

reinforcement, ~ is necessary to use hlghly workable concrete. The quahty of concrete IS usually 

the worst at the surface of the deck due to flnishlng and bleedrng. 

Ali of the above factors lead ta the premature deterioratlon of the deck. Froblems commonly 

encountered are ac.Ung, delamlnatlons, spalllng, cracking, and wear and pollshlng. A brief 

discussion of these problems follows. 

2.1.1 Scallng 

Scahng is defrned as the flaking of hardened concrete at the fini shed surface. Decomposition of 

the cement paste occurs gradually starting from the surface and progressing inward. Thus, 

scaling initially starts ln the form of small local patches which may merge with passage of time 

and extend to form large areas. Scaling could be of three types: Light, Moderate, and Severe. 

light scahng does not expose the coarse aggregates. However, moderate scaling exposes the 

aggregates and may involve loss of up to 3 mm to 10 mm of the surface mortar. In case of 

severe scaling, the mortar fraction of the concrete is completely broken down which loosens the 

aggregates. Cases of Moderate and Severe scaling are shown in Figures 2.1 and 2.2, 

respectively. 
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Figure 2.1 Moderate SC&.illng 

Figure 2.2 Severe Scallng 
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Scahng occurs baslcally because of lrost action and the presence of delclng salts (NaCI or 

CaCIJ Due ta frost action, there IS a comblned creation of dilatlve pressure due ta accretlon and 

osrnéltlc pressure ln the pores Wllich can cause cracking or mechanlcal damage ln the cement 

paste. The reader may refer ta Reference 15 for detailed mformatlon regardlng the mechanlsm 

of ~callng However, trllS can be reduced by the use of properly alr-entraln8d concrete wlth an 

appropnate amount of alr-entralnlng admlxture. ACI Commlttee 201 (3) has recommended the 

fCl:iowlng air contents for deck concrete to Increase Its frost reslstance. 

Maximum nominal aggregate 

Size ln (mm) 

3/8 (95) 

V2 (12.7) 

3/4 (19) 

1 % (38 1) 

Average Air Content (%) 

for Severe Exposure(*l 

7% 

7 

6 

5% 

* A reasonab/e to/erance for alf coment ln field construction is ± 7.5 %. 

Air entralnment, however, does not always give complete protection against scaling. The 

presence of delclng salts Increases the degree of saturation of concrete and after gettlng nearly 

saturated, air entralned concrete becomes as susceptible to frost actIOn as normal concrete. 

Scahng occurs baslcally on account of the followlng: 

a) Use of nan-alr-entralned concrete. 

b) ApplicatIOn of calcium or sodium chloride deieing saits. 

e)lf flnlshlng operations are performed while there is bleed water on the surface, this 

results ln a very hlgh water-cement ratio and hence a low strength top surface layer. 

d) If curing IS not done properly or If it is insufflelent, the surface of the deck weakens and 

seales when exposed to freezlng and thawing ln the presence of moisture and deicing 

salts 

As reeommended by the National Ready Mlxed Concrete Association, Maryland, U.S.A., the 

following ru les should be followed generally to prevent scahng: 

a) For moderate to severe exposures, alr-entrained concrete of medium slurnp (3 ta 5 in) should 

be used and cured properly. In co Id weather conditions, low slump conerete with an accelerator 

should be used 

b) If late fall placement cannot be avolded ln moderate to severe climates, deicers should not be 

uscd for the 'Irst winter and the surface should be sealed wlth boiled hnseed oil. 
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c) Ali flnlshlng operations should be carried out ln tlme 

d) Proper air-entramed mlx should be selected to match the placlng conditions 

Repalr 

For hght to medium scahng, It IS sufflclûnt to se al the surface supertlclally by applyulg surii.lcc 

water repellents ta mlnlmlze the effect of delclng salts. This 15 the most economlcal trcatment and 

can be used bath for :'lon-alr-entralned as weil as alr-entralned concrete placed Ifl tl1e lelll Wlllcii 

is subjected to the application 01 derclng salts dL.nng Its flrst wlnter nIe moSI effective ami 

economlcal solution IS the application of two coats of a 50/50 mixture 01 boiled Ilnseed Uil and 

minerai spints to the prevlously cleaned and dned deck However, since dlHerent cOllcretes tlavp 

different porosltles, the actual application rate should be determlned from a test section on eact) 

deck. Very light and very severe applications should be avolded as th:s may adversely affect tlK' 

skid resistance of the deck. This treatment should be repeated after cvery one 10 tlnce years, 

if necessary. 

For severe scallng, overlays are used Instead of coatlngs. However, prlor ta Installation of ail 

overlay, it is necessary to carry out extensive tests for determlnlng the hait cell potentlals, chlonde 

ion concentration, etc. 

2.1.2 Delaminations 

Delamination is the separation of the concrete layers at or near the level of the top or the 

outermost layer of reinforclng steel and is usually parallel to the surtace of the concrete member 

As mentioned earher, repeated application of chlonde delcers or a manne envlronment are t1le 

most severe exposure conditions for decks. The Ingress of chlonde Ions corrodes the top rml 

of the relnforcing steel whlch results ln expansion of the concrele above It, thereby C3USIf\g 

delaminations. Corrosion can be worse ln con.::rete decks wlth inadequate caver 

Delaminations can be easlly dptected by use of a rad or hammer whlch produces a holloVl 

sound when tapped on the deck surtace. The extent to whlch delamlnatlons have occur red IS 

usually determlned by a chain drag or by propnetary mechanlcal devlces IIke the De!amtect 01 

by acoustlc methods. ThiS has been explained in Section 2.2. 

Delamlnated concrete should be reparred immediately, ottlerwlse Il may grow ta a spall 

Common repalr procedures Include epoxy injection with the delamlnated concrete ln place or 

using spaU repalr procedures explained in the ncxt section. 
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2.1.3 Spalling 

Spalhng may be detlned as the separation and removal of the surface concrete ln the fOi m of 

fragments. Unllke scahng whlch IS a surface phenomenon, spalhng results trom corrosion of the 

embedded relntorclog steel Il also results tram the presence ot chlonde Ions from the delclng 

salts whlch permeate Into the concrete to the relnforcing steel. It iS the next stage of detenoration 

after delamlnation. As the chlonde ion concentration exceeds the peak value, corrosion of 

relnforcement beglns ln the presence of oxygen and moisture. The extent of chlonde Ion 

penetration depends on the quallty of concrete, thickness of the concrete caver, and the size and 

spacing of the relnforcing steel. 

Spalling in bndge decks can be detected in the form of honzor.tal cracks ab ove the corroding 

bars. If the concrete quahty IS poor, the reinforclng bars restraln the sedimentation of hlgh water 

content concrete after placing and flnishlng. This produces a weak fracture plane at the level of 

the steel whlch when subjected to vehicular loading and ice formation, results in the formation of 

a pothole. 

NCHRP Report 57 (20) deflnes corrosion as follows: 

'Corrosion, an e/ectrochemical reaction, requires an anode, a cathode, an electrolyte, and the 

presence of oxygen. Moisture in the concrete serves as the electrolyte and oxygen is generally 

available. Points on the reinforcing steel serve as the anode. where ions are discharged and 

corrosion occurs. and the cathode. where ions are received. Anodic and cathodlc areas form at 

points on a reinforcing bar where there are dlfferences in surface conditions or in the enVifonment 

around the bar.' 

The formation of Iron oxides as a result of corrosion of reinforcing steel cause cracking of the 

concrete since iron oXldes occupy a very large volume of upto 13 tlmes the volume of the original 

metal creating pressures as high as 32 MPa. Conical spalls occur if the corroding area of the 

reinforcing bar is large. Corrosion of steel may be accelerated ln open spalls if atmospheric 

.. orrosion occurs and could result in severe pitting of the steel with significant loss of concrete 

section. Once initiated, it is extremely difficult to hait the corrosion process and permanently 

repair the damage. 

Prevention 

Corrosion of reil1forcing steel can be prevented by using concrete having low permeabihty, i.e., 

having qualrty materials, minimum water-cement ratio consistent with the placing conditions, good 

consolidation and finishing practices, and proper curing. Corrosion protection may also be 

achieved by increasing the conerete cover which should be consistent with the water-cement 
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ratio. The report of the American Concrete Instltute Committee 201 (3) recommends a mlmmum 

of 50 mm cover for bridge decks with a water-cement ratio of 0.4 and 65 mm for a water-cement 

ratio of 0.45. 

Repalr 

Betore undertaklng any repairs, It IS essential to carry out a detalled evaluatlon ta determlne tlle 

chloride ion concentration, extent of delamination and the half cell potentlal. The entire planmng 

necessary to carry out repalrs IS descnbed in Reference 20. 

It IS necessary to thoroughly examine the cause and extent of detenoratlOn of the deck since 

the area of active steel corrosion and chlonde contamlnated concrete is usually much larger ttlatl 

the area of spalled or delaminated concrete (4). It may, therefore, not be enough to Just repalr 

the area of spalled or delaminated concrete since thls wa'l the deck may need contlnued rep8lr. 

Instead, it will be more economical and durable ta remove the concrete supporting corrosion and 

providlng a waterproof membrane, bonded topplng or overlay. Tl1e type of repalr usually 

depends on the extent of damage and may range from patching of small Isolated spalled areas 

ta the application of pol'lmer cement concrete or latex modlfled cement concrete. 

A method ta determine the amount of concrete to be removed is to base It on the percent age 

of unsound areas in the deck surface as followed by the Minnesota Department of Transportation 

(46). The most ideal solution to repalr a bridge deck permanently is to remove ail of the chlonde 

contaminated concrete and prevent any further ingress of deiclng salts. Moreover, deck 

replacement or removing the concrete below the reinforcing layer IS very expenslve and alternate 

cast effective measures as suggested by the Minnesota Department of Transportation (46) should 

be used. 

Another repair method for repair of surface scales uses a 50/50 mixture of boiled hnseed oil and 

minerai spirits applied ta the deck surface in two coats. However, thls procedure results in 

penetration depths of less th an 3 mm and has httle or no effect in preventlng spalhng. For repalr 

of spalls, deep impregnation with sealants is camed out which immobilises the chlondes present 

and prevents any funher ingress of water, oxygen and deicing salts into the concrete 

The deck concrete is first dried using suitable trailer mounted catalytic infrared heaters to a 

temperature of at least 110°C (230°F) to remove moisture. It is then cooled for about two hours 

Pan able, reusable, impoundment dams in conjunction with a suitable sealing or gasket matenal 

are constructed for containing the impregnant which is then introduced mto the impoundment 

after the surface temperature drops to SODC. This temperature range is necessary ta optimize the 

opposing effects of temperature and evaporation of the minerai spirits on the viscosity, and hence, 

the penetration rate of the impregnant. The area is then covered with a plywood sheathing and 

tarpaulin for protection from weather. Impregnation depths up to 100 mm can be achl8ved by 
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this technique. Corrosion potentials of actively corroding reinforcing steel ln salt contaminated 

con crete sI. lbs are considerably reduced by th,s method. 

Selection of an appropnate method of repair depends on the amount of the chlonde content 

and the electrical reslstance of the deck concrete. This can be developed based on the local 

conditions. A flow chart relatlng these factors developed in Nebraska, U.S.A (1), IS reproduced 

ln Figure 2.3 for completeness. 
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CHLORIDE CONTENT 

1< 1.2 kg/cu.m 1 
1 

1 > 1.2 kg/CU.m] 
1 

REFER NEXT 
PAGE 

LESS THAN 25 % OF REPAIR UNSOUND 
J----l DECK AREA RESISTANCE - CONCRETE AND 

(R) >0.35 VOLT INSTALL 
MEMBRANE 

26-49 % OF REPAIR UNSOUND CONCRETE 
1---------1 DECK AREA R - UPTO UPPER REBAR LEVEL AND 

>0.35 VOLT INSTALL MEMBRANE 

- DELAMINATI - r- REPAIR UNSOUND 
ONS SEEN IN CONCRETE UPTO 
< 15% OF UPPER REBARS AND 
DECK AREA INSTALL MEMBRANE 

DELAMINATI- EXTENSIVE REPAIR 
MORE THAN ONS SEEN IN OF UNSOUND AREAS 

'------150% OF DECKt---+---I16-25% OF - REMOVE CONCRETE 
AREA R>O. 35 

VOLT 
DECK AREA UPTO UPPER REBAR 

INSTALL MEMBRANE 

DELAMINATI- ASPHALTIC CONCR
'- ONS SEEN IN - ETE WEARING 

> 25% OF COURSE WHEN 
DECK AREA NECESSARY 

PLAN FOR REOECK
ING IN FUTURE 

Figure 2.3 Repalr of Deck. S •• ed on Chlorlde Content (1) 
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1 LESS THAN 25% OF 
r- DECK AREA 

R > 0.35 VOLT 

SCARIFY 25 Mr-l CONCRETE 
I-----l REPAIR ANY UN~OUND 

CONCRETE AND REPLACE BY 
NEW CONCRETE, MEMBRANE 
OR LATEX 

CHLORIDES 26-49% OF DECK 
- GREATER THANf-+--lAREA R > 0.35 

SCARIFY 25 MM CONCRETE AND 
REPAIR ANY UNSOUND CONCRETE 

~ REMOVE CON CRETE UP TO TOP 
REBAR IN CORROSION AREAS 
REPLACE WITH NEW CONCRETE 
AND MEMBRANE 

1. 2 kg/cu.m 
'--

VOLT 

> 25% DECK 
'-- AREA 

R > 0.35 V 

DELAMINATIONS 
IN LESS THAN 

r- 15 % OF DECK 
AREA 

DELAMINATIONS 
SEEN IN > 25% 

_. OF DECK AREA 

Figure 2.3 (contlnu.d) 
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2.1.4 Cracking 

Concret& has low tenslle strength. Also, it responds to changes ln temperature and hurnidlty by 

relatlvely large changes in volume. Thus, cracking of bridge decks can be caused by tenslle 

forces whlch are in excess of the capaclty of the con crete or by shnnkage dunng construction 

Cracking usually occurs after spalhng and may be transverse, longitudinal. diagonal. or random 

Cracks whlch appear at the lime of constructIOn due to plastic shnnkage or settlement of ttlü 

falsework are usually fine and inslgniflcant. Development of these cracks can be mlnlmlzed by 

taking appropnate measures prlor to and dunng construction, such as tlrnely cunng and proper 

quahty control. These cracks develop basically because the rate of evaporatlon of the surface 

moisture exceeds the rate at whlch it IS belng replaced by bleed water which causes shnnkage 

of the surface whlle the underlying concrete remalns of the same volume It is also observed that 

during early hydration, ail of the cement paste shnnks thereby produclng microcracks whlch grow 

in size with the increased rate of evaporation. 

The other type .,{ cracking whlch is of more concern is the pattern or map type cracking. It 

conslsts of interconnected cracks forming networks of any size and is geometncally simllar to the 

type seen on mud flats. It results from the use of reactlve aggregates and may occur after sever;",1 

years and increase ln magnitude and intensity leading ta total dlsintegratlOn of the deck concrete 

The only solution in this case is to replace the entire deck. 

Crack widths are estimated using microscopes or teeler gauges. It is also possible ta evaluate 

the extent ot cracking using pulse velocity techniques or by conng, if necessary. Structural cracks 

may de pend on the design criteria and are difficult to repair especially when there is a slgmflcant 

crack movement. However, they can be minimized by controlling the strength of the con crete and 

also by taking care ta ensure proper consolidation of the concrete around the reinforcement 

during construction. 

Cracking is one of the factors which leads to corrosion of the relnforcement, the other factors 

being the depth and quality of the surface concrete. Cracks perpendlcular to the reinforcing steel 

accl~lerate corrosion of the intercepted bars by allowing Ingress of moislure, oxygen and chlonde 

ions to the reinforcement. Il has been observed that narrow cracks with wldths up to 0.3 mm 

have little influence on the ove rail corrosion of the reinforcing steel. Wider cracks accelerate the 

onset of corrosion but over a period of years, the crack width has very little effect on the extent 

of corrosion. Cracks that follow the line of reinforcing bars need serious attention since not only 

is the corroded length of the bar roughly equal ta the length of the crack, but the crack reduces 

the resistance of concrete to delamination. 
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Repaira 

Locahzed cracks Induced by trafflc whlch open and close with the passage of trafflc can be filled 

wlth a flexible jOint seallng compound after routlng. However, if the cracks are spread over the 

entlre deck, they can be sealed by applylng a polymer or bltummous concrete overlay wlth a 

waterproof membrane It is advisable not to apply overlays on decks that are exposed ta freezlng 

chmates, because the overlay aets as an Impervious vapour barner which causes moisture 

transmiSSion from the subgrade to condense under the barner, leadlng to critical saturation of the 

concrete and rapid dislntegration under cycles of freezing and thawing. Cracks due to 

delarrunations in the deck can be repaired wlth epoxy resins and other types of adhesives. 

2.1.5 Wear and Polishing 

Wearing of concrete oceurs due to constant friction against the vehicular trafflc. It can cause loss 

of skid resistance because of aggregate polishing. Differentiai wear in the wheel tracks usually 

occurs when heavy trucks and automobiles with studded tyres or chains are permitted. This can 

cause pondlng of water leading to deterioration of concrete. 

ln order to develop skld resistance, a bridge deck must have adequate microtexture and 

macrotexture. A sharp microtexture IS necessary to provide friction between the tyre and the deck 

surface, while a deep macrotexture is necessary to provide channels for escape of water from 

beneath the tyre and deck surface thus preventing hydroplaning. 

Following are the commonly used techniques for improving the skld resistance of existing 

bridge decks: 

1) Tlnnlng 

ln this method, grooves of approximately 3 mm x 3 mm deep and spaced at 20 mm centres are 

formed on the deck by dragging a tinning device over the surface of the plastic concrete. Tinning 

is the most economical technique for increasing microtexture, but its use iR lirnited to new decks 

or overlays that are constructed with non-polishing aggregates and with mixtures and construction 

procedures that provide for good surface workability at the time the texture is applied. 

2) Sawcut Groovea 

The disadvantage of tinning operation is that it delays the application of the cu ring materials 

which may cause cracking due to plastic shrinkage. To prevent this, the grooves can be sawcut 

Into the surface of decks and overlays after curing operations. The advantage of sawcut grooves 

is that the deck ean be opened to traffie immediately. However, il is necessary to examine the 

deck condition for adequate coyer before making the grooves. If the cover to the reinforeement 
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is not adequate, a layer of bltumlnous concrete, pot ymer concrete, or plaIn or modlfled Portland 

cement concrete IS generally needed. If a bitumlnous concrete overlay IS to be used, a 

waterproof membrane should flrst be applled to the deck surface This IS because bltulllinous 

concrete allows chi onde Ions to penetrate ln the deck whlch may cause progresclve deterloratlon 

and eventual fallure of the slab. The thlckness of the overlay depends upon the capaclty of tlle 

bndge to carry addltlOnal de ad load and IS around 35 mm to 50 mm for a bltumlnous concrete 

overlay white only around 10 mm for a polymer concrete overlay 

3) Shotblastlng and Seallng 

This is an economlcal method of repainng deck surfaces constructed wlth non-pohshlng 

aggregates. Shotblasting of concrete may, however, reduce the cover over the steel bar. Also, 

since concrete upto a depth of 6 mm is removed by shotblastJng, It may increase the permeablhty 

of the concrete to chloride ion penetration. This can be prevented by applylng a penetratlng 

sealer and cunng for about an hour before openlng the deck to trafflc Shotblastlng Increases 

the microtexture by removlng the mortar between the coarse aggregates whlch glves adequate 

bond strength and Improved skid resistance. It also Increases the mlcrotexture by abradlng the 

surface of the coarse a9gregate. The advantage IS that the deck surface can bp opened ta traffle 

once the sealers are tack free. 

4) Latex Modlfled Portland Cement Slag Siu/'ry 

It has been observed that the microtexture of the concrete is lost gradually over the years as the 

coarse aggregates get polished due to trafflc. A latex modlfied slag slurry can be placed on the 

deck to provide adequate surface texture after shotblasting. Srooms should be used to brush 

the slurry into the shotblasted surface and the slurry should be struck off and pulled forward with 

gauge rakes set to provide a 4 mm to 6 mm thick slurry. For increased skid reslstance, slag 

should be used on the struck-off sLtrface, and a hqUld curing material should be applJed to 

prevent the evaporation of water. The deck can be opened to trafflc in two to three days. 

Advantages of the slag slurry are increased coyer over tha top mat of steel reinforcement, high 

and economical microtexture compared to 50 mm thick polymer cement concrete overlays, 35 mm 

thick latex modified concrete overlays and 6 mm thick polymer overlays. 

5) Multiple Layer Polymer Overl.y. 

The overlay consists of two layers of epoX')', polyester methacrylate pnme coat, or epoxy urethane 

and clean, dry, angular-grained, silica or basait aggregate applied to the top of a Portland cement 

concrete deck to provide a 6 mm thick wearîng surface. The polymer is applied with brooms or 

squeezed uniformely over the surface of the deck. Usually, within the first hour, a layer curet 

suffîciently to permit vacuuming of the excess aggregate prior to placing the subsequent layer . 
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The polymer cement concrete has an advantage o"er other deck protection systems because 

it can be constructed ln stages dunng off-peak trafflc periods. The flrst layer of resin and 

aggregates can be apphed to a lane that has been closed and shotblasted, and after a minimum 

of three hours of curing, the lane can be opened to trafflc. The second layer can be placec:i on 

the next day or nlght du'ing off-peak trafflc penod. 

An addltlonal advantage of overlays such as latex modlfled slag slurry and polymer is that new 

decks can be constructed with polishlng aggregates, thereby extendlng the dimlnlshing supply 

of aggregates. Thin overlays can be applied to provide adequate skid resistance. 

The application of a multiple layer concrete overlay is a more expensive technique for 

increasing the microtexture and macrotexture of hardened concrete surfaces constructed with 

polishing or non-polishing aggregates. The higher cost can be justlfled when additional 

protection against the infiltration of chloride ions is needed and a short lane closure time is 

necessary. 

2.2 Condition Surveys of Existlng Concrete Decks 

Evaluation of an existing deck consists of carrying out a condition survey which may range from 

a quick overall survey to a detailed survey depending on various factors like nature of damage, 

type of repair, etc. In addition, a routine condition survey should normally be done at regular 

intervals of say every two years. A detailed discussion of the "arious condition surveys can be 

found in References 2 and 20. 

The condition of a bridge deck in terms of cracking, delaminations, scaling and wearing can 

be evaluated easily by carrying out a visual survey, However, evaluation of a spalled bridge deck 

ls much more cumbersome and necessitates carrying out a complete deck survey, because there 

are areas of delamination (i.e. where the overlying concrete has not been dislodged) in addition 

to spalled areas (where the overlying concrete has been removed). 

A pachometer survey Is normally carried out to measure the thickness of the concrete cover 

and its adequacy to protect the reinforcing steel from deterioration. 

The determination of the chlor/de ion concentration ls another important aspect of deck 

&valuation because its increase beyond a certain limiting value can cause corrosion of the 

"einforcing steel. The number of samples required for chloride ion analysis depends on the 

variation of the chloride Ion content within the deck. The location ls usually determined using a 

pachometer which avoids drilling through ~he reinforcing bars. Samples for testing are usually 

obtained by taking cores using drills. The testing involves determination of water soluble 
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chlorides and the total chlonde content (13). 

ln addition ta determlmng the chlonde content, rt IS equally Important ta determlne the corrosion 

potentlal of the hait cells (I.e. anodlc and cathodlc areas on the remforclng bars) to detect areas 

of active corrosion. The reader may refer to the standard test procedure glven in References 29 

and 57. 

Areas of delamlllation can be detected by carrylllg out a chain survey or more recently by 

acoustlc methods. Chalns are commonly used and they are usually two met ers long wlth a 50 

mm hnk made trom 10 mm dlameler steel. The chain '5 dragged along the surface of the declo. 

from side to side in a sWlnglng motion A dull sound IS produced when delamlnated area 15 

encountered. The length of the chain ln contact with the deck is shortened whlch he1ps ln 

identlfying the extent of delamlnation. Alternatively, a commerclally avallable portable electronlc 

device for detecting delamination called Delamtect mentlOned in Section 2.1.2, developed by the 

Texas Highway Department in co-operation wlth the Texas TransportatIOn Instltute (37,38), can 

be used. However, Il is less accurate as compared ta the chain drag method. 

Ali of the above tests are absolutely necessary for evaluatlng a detenorated slab, because the 

affected areas may not overlap. Also, repalr of spalls and separated areas is only a temporary 

solution. Additional patches may be needed in a short time as the areas of active corrosion 

progress and new corrosion cells develop between the steel ln the patch and that ln the adjacent 

chloride contaminated concrete. In any case, a way of permanent repalr IS ta remove the effects 

of chloride in the con crete by application of a cathodic protection system. 

2.3 Repair Techniques 

Before carrying out any repairs, it is necessary. to evaluate objectively the damage to the deck. 

The damage may be due to faully design, poor workmanship, wearing and pohshing, scahng, 

spalhng, or cracking. The type, nature and extent of repairs chosen depend on the above factors 

affecting the condition of the deck. ThiS is the most difflcult step and reqUires thorough 

knowledge on the part of the engineer. For example, if the damage is due ta moderate exposure 

of an inferior quality concrete. then it can be repaired satisfactorily using a good quahty concrete. 

However, if a good quality concrete is destroyed, then the situation becomes comphcated since 

Il requires either a very superior concrete or change in the exposure conditions. 

Repairs to spalls which occur due to corrosion of reinforcing bars neOOs a careful evaluation 

of the entire deck. For example, if the deck has baen exposed to deicing salts, the electrolytic 

conditions will change due to the application of the new concrete, the consequences of which 
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must be considered before any repairs are undertaken. 

Sorne repalr techniques normally used are reviewed in the following sections: 

2.3.1 Patchlng 

Patching is generally undertaken ta repalr delaminated areas. In this type of repair, the deck is 

flrst surveyed by soundlng ln order to detect the delaminated areas, whlch are removed flrst by 

sawlng thelr bOL.!ndaries upto the level of sound concrete. The area ta be patched and a band 

of at least 150 mm width surrounding it IS dampened ta prevent absorptIOn of water from the 

patching mortar. After cleaning any exposed relnforeement, a bonding grout or a coat conslstlng 

of a 1: 1 mixture of cement and fine sand is brushed on the exposed concrete. A premlxed 

patching mortar is then applled and properly eonsolidated ln place and struck off ta leave the 

patch slightly higher than the surroundlng concrete surface. In arder ta ailow for sorne initiai 

shrinkage, the pateh is left undlsturbed for at least one hour before final finishing. The concrete 

in the patched areas IS cured for at least seven days. The concrete in patches weil supported 

by the underlyinq deck is normally eured until the mate rial has a compressive strength of at leas't 

7 MPa before opening to traffle. For full depth patches, the minimum strength after curing should 

be at least 21 MPa (20). 

The most common patching material used is the conventional Portland cement concrete. 

However, other types of patching materials "ke concrete containing accelerators, fast setting 

cements, polymer compounds and polymer concrete composed of polymer and aggregates are 

also used to provide rapid development of strength and allow the deck to be opened early to 

traffic. 

However, it should be emphasized that patching is not a permanent repair. Often newly 

delaminated areas develop next to the patched areas. Therefore, patching can be used only as 

a temporary measure until more extensive repairs are performed. Moreover, patching can provide 

a substantial service with the subsequent installation of a waterproof membrane. 

2.3.2 Epoxy Injection 

This a temporary but effective method for repairing delaminated decks before more permanent 

repairs can be made. In this method, an epoxy resin adhesive is Injected into the cracks. The 

procedure for repairing delaminated decks consists of the following steps: 
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1) Identlfying the r.felamlnated areas o., the deck by a soundmg hamrner or by a chain drag 

2) Seahng the le.akélge pOints wlthln the delammatlons wlth an epoxy paste 

3) Locatlng the steel usmg the pachometer. 

4) Dnlllng holes 50 to 75 mm deep between the relnforclng bars upto the bOUom of ttle 

delammatlon, uSlng hollow-stemmed carblde-tlpped dnll bits whlch are connected to a vacuum 

cleaner to clear the dust dunng dnlllng 

5) Pumplng epoxy mto the delamlnatiOn under an operatlng pressure of around 140 to 280 kPa 

dependlng upon the area and thlckness of the crack and the VISCOSlty of the epoxy. The two 

components of the epoxy resln should be brought together and mlxed at the Injection nozzle thus 

maximlzlng the pot IIfe of the epoxy and mlmmizlng the matenal wastage 

6) Any exce_J epoxy is scraped off and the exposed epoxy IS spnnkled wlth sand 

The Transportation Research Board (20) has provlded the followmg gUldehnes and suggestions 

for epoxy inJection: 

"Epoxy injectIOn is effective and achleves good crack penetratIon The techfllque tS sU/ted to the 

repair of bridges in which delammatJons have deve/oped but have not progressed to open spalls, 

provided that the delammations are free from dm. It IS a/so preferable that the eonerete be dry 

The epoxies normally used for mjectlOn WIll to/erate the presence of mo/sture, although bond 

strengths are redueed. Epoxy injection tS no more than a contlllumg mamtenance method of 

extending the /ife of a brtdge deek before permanent repalfs are made, beeaus( It dJdS Ilot 

pre vent the subsequent deve/opment of further delamtnatlons in mjeeted areas at a dlfferent depth 

be/ow the deck surface. Epoxy mject/on shou/d not be used prtor to the installatIOn of cathod/c 

protection because the epoxy insu/ates the underlymg steel trom the cathod/c protection CtrcU/t • 

2.3.3 Electrochemical Method of Chloride Removal 

This is a possible method of repalr of chio ride contaminated deck slabs. Application of an 

electrical potential gradient causes the chloride Ions in the concrete to migrate through the bridge 

deck concrete and into an electrolyte contained above the bndge deck. The potentlal gradient 

is produced by applying a direct current of around 100 volts between the relnforclng steel and 

the electrode present in the electrolyte. The chloride ions are collected by an Ion exchange resln 

present in the electrolyte at the deck surface. This prevents the evolution of chlorine gas and 

minimizes the corrosion of the anode. After the treatment, the electrolyte resin solution is pumped 

off and the resin Is returned to the laboratory for regeneration. Laboratory tests (20) have shawn 
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that calcium hydroxide solution (0.1 N) can be used as a sUltable surlace electrolyte, platinized 

trtanium constrtutes an optimum anlon-exchange resln to capture chloride Ions emerging from the 

concrete. Figure 2.4 shows the set-up necessary for the method. 

Actual tests have shawn that thls test IS capable of removing upto 90 % of the chloride ions 

from above the steel and from the concrete Immedlately adjacent ta the steel. However,!ts ove rail 

eHlclency is low due ta the presence of the negatively charged hydroxyl (OH) ions present in the 

concrete. Also, large temperatures of around 2C'OoF (93°C) are generated ln the concrete whlch 

may lead ta cracking. At the same tlme, rt 15 expenslve in terms of the equipment needed ta treat 

a full-size deck slab. 

Figure 2.4 Electrochemlcal Method Set-Up (20} 

2.3.4 Cathodic Protection 

As mentioned earlier, corrosion of steel is an eleetrochemical reaetion. During the corrosion 

process, numerous eleetrochemical cells are formed on the surface of the steel. At the anodic 

areas, oXldation reaction takes place and ferrous ions are released, while at the cathodic 

locations, a reduetion reaetion takes place and the eleetrons are consumed, The fundamental 

theory of cathodic protection of steel in concrete is to apply a direct current in a direction su ch 

that the corroding anodes on the steel are prevented from discharging ions, i.e., instead of 

behaving as current dischargÎng anodes, they behave as current discharging cathodes. In short, 

cathodic protection consists of making a metal cathodic sa that it does not dissolve. 

This can be accomplished by making the half cell potential of ail of the steel more negative than 
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the most negative of the anodes. Stratfull (59) has recommended that the hait cell potentlal of 

the steel should be not less than -085 volt for a satlstactory cathodlc protection. However, 

accordlng to Vrable (64), corrosion can be halted at a hait cell potentlal of -077 volt and hydrogen 

gas bubbles begln to form at steel surface at -1.17 volt ln a hlgh pH solution. It can tllerefore be 

concluded that for an effective cathodlc protectIOn, the absolute range of values of potentlals vary 

between the above values 

Cathodic protection can be applted ln two ways: by uSlng sacnflclal anode approach and by 

uSlng impressed current, I.e., elther by connectlng the metals to the sacnflclal anodes and tormlng 

a galvanic system whlch generates its own current or by applytng a current trom a rectifier uSlng 

inert anodes. 

Sacriflclal anode approach involves placmg of metal electrodes (comrnonly of zinc or 

magneslum) which are higher in the electromotille senes than the reinforclng steel. These metals 

are placed in the deck over the top layer of relnforcement and act as sacnflclal anodes when a 

current is applied between them and the steel. The only limitation of thls method IS that the 

sacrificlal anodes have a low driving voltage, and, slnce the resistivlty of the concrete 18 very hlgh, 

numerous anodes are required. Also, overprotection IS not possible and thls system is 

maintenance-free until ail of the anodes are consumed. 

Impressed Cunent Cathodlc Protection 

An impressed current cathodic protection circuit is iIIustrated in Figure 2.5. High-sihcon cast iron 

or graphite anodes are placed at several points in a conductive bitumlnous layer on the deck 

surface to obtaln an even distribution of power over the deck. The conductive layer is composed 

of a mixture of coke ag9regate, asphalt, stone and sand and Il is covered with a wearing Cf)urse 

ot asphalt concrete. The impressed current is provided uSlng battenes or a OC rectifier operattng 

on an AC line voltage. A control panel regulates the voltage and the current for each anode, and 

it is located generally beneath the bridge. The flow of the current takes place trom the rectifier 

through the coke, and then down through the concrete bridge deck to the reinforcing steel and 

back to the rectifier. 
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Flgur. 2.5 Impr •••• d Curr.n. Clthodlc Protection Circuit (20) 

There Is danger of overprotection with the Impressed current system which necessitates 

periodic monitoring to ensure that the polarized potential of the steel is maintained within the 

maximum prescribed IImit usually of -1.1 volt (64). 

An important precaution to be taken in the method is to insulate the coke mixture trom any bare 

reinforcing steel. deck scruppers, expansion joints, and the Iike to prevent a direct short circuiting 

of the bridge steel. This is done by covering the exposed bars with epoxy and surrounding the 

deck scruppers and expansion joint assemblies with conventional, non-destructive bituminous 

concrete. 

Recently. electrical hardware has been installed such that the wearing course and conductive 

layer can be replaced without damage to the electric circuitry. The electrical hardware is 

protected by recessing the anodes and the voltage and the corrosometer probes in the deck 

surface. The wires for the hardware are also recessed and carried in sawcuts to the curb where 

ail of the wires are cast in a concrete strip along the base of the curb face. 

Cathodic protection has ;a distinct advantage in its ability to hait the corrosion process without 

removing the chloride contaminated concrete. However, consultants are needed for installation 

of the system. Il is important to note that decks to be treated by this method should not be 

repalred by epoxy injection as this insulates the steel. Also, it is Inadvisable to use polymer 
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bonding agents and palymer concrete patches in repalring the deck prlor ta Installation of a 

cathodic protection system. As mentlOned earlier, penodlc monitoring of the polarized potentlal 

of the steel below the prescribed hmits is necessary. Other dlsadvantages include possible 

debondlng of the overlay and the need for expertise in design, construction, inspectIOn and 

monitoring of the system. 

Cathod,c protection is an economical repair procedure although its cost is variable due ta the 

availability of the coke aggregate mix and the willingness of the local batch plants to produce the 

mix during their normal operations. 

A case study of cathodic protection for the Fourth South Vladuct of Salt Lake city, Utah, U.S.A. 

is presented in Chapter 8. 

2.4 Deck Repair and Protectlve Systems 

Deck slabs are frequently subjected to chemical attack by water, acids, alkalies, deicing salts, 

organic chemicals, etc. The resulting damage may vary from a mere surface roughening or 

discoloration ta a catastrophic damage resulting in the loss of structural integrity. Also, the deck 

concrete is not totally impermeable to water and may develop cracks after its placement. It is 

therefore necessary ta carry out periodlc repalrs of such decks by using protectlve barrier 

systems su ch as waterproofing membranes and overlays. 

Sorne of the commonly used deck protective systems are described in the following sections, 

describing theïr relative merits and demerits. 

2.4.1 Concrete Overlays 

This is an expensive but permanent repair procedure for repairing deteriorated deck slabs and 

is also used for preventive maintenance of newly opened decks without a deck protective system. 

Concrete overlays have several patential advantages. Their composition can be suited to give 

~he required thickness, durability and resistance ta chio ride ion penetration to the deck concrete. 

They prevent build up of vapour pressure beneath the concrete and improve the wear and skid 

resistance substantially. Furthermore, they fill in the areas of concrete removal, tharefore there 

is no need for a separate placing operation. This can help keeping part of the deck open to 

traffic du ring the repair work. 

Various types of materials have been used successfully as overlays. These include Low-Slump 

Portland Cement Concrete, Polymer Modifïed Concrete and Internally Sealed Overlays. These are 
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reviewed briefly in the following sections. 

2.4.1.1 Low-Slump Portland Cement Concrete Overlays 

Th(' system of using a low-slump concrete as a repair matenal was first developed in Iowa, U.S.A., 

and is freqùently referred to as the lowi Method for Bridge Decks. This method utilizes a high 

cement factor (5 kg/m~ and a very low water cement ratio (about 0.32), such that a slump of only 

25 mm or less occurs. Also, the deck should be dry prior to grouting. The following are the 

essential steps (20): 

a) Removal of the existing deteriorated concrete. 

b) Scarifying the concrete surface to remove around a 6 mm layer: removal of ail contaminants 

such as hnseed oil and oil droppings from the surface. 

e) Sand blasting or water blasting the concrete surface and the exposed reinforcing steel one 

day prlor to placing the concrete to remove the rust from the surface of ail exposed reinforcing 

bars and also any particles loosened or cracked during chipping or scarifying. 

d) Scrubbing a mortar binding agent, consisting of a 50/50 mixture of sand and cement in the 

form of a stiff cream, ante the deck surface at a controlled rate to obtain a thickness of about 50 

mm. 
e) Finishing of concrete where necessary to close up any irregularities on the surface followed 

by transverse grooving to obtain the required skid resistance properties. 

Q Curing the concrete for at least three days by covering il with wet burlap to provide a cooling 

effect resulting from the evaporation of water. For the first dav, the burlap should be kept 

continuously wet after which the deck can be covered with a waterproofing covering su ch as a 

polyethylene film to hold in the moisture. Water is supplied to hydrate the cement because of the 

low initial water content of the concrete and il prevents shrinkage cracking. A minimum 

compressive strength of 21 MPa must be satisfied before the bridge deck can be opened to 

traffic. 

The advantage of low-slump overlays is the use of cheap materials. However, placing 

operations are tedious and require specialized equipment. Also, for long lasting effects, good 

quality control and inspection procedures are necessary. 

2.4.1.2 Polymer-Modlfled Concrete Overlays 

The durability and bonding characteristics of concrete can be improved by adding polymers 
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during the mixing operation. Polymerizatlon is normally implemented before mixing. When the 

polymerized emulsion is mixed with the fresh concrete, the water of suspension in the emulsion 

hydrates the cement. The polymer enters the structure of the concrete and provides 

supplementary bindlng due to its adhesive and cohesive propertles. This type of concrete, called 

latex-modified concrete, is nothing but corwentional Portland cement concrete with approxlmately 

15 % latex-modifled solids by welght of cement. Styrene-butadiene latexes are commonly used 

Other types of synthetic latexes in use are polyvinyl acetates, acrylics, and vinyhdene chlondes. 

