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STRUCTURAL ENGINEERING LABORATORY
CiviL ENGINEERING DEPARTMENT

Indian Institute of Technology Madras,
Chennai - 600 036, Indla.
® 044 - 2257 4276

Dr. P. Alagusundaramoorthy Fax: 044 - 2257 0545
Professor Emzil : aspara0@iitm.ac.in

582

To 12-09-2019
The Managing Director,

Roads and Bridges Development Corporation of Kerala Ltd..

2™ Floor, Precthi Building.

M.V_ Road, Palarivatiom,

Kochi - 682 024,

Kerala State.

Sir,
Sub:  Design and Construction of Palarivattom Flyover in in NH66 (Old NH 47)
By pass - Rectification Works - Reg.

Ref:  Repair and Rehabilitation Procedures for Girders and Pier Caps - HT Madras
Report 111 dt. 05-09-2019.

Please refer the above reference. The following procedures using Concrete Jackeling shall be
used to'repair and flexural and shear strengthening of precast RC Girders (instead of carbon
fiber wrapping for shear strengthening of Girders) and Pier Caps in the flyover at NH-66,
Patarivatiom, Kochi;

(1) Flexural Strengthening of Precast RC girders by Concrete Jacketing (Report 11,
Page 10, Sec. 5.0).

(i1) Shear Strengthening of Precast RC girders by Concrete Jacketing
Additional stirrups using 10mm dia. TMT steel rebars at a spacing of 200mm c¢/c shall be
added by concrete jacketing to increase shear capacity of girders. The cover concrete on
girders uplo a length of 5500 mm from the diaphragm beams (both ends) have o be
- removed/roughened and steel rods exposed. The prepared surfaces shall be cleaned from dust
and debris. The position of additional stirrups (Fig. 11) has o be marked on the girders.
Additional stirrups shall be anchored into the deck slab as shown in Fig. 12 using anchoring
grout. 10mm dia. 150 mm depth TMT steel rebars (shear keys) at a spacing of one meter
interval in a staggered manner shall be fixed (Fig. 12), Water tight shuttering shall be
provided in two stages. Shrinkage compensated free flowing micro-concrete which attains a
compressive strength of 35 N/mm? in three days shall be poured in to the corresponding
shuttering. Deck slabs need not be drilled for pouring micro-concrete. Side shuttering shall be
removed afier three days. Bottom shuttering shall be removed after 7 days. Proper euring {0
be done as per the manufacturers catalogue for micro-concrete. The process of shear
strengthening shall be done in parallel with the flexural strengthening (Report 111, Page 10,
Sec. 5.0) of girders.
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(iii) Cross Stiffening of Precast RC Girders (Report 111, Page 8, Sec. 4.0)
(iv) Repair and Strengthening of Pier Caps (Report 111, Page 11, Sec. 6.0)

The estimated cost 10 repair and strengthen the flyover by concrete jacketing is given in
Table 3.0. The flexural strengthening and shear strengthening of precast RC Girders and Pier
caps can be done by Concrete Jacketing.

Table 3. Repair and Strengthen the Flyover using Concrete Jacketing

sy |- _ . Cost
Repair and Strengthening Item and Technique :
No. (Rs./Crores)

1. | Flexural strengthening of precast RC girders by concrete jacketing 3.17

l2. Shear streriéthening of precast RC girders by concrete jacketing 1.30

3 Cross stiffening of precast RC girders using standard steel 120

sections .
4. | Repairing of cracks in precast RC girders by resin injection 0.28
5. | Repairing of cracks in RC retaining walls at abutments 0.10
" 6 | Repair and strengthening of pier caps including the cracks 1.08
Total 7.13
Total duration: 9 months. | o«

