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Dr. P. Alagusundaramoorthy
Protessor

STRUCTURAL ENGINEERING LABORATORY
CIVIL ENGINEERING OEPARTMENI

Indian Institute of Technology Madroi.
Chennai - 600 036. Indta.

? : 044 - 225f 1276
Fax | 044 - 2257 0545

Email : asparao@iitm..c.in

1'o
Thc Managing Dircctor,
Roads and Bridgcs Dcvclopnrent Corporation of Kcrala l-td..
2"" Floor, Preethi Building.
M.V. Road, Palarivatlom,
Kochi - 682 024.
Kcrala Statc.

Sir.
Sub: Dcsign and Construction of Palarivattom Flyover in in NH66 (Otd NII 47)

By pass - Rectification Works - Rcg.

Rel Repair and Rehabilitation Procedures for Girders and Pier Caps - llT Madras
Rcpon lll dt. 05-09-2019.

Please refer the above refcrence. The following procedures using Concrete Jacketing shall be

used to repair and flexural and shcar strengthening of precast RC Girders (instead of carbon
fiber wrapping for shear suengthening of Girdcrs) and Pier Caps in the flyovct a( Nll-66,
Palarivanom, Kochi:

(i) Flcxural S(rengthcning of Prec2sl RC girders by Concrcte Jackering (Rcport Ill,
Page 10, Sec. 5.0).

(ii) Shear Strcngtheniog of Precasl RC girdcrs by Concrelc Jackcting
Additionat stirrups using lOmm dia. TMT steel rebars at a spacing of 200mm dc shall be

added by concrcle jacketing to increase shear capacity of girders. The cover concret€ on

girders upto a length of 5500 mm from the diaphragm beams (both cnds) have b be
. removed/roughened and steel rods exposed. The preparcd surfaces shall be cleancd from dust

and debris. The position of additional stinups (Fig. ll) has 10 be markcd oo the girders.

Additional stinups shall be anchored inlo rhe deck slab as shou'n in Fig. 12 using anchoring
grout. l0nrm dia. t50 mm dcpth 'l'MT steel rebars (shear keys) at a spacing of one meter

interval in a staggered manner shall b€ fixcd (Fig. l2). Water tighl shutlering shall be

provided in two stages. Shrinkage compensated free flowing micro-concrete which attains a

compressive strength of 35 N/nrm' in thrce days shall bc poured in to the corresPonding

shuttering. Dcck slabs need not bc drilled for pouring micro-concretc Side shultering shall be

removed after threc days. Botlom shultering shall b€ removed after 7 days. Proper curing to

be done as per the manufacturers catalogue for micro-concrete The process of shear

strengthening shatl bc donc in parallel with (he flcxural sttengthening (Report lll' Page l0'
Sec. 5.0) ofgirders.

l2-09-20r 9
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(iii)CrossStiffeningofPrecestRCGirders(Rep<rrtIIl,Page8'Sec.4.0)

(iv) Repair and Strengthening of Pier Caps (Rcport III' Page l1' Sec' 6'0)

Theestimatedcosltolepaitirndstrengrhentheflyoverbyconcretejacketingisgiven.in
i"Uf.l.O- fft" flexuial stiengthening an"d sirear strengtbening of precast RC Girders and Pier

caps can be done by Concrete Jacketing'

Table 3. Repair and Strength€n the Flyover using Concrete Jacketing

Repair and Strengthening Item and Technique

Total dwation: 9 months.

(v) Overall View of Carbon Fiber Fabric iomposites

The applicators guarantee penoo ior carbon fibei fabric composites is ten years' Carbon fiber

fabric composites will never corrode' They carmot be affected by any chernical envilonm€nt'

6ru"" 
-i*,'." 

r"rtt composites uiL r"tt'rot a longer period than the guarantee period'.If

"*i*- 
nl"t f"Uc composite wrappirig is damaged accidentally' it can be repaired easily'

since carbon fiber fabric 
"otpo-t-ii"'' 

o"n - "t'"tigt 
four- times stronger than steel and fow

,f-"r flgftr* tft- steel, they ar! ,"I""t"d fot shearitrengthening 
^of 

girders in order to reduce

;;;ffi;;t-"; uaaitionut a"uJi"ua 
"rl 

Pier Caps 
-Carbon fiber wrapping is one of the

,ri,d#' 
';;;";;;;;]"; 

sheu' st"'ngthe"ing of RC Girders' If not p'eferred' sh€ar

.o"G*i,ig of RC Grders shall d done by the conventional concrete jacketing as

explaincd above in Sec. (ii).