It is necessary to stabilize the formulated latex modifier during manufacture ta be compatible with 

the alkaline environment of Portland cement and ta inhibit formation of excessive air in the 

composition. It is also necessary to select the particular latex modifier based on anticipated 

service conditions since it has a direct affect on the strength and durabillty of the conclete (4). 

The reader may refer ta ACI Committee 546 Report, Section 5 (4), for material properties and 

quality standards pertaining to the latex-modifiers, Portland cement, aggregates, and the latox

mocMed mortar. The method of repalr &"slng tl1is type of concrete is simllar ta that using low

slump concrete. However, the following principal differences in the repair procedure should be 

noted (20): 

1) The deck must be kept wet for at least one hour prior to placing the overalay. 

2) A separate bonding agent is not always Iised. 

3) The mixing equipment must have a means of storing and dispensing the latex into the mixture 

4) The latex-modified concrete has a high slump and is not air-entrained. 

5) Conventional deck finishing equipment may be used. 

6) A combinat ion of wet and dry cu ring for at least four days is roquired. 

7) The thickness of the overlay is usually slightly less than for low-slump concrete. 

Latex-modified concrete overlays are preferred to low-slump overlays primarily due ta the 

following advantages: 

1) The initial wet curing hydrates the Portland cement and prevents formation of shrinkage cracks 

whereas the drying process dries the latex which then forms a continuous film wrthin the concrete 

thereby giving the concrete a good bond, flexural strength and resistance to penetration by 

chloride ions. 

2) Although il uses expansive materiais, it requires less manpower and can bo placed easily by 

uslng conventional equipment. 

3) The thlckness of the overlay required Is less than that for low-slump concrete. 
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2.4.1.3 Internally Sealed Concrete Ove ria ys 

This IS a type of polymer-modlfled concrete ln whlch fusible polymerie particles consisting of sm ail 

wax spheres are added to the concrete at the time of mixlng. The mixture is heated to about 

185°C which causes the additive to melt and flow Into the micropore strueture of the concrete, 

effectively sealing the concrete against the ingress of moisture and chemicals. Heating is usually 

provided using infrared heaters or an eleetrical blanket system. The deck temperatures are 

measured by placlng thermocouples ln the concrete. 

The overlay can be installed in two ways: by applying a bonding agent and placing the overlay 

on hard concrete, or by placing the overlay and concrete with a time lag of around 30 minutes. 

After placing, moist curing is required for a minimum period of seven days. Also, heating should 

normally be undertaken after at least 21 days of placement. 

Although internally sealed overlays provide goOO protection ta the reinforcement, their use is 

still in an experimental stage due to problems such as the use of costly heating and cracking 

adjacent ta the curbs or barrier walls due ta the heating operation. 

2.4.1.4 Polymer Concrete Overlays 

Polymer concrete overlays are normally used for repairing deteriorated slabs. Polymer concrete 

consists of one part of thermosetting epoxy resin together with four ta seven parts of silica sand 

aggregate by weight. The method of batching and mixing can be found in Reference 4. Useful 

properties of the resin include low viscosity and a high degree of resilience. Also, the resin is 100 

percent polymerjzable. Research has shown that polymer concrete overlays oHer low permeability 

ta corrosive substances; they are long lasting, skid resistant and provide excellent bond to the 

concrete substrate. They can be installed quickly during off-peak traHie periods. 

Polymer concrete overlays are applied in thicknesses of around 12 mm. Prior ta applying the 

overlay, ail major spalls must be repaired and the concrete deck should be shotblasted by a 

machine equipped with a ûù<it \;cllector which not only recycles the steel shots but also colleets 

the concrete cuttlngs thereby cleaning the deck. 

The following methods of application may be used. 

1) A cominuous mixing-dispensing equipmem is used which lays down a catalyst-promoted mix 

of resln and sand on the deck in one pass. A levelllng equipment is then used to distribute the 

overlay evenly and finish the surface. 

2) Another method of application involves applying a uniform coat of polyester resin ta the deck 
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surface followed immedlately by spreading of sand aggregates over the uncured resin. After the 

resin has cured, the unbonded sand is removed and the process is repeated untll four layers of 

resin and sand have been apphed. 

The deck can be opened to traffic withln approxlmately three hours after laying of the overlay. 

Advantages of polymer concrete overlays include low initial cost, improved skld and wear 

resistance, and durability of up to at least ten years. 

Polymer concrete can also be successfully made with methyl methacrylate monomer (MMA) 

with an 4nitiator and a promoter to polymerize the system ln place. Some details of typical 

monom~r systems are provided in Reference 4 which also provides detailed guidehnes regarding 

the aggregate properties and the method of mixing and batchlng. If user-formulated monomer 

systems are used, one simple method of mixing and placing is to place premixed aggregate into 

the repair ho le and pour the monomer over the aggregate. Alternatively, the aggregate and the 

monomer can be premixed before placement.A prepackaged system can also be used, ln whlch 

case mixing can be done either by hand or by a machine followed by placing the material dlrectly 

into the repair area. It is then consolidated and finished. Advantages of uSlng a MMA system are 

its low viscosity, high bond strength to concrete and low cost. Also, CU ring is rapid at amblent 

temperatures and compressive strengths of 35 MPa or more can be obtained withln two hours 

of placement. 

2.4.2 Waterproofing Membranes 

Waterproofing membranes are used to prevent leakage through concrete under service 

conditions, temperature extremes, vehicular loading, aging, and for crack bridging. Although the 

varlous protective systems developed recently such as epoxy-coated bars and concrete overlays 

offer alternatives, waterproofing membranes are still used extensively in rehabihtatlon wark. 

An ideal waterprooflng membrane should in addition to preventlng leakage, be easy to install, 

should bond effectively to the substrate and the weanng course, and should be compatible with 

the substrate, protective layer. wearing course, adheslves and prime coat (20). 

The membranes used recently fall into two categories: preformed membranes of sealer and 

reinforcement type which are unrolled and lapped on the deck surface, and hot-and-cold-applied

in-place liquid systems. Both systems possess excellent stress-relief and crack-bridging 

capabilities. Surface preparation is much simplified and although much cleamng is required" sand 

blastlng is nct always needed. ft has baen indicated from laboratory screening tests that 

preformed membranes are much superior to applied-in-place materials in terms of reslstance to 
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permeability, crack bridging capabihty, bond to concrete, and durability under service conditions. 

However, applied-in-place matenals do offer substantial protection against ingress of chlorides 

even when pinholes and bubbles occur in the coating. 

Most of the membranes cannot ba used dlrectly as the ridlng surface of the deck and therefore 

require an approximately 50 mm thick asphaltic concrete wearing course to provide durability 

under trafflc. Thetefore, the structure must ha'Je sufficient reseNe strength to carry this additional 

dead load. Most membranes also require the use of an intermediate protecti'Je layer like roofing 

felt or asphalt-impregnated protection boards around 3 mm thick batween the membrane and the 

wearing course to pre'Jent damage du ring installation of the hot mix and also to resist puncturing 

of the membrane by aggregate particles under seNice conditions. 

ln practice, there ha'Je been several incidents of slip batween the deck, membrane and the 

wearing course. Because of this tendency to slip, membranes should not be used on grades 

greater than 4 percent, or ln areas subjected to rapid acceleration, deceleration, or turning 

movements. 

Before placing membranes on a detpriorated deck, it is necessary to remove ail chloride 

contamlnated concrete otherwise the corrosion activity may continue even after their placing. 

Care should also be taken after placing the membranes to prevent leakage at curbs and at 

expansion joints, either by placing the membrane up the face 0' the curb or the joint, or by 

forming a sealed joint at these locations. Also, vertical slots in the deck drains should be 

provided for drainage from the surface of the membrane. 

Common problems assoclated wlth decks provided with waterproofing are bhstering and 

blowholes. Blisters are caused by the expansion of air trapped beneath the membrane or from 

water vapour pressure de'Jeloping at the interface between the deck and the membrane due to 

moisture Ingress through the deck and usually occur in areas of poor adhesion. Blowholes may 

devalop usually at the time of installation of applied-in-place membranes. Blisters can be 

prevented by ensuring that the deck temperaturo is higher than the ambient temperature at the 

time of placing the membrane and also where applicable, during the curing period of either the 

membrane or its adhesives. This can be achieved by applying a black prime coat to the dock 

which is allowed to heat naturally upto the maximum deck temperature prior to placing the 

membrane. Blisters may alsa be prevented by providing venting layers beneath the membrane. 

A venting layer may be either a perforated sheet of bituminous felt, an open-weave glass or 

poIypropylene fibre, aluminium sheathing, etc, provided to disperse the vapour pressure. 

However, these are expensive and are still in an experimental stage. 

Waterproofing membranes have shown mixed response in numerous installations ail over the 

United States and Canada. Despite the conflicts, the general view has been satisfactory for sorne 
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types of membranes. However, they are less preferred as compared wlth latex-modifled and low

slump overlays. 

2.4.3 Sealants 

As mentioned previously, sealants are used primarily for repairing surface seales. A common 

mixture consists of a 50/50 mixture of boiled linseed oil and minerai spirits apphed in two eoats 

after air drying the deck. Linseed oil treatrnent has baen found to ba effective in reducing the 

scaling of improperly air-entrained concrete. However, a depth of penetration of upto only 3 mm 

can be obtained and the life .,f treatment de pends mainly on the type of traffle wear. Also, if an 

asphalt wearing course is placed, the linseed oil treatment reduces substantially the bond 

between the asphalt and the eoncrete. 

Unseed oil treatment is very inexpensive, but il does not last very long and needs to be 

renewed regularly. Also, it does not reduce the corrosion of reinforcing steel. An alternative is the 

use of epoxles whlch are more effective for prevenllng deck deterioration. 

2.4.4 Impregnants 

As mentioned earlier, in the case of sealants, the depth of penetration is limited to only about 

3 mm. For durability, deeper impregnation is necessary, which can be achieved by using polymer 

impregnated concrete which is stronger, more durable, and impermeable to deicing salts. 

The production of polymer impregnated concrete involves initially casting and curing the 

concrete followed by drying to remove ail of the evaporable water. The concrete IS then vacuum 

soaked in a low viscosity fTlonomer under pressure. A widely used monomer is methyl 

methacrylate with 5 % by weight of a cross linking agent, trimethylopropane trimethacrylate. The 

monomer Is then polymerized in the voids of the concrete carefully preventing /ts simultaneous 

evaporation. Polymerization is accomplished using chemical initiation which involves the use of 

organic peroxides as initiators. These decompose under the action of heat or a chemical 

promoter and generate chemical radicals, which cause the monomer units to join together to form 

a plastic. 

For field applications, the deck Is initially cleaned by sandblasting, followed by drying. A thin 

layer of dry sand is then placed on the deck surface after Il has cooled. The sand is then 

saturated with monomer containing an initiator and a cross-linking agent. If necessary, the 

monomer is ponded in the sand by constructing dikes. The saturated sand is covered with 
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polyethylene sheeting to prevent evaporation of the mono mer, and the deck is allowed to soak 

overnight. If the sand becomes dry, more monomer is added. 

Polymerization of the monomer is continued for two hours at a deck temperature between 60ce 
to SOCC, usinp steam, ponded hot water or 10rced air heaters. The water added to the sand 

inhibits evaporation of the rr,onomer and bondlng of the sand ta the deck. Any unbonded sand 

is removed. 

2.5 Redecklng and Wldenlng 

2.5.1 Bridge Widenlng 

ln widening or rehabilltation of an existing structure, it is essential to aceount for several 

constraints that may affect the overall plan, and design and construction methods. Alignment 

may be finalized on the basis of the right of way, physical features or the proximity of 

Interehanges. If traffic is to be allowed while widening, the volume and type of traffic should be 

taken Into account in planning the modification, because the concrete in the bridge widening is 

more vulnerable to the affects of traffic induced vibrations than the concrete in an overlay, 

especlally at the time of the initial set. Due to vibrations, the concrete in the widening of a bridge 

Is subjected ta similar problems associated with concrete in overlays. In addition, this concrete 

may also be subjected ta longitudinal cracking and loss of bond with the embedded 

reinforcement. The negati'le affects of traffic induced vibrations have been a serious concern. A 

detailed description of thase effects can be found in Reference 21. 

There have been numerous suggestions to reduce the amplitude of traffic induced vibrations. 

These include, for example, use of separate piers for widening or by releasing the diaphragms 

while placing the widening to reduce load transfer on the newly placed concrete and reconnecting 

them before placing the closure pour. If existing detours, run-arounds, or temporary structures 

are avallable wlthin the right œ way, they can be uSed as barriers to keep the traffie out of the 

adjacent Jane. The most effective way, however, Is to maintaln a smooth riding surface. 

The recent experlences from several installations ln the United States (21) can be summarized 

as follows: 

-1) Widening and new s/abs should be anached to the existing structure. Moment transfer should 

be provlded through the joint between the new and existing portions of the d(Jck. Lapped 

re/nforclng bars are preferrecJ ta dowe/s. The laps shou/d be tied secure/y or we/ded. Dowe/s and 

reinforcing steel shou/d be straight. A concrete keyway Is not necessary. 

32 



, 

! ,. 

r" 
f' 
~ 

~ 
~ 
? 
! 

t 
~ • • l 

! 
1 

1 

.' ~:'l; 

2) A closure pour is recommended to achieve a smooth surface when an over/ay will not be 

placed on the deck. 

3) Where the fascia beam of the existing structure differs from the other beams in e/ther section 

or camber, if should be removed and used as the fascia beam in the new deck.· 

2.5.2 Oeck Replacement 

Replacement of a deck may be necessary in extreme cases of deterioration. In such cases, deck 

replacement may prove more economical than removing ail of the concrete upto the level below 

the top reinforcement. A deck may be replaced using either cast-In-situ or precast concrete 

slabs. For cast-in-situ concrete deck replacement using staged construction while rnalntalning 

traffic, the same conditions apply as for concrete placed in bridge widenings. 

h is important that concrete be placed properly in the construction or repair of a deck. Also, 

the concrete used should have low absorption characteristics. A low water-cement ratio (around 

0.4) should be used with a minimum clear cover of 50 mm to the reinforcing steel. Lower values 

of water-cement ratio can, however, be used for low-slump and high denslty mixes. It is a'<,o 

necessary that the concrete be properly air-entrained and consolidated. Also, timely cu ring is 

essential to ensure a durable performance. 

However, It is very difficult to evaluate the water-cemr,mt ratio and the degree of consolidation 

during the placing of the concrete, and therefore, protee. '!ve features are often necessary. These 

may include membrane waterproofing systems and more recently the use of epoxy-coated 

reinforcing steel as the top reinforcing layer, the laner being preferred for reasons of durabihty and 

economy. Furthermore, a low permeabilrty concrete is needed only in the portion of the deck 

above the top reinforcement while the bottom deck concrete should be of good quality and 

structurally strong. This can be achieved using a two stage method (46), whereby the structurai 

slab is placed and screeded roughly at a level aboYe the top reinforcing stee:. After the slab 

concrete has galned sufficient strength, a wearing course or an overlay consisting of impervious 

high quality concreto is placed. The advantage of using the two stage procedure is that the 

quantity of the C'~1y concrete in the top course is minimized, beyond which , quality control of 

the smaller volume of concrete is easier. Also, proper caver is more easily obtained because 

most of the dead load defleetion has already occurred and the overlay load aets on the composite 

section. 

Perhaps the most economical and popular solution currently being used is replacement using 

steel orthotropic plate decks. This has been iIIustrated ln the case study of rehabilrtatlon of the 
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Champlain Bridge ln Montreal, Canada (Chapter 9) and explained in Appendix D. 

2.6 Prelabrlcated Components for Replacement and Rehabilitation 

Recently, prefabricated components are being used increasingly for repair and rehabilitation 

because they are economical and result in reduced closure time of the bridge. Three different 

methods of construction have been used. These are discussed below. 

1) S.ay-In Pilee Form. 

This method involves use of thin, precast, prestressed members spanning between girders ta act 

as stay-in-place forms on which the cast-in-place reinforced concrete deck is poured. The precast 

members are usually designed to behave integrally with the cast-in-placa concrete and 

composltely with the girders. This can be achieved either by roughening the top surface of the 

precast girders or by projecting reinforcing bars from the surface or by using machine-made 

ribbed panels with rlbs in the transverse direction of the bridge. 

2) Full-Depth Prec.at Concrete Deck. on Glrder. 

Full depth precast concrete docks are employed mostly in situations where replacement of 

deterlorated concrete decks on steel or prestressed con crete bridge girders has to be 

undertaken. The dock may be covered later by an asphaltic wearing course or a high density 

polymer cement concrete overlay ta provent deterioration. The precast units are usually 

connected using standard grout keys and either an epoxy mortar or a cement-sand grout in the 

joint. This connection is necessary ta provide lateral load transfer across the joint and also ta 

prevent moisture leakage. The only disadvantage of this method is that it is costly and should 

be used only if speedy repairs are necessary. 

3) Integr.1 Deck Bridge. 

ln these type of bridges, precast prestressed concrete units having integral decks and girders are 

used. The dock and the main supporting members may either be the same (such as a slab) or 

the dock may be cast as a single unit along with the supporting beam or girder. As in the case 

of full depth precast concrete docks on girders, the integral docks may be covered with a cast-in

place concrete dock or simply an asphaltic wearing course. Various types of sections for the 

Integral decks have been used. These Include soIid and voided slabs, box beams, channels, 

angles or double tees, bulb tees, and multi-stemmed units. 

Adjacent Integral dock units are connected using shear keys with transverse ties for connecting 

the unlts laterally ta provent lateral displacement. The shear key is filled wlth grout which may 

be either a cement, sand and water mixture, or it may consist of a Iow viscosity epoxy mortar. 
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Fortying box beams. slabs or channels transversely. bolts and threaded rads are placed in the 

diaphragms and these are tightened ta a speclflc torque. In some cases, the Untts have been 

post·tensioned laterally for improved performance. In cases where stemmed units are used, it is 

common to use welded plates placed in the flanges of the units. 

2.7 Replacement Systems 

Wldenlng of B Concrete Deck Bridge 

Two methods for widening a bridge deck using precast concrete girders have been presented 

below. They can be used for widening steel, precast. prestressed concrete, concrete "T" glrders, 

and conventlonally reinforced and cast·in·place prestressed concrete box glrders. 

Method 1 

ln this method, the piers and abutments are wldened flrst upto the desired deck width 

Prefabricated prestressed concrete or steel glrders are erected for the widentng. Formwork for 

the initial widening is also erected in place. The new reinforcing steel IS placed in posItIOn and 

the concrete is poured in place ta complete the initial widening pour (see Figure 2.6). 

hlltlng D.ck __ .......... ___ D.ck Wld.nlng -
Jt-lnltl.1 Wld.nlng 

".mov. To E.pol 
... Inforclng B." 
To Provld. 
N.c ... .,y 
DeweIopmenl Lenglh 

101ur. Pour _ Pour ToH r. 

'-.rIClng Inl •• llid AfI.r 
Inll.1 Wldenlng Pour But a.'or. Clo.ur. Pour 

Figure 2.1 Deck ReplBcement.Method 1 (10) 
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The concrete in the old deck is removed to expose the necessary length of the reinforcing steel 

to lap with the new steel. Care is taken to install adequate lateral braclng between the old exterior 

girder and the new adjacent glrder. The new remforclng steel IS attached to the original by 

lapping bath the top and the bottom transverse deck steel. The closure pour is usually 

Implemented three to flfteen days after wldenmg if the bridge has steel or precast, prestressed 

concrete girders. However, if the bndge has been widened using cast-in-place girders, It is 

advisable to keep a gap of around two months. Moreover, trafflc can be maintained on the bridge 

during the construction phase except on the lane nearest to the widening. The widened deck can 

be opened to traffie after the last concrete pour has attained the desired strength. 

Method 2 

The construction procedure is similar to Method 1 up to placlng of the prefabricated girders. After 

placing the girders, the conerete from the old deck IS removed to expose the old reinforclng steel. 

Adequate lateral bracing is then placed between the old exterior girder and the new adjacent 

girder. The new deck area is then formed and the new reinforcing steel is then lapped with the 

exposed transverse steel of the old deck at the top and the bottom. Concrete is then placed ln 

the widened portion. See Figure 2.7 for details. 

- Exllllng Oeck ----~~-D.Ck Wldenlng _____ • 

\Braclnglnl.elled aelor. 
Wlctenlng Pour 

Flgur.2.7 Deck Replacement-Method 2 (10) 

Both methods use conventional lifting equipment, shoring and formwork. However, skilled 
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personnel are necessary for weldlng purposes. Method 1 is generally preferred ln practice even 

though rt requires a time lag between placing the concrete in the widenmg and the closure pour. 

2.8 Repairs using Hydrodemolition 

Hydrodemohtlon, ais a known as hydrojetting, hydroblasting, or the water-jet technique was 

developed in the late seventles in Italy and since then, rt has been used wldely for repair of deck 

slabs. Most new rehablhtatlon projects speclfy thls technique as an alternative ta the tradltlonal 

methods (47). 

It is necessary during restoration of deck slabs to remove ail traces of detenorated concrete 

and also ta avoid any damage ta the sound concrete and restoratlon malenals. Tradltlonal 

methods, for example using pneumatlc chlpping hammers were not satlsfactory slnce Il was 

difficult ta differentiate mé'\ lually between good quahty concrete and deteriorated concrete. ThiS 

led ta either incomplete removal of poor concrete or excessive removal of good concrete. ThiS 

formed the basis of hydrodemohtlOn technique whlch involves a selective removal of detenorated 

portions of the concrete by means of one or more hlgh-speed water jets. After hydrodernohtloll, 

the surface becomes rough and clean with no microcracks in the remallllng concrete and no 

damage ta the reinforcement whlch ln fact gets cleaned from any rust on ItS surface (56). 

Hydrodemohtion is not only a more improved method over the conventlOnal methods, but some 

operations whlch were once impossible can be easily carned out and restoratlon IS possible even 

in advanced stages of deterioratlon. 

Mechanlsm of Hydrodemolltlon 

It is known that concrete is a porous material since it consists of a mixture of aggregates (sand 

and gravel) and bondlng agent (cement), along with gaseous inclUSions. Due to the presence 

of pores, concrete is exposed ta deterioratlon. 

Hydrodemolition basically involves three separate mechanisms: direct impact, pressunzation 

of cracks, and cavitation. Ali three mechanlsms reach their peak efflciency when the waler Jet 

strikes the bonding agent. The water jet is forced rapidly over the area of concrete to be 

removed. The excess water is allowed ta drain away. For achievmg mru"mum efflciency and 

economic removal of deteriorated concrete, it is necessary ta combine tha fluldodVnamlc. 

geometric and kinetic parameters as a functlon 0' the existing deck Situation (Le. strength of 

concrete, presence of reinforcing steel. cracks, etc.) and the type of work required (56). 

The equipment used, often called as hydrodemollsher, typically consists of a mobile Unit called 
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a .hrlmp which bears the high pressure water nozzles. The nozzles are mounted on a transverse 

track that allows a full wldth movement of about 1.8 m. The nozzles sweep back and forth on the 

track and the self-propelled shnmp moves in Increments over the deck. Hlgh-pressure flltered 

water is supplled to the shnmp through hlgh-pressure hoses from water pumps run by engines. 

Mode. of Operation 

Depending upon dlfferent situations existing on the deck, there May be vanous modes of 

operation. Two of the main operations are summarized from Reference 47 for completeness. 

The flrst case deals with quite widespread deterioration in terms of surface area, with depths 

varying trom zero to the whole thlckness and with potentlal involvement of rebars. Once the 

minimum thlckness to which the repair material can be apphed (e.g. 50 mm) has been 

estabhshed, a few square meters of sound concrete are identifled. As a first step, strength of the 

concrete is determined from samples or, more simply, in-situ using non-destructive methods or 

pull-out tests. Working parameters are then fixed with the help of diagrams and tables, obtained 

from the prevlous tests carned out on a slab of predetermined strength. 

An initial anempt is made on about one square meter and, if necessary, the parameters are 

redefined. The equipment is then moved ta the area of worst deterioration (the ideal situation 

would be an area where detenoration involves the entire deck). Testing is considered successful 

if, with the same parameters as bafore. ail of the deteriorated concrete is removed. 

The second case often encountered is that of decks in relatively good condition but with 

Insufficient cover. leading to delamination. In this case. hydroscariflcation (5 to 10 mm) of the 

entlre surface is recommended. In this way. the upper part.possibly contaminated. is removed 

and. at the same tlme. excellent roughness is ensured for good bonding of repair materials. 

Hydroscarification also shows up possible are as which have undergone sorne degree of 

deterioration, but where delamination has not yet occurred. The boundary areas of the 

deteriorated parts are marked with regular geometric shapes, if possible, grouping several 

adjacent zones Into a single patch. Deep removal is then carried out. It should be noted, 

however, that patching is never recommended, except for reasons of economy only, if the 

deteriorated areas do not exceed 15 ta 20 percent of the whole deck. 

Advantage. of Hydrodemolltlon 

Hydrodemolition offers Many advantages over the traditional methods. Additional advantages 

May be derived by the type and quality of equipment used which influences the quality of repairs 

as follows: 
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1) The results are consistent and repeatable and there is guaranteed removal of ail of the 

deteriorated concrete without any damage ta the sound concrete. 

2) If the top reinforcement IS exposed by hydrodemohtlOn, it can be thoroughly cleaned from any 

rust tram the top as weil as !ts lower parts whlch cannat be achleved by other processes such 

as sandblastlng. 

3) A very rough surface can be created which ensures parfeet bondlng ta the repalr matenals 

4) The equipment has very little vibrations and low operating noise levels as weil as no formation 

of dust and fumes. 

5) Simultaneous operations, such as casting immedlately in adjacent areas, may be carned out 

6) It is possible ta carry out repair operations even ln poor weather conditions and sub-freezing 

temperatures 

2.9 Miscellaneous Oeck Elements 

These include curbs, sidewalks, and the railings. Metal curbs are designed either to allow water 

ta drain under them or sealed ta direct the deck drainage ta scruppers. In the latter case, It 15 

difficult ta keep the seal watertight. Also, there mÎght be loss of section due ta corrosion or 

misalignment and damage due ta collisions wlth vehlcles. Furthermore, the anchor bolts used 

ta fix the curbs to the deck may loosen due to vibrations and temperature changes Ali of thes~ 

problems can be avoided by taking proper preventive measures such as epoxy painting and use 

of sealants ta prevent leakage. However, in the event of section loss due ta corrOSion, a 

replacement is necessary. The use of cast-in-situ or precast concrete curbs is also qve 

common, however, it poses more serious problems of detenoration due ta freeze-tt'taw cycles and 

deicing chemicals, spalling at expansion joints, cracking, and corrosion. In case of detefloratlon, 

the entire deteriorated portion should be removed, which ln some cases may requlre rem al/al of 

the entire curb. Cle.Jntng of the area is performed by sandblastlng followed by epoxy-coating of 

the old concrete surface. The fresh concrete is then cast in forms. In case of spalhng of curbs 

at expansion joints, proper clearance is provided at the joints ta accommodate the longitudinal 

movement of the span. In case of occurrence of cracks, epoxy injection should be used ta seal 

them or if the cracks are large and involve damaged sections, the entire deteriorated concrete 

should be replaced. 

Concrete sidewalks pose more or less the same problem.3 as in the case of deck slabs and 

similar procedures can be adopted for repair (1). In case when steel plates or gratings have been 

used, it is necessary ta r agularJy inspect their condition for any corrosion and section loss. Epoxy 
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painting to prevent corrosion and complete replacement ln the event of section Icss are the 

commonly used repair methods. 

Rallings used on bridges are usually of either steel, concrete, alumlnum, or timber. The most 

common problem associated 18 collision damage trom vehicles which may need either repair of 

t~ damaged penien or replacement. CrackiflQ or spalling in a concrete railing as seen in 

Figure 2.8 may occur due to corrosion of the reintorcing steel and should be repaired using 

procedures used for spalls which include epoxy injection of cracks, removal of damaged concrete, 

and replacing it with qUick-setting concrete. Corrosion and loosening of anchor bolts is quite 

common with aluminum and steel railings and must be repaired by painting using hot-dip 

galvanizing. In case of aluminum railings, o~idatiOn protection is required at contact surfaces 

between the aluminum railing components and the unlike materials to which the railing is 

attached. Simi/ar problems as with aluminum railings exist for steel railings and the usual methods 

of repalr can be employed. 

Tmber railings have also been used on decks and nsad to be checked for any decay, checking 

and splitting, damage to bells, and paint condition. 

Flgur. 2.8 Corroelon of St .. lln a Concret. Ralling 
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3.1 Introduction 

CHAPTER 3 

JOINT SYSTEMS 

Bridge movements are generally of the form of large-amplitude low-frequency movements 10 a 

horizontal plane, in the longitudinal direction, due to thermal expansion and contraction of the 

deck. Also, the movement of vehlcles on the bridge causes small-a'llphtude, hlgh-frequency 

horizontal, venical and rotatlonal movements (48). Creep and shrinkage cause addltional 

longitudinal and transverse movements whereas any substructure settlement can cause addltlonal 

rotational movements. These movements are normally accommodated by the provision of 

expansion joints. 

Various types of expansion joints have been used depending on the type and magnitude of the 

movement. However, the related problems are also wide and common which can not only cause 

damage to the joint, but also to the ponion of the bridge beneath the opeOing. The JOint system 

exists in a very corrosive environment and rustlng of the exposed steel ponions could become 

a problem. In fact, more than fifty percent of the problems in concrete bridges are due to 

structurally deficient joints. A number of methods have been developed over the years for 

maintenance and repairs of jOints like the use of joint sealants to prevent passage of deck 

drainage and debris, compression seals, membranes, etc. However, none of the methods have 

been able to solve the problems completely. PrF,ventlve maintenance is the best way to ensure 

efficient functioning of the joint and avoid more costly structural damage. 

The various joint systems in use will be reviewed in this chapter. Wlth the numerous and vaned 

designs and materials developed and used over the years, Il is vinually impossible to cover every 

specifie system. The scope of this chapter is to categonze the various Joint systems accoi ding 

10 the type and to dlscuss the associated maintenance problems and the related correction and 

prevention needs. 

3.2 Type. of Joints and Assoclated Problems 

Joints are classified broadly into two types: Open and Closed. Open joi:1ts are designed to permit 

'rae flow through the joint, white closed joints are designed to be sealed or waterproof. 
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3.2.1 Open Joints 

Since open jOints allow free drainage, in order ta ensure their satisfactory performance, it is 

necessary to not only provide an effective drainage system, but also to regulate the flow of 

surface drainage through the joint and disposai of the runoff from the site. Troughs and drain 

pipes placed beneath the joint have common/y been used ta carry the runoff away tram the joint. 

A cam mon problem with drainage troughs is that they eventualty gat clogged with debris and 

cease to function property. The accumulated debris may spill over the seat below. Due to Jack 

of space under the jOint, it is very difficult to clean the troughs. Drain pipes also get clogged over 

a period or frozen in cold climates and need regillar clean up ta ellsure proper functioning. 

Commonly used open joints include Bun Joint, Sliding Plate Joint and Finger Joint. 

3.2.1.1 Butt Joint 

A butt jOint or armoured joint does not provide any transition for traffic between adjacent edges 

of the deck although a minor thermal movement of less than 25 mm can be accommodated. 

Therefore, it is used in cases where only ro~ation has ta be accommodated. A typical detail is 

shown in Figure 3.1 and consists of a metal armour plate along the adjacent edges of the deck 

and secured to the deck by anchor rods. Where asphalt overlays are used, the armour is 

extended right up to the surface using a joint transitional dam. The plate serves a dual purpose 

of preventing the concrete surface edge from damage during construction or by traffic during 

service. 
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Figure 3.1 Butt Joint (8) 
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Commonly assoclated problems with thls jOint Include corrosion of the metal armour and 

clogglng of the Joint wlth non-compressible matenals whlch requltes pertodlc maintenance 

including cleaning the roadway debns from the openlng. painting and roadway surface repair 

adjacent to the jOint 

3.2.1.2 Sliding Plate Joint 

A typical shding plate jOint as shown ln Figure 3 2 consists of a hOrtzontal fiat steel plate anchored 

into the bridge deck along one edge and permltted to sllde across an angle anchored ta the 

opposite face of the o~ening This Joint can accommodate movements between 25 and 75 mm. 

"EaUIRED _~ ~ 
OPENING 1,...,- ILiDING SURFACE 

. P .: ::.' " ~ .. ' ~ .•• ; l.. .,. .'. . .... " ........ ~., 
.... ,' .. '. f'· .. ~ . ... ', .\ • .' O::::i:=~~ 

. ", ". '.1 t • .' .... " . ." .. .., ~ .\ .. . . '" ,~ .. 1.'; "':'1' ...... , .. Il • ... 0',; ..• 

Figure 3.2 SlIdlng PI.te Joint (8) 

A common problem which can be attributed to inadequate consolidation of the concrete under 

and around the plates is the loosening of the plates. This creates a loud sound under the trafflc 

and in the worst case the plates can dlslodge from the joint thereby creating a hazard ta the 

safety of the traffic. Other commonly occurring prolJlems are corrosion of the anchors and fatigue 

under impact loads. Furthelmore, the roadway surface around the plate can detenorate thereby 

increasing the impact on the joint and dlslodglng the plates Clogglng of the joint with debris IS 

also a cam mon phenomenon. Penodlc maintenance and repair procedures common to butt joints 

can be adopted. 
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3.2.1.3 Finger Joint 

A 'inger JOint system can accommodate movements in excess of 75 mm. A typical detai! a~ 

shown in Figure 3.3 conslsts of steel plates anchored on either sides of the deck. The opemng 

between the adjacent plates is shaped in the form of teeth in plan. Flnger jOints have teen 

installed using vanous shapes and configurations. However, ail of them function identlcally in that 

movement IS permitted wlth essentlally no stress concentration at the joint face of the deck. 

Provision for drainage may or may not be provided. If used, Il normal/y consists of a drain trough 

placed beneath the flnger openings or a drain gate and a trough system on elther side of the joint 

opening. 

t '/- r 
~ DRAINAGE TROUGH TlEDOWN 

Flgur. 3.3 Flnger Joint (8) 

3.2.2 Clo •• d Joints 

As the name Implies, closed joints are used to seal the surface of the deck, includlng curbs, 

sidewalks, medians, and in cases, barner walls or parapet walls, against the ingress of moisture 

and debris through the joints. However, their geometry should be such as to prevent any 

accumulation of surface runoff and debris in the joint. Commonly used joints in this category 

Include filled butt joint, compr1assion seal, membrane joint and neoprene cushion joint. 
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3.2.2.1 FlIIed BuH Joint 

A filled butt joint is similar to an open bun joint except that rt 15 tilled Wlth a premoulded JOint filler 

as shown in Figure 3.4. The concrete surface is power cleaned pnor ta placlng the filler whlch 

is attached ta one face ot the JOint or supported from below by an offset ln the vertical face of the 

slab. The opening is then sealed by a hot-poured or a cold-poured seahng compound 
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1 
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1 ~ :. 4 .' '~' _.IJ : ~ • '.' , •• ~ p '. 1 
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~ PREFORMED 
JOINT FILLER 

Figure 3.4 FlIIed Butt Joint (8) 

A filled butt joint can accommodate movement up ta 25 mm as ln the case of an open butt 

joint and can remain watertight for about two years Problems with this joint Include detenoration 

of the filler and ingress of non-compressible materials Into the seal causing it ta jam. Penodlc 

maintenance is necessary which includes regular cleaning, replacement of the surface seal and 

filler as necessary and replacement of the roadway surface adjacent ta the Joint. 

3.2.2.2 Compression Seal 

A compression seal consists of a premoulded seai of neoprene or similar material which is 

squeezed into the joint opening. The seal exp~nds after placing and is compressed with the jOint 

movement. The width of a properly selected seal can cycle between 20 % (in warm temperatures) 

and 80 % in cold temperatures (31). An adhesive lubricant IS applied to the si des of the joint 

bafore squeezing the seal into the opening. The adhesive provides for bond between the jOint 

face and the sealant to produce a waterproof system. Single units can accommodate movements 

up to 65 mm while for larg,~r movements, multiple units have been used. A typical single unit 15 

shown in Figure 3.5. 
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Flgur. 3.5 Compr.,,'on S •• , (8) 

Compression seals can remain watertight for long periods of time onl'l if selected and placed 

properly. If the size of the opening is too large, the seal can separate from the deck in cold 

weather, whereas if the opeOing is too small or kept very near to the surface. the seal can get 

damaged by the compressive forces in hot weather or by trafflc as il pops out due to 

compression. Furthermore. seals have a tendency to return to their original shape after many 

cycles of compression after whlch they loose their watertightness as weathering and fatigue 

weaken the material. Periodic cleaning of the deck and approaches and roadway repair is 

nacessary to ensure their proper functioning. However. in cases where leakage is detected, it is 

necessary to Immedlately repalr or replace the seal. 

3.2.2.3 Membrane Joint 

A membrane joint consists of a U-shaped flexible sheet of neoprene rigidly attached to the two 

metal faces of the joint as shown in Figure 3.6. The neoprene can flex with the movement of the 

bridge upto ± 150 mm. Larger movements can be accommodated using multiple units. 

Atthough neoprenes are very effective against ingress of moisture, problems have been 

encountered usually at the gutter Unes and areas where breaks in cross-sections occur. As the 

opening expands, non-compressible materials gat Iodged in the joint and get wedged in with the 

subsequent closure of the joint causing ils rupture and leakage. Periodic maintenance including 

cleaning of the debris and sealing or replacing defective membranes Is nacessary. 
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Figure 3.6 Membrane Joint (8) 

3.2.2.4 Neoprene Cushion Joint 

These joints can accommodate movements ln excess of 100 mm. A typical detall as shown '" 

Figure 3.7 conslsts of a reinforced neoprene pad rigidly anchored to each side of the JOint. The 

anchorage is sealed with caps which are installed with an adheslve whlch IS also apphed between 

the cushion and the concrete to maintain watertightness. The neoprene pad expands or 

contracts as the joint opens or closes respectlvely. Relnforclng plates are used wlthln the 

neoprene cushlon to en able ft to span the Joint. However, as the bridge contracts, hlgh tenslle 

stresses in the r. "oprene pads may cause fai/ure of the anchorage systems. Also, the adheslves 

used to maintain water-tlghtness can break down causing lea"age and 1055 of caps. In are as 

where snowploughs are used, the Joint can be torn apart trom the support, or the cushion may 

get damaged thus requiring extensive repair or replacement of the Joint. MaIntenance procedures 

are similar to those for the membrane JOInt. 

NEOPRENE CUSHION 
flEINFORCING 

. . · 3"" • 0 ' • 

• D .~ * . . 
-11-- IIEQUIRI;;O OPENING 

Figure 3.7 Cu.hlon Joint (8) 
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3.3 Joint Problems-Preventlon and Repair 

Edge and surface damage and structural breakdown appear to be the most commonly occurnng 

problems wlth dec~ JOints. A discussion of these problems and the necessary repair techniques 

follows 

1) Edge D.m.ge 

Damage ta the concrete near the joint edges can occur due ta one or more of the following 

reanons: 

a) Inadequate curing of concrete, 

b) Excessive pressure on the edges due to heavy steel-wheeled rollers or other equipment 

during or after construction, 

c) Grade difference in the deck between adjacent spans, and 

d) Absence of armour plates. 

A typical repair procedure involves widening the joint by sawcutting and adding a compression 

seal. This repalr should be done only if the width of the damaged area is narrow and the 

remaining part of the deck is in sound condition. If the joint needs ta be recast, armour plates 

are added at the edges. Another repair technique is to sawcut the edges and grout them with 

cement or epoxy mortar. 