(v) Overall View of Carbon Fiber Fabric Compesites ,

The applicators guarantee period for carbon fiber fabric composites is ten years. Carbon fiber
fabric composites will never corrode. They cannot be affected by any chemical environment.
Carbon fiber fabric composites will last for a longer period than the guarantee period. If
carbon fiber fabric composite wrapping is damaged accidentally, it can be repaired casily.
Since carbon fiber fabric composites on an average four times stronger than steel and four
times lighter than steel, they are selected for shear strengthening of girders in order to reduce
the repair time and additional dead load on Pier Caps. Carbon fiber wrapping is one of the

standard  procedures for shear strengthening of RC Girders. If not preferred, shear

strengthening of RC Girders shall be done by the conventional concrete jacketing as
explained above in Sec. (i1).

IIT Madras will issue the execution drawings as per the requirement. Scaffolding, water
supply and power supply have to be provided as per the site conditions by RBDCK/RDS.
After repair and strengthening a span and two pier caps, a load test to be conducted and the
measured deflection can be checked with the allowable limit to ensure the safety of the
bridge. Strict quality control to be ensured during the repair and strengthening of Flyover. Al

safety procedures for manpower and machines to be ensured by the Applicators.

\ Thanking you Yours faithfully
Dr. P. ALAGUSUNDARAMOORTHY o P A\ WJ\.{@N
P .
Structural Engr?n::ficr'l; Laboratory (Dr. P. Alagus daramoorthy
Civil Engi ing Dapartment .
1ndiar:vllnstagiga:fr%gchnop:orgy Madras 3 \ _2 Oﬂ._ )_.o\ﬂ
Chennai - BOO 036, indla <
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CERTIFICATLE
Pl eliabls of reponr and rehabilitation procedures tor the precast RC greders and pier caps in the

Fotyovan e NS0 a0 Imalanvationt, Kochi, and the cost estimiation are given in this report
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Professor
Structural Engineering Laboratory
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CONDETION ASSESSMENT AND REPAIR AND REHABILITATION OF
FLYOVER AT PALARIVATTOM IN NH66

PN RODECTION

(e teeseend Manager (i/c), Roads and Bridges Development Corporation ol Kerala Limited
AINERS wshed 111 Madras to inspect the distressed fiyover in N1 66 at Palarivattom. Kocht
inh e seeess (e existing condition ol the flvover, scrutinize the structural design to dentify
Aol i s i design and - comstruction i any. recommend suitable  rectification
withn and  wlentify the lapses 1l any on the part of Contractor and Consuitant
GUATHC R AL E Vol 47883, T di. 04.06.2018). Dr. P. Alagusundaramoorthy. Professor. and
Mi R Rajasekaran,  Semor Project  Officer, Structural  Engincering  Laboratory.
¢ vl Pogineering Department, HT Madras visited Kochi on 01-08-20138 and nspected the
Hyover nt PMalarnvattom in NH 66. Mr. Alex T Joseph, GM (ife). Ms. Lissey, AGM,
Ma Maya M1 Scentor Manager, Mr. Shalimar M5, Senibr Consultant, Mr. Pramod G, JGM
il M1 Antony Shyam, Senior Planning Engineer. RDS were present during the inspection
b e ttyover. Flexural, shear and fiexural shear cracks are noticed on the precast RC girders
b dinoat all spuns, Structural cracks are observed on certain pier caps. One of the pot bearing
al Mt No 11K has failed. Certain neoprene bearing pads are also distressed. The bitumen
vl o the Slyover debonded. Settlement of embankment on the expansion joint at Pier No.
Mo neticed Vertical cracks are noticed on certain portions of the RC wall of the

wrhunhment P rom the preliminary mspection, it is noted that the flyover is in distress.