IIT Madras will issue the execution drawings as per lhe requirement Scaffolding' water

supply and power supply nuu" to Ue providi as per the site coiditions by RBDCIVRDS'

Afler repair and strengthenrng t';p; ;l t*o pi"t^"up"' a 
.load 

test to be conducted and the

measured deflection ""n 
U" .frec'tJ ilin tf,.'Jf o*lUi. limit to ensure ihe safety of the

ili"G-s-*"i qr"iitv 
"ont 

ot to uJ';;*;;;tg the repair.and strengthening of Flvover' All

.J'.iy p.*arn". for manpower and machines to be ensured by the Applicators'

-Ihanking 
You

Dr. P. ALAGUSUNDARAMOORTHY
Protassgl

Srrucluaal Enginoering Laboratory
Civit Engin.6ring OePadm-e-nr

rnalJn tnrtitite of feihnology Mad(e3
ch6nnai - O0O 035' Inora

Yours faithfullY
\) I

KA\.rt't*;$ffi"'q

r.r*@rs bY con*ete jacketing

srt"-t.eni*e"l,u "rp.""^tt 
nc girders by concrete jacketing

@rs using standard stecl

l6uititu'----of ctuctt in precast Rc gLders by resin injection

Repttht 
-**ks 

t" RC retaining walls at abutments

R"ff;a stt""gtb"tng of pier caps including the cacks

\{- o\ 2--\\
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( I )\ trl t l()\ {ssllss\lt:\ l A\l) liFl'-{ll{ A\t)

l'l'YOVt'R A f P'At-Alll Vr\11'( )\'l

l{}.ltAltll.l l ATION Ot

l\ N 1166

I t \t |ll( ]t]t i( l lo\

lr', r ', r,.rrl \lirrritgct 1i,'c). iloads and 13ridges Dcleloprncnl ( olporation ol-Kerala l-irnited

I lt lllti h l ,r*lt'il ll I N4adras to insl)ect thc distressecl i1-r. or'er irr Nll 6(r at Palsrivatlorll Kochi

, r,l 1,, rrr',r'rr llr( c\istirlg colldrlron oi'thc t-llover' scr(inize tlle slructural design to idcntifl'

,lr.ll, l,'rr, r rrr tlcsign and construclron il' altl rccotntllend suitable rectiflcalion

r\'rr!,. r||r,l itlcrrtily the lapscs il- an)' on the part of Corrtractor and Consultent

ll{llln |\/t l.l li Vrrl. 4/8ti]' lrr' clr' 04 06 2018) l)r' P A lag usunrlaranroorthy ' l)rofcssor' and

t\lr l{ [rrirrsclirrun- Senior Proiect Oit]ccr' Srructural Eneincering l.'aboratory'

I lvrl l,rrgtrrr.erirrg l)cparln-'ent. llr N4adras visited Kochi on 0l-0s-ll)llJ irrld in5pc-clcd llte

tlrrtr'{'r {l l'lhrri\i.lt(}m in NH 66 N'lr' Alex I Joseph' (i lvl tiic)' Ms L'isse'v' A[iM'

Mr Mrr'rt M J. Scnror \4anagcr, Mr' Shalinrar lvl S' Scnior Consultant' N4r' Pranrod G' JGM

rttrl hlt Artlrrrrr Slryam. Senior Planning [ingineer' I{DS rvere present during lhe inspectlon

rrl tlru llrrrlcr'. lrtcxtrral, shear and flcxural shcar cracks are nuticed on the precast RC girders

rrr 
'lrrrrrqr 

nrr rrrrrs. struclural cracks are observed on oertain pier caps. onc of thc pot besring

l| |'|r.r N.r |,ll( has lailcd' (]enain ncoprene bearing pads rre also distressed' Ihe bitumen

r.rr(t ''rr llrr' 
llYrr\cr dcbonded. Settlcmenl of entbankment on the expansion joinl at Pier No'

l!l lr rx'tl(f(|. Vcnicai cracks are noticed on certain portions of the RC rvall o1'the

rlrlrrrtrltrtttl I trtttt lhc preliminary inspection' it is notcd that thc ll)'over is in distress'

lll lrtr,rr rtrgpulcd to RBDCK 1o conducl NDTs and PDTs and chcck the structural design

rrl llr', nri|rr\l ttturc and loundation with the existing strcngth of concrctc lt'l' Madtas asked