2) Cracking and Ravenng of Wa.rlng Surface at Joint 

Generally, bituminous wearing surfaces or overlays are placed continuously over the joints. In 

such cases., deterioration is frequently encountered in the form of cracking and raveling of the 

wearing surface at the joints. Initially, a fino crack originates in the nearside lane which 

propagates along the carriageway and subsequently progresses to multiple cracking and 

potholing. Also, debonding may occur at the joint in the wearing surface. It is advisable not ta 

seal the cracks in such cases as it might cause new cracks, which may indu ce lateral cracking. 

Where wearing courses or overlays are required, the joint should be redesigned ta 

accommodate the change. Joint transition dams are used ta elevate the joint opening to the level 

of the new surface. This Is accomplished by placing the new surface ignoring the joint, and then 

removing the materiai over the joint. Finally, the top of the dam is installed to match the grade 

of the new surface. 

48 



1 

t 

3) Loosenlng of Joint Plates 

As mentioned ln Section 3.2.1.2. shdlng plate 10lnts have a general tendency of loosenlng of the 

plates from the anchonng system. In such cases, the opening must be redeslgned to Include a 

waterproof seal. This 15 accomphshed by addlng a IIp to hold the seal ln place. InleCtlng epoxy 

to flll vOlds, or removlng and replaclng a portion of the deck around the JOint. 

4) Closure uf ttle Joint 

ln the case of flnger joints, excessive movement of the substructure may reduce the avallable JOint 

spacing causing il to close in extremely hot weather or, insufflclent provIsion for pavement 

expansion may cause joints to be closed by the roadway pavement exertlng large forces at the 

bridge ends. Stresses can build up at the curbhnes and at the deck ends resultlng ln ttle 

concrete curbs and the deck crushing at the finger joint, or at an adjacent expansion JOint. It IS 

necessary in such a case to reverse the shifling of the substructure onglnally causlng the closed 

condition. Otherwise, the expansion joints can be tnmmed or the entlre jOint system can be 

remov6d, repositioned and relnstalled. If such a closure is due to pavement thrust. a pavement 

relief joint may be eut in the approaches as described in Section 3.5.3. 

5) Det.rloratlon of Joint FlIIer 

Premoulded fillers have a tendency of deteriorating frequently causlng them to become loose and 

fall off. A generally adopted solution to this problem is to remove a portion of the deck and ta 

recast it to accommodate the joint armour and anchorage. A compression seal is then installed 

after cleaning the opening. 

6) Cu.hlon S.al Fallur. 

ln situations where cushion seals have been used, frequent failure of the anchorage systems can 

accur causing 1055 of major sections of the joint. The only solutions available in this case is ta 

either install a new seal or replace the entire joint. 
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3.4 Results of Joint Inadequacles 

A proper design, installation and maintenance procedure is necessary to ensure proper 

functlOning of the joint. The problems that may be encountered due to joint inadequacies are 

dlsclJssed below. 

1) Damage to End Diaphragma 

End dlaphragms are exposed ta the moisture and salts leaking through the joints which may 

penetrate through the concrete and corrode the reinforcing steel thereby initiating spalling of the 

con crete and section loss of the reinforcing steel (see Figure 3.8). This can be avoided by 

provldlng a dnp bed at the bottom of the deck between the joint and the end diaphragm. 

Figure 3.8 SpaUed Concrete and Lou of Steel Section 

2) Deterioration of Be.rlng. 

Bearings can be exposed ta moisture and debris leaking through the joints which if allowed ta 
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accumulate can cause corrosion in them. This can lead to freezing of the beanngs whlch ln effect 

transfers the stresses to other members of the structure that have not been designed to tahe 

these forces This can cause dlstress ln members such as beams, bndge se3ts, or substructure 

elements. As a result, diagonal cracking ln beam:; at the bottom at the beanng ends has been 

observed. These cracks propagate upward and backward and have also been observed 111 pler 

and abutment caps Frozen beanngs can also cause transfer of movements ta the other 

bearings, thereby, jamrnlng the loints or causmg them to open excesslvely Furthermore, cracking 

and tllting of substructure elements can occur and in case of skewed bridges, ahgnment of the 

superstructure can get altered. 

3) Deterioration of Deck Sofflta, Bridge Seata, Pler Cap. and Columns 

Accumulation of moisture, delcing salts and debns over the bridge seats and pler caps leaklng 

through the joints can cause detenoratlon of concrete and Inltiate corrosion of relnforclng steel 

The top layer of the reinforcing steel expands due ta the COI roslve forces and lifts the concrete, 

leadlng to cracking. Discoloration of the sldes of pler caps and columns can also occur, whlch 

may eventually cause spalling of the concrete. The und ers Ide of the deck slabs can also corrode 

due to leakage of moisture and salts through the joints. Typical examples of accrustation and 

cracking of deck sofflts is shown in Figures 3.9 and 3.10, respectively. 
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Figur. 3.8 Accru .... lon of Deck Sofftt 

Figure 3.10 Cr.cklng of Deck Sofflt 
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4) Emb.nkment Erosion 

Drainage through jOints at abutments can cause eroslon of the sOli embankment which If no! 

prevented can undermlne the footing and expose the piles. 

3.5 Typical Repair Procedures 

3.5.1 ReconstructÎon and Modification of Existing Expansion Joints 

Sefore using thls system, it is necessary ta first determine the size and type of system needed 

to accommodate the eXlstlng jOint (10). The deck surface on each side of the JOint IS then 

prepared by removing the unellen areas. Anchor bolts ara dnlled on each side of the JOint al 

predetermined depth and intervals. A saalant is applled ta the deck surface to serve as beanng 

area for the jOint. The joint sections are then installed and tightened securely by the anchor bolts 

Finally, the joint IS cOllered with a bitumlnous overlay ta gille a smooth ndlng surface (see 

Figure 3.11). 

Bituminous Overlay' 
Joint Seal 

Sealant Film 

Existing Deck 

* Other typas of overlay systems such as dense concrete 
or latex modified concrete can ba used. 

Figure 3.11 TyplCl1 a.ctlon of • Joint Se.l.nt System (10) 

53 



1 

... 

3.5.2 Sealing of Sliding Plate Joints 

This method irwolves Installation of a premoulded compression seal ln the eXlstlng JOint The size 

of the compression seal and dam plates IS determmed flrst depending on the size of the opening 

The eXlstlng slldlng plate IS cut to clear the weld at the heel of the angle as shown ln Figure 3 12 

The dam plate assembly IS then Installed and welded in place. Flnally, the compression seal is 

squeezed ln and the jOint IS covered wlth a bltummous concrete overlay. The advantage of thls 

procedure IS that prefabricated dam plates and supportlng suut plates can be used whlch 

enables the repairs to be carned out dunng trafflc operations. However, this repalr IS only hmlted 

to jOints havlng sufflcient opening to accommodate the assembly. Also, the concrete should be 

sound to anchor the eXlsting joint. More Importantly, this repatr procedure should be used only 

where the revised jOint opening IS adequate t,... .accommodate the eXlsting expansion, otherwise 

the repair procedure ln Section 3,5.1 should be used. 

'. . ~ . : . .,. . ~ 
, .. 

J ' ,'. 

~ - Cut SlIdln, Pllt. H.r. 

. • 

. .. . ~ ........ . . ." " .. . 
." ..... ' " . ( ....... --.",' ":."" ..... , .. 

1 

• . 
, . 

::'.'.,;-.-~. . ,.' , .,. . , . 
. .,r· . 

Figure 3.12 Typlcal SlIdlng Plat. Joint B.fore Repalr (10) 

3.5.3 Installation of Pressure Relief Joint ln Concrete Approach Pavement 

This repair procedure has been commonly used to relieve the pressure on the abutment backwall 

due to expansion at the concrete approach pavement. The pressure relief joint is positioned 

54 



1 

1 

beyond the bridge dependlng on the pavement condition (see Figure 3 13). The eXlstlrlg conereto 

pavement IS removed The fCmforced concrete slab IS cast ln sectIOns uSlng longitudinal JOint key 

between pours Two layers of bUilding paper are placed over the entlre top surface of tlle slab 

follawed by placlng of an asphaltlc con crete layer The deck sur1ace IS fmally topped by a 

bitumlnous weanng course The concrete is cured sufflclently untll It gams adequate strength 

before openlng the bridge to trafflc. 

Pressure Relief Joint 

Postt,on of Pressure Reltef JOInt 

Figure 3.13 DetlU, of Pre •• ure Relief Joint (10) 

3.6 Integral Conversion Techniques 

An ideal approach to reduce the dock joint problems is to ehminate the deck JOInts wherever 

possible. The trend of the bridge industry ln the current years has been to bUlld contlnuous 

bridges with no deck jOints unless absolutely necessary. This has been termed as Integral bndge 

construction. 

This technique has now been extended to retroflttlng Simple multiple span bridges to 

contlnuous bridges and non-Integral abutments to Integral abutments. In the case of 

superstructures, cont;nUlty Introduces secondary stresses ln the deck due to the respanse of 

contlnuous superstructures to thermal gradients, substructure settlement, post-tenslonlng. etc 

This is also the case with Integral abutments ln whlch secondary stresses are Introduced due to 

the restraints provlded by the foundations and backfill against the cycltc movement of the 

super~ructure. However, it must be emphaslZed that for small and medium span bndges of 

moderate lengths, the damage caused by the secondary stresses is much less than that due to 

the use of deck joints. Also, economy is achleved due to the eliminatlon of costly JOints and 

bearings. The above advantages have made Integral conversion techniques very popular ln 
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recent years. In North Amenca, almost above 85 percent of the transportation departments are 

using thes~ techniques The followlng diSCUSSion focusses pnmanly on the vanous techniques 

used for Integral conversion of eXlsting bridges 

3.6.1 Problems in Jointed Bridges 

Bridges bUiIt wlth JOints at abutments are usually damaged due to pressure generated by jOlnted 

rigld pavements. The major problems are fracturing of the backwalls, splitting of the abutment, 

and ln the case of bridges with Intermedlate deck jOints, cracking and fracturing of the piers Use 

of deicJng salts can also add to the problems. For example. In the case of open JOints and slldlng 

plate joints of short span bndges and open flnger joints of long span bndges, delcmg salts 

penetrate below the deck surlaces and accumulate over the supporting seats. beanngs, and 

beams as mentloned earller, causlng corrosion of the reinforcing steel. This has necessitated 

increaslng maintenance and repaJr to raduce the problems. On the other hand. bridges with 

integral abutments have suffered very IIttle damage trom pavement pressure. Also, they were 

unaffected by deicing chemicals and needed very Jittle maintenance and repair. 

3.6.2 Retro'lt Procedures for Integral Conversions 

A procedure used by tll .. Texas Department of Highways and Public Administration is illustrated 

in Figure 3.14. involving removal of affected concrete as necessary ta ehminate the existing 

armouring. Sufficient negative reintorcing steells added at the requlred level near the deck top 

with an appropriate concrete caver ta reslst transverse cracking. The slab is then reconstructed 

with regular concrete to the onglnal grade. Moreover. only the si ab portion of the deck is made 

continuous whereas the beams remain slmply supported. Also. one or bath of the adjacent 

bearings supporllng the beams at a joint should accommodate the horizontal movement in arder 

ta prevent any hOrizontal forces from being imposed on them due ta rotation of the beams and 

continuity of the slab. 
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Existing Open JOint 

~~'~ .. ~~~ 
1---1 ~ ~ 

EXlsting Rebars to Remaln in Place 

Figure 3.14 Addition of Negative Moment Relnforeement 

A simllar procedure used by the State of Utah, IS shown in Figure 3.15. For deck slabs wlth 

a bitumlnous overlay, a waterproofing membrane can be used to waterproof the new slab section 

over the piers. However, in this case, longitudinal flexure cracks are Induced in the slab due to 

rotat'on of the beam 9nds caused by the vehlcular traffle. It IS normally preferred to have cracks 

th an the long term consequences associated wlth an open JOint or a poorly executed sealed JOint. 

r ~~move jOint and 
~ace new slab 

Continuity Reinforcement ~ ~ Existlng Joint 

Slab t- -- --"-
BeamL 

~--;:~~~--4 

-'-
polythelene Bond Breaker 

Movable Bearings 

Figure 3.15 Provision of Contlnulty Relnforeement 
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A common procedure for convertlng simple spans to continuous spans for prestressed concrete 

1- beam bridges IS shown in Figure 3.16. A substantial concrete diaphragm is placed at the piers 

between the ends of simply supported prestressed beams of adjacent spans. The dlaphragm 

extends transversely between parallel beam !Ines. A reinforced concrete deck si ab is then placed 

to Integrate the beams and deck slab, thereby provldlng a fully composite continuous structure. 

6" bars 

Bearn reinforcement 

Cast-in place connectlon 

- __ Asphalt concrete 
wearing surface 

1 Waterproofing membrane 

Precast 
side-by-side 

box beams -~~-:!-===;;;;;;:==*~*=~-=~ 
Centre line of bearings 

Centre line of piers 

Prestressing strands 

Elastomer bearing pads 

Figure 3.16 Placlng of Concrete Dlaphragm 

A standard procedure used by the State of OhiO, to achieve continuity for simply supported box 

beams is shawn ln Figure 3.17. As Indicated, the box beams are placed side by side and bolted 

together. Contlnuity relnforcement IS then placf'd followcd hy the ca~ :rete closure placement. 

4 ·0" 2'-0" 

EJastomenc bearing pads ./ 
and preformed filler 

r Connection diaphragm 

Centre line of bearings 

Centre li ne of Piers 

Figure 3.17 Contlnulty ln Box Beama 
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A detalled description of the vanous considerations necessal)' to achleve contlnlllty for bridges 

with contmuously relnforced concrete deck slab on simply supported precast prestressed 

concrete beams can be found ln Reference 22. It should be noted that ttle above methods 

provide either partial or complete contlnuous behavlour for live loads and supenfll!)osed dead 

load. Moreover, conllnuous and compOSIte behavlour can be achleved for aliloads by provldlng 

temporal)' intermedlate supports whlch can be removed after casting the structural elements 
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CHAPTER 4 

PRESTRESSED CONCRETE GIRDER SYSTEMS 

4.1 Introduction 

Increasing use of prestressed concrete girders in bridges has focussed concern on their service 

life because of the many problems whlch may include faulty design, poor workmanshlp, severe 

exposure conditions or natural calamities hke accidents or fire damage. Errors ln structural 

deSign, for example, Inadequate provision of stlrrup steel may lead to glrder shear cracking ln 

contlnuously relnforced con crete deck glrder bndges. Poor workmanshlp may Involve use of 

inferior quahty concrete, improper placlng of steel, poor consolidation of concrete and several 

other reasons whlch may cause a severe impact on the strength of the glrders and cause 

progressive detenoratlon and eventual fallure Glrders exposed to severe corrosive conditions 

are likely to suffer damage due ta corrosion of the prestressing tendons. Corrosion of prestresslng 

tendons influences a larger percentage of the cross sectional area than in the case of 

conventlonal reinforcement which can le ad to senous weakening even when the extent of 

corrosion is very sm ail This can cause fallure of the prestresslng steel and consequently of the 

bridge member. 

An in-depth inspection of the damage is necessary prior to selecting any repair procedure. The 

present practlces of assessing damage, the various problems associated wlth prestressed 

concrete girders and the current methods of repair and replacement are reviewed ln thls chapter. 

4.2 Damage Evaluation 

As mentioned earlier, prior to selecting any repair procedure, it is necessary to evaluate the type 

of damage and ils nature and extent by carrying out a thorough visu al inspection of the girders. 

A wide range of inspection equlpment has been used, includlng mirrors, flashlights, cameras, 

pachometers, dye penetrants, concrete coring equipment, and ultrasonic testing eqUipment. A 

detailed report of the damage .s made providing information about the observed and measured 

damage related ta each structural component. 
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4.2.1 Guidelines for Damage Evaluation 

Three major types of damage ta glrders have been Identlfled as follows' 

1) Damage tG prestresslng strands by corrosion and detenoratlOn of the protectlng sheaths (see 

Figure 4.1), 

2) Damage to the concrete (for example, fallure of the anchorages - see Figure 42), and 

3) Loss of structural capaclty and rattng 

Fallure sometlmes occurs before the tendons are Installed or soon after the tendons are 

prestressed but not covered wlth concrete It has been seen that pretensloned tendons offer 

better protection to the relnforcement than post-tensloned bonded tendons The latter are more 

susceptible ta corrosion th an any other prestresslng tendons except for external uncoated 

tendons. 

Accordlng to Novokshchenov (40), the pnnclpal reasons of corrosion of relnfolclng steel are 

'1) Voids undemeatl7 high strength strands 

2) Laek of passivation provlded by eonerete due to the deerease of alkallmty eaused by 

earbonatlOn 

3) Contact between prestressmg steel and ehlof/des , mOlsture and oxygen 

4) Water permeable deek overlay, leaking expansion Jomts, and malfunctlonmg drams 

allowmg chloflde-Iaden water ta have access ta the prestresstng steel 

5) Inadequate caver ta the conerete 

6) Permeable concrete surroundmg the prestressmg steel due ta poor consolldatlofl, hlgh 

water- cement ratio, and mcomplete cement hydratlof/ 

7) Cracks ln eonerete cover promoting penetratIOn of eorrOSiOfI mduelng agents 

8) Contact between prestressmg steel and atomlc hydrogen • 

Bonded and unbonded post-tensloned tendons may corrode due to one or more of the 

following causes (40): 

'1) Contact between prestressmg steel and corrosion Inducmg agents. 

2) Lack of passivatIon to prestresslng steel m temporary and external tendons 

3) ExceSSive local bendmg of a tendon 

4) Faulty deSIgn of ft structure, a/lowmg warer or salt laden water ta eolteet m the areas of 

prestressmg steel and penetrare the steel. 

5) Presence of dlss/mllar metals, such as alummlUm casmg at end anchorages 

6) Defects m grout, such as alf pockets formed by evaporated bleed water, poor adherence 

of grout ta prestressing tendons, and madequate fil/mg of a sheath 
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c 7) 

8) 

9) 

Access of water into sheathing through anchorages. 

Use of grease that IS permeable to moisture. 

Lack of grease. 

10) Damaged sheaths. 

Figure 4.1 Corrosion of Pr.sfr.ss/ng Strands 

Figur. 4.2 Corrosion of Anchor St •• , Piaf. 
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11) Use of a corrosion-susceptible sheath, whlch can gradu311y detertorate exposlng the 

J prestresstng steel 10 corroslOn-tnducmg agents • 

The vanous types of corrosion are bnefly revlewed ln Section 4.3 

4.2.2 Types of Damage 

Damage has been classlfled Into four types. mlllor, moderate, severe, and cntlcal MlI10r damage 

Involves damage to the concrete and may consist of extensive spalled areas on the glrder WlttlOut 

any exposed relnforcement or prestressing steel. Moderate damage IIwolves spalling of tlw 

concrete whlch may expose the relnforcement and/or the prestresslng steel The craclo..s on tho 

concrete surface are wlder th an those ln the case of mlnor damage However, they are closod 

below the surface damage and there IS no damaged ;')restresslng steel 

On the other hand, severe damage Involves damage to the concrete as weil as thù remforclng 

and/or the prestresslng steel and It may conslst of one or more of the followlng 

1) Cracks that extend across the wldth of the bottom flange but closed below tl1e surface 

damage. 

2) Major or total loss of con crete section ln the bottom flange 

3) Major loss of concrete section 111 the web, but not occurnng at the same location as the 

loss of the con crete section ln the bonom flange 

4) Severed prestressmg strands or strands that are vlslbly deformed. 

5) Horizontal and vertical misalignment of the bottom tlange. 

Critical damage involves one or more of the followlng' 

1) Cracks extendlng across the bottom flange and/or ln the web dlrectly above the darnaged 

bonom fi ange thJt are not closed below the surface damage showing eVldence of 

excedance of yleld strength of the prestresslng steel 

2) An abrupt latoral offset as measurp.d along the bottorn flange or lateral distortion of 

exposed prestressing strands. 

3) Loss of prestressing force to the extent that the calculatlOns show that repalrs cannot be 

made. 

4) Vertical misahgnment. 

5) Longitudmal cracks at the interface of the web and the top flange that are not 

substantially closed below the surface damage whlch indlcates permanent deformatlon 

of the stirrups. 
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4.2.3 Dan~age Assessment - Guidelines 

Assessment of damage depends pnmanly upon ItS seventy. In the case of mmor damage, ail 

unsound areas should be located and measured. However, for cases wlth extensive spalling and 

damage to prestresslng 5trands, Il 15 necessary to carry out detalled stress calculahans to 

evaluate stresses ln the damaged structure whlch are compared wlth the deslon stresses to 

determlne the loss ln capaclty and provIsion for temporary supports. Reference 16 detalls the 

necessary calculatlons to determlne the 1055 of the prestresslng force and the stresses ln the 

damaged structure It IS necessal)' to revlew employlng not only the traHlc restnctlons, but also 

the use of longitudinal steel glrders above the damaged glrder, or installation of other temporal)' 

falsework for safety and faclhty of the commuters 

4.3 Types of Corrosion 

Prestresslng steel falls malnly due ta brittle fracture which can be related ta two main causes: 

pitting corrosion and stress corrosion cracking. Another cause ot corrosion of prestressing steel, 

hydrogen embnttlellent cracking, is a variation of stress corrosion cracking. These are dlscussed 

below 

4.3.1 Pitting Corrosion 

ThiS is a locahsed form of galvamc corrosion. It initiates usually at points of rupture of a 

passlvatlng surface film and proceeds untll the cross-sectional are a of the wire IS reduced to such 

an extent that the tenslle stress exceeds the ultlmate tensile strength leadlng to tailure. Also, 

pltting corrosIon serves to create pOInts ot stress concentration. The plastIC strain is locallzed at 

these pomts which cannot be redlstnbuted by the high strength steels with low ductlhty, and as 

a result, the magnitude of stresses in these areas increases considerably. Furthermore, 

conditions favourable for hydrogen embnttlement can be created due to the presence of atomic 

hydrogen. 

4.3.2 Stress Corrosion 

This type of corrosion occurs where there is a chemical attack in the presence of high tensile 

stresses. It leads ta rntercrystalline and/or transcrystalhne cracking and finally a brittle fracture 
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of the prestresslng steel. 

4.3.3 Hydrogen Embrittlement 

Hydrogen embnttlement cracking of steel under stress can occur when hydrogen enters the steel 

structure. Sources of atomlc hydrogen may be steel Itselt, hydrogen sulphldE: (H2S) present ln 

the atmosphere, or development ot galvanlc cell due to water diSsociation at the cathodic sites 

The hydrogen gas atoms are at hlgl1 pressure and exert a significant tenslle force tendlng to 

separate the Iron atoms. ThiS force coupled wlth the already existlng hlgh tenslle force ln the 

prestressing steel can at tlmes exceed the yleld strength of the steel causlng cracking 

4.4 Repair Procedures-Criteria for Selection 

Structural integrity IS generally the primary cnterlon for selectlng a sUltalJle repalr method and 

involves consideration of the service load capacity, ultlmate load capacity, overload capaclty, 

fatigue IIfe and the overall durablhty of the structure. It IS necessary ta calculate each of the 

above capacitles for the damaged glrder which should agree reasonably wlth those for the 

onglnal glrder. Typical repalr procedures that have been used ta increase the structural capacity 

are descnbed in Section 4.7. 

Fatigue of prestressed concrete glrders is now belng con'.)idered as rA potentlal problem. Older 

bridges designed for lighter vehlcles without fatigue proVIsions are Itkely ta be exposed to hlgh 

stress ranges with the increasing traffie load eauslng thern ta be fatlgue-critical. Fatigue hfe can 

be determined by conducting a dynamlc test on unbonded tendons. However, tl1,s IS not 

necessary for bonded tendons unless the anchorage is loeated or used ln such a way tl1at 

repeated load applications can be expected on the anchorage. 

Durabllity of repairs in the repaired glrders IS another aspect ta be considered The NCHRP 

Report No. 243 (46) provldes the followlng guidehnes: 

"1) AIl sound concrete shall be removed and surface preparation shall be such that the new 

matarial placed will be compatible wlth the eXlstmg matef/al New matef/al shall have 

aqual or better strength charactef/stics than the of/gmal concrete 

2) Epoxy bondmg, epoxy grout and epo'K'f injection matef/a/s and systems shall be fully tested 

and approved and shall be applJed by tramed personnel Special reqUirements concernmg 

ambient tempe ratures must be observed. 

3) Addmonal reinforcement to bond new matef/al to eX/sting surfaces should be considered 
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4) Preloadmg should be used If necessary (Refer to Section 4 7.2) 10 ensure that the repalr 

sect/on WIll not be sublecr to greater tenslle stress under /t'le load than the of/ginal 

sect/on 

5) Add/tlonal prestressmg force as reqwred to ensure stress levels in the repatred structure 

are no greater than the of/gmal deSign stress levels 

6) To ensure further durabll/ty, the rf;palred areas should be sealed w/th a proven water 

retardant 

7) Where repalr des/gr d/ctates, commltment shal/ be made to perform pef/od/c preventive 

mamtenance • 

4.5 Repalr-In-Place Procedures 

4.5.1 Minor and Moderate Damage 

Minor damage Involves spalling of the conerete on the glrder faces, and hence it IS initlally 

esse nuai to rem ove ail unsound conerete. This is accomphshed by uSlng elther hand or power 

tools. However, care should be taken to avoid any damage to the reinforcement or the 

prestressmg steel The detenorated conerete areas are then patched by an approxlmately 12 mm 

to 25 mm thick layer of epoxy grout mortar consisting of four to seven parts of clean sllica to one 

part of resin by weight. 

Moderate damage repairs can be performed using special concrete mixes in addition to using 

epoxy grout. Epoxy injection of cracks has also been specified for cracks greater than 3 mils in 

width. Cracks in the range of 3 mils to 6 mils in width can be sealed effectlvely by injecting an 

epoxy resln Into them. For wlder cracks, a system containlng a minerai filler can be used. 

InjectIOn 15 norrnally done uSlng pressure with the two components of the resin system being 

mlxed at the Injection nozzle. The pressure Injection process IS descnbed ln Section 4.7.1. It is 

also recommended to apply a preload pnor to injecting and patching the damaged area which 

increases th~ durablhty of the repalr. 

4.5.2 Severe and Critical Damage 

Prior to repair of severe damage, if is necessary to calculate the loss of prestress and the 

strucural capacity after damage This damage should normally be repaired by application of 

preload as requlred, and with the additIOn of prestressing force in addition to the placement of 
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1 
concrete and epoxy Injection of cracks 

NCHRP Report # 226 (16) descnbes repalr procedures for restonng the strength of prestresscd 

glrders ln case of severe damage Sphces for standard AASHTO I-beam types have been 

consldered Moreover, these splices ean be modlfled readdy to use wlth other shapes Four 

repa1r methods are presented uSlng these splices, narr ely addlng external relntorclng, replaclllU 

internai prestress, addlng external prestress and use of metal sleeve spliclng Altllough the 

methods are basically for accldentally dé'.maged glrder:s, they can be extended for other cases 

as weil. 

Calculatlons for determlnlng the lu'is of prestresslng lorce are presented wlth gUidance for a 

wider range of problems. Most of the splices pxtend above the bottom flange of the glrder 

However, for bndges wlth full depth Intermedlate dlaphragms, jacking corbeis are placAd adjacent 

to the dlaphragms and the dlaphragms plerced and used for addltlonal strength For the spllces 

where the dlaphragms are an obstruction, conerete IS rem::>ved or cored out trom the dlJphragrll 

to allow passage of the splice 

For girders subJected to cntlcal damage, replacement IS absolutely necessary Howover, stross 

calculatlons should be undertaken pnor to replacement Also, as mentloned earher, It IS 

necessary to install temporary falsework during replacement for satety purposes Replacement 

is usually performed by cutting the deck slab and the connectmg dlaphragms, and lifting the 

damaged girder out of the superstructure. Typlcal replacemellt procedures as carned out by 

Iowa and Minnesota Departments of Transportation, USA, an:' descnbed Hl Section 48 

4.6 Preventive and Remediai Procedures for Prestressing Steel 

The following preventive and remedlal measures focus pnmanly on the type of sheathrng, 

anchorage systems. grease. drainage systems and some miscellaneous corrosion control 

measures. 

1) Sheathlng 

ln the current practice. polyethylene or polypropylene sheaths of thlcknesses not less than 1 mm 

have been used effectively ta protect the prestresslng steel against the rntruslon of chio rides, 

oxygen and mOlsture. These sheaths are sufflclently reslstant to damage dunng transportation, 

storage and installation. Two types of sheathlng commonly used are stledthlng extruded over a 

tendon and ribbon type sheathrng, the latter belng heat sealed after encloslng the prestressrng 
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tendon Plbbon type sheathmg is less effective due to ilS vulnerabihty to corrosion rnduclng 

agents through the sealed seam. 

2) Anchorage Systems 

It IS essenllal to properly seal the ends of anchorage systems after stressing operations to prevent 

any mOlsture from penetratlng mto the tendon. Conventlonal Portland cement concrete plugs 

have been found to shnnk or crack due to corrosion of the anchor plate, resulting in thelr 

loosening Îrom the anchorage pockets. 

One of the followmg two recommendatlons can be followed: 

1) Use of prefabncated concrete plugs - If a prefabncated concrete plug IS to be used, prlor to 

plugging the €:nd anchorage poeket, the (;"Id of the tendon IS thoroughly sealed by applying an 

epoxy resln compound or corrosion inhlbltlng grea.se The protectlve coat IS capped wlth a screw 

cap or a plastic IId to prevent It from displaclng 

2) The anchorage system can be completely isolated from the surroundlng concrete by 

encapsulating ft wlth a plastic sheathrng made of high denslty polyethylene or polypropylene to 

ensure protection agalnst corrosion. 

3) Grease 

Grease used for protectrng the unbonded tendons should be tested for water permeabihty, aging 

and Impuntles such as chlondes, sulphides or nitrates. It should be applJed evenly to the strand 

and it should flll the sheathmg completely. Also, il should be free from air pockets, be continuous 

over the entlre tendon length and It should not become fluid over the anticlpated temperature 

range. 

4) Drainage 

An affective drainage system shou'lu not only remove the storm water drain from the bridge deck 

but also simu!taneously prevent it from contacting with the adjacent substructure elements. A 

drainage system should have intakes of at least 200 mm diameter, removable intake grids, pipe 

diameters of at least 150 mm, and a pipe slope of at least 60°. Intakes should not be located 

close to expansion joints in a dec:k slab and should be regularly inspected and cleaned. 
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5) Mlseellaneous Corrosion Control Me •• ur •• 

An epoxy based coating is commonly used ta protect structures adjacent ta leaklng JOints agalnst 

Intrusion of corroslon-Induclng agents Normally, the casting 15 Installed after sand blasMg and 

pnmlng the concrete surface ta prevent wettlng and penetration Even If the coatlng appears ta 

pro" Ide good protection, It should not be consldered a substltute for a properly deslgned and 

mamtalned JOint Epox')-glued JOints ln segmental box unrts appear ta provlde a good water ttght 

bond between sections 

4.7 Present Repair Practices-Some Typlcal Procedures 

4.7.1 Use of Epoxy Injection 

Shear and flexural cracks can be effectlvely sealed by thls method. It IS a simple procedure of 

rebondlng whlch Involves seahng the external area of the crack and then forcing epoxy bondlng 

through My holes perforated ln the sealant surface Into the crack The chosen epoxy resln 

system should be compatible wlth wet conditions for field applications. 

4.7.1.1 Repair of Flexural Cracks 

Pnor to epoxy InJection, any loose matenal III the cracks IS blown off uSlng compressed air 

InJectton ports are then placed every 250 to 300 mm along the crack The port spaclllg IS chosen 

ta be approxlmately equal to the web thlckness whlch ensures adequate epoxy penetration 

through the cracks. l, rapld cunng, smooth paste epoxy gel IS used ta se al the cracks and 

secure the Injection ports pnor to pressure groutlng. After almost two hours of cunng the epoxy 

gel, n hlgh strength low VISCOSIty epoxy adheslve IS pressure-lnJected Into each crack from the 

lowermost Injection port. The InjectIOn progresses from port to port as soon as epoxy emerges 

tram the next hlgher port along the crack or a pressure of 680-980 KPa IS S' Istalned at one pon 

for 30 seconds wlthout the flow of epoxy (23). The epoxy IS then cured for t ..... ' days after whlch 

the epoxy seal around the cracks IS removed. 

4.7.1.2 Repair of Shear Cracks 

An effective method for repair of shear cracks (60) consists of drilling hales deep down to and 
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Interceptlng the crack al an angle approxlmately normal 10 Its surface The holes extend beyond 

the crack for a distance of about 500 mm An elastlc sealant as descnbed earller is used to 

confine the crack Epoxy IS then pumped through the bottom-most hole and Into the crack to flll 

It. Dunng the process of fllhng the glrder, rebars of at least 900 mm length are placed across the 

crack and bonded ln place wlth the polymenzed epoxy as shown ln Figure 4.3 After ail of the 

bars are ln place, epoxy pumpmg IS contlnued untll the crack and the dnlled holes are completely 

Med 
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--2!1~ mm (10", T,,,,cal FQII' Ploc" 
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Figure 4.3 (a) Epoxy InJection· Level of Epoxy when Rebar Should 

be Inserted ln the Hole (60) 
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Figure 4.6 (b) Epoxy InJection· Typicii Sketch and Description (60) 
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4.7.2 Preloading 

This simple technique Involves the application of a temporary vertical load dunng the repal! -In 

place of a damaged prestressed member. Preloadmg IS applled mther by means 01 a loaded 

vehlcle or by vertical jacklng as shown ln Figure 4 4 (a and b). The advantago of tl1ls procedure 

is that rt requires a smaller roadway wldth However, If a single JaCk 15 used, It IS necessary to 

compute the temporary stresses that Will be Induced due to transler 01 the JacKlng load through 

the slab and the dlaphragms to the adjacent glrders 

Preloadlng can be used ln many Instances to restore the glrder to ItS onglnal condition wlthout 

addlng prestress. In cases where a signlflcant concrete portion of the glrder has been lost, It 15 

necessary to tlrst calculate the section propertles of the remalnlng cross section to determlne the 

rpquired preload. Furthermore, If the maximum allowable compressive stress ln the reduced 

bottom flange 15 exceeded, enough preload dunng repalr must be apphed tu bnng Hus slre~s 

withm the allowable IImlts 

Partial or full prestress to the repalred are a can also be restored uSlng preloadlng ThiS may 

be needed to reduce or ellmlnate tension under live load plus Impact Durablhty of repalr can be 

enhanced by applylng preload pnor to epoxy Injection and repalr ThiS Will result ln Hw live Icad 

stresses being no greater t"an the onglnal stresses. Preloadlng can al 50 be used to Improve the 

repalr of glrders with severed prestressmg elements ln thls case, care should be taken ta apply 

the correct preload to avold any cracking ln the rernalnlng portion of the glrder 

Steel Beam 

Hydrauhc Jack 

(also provlde 

blocklng and shlms) 

Oamaged Girder 

Brace compression 

Jack to provide 

requlred preload 

Figure 4.4 <a) Preloadlng by Verticii Jlcklng 

-Section near Point of Dlmage 
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Figure 4.4 (b) Preloadlng by Vertlca' Jacklng 

-Section Adjacent to Plera 

4.7.3 Use of Precast Concrete Panels 

This IS a new and InnO\latlve approach Iri whlch precast, prestressed high strength concrete 

panels are added ta the eXlstlng bndge glrder ln the form of a thin bottom soffit (FIgure 4.5). The 

bottom sofflt panel 15 posltIOned wlth galvamzed dowel bolts and epoxy grouted to the girder 

bottom. The panel not only Increases the longitudinal f1exural capacity, but also improves the 

transverse load distribution charactenstics and bridge aesthetics through a closed bottom soffit. 
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Figure 4.5 Bottom Softlt Slab Panel Addition (23) 

4.7.4 Externat Post-Tensioning 

It is weil known that conventIOn al prestresslng Imposes a permanent direct compression and a 

bendlng moment whlch reheves the applled bendlng moment. For a prestressed concrete deck, 

the above two effects together allow the deck to carry addltlOnal supenrnposed de ad and live load 

moments wlthout exceedlng the permlsslble bendlng stresses This technique can also be used 

to increase the capaclty of existlng overloaded decks It also flnds applicatIOn ln strengthentng 

prestressed girders wlth severed or damaged tendons. 

The direct compression effect of the added prestresslng is ln general not of any advantage 

Aiso. the allowable compressive stresses ln relnforced concrete are usualty lower than those in 

prestrp.ssed concrete 

A most convenlent and common way is the addition of external prestresslng tendons on the 

sides of the webs of ~he gtrders at the bottom ta Increase the mldspan flexural capaclty The 

external post-tensioning is anchored to the bndge section through an char blacks ln the webs 

and/or any intermedlate diaphragms in the bridge span as shawn ln Figure 4.6. The anchar 

block reinforceme."t IS designed based on the shear fnctlon cntenon 
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Figure 4.6 External Post·Tenslonlng (10) 

The shear fnctlon relnforcement can be anchored in two ways: through dowels grouted with 

epoxy ln honzontally dnlled holes or by settlng indlvldual dowels in drilled inclined holes witt! 

Portland cement graut on one SI de and epoxy gel on the other side of the girder as shown in 

Figure 4.6. 

ln repamng damaged glrders, as shawn ln Figure 4.7, ail of the loose concrete trom the 

surroundlng area IS removed and the area IS thoroughly cleaned with a high pressure water jet. 

Cracks. if any are chlpped ln the form of V-shaped groove. A predetermined axle load is placed 

over the damaged area of the beam. Any formwork necessary ta replace the concrete is installed. 

Ali cracks ln the e)(18ting beam are sealed with epoxy as weil as the cont3ct surfaces of the 

eXlstmg concrete coated wlth epoxy resin The new concrete is then placed while the epoxy resin 

is still tacky. The axle load 18 then removed from the damaged beam after the concrete has 
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attamed the reqUlred strength The dlaphragm eonerete IS then removed ta allow for passage of 

the new pcst-tenslonlng tendons Shear keys at sUltable spacmgs are ehlpped Into the mustlng 

beam along its length ta house the new tendons Hales are dnlled through the web as shown 

to accommodat!? the relnforclf1g bars to tle the new concrete together The relnforclng bars are 

grouted Into the holes The surface of the con crete beams where the new concrete IS to be 

bonded IS roughened and cleaned followed by Installation of the post-tenslonlng duets. relnforclr'g 

steel and the tormlng for the new concrete The contact surfaces are then coated wlth an epoxy 

resln and the new concrete IS placed whlle the epoxy IS still tacky After the concrete has attalned 

the design strength, the strands are tensloned to the speclfled load ln a sequentlal manner ta 

balance the load on each side of the tlange Flnally, the post-tenslonlng duels are grouled wlth 

epoxy mortar. 

••••••• 
• 00.0. 0 

Elllllni '.Im 

Dom.llod Or o.,. rlor.'.d 
Ar •• 

Figure 4.7 (a) Damaged Beam Repalr -Section AA (10) 
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Figure 4.7 (d) Addition of Post.Tenslonlng Strands (10) 
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It has been common ta extend the new tendons over a length greater than that shawn ln 

Figure 4 7. It may also be practlcal ta post-tension between the end dlaphragms rather than tlle 

Intermedlate dJaphragms ln any case, the eXlstlng dlaphragms should be structurally adequate 

ta support the end anchorages 

The above repalrs can usually be C'arned out Wlttl one lane of bndge open to trafflc However, 

speed restnctlons are speclfled to avold problems due ta any tratfle Induced vibrations 

4.7.5 Use of Shock Transmission Units (STU) 

The eXlstmg vladucts usually conslst of long sim ply supported deck spans on hlgh piers This 

IS often seen ln major river crossmgs where hlgh navigationai clearances reqUlre long approach 

vladucts as shown ln Figure 4 8 

The piers under each slmply supported span mevltably carry flxed beanngs tor the one span 

alongslde free beanngs for the adjacent span ThiS means that the design longitudinal traction 

and braklng must be apphed Indlvldually ta each deck span through the v:aduct Main resistance 

is offered by the pier carrylng the flxed beanngs of that partlcular span. 