11 A ucdens suggested o RBDCK to conduct NDTs and PDTs and check the structural design
o e supersteucture and foundation with the existing strengih of concrete. 11T Madras asked
M R 1o repair and rehabilitate the tlvover as early as possible. 1IT Madras submitted the
propaant f seratingze the structural design to identify any deficiency in the design of fivover,
Lot e non-destructive tests (ND'I's) such as Ultrasonic Pulse Velocity (UPV) and
e inddt Heboind Tlammer Number tests on selected thirteen RC girders and four piers,
ot Cconerete cores from thirieen RC girders, four piers and RC walls of embankment,
et anitalile eopair and rehabilitation/strengthening procedures along with materials and
ape Tt prepare. BOQ for repair and rehabilitation of the flyover and as per the

ceptoeent cheek the quality of repair materials and periodical inspection of the repair and

Y bthiaon warks Fhe proposal sent by T Madras was approved by RBDCK and

WL Stahas connnenced the subject scope of work. The details of testing and conclusions

!
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FE N Sarfuee Mounting Technigue
C ot nenpthiening of RO girders by NSM techmigue asing CFRP composite rebars, shear
Lapie sy using carbon ibre fabric composites and arresting the cracks by myjecting low

Conoepesy vinyl ester resin,

i um'rf:lt‘ Jacketing
e sl srengthening by adding additional steel reinforcements at the bottom o precast RC
cobion neang shear keys and microconcrete, shear strengthening using carbon fibre fabric

compraites wwd arresting the cracks by injecting low viscous epoxy vinyl ester resin.

Vi IEPATRING AND STRENGTHENING OF PRECAST RC GIRDERS USING
NNMOTECHNEQUE

t{ Hepateing of Cracks

& i din and 125 mm deep holes have to be driled at a spacing of 330 mm c/c

(v Wom i venck lengthy ajong the erack length and 6 mm dia. 75 mm length nozzles to be

Haed uaing cpoxy putty. Low viscous epoxy vinvl ester resin has to be pumped under

pienatie 41T refusal. The nozzles have to be cul after grouting and finished with fast setting

l"'l",”“" [T HIN

t ) Flesural Strengthening of RC Girders Using CFRP Composite Rebars
o mambers of 32 mm dia. CFRP composite rebars having a tensile strength of
phon N and tensile modulus 2.4 x 10° are 10 be added to the bottom of the girders.
Ciemenes ol vize 48 mm x 48 mm at a spacing of 118mm c/c have to be cut at the bottom
v conviete. The grooves have to be cleaned from dust. A layer of adhesive epoxy resin
Lot oo thick have to be applied on the top of the groove. CFRP composite rebars have o
f bopd  position below the layer of resin and the entire iength of groove be filled with
e cpoxy resin, Excess resin has to be wiped out and the bottom surface to be levetled
b treee] s line with the bottom cover concrete. Proper packing using wooden planks and
. ke tull be given upto a minimum of 3 hours/ti!l the curing of the resin (as per
et e i) and the packing be removed for air curing of resin. The schematic
b ol avont of CERP composite rebars in a girder is shown in Fig. i. The size and
v oot prooves and position of CI'RP composite rebars in the cross section of a girder are

o b

Ry
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b 1wt e given in Report 1. The analysis of the fiyover and conclusions arrived from
i dy o are iven in Report 2. The repair and retrofitting (strengthening) of precast RC
girkorn o stitfening of precast RC girders and repair and strengthening of Pier caps arc
proen et ceport, The cracks on RC walls at the abutments have 1o be repaired. The
Cetition ol pedestals and POT CUM PTFE bearings in the obligatory PSC girder (Center)
o 1 110 hive 1o be checked and the pedestals to be repaired/recast and the bearings be

tepth ond A8 necded,

5O WFPALR AND STRENGTHENING OF FLYOVER

[he 1y oves consists of seventeen standard spans with precast RC girders and two lc_nb]igalory
syt wiih IS¢ girders supported on two abutments AP and AP2 and cighteen piers (P] to
PN} lach stundird span consists of six precast RC pirders connected 1o two end diaphragm
hearra supparted hy bearing pads on the pier caps. Based on the non-destructive and'.parlially
deatnietive texis und analyses, 11T Madras suggested to repair and strengthen the precast RC
ghidira i seventeen standard spans and pier caps in eighteen piers P1 1o P18. All precast RC
ghitlsia 0 be wtrengthened for (i) flexure to enhance the cffective moment of inel“nia and

tharehy teduce the deflection and (1) shear o account for the increase in shear capacity due