It tll lt h t,' r( rrrar lr'ld rchahilitate the tl'vover as early as Possible llT lvladras submitled the

t,r,,l,,qrrl t, r r,. r r tl ittizc thc structural rlcsign to idcntifv any deficienc:y in the design ol' flyovcr'

,,rrrlr, I tlr. rr(lrr-(lcstrttctlt'e tests (NDls) such as t.iltrlsorric Pulse Velocity ([ll'V) atrd

rr, lrhrr'lt ltr'l,rrrtrtrl llitnlnrcr Number tests oll sclected thirtcen RC girders and lbur piers'

' rr,,nr,,,r,r(lc r(rfci\ liolrt thidcen llC girders, lbur picrs and IiC 
"valls 

of entbankrnent'

-,,.f, "r r,rtlrl,lc r'.1titir and rehabilitatiolVstrenglhcnillS proccdurcs along rritlt materials and

"t,,,,ll,,rrr',r1. Irclrirre lIOQ tbr repait antl rehabilitation of thc tlror''-r irrrd ai pcr the

,r.r'r', r,'rr ,lr,cL llrc tlullitl' ol rcpair ntatcrials and pcritdical inspcction of tlre reputr and

\ ,.l,,,l,rl r r1',' \\',rl\ lhc proposal s{in1 b\ ll'l' l!'1ad[:'rs \!as approved by ITBDCK and

lll \lr,lrrrr Ir,nrlorcc(l thc subiect scope of rvork lhc details of tcsting and concluslons
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r | \.,rr \ur'l[!r. ]lounling'l cchni<1tte

' | ., ,l ..rrt.||[llrtirri g 0l- llC girdcrs b) NSNl lcchniqtic Lrsing ('l]lll) c()mposilc rebzlls. shcal

' ,'r i1,.,r r! u\in! carb()n ilbre llbric c()nlpositas and irrrcsting thc clacks b1.'- iniecting low

, 1,. ! 1,,,\\ r'rrtylcstcr reSin.

, , | ,, rrril(.lsckc(ing

I t, .r,,,,1 itr(. Ftllcning by adding addirional sleel reinfbrscmellts at lhc bottom ol precast RC

rr,'l',h r..rrfi slrear keys and microconcrele. shear strcngthening using carbon tlbre fabric

.,,,,,t,,,rrtr'\ rri(l itrrcsting thc cracks bY injecting lorv viscous epoxy vitryl csler resin'

|||l|t.1.^||(lN(;ANDSTRENG.|Itr]NINc()FPIIECASTRC]GIRDtlltSl-ls|NG

r\ $\t I l,:( IINIQUE

| | l{r,;rlh lrrg of Cracks

tr lrr rllrr rrrttl 125 ntnt deep holes have to be drillcd at a spacing ol l50 mm clc

r I f.irrt.rrr.r,rck lcngtlt) alonq the clack length antl 6 nltl dia 75 rnn lcngth nozzles to be

lt\,,1 u.,rnp cpo\y putty. Lorv viscous epoxy vinvl cster rcsin hes to be punped unJer

srr"rtlrr, tlll rclusal. fhc nozzles have to be cut atier grouting and finished with tast setting

Itr'l\ rltrr llloll lll.

| ,l I' il r u rrl Strcngthening of RC Girde rs Using O FIIP Composite l{eb:rrs

1,,,,r rrrrlrc[\ ol i2 nrrn dia. CI;RP contpositc' rebars havin3 a tensilc strength oI

tir r N'urrrr ttnd tcnsile modulus 2.1 x lOi arc to be eddcd to the bottom of the girders'