" /' 

TyplCal navigahle r,ver" or canal cr055lng 

F~@ b@aNng Deck trachm or brakmg load 
F,X@dbearlngJo,nt ____ ----,45tonnes--·DL -c 4-- M05t of 45 tQnnes 

must be applled to 
each pler ln turn Via 
tlle f I)\ed bearmg 

:>,' -< ,', ~<",;;::: </":'"7- --<.<" /~,' ,~'>' /~-y>::_<:r--~'» 
Enlarged detall of approach span 

Figure 4.8 Substructure Strengthenlng uslng Shock Transmission Unlts (25) 
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Figure 4.9 Typlcal Section of • Bridge STU (25) 

Assessment of the structural integrity of a number of these viaducts have indicated that the 

piers are understrength due to increase ln deck longitudinal loadlng from the design loadlng and 

also due ta deterioratlon caused by deicing salts, carbonation, etc. For example, a substructure 

wlth say ten equal helght piers Will have a total reslstance capaclty of approxlmately ten tlmes the 

original deck design traction and braking longitudinal loads. This total reslstance can be 

mobllized by provlding load transfer shock transmission units across the deck loints. 

Shock transmission unlts are mechanlsms which are connected across rnovement joints 

between structural elements and transmit slow acting JOint movements hke temperature and 

shrinkage with negllglble reslstance and, when required, transmit momentary Impact forces like 

traction, braklng and earthquake wlth negllglble mo"ement (25). 

A typlcal bndge STU developed ln the United Kmgdom consists of a silicone compound which 

readlly deforms under slow pressure but becomes ngid under Impact The unit consists of a steel 

cyhnder containlng a loose flttlng piston flxed ta a transmiSSion rad. The VOid around the piston 

is filled with SIlicone putty whlch when subjected ta a slow movement, squeezes around the piston 

and dis places from one end of the cyhnder ta the other as shawn ln Figure 4.9. 
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4.8 Replacement Techniques 

The cholce of a replacement procedure IS usually made based on the eXlstlng site conditions and 

may Include elther replacement from above, replacement from below or by replacement wlth a 

precast section that mlght Include roadway deck and curb, The most popular rnethod used to 

replace a damaged glrder has been to remove portions of the roadway slab and dlaphragrns, 

allowlng the glrder to be IIfted up and out of the structure It IS necessary to leave sufflclent 

length ot the relntorclng steel, extendlng trom the slab and dlaphragms, to provlde for lap 

requlrements, Also, sawcuts are made ln the slab pnor to the con crete rernoval to obtatn good 

breakhnes in the sound concrete 

Two methods of replacement as followed by the Iowa and Minnesota Transportation 

Departments, U,S,A" have been descnbed Both rnethods require the use of conventlonal 

falsework dunng the removal operatIOns, rhe falsework IS requlred to be designed and 

constructed to saiely carry the irnposed loads Detalling of the falsework and public protection 

systems should be carefully included in the detalled replacement plans and specificatIOnS, Also, 

the highway below needs to be temporanly closed during the removal and replacement of the 

girders, 

4.8.1 Iowa Method 

ln this method (16), the falsework bents are located at the point where the girder 15 to be eut for 

removal. The removal Involves two stages as shown ln Figure 4,10, The falsework bent IS 

constructed sa that ha If of It is moved for the second stage removal ThiS allows for maximum 

movement of trafflc during rernoval, The falsework bent whlch remalns ln place through both 

stages of construction 15 sheathed wlth plywood ta serve as a barner between removal operations 

and the traffie lane. The falsework bents are razed after bath sections of the damaged girder are 

removed. 
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Figure 4.10 Iowa Method (16) 

4.8.2 Minnesota Method 

ln this method, the damaged girders are removed and replaced from underneath the roadway 

slab (16). Both facia and interior girder replacement are describ9d in detait in Reference 16. In 

both cases, the girders were fabricated without any shear devices projecting from the top. 
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4.9 Fabrication, Storage ard Construction Defects 

1) Concrete Detecta 

These include minor spalls, rock po<.;kets, hairltf'le cracks, etc. A wide range of repalr methods 

can be used like patching with epoxy mortar or concrete mortar applied to epoxy coated surfaces, 

minor cracks sealed with epoxy, mortar patching after areas are chipped to sound concrete, final 

finish by burlap bagging or stone and epoX} injection. 

ln cases where precompressed areas are to be repaired, the pres~ress is first released. This 

may, however, lead to cracking in the repaired areas with the application of additional dead and 

live loads. Ingress of moisture is not ruled out unless the depth of the detect is very superficial. 

This may cause corrosion of the prestressing elements. An alternate method to restore 

compression after release of prestress is using the technique of preloading (see Section 4.7.2). 

2) Horlzont.1 MI •• lIgnment 

This defoc! oCC~JrS during manufacture and may be due to one or more of the following reasons: 

1) Prestressin~ strands not following the centre lines of the girders closely enough. 

2) Sunlight on one side of the girder which may cause a permanent set if not rectified. 

3) Cu ring procedures that allow a large temperature difference on opposite si des of the girder. 

4) Imi 'roper storage that allows the girders to tilt slightly and cause lateral bow. 

Excessive horizontal misalignment can be avoided by storing the girders 0\' firm supports, 

preferably ln a north-south position. Also, large differential temperatures on opposite sides of the 

girdf.r during curing should be avoided and the strands must be placed accurately with respect 

to the centre line of the girder. Another method to eliminate or reduce laterai misalignment is by 

shlmming under one side of the girders. A last resort would be the use of external force to pull 

the girders into proper alignment. However, this can create flexural stresses that reduce 

compression on one sida of the bonom flange, increasing the probability of cracking under the 

action of additional dead and livA loads. 

3) Rotatlonal MI.aUgnment (Twist) 

This Is a rare manufacturlng defect and can be avoided by carefully aligning the forms. Twist is 

more critical for wlde flqnge girders that connect each other. For girders with cast-In-place decks, 
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the t. .. 'arings can be adjusted shghtly to compensate for minor twisting. External twisting force 

can also be used to restore proper alignment. However, this may induce tenslle stresses with 

increasing probability of cracking under the application of additional dead and live loads. 

4) Misiocation of Prestreaslng Strands and/or Relnforclng Steel 

Proper care should be taken during placir/g of the prestressing strands to avoid misloeation, 

which can be rectified by applying extePlal tensile stresses. This is usually avoided sinee il 

increases the probability of cracking of the concrete under the applicatIOn of addltional dead and 

live loads. Reinforcing steel may also get mislocated due to improper cover and can be corrected 

by adding a 25 mm coatlng of epoxy mortar. 

5) Mishandling 

Mishandling at the plant or during transportation can cause damage to the glrders. This may 

range from minor damage in the form of small spalls to major damage in the form of buckhng and 

complete failure. This can be avoided by taking proper care during handhng and transportation 

such as provision of lateral braclng trusses. Any cracks and spalls arising due to mishandhng 

should be repaired using the established procedures presented earlier. 

4.10 Mlscftllaneous Repair Techniques 

4.10.1 Repair of Deteriorated Ends of Girders 

Er/ds of girders may deteriorate either due to excessive shear forces from uneven settlement of 

the substructure or by chlorides and/or freezing and thawing in cold cJ:mate. Deterioration may 

also occur due to lack of provision for movement trom temperature changes. 

The repair procedure consists of initially constructing temporary bents for supporting the jacks 

and blocking as shown in Figure 4.11 (a and b). The jacks are then placed in position. The 

entire end of the bridge is raised by a fraction of an inch and a thin piece of sheet metal is 

inserted under the girder seat at the pier or the abutment to serve as a bond breaker for the new 

concrete. 

The deteriorated concrete is removed in steps as shown in Figure 4.11 (b) to provide horizontal 
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bearing surfaces between the new and old concrete. The new reinforcing steel is then placed 

in position and lapped or welded with the existlng steel as shawn in Figure 4.11 (c). Epoxy 

bondlng compound is applied to the shear surfaces of the girder ends. Formwork is erected in 

place and fresh cor .crete with a non-shrink additive is poured. After the concrete has attalned 

sufflcient strength, ail of the beams are jacked simultaneou31y to sufflcient height to allow placing 

of the elastomeric ooaring pads. The entire end of the bndge is then lowered uniformly and 

checked for any possible distress in the repaired area. 

The above method should be used only if the deterioration at the girder ends is extensive. In 

case of moderate cracking, epCJxy injection is sufficient and economical. 
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Figure 4.11 (c) Repalr of Deterlorated End. of Glrder •• Repalred Area (10) 

4.10.2 Use of Pier Saddles for Repair of Distressed Girder Bearing Areas 

Bearing areas ot distressed glrders can be repalred either by relocating or by extendlng them. 

However, It IS advisable only ln cases where the repalr of concrete beam ends would be 

Inadequate ur inadvisabie. Funhermore, the dead load reactlons trom the adjacent spans should 

be approxlmately equal and the live load shear should be small to prevent racklng of the sadd le 

assembly. 

4.10.2.1 Repair of Bearing Areas 

This repair procedure involves use of prefabricated channel sections, box beams and other 

saddle componer.ts (Figure 4.12 -a to c). The saddle components are designed for normal glrder 

reactlOns. A red paint IS applied ta the pier cap beanng area that Will suppon the channel 

sections. Three layers of duck are then placed over the bearing are a with each layer belng 

thoroughly painted. The channel sections are then placed over the pier cap. Also, hanger straps 

and draw-up bolts are attached to the supponing box beams. Elastomeric beanng pads are 

placed on the box beams under the girders after which the beams are pu lied up using bolts 

passing through the lugs provided on the channels and sadd le beam hanger straps. The 

channels are then welded to the hanger straps and the draw-up bolts are removed. The bolts can 
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be left ln place as an alternative in which case the we:jing can be E:lliminated. 

N ••••• rlll' 'urf.c. l'rovld.d 
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Figure 4.12 (a) Relocltlon of Bearlng Are .. 
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Figure 4.12 (b) Relocatlon of Bearlng Areas - Side Elevation (10) 

85 



rBrldge Oec;k 

.. . . l' ~ .• 
• • ~1 ,~ ".!:. \". '~"'." 

F'--'-"-........:..,~'. 1. ' .' 1 -r---':':' '--~ 
b ~ " •• 

,l',,~' ~ _.~ ~ 
• l , 

O, .. w·UpBolt Location Hlnger Strep 
" ' ... '. 

~ . '=.: , 
• ' a • 

Figure 4.12 (c) Reloc.tlon of Bearlng Areas - Section A-A (10) 

4.10.2.2 Extending the Bearing Areas 

The saadle components used ln this repair procedure are shown in Figure 4.13 (a Q:"\d b) and are 

designed for the maximum girder reactions, Red paint is applied to the bearing area whlch 

supports the double angle sections. Three sections of duck are placed over the bearing area and 

each layer is painted. Angle assemblies are then placed over the pier cap and the hanger straps 

are attached with the supporting wide tlange beams. Field shim plates are then placed and 

welded to the hanger plates such that a snug tlt with the pier cap is obtained as shown in 

Figure 4.13 (a), 

Falsework is erected over the ends of the assembly in which a non·shrinking grout is placed. 

After the grout has achieved final set, concrete is placed between the angle and beams as shown 

in Figure 4.13 (b). The forms are then removed. Although this procedure can he used as an 

alternative to the earlier method, it does not remove the existing dead load bearing forces trom 

the pier cap. 
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5.1 Introduction 

CHAPTER 5 

BEARING SYSTEMS 

Bridge bearings are necessary to transmit both vertical and horIZontal loads trom tl1e deck to the 

substructure. The verticalload is usually a compressive load and conslsts of dead and hve loads. 

It may De tensile in some cases dependmg on the continUity of the bndge and the loadlng 

pattern. The horizontalloads conslst of brakmg forces due to the vehlcular trafflc, wlnd forces, 

centrifugai forces in curved bridges and earthquake loads. Beanng systems have to be designed 

in su ch a way that no constraints occur in accommodatlng the movemenls between the deck and 

the substructure for an efficient transfer of vertical and honzontalloads. In earthquake zones, the 

beanngs ~hould provlde addltlonal restraint to keep the joint from separating and Ihe span from 

dropping. 

Malfunctioning of beanngs can be attnbuted to accidentai damage or dlsplacement, chemical 

attack, tire, corrosion and the most important being improper Installation It is, therefore, 

necessary 10 implement a routine bearing maintenance program to keep the bearings protected 

trom the effects of water, deicing salis and debris leaklng from the Joints. Ali potenllal faults 

should be repaired before they cause any senous damage to the bridge. 

The following sections discuss the various types of beanngs used, their problems and the 

current repair and replacement procedures. Recommendations for design, installation and 

maintenance, and retroflt procedures to withstand seismicity have also baen discussed. 

5.2 Types of Bearings 

5.2.1 Slidlng Plate Bearings 

These were tl,s earliest type of bearings. made trom a variety of materaals, with the simplest being 

steel plates sliding on each other with their surfaces lubricated to allow tree movement. For small 

movements (i.e. spans less than 12 m), an approximately 3 mm thick lead shoot or 1.5 mm thick 

graphite-impregnated asbestos shaets are used instead. between the plates. However, the steel 

plates get corroded due to the accumulation of debris on and between the plates leading to 

freezing of the bearing. Also, the lubricant has a tendency of being forced out which may cause 

wearing of the plates. This problem is avoided by the use of self-Iubricating bronze bearings 
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consisting of a lubricatlng bronze plate wlth chamfered edges, elth~r fiat or machined to a radius 

pl.3ced between the lower masonry plate and the upper sole plate (9). 

Recently, the most preferred type of shdlng plate beanng has beeil the use of 

polytetrafluoroethylene (T'FE or PTFE) slldlng on c;teel (Figure 5 1) PTFE has excellent low fnctlon 

propertles Also, hOrizontal movement ln any directIOn IS possible Due to ItS low compressive 

stre'lgth and high thermal expansion, Il is usually combtned wlth bron.:e or glass fibre flHers to 

give rt the necessary strength for use in bridge beanngs. The foJlowlng three baSIC pnnciples 

should be observed in utllislng PTFE (34): 

a) The matlng surface should be smooth and fiat (or it should have the same curvature as the 

PTFE)-and remaln so in service. 

b) The PTFE should be mechanlcally retained on a ngid bac king plate in a recess in arder ta 

prevent ItS excessive creep and also to seeure the sheet and prevent it trom slipping out of the 

bearing due (0 any structural movement. 

c) Some misahgnment can always occur during service due ta creep, shrinkage, settlement, etc. 

It is therefore essentlal ta provide a self-aligning device within the bearing assembly in order to 

avoid high stresses on the PTFE and the concrete. 

The support of the sliding bearing plates is very important smce even smalt deflections can lead 

to seizure, say, through metal contact between the PTFE retaining plate and the mating sliding 

plate. This can also be caused by the hydraulic loading resulting from liquid concrete. Any 

deflection of the beanng top plate would, therefore, become permanent upon the curing of 

concrete. 

• .'. ..~ '" •• ,. .';' .... 4 
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Figure 5.1 PTFE BeBrlng • Oeflectlon of BeBrlng Top Plate (34) 
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5.2.2 Roller Bearings 

These are usually made of curved hard steel surtaces whlch roll over other hardened steel 

surtaces The rolhng surfaces are treated wlth a hard chrome steel platlng to Improve the 

corrosion and abrasion reslstance. Some of the roller beanngs belng used presently are. 

1) Roller Nests 

A raller nest consists of small diameter rollers (38 mm ta 50 mm) closely spaced to form a nest 

The rollers are kept parallel and separated from each other by provldlng spacer bars on each 

end. However, there are rnany 8mall spaces left 'Nhlch may eventually get clogged wlth debns 

leadlng ta thelr jammlng and rustlng A common preventive measure IS to flll the spaces wlth 

grease to prevent mgress of debns and mOlsture However, the grease can melt due to 11aat, 

thereby exposlng tl'le spaces. An Improvement conslsted of the use of a gloup of larger dlameter 

rollers (up to 360 mm dlameter) which are not only free from debris but also glve better access 

for cleaning besldes accommodatlng larger movements. 

2) Single Roller 

ThiS improved system consists of a single roller of diameter greater than 100 mm. It is kept in 

place by pintle pins tightly set into the lower element, two each on the top, bottom, and along the 

line of contact of the roller and plates. The pins project Into holes provlded ln the plates and are 

loosely fitted to permit backward and forward movement of the raller besldes preventlng them 

from straying from their position (3ee Figure 5.2). 

A cam mon problem with a single roller system is agam the ingress of mOlsture Into the tlght 

areas at the top and bottom of the rollers leading to corrosion and development of fiat spots on 

the rollers. This can be repaired temporarily by ;acklng up the bridge and rotatlng the rollers 

through 45 degrees ta bring new clrcular sections into the bearing areas. A more permanent 

repair is subsequently necessary. 
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Figure 5.2 Single Roller (9) 

3) Segmental Rocker. 

This bearing has the form of a cylinder with its two sides eut out with concavity inwards, the radii 

of the two eut-out faces being usually greater than hait the depth of the rocker. This roller was 

an improvement over the conventional roller wherein the unused sides are eut ta reduce its 

weight, basides reducing the space occupied. 

4) Plnned Rocker. 

Recently, pinned rockers have been used more frequently mainly due to the tendency of the pin 

connection to maintain the correct ahgnment (Figure 5.3). However, the main disadva"tage Is the 

corrosion and freezing of the pins which may cause locking of the joint. They have been used 

mainly for long spans and heavy loads. 
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Figure 5.3 Steel Rocker. and Plnned Bearlngs (9) 

5) Rack and Plnlon Bearlngs 

, 
rn 

These bearings have also been used for large spans to cater for very heavy loads. A typical 

arrangement consists essentially of a pinion rigidly attached :1'.; the shaft of the bearing at each 

end. The pinion has two racks, one above and one below, attached to the superstructure and 

substructure, respectively. The pinions serve to keep the rollers aligned even for very large loads 

without shearing off. 
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5.2.3 Linkage Deviees 

A common I!nkage device consists of a simple step bearing with an elastomeric expansion pad 

as shown in Figure 5.4. An alternate procedure used recently to accommodate large temperature 

movements has been the use of bridges with tall and slender ç'iers with no intermediate 

expansion bearings in which case the slenderness of the piers absorbs the movement as 

explained in Section 3.6. 
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Figure 5.4 Typlell Llnk.ge Deviee for Concrete Box Glrder (9) 
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5.2.4 Elastomerlc Bearings 

These have been developed lately and found the most suitable compared wlth other types of 

bearings. Their advantage is their low installation and maintenance co~t. They are practically inert 

and unaffected by weather. They usually do not have any moving parts and can be used for 

moderate movements of around 50 to 75 mm. Also, they have rotation handhng capacity which 

can be increased by increasing the number of elastomer layers. 

As shown in Figure 5.5, a typical bearing consists of alternate laminations of elastomer and 

metal or metal and fabric separators bonded together. Commonly used elastomers have baen 

either virgin natural polyisoprene (natural rubber) or virgin chloroprene (neoprene), wlth the latter 

being preferred. Rolled mild steel sheets and glass fibres have been used as metal and fabric 

laminations, respectively. The top and bottom laminations are usually of metal or fabnc. Metal 

laminations at the top and bottom are usually coated with a approximately 3 mm thick sheet of 

elastomer. The bearings have to be placed on a smooth and level surface of the seat without any 

adhesives. Generally, a concrete restraining lip is provided around the pad to prevent any 

slipping during earthquakes. 

If quality materials are used, elastomeric bearings can take a considerable amount of rough 

treatment bafore tailure. However, localized loading, for example, due to uneven seating can 

break the bond between the elastomer and steel. The resulting shaar forces can disintegrata the 

seats at the edges. This can be avoided by extending the seatings at least 50 mm beyond the 

edge of the bearing. 

Concrete Pier Bearing pad 

~ 
If the pad is restrained like this 

This will happen 

Not less than 2h 

This is a better detail 

Figure 5.5 Ela.tomerle B •• rlng (9) 
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A special type of elastomeric bearing useC'l to support considerably higt .er loads is the pot 

bearing. It consists of a large round elastomenc pad confined by a heavy steel ring, which 

enables a high load to be resisted by the elastomer. A pot bearinIJ essentially resists rocking 

movements, and therefore, it avoids the need for precise finishing of the bearing surfaces and 

other mechanical arrangements. It has also been used to resist horizontal movements, in which 

case, il is in the form of a sliding pot with stainless steel plates and PTFE pads. As shown in 

Figure 5.6, the elastomer is confined in a steel cyllnder and a load is applied through a 

close fitting cutting plate. The steel plate slides on the PTFE to accommodate expansion and 

contraction. The elastomer within the pot acts as a fluid distributing the pressure equally over the 

base and also accommodating rotations upto 1:50 (9). 

pU. dlsk 
atalnl.ss ateel faced 

ail ding p'ate 

cyllnd.r 
(pot) 

5.2.5 Spherlcal aearlngs 

naturel rubb.r block 

Figure 5.6 Pot Be.rlng (17) 

A sphsrical bearing is similar to a pot bearing and utilises PTFE concave or convex surfaces as 

shown in Figure 5.7. The bearing can self-align itself due to the bail and socket arrangement. 

Also, It has a constant resistance due to the friction on the sliding surfaces and permits large 

rotations. They are used at the bottom or top of columns to prevent ar.'I bending moment being 

transmitted to the column. 

Spherical bearings have had severe problems of freezing and subsequent tailure in cold 
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climates. Also, they are difficult to install during erection and the columns as weil as the whole 

bridge requires to be supported to provide stability during erection. 

Stainless Steel Sliding Plate Bali and Socket Arrangement 

Piston 

Figure 5.7 Spherlcal Bearlng 

5.3 Common Problems with Bearing$ 

Problems with bearings have resuired from a number of causes, sorne of which are presented 

below. 

1) Freezlng 

As mentioned earlier, freezing or locking up of the bearings is a common problem for bridges in 

cold countries. This can restrict the free movement of the structure leading to overstressmg of 

some elements and subsequent failure. Freezing is a common phenomenoil in almost ail types 

of bearings and more pronounced in the sliding type. Application of graase on the surfaces has 

been tried as a possible remedy. However, grease can attract and ho Id dÎrt which can eventually 

find its way between the surfaces. 

Freezing of bearings can lead to cracking or spalling 0f the bridge seats due to overstressing 

and eventual failure. This failure is called secondary failure and is worse than the initial failure of 

the bearing. 
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2) Unequal Resistance to Movements 

Since expansion joints serve to accommodate expansion and contraction movements of the deck. 

their number as weil as the design movement to be provided depends upon the span of the 

bridge. For a long span bridge with a number of expansion joints. the possibility of ail of the 

movement being transferred to one joint due to unequal resistance offered by the beanngs cannot 

be ruled out. This can lead to tearing of the bearing and cracking of the deck. It can be avoided 

by providing bolts acrass the joint with compressible material under one end which allows only 

the design movement after which the boit tightens transferring the exc~ss movement to the next 

joint. 

3) Effect of Mollture and Dlrt 

Ingress of moisture and dabris has baen the most common cause of corrosion of bearings and 

ha!» been emphasized earlier. Although temporary repairs such as galvanizing is possible. a more 

permanent repair method is to replace the bearings. Moreover. preventive maintenance is the 

best alternative to ensure regular functioning of the bearings. 

4) Effects of Incorrect Instillation 

This is perhaps the most important cause of bearing distress. A bearing will perform as desired. 

only If il is installed correctly. In addition to proper bedding. bearings should be correctly oriented 

to allow rotation and movement about and along the intended axes. 

Selection of bedding material should be based upon the method of installation. the opening 

size to be filled. the strength and setting time required. Commonly used materials are cement 

mortar wlth or without a chemical resin. grout or simply a dry packing. The following preventive 

measures should be taken during installation of the bearings: 

a) Ali formwork around the bearings should be sealed. 

b) White using cast-in-situ decks. care should be taken to prevent any leakage during casting. 

c) The bedding should extend over the entire area of the bearing and should be free from any 

hard spots. 

d) Any temporary packing used during erection of the bridge deck should be removed and the 

volds should be filled with bedding materia\. 

e) Adequate space should be provided around the bearings to allow for inspection and 

maintenance during service. 
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f) For abutments or piers that are high or above water, It is convenlent to provide a travelling 

staging in the design to faclhtate inspection . 

Effect of uneven seating on elastomeric beanngs has been explained ln Section 5.2.4. 

Improper preparation of beddlngs can also cause fallure of the bearings. On curved bridges, the 

expansion and contraction occurs parallel to a chord drawn between the bearings rather than on 

a tangent to the curve. It IS qUite possible that the bearings may be installed paralieJ to the 

tangent th an to the chord whlch results in failure. 

5) Twlstlng and Wearlng 

Rocker beanngs without pintle pins for the linkage between the rocker and keeper plates 

suddenly move to one extreme of their movement and Jock themselves. In such a case, the 

beanng is removed and the keeper plates are installed to force the rocker to act and remain in 

position. 

ln cases where pintle pins are provlded, weanng of the pins due to movement can occur over 

a period of tlme. Although thls problem is nct so senous, It IS advisable to either replace the pins 

or repair the pins by weldlng and then reboring. 

5.4 Recommendations for Design 

Although the various aspects involved in the design of bearings are beyond the scope of this 

thesis, an important aspect of articulation is found ta be worth mentioning. Articulation is a rl"aans 

of accommodatlng the horizontal forces exerted on the superstrUl :ture in its design and 

construction. In other words, it is a procedure Clt matching the bearing stiffness to the pier 

stiffness ta achieve economic sharing of the longitudinal forces. Day (17) presented detailed 

procedures for articulation. According to Maurice (34), the following basic principles should be 

observed: 

"1) Where possible, the structure should be free to move wlth minimum restraint. 

2) Bearings must support the verticaf loads imposed by the stfL.'cture and should be positioned 

so as to permit movement (or restraint as the case may bel without aff~cting other bearings. If this 

is impossible, the secondary forces must be taken mto account. 

3) Structures move transversely as weI/ as longltudmal/y. For this reason one guide bearmg per 

fine of supports is to be preferred to a Ime of gU/de bearings. Under transverse loading it is likely 

that more than one bearing will actual/y react to the load. A/so, if there is any transver3e stresslng 
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operation or shrmkage, more than one gUIde bearing might cause dlftlcu/ties. 

4) The beanngs will on/y perform as mtended If mstalled correctly Bearings not only need to be 

properly bedded but they also need correct orientation in order to permit rot, "ion and movement 

aboLit and along the mtended axiS Careful superviSIOn of beanng installation will prevent 

expenslve corrective measures m the future • 

5.5 Repalr/Replacement Procedures-Criteria for Selection 

The decision to Implement a partlcular repair depends on the type of bearing used as weil as the 

nature of distress Involved and this can be done readlly with the current evaluation procedures 

and available techniques. However, the decision between repair and replacement is very hard 

to make and has to be based primarily upon the cause of f"ilure. For example, if failure has 

occurred due to the inh6'rent characteristics of the bearing, it is more convenient to repair it than 

replacing il with a similar bearing. On the other han d, replacement is preferred in cases when 

it is possible to Jack up the bridge and slide another bearing and is inevitable when the bearing 

has served its expected life span. Old bearings are usually replaced with elastomerlc bearings. 

ln case the beanng IS defective, replacement is absolutely necessary. 

Replacement is generally more expensive than repalr. It is often necessary to construct a 

temporary bent ln front or on either sides of the pier to jack up the bridge to relieve the bearings. 

Replacement should be undertaken only if serious deterioration is observed in the bearings, 

otherwise they can be cleaned. reconditioned and reset back to position. 

5.6 Some Retrofit Procedures to Withstand Seismicity 

It has been pointed out earlier that during earthquakes, bridges are likely to slide and slip over 

the bearings or lifted off in the event of seismic loading with a strong vertical component. 

Robinson et al (51) have developed procedures to prevent uplift at a pier one of which is shown 

in Figure 5.8. Vertical restraining rods are provided between the girders and the pier wall to limit 

any vertical separation at the bearings and also eliminate bearing instability and thus loss of 

support to the superstructure. However, this technique is used only in cases where there is 

sufflcient gap under the girder to accommodate the restrainer details. Also. this technique cannot 

pravent any possible relative horizontal movement at the bearings. 
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Figure 5.8 Vertical Restrllnt at a Pler (46) 

Another procedure to restrict the relative longltudina: motion of the abutment or pier at the 

bearing is shown in Figure 5.9. A stopper conslstlng of a beam or beam gnllage is attached by 

anchor bolts whlch are dnlled and grouted into the abutment or piero The extent of anchora~e 

and the number of bolts is calculated to develop the required longitudinal force. It 1::' effective ooly 

if the con crete in whlch the bolts are anchored is in good cOlldltlon. 
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Figure 5.9 Longitudinal Motion Re.trllner (46) 
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ln case of box girders, the connection between the adjacent ends is achieved through an 

internai hinge. The longitudinal motion between the ends at the hinge can be restricted by 

installing restralner units as shawn in Figure 5.10 (18). A minimum of one 7 -cable unit is generally 

placed in each Interior cell at each hinge ta provlde the necessary resistance to the transverse 

ben ding of the superstructure. Concrete bolsters are provided as shown ta dlstribute the 

concentrated forces of the restrail'lers thus preventing any damage to the diaphragms. The cells 

can be accessed either through the SOftit ta avoid any obstruction ta the traffie or if not, through 

the deck openings. 
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Figure 5.10 Hlnge Re.tr.lner for Box Glrder (46) 

An effective procedure ta provide extra bearing width at a support in the event of fall of the 

superstructure from the bearing is iIIustrated in Figure 5.11 (50). The extra bearing width 

necessary Is calculated based upon the anticipated longnudinal displacements. As shown, holes 

are drilled Into the existing support ta a calculated depth. The relnforcement is inserted and 

grouted into the hales followed by placing of the forms and pou ring of the new concrete. Il Is 

necessary for the concrete ta be sound for the grouted reinforcement ta develop the requlred 

strength. Furthermore, this retrofit procedure can be used only where there is sufficient access 

ta the bearing seats. 

101 



• .. 

hlu,"!! a •• rlng Ar •• 

N •• 51 •• 1 fI.lnlorcem.nl 

'-

O"lled and 

-+-----1r-'-. -~-
il 

Figure 5.11 Wldenlng of Be.rlng Ar .. (46) 

102 



( 

( 

6.1 Introduction 

CHAPTER 6 

SUBSTRUCTURE SYSTEMS 

A bndge substructure consists typically of piers, abutments, and foundations. The foundations 

may either be pile or weil foundations depending upon the soil conditions. Most of the problems 

eneountered wlth substructures may be grouped primarily into two major types: natural 

deterioration and impact trom external forces. This chapter deals with the various pans of the 

substructure along wlth the assoclated problems and any recommended repalr and/or 

rehabihtation procedures. Special emphasis is placed on the deficiencies ln the substructures 

below the water surface Including scour around piers and abutments, deterioratlon due ta 

chemical attack, and dlstress due to structural damage caused by construction, collision, 

abraSion, or storms. Structural failures resulting trom overload, foundation failure, maintenance 

failure have also been reviewed besldes presenting a state-of-the-an of repair techniques for these 

damaged elements. 

6.2 Concrete Deterioration 

Deterioration of concrete in bridge piers and abutments is dependent primarily on the location of 

the water level. Four basic zones have been defined as shown in Figure 6.1 (35). 

1) Submerged Zone: ThiS zone hes between the mean low water (MLW) level and the mudline 

and ohen a few feet below the mudhne, and it ÎS submerged at ail times, 

2) Tldal Zone: This zone lies between the MLW level to the mean high water (MHW) level. This 

zone is exposed alternately and submerged twice a day. 

3) Splaah Zone: This zone lies above the MHW level, and it varies depending upon the size of 

the waves striking the structure. 

4) Open Zone: ThiS zone conslsts of the remalnder of the supporting structure and the 

superstructure. It may be affected by humidity and water spray. 

Deterioration of concrete occurs primarily in a zone above the level of the low tide and below 

the top level of the splash zone which represents the Prlmlry Active Zone (49). A Secondlry 

Active Zone consists of the area of concrete at the mudline where deterioration may occur due 

to abrasion, reaetion with the soil, or m acrocorros ion. 
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Figure 6.1 Basic Zones of Deterioration (35) 

Deterioration of concrete can be attributed to several factors. These can be dlvided baslcally 

into two categones: physlcal and chemlcal effects. Mehta and Gerwlck (36) have proposed a 

comprehensive hst of ail of the physlcal ana chemlcal causes of concrete detenoratlon as outlined 

in Figures 6.2 and 6.3. 

A diSCUSSion of the common types of deterioratlon follows. 

1) Corrosion 

Concrete exposed to a mantlme environment can deteriorate mainly due to chlonde Ingress into 

the concrete cover to the reinforcement. It is generally agreed that ln a situation where no 

carbonation of good concrete has taken place, there is a low risk of corrosion when chlonde ion 

concentration is less than about 0.4 percent of the cement content. In poor quahty concrete, ln 

damp conditions, a chlonde ion concentration of about one percent of the cement content can 

be a high corrosion nsk. In saturated concretes wlth hlgh levels of chlonde Ions, Il has been 

found that corrosion of relnforcement takes place where the corrosion product volume is unlikely 

to be sufflcient to bnng about cracking and spalhng of the surrounding concrete. Corrosion can 

be detected through electropotential observations which are capable of defïning areas where 

chemical conditions are conducive to reinforcement corrosion. Corrosion is not always present 

in such areas, however, it can take place at a number of isolated locations. 
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Other factors which can influence corrosion of the reinforcing steel are decrease in the electrical 

resistivity of the concrete caver and the avallabllity of oxygen. In fact, ail of the factors interact 

with each other and deterrnme the lime of commencement of corrosion, its rate, intensity and 

effect. 

2) Chemlc.1 Attack 

Although chemical attack is a slow process, It can destroy the concrete cover over the reinforcing 

steel. Chemical processes occur frequently in a marine environment, for example, magnesium 

ions in sea water salts attack concrete by reacting wlth the calcium. In addition, sulphate 

solutions react with tricalclum hydrate, a common constituent of concrete, forming calcium 

sulphoaluminate hydrate, which causes substantial expansion leadlng to cracking and spalling 

oi' the concrete. Other possible causes of concrete deterioration are due to attack trom the acid 

generated by the bactena and by chemical reaction within the concrete mass. Chemieal reactions 

within the eoncrete occur between the alkali and the aggregates. There are basieally two types 

of alkali-aggregate reactions: alkali-sillca reaction (ASA) and alkali-aggregate reaction (AAA). The 

ASR is more common and serious, with the reactive form of silica in the aggregate reacting in-situ 

with the highly alkallna pore solution in the mortar to form alkali-silica gels, which are capable of 

unlimited swelling as they absorb water. As the water in the pore solution diffuses to the alkali

silica gel, osmotic or swelling pressure exerts stresses which cause disruption of the concrete. 

Expansion of concrete due ta AAR depends primarily on the amount of alkali in the mortar fraction 

of the concrete, tr ,e amount and the nature of the reactlV€ aggregates and the amount of 

available water. In a marine environment, the available water is always substantial which adds 

to the problem. 

3) Fr.eze-Thlw Action 

This mechanism is eommonly encountered in co Id climates and is most active at the waterline. 

It is initiated at low tide when the wet concrete in the tidal zone is exposed. The water in the wet 

concrete freezes and expands, the(eby ereating large internai stresses. This cycle is repeated 

as this Ice melts due ta the rise of the tide. Aecording to Philleo (44), with the assumption of the 

use of durable aggregates, the vulnerability of mature concrete (compressive strength of at least 

24 MPa) to freezing is a function of the pore structure of the cement paste and the moisture 

content of the concrete when it IS exposed ta freezing. Lower strength coneretes are also 

vulnerable for similar reasons, however, they may be even more susceptible to damage because 

of their higher porosity and lower strength. 

4) Carbon.tlon 

Carbonation is usually not a slgnifieant problem in a marine environment. Carbon dioxide occurs 

both in the air and in the seawater surrounding the foundation. In most cases, the amount of 
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carbon dioxide in the air is small being of the order of 0.03 percent by volume of the air. In 

normal seawater, only sm ail amounts of carbonates 3"d bicarbonates are present, being about 

10 and 80 parts per million, respectlvely, along wlth small amounts of free dis50lved carbon 

dioxide. The average pH value of sea water is around 8.2 when the seawater is in eqUilibrium 

with the carbon dloxide in the atmosphere. Under these conditions, some carbonation of the 

hardened cement may occur accompanied by minor leaching of lime from the concrete surface. 

6.3 Steel Deterioration 

Corrosion is the primary cause of steel deterioration. It can be either due to atmospheric 

exposure, water, soil, chemical actIOn or electrolysis. The steel is converted into a compound 

form through chemical or electrochemlcal action which falls off subsequently cal.!sing a loss of 

section. Corrosion is seen in the form of a reddlsh brown rust with a pitted oxidlzed surface 

showing loose flakes. 

A schematic model on cracking-corrosion interaction 15 shown in Figure 6.4 (36). It indicates 

that an increase ln conCïete permeability either through enlargement of microcracks in the 

concrete or other causes (Ieaching of cement paste), causes signlflcant corrosion of the 

embedded reinforcing steel. Once thls corrosion accelerates, expansive products of the corrosion 

reactions will tend to enlarge the microcracking zone further, thus creatlng favourable conditions 

for the progress of corrosion, which can eventually lead to serious detenoration of both steel and 

concrete. 

Atmospheric corrosion occurs above the primary active zone due to the presence of moisture 

since oxygen is available. Within the primary active zone, corrosion occurs mainly due to the 

action of chloride ions (in the sea water) and in co Id chmates because of freeze-thaw action. A 

chio ride ion concentratIOn of about 0.2 to 0.3 percent by weight of cement is generally considered 

sufficient to depassivate the steel (12). In situations where the structure IS below water, corrosion 

is initiated mainly due to the presence of dissolved oxygen. The rate of corrosion can increase 

if the velocity of water is high since this brings more oxygen in contact with the steel. Chemical 

compounds, if present, may also react with the steel causing corrosion. In case of a buried 

structure, corrosion may be due to either acids, moisture or electrica' conductivity. The presence 

of chloridez can accelerate the deterioration process due to chemical action and freeze-thaw 

effects. 
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Figure 6.4 Cracking-Corrosion Interactlon·-Schematlc Model (36) 

6.4 Characterlstlcs of Deterioration 

The characteristics of deterioration of concrete can be seen in the form of its cracking. spalling 

and decomposition. These rnay develop individually. simultaneously or in succession and rnay 

be present ln each zone of deterioration in varying and different degrees of development. Cracks 

may vary in width and length and may be disastrous at times allowing corrosive elements to enter 

the concrete and corrode the reinforcing steel. This may lead to spalling of the concrete matrix, 

Decomposition of concrete occurs where the binding capacity of the cement is lost causing :oss 

of the matrix (cement and sand) leaving exposed aggregate. Ocassionally. this may cause a 

complete loss of cross-section. A whitish calcium residue can often be seen in the aggregate 

poekets or depressions. 

Cracking and spalling are usually seen in the submerged zone and rnay be attributed to a poor 

grade of concrete. chemical attack. impact, faulty construction, etc. The subrnerged zone may 

also show occasion al abrasion due to scour and decomposition. if the water is polluted with 

charnicals. 

The tidal zone Is prone to the most serious problems of deterioration. especially. since it is 

influenced by tidal and wave action in addition to the problems existing in the submerged zone. 
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The environ ment created in the zone results in a more aggresslve chloride corrosion, weathering, 

and ice abrasion. Cracking and spalhng can also be seen at an early stage of deterior~t;on. 