1 e Hevainl strengthening, The flexural, shear and flexural shear cracks on the girdcr‘s o be

atvalol P Nexural and shear cracks in the Pier caps to be arrested. All Pier caps to be
s v ptttod and slrcnglhcn-cd for both flexure and shear deficiency. ;
1 Mmliga explored the possibility of repairing and strengthening the precast RC girders
wabg (1 Conercie jacketing, (i) Steel jacketing, (iif) External flexural slrengthening:using
{ LI wpasite puitruded sheets, (iv) Strengthening of girders by near surface mo:jnting
PNaA L welinlgue using CERP composite pultruded sheets, (v) Strengthening of girders by
NAAS wlinigae using pultruded CFRP composite rebars and (vi) Shear strengthening ﬁsing
b fiee fibric composites. The possibility of repairing and strengthening the Piers t'l_sing
it aen filee fubric composites and (ii) and Conerete jacketing are also explored.

E

¢ anablong the durability, cost and time to repair and strengthen the precast RC girdcrsilhe'
fodlo iy (e schemes such as (i) Near Surface Mounting Technique and (it) Concrete

peec b o g ||!‘L'It|'rcd‘.
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U v Shear Srengthening of RC girders

twbon fibre fabric of 230 gsm having a width of 300 mm shall be uvsed for shear
aengtheing of girders o have additional shear capacity due te increase in flexural
sbenpthening of girders under NSM technique. Ten pieces of carbon fibre fabric upto a size
al 4800 mm x 300 mm (¢ x by have to be cut and kept ready. The concrete subsirate on the
winter upto a length of 3500 mm from the diaphragm beams (both ends) have to be roughened
b snnd blasting/wire brush and cleaned from dust and debnis. The position of ‘U wraps has
we e marked on the girders. A layer of epoxy primer to be applied on the prepared
tonphened ) conerete substrate. After the tack free time of primer. a layer of catalysed
saturnting -Cpoxy resin o be applied on the primer coat and the fabric be bonded on the
vtalysed resin. Another layer of cataiysed epoxy resin to be applied on the fabric for proper
welhng and bonding. Serrated rollers be used to remove the air bubbles and proper bonding
of cuebon fibre fabric. All "U" wraps shali be bonded (anchored) on the deck slab upto
F00 i on both ends. The schematic diagram of “U” wraps in a girder is shown in Figs. 3

ik -
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L0 CROSS STIFFENING OF RC PRECAST GIRDERS
Apart from the two end diaphragm beams. all precast RC longitudinal girders i the
wventeen standard spans have to be cross suffened at a distance of 5.063 m (£4). 10.125 m
- (£.2) and 15.188 m (3£4) from any one of the end diaphragm beams for lateral stability and
control of vibration. The cross girders shall be integrated to the deck slab using shear keys.
Stee! girders of ISWB 600 @ 145.] ke/m shall be used for cross stiffening. The length of
cach cross girder in between the longitudinal precast RC girders is 2630 mm. Steel plates of
size 700 mm x 400 mm x 20 mm thick shall be used for connecting the sicel girders with
RO girders. The end plates and two ends of the cross girders shall be tabricated in line with
the longitudinal girders suitable for connections. 8 nos. of 20 mm dia. bolts shall be used for
connecting the stee! cross girders to the longitudinal precast RC girders. The schematic

diagram of layout of steel cross girders and the connections are shown in Figs. 5,6 and 7.