I r,,r,\,.! ul rirr:4ll mnt x 48 nrm at a spacing of llSmm c'/c have to be cut at the bottom

. ',\ | | ,,,ni r('rc lhc grooves have to be cleaned fronr dust A layer of adhesivc epoxy resrn

,!r,r,, i rrrt tlrtck havc to be applied on the top of thc groove C[:llP compositc rebars have to

r', l.,t,l rr 1'r,'rition bclorv the la)'er ot resin antl thc cntire lcngtlr of -qroovc bc filled with

' rl! ,r,r' i r..,\\' tcsin. lixcess resin has to be rriped out lnd the bottoln surfacc to be levclled

..,,1, rr,,\\,.1 rrr lirrc rvith the bottom cOver concretc. Proper packing using w(x)den planks and

,'., ;,, l, rlrrll hc grvcn uplo a nlinimum of 'l hoursltill tlre curing of the rcsin (as per

'',"'L,t ,,r,,r,, rlrtrl) nd tne packing be rclnored I0r air curing ot rcsin lhe schentutic

!,., '',,,,'l lrrr.ttl ol ('lrl{t) contpositc reburs in a Sirder is shorvn in Fig l'l hc size and

, ,,' ,,' ,,1 lti'.1\('\ 'rrrd position of Cl'RP cornpositc rebars in tlre cross section o1'a girder are

', ,, ,, I',r .'
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r,'.,,1 ri 1r,,,t, jrr Aivcrr in llcport 1.1'he analydis ofthe llyovcr and conclusions arrived liont

rr,. .',,,,1\!r\ r,rr' givcn in Rcport 2. l'he repair and rclrofilting (srrcngthcning) of precast RC

r:r'r. r1 , r,'r\ sritti'ring of prccast RC girders and repair and strengthening ofPicrcaps arc

,,'.,'l n, rl'r,. r'r'rri,rt. lhc cracks on IIC rvalis at the abutmcnls have to be rcpaircd lhc

, . . , , ' l r ' 
, , r r , , t t,r',Islrls and POT CUN4 PTFE bcarings in lhe obliSatory PSC girder (Center)

r1,,,r' l',r i'l.tt lrrvc to bc checked and lhe pedestals to bc repaired/recast and the bearings be

tv1,tr'r,,,1 ll rr, r'r lcrl.

,,II I(I, I'AII' 
^NI} 

S'I'RENGTI' ENING OF FLYOVER

llt', ll\"\rt r'r,rrsists ol scventecn slandard spans with precast RC girders and lwo obligalory

{lr{rrr r\'lth I'S( girdcrs supported on two abutments API and AP2 and cighteen piers (l)l to

Itlll I rrr.lr rtrrrrr!rrtl span consists ofsix prccasl RC girders connccled to (rvo cnd diaphragnr

Irrqttrrr rlflrrrrtcrl hy bcaring padS On thc pier caps. Based On the non-destruclive and.partially

rltrrtrrr.t l r,r, tt xts lrrd lnalyses. Ill'ir4adras suggested to repair and strengthen the precast RC

llrrh'rr l rrv(rlc(n slandard spans and pier caps in eightecn piers Pl to Pl8. All precast RC

Slrtllrr tr, lr rtrclgtllcned for (i) llexure lo enhancc the cffective ntoment of inertia and

l||prglrt r('rlrrt c thc dcllcction and (ii) shear to account for the increase in shear capacity due

hr ll11t,,u1 itrctFtllcning. 1'he flexural, shear and flexural shear cracks on the girders to bc

rtt|t,r[\l llrr' llcrural and shear cracks in the Pier caps lo be arrested All Pier caps to be

rtl|dlt0rl {rxl tlfcnglhcned for both flexure and shear deficiency.

lll Llnrhur r'slrlorcd lhe possibility of repairing and strengthening thc precast RC girders

trl{rl lll ( rr!rcr('tc iucketing, (ii) Steel jacketing. (iii) Extemal flexural strengthening using