The exposed zone may also show either a combination or indlvldual effects of crack'ng, spalling 

and decomposition which may often be as severe and extensive as those found in the pnmary 

active zone 

It is necessary ta understand the nature of ail zones described, with the limitations imposed by 

repalr location, structural configuration, working environment and the available repair techniques, 

to develop and implement an effective repalr method. 

6.5 Structural Damage 

Structural damage can occur in a bridge substructure due to a number of causes. Accidentai 

impact from vessels can damage the substructure which can range from a minor localized 

damage to a complete structural breakdown. A fair measure of control over this type of damage 

can be achieved by providlng protective fendering systems around the substructure. These are 

reviewed in Section 6.9. Moreover, preventive maintenance is the best solution in any case which 

involves a regular Inspection of the substructure to detect any minor or major damage which 

should be rectifled immediately. Improper construction procedures may also lead to occasional 

damage. Sorne examples are summarized here for completeness (30). 

"1) Often pieces of steel are left protruding from the finished concrete surface, mcluding hardware 

used to sec ure the reinforcing steel and formwork in place or Ilftmg rings not removed from the 

precast concrete pIles. With time, the corrosion of these meta/s will cause these cracks and spalls 

in the adjacent concrete area. 

2) During setting of the concrete, cracks will appear in the structure if the formwork moves or as 

a result of vibrations caused by pile driving, blasting, poor workmanship, etc. 

3) The concrete in the substructure, if not properly placed, is subject to cracking caused by 

differential sett/ement of the concrete suspension and by initia/ and drying shrinkage. 

4) Stresses resulting trom changes in the atmospheric temperature or in the internaI temperature 

of the concrete mass can cause cracking. 

5) If the shoring system or framework is removed premature/y, the concrete can crack severely. 

B) When the reinforcing steel is placed with insufflcient caver, corrosion may occur." 

Piles may buckle or crack if overdriven or improperly handled. Damage to foundations due to 

scour, rotation of piers, etc., may cause a change in grade or alignment of the deck, or the 

roadway surface. 
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Another type of substructure deterioration can result from abrasion due to ica, sand, silt, etc. 

Ice tloating up and down with the Mes can cause section loss at the waterhne The action which 

causes the loss of concrete surface can vary from simple rubbing or abradlng action to the 

dlsruptlOn of the concrete surface through mlcrocracklng caused by repeated impact from floating 

abjects, followed by loss of the materlal as the damaged con crete is plucked away by water or 

floating ice actIOn (26). At the mudhne, sand movement can cause a simllar problem. In high 

velocity currents, suspended particles of sand and silt are predominant in causing deterioration. 

Abrasion may be supplemented by freezing and thawing, chemical anack, carbonation, and 

corrosion whlch aggravates the problem. 

An important cause of substructure deterioration is due to scouring of the water bed material 

due to currents. Floatlng debris carned downstream by the water flow may exert horizontal forces 

agalnst the substructure. Also, debris accumulation at bndges increases the scour potential by 

concentrating the flow. Waves generated by strong winds induce hydrodynamic pressures on 

the substructure components and piles. A detailed discussion of the type and nature of the scour 

and the related repair measures are summarized in Sections 6.6 and 6.8, respectillely. 

6.6 Scour Related Damage 

Scour is a natural phenomenon that occurs due to the erosive action caused by stream water and 

by tidal flows and waves ln coastal areas. The mate rial from the stream bed supporting the 

foundations as weil as the banks and slopes is removed and carried away seriously disabling the 

bridge substructure. Chang (11) noted that the bridge abutments followed by the piers and 

subsequently the superstructure are the most seriously damaged parts. Hopkins et al (27) have 

eategorized seour ir,to three types: 

"1) The gener.'.eour that would accu, in a stream with or without a bridge crossing. 

2) The contraction leour that may occur generally at the bridge waterway because the flow is 

contracted by the bfldge crossing. 

3) The local .cour that occurs because of the dIstortion of the flow pattern in the immediate 

vicinity of the bridge piers and abutments. 

It has been observed that general and contraction scour contribute significantly at a bridge pier 

than local scour." 

A detailed description of the three types of seour is presented by Jones (28). 

Scour causes degradation which may lower the stream ber! considerably, thereby affecting the 

hydraulic design cf the bridge. Degradation usuallv occurs in cases when river control works are 
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installed in whlch case it IS absolutely necessary to check the vulnerablhty of the bridge. On the 

other hand, if there is an aggradatlOn or deposltlon, the water lovel Increases whlch may cause 

the hangup of dnft on the lower members of the bridge. This restrlcts the waterway area under 

the bridge and increases the capaclty of the flow locally to transport sedllnents. ThIs causes local 

scour whlch ln sorne cases may be more th an aggradallOn. There IS also a pOSSlblllty of Increase 

of the flood flow encroachtng on the flood plain due ta deposltlon ln river channel whlch may add 

to the local scour at the abutments. 

The embankment fi Ils of the highway crossing generally create a severe contraction of the river 

in flood. This causes the flow to move laterally to the br:dge openlngs. Accordtng to Jones (28), 

"If the flow retums to the chanflellargely in a reach ot sorne length upstream trom the bridge, there 

will be general seour over the ent/re waterway opentng If, however, the flow retums along the 

embankment, there will be severe seour at the abutment and poss/bly out to the tlrst or second 

pier, wrth the general seour taktng place downstream trom the brrdge' Local SCOLJr can also occur 

at the piers and abutments as mentlOned earlier due to their Inherent presence whlch may 

change the local flow pattern. 

Scour related damage needs immedlate repairs to avold any further aggravation of the problem. 

Various repair procedures have been developed over the years depending upon the nature, type 

and severity of the damage. These are discussed in Section 6.8. 

6.7 Repair Techniques 

A wide range of techniques of repalr 15 now avallable, although careful evaluation of the problem 

is required before the most appropriate repair technique can be selected. Most repalrs Involve 

sealing cracks, patching, depositing concrete or grout to flll cavities, and encasing reinforced 

concrete members such as piers or piles. The basic steps in any underwater concrete repair are: 

1) Remove ail marine growth over the detenorated portion. 

2) Remove ail deteriorated concrete arolJnd the affected bars and ail corrosion products from the 

existing bars. 

3) Treat ail exposed and new reinforcement with epoxy and restore to original condition. 

4) Seal any cracks present in the remaining concrete by injection. 

S) Reinstate the concrete section by casting of a new face on the concrete. 

6) Apply protective surface treatment to the concrete. 

Repairs have been grot;ped into three basic categories: patch repairs. primary repairs, and 

primary repairs involving bar replacement. In general, patch repair involves filhng of reasonably 
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small areas using a polymer modlfled sand-cement mortar (a ratio of 3:1 is normally used). If a 

patch repair requires a very quick settlng time because of the tidal restrictions. this can be carried 

out using more costly epoxy mortar or quick setting cement. Primary repairs involve the 

Implementation of formwork and pouring of a concrete mix to form a new profile. It is now widely 

recognized that the best protection for steel relnforcement is to have the steel bar covered by 

sufficient impermeable concrete. or mortar, although in some circumstances other solutions such 

as waterproof membranes or polymer Impregnation may be more appropriate. It is more 

Important to choose proper constituents for the replacement mix which serves as the protective 

barrier to the reinforcement. A blended cement mix with slag can be effective in retarding the 

Inward advance of carbonation. It also acts as an al kali diluent and improves the sulphate 

resistance of the concrete along with a reduction in the heat of hydration. Furthermore, the 

presence of slag decrpases the chloride ion diffusion coefficient. thereby improving the resistance 

of the concrete to chloride attack. It has been noted (52) that the use of separately granulated 

Iron blast-furnace slag. as a separate cementitious material or supplement has produced 

slgnlficant reductions in permeability when the slag replacement level is about 65 percent. A 

superplasticizer can be used in the concrete mix to reduce the water whilst still maintaining the 

workability and Improvlng compaction. 

An underwater repair may be either Dry or Wet. A dry repair involves the construction of a 

portable barrier around the structure with dewatering facility to create a dry working environment 

for the repair. A wet repair does not require the construction of barrie,. however, it requires a 

high level d competence. sophisticated techniques. and high quality materials unlike for the dry 

method which Is less complicated. and provldes greater flexibility in the use of construction 

materlals and repair methods. 

Dry methods are classified based upon the type of barrier used whicl'l may be a cofferdam. 

encasement or a caisson. Wet methods can be classified according to the method for placing 

the concrete which may be a tremie (pipe or bucket), pump. preplaced aggregate concrets. hand 

placed concrete or bagged concrete. The following procedure is generally followed while placing 

concrete using a wet method: 

1) Concrete &hould not fle placed in running water nor allowed to fall through water ta prevent 

the washing away cl the cernent trom the concrete. 

2) The temperatu:-e cl water during the placing operations should be above SoC. 

3) The concrete should be workable with slump of around 200 mm and cement contents of upto 

390 kg/m'. 

4) The aggregates should be frae of fines or other materials which may cause excessive laittance. 

An underwater bucket is provided with a deep bottom or roller gate opening which can be 
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opened from above water. The bucket IS tilled wlth concrete, covered, and then lowered to the 

deslred pOSItIOn, and then the conclete IS allowed to flow The operéatlon is repeated for 

subsequent buckets wlth care bemg taken to ensure that the gate of the bucket slnks Into the 

previously placed con crete to prevent It from falling through the water. 

ln case of the tremle method, a pipe wlth a plugged dlscharge end IS used for placlng the 

con crete A funnells provlded at It~ recelvlng end. The pipe IS gravit y 'illed wlth concrete through 

the hopper. The dlscharge plug is kept sealed untll the pipe IS completely f,lIed Wltll concrete. 

The discharge end IS always kept immersed ln the newly placed concrete during the placing 

operation to prevent any water or air from entenng the pipe (45). 

Another method of placing concrete IS uSlng prepacked concrete which has been successfully 

used in situations where concrete placlng was dlfflcult to perform. In this method, prepacked 

concrete is prepared by filling watertlght forms with coarse aggregates plé: ced around vertical 

pipes through whlch the grout IS pumped slowly from the bottom up, dlsplaclng water and Ming 

the voids in the aggregate The grout is a slurry mlx of fine sand, Portland cement, mixing water, 

a pozzolanic materlal to lower mixing water requirements, and an agent designed to increase 

fluidity and inhlbit early stlffening. Specifications for the coarse aggregate and grout are 

controlled to suit the placlng Grout pipes should be spaced not more than 1.5 m. Also, a 

positive head of at least 1.2 m above the level of the outlets should be maintalned ln the graut 

pipes until the forms have been f.lled and the graut has set. 

Perhaps the most popular and simple method of placlng underwater concrete involves the use 

of pumps. In this method, concrete and/or grout is pumped into the form from the bottom or from 

the top by inserting multiple pipes from the top right upto the bottom. In the latter case, the pipes 

are raised as the concreting proceeds and the concrete level rises. The forms are filled until they 

overflow and are allowed to settle for about 30 minutes when they are refilled until overflowlng. 

Another method of placement is using jute sacks partly filled wlth con crete. The bags 

containing a normal mix concrete with a low water-cement ratio are placed in position by divers 

in such a way that the whole mass is in perfect bond. This method has found use in protecting 

structures from physical damage as weil as scour damage. 

Rissel et al (49) have grouped the repair techniques for dlfferent stages of deterioration, viz. 

initiation stage, propagation stage, and destruction stage. In the Initiation stage, only the surface 

concrete is affected by the che mi cal and the mechanical forces, whereas in the propagation 

stage, the entire concrete cover IS affected. This involves cracking and scaling and combined 

with the already existing porosity, it allows 1he chemical and the mechanical agents to reach the 

reinforcing steel and begin the corrosion process. In the destruction stage, corrosion of the 

reinforcing steel is accelerated and the structure loses its capacity to sustain any loads. 
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6.7.1 Repalrs at the Initiation Stage 

These include the construction of hydraullc training structures which help reduce abrasion attacks 

on the concrete. An efficient although expensive method is ta install protective systems like 

fenders and dolphins which are capable of absorbing large amount of energy. An alternate cost

effective technique is to place stone nprap around the foundation. However, this repair is 

applicable only wh en the abrasion is at t'le mudline. 

Another technique to reduce abrasion is to reduce the velocity of the stream by ponding of 

water beneath the bridge, either by means of a downstream dam, or widening the stream itself. 

However, a dlsadvantage of thls technique is that as the velocity of the water decreases, there 

is more deposltlOn of suspended solids which agaln silts the pond and alters hydraullc flow 

beneath the structure. 

Several other methods have been used to direct the flood waters away from piers. These 

include construction of spurs, dikes, jetties, and channelization. 

6.7.2 Repalrs at the Beglnnlng of the Propagation Stage 

These include the application of surface coatings, surface faeings, and cathodie protection of 

steel. 

6.7.2.1 Application of Surface Coatlngs 

.) Concrete 

Surface coatings are applied to concrete to act as a barrier in separating the concrete from the 

corrosive environment. The presence of coatings not only prevents the ingress of chemicals and 

oxygen but also helps in resisting abrasion, chemical attack, and freeze·thaw effects. The coating 

should have the following characteristics: 

1) Its adhesive strength should be greater than the tensile strength of the concrete. 

2) Its coefficient of expansion should be compatible with that of the concrete. 

3) Its vlscosity should be such that it will provide maximum seating of the surface. 

4) It should be elastic and should not creep. 

5) It should have a long service life. 

A surface coating needs proper surface preparation in order to perform weil. However, they 

can be applied In-the-dry using portable cofferdams. These are dewatering forms from which 
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water can be pumped out to maintain dry working conditIOn for repalr. Followmg types of surface 

coatings are commonl)' used: 

1) Asphalt Ind Tar Coatings 

Asphalt has a high degree of resistance to aClds and oXldants. Also, it can be apphed cold wlth 

the use of a solvent. Tar IS commonly used for repalnng seawater concrete Although It IS an 

excellent water repellant, It offers very lattle reslstance to aClds and bases, and It IS also poor 

agalnst abrasion. Both coatings are applled in two coats with the second coat containing a fi 11er 

compound such as sihca for stiffness. 

2) Epoxy Coalings 

Epoxy coatlngs have been used widflly in recent years pnmanly due to their good adheslve 

properties, low shrinkage, and high compressive strength which develops very quickly. They are 

mostly Inert chemically, Impervious, and moisture reslstant. They are easy to apply (usually wlth 

a roller or brush). However, epoxles have thelr dlsadvantages as weil They reqUire a strict 

quallty control during mixlng. The mlx must be used Immedlately upon preparation and is heat

sensitive during mlxlng and application. Due ta rapld hardening, there IS a stralr) Incompatlbllity 

and the coefficient of thermal expansion dlffers from that of the concrete. Epoxles have a 

tendency to creep, relax, and are impact-sensitive. Slnce they are Impermeable, mOlsture trapped 

beneath the coating may cause it to spall off in direct sunlight or under freeze-thaw action. As 

a rule, epoxies should not be used unless the concrete can resist frost action by itself. A low cost 

alternative ta epoxies is polymenzed epoxy. In other cases, epoxy polysulphides have been used 

which are resistant to solvents and have improved impact resistance. 

3) Acryllc Rubber COltlngs 

An highly elastic acrylic rubber-type coating, known as .ron wall coating has been used 

successfully to resist chloride intrusion and carbonation, thus preventing depassivatlon of the 

reinforcing steel. The details of its configuration, behaviour, and method of use have been 

reported by Swami and Tanikawa (62). The coating has shown a dual function when applied 10 

concreles having high levels of sodium chloride and additionally exposed to sea water. The 

coating can act as an effective barrier to external water and chlorides and also permits sufficient 

mobility of chlorides inside to achieve a more uniform distribution, without peak concentrations 

at rebar levels. However. the concrete cover should be more than 30 mm to ensure absolute 

protection to the reinforcing steel. 

b) Steel 

Exposed reinforcement can also be treated with a protective coating to prevent any further 

corrosion. Two types of coatings. metallic and non-metallic. have been used. The metallic 
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coatlngs commonly used are flame-sprayed zinc or aluminium wlth the latter showlng better 

performance, especially in seawater. The non-metallic coatlngs may be of orgamc or non-organic 

type. Commonly used coatlngs ln thls category are coal-tar epoxy, epoxy, vlnyl, rubber, urethane, 

and several others. The steel is tlrst sandblasted to rem ove any scale and rust. Any oil on the 

sandblasted surface IS removed by solvent washlng to establlsh a perfect bond of the coating to 

the steel. A primer coat is apphed tlrst, except when an epoxy is used. The characteristics of a 

good primer have been summarized by Lamberton et al (30). In case of epoxy coatings, a single 

layer of 3 to 6 mm applied by hand IS generally sufflcient. 

6.7.2.2 Application of Surface Facings 

These include standard size bricks and tiles of clay, glass or carbon, kilned at high temperatures, 

which are applied to the concrete surface. The semivitrified tacings are very dense and have a 

low water absorbtion. The bricks and tiles are joined to the concrete with a chemically inert 

mortar. Three possible types of mortars have been suggested (49). 

"1) Synthetic thermo-setting cements cons/sting of phenol, furnace blast, epoxy, polyester, and 

polyurethane; 

2) Potassium silicane cement - This is suitable for acid cond/lions but performs poorly in alkaline 

and frash waters; and 

3) For Jess corrosive environments, modified hydraulic cements, such as natural rubber latex and 

synthetic resin emulsion, may be used." 

6.7.2.3 Cathodlc Protection of Steel 

This technique has already been discussed in Section 2.3.4 for deck slabs. It can also be used 

to prevent corrosion of steel reinforcement in a marine environment. The galvanic anode system 

uses zinc, magnesium. or aluminium anodes that are located either adjacent to the foundations 

or directly connected to them. In this case, the foundations aet as the cathode. No external 

power source is needed. The difference in potential betwean the anode and the foundation 

creates a corrosion cell and allows the current to flow from the anode to the foundation. The 

anode gets usad up after a period of time and neads a replacement. The current output is limited 

in this system and large number of anodes are needed if the structure is large. However, it can 

be distributed evenly in case of a long structure. Also, the cathodic interference is very small 

unlike in an impressed current system. 
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ln the impressed current system, hlgh-slilcon cast iron or graphites are used as anodes. The 

anodes are installed ln the elec!mlyte and are connected to the pOSItive terminai of an external 

OC power source (Figure 65) The negatll/e terminai of the OC source IS connected to the 

foundatlon to be protected The current necessary ln a seawater cathodlc protection system IS 

around 5 to 10 mAltf (54 ta 1 08 mAlm~ whlle that for a fi esh water or underground application 

IS lower at around 1 to 3 mNtf (11 to 32 mNrn~. On the other hand, since seawater has very 

low resistlvlty, it requires a low voltage ta dellver the current. The most Important advantage of 

using an impressed current system IS that it can be designed for a wide range of current and 

voltage requlrements whlch can be vaned to meet the changing conditions of the substruct l: • 

However, thls system needs ta be deslgned carefully, and Inspected and rnalntamed penodlcally. 

A recent del/elopment of the impressed current system has been the use of dlfferent anodlc 

matenals, Includlng conductlve coatlngs and zinc-metaillzed coatlngs. These are propnetary water 

based coatlngs conslsting of a blend of speclally trcated carbon dlspersed ln an acryllc resln 

The properties of thls coatlng have been reported by Clemena and Jackson (14) and have 

indlcated that It IS as durable as the best organic-based conductlve coatmg for protectlng ln land 

con crete piers. The coatlng is applled in two layers on the concrete surface wlth brushes or 

rollers. In order ta ellminate regular Inspection and on-site monltonng (as ln the case of usual 

cathodic protection systems), a mlcroprocessor-based data acquIsition del/lce has been tested 

with the system. This device allows convenlent monitoring of the conditIOn of the electnc 

components of the system tram anywhere using a phone, modem, or a personal computer. 

AC OC 

o '\PV 0 fVYY\ RECTIFIER! 
- CONTROL UNIT 1-------------------, 
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Figure 6.5 Typlcal Cathodlc Protection Sy.tem (14) 
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6.7.3 Repalrs at the End of Propagation Stage 

ln cases where the detenoratlon of concrete has reached the level of the reinforcing steel, it 

becomes necessary to protect the steel from corrosion, otherwise the structure could lose Its 

capaclty to wlthstand the loads. In pile foundations, plastic or rubber sheets are wrapped around 

the pile tlghtly wlth metal clamps al top and bottom of the pile for insulation trom the environment. 

This consumes the resldual oxygen wlthin the trap and stops any further deterioration. Commonly 

used wraps include neoprene, but yi, nltnle, polyisobutalene, polysulphide, and chlorosulphonated 

polyethylene. Alternatively, resin-impregnated fibre glass cloth wrap soaked with brushed-on 

epoxy can be used 

Another method of repalr is the use of reinforced jackets around the foundations. These are 

relatively cheap and qUick to install. Several types of jackets can be used such as fabric, non

metalhe, steel or sheet pile jacketing 

A fabnc Jacket IS assembled above the waterline and then clamped around the pile at the 

bottom. A relnforclng cage is usually placed before clamplng. The jacket is then filled with 

concrete. Fabric Jackets are generally durable except in cases of currents and waves when they 

may deform and reduce the cover over the reinforcement in the jacket. An improved method IS 

the use of non·metallic jackets of fibreglass which are Iightweight and easy to handle. These 

come as a one-piece or two-plece unit which can be bolted or interlocked at the seam(s) (53). 

They are Med with elther epoxy mortar or a combinat ion of cementltlOus and epoxy mortars. 

They can be removed or left in place for added protection in which case they are sealed at the 

top and bottom with epoxy to provide total protection of the pile. Another repair technique is the 

use of stt:!el jackets which are simllar to the fiberglass type. However, in both cases, the jacket 

may separats from the grout fi 11er mate rial and even get dislodged. The most effective way uf 

jacketing is the use of sheet piling with a backfill. The backfill can be elther a concrete grout or 

earth with a concrete cap. 

6.7.4 Repalrs at the Beglnning of Destruction Stage 

Destruction stage is characterized by widespread cracking and spalling of the concrete. The 

cracks may be either dormant or live. Whereas live cracks may be subject to further movement, 

dormant cracks a .. e unlikely to open, close, or extend further and may be either fine (up to 1 mm 

wide), wide (1 mm to 6 mm wide) or fracture cracks (over 6 mm wide). Following types of repairs 

are corn mon. 
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1) Pressure Injection of Cracks 

ln this type of repalr, low viscosity epoxy is pressure-lnJected into the cracks. Another effective 

method used currently is the use of resln grouts whlcl1 not only dlsplace the water Inside the 

crack but also react wlth It. Because of thls reactlon, there is no resldual film of water left 

between the Inslde concrete surface and the injection matenal. 

For an above water epoxy-injection repalr, the crack is first sealed on the outslde uSlng epoxy 

or tape. Vent ports are inserted at regular Intervals to ensure full deptll penetration. Injection is 

started from the lowermost vent port untll the epoxy appears at the hlgher vent port and IS 

completed when the materlal ln the control hose malntains a constant level 

ln the case of an underwater epoxy injection repair, the cracks are prepared by cleanlng wlth 

blast water. An epoxy surface sealer is used to seal tl1e cracks. The temperature of tl1e water 

should not be less than 4°C. The vent ports are installed at regular Intervals. A low viscosity 

epoxy adhesive is fnjected under pressure into the cracks uSlng a surface mounted pump wtllch 

mixes the two components of the epoxy at the injection head at a constant pressure. The epoxy 

achleves full strength ln approxlmately 7 days. According to Lamberton and Salnz (30), 'Cracks 

upto 6 mm wlde are sealed with pure (unfllled) epoxy resin. For wlder cracks, the addition of fme 

aggregate is generally required for a more substantial filler matef/al and Improved economy" 

2) Use of Sacrlflclal Concrete Collar 

This method involves casting of a plain concrete collar around the foundatlOn at the waterllne 

which protects the structural concrete by acting as a barrier. However, the collar is subject to 

deterioration and needs to be replaced repeatedly. 

3) Resurfaclng Uslng Grout 

ln this method, epoxy or concrete is used to resurface large deteriorated areas as weil as spalled 

areas. Commonly used grauts are made with Portland cement concrete along with modlflers and 

mixtures such as latex modified concrete slurry, high alumina cement, sulphur-impregnated 

concrete, epoxy mortar graut, gun applied mortar or preplaced aggregate concrete. They can 

be used along with jacket!:. or formwork. In case of patching areas with exposed reinforcing steel, 

it is usual to coat the inside of the cavity as weil as ail relnforcing steel wlth epoxy bonding 

compound to electrically insulate the wet patch 

4) Repalrs to Exposed Relnforc!ng Bars 

Reinforcing bars exposed for up to two years can be prevented from further corrosion by 

connecting them with a sacrificial zinc anode of approximately 2 to 5 kgs in weight. This is 

termed as passive cathodic protection. 
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6.8 Repalr. ralated to Scour Damage 

Following are sorne of the typical repair procedures in use for correcting seour damage. 

8.8.1 Concrete Jacketlng and Rlprap 

This repair is suitable for seour under pile foundations supporting pier footings and it involves the 

following steps. 

1) Construction of a cofferdam around the pier and pumping out ail of the water inside it. 

2) Construction of formwork for a conerete subfooting around the original footing and piling. 

3) Casting of the subfooting concrete. 

4) Removal of the cofferdam and placing of stone riprap around the subfooting as shown in 

Figure 6.6. In cases when the scoured material Is fine grained, a properly designed gravity filter 

ahould be placed prior to installing the riprap. 

Care should be taken during placing the riprap. Firstly, it should be placed in aven lifts around 

the foundation to avoid any unbalanced forces against the structure. Also, the structure should 

be analyzed to check whether or not It can withstand the additionalload of the riprap. The riprap 

should be placed carefully to avoid any damage to the concrete. Finally, whenever possible, 

riprap should not be placed above the original stream bed sinee this may obstruct the stream 

flow. 

·L., •• lien. Weltltln, 500-1500 lb 

Flgur. I.e Concret. Jacketlng and Rlprap (48) 
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6.8.2 Flexible Tube Forms 

ln this technique, flexible nylon tubes filled with structural mortar are used. The tubes are eut ln 

suitable lengths and joined together by a high tensile nylon stretching. They are then wrapped 

around the scoured area of the footing basides being extended beyond. Grout injection pipes 

are installed as shown in Figure 6.7 (a and b). Mortar is pumped into the void under the footing 

or foundation. After filling the larger voids, the smaller voids between the footing and the form 

are plugged using smaller fabric forms as shown in Figure 6.7 (b). The voids between the footing 

and the stream bed are also filled by pumping mortar through the injection pipes. It 15 advisable 

to provide several pipes to allow water to escape from the void during placement of the mortar. 

A • 
------",-+--..-

SIDE VIEW 

Figure 6.7 (e) Flexible Tube Forme (49) 

• 

Figure 6.7 (b) Section AA (49) 
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6.8.3 Tremie Concret. Subfooting and Concrete Rlprap 

ln this technique, a cofferdam is built usually around the scoured footing and the area is 

dewatered. Concrete riprap ln bags is placed around the damaged area upto a level slightly 

below the existing footing. The resulting form that is created is filled by pumping tremie concrete 

as shown ln Figure 6.8 (a to c). 

P'., se.m,'. Al B, 
- -'~ ___ J~ _______ _ 

__S" .. mllow 

Figure •.• (a) Concret. Alpra~ and Treml. Concret. Subfootlng-Partlal EI.vatlon (48) 

To, 01 lu .. ' •• U", Ihould ... 1., ... ". 'oolln, 

Tr.ml. Coner ••• Subloolln, T,."". C_.t. luit' .. ,,", 

'r 
............. Alprap 

Flgur. 1.1 (b) Section AA 

-After A.palr (48) 
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6.8.4 Repalrs for Heavlly Undermlned Streambeds 

It is possible that changes in the characteristics of the stream flow may occur which may at times 

cause the whole stream bed to erode as seen in Figure 6.9. This happens when, for example, 

during the peak runoff periods, the relief of a downstream constriction in the stream channel can 

increace the velocities at the upstream end resultlng in erosion. The repair procedure involves 

rebuilding the er.tire eroded stream bed with a hait a meter deep crushed stone subbase topped 

with a heavier stone riprap upto the level Of the onginal streambed. However, the use of this size 

of crushed stone may be prohibitive if the stream currents are strong. FleXible tube forms can 

also be used if required. 

Seour 

A"'oal,,,.I. L."., o. 
O",'nl' Str •• ",b.d 

, 1 •• ", 0' Colu,"n 
p--7'&O-------j~~.~~:_-.- No'''''' W ••• r L."., 

Figure 6.9 Rebulldlng of Undermlned Str.lm bed (49) 

6.8.5 Repair of Abutment Foundations 

Abutments are normally positioned at higher elevatlons than pier foundations and often need 

repairs in the case of undermining at the pier foundations. For abutments bearing on soil, a new 

concrete subfooting is cast surroundmg the original footing and tied to the original footing by 

driving machine bolts through predrilled hales at ara und hait meter centres as shown in 

Figure 6.10 (a). Balting is not necessary for abutments on pile foundations as shown in 

Figure 6.10 (b). However, in bath cases, stone riprap can be used to protect any future scaur . 



Scour Lin .t.,I.1 

Figure 6.10 (1) Abutment Repllr·Soli Be.rlng Type (49) 

Oflllln.1 AMtmen' 

atone .."., 

c...,. •• ""'.011", .. .,.Ir 

Figure 6.10 (b) Abutm~nt Repllr·Plle Be.rlng (49) 

6.8.6 Repalr of Concrete fiU SI opes 

If there is no undermining of the si opes, it is usual to place heavy stone riprap as shawn in 

Figure 6.11 (a) ta prevent any further erosion. However, in case of severe undermining of the 

slopes, the scoured area is fIIled with sand and gravel upto a level ta enable the extension of the 

original slope protection over the fi lied portion. The void underneath the original protection is 

filled by dropping concrete through hales punched in the slope as shawn in Figure 6.11 (b). 

Additional protection against scouring along the edge of the slope can be provided by 

constructing a concrete end wall and placing stone riprap as shawn in Figure 6.11 (d). 
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Figure 6.11 (1) Repllr of Concrete Siope-No Undermlnlng (49) 

Figure 6.11 (b) Repllr of Und.rmlned Concrete Siope (49) 

·Plln Vlew of Concrete Siope Protection 

.. . 
-.I;~oncr ... Incl Wa" 

Figure 6.11 (c) Section AA (49) Figure 6.11 (d) Section BB (49) 
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6.8.7 Repalr to Tllted Piers 

Piers may tilt as a result of severe scour and may cause distress in the superstructure leading ta 

fallure. Before carrying out any repairs to the pier. it is necessary ta first repair the footing using 

any of the previously discussed techniques. A first stage repalr procedure in this case involves 

drilling of a number of holes through the deck and into the pier as shown in Figure 6.12 (a). 

Grout and steel dowels are then inserted into the cavity ta resist further tilting of the pier until the 

footing la repaired. The pier is then enlarged by constructing a new concrete section upto an 

elevation above the waterline and the concrete is allowed ta gain strength. It Is then used as a 

seat to jack the superstructure ta ils originallevel. The superstructure is supported on steel shims 

until Stage 2 repairs are made as ahown in Figure 6.12 (b). In this stage. additional holes are 

drilled through the deck ta gain access ta the top of the piero These hales are closed 

monolithically with the second stage concrete placement and the steel shims are left in place. 

This repalr should be undertaken only if the damage is acceptable and can be repaired. 

Figure 1.12 (a) Repalr. to Tlned Pler •• Flret Stage Repllr 

-Section through Pler Stem (48) 

~. , Orllln.' SI.m 

.' . . . 
SECTION U 

SoKIIOfI TII,U Stem 

Figure 1.12 (b) Repalr. to Tlned Pler •• Second Stage Repalr (49) 
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6.9 Repairs as a Result of Damage 

Damage to bridges in navigable zones may occur due to impact from vessels and is of serious 

concern in view of the resulting physlcal disability which is inflicted on the substructure. Whilst 

the codes of practice and recommendatlOns can provide the engineer with the tools to design 

structures which Will wlthstand the normal loads Imposed on a bridge in a marine environment 

and even allow for a degree of abnormal loading. it wou Id naturally be unrealistlc to design for 

the magnitude of loading which would be imposed by such incidents as impact trom vessels. 

Damage to a bridge can vary from superficial damage to the fendenng systems to complete 

tailure of the bridge. It may include either spalled or cracked concrete and damaged or failed 

piling systems. The cracks in pile caps can be treated by resin bonding. Surface evidence of 

cracks are tirst sealed by hand. either by surface application or by first cutting out along the crack 

and placing sealing compound in the groove so formed. At strateglc points along the cracks. 

filing nipples are installed and once the network of cracks IS satisfactoriiy sealed. resin is pumped 

into successive filling pOints usins;; the adjacent points as an indlcator of the full penetration of the 

resin. This method has been used successfully with repairs remaining intact during subsequent 

incidents despite damage occurring to the adjacent and previously sound concrete. 

When damage to a bridge is greater and extends to the supportlng piles. more substantial 

repairs are necessary. Failed or damaged piles can no longer provide support so it b&comes 

necessary to provide addition al piles in such locations so that their effect is maximized. Orivlng 

new piles beneath the bridge is d.fficult unless the cap is removed or the piles are driven at rake 

from outside the perimeter. Even then It is very difflcult to avoid existing piles and the connection 

to the bridge is very complicated. In case it is unavoidable to drive additional piles around the 

perimeter of the bndge, the size of the cap should be increased as an alternate solution. New 

concrete should be firmly bonded to the existing structure with tie bars and thorough preparation 

of the concrete surface. 

Failure of piles as a result of flexure often occurs at or near the sofflt of the cap or at the point 

of entry into the water bed. Pile failures immediately under the cap can be repaired by 

conventional site repairs of plating and stiffening. Repairs at or near the water bed are somewhat 

difficult as access for inspection and repairs is far more difficult. One technique which increases 

the strength of the suspect pile groups by decreasing the effective length is ta cast a second cap 

at the bed level. The bed is cleared of debris and prepared by placing a mat of granular material 

over the area of the pile group. A new cap is cast under water using traditional methods or 

utilizing proprietary additive such as hydrocrete. The effect is to greatly stiffen the pile group at 
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its midpoint and to spread the forces generated in the upper section evenly over the buried lower 

section. The solution can be beneflcial in remoter regions of the work where mobilization of piling 

equipment and procurement of replacement pile can be both time-consuming and expensive. 

Where a substructure is damaged to a degree where it is basically sound but no longer 

capable 01 'yithstanding the full design load, it is possible to reduce the load imposed and provide 

a fendering ~ l'stem which absorbs a greater amount of energy and thus transmits less reactive 

force to the bridge. Many bridges have been provided with rubber fenders which are cost 

effective, but have low energy ~bsorption characteristics in general. Advancements in fender 

technology have been extensive in recent years and fender types such as arch, cell, and 

pneumatic fenders have provided a very practical fendering system with low reaction forces. A 

drawback of such systems is that they are relatively expensive. However, in view of the serious 

nature of damage, these systems seem practical. 

According to Derucher and Heins (19), basically seven types of fendering systems are being 

used currently. These are summarized below for completeness. 

1) Floating fender 

2) Standard pile-fender system 

a) Timber pile 

b) Hung timber 

c) Steel pile 

d) Concrete pile 

3) Retractable fender system 

4) Rubber fender system 

a) Rubber in compression (Seike) 

b) Rubber in shear (Raykin) 

c) Flexible 

d) Rubber in tension 

e) Pneumatic 

5) Gravity-type fender system 

6) Hydraulic and hydraulic-pneumatic fender system 

a) Hydraulic dashpot 

b) Hydraulic-pneumatic floating fender 

7) Spring-type fender system 
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- 6.10 Prestressed Concrete in Marine Envlronment 

Prestressed concrete has baen used commonly in marine environment and needs addltlonal care 

in view of the problems before and du ring repair. Periodic on-site condition surveys should be 

undertaken to detect any signs of distress before the prestressing tendons are exposed to the 

corrosive influences of the seawater. Repairs should be initiated early in the deterioration process 

before the tendons are damaged. Dry methods of repair, as used for reinforced concrete 

structures, are preferred since the repair requirements are most critical. For ex ample, extreme 

care should be taken during chipping and cleaning to avoid any damage to the tendons. Special 

techniques are necessary to repair or replace damaged tendons. 
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CHAPTER 7 

BRIDGE MANAGEMENT SYSTEMS 

7.1 Introduction 

ln recent years Bridge Management Systems (BMS) have been recognized as vital tools 

necessary for proper management of a bridge population. These systems enable transportation 

agencles to develop an inventory for the bridge population with ail relevant information about 

these structures that allow for the systematic determination of present and future needs for 

maintenance, repair, rehabilitation or replacement and the prioritizing of remedial actions to 

optimize on the available budget funding. 

Bridge management systems are similar to pavement management systems. However, unlike 

the latter which are fairly weil established, bridge management systems are relatively new. This 

chapter revlews the essential requirements of a bridge management system (since they relate to 

hardware/software useability, rating of structures and financial evaluation techniques used) , 

concluding with a review of two established systems. 

7.2 Objectives of Bridge Management 

It is necessary for every transportation department to exercise effective control over the state of 

bridges in its jurisdiction. Such a control can be achieved through implementation of an effective 

bridge management system which with a proper database serves to perform the following 

objectives: 

1) Administrative Planning F unction 

- Establish Needs POlicy 

- Categorize Bridge Needs and Funding Sources 

- Prepare Statewide Annual Budgets 

- Prepare Annual Work Program 

- Generate System 'lilae Reports 

2) Programmlng Function 

- Select Candidate List of Bridges 

- Prioritize Candidate Bridges in Various Action Categories 

- Analyze Cost Effectiveness of programs 

- Flag Candidate Bridges for Maintenance Activities 
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3) Implementation Function 

- Perform Structural Analysis and Analyze Cast Effectiveness of project Level Alternatives 

- Prepare Plans, Specifications and Estimates 

- Perform Necessary Actions 

- Analyze Cost Effectiveness and Maintenance Activities 

- Perform Maintenance Activrties 

- Collect Structure Inventory and Appraisal Data 

· Maintain BMS Data Base 

ln short, one must have a proper BMS dealing with activities related to bridges right from their 

commissioning untll reconstruction. Thus, BMS provides benefits to the adminlstrators and 

engineers at ail levels to select optimum solutions to achieve the desired levels of service withln 

the funds allocated and to assess the future funding requlrements. 

The logical development of a Bridge Management System would include the following six major 

modules (see Figure 7.1). 

• Data Base Module 

- Network Level Major Maintenance, Rehabilitation and Replacement (MR & R) Selection 

Module 

- Maintenance Module 

- Historical Data Analysis Module 

- Project Level Interface Module 

- Reporting Module 

The Network Maintenance, Rehabilitation and Replacement (MR & R) Selection Module enables 

the bridge managers to make more effective programming and budgetlng decisions. This module 

includes the tollowing tour technical sub-modules: 

- Ranking 

• Specifie MR & R Action Selection 

- Lite-Cycle Costing 

- Optimization 

At this level, the Impact of the state of the bridge population is dealt with respect to the actions 

that need to be taken to achieve an intended state of condition and the assoclated cost. This 

most commonly involvas the need to prioritize the remedial works of individual bridges so that 

those ln most need and have the greatest economic impact are carried out first. To achiove this, 

economic and technical evaluations have to be undertaken to assess the rankings. 
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Figure 7.1 Module. and Submodule. Compr'.lng the BMS Module (7) 

A Bridge Management System (BMS) is a rational and systematic approach to organizing and 

carrying out ail of the activities concerning bridges, such as predicting bridge needs, defining 

bridge conditions, allocating funds for construction, replacement, rehabilitation and maintenance, 

identifying and prioritizing bridges for remedial actions and finding cost effective alternatives for 

a8ch bridge, scheduling maintenance, monitoring and rating bridges and maintaining an 

Information data base. At the network level, the entira bridge population Is dealt with globally, i.e., 

the number of deficient bridges on a particular route are more important a consideration than the 

condition of a span in a specifie location. 

