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STRUCTURAL ENGINEERING LABORATORY
CIVIL ENGINEERING DEPARTMENT

Indian Institute of Technology Madrns,
Chennai - 600 036, India.

® 1044 - 2257 4276
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Dr. P. Alagusundaramoorthy Fax : 044 - 2257 0545
Professor Email - asparad@iitm.ac.in
To 12-09-2019

The Managing Director,

Roads and Bridges Development Corporation of Kerala Lid..
2" Floor, Preethi Building,

M.V, Road, Palarivattom,

Kochi - 682 024,

Kcrala 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 i1 dt. 05-09-2019.

Please refer the above reference. The following procedures using Concrete Jacketing shali 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,
Palarivattom, Kochi:

(1) Flexurai Strengthening of Precast RC girders by Concrete Jacketing (Report 111,
Page 10, Sec. 5.0).

(i1) Shear Strengthening of Precast RC girders by Concreté Jacketing
Additional stitrups 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 upto a length of 5500 mm from the diaphragm beams (both ends) have to 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 to 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 comesponding
shuttering. Deck slabs need not be drilled for pouring micro-concrete. Side shutiering shall be
removed after three days. Botiom shuttering shall be removed after 7 days. Proper curing to
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 1iI, Page 10,
Sec. 5.0) of girders.
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(iii) Cross Stiffening of Precast RC Girders (Report iII, Page 8, Sec. 4.0)
(iv) Repair and Strengthening of Pier Caps (Report I1L, Page 11, Sec. 6.0)

The estimated cost to 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 J acketing.

Table 3. Repair and Strengthen the Flyover using Concrete Jacketing

SL | Cost
Repair and Strengthening Item and Technique

No. (Rs./Crores)
1. | Flexural strengihening of precast RC girders by concrete jacketing 317
'2. Shear streﬁé‘rhening of precast RC girders by concrete jacketing 1.30
N Cross stiffening of precast RC girders using standard steel 120

scctions :

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 strcngthéning of pier caps including the cracks 1.08

Total | 713 .
Total duration: 9 months. A

(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 easily.
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. (ii).

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. All
safety procedures for manpower and machines 1o be ensured by the Applicators.

\ Thanking you Yours faithfully

Dr. P. ALAGUSUNDARAMOORTHY o P /,k/\g “\_J\Q(;.:)).Q

Professor
Structural Enginearing Laboratory (Dr' P. Alagus daramoorthy

Civil Enginearing Cepartment .
indian Institute of Technology Madras 3 \ _2_ 0‘{-. 2o\§
Chennai - 800 036, India .
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CERTIFICATE
Fhis slogails of reparr and rehabihitation procedures for the precast RO girders and pier caps in the

{ thavai iy N Aa b Palarivattom, Kochi, and the cost estimmation arc given in this report

vAL e

{Dr. P. Alagusun
on. Qﬁ. 20\8]

Dr. P ALAGUSUNDARAMOORTHY
Professor
Structural Engineering Laboratory
Civil Engineering Department
tndian institute of Technoliogy Madras
Chennai - 600 436, india
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CONDTHTON ASSESSMENT AND REPAIR AND REHABILITATION OF
FLYOVER AT PALARIVATTOM IN NH66

LN ERODUCTION

et el Manager (iic), Roads and Bridges Development Corporation of Kerala Limited
TIHERS) Cehed 11 Madras to inspect the distressed flyover in NH 66 at Palarivattom. Kocht
wed e s the existing condition of the flyover, scrutinize the structural design to wdentify
defe by design and  construction if any. recommend suitable rectification
wohn ad identily the lapses f any on the part of Contractor and Consultant
TR 12Vl 4/883, T du 04.06.2018). Dr. P. Alagusundaramoorthy, Professor. and
M W Rujasckaran.  Senior  Project Officer.  Structural  Engineering  Laboratory.
¢ vl Fagineering Department, HT Madras visited Kochi on 01-08-2018 and inspected the
Hyover wt Palagivattom in NH 66, Mr Alex 1 Joseph. GM (ifc). Ms. Lissey. AGM,
Ma Mava M 1. Semor Manager, Mr. Shalimar M.S, Senior Consultant, Mr. Pramed G, JGM
arel Mt Antony Shyam, Senior Planning Engineer. RDS were present during the inspection

ol fiw Nyover. Flexural, shear and flexural shear cracks are noticed on the precast RC girders

i wlisosl wll spans. Structural cracks are observed vn certain pier caps. One of the pot bearing

i at vt No. PLE has failed. Certain neoprene bearing pads are also distressed. The bitumen
vt o the Iyover debonded. Settlement of embankment on the expansion joint at Pier No.
Pt la noticwd. Vertical cracks are noticed on certain portions of the RC wall of the

it inent rom the preliminary inspection, itis noted that the flyover is in distress.