I llllr lrrrrrqnritc prrltruded sheels, (iv) Strengthening of girdcrs by near surface modnting

rtvlltlt trrr'lrrrh;uc using CFRP contposile pultrudcd sheets. (v) Strengthening of girdcrs by

r.l'{ltl rr'. |rrrirlur: rrsirrg pultruded CFRP composite rebars and (vi) Shear strengthening lsing

r ,rlr,r nl!ri. tirlrrie conrposites. The possibility of repairing and slrengthening the Piers rising

rrr L,,l','r tilrr r lirhric composites and (ii) and Concrcte jacketing are also explored.

| .,,,rr,1, rtl|t, rlu.'rlurability, cost and

i,,ll,,L.rrrrr r\\ir S(llctrlcS SuCh aS (i)

r.,. l, r rtr '|rr'll(lfrrcd:

:

tirne lcl repair and strcngthen lhe prccasl RC girders.the

Near Surlace Mounting Tcchniquc and (ii) Concretc

,

I
i
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I I \lrexl Strcngthening of IIC'girders

r,rrl',,rr librc fabric o1 230 gsnr having a rridth o1',i00 nrnt shall be used tbr shcar

,r,,rt,rlrLniug ,rf girdcrs tcr ltavc adelitional shear eupacity due to incrcase in llcxural

rrrorfrlrrnin!: o{ girders undcr NS\4 techniquc. len prc'ccs o1'carbon libre labrrc upto a sizc

,,t .l\txl |lrn) x 500 mln (1 xb) harelo becut and kcpt read].. lhe concretc substrale on thc

lir'lrr upr() a lcngth of5500 mrn lionr thc diaphra-tm beanls (both ends) have to be roughened

lrr r,,lrrl hlasting/wire brush and clcaned lrttrn dust and debris. The position of 'U' 
',vraps has

r,, I'r' rrrrrkcd on the girdcrs. n la\er ol' epoxv pritner to bc applied on thc prepared

||,,r!lr( edl concrete substralc. Atier the tack licc tinlc o1'prirner. a laYer of catal]-sed

rrrrrrrilrg cpo\y resin to bc applr!-d on thc pritne| coJt and the labric bc bondeti on the

r 
'rr,rl\ 

sc(l rcsin. Another layer of catalysed epoxy rcsin to be applied on the labric fbr proper

rur.trrll irnd bonding. Senatcd rollers be used t() renlove the air bubblcs and proper bonding

r,l rrrrlror llbrc fabric. All 'U' rvraps shall be bondcd (anchored) on the deck slab upto

lllo 111111 11s both ends. l'he schcntatic diagranr of 't.l' uraps irt a girder is shorvn in Figs. 3
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.1.0 (.ROSS 51'lt-FLNI\(; oF R(-I'Rl-( As1 (;IllDlllls

\l)irrt tronr the t\ro tn(i riiaphrrgnr L.'t:rtns' ail Plccasl Il( lotlgituditral girders in thc

\.!,cnlc!:l]SLandardspal]sha\,etobecrossstitlcnctlatadislatlccol5.06jrn(1.',.1).10'125m

tl?)andl5.lll8In(]Ii.l)iio|nal]y'l)nc()l.tllcencl<liaphralnrbcanrslitrlatcralstabilityand

.,'nlfol ot vihration. lhe cr()ss r.i'd:rs shall bc integralcd to lhe deck slab usins shear ktys'

\rccl girders oi lsWL] 6(X) (A 14: l Lg/rn shall be used lor cross stiffening lhe length ol-

trrch cross gir,lcr in betrvecn the iongitudinal precast RC girtlers is 2fi'i0 mnr' Steel plates of

:rzc 700 mn r 400 ntnr x 20 mm thick shall bc used for connectillg ll'tc sleel girders .'vlth

l(( girders. The urrd Plates o"6 111p c'rtiJs ol'thc cross girders shall be f'abricated in line rvith

thc longitudinal girders suitablc lirr conneclions S nos of 20 mrn dia' bolts shall be used for

eonnecting thc steel cross girders to the longitudinal prccast IIC girders -l-he schelnattc

,liarrrarn of layout tll stcel cross girders and the conncctitrns are shorvn itr Figs 5' 6 and 7-

i- lj ll r[
ll:i

, -ii- .lt -iL-

FIG. 5 LAYOUT OT- STEEI, CITOSS GIRDERS IN A SPAN

i-i-

ir.lt---,i
I

IL

- r[

i



l
7
zt!
F
z
kl

F
v)

{!
v)

G;'

z

I&

I{

z

F

f_-.*--ooar_ G

--_-lJ

l---l

u)

--1lz
av

-i

I
z

z

ta
,,J.