? 15\':-,}=——I—~— 6 s A —n0L— P i
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e . | ]/V“”L““—“ﬂ'*‘r”-*“’“
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b . | i } 1 m%:!.x A
T G I
‘ | I } !
. : g 3
| ] ] L | ]
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L L e -
L T R
PR — 210030 — R |
FIG. 5 LAYOUT OF STEEL CROSS GIRDERS IN A SPAN
A
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FIG.3 LAYOUT OF CARBON FIBER FABRIC IN A GIRDER FOR SHEAR STRENGTHENING

2880

T—‘Z:ZST

H
J
-

~ 250 — Carbon Fiber Pabrie of 230 pyn

AY

Longitudioal Girder

L spo—J
FIG. 4 BONDED CARBON FIBER FABRIC IN THE CROSS SECTION OF A GIRDER
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5.0 FLEXURAL STRENGTHENT

NG OF PRECAST RC GIRDERS BY C'QNCRETF,
JACKETING

: :
The botiom cover concrete’ (30 mm thick) on RC girders shall be removed andl‘llcleancd from
loose materials. 4 nos. 32 oun dia. TMT steel rebars shall be added %\5 additional
rwinforcements to the exlslmg reinforcements using U shaped shear keys of 10imm dia. at a
f 200 mm: ¢/c. Waler tight shuttering 10 be provided and micro

po ared. Bottom shutte

.s'pncing 0

concrete shall be
|
ring shall be removed after 7 days. Proper curing to be

done as per the
manufacturers catalogue for.

]
microconcrete. The schematic diagram of concrete, jacketing 1s

1
g l
shown in Fig. 8. !

!
2880
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0.8 REPAIR AND STRENGTHENING OF PIER CAPS ‘\
|

\

I'ic concrete substrate around the picr caps and on the top in between the pedesta!s have 10

he roughened using any suitable scarifiers. The Joose concrete if any to be removed and the

roughened surface be cleaned. 150 mm decp holes have to be drilled at a{spacing of
h

150 mm c/c and 6 mm dia.; 200 mm deep resin injection nozzles to be fixed using epoxy

pully on the cracks. Low viscious epoxy vinyl ester resin has to be pumped under [gressure till
refusal. All resin injection noiz]cs have to be cut and scaled with cpoxy mortar. |
: !:
[} nos. of 32 min dia. TMT isteel bars of length 5.2 m have to be added with the existing
main reinforcements on the t?p of the pier cap by tack welding with the existing stirrup
reinforcements. 8 nos. of 20 t;_)m diameter bars of length 7.4 m have to be added with the
¢xisling main reinforcements L:Jn the bottom of the picr cap by tack welding Will“l existing
stirrup reinforcements. 2 leggcd 16 dia. stirrup reinforcements at a spacing of 70 mm\l c/c 1o be
added on the pier cap above the additional main reinforcements. The slirrupiq on the
additional steel reinforcement on the stem portion have 1o be anchored to the stem at both
ends. After fixing all addiliona\:‘l steel reinforcements on the pier cap in order, water tight
shuttering has 1o be provided all .around the pier cap. Microconcrete upto 100 mm thick has to
be poured on the water tight shultermg The shuttering has to be removed after lhrge days.
I'roper curing has to be doneias per the microconcrete manufaclurers cataloguc The

schematic diagram for repairing and strengthening of pier cap is shown in Figs. 9 and IO
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8.0 SUMMARY AND RECOMMENDATIONS

Based on the non-destructive and partially destructive tests and analyses. 11T Madras
suggested 10 repair and strengthen the precast RC girders in seventeen standard spans and
pier caps in eighteen piers P1 o P18. All precast RC girders (o be strengthened for (i) flexure
io enhange the effective moment of inertia and thercby reduce the deflection and (ii) shear to
account for the increase in shear capacity due to flexural strengthening. The flexural, shear
and flexural shear cracks on the girders to be arrested. The flexural and shear cracks in the
Pier caps to be arrested. All Pier caps to be repaired and strengthened for both flexure and
shear deficiency. The cracks on RC walls at the abutmenis 10 be repaired. The condition of
pedestals and POT CUM PTIE bearings in the obligatory PSC girder (Center) span P9-P10
have to be checked and the pedestals to be repaired/recast and the bearings be replaced if

needed.