PE M s suggested to RBDCK to conduct NDTs and PDTs and check the structural design
ol th anpeestructure and foundation with the existing strength of concrete. 1T Madras asked

Wit K 1o repar and rehabilitate the flyover as early as possible. IIT Madras submitted the

preposal 4o seratimze the structural design (o identify any deficiency in the design of flyover.
connlin U ihe non-destructive tests (ND'Ts) such as Ultrasonic Pulse Velocity (UPV) and
e el Hebonad Tammer Number tests on selected thirteen RC girders and four piers,
e b camcerele cores from thirteen RC eirders, four piers and RC walls of embankment,
wetggs ol anatubile repatr and rehabilitation/strengihening procedures along with materials and
wpn b ntone, prepare. BOQ for repair and rehabilitation of the tlyover and as per the
coqub et cheek the quality of repair materials and periodical inspection of the repair and
Y Chebtlindion works. The proposal sent by [T Madras was approved by RBDCK and

HE Muhas commenced the subject scope of work. The details of testing and conclusions
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fNcar Suelee Mounting Technigue
Cioaat stenpthiening of RC girders by NSM technique using CERP composite rebars, shear
—aptheanag using carbon fibre fabrie composites and arresting the cracks by injecting low

S o epesy vinyt ester resin,

! ) Canerdte Jacketing
! hesura! strengthening by adding additional steel reinforcements at the bottom ot precast RC
shlers weang shear keys and microconcrete, shear strengthening using carbon fibre fabric

conupuenies i arresting the cracks by injecting low viscous epoxy vinyl ester resin.

VI REPATRING AND STRENGTHENING OF PRECAST RC GIRDERS USING

NNM TECHNIQUE
V { Repatring of Cracks
n o i and 125 mm deep holes have to be drilled at a spacing of 350 mm cic
¢ 4 Nom o erack lengthy along the crack length and 6 mm diz. 75 mm length nozzles o be
Hawd uing cpoxy putty. Low viscous epoxy vinyl ester resin has to be pumped under

pivmage I relusal. The nozzles have to be cut afler grouting and finished with fast setting

poody e anortar,

¢ 1 blesural Strengthening of RC Girders Using CFRP Composite Rebars

{om mumbers of 32 mm dia. CFRP composite rebars having a tensile strength of

e Moo and tensile modulus 2.1 x 10° are 10 be added to the bottom of the girders.

Ciensven ol size 48 mm x 48 mm at a spacing of 118mm c/c have to be cut at the bottom
v vonerele, The grooves have to be cleaned from dust. A layer of adhesive epoxy resin
apetes % thick have to be applied on the top of the groove. CFRP composite rebars have 1o
b Lept m pusition below the layer of resin and the entire length of groove be filled with
o cpesy resin. Bxcess resin has 1o be wiped out and the bottom surface to be levelled
it trense] 1o fine with the bottom cover concrete. Proper packing using wooden planks and

w o gue ke slill be given upto a minimum of 3 hours/till the curing of the resin (as per
bt k) and the packing be removed for air curing of resin. The schematic
fearaos of Tnvout off CERP composite rebars in a girder is shown in Fig. 1. The size and
ol prooves and pusilion.ofCl"-‘RP composite rebars in the cross section of a girder are