969
o'd (016roz/r.**rr/,-



''*/,,o,u*, 

r0'' n( D ) pwD

ls9ru-

I

I

1

7
-:
It|-

U1
alD

i-
a
7

i'l

-'
i'j

z
-J
a
'z

i-

5
U,

ii
l

l1
' --,--i
iF---, Ii--.-il

tl

-i-

':

-

z
7.

z

J

r

'tJ^

Ft;
-0.\a

- 13.
2-
A4:i;->
iE

,l

>
u.
-1

a
a

-

U'

z
4'

:



7/2019(D) PWD

.IACKF,I'I NC i ;
I

thc botrom co'er concrcre'(i0 mnr thick) on Rc girders shall be removed.''lo 
it"tt,:1.::::l

r.(rsc naleriars. 4 nos- i2 mrn dia. TMl- steel rebars shall be added 

^f ltl 
":"1

rci rforcements to the €xisling retnforccmcnts using U shaped shear ke 1's "t 
tO 

it"t 
olt 

,,t: i
,i

lrucinq of 200 mnl c/c Wa{er ttght shutlering to be providcd and microconcictc shall Dc

,*,rr.di Bor,o. shuttering slall be renoved al'ter 7 days Proper curing to be dohe as pcr tne

^ l. r..:,^:-

I

s.It FLEXURAL STRENCTI'IENING OF PRECAST RC CIRI)ERS BY CONCRE'TE'

I

,,,r.,uoa,*a^ catarogue for, microconcretc. r'hc schenratic diagram of concrete,jacketinB is

slxrrvn in Fig. 8 {

I
I
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i
I

Ilrc concrete substratc around the picr caps and on the top in belwccn rhc pededrals havc ro

lrr: roughencd using any suitable scarifiers. 
-l-he 

loose concretc if any to be renroyed and the
tt

I

r')uuhened surfacc bc clcancd. 150 nrm decp holes have to bc drilled at aispacing of
r50 mri c7c and 6 nrm dia.r 200 mm deep resin injection nozzles to be fixed uising epoxy

putty on the cracks. Low viscous epoxy vinyl cs(er resin has to be pumpcd under fressure till
I

rcl'usal. All resin injection nolzles have to be cut and scaled wi(h epoxy Inoriar. 
I

:l
r!

1.1 nos. of 32 mrn dia. TMI' .steel bars of lcngth 5.2 nr have to bc added wi(h llie cxlsting

rnain reinforcemen{s on the tgp of the pier cap by tack rvelding with rhe cxislihg slirrup
,l

rcinforcements. 8 nos. of 20 rnm diameler bars of lensth 7.4 nr have to be addcii with thc

existing main reinforcenrents iin the bottorn ol rhe pier cap by tack rvelding rvitA existing
i-

srinup rein forcenrenr s. 2 leggcq l6 dia. stinup rcinforcements al a spacing of70 mm' c/c 1o be

;rdded on the pier cap above lhe additional main reinforcements. The stirupl on the

rrdditional steel reinforccmcnt on the slem portion have to be anchored ro the slen\ ar both

cnds. After fixing all addi(ion;l steel reinforcements on rhe pier cap in order. wJter righr

rihutteriirg has to be provided alllaround rhe pier cap. Microconcrete upto I00 mnr rhilk has to
i

hc poured on the water tlght shultering. The shuttering has (o be removed after thrbe days.

lrroper culing has to be donel as per the microconcrete nranufacturers cataloglc.. The
I

schemalic diagram for repairing and strengthening of pier cap is shown in Figs. 9 and t 0.