A more advanced BMS model can include data on ail structure types, bridge sizes, different 

construction materials, network level considerations, life cycle costing models, prioritization 

procedures, maintenance, rehabilitation and replacement alternatives, and automation 

considerations. 
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7.3 Computer System Requlrements 

The effectiveness of managing a bridge population is enhanced by the use of computers and 

appropriate software. Computers can facllitate th3 storage of vast amounts of data, quick retrieval 

and analysis of such data, generatlon of reports, graphs, etc., on an individual bridÇJe or a group 

of bridges. In the following section, the requirements of a computer system are outhned for a 

bridge management system. 

7.3.1 Hardware Requirements 

These days, it is possible to find appropriate software for many applications. For a data-basad 

bridge management system, a personal computer is sufficient; however, for speed and Ease of 

retrieval of information, a system with sufflcient storage and speed is recommended. A computer 

with 40 Mb dise storage and a minimum speed of 15 MHz should be adequate for most bridge 

inventories up ta 10,000 bridges. The preferred option in system design is to use Incraasingly, 

a network system where a number of users can make use of multiple computer workstations 

simultaneously. They are ail linked to the same central processing unit which has expanded 

storage to handle the increased demand. Storage is normally of the order of 200-300 Mb. The 

available storage is sufficient to run ail application packages available. Thus a BMS r lay be run 

simultaneously wlth other applications in an engineering office without any storage problems. 

For offices with a mainframe system, the storage available is so large that use of a 

computerized BMS, of any size would not require much consideration concerning storage and 

program execution. However, a mainframe system is quite expensive and should be used only 

if it was an already existing system. 

7.3.2 Software Requlrements 

The data base is the foundation of the BMS. It is used to store ail relevant information about the 

inventory of bridges (an example of this inventory information is included in Appendix B). This 

includes such items as the bridge identification number, structure type, etc. In addition, the data 

base will be required to store information concerning the bridge population such as user cost, unit 

cost of repair. replacement or rehabilitation of bridge components, etc. 

The storage of the bridge (Jata and the need to retrieve il is best achieved with the use of a 

data base (dbase) type package. Other systems have been developed using programming 
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languages su ch as FORTRAN, BASIC, COBOL, PASCAL, etc. The programs written in these 

languages have their data stored as input data files. Additions to the data require editing these 

Input files which is tedious and O;1e has to be famillar with the format of the input file to correctly 

enter a particular item of data in its proper location. These programs are developed commonly 

and written in-house or with the expertise brought in, which can require a commitment in 

personnel, time and money which only a few organizations can aHord. 

The dbase package is an assembled package purchaseable oH the shelf. It is easy to do 

formatting of screens to produce prepared reports (whieh is done interactively in dbase) , and 

perform mathematical functions for carrying out finaneial evaluations, etc. Also, the data base can 

be readily expanded by entering data in the appropriate sereen. These additions are performed 

while the program is running and the user is able to check his data entry for accuracy 

Immediately. In addition, by the indexing of data files in the main program, one is able to design 

the BMS so that the file order and searches on bridges may be carried out. This is useful when 

cne wishes to prepare a report on a particular type of bridge or bridges in a specifie location only. 

7.3.3 Computer System Securlty 

Security for a computerized BMS is provided at two levels: • the software protection where the 

actual source file (program) that runs/executes commands is protected from manipulation and the 

protection of data stored on the bridge inventory. The type of security will depend on the type 

of computer hardware being used. Protection for the above files will be different for a persan al 

computer or a network (and mainframe) system. 

Perlonal Computer Securlty 

The first level of protection which may be provided for a personal computer is to limlt the users 

by allowing only those required to use the computer to have a key to turn the computer on and 

off. This will require diligence on the part of the users (which becomes diHicult to follow with 

many users), and does not provide total protection for files as the computer can be 18ft running 

Inadvertently. Further protection is provided by the use of a software key, which is a program with 

a series cf commands required by the main program before It starts its own main execution. This 

may prompt the user for a password without which the main program will not execute. In general, 

protecting software on a personal computer is difficult so long as the user Is able to access the 

drive on which the program is stored. 
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A recent development ln personal computers applications is the use of software programs 

which limlt user access only to predeflned dlrectories. These programs become actlvated 

automatically when the computer IS turned on, thus they are able ta effectively manage user 

access. One dlsadvantage of these software programs is that they take up a lot of space on the 

computer and slow the operations of the system. 

Natwork (and Mainframe) Systems 

Networks (and Mainframes) allow the best protection for files using the network utlhty programs 

such as the Norton Utilities, which limit access similar to that explained above (personal 

computers). Programs to be executed are handled in a batch mode and are not avallable for the 

user to view. Using only the utitity commands designated, user may gain access to run the 

program and also be able to update the data bases. 

One problem that can arise in such a set up is the question of multiple use of the system where 

one indivldual is updating a data base white another is producing reports. In this case it could 

be arranged to have updating done on a speclflc day or time, while denying access to BMS for 

anyone else. In summary, it is seen that a computenzed bridge management system is afforded 

the best protection by lJsing it in a network (or mainframe) system. Where use is to be on a 

personal computer, the security provided leads to inconveniences as stated previously. 

7.4 Fe.ture. of a Bridge Management System 

7.4.1 Evaluation of Bridges 

A prerequisite for attempting and adopting any scientific system of management of bridge 

maintenance is to have a proper bridge information system comprising bridge inventory, bridge 

inspection, bridge rating and data flle. The first two are collection of organised data while the 

third deals with data organisation, storage, retrieval and analysis. Collecting bridge inventory data 

and inspections are not goals in themselves but tools to achieve the objectives of trafflc safety 

and optimum utilisation of funds for bridges. 

A typical Flow Chart of BMS is shown in Figure 7.2. 
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7.4.1.1 Bridge Inspection 

Bridge inspection is a key aspect to preventative maintenance and to the proper runnlng of any 

bridge management system, as this is the only means by which the condition of the bridge iS 

determined. In achieving this goal, assessments are made and records are kept of the physical 

condition of every bridge. 

Due to the particularly adverse exposure conditions to which bridges may be subJected, the 

inspection process for each bridge should be scheduled such that no bridge is inspected later 

than a speclfled Interval of time which is dependent upon a number of factors, sorne of which 

include the following: 

1) The average age of structures in the bridge population. 

2) The particular expo&ure conditions in the jurisdiction as a whole or at a particular bridge 

location. 
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3) The load history of vehicles in the jurisdiction. Where vehicle load enforcement is not 

vigorously enforced and overloadlng is suspected, bridge inspection should be more frequent. 

ln the U.S., Canada and Bntain, bridges are inspected at a maximum interval of 2 years (32). 

However, the inspections may be undertaken at greater time periods where past reports of 

performance and exposure condItions (ie. not severe) justify Il. As a general rule, structures wittl 

no structural redundancies should be inspected more frequently than those with redundancies, 

as deterioration in members could lead ta the collapse of the structure. 

The actual inspection of bridges should be performed by a group of suitably quahfled or 

experienced inspectors who are weil versed ln identlfying problems associated with different 

bridge types (matertal) and form. The he ad of such a unit should be a quahfled englneer, who 

can supervise and coordlnate the inspections. In jurisdictions where expenenced or quallfled 

personnel are not readlly avallable, manuals (2,42) can be used as suitable guides for the training 

of the inspection staff 

The inspection process can be categorized imo 5 basic types (32), as outlined below: 

1) Inventory Inspection - This inspection is carried out at the time the bridge is added to the 

bndge inventory file, and should provide the bridge desc. ;ption in detai!. e.g., its name, number, 

etc. A detailed structural analysis is undertaken at this stage to determine the load carrying 

capaclty of the bridge which is determined from the load correspondlng to the lowest bridge 

~omponent capacity. Included in Appendix B is a list cf information (32) that should be included 

in an inventory file. 

2) Routine Inspection - Planned inspections (every two years) of bridges to determine if the 

functional condition of the structure remains as required. If particular deflclencies were 

highlighted trom inventory or prevlous routine inspections, these should be observed for any 

change. If warranted by observed deterioratlOn increase, a detalled structural analysls is 

reperformed (accounting for deteriorated section sizes) to evaluate the actual load carrying 

capacity for possible load posting of the bridge. 

3) Damage Inspection - This is an unscheduled inspection brought about by the need to assess 

the safety to bridge users and damage to a structure resulting trom flooding, high winds or man 

Inflicted damage (fire, vehicle collisions, etc.). Such an inspection may result in the Immediate 

closure, or load posting of the structure, depending on the damage extent. These decisions Will 

be made based on the judgement of the engineer and should above ail ensure the safety of the 

bridge users. 
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4) In-Oepth Inlpectlon - These are required between intervals of five and ten years (32) to detect 

any bridge deflciencles not readily observed during routine inspections. Besides a closer visual 

examination of the components of the structure in more detai! than a routine inspection, such 

tests as tepplng end chlln drlgglng to determine or verity delamlnations, and crack width 

measurements may a1so be undertaken. 

Non-destructive tests and other physical and chemical tests may be needed to supplement the 

inspections wherf' defects are found. Inspections will lead generally to one of the following: 

a) No action being required for the bridge with unrestricted vehicular travel being permitted. 

b) Long term monitoring of the structure for crack development, subsidence etc., due to 

observed defects deemed not serious enough for immediate action. 

c) Load posting of the structure due to discovered defects. This will become necessary if repairs 

have to be deferred to a future date. 

d) Recommendations for the corrections of defects. 

e) Assessment of the residual life of the affected components. 

5) Interim Inapectln"_ - This is an ad-hoc ongoing Inspection undertaken at the discret ion of 

the agency to monitor a l<nown or suspected deficiency or in response to reports from bridge 

users. 

The above field Inspections should be performed in a systematlc manner sa that the pOSSlblhty 

of overlooking a particular bridge compone nt is minimized. The inspection program should be 

subdivlded into stages/ bridge components. The relevant sections are then completed on a pre

prepared Inspection form as observations are made. A listing of the these stages/bridge 

component observations (32) is included in Appendix C. 

Where notes are taken to describe conditions, they must be clear and concise as far as 

possible, utilizing standard engineering terms ta describe observed bridge conditions. The notes 

should also be supplemented wlth sketches and/ or photographs. 

7.4.1.2 Ratlng of a Bridge 

Part of the information required for proper management of a bridge population is an assessment 

of the load carrying capacity of each structure. This information is used to post bridges where 

necessary, so that load induced damage and deterioration are not aUowed to occu,.5 and for route 

selection and approval of special permits for the transport of unusually heavy loads. The 

guidelines for rating evaluation (32) specifies that this load carrying capacity or rating shall be 
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considered at two load levels. 

The tirst levells the operatlng ratlng in which the absolute maximum permissible stress at whlch 

the bridge Will be allowed to operate is determined. This data is used to determine the structural 

adequacy of the bridge when special permit vehlcles are allowed ta use It. The second load level 

is the inventory rat!ng which is the load level (stress) at which the structure can safely operate 

Indefinitely. Bath load levels are evaluated uSlng elther the worklng stress or the la ad factor 

approach. 

ln the evaluation of older bridges, contract specifications may not be available to en able the 

determination of the type of material or its propertles. From the age of the structure, whether 

known or estimated, the material propertles (i.e. the allowable stress) can be obtained from tables 

in Reference 32. These tables provide properties of materials manufactured in speclfled time 

periods. Matching the age of the .. tructure being evaluated wlth the correspondlng time period 

wfll allow the estimation of a strength value. The tables are made avallable far both Inventary and 

operating ratings. 

ln concrete bridge evaluations, non-destructive test~ are available to quantify steel reinforcing 

and its grade. In general, it is accepted that a concrete structure in service under present day 

traffic, and not showing signs of distress can withstand higher levels of service. Where necessary, 

this can be verified by load testing. 

ln the load factor methad of approach, for each rating level, bndge companents are checked 

using the appropriate equations set out in Reference 32. ThAse checks are made from both 

strength considerations and fatigue requirements. The equatian used is of the general farm' 

or R.F = 

where Rn = Nominal strength or resistance. 

R.F = Rating factor. 

1d -= Dead load factor. 

11 = Live load factor. 

(7 .1) 

(7.2) 
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tI> = Resistance factor (capacity reduction). 

l = live load effect (nominal). 

= Impact or dynamlc load amplification factor. 

o = Oead load effect. 

The live load effects shall be obtained by applying a suitable model which represents loading 

in the partlcular Junsdictlon, or uSlng the standard AASHTO HS loading or one of the three vehicle 

types described in Reference 32. Allowance for impact should be includad in the live load 

evaluations. 

The load effects are dlstributed to the different bridge superstructure components using the 

approach set out in Reference 41. This Involves the multiplication of the load effects of one line 

of wheels (or one half of the lane load) by a distribution factor to obtain the actual effects in 

components such as floor beams, main girders, etc. In concrete slabs, the method of approach 

shall be as set out in Section 5.3.3 of Reference 32. 

For truss bridges, the standard approach is to assume pinned join:c; with members subjected 

to direct axial tension or compression. Influence lines can be generated using staties and load 

effects calculated from these. 

As a result of years of research and field testing in Ontario (5), it has been shown that the 

simplified methods of analysis used in determining the structural capacity results in gross 

underestimation of actual load carrying capacity of bridges. In such cases, the structural 

evaluations can be performed using more sophisticated analytical methods such as the flnite 

element analysis (accounting for three dimensional effects), or load testing. Correction factors 

(32) are applied to the load effects to account for the inherent inaccuracies of the method of 

analysis used. 

Atter determining the load effects (shear and moments) for ail structural components of the 

bridge, the rating factor is obtained using Equation 7.2. The lowest rating factor obtained shall 

be taken as the limiting factor for the bridge. Rating factors less than 1.0 indicate clear 

deficiencies in the structure and will require posting of the bridge. The load that corresponds to 

an acceptable rating factor is obtained by simply prorating from that which causes the deficiency. 

Where it is found that the load required to obtain acceptability is too low, consideration should 

be given to : 1) replacement 2) active load restriction and/or 3) repair. 

The flow chart ln Figure 7.3 shows the procedure for the rating evaluation of a bridge. The 

actual rating factor is calculated for ail structural components. The evaluations are undertaken 

using the load factor method of approach. The procedure is similar if the working .5tress method 

is used, except for the load factors and the stress values used. 
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7.4.1.3 Ranklng of a Bridge Populati!')" 

Bridges which have rating factors less than 1.0 must be flagged for replacement, repair or 

retrofittlng. For rating factors greater than 1, where members are undergoing observed 

deterioration, the previous three options are again reconsidered along with the added option of 

load posting only for deficient bridges or those scheduled for repair, etc. It is also recommended 

(32) that where posting load IImlt is 3 tonnes or less, consideration should be given to its 

replacement. 

Where a number of bridges ln a population fall into either rating category, sorne means of 

ranklng or prloritizing them for action is required. The process of ranking involves the 

consideration of factors affecting the state of the bridge mate rial and geometric standards which 

impact upon the volume of trafflc using the bridge. Among the factors that affect the ranking are 

as follows: 

1) Operating and Inventory rating. 

2) Extent of deterioration. 

3) Residuallife of deteriorated component. 

4) Number of lanes and their widths, etc. 

The above factors are taken from the list in Appendix B. There is presently no set format for 

the number of factors or which items go into the ranking process. The selection will vary 

depending on the state of the bridge population and the objectives adopted by the agency. If 

the bridge population has good user services (such as proper lane widths, desired number of 

lanes, etc.), but is deficient in load carrying capacity, then the ranking should be such to reflect 

a preference for operating and inventory ratings. The factors used are given numeric ratings (0-9) 

which coincide with a qualitative state or condition of the structure (i.e. Good - 7; Fair - 5). An 

algorithm i~ formulated to combine the variables, weighted to reflect the importance of each in 

the function of the structure. The final overall rating is a number from 0 - 100. The rating should 

be 50 calibrated that 100 represents a perfeet condition, and some eut-off value, say 20 would 

represent a condition which would require a high priority for remedial action. The ranking is then 

evaluated with the bridges with the lowest rating numbers requiring more urgent attention. 

Calibration of the rating factors to actual bridge condition must be undertaken carefully, giving 

proper weighting to each component sa that the weighting of a component (which may become 

deteriorated/damaged), which may cause collapse of the structure is not negated and that the 

structure can be given a reasonable overall rating (and hence ranking in the population) while it 

Is on the brlnk of failure. In NCHRP Report 251 (49), the authors have proposed a Maintenance 
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Urgency Index which would allow for flagging of the structures requinng special consideration. 

A number (0-9) is quahtatively correlated ta the various maintenance/ repair actions warr anted. 

Otherwise, the ranklng can be designed su ch that a bridge adopts as ItS ove rail rating, the ratlng 

of the most deflclent structural component. Restrrcting It 10 the structural component ensures that 

bridges with cntieal problems will be glven priority ln the ranking 

7.4.2 Financial Evaluation 

Having highlighted the deficieneies/ defects in the bridge population, and having ranked them 

according to priority, the next stage is to evaluate the cost of rectlfying the problems. This 

becomes necessary to judge the most cost effective approach of the remedial options being 

considered and allows the selection of repair candidates amongst a list of bridges. 

At the project level, each of the possible remedlal options consldered have dlfferent costs 

associated with them. Some may have higher initial costs, but smaller maintenance costs, in 

addition to which one may have a longer hfe of repalr than another. These have to be taken into 

consideration when evaluating the various options. Other factors whlch have to be taken ;nto 

consideration are : 

a) The location of the structure in the road network. This will have a pronounced Impact on the 

travelling public if the alternate route has a longer mlleage and the cost associated with Its use 

are high. Where the bridge has to be closed during remedlal works, the cost of detounng the 

traffie has to be considered, wlth the objective of mlmmizlng thls cost. When trafflc volume is not 

heavy, temporary bridges (I.e. BaUey Bridges) may be launched adjacent to the existlng bridge 

for the duration of the remedial works. The cost associated with any detourrng will have 

implications for the allowable duration of the project whlch has ta be accounted for estlmating 

liquidated damages. 

b) Nature and extent of deterioration of the structure. 

c) Anticipated level of service of the structure and its present load carrying capacity. 

d) Remaining life of the structure or any future reconstruction planned for that particular location. 

f) Local experience in the repair schemes. 

g) Number of qualifled contractors available. 

Not ail of these considerations may be compatible to each repair alternative and the evaluation 

will show differences which will be used to determine the appropriate option. 

Evaluations need ta be carried out to assess the cost of foregoing repairs to a later date, which 

will result in a higher cost of action at a future date due to increase in unit cast assoclated with 
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the repair plus having to account for addltional deterioration of the component/structure. 

7.4.2.1 Present Value Cost 

Earller techniques in bridge management simply addressed one or more options and the scheme 

with the lowest cost was normally chosen. Provisions were then made to carry out the necessary 

works. Where multi-year costs were encountered, the out-of·year costs were converted to a 

present day eqUivalent value, accounting for the time value of the funding. 

The present value (PV) of a multl-year expenditure is given by the expression: 

Where Cn = capital expenditure for year n 

r = rate of discount 

(7.3) 

The need to address the benefits which accrue from the remedial works has resulted in 

less use of this method of approach and the use of the benefit/cost (bIc) ratio method, which is 

presented in the following section. 

7.4.2.2 aen,flt 1 Cost Ratio Evaluation 

ln the previous section, only the cost of remedial works was considered. The approach used 

frequently is the benefit to cost ratio method, which is facilitated by attributing a numeric value 

to the beneflts which accrue due to the improvement works. Associated with every bridge is a 

user cost, which cornes from the various parameters associated with the traffic on the structure, 

cost of accidents, vehicle repairs, etc., associated with ttle defects of the structure. 

The benefits are assessed by the reduction in the user cost incurred after improvements are 

made. For ex ample, posting a bridge prohibiting heavy trucks and commercial vehicles causes 

these vehicles to detour along a longer route and resutts in an increase in the operating costs to 

these users. If these vehicles are allowed after the improvements are made, it helps to reduce 

the!r operating cests thereby supplementing the beneflts offered by the improvement. 

Conside. atlon of the above enables assessment of the true costs and the benefits accrued from 

canying out a particular action. Where these are mutti-year benefits and costs, present day 
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equivalent values are obtalned as before. The available alternatives are Judged on the basis of 

the highest beneflt/cost (bIc) ratio. An alternative with a bIc ratio less than one is not considered 

feaslble as the costs outweigh the beneflts 

7.4.2.3 Incrementai Benefit Cost Evaluation 

ln the evaluatlon of repair schemes, vanous repair options are considered with each option 

oHenng a dlHerent level of improvement. For example, a concrete overlay oHers a better measure 

of improvement over a waterprooflng membrane with bituminous con crete wearing course ln a 

deck rehabihtation. In addition, construction practices and costs vary. Thus after the vanous bIc 

ratios have been evaluated, they can be attnbuted to a desired level of improvement. 

It was noted earlier that the bic ratio was an improvement on the present value of cost method. 

The bIc ratio, however, does not adequately reffect the Incrementai benefit to cost ratio per level 

of improvement. In order to achieve thls refinement, the Incrementai benefItJ cost (Ib/c) ratio IS 

used. The ib/c ratio is the ratio of the addltlonal beneflts reahzed in utilizing one alternative over 

ar.other, divided by the corresponding dlHerence in the costs of the two alternatives. This ratio 

is actually the rate of increase in benefit (from one option ta the other) ta cost, and glves a 

measure of the relative improvements for corresponding levels of Improvements. Thus, the user 

has the opportunity to optlmlze the level of expendlture to a level of improvement (only feaslble 

options are judged, i.e., the conventional bl c ratio is greater than one). This is explamed by the 

fact that the relationship follows the law of diminishing returns as shown in Figure 7.4. Thus, 

sorne of the options may be shown to be uneconomlcal for the addltlOnal investment. The most 

fea3ible option is the one with the highest ib/c ratio, which corresponds ta the maximum point on 

the curve shown in the figure. 
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7.4.3 Network Appralsal - Prioritizing Bridge Selection 

At the network management level, bridges which were previously ranked according to urgency 

of repair needs, etc., and based on whlch the dlfferent repair options were considered, are 

chosen to evaluate the amount of funding required. The final approval of funding is normally 

outside the control of the bridge agency and often it does not match that required. 

Therefore, the objective is to reorganize the remedia! work that will yield the most be.lefit for the 

funding provided. One means of optimizing the selection process is through a further ranking 

according to their ib/c ratios. Alternative bridge sites are chosen based on the highest to 'he 

lowest ib/c ratio. 

7.5 Review of Two Exlstlng Bridge Management Systems 

Two bridge management programs are reviewed in this section. One was developed in Canada 

and the other in DenmarJ.:. The two programs are : 

1) The Bridge Rehabilitation, Inventory and Maintenance Management System (BRIMMS). 

2) DANBRO bridge management and maintenance system (DBMMS) which is currently used in 

Denmark (for the state railway company) and Thailand(for their Department of Highways). 
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BRIMMS 

This system has the capablilty of: 

1) Storage of ail the data necessary for the maintenance of the bridge population. 

2) Allow for the analysls of the data 50 as to identlfy those bridge sites where replacement. 

rehabilitation or maintenance is nece. :sary. 

3) Detlne cost effective rehabilitation and maintenance programs allowing for current and multi

year expendlture. 

The system is microcomputer-based and consists of four databases and a main program (which 

retrieves data from databases by user specified reports) to analyze and correlate the relevant data 

ta carry out : 

1) Bridge rating. 

2) Prioritizing remedial work. 

3) Produce remedial work plans. 

BRIMMS Data Bases 

The four data bases in BRIMMS comprise the following. 

1) Physical bridge data - This comprises the physical parameters of each bridge. 

2) Trafflc data - This takes account of the Annual Average Daily traffic (AADT). 

3) Component condition data - Each component inspected is given a mate rial and urgency 

rating. These are similar to that described in Section 7.4.1,2. The material rating is based on the 

level of deterioration of the component and its abillty to carry its intended function. The materlal 

rating is either G (Good), F (Fair), P (Poor), or V (Very Poor). The urgency ratlng (UR) indicates 

how soon a component is estimated to need remedial action. Tables 7.1 and 7.2 summarize bath 

parameters. 

4) Service level data - This includes information on the load capacity, hydraulic requirements, 

number of bridge lanes. widths. etc. 

Main program 

The BRIMMS program makes use of Its database information to generate six parameters, on 

whlch a bridge condition can be judged. The parameters used are: 

1) Bridge Condition Ratlng (BCR) 

From the field inspections conducted, each component of a bridge is given a material rating 

and an urgency rating. From the calibrations performed (Table 7.3) field ratlngs are converted 

ta numerical equivalents to give a component condition rating (the scale is 100 - O. where 100 
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represents perfect condition whlle any value of less th an 30 indieates that the component has 

reached the end of its usefullife). 

A component group ratlng is calcl.!!ated by taking the weighted average of the indlvidual 

component group ratings. Component groups comprise foundatlons/ substructures, 

superstructures, decks, structural and non-structural aceessories. If any critieal component in any 

of the above groups has a rating less than 3D, then this is automatically taken as the governing 

ratlng, overriding the component group rating. This allows flag9in9 of any serious defects whlch 

warrants special attention. 

The Bridge Condition Rating (BCR) is obtained by taking the weighted average of component 

group condition ratJng (GCR). Typical weightings are iIIustrated in Table 7.4. Again, any rating 

withlO a component group with a value of less than 3D, supersedes the final rating (BCR), not 

wlthstanding the particular weightlng of the group. 

2) Bridge Service Leve' Rltlng (BSR) 

This rating Is assigned a number on a scale 0 - 100, and it reflects the level of service or 

functional adequacy of the bridge. The level of service is depandent on a number of fa~tors 

whieh follow : 

a) Load Capaclty 

b) Number of Lanes 

c) Width of Lanes 

d) Horizontal Curvature 

e) Bridge Trafflc Railing 

f) Vertical Curvature 

g) Vertical clearance under bridge 

h) Vertical clearance over bridge 

i) Approach road narrowing 

j) Hazardous utilities 

k) Flooding 

1) Hydraulic opening availabl~ under bridge 

Each of these is assigned a value which Is compared ta a desirable and mandatory value. The 

mandatory and desirable values are based on the design standards. The actual values are stored 

in the physical parameters database in BRIMMS. 
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UR DEFINITION 

o CRITICAL REPAIRS TO BE CARRlED OUT 
Uù1EDIATELY 

1 URGENT REPAIRS TO BE CARRIED OUT WITHIN 
ONE YEAR 

2 HlGH PRIORITY REPAlRS TO BB CARRIED OUT 
WlTHIN IWO YEARS IF THIS IS DEEMED 
ACCEPTABLE BY AN ENGINEER 

5 LOW PRIORITY REPAIRS THAT CAN BE DEFERRED 
FOR UP TO FIVE YEARS 

N NO ACTION REQUIRED 

Table 7.1 Urgency Ratlng Definitions 

MATERIAL RATING MATERIAL DETERIORATION LOS5 OF FUNCTION 

G NONE NONE 
(GOOD) 

F KINOR NONE 
(FAIR) 

P MAJOR MINOR 
(POOR) 

V SEVERE COMPLETE 
(VERY POOR) 

Table 7.2 Mater'al Ratlng Definition. 
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( CONDITION RATING FIELD CONDITION RATINC 

100 GN FN PN V~~ 

90 G5 

85 F5 

70 G2 P5 

60 F2 

50 G1 VS 

40 P2 

30 GO Fl 

25 V2 

20 FO Pl 

10 PO Vi 

0 VO 

Tlble 7.3 Tlble for Conv.rtlng Field R.tlng. to Num.rlel' Equlvl'ent. 
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COMPONENT GROUP - FOTJNDATIONS/SUBSTRUCTURES 

COMPONENT WEIGHT 

FOUNDATION STABILITY 0.20 
FOOTINGS, PILES 0.15 

COLUMNSjWALL PIERS 0.15 GROUP WEIGHT 
PIER CAPS 0.15 
WINGWALLS 0.10 0.35 
ABUTMENTS 0.15 

ABUTMENT SEATS 0.05 
BEARINGS 0.05 

COMPONENT GROUP - CONCRETE SUPERSTRUCTURE 

COMPONENT WEIGHT 

MAIN CON CRETE BEAMS 0.40 
CORBELS, DAPPED ENDS -- --
TRANSVERSE SYSTEM 0.15 GROUP WEIGHT 
SECONDARY BEAMS 0.10 
REINFORCEMENT 0.25 0.30 
BRACING, DIAPHRAGMS 0.10 

COMPONENT GROUP - STEEL SUPERSTRUCTURE 

COMPONENT WEIGHT 

MAIN STEEL FLANGES 0.20 
MAIN STEEL WEBS 0.20 
STEEL BEAkINGS 0.05 GROUP WEIGHT 
MAIN STEEL CONNECTIONS 0.15 
TRANSVERSE FLOOR BEAMS 0.10 0.30 
LONGITUDINAL FLOOR BEAMS 0.10 
SECONDARY CONNECTIONS 0.05 
DIAPHRAGMS. BRACING 0.05 
PAINT SYSTEM 0.10 

Table 7.4 Welghtl for Calculatlng Component Group end 6rldge Condnlon Retlng. 
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COMPONENT GROUP - DECK 

COMPONENT WEIGHT 

CON CRETE DECK ~LAB 0.30 
DECK REINFORCING 0.25 GROUP WEIGHT 
PROTECTION SYSTEM 0.05 
SIDEWALK 0.10 0.20 
JOINTS 0.15 
DECK DRAINS 0.15 

COMPONENT GROUP - OTHER STRUCTURAL COMPONENTS 
---

COMPONENT WEIGHT 
. 

BARRIER WALLS 0.05 
PARAPET WALLS 0.10 GROUP WEIGHT 
RETAINING WALLS 0.25 
EMBANKMENTS 0.25 0.10 
APPROACH SLABS/PAVEr~~T 0.15 
GUIDERAILS 0.10 
HANDRAILS 0.10 

COMPONENT GROUP - OTHER NONSTRUCTURAL COMPONENTS 

COMPONENT WEIGHT 

OVERALL DRAINAGE 0.04 GROUP WEIGHT 
SLOPE PROTECTION 0.50 
LIGHTING 0.09 0.05 
UTI LI TI ES 0.01 

Table 7.4 (contlnued) 
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", If the actual value is less than the mandatory value, a maximum point reduction is assigned. 

This is implemented for each element indlVidually. The point reducteon for a particular element 

can have three scenarios: 

1) No point reduction - The actual value is &quai to or greater than the mandatory. 

2) Full point reduction - The actual value IS worse than mandatory. 

3) The actual value is equal to or better than the mandatory value but less than the desirable 

value. 

The point reduction is given by: 

Point Reduction =0.5 x MPR [ 1- ( ACT -DES) / ( DES - HAND ) (7.4) 

where MPR = maximum point reduction. 

The bridge service rating (BSR) is then determined by summing ail point reductions (for ail 

elements) and subtracting them from 100. Maximum (default) reduction is 100, whieh would 

correspond to a BSR of O. 

3) Over." Bridge R_lng (OBA) 

The OBR is a combination (weighted sum) of the Bridge Condition Ratlng (BCR) and the Bridge 

Service Level Rating (BSR) given by, 

OBR:: T ( 0.7 BeR + O. 3 BSR ) (7.5) 

where valL..e T is the traffie importance factor which reflects the importance of the structure in the 

network and is depandent upon the volume of traffie (MOT) using the bridge and whether the 

route IS used by partieular traffie groups (buses, trucks). 

The weightlng 70% - BCR to 30% - BSR (Equation 7.5), reflects the emphasis ln restoring 

the condition (correcting defects) of its bridge population. The OBR value is used to rank 

structures in urgent need of remedial action. 

4) F.ctored Condition A_lng (FCA) 

The FeR is obtained by combining the traffic importance factor and the status factor (S) to the 

BeR. The status factor is user defined, intended to asslgn Iower priorlty for remedial work to 
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structures less than six met ers in span. 

5) F .ctored Service Level A.tlng (FSR) 

This is obtalned by applying trafflc factor T, and status factor S, ta the BSR rating. 

6) F.ctored Ove,.11 R.nklng( FOR) 

This is the welghted sum of the FeR and FSR ratings. In the BRIMMS program, bridges are 

ranked by any of the six parameters to obtain a shortlist. For each bridge component that 

requires repairs, the program considers four options, whlch are: 

1) No Action (N) 

2) Minor Action (A) 

3) Major Repairs (C) 

4) Replacement (0) 

The program uses unit costs in the database ta carry out a life cycle cast analysis, selecting 

remedial action with the lowest Iife cycle cost. In addition, it produces a parameter equivalent 

uniform annual cast (EUAC) which is used ta show the cast of deferring the remedial action to 

sorne future date. 

The BRIMMS calculates how weil the action plan compares to a no action plan through an 

Index called the cost effectiveness index (CEl). A CEl greater than one indicates that the action 

plan is more economical than the no action plan and a value of less than one shows that the no 

action plan Is better. The return on investment (ROI), of the plan can be displayed. This is 

obtained by multiplying the CEl by the discount rate. 

The CEl can be used ta compare between different bridges where remedial action is Iimited by 

funding. The repair schemes are ranked according to the highest CEl value, given by the 

following expression: 

CEr III PVE - PV + Workplan Cost 
Workplan cost 

= Present asset value for no action 

(7,6) 

where PVE 

PV 

WOrkplan Cast 

= Present asset value for chosen repalr option 

= Cast of remedial action. 

The BRIMMS facilitates network management of the bridge population by the production of rating 

factors that relate ta the condition and service of the total population. These factors Include the 
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bridge population condition rating (PCR) and the bridge population service level rating (PSR), 

which are computed by uSlng the BCR and BSR ratlngs, respectively. Both the PSR and PCR are 

used to get an ove rail population ratlng (OPR). 

The BRIMMS will predlct the future PCR in one and flve years, assumlng that no maintenance 

or rehabihtation IS undertaken. The use of a decay curve (negatlve exponentlal curve) of the 

population condition as a whole is used to make the prediction. The decay curve is a 

combinatlon of ail of the Individual decay curves of bndge components. 

Using proposed work plans, BRIMMS computes new BCR and PCR ratlngs. The new PCR 

ratings should exceed the previous one, otherwise it Indlcates that the bridge population as a 

whole 15 degradlng. 

DANBRO BRIDGE MANAGEMENT AND MAINTENANCE SYSTEM (OBMMS) 

This system was developed for the Danlsh State Rallways and It was commlssloned later by the 

Department of Hlghways in Thalland. These two agencles are responslble for the management 

of 2500 and 10,000 bridges, respectlvely. 

The 08MMS system is capable of belng run on a personal computer and minicomputers and 

consists of. 

1) A database. 

2) Manuals for the program / system. 

3) Six Modules: a) Inventory Module. 

b) Inspection and Condition Rating Module. 

c) load Capaclty Rating Module. 

Dlt.bl.e 

d) Priority Ranklng Module. 

e) Maintenance Module. 

f) Budgeting Module. 

The bridge database is used to store ail relevant information about each bridge. This information 

is categorized as administrative, geometric, material composition of the structure and its condition. 

Mlnull. for BMMS Progrlm 

The main activities covered by the OBMMS are shown below in Figure 7.5. Manuals are provided 

for ail of these activities so that inspection and reports are performed in a consistent and 

systematic manner to have comparable results for the ranking of the bridges. 
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INVENTORY r- I RECOROING 

BRIDGE BRIDGE DATA BASE 
SUPERFICIAL 
INSPECTION - - OVERVIEW 

/MAl NTENANCE 

PRINCIPAL 1-- DATA 

INSPECTION 1 1 1 1 1 

1 1 1 

SPECIAL - - .- r-
INSPECTION MANAGEMENT RAN'{ING BUDGETING 

1 1 1 

BRIDGE -
IMPLEMENTATION OF MAINTENANCE WORKS 

RATING 

Figure 7.5 Actlyltle. Coy.red by the DBMMS Syatem. 

Inventory Module 

This module is used to set output and input report formats used in OBMMS. Both formats contain 

information on the various elements! components of a bridge. This information is either 

specifically user-defined or as presented in the list in Appendix B. Through this module, the user 

is able to view or update the information (:oncerning the various bridge elements and add new 

bridges to the inventory. Ali updated or new bridge information is stored in the database, and 

Is performed automatically by the program as the information is entered. 

In.peetlon and Condition Ratlng Module 

Three types of inspections are carried out: 

1) Superficiallnspection. 

2) Principal Inspection. 
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3) Special Inspection. 

These inspections are simifar to those jescnbed ln Section 7.4.1.1. Superflclal Inspection is 

performed visually by tralned staff and supeNised by a quallfled englneer. If the condition of the 

bridge IS deemed to warrant, then special Inspections are sCheduled, whlch involve non

destructive testlng and other chemlcal! electrochemical tests. Superficial Inspection covers the 

following acti'Jlties: 

1) Condition Ratlng 

2) Estimates of the Remaining Life. 

3) Cost Estimates. 

4) Damage RegistratlOn. 

The condition mark (rating) is a numencal assessment of the status of the component. The 

scale used is from 0 -5 (0 -Component with no need of repair, 5 -Compone nt with no usefyl hfe 

remaining). 

Estimates of the remaining life for elements/ components are made uSlng detenoratlon models, 

which are graphlcal representations of slmllar components, whose rates of decay under varylng 

exposure conditions have been monitored. Regression analysls is then used on the recorded 

data to obtain curves which approximate the decay rates. 

The final activitles involve estlmating the cost of any repalr actlvlty. Any damage to the structure 

is noted. The date of the inspection IS also recorded and displayed so that future Inspections 

may be planned. A bridge with known deflcienciesl damage is flagged for inspection on a more 

frequent basis than one without any deflciencies/damage. 

LOld ClPICIty Rltlng Module 

This is a menu driven structural analysls program which is hnked directly to the DBMMS database. 

The direct linkage allows for data to be read form the database and used as Input for structural 

analysis. The load capacity evaluation IS performed uSlng the actual condition of the bridge 

components and this is compared wlth the actions caused by live loads. The DBMMS is able to 

use various truck types and loadlngs (AASHTO, OHBDC 83), the effects of which am expressed 

in relation to a standard truck. In addition, the user is able to define hlS own truck loadingl 

configuration. In the case of simultanf~ous vehicle occurrence on a bridge. multiple present 

factors are applied accordingly to the toad effects (24,58). 

Section Strength Reduction 

Strength reduction factors are used to assess the loss in capacity of the component due to its 

deteriorated condition. For each element, the strength reduction is assessed as a function of the 
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condition marlt These factors are determined within each jurisdiction by a probabilistic approach, 

taking into consideration the likelihood cl damage and its influence on the capacity of the bridge. 

The function used by DANBRO for the Thailand Highway Department is shown in Figure 7.6. 

Stren~th Reduction Factor 

If\ 
1 1.00 

1.0 

1 
1 
1 
1 

0.5 t 
1 0.30 

1 
1 
1 
1 1 1 1 1 , ~ Conditi"n Mark 

l 2 3 4 5 

Flgur.7.1 Strength Reduction Factor 

Live Load 

A standard truck IS used as a reference in both the evaluation of the component capacity and the 

Joad effects trom the user-detined trucks. Thus, the effect of any type of loading can be 

compared with the capacity of the components. This is beneficial while evaluatlng legal vehicle 

loads where the permit load IS expressed in terr.IS of the standard truck and compared directly 

with the bndge capacity (the componem of the bridge that limits ils carrying capacity). 

The program analyzes a structure using either a simple !wo dimensional analysis or a detailed 

three dimenslonal analysis. In addition, it considers three limit states in its evaluation : ultimate, 

serviceablhty and fatigue limlt states. 

Two rating levels are considered, both corresponding to thase outlined in Section 7.4.1.2. The 

inventory rating is uSed for evaluating new structures to be added to the database anJ the 

operatlng ratlng for the evaluation of the in-service structures. 