-
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lre oaing e piven in Report 1. The analysis of the flyover and conclusions arrived from
Mo anadye are piven in Repont 2. The repair and retrofitting (strengthening} of precast RC
priters e stilTening of precast RC girders and repair and strengthening of Pier caps arc
g i e coport, Vhe cracks on RC walls at the abutments have to be repaired. The
Cennfitinn of pedestals and POT CUM PTFE bearings in the obligatory PSC girder (Center)
open I 0010 hnve o be checked and the pedestals to be repaired/recast and the bearings be

sl e A needed. \

L0 1FPALR AND STRENGTHENING OF FLYOVER

Fhe 11y ones cansists of seventeen standard spans with precast RC girders and two é)bligatory
§jtie with I'SC girders supported on two abutments AP and AP2 and cighteen piers (P1 to
PN} Uach standird span consists of six precast RC girders connected to two end diaphragm
B suppocted by bearing pads on the pier caps. Based on the non-destructive and‘.panially
destntive tewts and analyses, [1T Madras suggested to repair and strengthen the precast RC
Wi to sevenicen standard spans and pier caps in eightecn piers P1 to P18. All precast RC
ghdere 1o be strengthened for (i) flexure to enhance the effective moment of ineinia and

therehy toduce the deflection and (i) shear to account for the increase in shear capacity due

i it el strengthening, The flexural, shear and flexural shear cracks on the girders to be
ariealil The (lexural and shear cracks in the Pier caps to be arrested. All Pier caps to be

: pegialiand sind ulrcnglhcnl(:d for both flexure and shear deficiency.

I Mmbias explored the possibility of repairing and strengthening the precast RC girders
weliy (0 Cancrete jucketing, (if) Steel jacketing, (i) External flexural slrengthening‘,using
£ 1 U9 vompasite pultruded sheets, (iv) Strengthening of girders by near surface mounting
(NAAD tochnigue using CFRP composite pultruded sheets, (v). Strengthening of girdé_rs by
NYAY teelinique using puttruded CFRP composite rebars and (vi) Shear strengthening {Jsing
v arben filae tibric composites. The possibility of repairing and strengthening the Piers using
10wl ilue fabric composites and (i1) and Concrete jacketing are also explored.

¢ el loning e durability, cost and time to repair and strengthen the precast RC girdcrs_lhe‘
flliwing twa schemes such as (i) Near Surface Mounting Technique and (i) Concrete

e b engane peeterred:
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t tShear Strengthening of RC girders

Cwban libre fabric of 230 gsm having a width of 300 mm shall be used tor shear

stongthening of pirders to have additional shear capacity due to increase in flexural

avenpthicning of girders under NSM technique. Ten picces of carbon hbre fabric upto a size

ol 00 mm x 300 mm (£ x b) have 1o be cut and kept ready. The concrete substrate on the

winler upto a length of 5500 mm from the diaphragm beams (both ends) have to be roughened
i by wd blasting/wire brush and cleaned {rom dust and debris. The position of ‘U’ wraps has
we be marked on the girders. A layer of epoxy primer to be applied on the prepared
tnghened)y concrete substrate. After the tack free time of primer. a layer of catalysed
saturating -cpoxy resin to be applied on the primer coat and the fabric be bonded on the
vataivsed resin. Another layer of catalysed epoxy resin to be applied on the fabric for proper
welting, and bonding. Serrated rollers be used 1o remove the air bubbles and proper bonding
ol curbon libre fabric. All "U™ wraps shall be bonded (anchored) on the deck slab upto
botnun on both ends. The schematic diagram of ‘U wraps in a girder is shown in Figs. 3

wind
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14 CROSS STIFFENING OF RC PRECAST GIRDERS

\part fram the two end diaphragm beams. all precast RC longitudinal girders in the
.venteen standard spans have 1o be cross stiffened at distance of 5.063 m (£74). 10.125 m
(7.2) and 15.188 m (34/4) from any one of the end diaphragm beams for lateral stability and
control of vibration. The cross girders shall be integrated 1o the deck slab using shear Keys.
Steel girders of ISWB 600 @ 1431 he/m shall be used for cross stiffening. The length of
cach cross girder in between the longitudinal precast RC girders is 2630 mm. Stee! plates of
vize 700 mm x 400 mm x 20 mm thick shall be used for connecting the steel girders with