I

I

I

I

I

I

I

I

I
I

r0
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II,O SUMi\{AItY AND R E,COM I\'IEN I).4-I'IONS

lJased on the non-destrucrivc and parrially destructive lests and analyses. llT Madras

suggestcd to rcpair and strcngthcn the pfccast llc girdcrs in sevctrtccn slsndard spatrs and

pier caps in eighteen piers l'l to I)l8 All prccasl RC girdcrs lo be strcngthcncd lbr (i) flcxurc

ro enhanqc rhe effecrivc morlcnr of inenia and thercby rcducc thc deflection and (ii) shear to

account for thc increase in shcar capacitl'due to flexural slrcnglhcnrnS. Thc flexural shear

and llerural shcar cracks on the girders to bc arresled. 
.l-hc 

flexural and shcar cracks in the

Pier caps to be arrested. All Pier caps to be rcpaired and strcngthcncd for both flexurc and

shear deliciency. 'l-he cracks on RC rvalls at lhe abutmcnts to be rcpaired. l he condirion of

pedesrals and POT CUM P-l'l:ll bcarinss in thc obligatory PSC girder (Centcr) span P9-Pl0

havc to bc checked and the pedcsrals to be repaircd/rccast and thc bearings bc rcplaced il-

needed.

II.I irladras cxplored rhc possibilirl, of rcpairing and strcngthening (h€ precast RC girders

us;ng (i) concrctc jacketing, (ii) Stccl jackcting. (iii) Extemal flexural strengthcning usrng

CFRP composite pultruded shccts. (iv) Strengthening of girders by ncar surface mounting

(NSM) technique usiug cFRP composite pultruded shccls, (v) Strcngthening of girders by

NSM technique using pultruded CFRP conrpolite rebars and (vi) Shear slrenglhening usrng

carbon fibre fabric composircs. Thc possibility of repairing and strcngthening lhe Piers using

(i) carbon tlbre fabric composites and (ii) and concretc jacketing are also explored.

Considering the durability- cost and tilne to repair and strengthen the precast RC girders the

following repair and strengthening scheme is reconlmended by llT N4adras:

8.1 Repairing ofcracks in precast RC girders and picr caps by injccting low viscous resin'

8.2 Flcxural strcngthen:ng of precasl RC girders by concretc jacketing.

8.3 Shear strcngthening of precast RC girders using carbon fiber fabric compositcs,

8.4 Cross stifl'ening of precast RC girders using standard stcci sections and

8.5 Rcpairing ofcracks on llC rvalls in thc abutments

l'he tolat cstimated cost for thc abo\.e menlioncd schcnre is Rs. 7.1I crores. 111- pl6i1a5 rvill

issue the execution drarvings as Pcr the requiremcnt scaflolding' u'atcr supPly and powcr

lsupp|yhavctobeprovidcdasperthcsitcconditionsbyRBDCK/RI)S-AftcrrcPairand

strcr'rlthening a span and l\vo picr caps. a loacl tcst to be cotlducted and thc nrcasurcd

dcllcction can be chccked !vrth the allo\\'ablc litnit to ensure the safety of the bridge Stric(

601
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7.0 COS'| ES'I'TJ\'IATE I.O ITEPAIR AND STiENCTITEN THE }-LYOVtR

7.1 Cost Dstimatc lo llcpair end Strcngthcn using NSi\{ Tcchniquc

TABLE I. REPAIR AND STRENGTHEN USING NSI\'I TECHNIQUE

Total duration : 6 months ,

!

7.2 Cost Estimatc to Repair and Slrengthcn Using Concrete Jackcting

Rcpair and Strcngahcning ltcn and Technique

Flexural strengthehing of RC girders using cl Kl' composrlc rcDars

Shcar strengthening of RC girdcrs uslng carbon lrttrc wrapprng

I Cost

($s./Crores)
sl.

No.

| 4.61

l.48')

| .20I I Ctoss stiffening of RC precasl girdcrs uslng s(andard sleel sectrons

4 TR.paiiirlg;iE*ke t" th" precast RC girde rs bv resin injection

iT[epa"tg of ctacks in lhe RC retaining walls at abultn€nls

Z-Ttl-.pui, and strengthcning of pier caps inclrrding the cracks

1 0.28

i0.10
I

l .08

8.75

otal duration : 6 months

TABLE 2. REPAIR AiND STRENGTIIEN USTNG CONCRETE 'IA

Repair ani Strengthcning llcm and Technique

F@irdcrs bY concrete jackcting

@using carbon fibre wraPPing

@ standard sieel sections

Repairing of"racks in the precast RC girders by resin injection

R$;*tg;f *^.kt-lt the RC rctaining walls at abutme nts

@aps including the cracks

t2
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qualilr' control to be cnsur.cil durint repair and strcnglhcntng ol the l:lrover. All saftty

proccdurcs tbr nranpoucr antl tnachincs to trc ensure,.l hr the ,\pplicators.