IIT Madras explored the possibility of repairing and strengthening the precast RC girders
using (i) Concrete jacketing, (ii) Steel jacketing, (iii) External flexural strengthening using
CFRP composite pultruded sheets, (iv) Strengthening of girders by near surface mounting
(NSM} technique using CFRP composite pultruded sheets, (v) Strengthening of girders by
NSM technique using pultruded CFRP composite rebars and (vi) Shear sirengthening using
carbon fibre fabric combosiles. The possibility of repairing and strengthening the Piers using
(i) Carbon fibre fabric composites and (i) and Concrete jacketing are also explored.
Considering the durability, cost and time to repair and strengthen the precast RC girders the

following repair and sirengthening scheme is recommended by 11T Madras:

8.1 Repairing of cracks in precast RC girders and pier caps by injecting low viscous resin,
8.2 Flexural strengthening of precast RC girders by concrete jacketing,

8.3 Shear strengthening of precast RC girders using carbon fiber fabric composites,

8.4 Cross stiffening of precast RC girders using standard steel sections and

8.5 Repairing of cracks on RC walls in the abutments.

The total estimated cost for the above mentioned scheme 1s Rs. 7.31 crores. 1T Madras will
issuc the execution drawings as per the requircment. Scaffolding, water supply and power
* supply have to be provided as per the site conditions by RBDCK/RDS. After repair and
strengthening a span and two pier caps, a load test to be conducted and the measured

deflection can be checked with the allowable limit to ensure the safety of the bridge. Strict

~
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?.0 COST ESTIMATE TO REPAIR AND STRENGTHEN THE FLYOVER

1.1 Cost Estimate to Repair and Strengthen using NSM Technique

|
i
|
{

_ , |
TABLE 1. REPAIR AND STRENGTHEN USING NSM TECHNIQUE
. 3

St. Cenair and Strengtheni _ | Cost |
Nf:). | cpair aglm trengthening Item and Technique (Rs.lCrores)
1| Flexural strengthening of RC girders using CERP composite rebars | 1 4.6)
2. | Shear strengtheniﬁ_g of RC girders using carbon fibre wrapping t 1.48
3| Cross stiffening of RC precast girders using standard steel sections li 1.20
4. | Repairing of crack? in the precast RC girders by resin injection || 0.28
5. | Repairing of cracks in the RC retaining walls at abutments ' ll 0.10
6 | Repair and strengthening of pier caps including the cracks |T 1.08
Total l| 8.75
. i
Tota! duration : 6 months ;- li\
i 7.2 Cost Estimate to Repair and Strengthen Using Concrete Jacketing R

\ ‘.
TABLE 2. REPAIR AND STRENGTHEN USING CONCRETE .IACKE!)TING

SL. , _ 'Cost |
No. Repair and; Strengthening Item and Technique (Rs\.'l/Crorcs)
1. | Flexural strengthenipg of precast RC girders by concrete jacketing %3.17
7. | Shear strengthening of RC girders using carbon fibre wrapping '1.48
3. | Cross stiffening of RC precast girders using standard steel sections il 20
4. | Repairing of cracks m the precast RC girders by resin injection iP.ZS ]
3. | Repairing of cracks in the RC retaining walls at abutments p.IO
‘ 6 | Repair and strengthéping of pier caps including the cracks }i 08 ]
! Total ’-‘1.31

Total duration: 9 months

602
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quality control to be ensured during repair and strengthening of the Fivover. All safety

procedures for manpower and machines 10 be ensured by the Applicators.

A\a NG o
(Dr. P. Alagusuddaramoorthy
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