The load factors used for bath dead and live Joads are obtained trom the AASHTO Standard 

Specification for Highway Bridges (58). The resistance factors are calculated using an algorithm 

based on geometric and functional data (24) of the bridge tram the invemory file, the MSHTO 

Code (58), and the condition data for the bridge. These factors are determined for ail user 
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defined sections. 

Evalultlon Results 

Two parameters are output from the Load Capaclty Module, namely, the load carrying capaclty 

(In terms of the standard truck) and the load capaclty rating mark. For each component, the 

sectlOnal forces are compared with the correspondlng strengths. Where they are not equal, the 

ratmg factor 15 adjusted (increased or decrea5ed), until the load effects equal the sectional 

strengths. This final factor represents the margln of safety ln the component hnuting the bndge 

capacity. 

The load capacity rating mark IS used to pnonLiz\:: bridges for repalr. ThiS rating mark reflecls 

the ablllty of the structure to carry the actual truck loads. Where the ablhty of the structum 10 

carry loads is reduced, thls ratlng mark is Increased by preprogrammed algonthm wlthln OBMMS. 

Structures wlth hlgher ratlng marks are given a hlgher pnority for repalr. 

Maintenance Module 

OBMMS incorporates guidellnes for material testing and maintenance strategies, which are used 

to evaluate repair options for a particular component deflclency. Included in the database are 

contractor costs, user costs from trafflc surveys (43) and the owners costs. These are used to 

calculate the net present value of costs for each strategy to select the best option. 

Budgetlng Module 

Rating marks as described earlier are used as the basis to prioritize bridges in need of remedlal 

action. Bridges with higher ranking points have higher priority for repair. The importance of the 

function of each element in the bridge and the importance of the route (trafflc class and volume) 

is included in an algorithm that evaluates rankings. 

Shortlisting of the rating list is performed to reflect the ablhty of the agency to provide qualified 

staff to effectively monitor and manage repairs. From this, a budget IS prepared. The repair 

budget may be for one or more years ahead, dependlng on the program reqUirements of the 

agency (e.g. a five year plan to upgrade the bridge inventory condition). 

Where budget limits are imposed (typically outside the agency's control), OBMMS is able to 

rationalize the repair "ost per year ta fit within the restrictions. This is achieved through a feature 

called reverse budgeting facility. The budget limit is input, and DBMMS automatically evaluates 

the different combinations of jobs which will fit within the limits. 

At the network level, OBMMS produces a network of routes within the jurisdiction where heavy 

vehicles can pass the bridges safely. Alternative routes, capable of accommodating these trucks 
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are also included. This is used to more effectively manage routes in order to best preserve the 

bridge population, th us a bndge whlch is deficient is not allowed to be traversed by traffic whlch 

may cause this deflciency to be accelerated (e.g. trom fatigue damage). 

Over tlme, the agency can Jud~je whether it wishes to extend the number of routes capable of 

accommodatlng heavy loads. This may be executed in response to the trucklng industry requests. 

OBMMS Will facliltate the revlew of the network system, determine the routes available for the 

Intended loadln:], or if necessary, those bridge sites that would need upgrading/ new constru,~tion 

to allow the passage of slJch trafflc 

7.6 Conclusions and Recommendations 

A bridge population represents a substantial investment in the transportation infrastructure, and 

a proper management system is required to safeguard this investment, wlth the following features: 

1) A facility to store the relevant data for the bridge population, allowlng easy up to-date review 

of the bridge population status. 

2) Systematic evaluation of the bndge population condition, resultlng from the standardized 

Inspection reports for computer data entry. 

3) A facility of generating reports (in fixed formats) for bridges. 

4) A faciltty to rank and shortlist bridges for remedial work. 

5) A facihty to priority-rank repair plans, carry out financial analysis, and provide budgets for the 

remedlal works. 

6) Accrual of savings due to minimizing of unexpected repair works. 

7) A means of maintaining a bridge population at a desired level of service and condition. 

Review of the two programs highlight not only how much bridge management systems have 

advanced but al 50 the different levels at which they are used to fulfl! the requirements of the user 

agency. 

The OBMMS provides the above features and in addition, it is able of interfacing different 

software programs to Ils database, enabling the system to perform structural analysis, evaluation 

and rating of bridges. In BRIMMS, this evaluation is performed independently by the engineer 

and the sophistication of the analysis is then dependent upon the engineer. However, the 

evaluation as performed by OBMMS and BRIMMS may differ, with the result that one structure 

may obtaln a more favourable capacity check than another, though both may offer the same state 

of service. 

Bridge management systems will find increasing use in the future, as transportation agencies 
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seek more efficient means of st orage, retneval and evaluatlon of bridge data. The 

recommendatlons for future development of bridge management systems follcw: 

1) S!andardlzatlOn of technlcal terms and evaluatlon procedures is needed to make management 

techniques more unlform. 

2) StandardlzatlOn of financlal evaluatlons and terms used. 

3) Increase unlformlty of design (evaluation) codes, and recommendations (1) and (2) will allow 

BMS packages to be standardlzed and hence purchaseable off the shelf, resultlng in lower costs 

and quicker implementatlon. 

4) The production of a standard document or manual of practice which encompasses : 

a) Condition surveys (2) for the evaluation of the various bndge types. based on material 

of construction and type of structural system (precast concrete, steel glrder, etc). 

b) Test methods and procedures for chemical, electrochemical and physical non -

destructive tests for both concrete and steel structures. 

c) Repalr strategies for concrete (61) and steel bndges. 

This manual wou Id then be used to design modules which could be interfaced with an eXlsting 

bridge management system such as OBMMS or BRIMMS, thus allowing a bridge agency to fully 

automate its activities. 
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CHAPTER 8 

CASE STUDIES 

8.1 R.palr. to Pr •• tr •••• d Concrete Girders of Than. Cr.ek Brldg., Bombay, 

Indla 

Sanent F.atur •• of the Bridge 

The bridge is located on a creek joining the provincial highway between the cities of Bombay and 

Panvel in the state of Maharashtra, India. It is designed to carry four lanes of I.R.C. (lndian Road 

Congress) Class A vehicles or single la ne of I.R.C. Class AA vehicles whichever produces the 

worst effects. Construction of the bndge was started ln 1963 and the bndge was opened to traffic 

in 1972. 

The width of the carriageway is 13.41 meters and totallength of the bridge is 1836 meters. The 

central three spans are provlded with a vertical clearance of 9 meters for navigation purpose (see 

Figure 8.1). The foundation consists of open wells for SIX piers on the Panvel side and bored 

piles for the remaining. 

Independent reinforced concrete piers are provided on each weil for Pler Nos. 1 to 6 whlle 

relnforced concrete inclined 'V' arms are provided for Pier Nos. 7 to ~O. Piers from 30 to 35 are 

twln piers. Relnforced concrete piers above the PII~ cap and Pier Nos. 36 to 38 are single piers. 

The superstructure conslsts of six precast prestressed and post-tensioned concrete beams restlng 

on rocker cum roller type cast steel beanngs. The pler beams of the superstructure on 'V' arms 

serve as tle beams. The deck si ab is mostly precast as flanges of the beams and is post

tensioned transversely. Most of the structural components of the bridge such as piles, bracings, 

'V' arms and prestressed concrete girders are precast. 

Dlstress Observations ln Glrders 

Visual observations of the bridge in 1981 revealed development of longitudinal cracks in the 

girders. Spalling of concrete was also observed at a few places which exposed the high strength 

prestressing steel. The problem aggravated when the prestressing steel was found to be 

corrodee and sorne wires of the cable had ruptured and snapped. However, the mild steel 

reinforcement was observed to be relatively unaffected. 
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Flgur. 8.1 Vlew of the Bridge 

A detailed evaluation of the bridge superstructure showed that the balance of the pwstre':>',l!lIj 

force in the girders was not sdfficlent to sustaln the heavy loads on the bridge aftor a fow years 

bec au se the rate of corrosion Nas very hlgh in thls reglon Also. the bndge was the only direct 

hnk between the two major Industrlal cltles and that any further damage woulcl tlaVIJ beprl 

detrimental to the vital commUnication network 

ln order to monitor the development of cracks and ta Identlfy the extem of the damage ar Id 

distress ln the bridge, Il was felt necessary ta Inspect the bridge ln detal! (39) The dlfterenw 

between the hlgh and low tide levels IS about 4.7 meters At the lowest bed level, ttle mlnUllum 

standing water at low tlde IS 7.86 meters The vertical clearance for navigationai purposes 1'3 9 1 S 

meters above hlgh tlde level for the three central spans Under such site conditIOns. It was nul 

possible to organlze a close Inspection of the bridge Therefore. the Public Works Departmont, 

Government of Maharashtra, declded to Import a mobile bridge Inspection Untt as It was not 

available localty. ThiS equlpment had a m8)omum vertical worklng range of 13 matars for the 

inspection cage measured from the bridge surface ln mat ars The hOrizontal worklng range of 

the inspection cage trom the centre of the vehicle was 10 meters. Also, the Inspectlün LHIII 

consisted of four main booms of ngid steel blocks The unit was mounted on a truck chassis witt) 

three rudes and It was fitted with a diesel engine developlng 216 H.P at 2300 RPM 
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The main unit consisted of a heavy duty box frame consistlng of welded steel plates to resist 

ail of the forces caused by the use of the machine (see Figure 8.2). The stablhzlng unit 

comprised of four hydrauhc outriggers, with the complete controls situated at the rear end of the 

vehlcle. The movement of each outngger was controlled indlvidually. The vehicle could be 

adjusted on an uneven surface by means of a level Indlcator, provided at the rear end of the 

vehicle. The outnggers wrth tllt-Up twin wheels enabled mobile inspection. Ouring the operation 

of the machine, more than half of the road was completely free for trafflc. The cradle was of size 

0.9 by 2.0 meters , of tubular construction and equipped with two doors and with facility for lateral 

movement. The safe design worklng load was 350 kg. 

The type of work possible with the mobile inspection unit was: 

1) Close and safe inspection of ail components of the bridge. 

2) Detailed inspection of the bridge uuderside, slab sofflts, ail sides of the girders, piers, etc. 

3) Repairing and greasing of the bearings. 

4) Removal of cracked and damaged concrete from slabs, glrders, piers and carrying out patch 

repairs. 

5) Painting of soffits of bridge deck and ail sides of girders. 

6) Taklng corrosion measurements and monitoring developments of cracks, etc. 

7) Shotcretlng, spray painting, sandblastmg, or cleaning of concrete surfaces using pneumatic 

pressure hose system. 

8) Measurment of girder stralns 

The unit was assembled on the deck and shifted to barges with 'he help of cranes. The barges 

were then towed and brought under the span and aligned. By manouvering the cranes, the unit 

was lifted up and the suspender bolts were driven through the holes made through the deck slab 

for this purpose. After levelhng the platform, ils load was transferred to the deck by fixing 

distribution glfders and bolts. The suspender assembly was protected to avoid any damage and 

also to minimize hazard to the trafflc. 
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Figure 8.2 Bronto Skyllft (39) 

The longitudinal arrangement for the mobile un;r is shown in Figure 8 3. 

DeCK SLAB Ci 
SUSPENDER RODS 36 mm DIAMETER, 
4.5 M LONG, 6 NOS PER MODULE 

• • 

, '';'+~'~4J 
PLANKING .J 

-f'--.JC,...._ MODULE 6 NOS 5 M x 15 M 
, AND 2 NOS 3 M x 15 M 

PRESTRESSED CON CRETE GIRDER 

Figure 8.3 Longitudinal Arrangement of Mobile Unit 
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Immediate Remediai Measures 

The following measures were adopted to arrest deterioration. 

1) The surface of the prestressed girders was sand blasted. Any crevices, surface openings, 

pitting holes, etc. were f,lIed using epoxy mortar. A protectlve coatlng of epoxy paint was apphed 

unlform/y on the surface of the girders. 

2) Mlnor cracks ln the glfders were sealed by pressure injecting an epoxy resin into them. 

3) The prestressed girders were strengthened by providlng the required external prestressing. 

External Prestre •• lng 

This technique has been successfully usect on thls bridge to compensate at least part of loss of 

prestressing force. Whlle evolving the rehabi/itation scheme, one of the consideration was to 

determine the prestressing force to be applied to each girder. Calculations were made as 

mentioned earlier to determine the prestressing force available in each glrder accounting for the 

loss of prestress due to the distressed cables. After inspection of the girders and considering the 

available sections for transmitting the end anchorage forces, the maximum magnitude of the 

requlred external prestressing force that could be applied was about 2S percent of the balance 

prestress. 

ln the initial stages, four 12.7 mm diameter strands were placed symmetrically about the vertical 

axis of the prestressed girders. This provided approximately 15 percent of the required 

prestressing force. By usmg 15 mm strand or by increasing the number of strands to six, the 

magnitude of the prestressing force could be increased to about 25 percent of that required. The 

latter ahernative was implemented. The basic system of external prestressing is shown in 

Figure 8.4. 

The cable was anchored at the deck. For this purpose, necessary pockets were formed in the 

deck and holes were drilled for the cable !o pass. At transition points, deviator blocks were flxed 

ln position. The deviator blocks were flxed to the diaphragms by through bohs ensuring proper 

bearing against the girder sofflt. The high tension strand was placed in a steel conduit to proteet 

It 'rom atmospheric corrosion. The conduit itself was sandblasted and painted with epoxy. The 

single strand cabies were grouted by injecting a neat cement grout. Plasticizers were used for 

some cab les in preparation of the grout to improve workability and to reduce the water-cement 

ratio. 
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Flgur. 8.4 Ext.rnat Pre.tr ••• lng 

Problems During Execution and Methods Evolved 

To reduce inconvemence to public, erection of modules was carned out only dunng the 

weekends. However, it was not always possible to have favourable tldes on these days 

Although motor boats were used, control of barges presented difficult19S in keeplng them ln 

proper alignments. Therefore, the timing of the tides had ta be studled and the work had to be 

done to precise schedule. 

The north side girders are provloed wrth steel brackets to carry a pipeline. This reqUired 

making changes in the profile of the external cab les at the site, especlally as the pipeline cou Id 

not be put out of commission. Brackets supporting the pipeline had to be modifled by permlnlng 

threading of cables through special openings provided ln modifled brackets. The angle of 

inclination of the cables had to be modlfied by changing the size of the deviator blocks whenever 

the cable was intercepting the structural framework of the pipeline. 

ln sorne cases, whlle preparing the recess for the anchor block, cross cables of the deck were 

encountered. Therefore, tl1e location (.'f the recess had to be shifted to avoid interference wlth 

these cables. As a result, the cable hê/d to be reahgned and the deviator blocks had to be 

modified to accept such realignment. 

The work of externat pre~1ressing of such magnitude was carried out for the first time in India. 
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This technique did not only arrest any further distress but it aIso helped to Improvl! the 

serviceability of the structure. 

8.2 Cathodlc Prot.ctlon of Fourth South Vladuct, Ubh, U.S.A. 

location and Sall.nt F.atur •• 

The Fourth South Viaduct is Iocated in downtown Salt Lake city and spans the main switching 

yards (26 tracks) of the Denver Rio Grande and Union Pacifie railroaas. The 1036 mater long 

concrete and steel viaduct provides critical daily access for 15,000 vehieles. It consists of 25 main 

spans. four approach spans. a 178 mm thick reinforced concrete deck on concrete girders, and 

a 203 mm thlck reinforced concrete slab on the steel girders crossing the railroad tracks. 

Deterioration of the Bridge 

The bridge had been subjected to continuous appIicalions of deicing salts during the winter 

season. Examination of the bridge after 17 years of serviee revealed that the salt had 

contamlnated the concrete deck and pier caps. The steel reinforcement within the concrete had 

corroded and thls had caused a progressive detcJrioration of the surrounding concrete. Large 

amounts of concrete had split off from the supports and the bridge deck had commenced to 

delamlnate. Results from 27 cores ana/yzed confirmed that the chloride ions had penetrated upto 

3 percent on the deck and 19 bents and had penetrated to depths ranging from 50 to 100 mm. 

Rehabilitation Options 

The followlng alternatives were considered before rehabilitation. 

1) Use of conventional procedures such as patching. membranes and sealers: 

Sinc~ this was a temporary type of repair, it wou Id add only 3 to 5 years to the Ine of the 

structure at a cost of about $ 600,000. Over this period, corrosion of the steel would continue to 

weaken the structural components, resulting eventually in higher deck replacement costs. 

2) Removal &nd replacement of the old concrete with a new overlay: 

Use of this altl3rnative could add 10 years to the life of the structure at a cost of about 

$ 1 million. 
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3) Replacement of the complete deck: 

Use of thls alternative could provide an extended IIfe of arClund 40 years at a cost of about 

$ 8 milhon. However, it could keep the bridge out of service for at least one year. 

4) Arresting corrosion wlth the Cathodlc Prot\?ctlon technique: 

Complete refurblshlng of the "1eck and the substructure, Includlng Installatton of cathodlc 

protection on the deck and bents could cost Just under $ 3 mllhon Also, Il could gain the same 

advanta3es as total deck replacement resultlng in substantlally less repalr tlme and cost 

The fourth option was chosen smce it was consldered to be the most approprlate. The 

proprietary cathodlc protection f:"'~tem was developed by Eigard Corporation, Ohio. It uses 

titanium-based anode mesh embedded in the concrete. Corrosion IS arrested by dnvlng a low 

OC current from anode mesh to the reinforclng steel. The anode mesh remains intact and 

unchanged with prolonged use and can continue to protect the reinforced concrete deck and 

bents from corrosion for more than 30 years. 

Implementation of Rehabilitation Program 

The Project started in late April 1988. It was completed in mid-November and the anodes were 

energized in April 1989. From June through November 1988, two shifts worked to complete the 

refurbishing. The bndge was closed to trafflc for only four months, from July through November 

1988. The actual cost of instalhng the cathodlc protection system was about $ 650,000 and the 

entire bridge retrofit project was valued at $ 2.6 million. The entire rehablhtation program was 

completed in 2 ph lises as follows. 

Ph ••• 1 • Bent Rep.lrs 

ln 1984, delamination tests were carned out on the columns and around the bents. The data was 

plotted to locate areas of weakened concrete. The results Indicated that the bent caps were 

subjected to more delaminatlon and rust th an other areas due to the water dripping trom the 

decks. 

Refurbishing started in 1988 with hydrodemolitlon to rem ove about 4 percent of the damaged 

concrete on pier caps and along 19 of the 25 supports. The exposed reinforcement was repalred 

and structural concrete replaced over it. The installation crew then wrapped the bents wlth 

2790 m2 of anode mesh w:"1ich was eut with tin smps to fit around the columns and caps. Plastic 

'asteners held the anode in place and distributer bars were welded to the anode. Wires ran from 

the conduit on the outside of the bent cap down to enter one of the nine rectifiers. A 38 to 45 

mm thick shotcrete overlay was then sprayed over the anode. 
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Ph ••• 2 . D.ck Ina'iliition 

The delaminated concl ate on the deck was removed down to the level of the reinforcing steel. 

The concrete was replaced after repalnng ail of the exposl~d reinforcement. The expansion joints 

were hydroblasted and repalred, and where required, exp()sed reinforclng bars were covered with 

a 12 mm thick mortar patch. The entlre surface of the deck was then scarifled to a depth of 6 to 

12 mm to provide better adhesion for the new concrete overlay. 

Around 9290 m2 of anode mesh was installed on the scanfled deck. Mesh sections (supphed 

ln rolls approximately 1.1 m ~..,de x 81.4 m long), were eut to the required size and fitted around 

the drains and other Irregularrctes. The diamond pattern of the mesh (76 x 34 mm) containing 

thousands of strands not only provlded redundancy for the current path, but also assured a 

unlform current distribution to the steel. 

The mesh panels were electrically joined by transverse titanium conductor stnps. Anode le ad 

wlres were inserted Into holes drilled through the deck and connected to power wlnng Î:1 a 

junctlon box located at the undersiae of the deck. A direct current from the viaducts power 

source, between 50 ta 100 watts of continuously apphed power, neutralizes the corrosive chlonde 

Ions. The mesh was then overlaid wlth CI 50 mm minimum thlckness of portland cement con crete 

that was grooved for skld reslstance. 

Monitoring 

Initiai testing to set the rectifiers was carried out after completion the rehabilitation program. It 

was necessary to carry out tests after every 6 months ta determlne if the rectifier settings need 

ta be adjusted. Monthly checks were performed to verity the operation of the rectifier, i.e., to 

examine if power was on and also recording the operating current and voltage of the rectifier. 

ln the present case, a reference cell was embedded in the concrete dunng the rehabihtation 

program. Two different tests were specified to check that the steel was protected Both tests 

used the embedded reference cell to monitor the electrical potential of the steel. The electrical 

potential is measured against a parameter which is nothing but a difference in the tests. 

The E versus Log(l) test required the measurement of the steel potential (E) versus the level 

of the apphed cathodic protection current (1). It is a semilog plot used to interpret the level of the 

cathodic protection current and is often used along with depolarlzation tests to initially set the 

rectifier. 

The depolarlzation test measures the change ln the electrical potential of the steel with time 

after cathodic protection current to the steel is stopped. Normally, the job ~pecifications require 
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1 'JO to 150 mV change (Ner tlme. This test la usually run for 4 hours. However, it may last longer 

for structures which are sIower to depolarize. The routine test is simple and less subject to 

Interpretation than the E versus Log(I) test explained earlier. 

The cathodic protection system is working satisfactorily and has been able to stop further 

deterioration d the steel. ft 1s, however. being monitored constantly to ensure its proper 

functioning. Figures 8.5 to 8.8 highlight the bridge and the C'athodic protection system used. 

Figur. 1.5 Vlew of th. VI.duct (65) 

Figure 8.8 Inat.ll.tion of the Cathodlc Protection System (65) 
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Figure '.7 Spr8Ylng of Flbr .. Relnforced Concr ... Overlay on the aenta (es) 

F/gur. 8.8 Fixing of Anode around Curb., Beam., Piers, and other Ir-regularltle. (65) 
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CHAPTER 9 

REHABILITATION OF CHAMPLAIN BRIDGE, 

MONTREAL, CANADA 

8.1 Introduction and General Background 

The 3.5 km long Champlain bridge is located over the St Lawrence RIVer at Montreal and links 

the South Shore communrty of Brossard and the Island of Ile des Soeurs and the city of Montreal. 

Il was constructed during the years 1958 to 1962 at a cost of about $ 35 million. The six lane 

bridge consists of prestressed concrete beams and concrete piers except in the main span, 

situated over the St. Lawrence Seaway, where the roadway is carried on a three-span steel truss 

and concrete piers, includlng a cantilevered steel superstructure with a central suspended span 

(see Figures 9.1 and 9.2). The total length of the steel superstructure is about 762 m and 

provides a clearance of about 36.5 m to the shipping traffic below. 

The bridge has a large network of approaches which include many satellite structures, such as 

bridges, viaducts and ramps. The original design of the bridge was performed very close to the 

design limits with no allowance belng made for a future increase ln either de ad or live loads 

Also, the deck of the superstructure was deslgned without any bitumlnous asphaltlc overlay or 

Impervious protectlng membrane. The employment of deicing salts over the harsh winter months 

has been along with the ever increasing trafflc (especlally trucks), the dominant factor leadlng to 

the progre~sive deterioration of the bridge over the years. When the Federal Government 

established the Jacques Cartier and Champlain Bridges Corporation in 1978, this organization 

had a clear mandate as custodlans of the bndge to establish a proper maintenance pollcy. 

Maintenance actlvlties are now priontized through In-depth condition surveys of the various 

structural components of the bndge. However, after examination of the detenoration of the 

various substructure and superstructure components, it has at times been a difflcult task to 

decide which component should be repaired first. The entlre repair program for the bridge is 

reviewed globally on an annual basis and priorities established by taklng Into account the cost 

of work, limited annual funding available, any confhcts or interlaps between concurrent repairs and 

most importantly by the severity and 10c,ltion of deterioration as it pertains to the integrity of the 

bridge. Sorne urgent temporary repairs are performed to protect severely deteriorated members 

(like localized failure of the deck and failed expansion joints revealed due to the cyclicallive loads 

ln the truck lanes), however, these repairs were not sufflciently durable. 

The use of deicing salts in combination with increased vehicle live loads has also contributed 
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Figure 9.1 Aerlal Vlew of Bridge 

Figure 9.2 Side View of Bridge 
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to the local delamlnation of concrete from the top reinforcing steel in the bridge deck. Extensive 

full depth and partial depth patch repairs were carried out annually since 1983. However, these 

were temporary repairs, and in many cases, patches were reqUired to repair patches. Over 57 

percent of the original deck surface area (of Section 7 of the bridge) scheduled to he replaced, 

reqUired patch repairs. This tedlOLAS work dld not only have an Impact on the heavy vehicular 

trafflc but also Increased conslderably the expendlture projected. It was declded in 1989 ta 

replace the deck wlth an orthotroplc steel deck as a permanent solution to the problem. 

This case study describes the various reqwrements set for the condition survey of the bridge, 

the problems revealed ln the various structural components and the repalr procedures adopted 

for thelr correction and prevention Includlng the future repalrs proposed. 

9.2 Condition Survey - Specifications for In,spection 

The consultant for the inspection of the Champlain bridge and approaches carried out detailed 

inspections since 1986, based on a four year cycle detalled inspection program that was planned 

in the year 1985 and later modlfled to better SUit the field conditions, availabihty of inspection 

equipments and unforeseen problem areas. 

Annual inspections are carned out ln accordance to the Ontario Structure Inspection Manual 

(42), and Manual for Maintenance Inspection of Bridges 1983 (32), in conjunction with the Bridge 

Inspectors Training Manual 70, U.S. Department of Transportation. 

The following gUidehnes were followed for the Inspections: 

1) The bridge being strategically important is to be inspected annually. Also, one quarter 

of the bridge is to be inspected in depth every year. 

2) Overhead sign supports are to be inspected each year. 

3) The underwater portions of the bridge are to be inspected ever)' five years (next 

inspection is scheduled for 1994). 

Betore proceedlng wlth the Inspection, the available records, as-bullt drawings, stress sheets, 

inspection reports and re, .dbihtatlon records are reviewed to evaluate the senousness of the 

defects encountered and to determine rehabihtation pnontles. 

The general annual inspection includes a visu al inspection of ail structural components of the 
~ 

bridge above the ground level and abrve the water level using special inspection equlpment, 

where necessary, taking into aCCOL'nt the available access features. In addition, these Inspections 

inelude the following: 

1) Hammer sounding of deteriorated conerete, scrapping of corrosion materials and 
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hammering suspect rivet heads. 

Measurements to verity expansion bearing performance under extremely cold and 

extremely hot weather conditions. 

3) Monitoring of structurally slgniflcant cracks as and when requirdd. 

Certain special inspections were also carried out dependlng on the requirements and are given 

below. 

1) Hands-on inspection and hammer sounding of structural concrete components which are 

not easily accessible in areas where serious defects are suspected. 

2) Chipping and hands-on inspection of deteriorated concrete in distressed plestressed 

concrete beams. 

3) Coring and testing of concrete whare required. 

4) Measurement of steel cross sectional area to detect any slgnlflcant loss of metal between 

as built drawings and field inspections. 

5) Ultrasonic and dye penetrant testing of pin connections. 

6) Uttrasonic testing of slgniflcant cracks ill substructures. 

7) Surveying of structures when abrupt structural movements are suspected. 

Deck condition cl'urveys are carried out to detect any significant deterioration requiring 

rehabilitation. These included the following: 

1) Visual survey of the underslde of the deck to check the condition of the joints, floor 

beams and stringers. 

2) Coring and testing deteriorated deck components for chloride content and compressive 

strength. 

Inapectlon Report 

A detailed inspection report of the bridge is made based on the various inspections carried out. 

This involves a description of the general condition of the bridge besides describing the condition 

of each and every component including the approaches, concrete components including the deck 

slab, prestressed concrete beams, piers and the substructure, steel components includlng the 

trusses, connections, welds, etc, mechanical components Includlng the bearings, joints, etc, and 

auxiliary components. The report also gives recommendations based on the bridge condition for 

Its regular inspection and maintenance, special inspections and investigations and rehabilitation 

program if required. Finally, it proposes a ten year ma!or maintenance and capital plan Including 
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r.;ost estimates for the entlre bridge. It also presents (In a tabular form), ail rehabilitation projects 

recommended in the order of prionty, the proposed timing ana the estimated budget for each 

project. Projections are based on the extr~t:lnlation of trends in observed deteriorations, 

reasonable expectations based on expenence ln malntalnhlg the bridges and en expected useful 

life of the components, such as roadway pavements, which require penodic predictable repalr or 

replacement at regular interval5. 

9.3 Underwater Repalrs and Injection of Piers 

Scope of Work 

The underwater repair work is based on on-site inspection, previously carried out underwater 

Inspection reports and surveys on videocassettes, and involves the following: 

1) Caulking cracks and repairing concreto surfaces in the submerged sections and tidal 

zones of selected piers. 

2) Stabbing and removing sound concrete in addition to damaged concrete in some cases 

to completely remove the damaged concrete within demolition lines marked on the piers. 

3) Performing repair work in placfl!» only where the current velocity does not exceed six 

knots (9.6 ft/sec). 

ln order to make the above work possible. deflectors (see Figure 9.4) made of metal plates, 

firmly anchored to the river bed or attached to the existing structure were installed to slow down 

the currant below 0.5 knot (0.8 foot/sec). 

Drawings were prepared giving the fOllowing details: 

1) Generallayout of the bridge. 

2) General layout of the piers. 

3) Field survey of damage to the piers (see Figure 9.3). 

4) T)'pical details for reparation. 

The cost of the work was evaluated based on the nature and scope of work to be performed, 

dltflcultles of access to the site, worklng conditions, and the equlpment needed for the work. 
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Limita of Work and Materlals Used 

The work is performed in the area extending trom the riller becJ up to 0 5 m abolie the water 

o;urface. Crack3 extendlr,g down in the river bed élm repaired to a depth up to 150 mm below the 

rill~r bed (for this, granular and otner materials are remolled up to a depth of 200 mm below the 

riller bed). 

The materials (successfully used in the past) specified by the consultant were: 

1) Support product for Injection - SIKADUR MARINE 36 : Two component gel adhesive with 

a low modulus of elasticil'j. 

2) Injectie" product for cracks - SIKA[)UR 53-ST-1 : Two component epoxy adhesille for 

grouts. 

3) Caulking product for honeyco;nbing and areas damaged due to Ice abrasion, etc., -

SIKADUR MARINE 45 : Three component pre-proportio.l~d epoxy grout for underwater 

application. 

Before beginning the repairs, on-SIte tests were performed to determine precisely the best work 

procedure to be followed. The following repairs were carried out on the piers: 

Cleanlng and Drllling of Crlcks 

Each pier is thoroughly cleaned using water and air jets ta locate the cracks and damage as 

shown on the drawings as weil as any damage not detected during prior Inspections. Ali surfaces 

and cracks to be repaired are cleaned with a high pressure water jet. The pressure 15 controlled 

to be high enough to produce an effect equillalent to sandblastlng (the minimum working 

pressure was 10.3 MPa). 

The cracks are cleaned and prepared as follows: 

For cracks 5 mm y..-ide or less, the crack lips are chipped ta form a -V. about 10 mm wlde. The 

surface near the cracks are cleaned up ta 25 mm on e3ch side using a high-pressure water jet. 

The Inside of the crack is cleaned with a small-sized nozzle of diameter 1.5 mm to allow the water 

jet ta penetrate the crack and removt! ail dirt, sand, etc (see Figure 9.5, 9.7 and 9.8). 

Inlectlon of Cracks 

Holes are drilled at pre-determined positions to place the injection tubes, which are spaced at 400 

179 



( 

{ 

mm on centres and are secured in place during the injection process. The gel adhesive 

(SIKADUR MARINE 36) 15 :hen apphed to close the external faces of the crack::; completely. The 

injection process is started as soon as the gel reached the strength required to withstand the 

pressure of injection (see Flguie 9.6). SIKADUR 53-ST-1 has been successfully used as the 

injection product. The Injection begins at the bottom of the cracks and proceeded upward, 

ensuring that the injection product appears in the upper tubes. The pressure and speed of 

injection is controlled to allow the wat~lr to drain completely and tCl be replaCl~d by the epoxy. 

Sorne hairline cracks (Iess than 2 mm width) are also repaired in a similar manner. 

Repalr of Honeycomblng and Spalling 

The bridge piers had suffered surface deterioration in the form of honey~ombing and spalling 

resulting from wear due to ice, chemicals and other causes. In are as with honeycombed 

concrete. repairs have been perform'3d up to a depth of more than 30 mm. The surface of the 

piers is cleaned using l"I high-pressure water jet. The formwork is fastened to the pier and the 

periphery sealed using SIKADUR 36. The ep0'<Y grout SIKADUR MARINE 45 is then injected into 

the formwork to fill it ccmpletely. The grout is th en allowed to reach adequate strength before 

removing the formwork and fasteners. F.gure 9.9 shows the details of the repairs. 

Repllr of Porous Concrete 

Repalrs were performed where the concrete was porous up to deptha of 30 mm. The porous 

concrete was removed using pick-hdmmers and the surfaces were cleaned by a high pressure 

water jet. Formwork was then fastened to the pier and the periphery sealed using SIKADUR 36. 

The epoxy grout SIKADUR MARINE 45 was injected in the formwork to fill it completely and 

allowed to set before dismantling the f('lrmwork and fasteners as mentioned earlier. Figure 9.10 

shows the details of the repairs. 
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Figure 8.4 Me'.1 Plate Deflector. 

Figure 9.5 Injection Cleanlng of Cracks 
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Figure 9.6 EJ'oxy Injection of Cracks 
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Figure 9.7 Repalr of Narrow c;racka 
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Figure 9.10 Repalr of Crumbllng 

9.4 Repalrs to Pier Tops and Beam Ends 

The top surface of the bridge piers is susceptible to continuous accumulation of salt bearing 

water dripping trom the open drains whlch has resulted in considerable deterioration of the 

concrete and corrosion of steel relnforcement. Sir:1i1ar deterioration was observed at the beam 

ends as weil as to the underside of the deck where spalling of concrete had occurred exposing 

the reinforclng steel. The repair program was initiated ln 1988. A typical repair program 

performed in 1990 involved rehablhtating concrete on ail areas of Pler 3W on the west slde and 

on the top of the piers and on the underside of the slab and at the beam ends at Pier 29W and 

at the subsequent piers in the eastern direction. In ail, 7 piers were repaired beginning with Pler 

3W, followed by Piers 29W to 23W (except Pier 27W). 

Rehabilitation Work 

ln certain areas of Pier 3W, chipping and removing of concrete had already been executed, 

however, additional chipping and removal was required on the above areas and ln other areas 
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to be repalred Scaffoldlng was înstalled over the fUll helght of Pier 3W since the entlre pier 

concrete was to be rehablhtated Unsound and detenorated concrete was demohshed, removed 

and disposed Precautions were taken to avold any damage to the reinforclng steel during 

chipping The concrete surfaces were prepared by sandblast!ng ail eXlstJ'1g concrete surfaces 

and the relntorcmg steel whlch were to rE'celva the new concrete. Any dust and debns was 

cleaned usmg compressed air and water The surfaces were wetted suft1clently, pnor to thelr 

recelvlng the concrete, so that there was no excessive absorption ût moisture by the concrete 

Care was taken to ensure that the eXlstlng concrete surfaces were made not too wet as to 

overcome suctlon, and free water was not allowed to remaln on the surfaces Also, the existJng 

reinforcing bars were ngldly secured ta the existlng concrete to reduce vibration to a minimum 

during the concretlng operations. The exposed reinforclng steel'Nas brush coated wlth two coats 

01' epoxy patchlng compound. Pump mlx concrete with sUltable air entralnment and water 

reducing admlxtures was used to repair the surfaces. The concrete used had a 28-day 

compressive strength of 30 MPa and the temperature du ring the placing operations was between 

10 to 30 degrees celsius. 

A si.1lilar proce Jure was followed for repalnng the horizontal concrete areas on top of the 

hammerheads and a 150 mm height strip at the top of the hammerhead and ail around il. 

The underside of the deck, diaphragms located on top of the piers, the underslde of the beams 

and the beam ends wera repalred where it was possible to erect forms. The forms were injected 

wlth a commercial grout Nitromortar EL and allowed to remain until the grout gained sufflcient 

strength. ·.fhe surfaces were finished after remQving the forms. 

Figures 9.11 through 9.13 highlight the areas repaired using the above procedure. 
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Figure 9.11 Side Vlew of Pler showlng Spalled Concrete 
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Figure 9.12 Typlcal Transver.e Croas Section of Bridge Indlcatlng Repalred Are. 
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Figure 9.13 Typlcal Longitudinal Cross Section of Pler Indlcatlng Repalred Area 

9.5 Repalrs to Prestressed Beams 

9.5.1 General Repalrs and Application of Impervlous Membranes 

The post-tersioned beams girders had been subjected ta severe ch/aride attack due ta dripping 

of the salt borne water over them. Spalhng of concrete had occurred in several places exposing 

the reinforcing steel and the prestresslng tendons, which had corroded (see Figure 9.14). Several 

tendons had ruptured and many were close ta tailure. A general survey of the beams had led 

ta the conclusion of carryrng out repairs to selected beams of the bridge needing immediate 

repairs. A more permanent repair program involving the installation of a cathodic protection 

system is envisaged with test systems presently implemented and is explained later. 
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Figure 9.14 Vlew of Underslde of Beams Showlng Exposed Prestresslng Steel 

The following general repairs were carried out: 

a) Repalrs to Underslde of Beams 

The edges of the prestressed concrete beams were Jemarcated where detenoratlon hacJ 

occurred. These are as were sawcut op to 18 mm depth. The concrete was removed '.:Jy chlpping 

using power hammers avoiding any damage to the eXlsting tendons and the relnforclng steel 

during chipplng. The undersides of the beams were sandblasted ta clean the steel and concrete. 

The exposed steel was palnted with two coats of an epoxy compound. A galvanized relnfo!clng 

steel wire mesh (fv=400 MPa) was anchored to the underside of the beams where the con crete 

had been removed. Watertight formwork was installed under the beams and then these arO::lS 

were grouted. The graut was allowed to gain strength bafore removing the forms and flnlshing 

the surfaces. In ail, six exterior beams of Section 7 of the bridge were repalred usmg the above 

method. 
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Repalrs were carried out ta ail of the end diaphragms on the outside face of seven upstream and 

seven downstream beams 1!1 SectIOn 7 of the bridge. The repairs involveC; sawcutting the edges 

of ail concrete areas up ta 18 mm depth where concrete to be removed was demarcated. The 

cieteriorated concrete was chipped wlthout damaging any of the existing good reinforcing steel 

follClwed by sandblasting ta clean the steel and the concrete. The exposed steel was painted with 

two coats of an epo>-y compound. A galvanized wire mesh was installed and anchored to the 

surfaces where concrete had been removed Ali surfaces were cleaned of any dust and debris 

using compreased air and water. The surfaces were thoroughly wetted and dried before 

shotcreting, taking precautions not to overdry the concrete to avoid excessive absorption of 

moisture from the shotcrete. Shotcrete was then applied to these surfaces. During the mixing 

operation, 19 mm long polypropylene fibre was introduced in the shotcrete mix at the rate of 1000 

kg/m3
• The shotcrete was then cured using two coat~ of a commercial curing compound at the 

rate of 5 m2/1~re per coat. 

c) W.terpre.,flng 

A protective and waterproofing membrane was applied to the bottom part and along the cracks 

of the outside face of seven upstream beams and an equivalent number of downstream beams. 