,?*-:t**is"'r[
o3 ' o1' J-o\i'

Dr P. ALAGUSUNOARAMOORTHY
Professot

Slructural En ginee.ing Laboralory
Civil Engrneer'ng DePartmenl

tndian Inslitule ol Technotogy Madras
Chonnar - 600 036, Indra
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PALARIVATTOM FLYOVER.

Prof. P.Alagu sur) da ra nrooftlry of llT Chennai has sent his
proposals dated 03.09.2019 for tlre repails and rehabilitatiorl
of the RCC girders and pier caps of Palarivattom Flyover.
Briefly the scheme consists of:-

Time indicated for the repairs is 9 months.

An alternative of structural strengthening of RC girders using
CFRP conrposite bars has also been suggested which would
then cost 8.75 crores with a tilne frame of 6 months.

After carrying out tlre repairs what would be the residual life of
the bridge has not been indicated.

ll'f ploposals suffer fr-onr the following drawbacks.

a) The cost of repairs appears to be underestimated. For
exanrple, repairing the cracks by resin iniection is sltown to
cost only Rs.28.00 lakhs. This would certainly cost nruch
rnore as 97 out of 102 girders have developed multiple
cracks. Drilling for too marry holes for resin inlection may

\ 604
3W77t2019t(Dl PwD

l.

il.

Flexural strengthening of precast RC girders by
concrete iacketi
Shear strengthening of RC girders using carbon
fibre wranoin
Cross stiffening of RC girdels using standard steel
s e ctio ns
Repairing ofclacks irr the precast RC girders by
resin iniection
Repairing of cracks in the RC retaining walls at
abutments
Repair and strengthening of pier caps including the
cracks
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b)

further weakeu tlre concrete whose strength is already low
and u ncertaln.

Shear stlengthening of RC gircier-s usirrg carbon fibre
wrapping may not bring in the expected benefit as such

rvrapping does not confine the concrete. To rny mind, if the

parent material strength is less than the permitted limit, the

wrapping may beconre a failure. lrr this case, carbon fibre
wrapping alone may not give the required shear strength.

The technology of carbon fibre wrapping is new to the

country and its life expectancy is also uncertain. They have

not rnentioned anything about the protection needed for the

c.:rbon fibre wlapping since the resins are not stable against

u ltra violet exposu re.

To make up the deficiency in sttrface reiuforcetlen!, nothing

is rnentioned in the report.

Only the lrottom flarrges of the RC gilders are stretlSthened

by t00rnm nricro concrete jacketing. The side concrete has

no reinforcement shor,vn. This rray spall off after some time

d.ue to vibration.

Nearly 16 tonne weight is adding in each span for

retrofitting scheme. This extra weight (approx. 3 tonne

weight in one single girder) will create additional bending

moment and sheal force in existing distressed giI'ders. Any

increase in dead load is not desirable as the four piles in

foundatiotr are at their litnits.

'lhe concrete jacketing of pier heads has io be more robust

to increase their structural scrength.

Since the concrete used itr rhe briclge is gene|ally found

weak, the stenr ol'tlte piels has also to be jacketed by RCC'

This has not been indicated nor its cost accounted for.

LJ

d)

eJ

8)
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h) ll't' schernc' has not elirninatetl ttre expansion joints ovel the

pier locations. The dynarnic inrpact at these ioints will

therefore co ntilrtl e

lil. llT has not indicated what would be the residual life of the

bridge after lepairs. Since the life expectancy of such a bridge is

about 100 years, I atn of tire considered view that it is better to

dismantle all the RCC girdcr spans and replace with pre-

stressed girders as indicated in my earlier report dated

03.07.2019.

,2o*--'
(Dr. E. Sreedharanl

14.09.2019
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