RE pirders. The ¢nd plates and two ends of the cross girders shall be fabricated in line with

lhe jongitudinal girders suitable for connections. 8 nos. of 20 mm dia. bolts shall be used for

connecting the steel 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.
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FIG. 5 LAYOUT OF STEEL CROSS GIRDERS IN A SPAN
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5.0 FLEXURAL STRENGTHENING OF PRECAST RC GIRDERS BY C
JACKETING ‘

i

l
‘The botiom caver concrete’ ()0 mm thick) on
loose maleriats. 4 nos. 37 mm dia. TMT steel rebars shall be add

reis 1forcemenls 10 the euslmg reinforcements using U shaped shear keys of 10

~1mcmg of 200 mm c/c. Water tight shuttering to be provided and micr
poared. Bottom shuttering shall be removed after 7 days. Proper curing 10
manufacturers catalogue forl microconcrete. The schematic diagram of concrete jacketing is
shown in Fig. 8. rL |!
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0.0 REPAIR AND STRENGTHENING OF PIER CAPS 1‘ ,
I'he concrete substrate around the picr caps and on the top in between the pedesila]s have 1o

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

: . \
roughened surface be cleaned. 150 mm decp holes have to be drilled at aspacing of

i
150 mm ¢/c and 6 mm dia.; 200 mm deep resin injection nozzles o be fixed dsing epoxy

pulty on the cracks. Low viséous epoxy viny! cster resin has 1o be pumped under ;‘)rcss»ure till
relusal. All resin injection no?izlcs have to be cut and sealed with epoxy mortar. 1
I3 nos. of 32 mm dia. TMT :r.steel bars of length 5.2 m have to be added with lﬁc cxisting
main reinforcements on the lop of the pier cap by tack welding with the e:\mtmg stirrup
reinforcements. 8 nos. of 20 mm diameter bars of length 7.4 m have 10 be addcd with the
existing main reinforcements 9n the bottom of the pier cap by tack welding wnh existing
surrup reinforcements. 2 Ieggcd 16 dia. stirrup reinforcements at a spacing of 70 mm| c/c to be
idded on the pier cap above: the additional main reinforcements. The stirrups on the
additional steel reinforcement on the stem portion have to be anchored to the sten) at both
ends. After fixing all addilionafl steel reinforcements on the pier cap in order, water tight
shuttering has to be provided alli.around the pier cap. Microconcrete upto 100 mm thij:k has 10
he poured on the water tight shuuermg The shuttering has to be removed afier thrbe days.
I'roper curing has to be done as per the microconcrete manufacturers 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, 1T Madras
suggesied 1o repair and strengthen the precast RC girders in seventcen standard spans and
pier caps in eighteen piers 1 to P18, All precast RC garders to be strenglhened for (i) flexure
lo enhance the effective moment of inertia and thereby reduce the deflection and (i) shear to
account for the increase in shear capacity due 10 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 to be repaired. The condition of
pedestals and POT CUM PTFE 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. (uni) External flexural strenpthening using
CFRP composite pultruded sheets, (iv) Strengthening of girders by near surface mounting
(NSM) technique using CFRP composite pultruded shecets, (v) Strengthening of girders by
NSM technique using pultruded CFRP composite rebars and (vi) Shear strengthening using
carbon fibre fabric com‘posilcs. The possibility of repairing and strengthening the Piers using
(i) Carbon fibre fabric composites and (ii) and Concrete jacketing are also explored.
Considering the durability. cost and time 1o repair and strengthen the precast RC girders the

following repair and strengthening scheme is recommended by T Madras:

8.1 Repairing of cracks in precast RC girders and picr caps by injecting low viscous resin,
8.2 Flexural strenptheming 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 stcel sections and

8.5 Repairing of cracks on RC walls in the abutments.

The total estimated cost for the above mentioned scheme is Rs. 7.31 crores. 1T Madras wilk
issue the execution drawings as per the requirement. Scaffolding, water supply and power
supply have lo be provided as per the site conditions by RBDCK/RDS. After repair and
strengthening a span and two pier caps, a load test o 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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1.6 COST ESTIMATE TO REPAIR AND STRENGTHEN THE FLYOVER
‘ i

7.1 Cost Estimate to Replair and Strengthen using NSM Technigue ||
' |

. [
TABLE 1. REPAIR AND STRENGTHEN USING NSM TECHNIQUE
. i

Sl Reoni ) . | Cost l
N(;. | epair afud Strengthening 1tem and Technique (fj{s.lCrorcs)
1. | Flexural strengthening of RC girders using CFRP composite rebars l 4.61
2. | Shear slrengtheniﬁ_g of RC pirders using carbon fibre wrapping ; 1.48
3. | Cross stiffening of RC precast girders using standard steel sections i'l 1.20
4. | Repairing of cracks in the precast RC girders by resin injection I; 0.28
5. | Repairing of cracks in the RC retaining walls at abutments Ill 010 |
6 | Repair and strengthening of pier caps including the cracks !g 1.08
| Total] | 875
. 1
Total duration : 6 months I i!
ll |
" 7.2 Cost Estimate to Repair and Streagthen Using Concrete Jacketing t\