Before waterproofing, the surfaces were sandblasted. It was ensured that the surfaces to be 

coated were sound, dry, clean and free of ail dirt, oil, tar, asphalt, sealer, curing agent, coatings, 

loose particles, laitance and other comamination and foreign matter which may Interfere with the 

adhesion of the membrane. Spalled areas, if any, were cleaned and made level with the existing 

surface. Concreting was carried out on the vertical faces whereas the bottom surfaces were 

shotcreted. A 60 mil thick coat of a proprietary VULKEM 450 membrane, 200 to 250 mm wide, 

was apphed to treated expansion joints, hairline cracks and cold Joints. A slmilar coat was applied 

over the entlre surface to be treated. The membrane was allowed to cure before applying the 

protective coating which consisted of a 6 to 7 mil thick coat of VULKEM 451. It was ensured that 

concrating w~s completed at least 14 days prior to the application of the membrane and where 

shotcreting was required, a minimum of seven days were allowed prior to applying the membrane. 

cl) Externll Pre.tre"lna 

External prestressing was carrie~ lJut on sorne external beams of the approach spans which had 
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shown signs of loss of strength due to the severely corroded prestresslng steel. The beams were 

transversely anchored externally at selected locations (anchor blacks) uslng diwidag bars. The 

anchor blocks were relnforced wlth steel reinforcement. Extemal prestressing tendons withln 

metal pipes were provided along the length of the beams at the bottom. They were anchorecl at 

the anchor blocks and were stressed to provide the necessary prestresslng force. The anchor 

blocks were concretad after the stressing operations were completad. Figures 9.15 and 9.16 

hlghlight the repairs carried out. 

Flgur. '.15 Anchor alock Showlng Dlwldag a.ra .net St ... Fr.mework 
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Figure 9.18 Concretlng of Anchor Bloc:C 

Ali of the above repairs were Implemented from below the structures outslde oi peak hours 

when traffic was closed on one lane of the bridge. 

9.5.2 Application of Cathodlc Protection System 

As mentloned earlier, the main prestressed concrete beams of the bridge had suffered 

deterioration due to chloride ion attack from the salt borne wa~er dripping trom the bridge. In 

certain areas like the toll booth area on the Montreal side approacn, thls was 50 severe that 

slgnifieant levels of corrosion had impregnated the concrete. In certain areas, tendons had 

ruptured and were close to tailure. External tendons were subsequef1tly added to several exterior 

beams to re-establish the integnty of the members as explainad earller. 

ln 1989, Corexeo Inc., a Montreal based flrm, worked under contract for the Jacques Cartier 

and Champlain Bridges Ine. to design. supply and supervise thd installation of a test cathodic 

plotection system on several beam sections of the bridge. This was a trial system to determine 

the field performance and feasibility before the system would be installed elsewhere on the bridge. 
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Components of the Systen. 

Three distinct systems were Installed on flve metre sections of select beams. The difference 

between them is based on the particular cathodlc protection criteria. However, the main 

components of the systems and thelr configurations are essentially identical. 

The supplementary anode used is an expanded thln, IIghtweight, dlamond-shaped tlta'lium 

mesh that enables application to many surface shapes. The mesh IS wrapped around the si des 

and bottom cÎ the beam in 900 mm wlde pieces ta be later covered with a 25 mm overlay of 

concrete. The mesh is fastened ta the surface of the concrete by plastic nalls dnven into pre

drilled ho les. The mesh can be easily built around circular mombers and eut to fit to provide 

versatility . 

The current is fed to the anode from the positive terminai of the power supply through positive 

cables and current distributer bars. These bars, ais a of tltanium, ensure an even distribution of 

the current across the mesh. The dlstributer bars are welded to the anode mesh at regular 

intervals. It is crucial that the anode not be in contact with any metal surface, especially the 

reinforcing cage. To avoid su ch short circuits. the concrete surfaces are inspected prior to the 

installation and any metal is isolated from the anode. 

Several reference electrodes are includf~d as part of the monitoring system. These electrodes 

are of pure high quality graphite and are 12 mm in diameter and 100 mm long. As is the case 

with the anode, it was mandatory that the reference electrodes not be in contact wlth the steel 

cage as the current values read wou Id be incorrect. 

A standard 110 volt alternating current power supply is fed through the rectifier which provides 

the direct current mode and the low amperages required. Both the voltage and the amperage 

of a rectifier are adjustable and in this case the maximum output is 2 volts OC and 20 amperes. 

The remote monitoring unit provides immediate access to ail of the important electrical 

information at any time from any office. Not only can the voltage and the current of the rectifier 

as weil as the potential of each reference electrode be read, but the operator is able to switch the 

rectifier on and off as required. The unit consists of a multimeter, a cellular phone, a modem and 

a central electronic board that ties the components together. Unks from the rectifier and 

reference electrodes are fed to the box which hou ses the remote monitoring unit. Inside the box, 

a multimeter reads the various currents, voltages and potentials and the information is relayed 

through the board, modem and telephone to a personal computer at Corexco's office. This 

monitoring unit enables routine checks of the system and steel protection levels from the office 

and eliminates the need for site visits. 
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Inltanatlon Sequence and Details 

Surface Preparation 

Initially, the beams were thoroughly inspected for any visIble metal such as chairs to separate the 

reinforcmg steel from the forms as weil as the ties to the reinforcing steel. The corrosion of the 

post tensioned tendons of these beams was so advanced that visible lines of corrosion by

products were seen on the underside of the beams. Ali of the exposed metal and these fen'ous 

traces had to be completely covered with a thin coat of epoxy to ensure isolation from the Hnode 

so that no short circuiting would oecur. 

Contmuity Testing and Connection of Negative Cables 

While the surface. was being prepared, the concrete was carefully chipped away in a designated 

areas to expose both the post tensioned tendons and the mild steel stirrups. The connection of 

the negative cable to the steel cage was crucial as only one was achieved. The copper cable 

was tapped through a large gauge stirrup and properly insulated with tape. Once several steel 

ducts and bars were exposed, the continuity between the steel elements was tested using a 

multimeter. 

Installation of Reference Electrodes 

Holes were carefully drilled into the underside of the beam for the graphite reference electrodes 

taklng care to ensure that no steel was hit with the drill bit. After a prospective hole was drilled, 

the graphite rod was Inserted and continuity was tested with the reinforcing céAge using a 

multimeter. If there had baen any contact with steel, a new hol~ would have to be drilled. Each 

electrode hale was lined with fresh concrete (mortar) before the electrode was inserted in order 

to guarantee that the electrode was in proper contact with the electrolyte (concrete). The holes 

were sealed with the repair mortar after the electrodes were in place. The testing, installation of 

electrodes and connections was followed by repairs to the concrete with the same mortar. 

placement of Anode Mesh 

The nex! step in the installation sequence was the placement and connection of the anode mesh. 

The mesh was stored in large rolls. Sections were unrolled, cut and attached to the sides and 
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underside of the beam with plastic fasteners (tc avoid short circuits). Enough tension was apphed 

to keep the mesh snug against the concrete surface. 

Once the mesh was in place, a tltamum current distribution bar was welùed to the mesh along 

the underside of the beam uSlng a hghtweight spot weldlng unit. Subsequently. the positive 

cables were connected to the current distribution bar and properly insulated. 

Shotcreting 

For this step, ail of the exposed. connected cables were rolled up and protected from the 

concrete. Shotcretlng was carried out on the beam to the desired thickness. The surface was 

IIghtly trowelled to enhance the appearance. 

Installation of Conduits and Electrlcal Eguipment 

Ali cables, including positive, rlegative and electrode wlres were run externally to the 

rectifier/remote monitoring unit location, approximately 25 metres away from the beam. Ali cables 

were hOllsed in 25 mm poly vinyl chio ride (P.V.C.) plastic piping to ensure protection from the 

surrounding. The rectifier and the remote monitoring unit were installed later and ail of the 

electrical connections were made. Ali '1f the components were checked for any problems prior 

to energizing the system. 

Performance 

The pilot project has been monitored for about two years and found to be Vlorking effectively. 

It has therefore been proposed to install similar test systems on several complete beams. The 

monitoring of hydrogen gas formation is planned for the neY1 test phase. 

Figure 9.17 highlights the cathodic prot~ction systems used. 
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Figure 9.17 Conductlve Coatlng and Platlnum Wlre Net SYltems 

9.6 Replacement of Relnforced Concrete Deck by Orthotroplc Steel Deck 

The Champlain bridge IS one of the busiest in Canada with more than 41 million transits per year, 

As mentioned previously, the reinforced concrete deck constructed in the late fifties, was not 

designed with any bituminous asphaltic overlay or impervious protecting membrane. This coupled 

with the considerable increase in live loads and the use of deicing salts contributed to Sl'Jvere 

deterioration of the deck in the form of local delamination of the concrete from the top reimorcing 

steel. Since 1983, the deck has required an annual patch work program (full and partial depth 

repairs) which has contributed not only to an increasing maintenance budget, but also been a 

constant obstruction to the heavy vehicular traffic. 

The idea to replace the concrete deck was initiated in 1989. Various alternatives were 

examlned as possible solutions to the problem. These are summarized below. 

1) Replac'ng the Exlltlng Deck wlth 1 New Relnforced Concrete Deck 

From the design point of view, the thickness of the new deck could be easily maintained to be 
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the same or smaller depth than the eXlsting deek (165 ~m at main span and 190 mm at local 

approaches). However, this solution was unacceptable due to the Increased amount of 

reinforcing steel reqUired aecordmg to the new codes (nearly sn percent Increase in lave loads 

allowed than those at the lime of the onginal bridge design) Also, the new deck would reqUire 

a bltuminous asphaltic overlay of 50 to 65 mm thlckness to prevent any detenoratlon due to the 

application of delclng agents. Calculatlons of dead welght of the deck and overlay showed that 

the new alternative would cause overstresslng an the lower stenl trusses of the approaches to the 

main span and eantllevered superstructure Furth~'rmore, the construction would have requlred 

the closure of a minimum of three traffle lanes whlch would greatly disrupt trafflc espeelally dunng 

the peak hours. Closure of lanes also wou Id have G\ negatlve eeonomlc Impact on the sect ors 

served by the bridge. The phenomenon of ml..:rocrac1dng of a new'y cast dock due to vibrations 

from adjacent trafflc presented the risk for premature detonoratlOn of the deck. The above factors 

led to discarding this alternative 

2) Heplsclng the Exlstlng Deck wlth _ Steel Grld Open Deck 

This alternative was found unacceptable due to the following reasons: 

a) Corrosion would have accelerated in the structural steel element of the truss due to the 

salt water escaping through the deck openings. 

b) Maintenance of the deck welds was high. 

c) Drlving on such a deck would be uncomfortable. 

3) Replsclng the Exlstln..a Deck wlth Concrete flIIed Steel Grld Clo~.d Deck 

Although thls alternative was quite efficient due to the composite action with the deck, it was less 

resistant to deicing agents and freeze-thaw action, thereby causing segregation of the concrete 

Into individual blocks, resulting in the loss of composite action. 

4) R.pl_clng the Exl.tlng Deck by _ Pr.stressed Prec.st and Post T.ns~on.d Concret. Deck 

This alternative was somewhat cheaper than provision of the orthotropic deck. However, it 

required considerable vertical and horizontal bracing below the deck during el'ection presenting 

difficulties. Also, it had a shorter lifespan than the orthotropic steel deck and therefore, it was 

ruled out. 
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5) ReDleclnQ the Exlstlng Deck wlth OrthotroDlc Steel Deck 

This alternative offered sever al structural advantages of being IIght welght (nearly 50 percent 

reduction in the de ad welght yieldlng much hlgher live load carrying capacity), high degree of 

flexural and torsional resistance and a good load distribution behaviour due to composite action 

with the floor members and the longitudinal trusses. Also, the orthotropic deck requires less 

maintenance and it is economical. It was therefore decided to implement this alternative and a 

detalled program was worlo.ed out for the same. The structural advantages of orthotropic steel 

plate decks and the design required for redecking are reviewed 111 Appendix 4. 

Design, Manufacture and Installation of Orthotroplc Steel Deck 

Dellan 

The steel deck Is made of high grade steel (300 'lIT, Category 5) with a thickness of 16 mm. It 

had a minimum Charpy value of 27 Joules at -20°C which allowed it to overcome embrittlement 

at low temperatures and absorb the high impact energy due to the mov:'lg veh!cles. 

The nominal size of the deck plate was 19.5 m x 4.6 m at the main span although some spans 

had an overall length of 9.8 m as required bV the t,\ridge geometry and the spacing of the 

expansion joints. Larger panel sizes cou Id not be used in the main span since the capacity of 

the cranes was limited due to the low overhead clearance (4.9 m) available at the bridge. At the 

approaches, there was no overhead clearance restriction and therefore the deck panels were 

made of a larger size, 19.5 m x 9.2 m. However, ta facilitate transportation of these panels, theV 

were fabricated in two sections, each weighing about 25 tons. 

ln total, 210 orthotropic steel deck panels were estimated to redeck the bridge which 

represented a total surface area of about 18,590 m2
• 

Manufacture of Orthotropic Steel Deck 

The steel decks were sho~ fabricated as follows. The deck plate was cut to size and blast 

cleaned to remove anV mill scale. The 9.8 m long rib plates were cleaned using a whealabraiter 

and then eut to size using a plasma cutter. Holes were drilled for the Inter-rib bolted connection 

and the plate was then bent into shape along Its length uslng a 1ooo-ton press. 

The 9.8 m long ribs required for 19.5 m long panels were initially tack wAlded together ta secure 
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the nbs for the automated seam welding operation. The cam ber requirements were incorporated 

into the ,~bricatlOn process. An automatlc weldlng machine wlth SIX heads was used to per10rm 

the 80 percent partial penetration weld between the nbs and the deck plate. Three ribs were 

maintained in each of the two passes with two heads simuitaneously worklng on the two sides 

of a rib to avoid any distortion. A run-on tab was used to stablhze the weldlng arc before passlng 

the weldlng machine over the underslde of the deck whereas a run-off tab was used to per10rm 

non-destructive testing for quahty control. The nbs were then hermetically sealed with the end 

diaphragms to prevent any mOlsture ingress 

The top surface of the panels was then cleaned and an inorganlc zinc coat was applied This 

was followed by a 10 mm thick epoxy tack coat on whlch trap rock was scattered to provide an 

abrasive surface for vehicles for about a two year period until the deck receives its final weanng 

surface (thls will be implemented only after ail of the 210 deck panels are instal:ed). The exposed 

underside of the deck and nbs were painted with two coats of vinyl mastic hlgh bUlld palnt. It Will 

finally receive a third coat of vinyl mastic high build when field erection of the panels is completed 

Installation 

The work of installation commenced in the fall of 1990. The panels were transported to the site 

on trucks as soon as they were ready. The existing deck panels were eut out using a circular 

saw and lifted using two cranes. The orthotropic steel deck panel was then placed in its final 

position using the same two cranes. Splice plates were used to join the ribs ')f the ne .... steel 

plate with those of the adjoining new panels already in place. The deck plates I)f the adJoining 

new panels were welded together using a 30 degree bevelled penetration weld. The plates were 

preheated before welding to remove moisture. Since the truss portion of the bridge is a 

cantilevered structure, it requires a balance to be maintained by the anchor arms rel~tive to the 

cantilever arms of the bridge. Therefore. the sequence of installation was carefully considered. 

Also, anaiysis of the balance of the bridge was performed which indicated the need for installing 

anchors at the ends of the three trusses where they rest at Piers 2E and 2W. A system of 

counterweights was employed to offset the weight difference (nearly 40 percent reduction in the 

weight of the panels during installation) basically not to change the load distribution pattern 

severely and cause overstress in any member. 

The work is scheduled to be completed by fall of 1993 at the rate of one panel per day working 

malnly st night (starting at 20:00 hours closing up to four of the six lanes keeping one lane in 

each direction and re-establishing the normal traffic flow at 6:00 hours). 

The epoxy asphalt wearing surface that will eventually cover the entire deck Is a two component 
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mix of epoxy resin and petroleum denved asphalt whlch reacts chemically whlle hardemng The 

",1.( is about 15 percent epoxy to 85 percent asphalt by weight. It has a life expectancy of more 

than 20 years and it will also act compoSitely with the steel plate deck thereby increasing its load 

distnbution properties and stlffness. 

Figures 9.18 through 9.24 highhght the various aspects of the installation of the orthotropic steel 

plate docks. 

r------ ~5.5' -1" - 706.75' "1 .. 11-- 385.5' '---1 

Figure 9.18 Longitudinal Section of Truaa Portion 

Figure 8.19 Cro .. Section of Bridge 
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Figure 9.20 View of Underslde of Deck 

Figure 9.21 Lifting and Placing of Orthotropic Steel Deck 
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Figure 9.22 Deck to Rib Weld 

Figure 9.23 Temporary Flnlshlng of Deck 
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Figure 9.24 Vlew of Partlally Completed Deck 

9.7 Replacement of Moulded Rubber/Steel Expansion Bearings 

A proposai to replace the moulded elastomer expansion bearings of the bridge by new moulded 

rubber/steel expansion bearings has been finalized. Some expansion beanngs are in a advanced 

stage of deterioration due to the ingress of chlorides present in the salt borne water dralnlng from 

the open drains of the bridge and accumulating over the pier tops. It has been proposed to 

replace the expansion bearings on eight selected piers, whlch have detenorated the most 

The replacement work will consist of installing jacking equipment (speclfled ln the dl aWlngs) 

which includes the necessary valves, piping, pumps and shims for gauging the elevation at 8ach 

girder. Freyssinet type fiat jacks will be used for jacking purposes. These Will be Inserted in the 

gap between the girders and the piers at the desired position. Some local removal of concrete 

may be necessary to accommodate the jacks sinee the avair lble space IS very hrrllted and not 

perfectly fiat (see Figure 9.25). It is proposed to use a synchronous 11ft system for slITlultaneously 

jacking ail girders. Each span will be jacked in steps of 1.5 mm, or less, and the change of 

ele'/ation will be verified at each girder. Securely attached machined reference pads Will be used 
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for measuring the changes ln the elevatlon between each girder and the pier cap. 

Each fiat jack will be used only for a single jackmg. Also, the jacks and the auxlliary equipment 

will not be used beyond three quarters of their rated capaclty. The jacklng, blockmg and lowerlng 

of spans will be carned out dutlng nlght hours only (00'01 hours to 03.00 hours). The vehlcular 

traHlc will be stopped dunng thls penod, however, only a maximum of three hours of Interruption 

to the trafflc will be permitted The jacklng will be performed against the dead load only 

(maximum loads at a beanng are 115 tons due to de ad load and 97.3 tons due to live load). 

The eXlstlng bearings will be removed wlthout damaging the concrete beanng surface, which 

will then be chipped, ground and cleaned thoroughly of any adhenng parts of the old beanngs 

and loose matenal. Any deep plts or grooves found shall be filled wlth a quick setting grout. 

Galvanlzed steel plates Will then be installed in position over which the new moulded rubber/steel 

bearings shall be Installed. Typical dimensions of the steel plates and the beanngs shall be as 

follows: 

Steel Plates 

Beanngs 

420 x 640 x 6 mm 

305 x 610 x 41 mm 

The bearings shall be installed only at a time when the ambient temperature forecast is around 

j::4°C. 

The spans shall then be lowered on to the bearings in a controlled manner by reversing the 

jacking procedure. The entire work is scheduled to be completed within about three months. 

o 
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Figure 9.25 Proposed Repalrs to Bearlngs 
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Other repairs planned in the future include painting of the steel superstructure in 1994-95. 
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CHAPTER10 

SUMMARY AND CONCLUSIONS 

Rehabilitation and strengthening of bridges takes many forms, from simply adding to a 

members cross section to a complex bridge deck replacement and primary strengthening of 

members, involving signiflcant secondary effects during construction. This thesis foc uses on 

developing an appreclatlon of the available alternatives through an in-depth study of the various 

defects encountered ln bridges and the rehabilitation and strengthening techniques used, based 

on actual bridge retrofit projects. In addition, some topics related to management and 

rehabilitation of bridges are reviewed, Includlng the following: 

1) The basic concepts involved in rehabilitatlon are reviewed with special applications of repair 

and rehabilitation of bridges. 

2) Deterioration of indlvidual elements of a bridge, their causes, and possible rehabihtation and 

repair procedures that are most appropriate based on actual practices are discussed briefly. 

3) The phenomenon of deterioration of concrete bridge decks is characterized along wlth the 

causes and the possible rehabihtation/repair techniques that have been successfully used, 

Including the use of various repair and protective systems like con crete overlays, waterproofing 

membranes, sealants and impregnants. Currently popular techniques of redecking and widening, 

deck replacement, use of prefabricated components and hydrodemolttion are also described. 

4) The various joint systems are reviewed according to the type, design and materials used. 

Maintenance problems associated with each type are also discussed along with the necessary 

repairs. Sorne special techniques for Integral conversion of simple span bridges to continuous 

bridges which have become very popular in recent years have also been reviewed. 

5) Deterioration of the commonly used prestressed concrete girder systems is reviewed briefly. 

The present methods of assessing the damage in girders are identified along with a review of the 

various repair procedures for deteriorated concrete and prestressing steel which include present 

repair practices hke epoxy injection, preloading, use of precast concrete panels, external 

prestressing and the use of shock transmission units. Typical replacement and repair techniques 

used currently are also described. 
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6) Beanngs form an integral part of bndges. The bearings commonly used on concrete bndges 

are discussed bnefly along wlth the assoclated problems and the current repalr and replacement 

procedures Certam special retroflt procedures ta wlttlstand earthquakes are also descnbed 

7) Problems assoclated wlth the substructure compon8nts o~ a concrete bndge. especlally those 

below the water surface are revlewed ~Iong wlth the causes of concrete and steel detenoratlOn 

and the related structural damage caused and assoclated repalr techniques. Damage due to 

scour and impact from ve~sels IS also summarized along with the assoclated repalr techniques 

8) The essential requirements of a bridge management system, ratlng of bndges and the 

techniques used for flnanclal evaluatlon are reviewed. Two established bndge management 

systems are dlscussed as examples for cornpleteness. 

9) Two case studles are presented to highhght the currentiy popular rehabliltation techniques 

used. The flrst case ~tudy involves a four lane prestressed concrete glrder bndge which suffered 

loss of strength due to deterioration of Its prestres':>lng cablE:s. fhe technique of external 

prestressing was used for rehabllitation. The second case study reviews the role of cathodlc 

protection for rehabihtation of concrete decks. 

10) Rehabilitation of the Champlain Bndge ln Montreal IS presented along wlth management 

considerations and an overview of the vanous repairs performed to the dlstressed structural 

components of the bndge, and the repairs planned for the future. 

11) The essentials of an efficient bridge management program are reviewed with the following 

principal features. 

a) A proper system of regular inspection of dlfferent bridges in the jurisdiction of an 

organization should be defined with the levels and intervals at whlch th~ Inspections 

should be conducted in the prescribed manner. If any dlstress is observed as a result 

of a routine inspection, it should be followed by a detailed inspection. Also, while carrying 

out detailed inspections at longer intervals (two to five years), special investigatIOns 

should be perlormed, if required. 

b) Ali of the data collected from the inspections should be systematically classified and 

recorded for the purpose of evaluation of the structural and functional adequacy of each 
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bridge to en able pnontizatlOn of follow-up actions which may include major repalrs, 

strengthening, upgradlng or replacement, with due consideration for safety of the users 

and economy Computer based evaluatlon techniques should be glven preference. 

c) Although a bridge IS expected to have a long service life (over 100 years), sorne of Its 

element~ requlre frequent repalr and replacement, such as expansion joints, bearings, 

waterproofing, parapets, weanng course, drainage, etc., accounting for almost 20 percent 

of the initiai outlay on Its construction. It is always economical to Improve the 

maintenance techniques to hmit the expenditure on major repalrs or replacement. The 

rehabilitatlon and strengthenlng must be preceded by conditIOn evaluation and proper 

assessment of the repair needs. Attention should be focused on the preservation and 

management of the large stock of bridges built over the past few decades and to 

rehabllitate and strengthen those bridges which have suffered due to Inadequate 

maintenance. 
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APPENDIX A 

SEISMIC REHABILITATION TECHNIQUES 

Many of the eXlsting bndges are madequately deslgned to re81st earthquakes. This problem i8 

important especially If the bridge IS located in selsmlcally active zones. Failures in the past due 

to earthquakes have Indicated three major problem areas (55). 

1) Susceptiblllty to damage of eXlsting steel roller and rocker type bearings. 

2) Inadequate strengt~. and ductlhty of columns and piers. 

3) Inadequate ~)upport lengths for glrders. 

Retroflt measures for the above problems have been dlscussed in Reference (55) J some of 

which are Included here for completeness. 

1) Replacement of Vulnerable Bearlngs 

Beanngs whlch are susceptible to damage (see Figure A1.1) and which may cause collapse or 

loss of function of the superstructure should be replaced using elastomeric bearings or using the 

technique of base isolation dlscussed later. 

FIXED BEARINGS 

.l 
1 

EXPANSION ROCKER BEARINGS 

Figure A 1.1 Bearlngs Vulnerable 10 Earthquakes (54) 
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b) Retroflt Measures for Columns and Piers 

It has been observed that ln the event of an earthquake, th8 remfOïced concrete columns or piers 

together wlth the footings form a group of Interactlng elements wtllch may fall If they have 

Inadequate strength and ductlllty. A number of retroflt procedures t13ve been present cd und('1 

Reference (55) whlch Include the use of force limltlng devlces, Increrlsetl transverse reH1forcement 

for confinement of columns, reduced or tncreased longitudinal relnforcement, use of mflll she':l1 

walls between column bents and strengthenlng of footings. 

c) Retrofit Measures for Inadequate Glrder Support Lengths 

A common retroflt measure (6) that has been used ln the United States IS the provIsion of positive 

cable connections between the superstructure and the supporttng substruclure Other rneasures 

u~ed have been the provIsion of longitudinal JOint and vertical motion restralners Some 

recommended concepts have been the use of a bearing seat extension and speclally developed 

bearings and devlces that can change the selsmic response of the bndge (55) 

Base Isolation 

Base Isolation IS a technique of isolating the effects of the superstructure from tl1e substructure. 

It Involves inclUSion of base Isolators and energy dlsslpators whlch can slgnlficantly enhance the 

seismic performance of the bridge whlle simultaneously economlslng the repalr. A typical base 

isolation system conslsts of two basic elements. 

1) A flexible mountlng to lengthen the period of vibration of the total system sufflciently enough 

to minimlze the acceleratlon response. 

2) A damper to control the relative deflection across the flexible element. 

Since elastomenc beanngs are flexible, thelr thlcknesses could be Increased by addlng 

addltlOnal layers to increase thelr flexibillty and the resultlng period of vibration However, thls 

may cause large dlsplacernents ln the substructure. These can be controlled by tlle addition of 

a damper which can not only provide hysteretlc damping but can also provide addltlonal elastlc 

stiffness to the system (6). 

A commonly used energy dlsslpator is a le ad rubber elastomenc beélnng shown ln 

Figure A 1.2. As sllown, it consists of alternate layers of rubber whlch are vulcanlzed or cemented 

to thm steel shlms. A lead plug IS mserted mto a preforrned hole at the centre which IS conflned 
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by internai steel shims and the externally applled vertical load. The weight of the superstructure 

IS taken by the rubber in the bearing whlle the le ad plug provldes the necessary energy 

dissipation by way of plastic deformation. 

The outer steel shlms wlth dowel hales are also provlded as shown ln the figure ta transfer the 

lateral force trom the structure to the bearing The vertical stlffness of the bearing (K.) and thus 

the vertical load capacity is inversely proportional ta the thickness of the Indlvidual rubber layers 

and, therefore, these bearings have multiple thin rubber layers instead of a single rubber layer. 

AIso, the shear stlffness of the bearing is Inversely proportion al ta the overall thickness of the 

rubber and increases with increased bonded surface area. 

Lead Plug Dowel 

Outer Steel Shim Rubber 

Flgur. A 1.2 L •• d Rubber EI •• tomerlc Belrlng (54) 

These bearlngs are deslgned to resist low levels of shear, such as wind and braking loads, 

elastically with a high initial stiffness until a yield level determined by the characteristic strength, 

0d' is reached. The strength is a function of the diameter Of the lead plug(s). Also, the post yield 

stiffness as kept at a minimum to ensure good energy dissipation and low overall structural 

stiffness during more severe seismic loading. A bilinear hysteresis cUNe formed by the two 

stiffnesses is shown in Figure A 1.3. As seen in the figure, the curve has a stable form and a large 
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enclosed area highlighting the energy absorption propertles. 

It is necessary to design these beanngs taking into account the vertical de ad and live loads. 

non-seismlc lateral loads (due to temperature changes. creep. Wlnd and braklng forces) and 

seismlc loads. Various design procedures uSlng an approxlmate single degree of freedom 

concept are glven under Reference 54 However, thls should be used only as a prellmlnary 

estlmate pnor to a more detalled analysls. 

FORCE 

• Characterntlc str~ngth (kips) 

• Y'eld Force (k1pS) 

• Mallmum Force (kips) 

• Post-elast,c H,ffness Ilip/inchl 

• Elast,c (unload,ng) stiffness (k1p/'nch) ('6.5K
d

, 

• Elut'c st,ffness of rubber act,ng 410ne (kip/inch) 

• Mu,mum bUrlng d'spllc_nt 

Figure A1.3 Hyetere.l. Loop for Le.d Rubber Be.rlng (54) 
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APPENDIX B 

INVENTORY INFORMATION 

A bridge inventory report should contain the following items which comprise the information 

required for the Inventory (52). 

1) Bridge number. 

2) Date of investigation. 

3) Bridge name 

4) Location. 

5) Description. 

6) Skew angle. 

7) Number of spans. 

8) Totallength. 

9) Roadway length. 

10) Type of roadway surfacing. 

11) Sidewalks. 

12) Railing. 

13) Alignment. 

14) Number of traffic lanes. 

15) Design live load. 

16) Waterways crossed. 

17) Other features crossed. 

18) Clearances. 

19) Date built. 

20) Plans. 

21) Plans and dimensions. 

22) Bridge Inspection report. 

23) Restrictions to bridge use. 

24) Miscellaneous-Any other relevant information. 

25) Stress analysis. 

26) Paint record. 

27) Signature/Professional stamp-of person making report. 

28) Channel profile. 
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29) Eneroaehments 

30) Environmental conditions. 

31) Regulatory agency. 

32) Average dally traffle. 
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APPENDIX C 

(~ BRIDGE INSPECTION DETAILS 

The general Items that need to be inspected for a bridge are as follows. 

1) Approaches. 

2) Waterway opening adequacy. 

3) Piers and abutments. 

4) Bents. 

5) Stnngers. 

6) Steel girders. 

7) Concrete girders. 

8) Expansion Joints. 

9) Bearing~. 

10) Deck. 

11) Curbs. 

12) Sidewalks 

13) Bridge raiiings. 

14) Barner railings. 

15) Steel trusses. 

16) Timber trusses. 

17) Movable trusses. 

18) Suspension span. 

19) Signs. 

20) Encroachments. 

21) Aesthetics. 

22) General - observations not C'overed in other sections. 

222 



APPENDIX D 

APPLICATIONS OF STEEL ORTHOTROPIC OECKS IN 

REHABILITATION 

General 

Steel orthotroplc decks are becoming increasingly popular for redecklng exlstlng deteriorated 

decks, because they oHer many advantages over concrete decks, the most Important ones belng 

their suitability to overloads and immunity to weather and chemicals. There have been several 

installations ail over the United States sorne of which include the Golden Gate Bridge in San 

Francisco, the Benjamin Franklin Bridge in Philadelphia, and the George Washington Bridge and 

Throgs Neck Bridge in New York City. This alternative was alsa preferred and Implemented on 

the Champlain Bridge in Montreal, Canada, the details of whlch have been presented in 

Chapter 9. Ali of these installations have highlighted the excellent adaptability of orthotropic 

decks. A detailed discussion of the advantages offered by orthotroplc decks follows. 

Orthotroplc Deck 

An Orthotroplc deck generally consists of a fiat, thin steel plate, stiffened by a series of closely 

spaeed longitudinal ribs whieh are set orthogonally to the flocr beams of the bridge. The steel 

plate is protected against corrosion by a protective coating which is often an epoxy resin, and 

eovered by an asphalt or bitumen wearing surface upto 60 mm thickness. The thiekness of the 

rib plate may vary from 10 mm to 25 mm, depending upon the rib spacing, load requirements and 

the allowable deflections. 

Generally, the rigidity of the floer beams and the ribs is of unequal magnitude. This results ln 

the elastie behaviour of the slab to be different in both of these principal directions. This 

phenomenon IS known as structural anisotropy and the bridge deek system is called as 

orthogonal-anisotropie or in short orthotropie. 

Orthotropie decks may consist of either torsionally soft, open rlbs, or torsionally stiff, box

shaped elosed ribs. Open ribs are made from fiat bars, bulb shapes, inverted T -sections, angles 

and channels. The torsionally stiff box ribs may be either trapezoidal, semicircular, triangular or 

eombined. Closed ribs are economical sinee they allow a wider spacing of the floar beams which 

not only reduces the dead weight of the deck but aise raduces the amount of welding needed. 
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Ht'wever, cJosed ribs are more difficult to fabricate than open ribs. AIso, they require more 

compilcated field splices and precision fitting at the splices. 

Structural Advantag •• of Orthotroplc Deck. (66,67) 

The main advantages offered by orthotropic decks art' as follows: 

1) Reduction in Dead Welght 

Replacing concrete decks with orthotropic decks can reduce the dead welght of the roadway by 

upto 50 percent which is quite significant from the point of view of economy. The actual reduction 

may vary anywhere beJow this value depending on the design of the orthotroplc deck, 

connections and spllce details as weil as the thickness of the road surfacing. Due to reduction 

in the dead Joad, there is a direct increase in the live Joad carrying capacity of the undarlying floor 

beams and the main br idge members. This factor gains importance in view of the ever increasing 

truck weights, and correspondingly higher live Ioad requirements. 

Reducing the dead weight also is important in cases where bridge rehabilitation involves 

widening the roadway to add new traffie Ianes or shoulders. Due to addition of the new 

orthotropic deck, the additional dead loads would in fact be smaller than those if concrete decks 

were used. 

2) Increase in Deck Overload Capacity 

Orthotroplc docks have a very high local overload capacity. The actual ultlmate loads are several 

times greatel' than those calculated by the first order ftexural theory. Due to thelr second order 

elastic behaviour under increased loading, thase decks can easily carry occasional heavy wheel 

and axle load5 without suffering any structural damage or permanent deformation. 

3) Strengthening of Main Bridge Members 

The tloor beams and the main longitudinal bridge members act compositely with the orthotropic 

deck ln which the later acts as an added top flange thereby not only stiffening the bridge 

members but also Increasing the structural redundancy of the integrated bridge superstructure. 

4) Ease of Installation 

Orthotropic steel decks are very easy to install unlike the concrete decks with a minimum 

restriction to traffic during the Installation. Furthermore, the strength of the orthotropic deck 15 not 
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Impaired by installation under trafflc On the other hand mlcrocracking usually occurs ln a newly 

cast-in-place concrete deck when trafflc IS permltted across the bridge in adjacent traffle lanes 

Vibrations from vehlcular trafflc can also result ln segregation of the aggregates before the 

concrete has a chance to set. The long term effect of nlIcrocracklng can also result in 

maintenance problems as a result of premature deterl'xation of the deck since infiltration of watel 

takes place through a network of cracks. 

5) Maintenance-Free Operation 

Although the orthotroplc decks requlre regular maintenance painting, since the deck undersldes 

are weil sheltered, the need to repaint is much reduced. In North America, orthotroplc decks 'lave 

been used for over 25 years and have required no maintenance to the deck or to the wearing 

surface. On t'ridges where trafflc volumes are large and delclng salts are heavily used, 

maintenance needs have been limlted to repalrs to rutting in the wearing surface. A hfespan of 

about 100 years for the deck has been estlmated if It IS weil maintalned On the other hand, 

concrete decks need regular maintenance inspection and patching of the structural element of 

the bridge roadway and also they may have to be replaced after 30-40 years of service 

Orthotropic decks also offer the ad\lantage of continuous construction, WhlCh, on long bridge 

spans, permits eliminatlng deck joints which always present senous maintenance problems. 

6) Durability 

Orthotropic decks are immune to damage by deicing salts and weather effects. The durability of 

surfacings on steel decks with sufficient deck plate rigidity is also quite satisfactory. 

7) Economy in Construction 

The tirst construction cost of redecking a bridge in concrete is generally less than that of 

redecking in steel. However according to Wolchuk (66), a meanlngful economic comparison of 

alternate engineering solutions should be based on annualized life cycle cost basis, which should 

include in addition to the tirst cost, the projected yearly cost of maintenance and repairs, as weil 

as the annualized cost of future replacement (lncluding economlc effects of trafflc disruptlOn due 

to replacement) at the end of the useful life of the alternative under consideration. On the basis 

of this comparison, it has been shown that the orthotropic deck solution can give almost 50 

percent savings compared with the concrete deck solution. 
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Design for Redecklng 

Although the detalled design procedure for orthotropic decks is beyond the scope of thls thesls, 

the followlng important observations as observed by Wolchuk (66) are found notable to mention: 

1) If truss and girder bridges wlth floer systems of longitudinal stringers supported by 

tnmsverse 1100r beams are to be redecked, maximum efflciency and dead-welght savlng 

is obtained If the existmg stringers are removed and the new decks are supported on the 

floor beams. This necessitates the deck rib lengths between supports weil exceeding the 

usual rib spans of existlng orthotroplc deck bridges (deck spans exceedmg 7.5 mare 

feasible and practlcal). However, from the design point of view, it is necessary to 

conslder certain characteristics of long-span decks ln heu of the fa ct that the standard 

design of orthotroplc decks are based on much shorter spans. 

2) ln the design of open-rib decks, it is economical to assume the long-span ribs, deflecting 

under the wheelloads, to aet as elastic supports of the continuous deck plate as against 

the earlier assumption of considering them to be rigid. ThiS results in a wider transverse 

wheel load distribution leading to a reduction in the loads and bending moments acting 

on the individual ribs. 

ln the case of closed-rib decks, the capacity for lateralload distribution of the wheelloads 

is much better than in the open-rib deck systems. As the deck span increases, the lateral 

load distribution also increases which may cause the effects of two adjacent wheels on 

the deek to overlap, thereby increasing the loading on an individual rib which should be 

considered in the design. 

3) ln the case of long span deeks, the live load defleetions may be very large and should 

be limited to avoid undesirable deck springiness. It is, therefore, quite possible that the 

deflections instead of the strength considerations may govern the design. 

4) Although the choice between open and closed rib deeks depends on many factors, the 

latter are usuall) preferred mainly due to the fact that they are more structurally efficient 

and require less steel than open ribs. Also, the underside of the deck has less surface 

area to be painteci and is smooth and easily accessible. Furthermore, the totallength of 

rib·to-ueck welds I)f the trapezoidal ribs is one-half of that of the open ribs. However, 
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closed ribs need to be permanently alr-tlght on the nb interiors, reqUlnng seals at the rib 

ends and at field splices. Also, the webs of trapezoldal ribs are subject to flexure under 

the wheel loads. 

It is very important to design the connection detalls between the new deck and the 

existing steelwork for fatigue under the effects of alternating stresses in the deck at the 

supports. The supporting dlaphragms whlch are subJected to local bendlng and twistlng 

must be carefully designed and detalled. 

6) ln cases where multiple girder or stnnger-type bridges are to be redecked (where the 

original concrete deck was placed on the girder or stringer flanges), the new orthotroplc 

deck must be supported on suitably spaced transverse members between the glrders 

Connection details between the new deck and the longitudinal members must be properly 

designed to assure structural integratlon of the deck with these members Live load 

shears and temperature effects should also be consldered ln this design. In ail cases 

whero the new deck acts compositely with the eXlsting structure, proper allowances for 

the additional axial tensile or compressive stresses must be made ln the deck design. 
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