TABLE 2. REPAIR AND STRENGTHEN USING CONCRETE JACK‘rETlNG

Si. o _ ' ‘Cost |
No. Repair ancf Strengthening [tem and Technique (Rs.‘I/Crorcs)
1. | Flexural slrengtheni;ng of precast RC girders by concrete jacketing %3.]7 :
7. [ Shear strengtheningiof RC girders using carbon fibre wrapping '.48
3. | Cross stiffening of RC precast girders using standard steel sections '\l 20
4. | Repairing of cracks in the precast RC girders by resin injection ;0.28
I 5. | Repairing of cracks in the RC retaining wails at abutments 0.10
} 6 | Repair and strengthc‘ping of pier caps including the cracks I'li.08
i ' Total 7.31

Total duration: 9 months ]
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quality control 10 be ensured during repair and strengthening ot the Flvover. All safety

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

' A\C— WMAO\GPJY(’
{Dr. P. Alagusutidaramoorthy

01.04 2\

Dr. P. ALAGUSUNDARAMOORTHY
Professor
Structural Engineenng Laboratory
Civil Engineering Department
Indian Institute of Technology Madras
Cheannai - 600 036, india
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PALARIVATTOM FLYOVER.

Prof. P.Alagusundaramoorthy of HT Chennai has sent his
proposals dated 03.09.2019 for the repairs and rehabilitation
of the RCC girders and pier caps of Palarivattom Flyover.
Briefly the scheme consists of:-

I 1 Flexural strengthening of precast RC girders by 317
" i concrete jacketing ‘
Shear strengthening of RC girders using carbon
2. ; 1.48
fibre wrapping
3 Cross stiffening of RC girders using standard steel 1.20
" | sections :
4 Repairing of cracks in the precast RC girders by 0.28
" | resin injection '
c Repairing of cracks in the RC retaining walls at 0.10
" | abutments
Repair and strengthening of pier caps including the
6. 1.08
cracks
- TOTAL 7.31

Time indicated for the repairs is 9 months.

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

After carrying out the repairs what would be the residual life of

the bridge has not been indicated.
T proposals suffer from the following drawbacks.

a) The cost of repairs appears to be underestimated. For
example, repairing the cracks by resin injection is shown to
cost only Rs.28.00 lakhs. This would certainly cost much
more as 97 out of 102 girders have developed multiple
cracks. Drilling for too many holes for resin injection may

604



y oo

‘/‘

further weaken the concrete whose strength is already low
and uncertain.

b} Shear strengthening of RC girders using carbon fibre

wrapping may not bring in the expected benefit as such
wrapping does not confine the concrete. To my mind, if the
parent material strength is less than the permitted limit, the
wrapping may become a failure. [n 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 mentioned anything about the protection needed for the
carbon fibre wrapping since the resins are not stable against
ultra violet exposure.

To make up the deficiency in surface reinforcement, nothing
is mentioned in the report.

d) Only the bottom flanges of the RC girders are strengthened

.’/
./9.I(D) PWD
c}
e)
f)
. g)

by 100mm micro concrete jacketing. The side concrete has
no reinforcement shown. This may spall off after some time
due 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 shear force in existing distressed girders. Any
increase in dead load is not desirable as the four piles in
foundation are at their limits. '

The concrete jacketing of pier heads has to be more robust
to increase their structural strength.

Since the concrete used in the bridge is generally found
weak, the stem of the piers has also to be jacketed by RCC.
This has not been indicated nor its cost accounted for.
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h) 1T scheme has not eliminated the expansion joints over the
pier locations. The dynamic impact at these joints will
therefore continue.

(. 1T has not indicated what would be the residual life of the
bridge after repairs. Since the life expectancy of such a bridge is
about 100 years, | am of the considered view that it is better to
dismantle all the RCC girder spans and replace with pre-
stressed girders as indicated in my earlier report dated
03.07.2019.

<)
(1,/€bwv“"
(Dr. E. Sreedharan)

14.09.2019




