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Abstract. The corrosion of rebars or strands is single largest deterioration mechanism
which manifests durability challenges of bridges in a substantial way. Corrosion leads
to pitting of the reinforced cement concrete which exhibits its strength loss and reduc-
tion of bond strength between steel bars and concrete, which ultimately leads to spall-
ing, failure and cracking. In this project a study was made regarding the latest corrosion
mitigation technologies and retrofitting of corrosion damaged Dima River bridge at
Buxa forest in Kalchini area of Alipurduar, West Bengal. First of all, preliminary survey
of the bridge was done and few popular NDT tests were performed such as rebound
hammer test, ultrasonic pulse velocity test, measurement of crack depth with UPV. Af-
ter this the cracks were marked and putty was done by Sikadur 31C comp A chemical
for the sealing of the cracks. After about 24-48 hours grouting was done with the help
of injector gun, where a hardener chemical Sikadur 52 Comp A (0.8 kg + 0.1 kg mix
combination) and monopol, a polymer was inserted to fill the honeycombed mesh or
voids inside the structure under pressure for the purpose of epoxy grouting. When the
voids get filled up then a reverse pressure gets initiated which stops the filling up pro-
cedure. Monopol imparts excellent adhesion and chemical resistance. Again, after few
weeks the NDT tests were performed for finding the efficiency of the retrofitting pro-
cess and it proved to be highly effective.

Keywords: corrosion; monopol; NDT tests; grouting; injector gun

1 Introduction

Throughout the transportation infrastructure bridge deterioration has become a wide-
spread problem. In order to achieve full-service lives from existing bridges implement-
ing cost-effective and reliable repairs is necessary. It was tracked down that most of the
concrete bridges require repair within the first 11 to 20 years of their service lives. Since
such a large number of bridges will require work within the first 20 years of service
life, it is indispensable to analyze how repairs are being conducted.[1] Escalating the
reliability and efficiency of repairs that are conducted on concrete substructures could
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result in significant cost savings throughout the service life of the structure. Corrosion
in the rebars due to chloride attack, carbonation, relative humidity is the major cause of
problems in RCC structures. During the service life of the structure, de passivation oc-
curs in the initial stage of corrosion and with the passage of time cracking and spalling
occurs in the structure and ultimately collapse happens. Therefore, there is necessity
for the use of proper corrosion inhibitor.[2]

2 Obijective

2.1 Aim and objectives

In this project a study was made regarding the latest corrosion mitigation technologies
and retrofitting of corrosion damaged Dima River bridge at Buxa forest in Kalchini area
of Alipurduar, West Bengal.

The aims and objectives of repair and retrofitting are as follows:

a) To strengthen the architecture of the bridge using different techniques.

b) To know the different types of damages in the concrete structures.

€) This paper also aims to give a brief review of the NDT methods for monitoring and
evaluating steel corrosion in RC structures, followed by a discussion and review of a
technique based on AE developed to achieve the same objectives.

d) The field/laboratory testing of structural concrete and reinforcement is to be under-
taken, basically for validating the findings of visual inspection.

3 Literature Review

Manish Kumar “Structural Rehabilitation, Retrofitting and Strengthening of Rein-
forced Concrete Structures”. In this paper the different methods of repair are described
as per the distress category which can be cited for repair. The main finding of the study
is that for the protection purpose of our structure there is a need for proper maintenance
frequency and correct material to be chosen for repair. Beside this the workmanship
also requires great importance for quality repairing. [1]

Prof. Dr. D.K. Kulkarni., Mr. Teke Sudhakar. S. “Health Assessment of Reinforced
Concrete Structures - A Case Study”: Two tests have been chosen by the authors, viz.
Schmidt “s Rebound Hammer test for analyzing the concrete compressive strength, and
Ultrasound Pulse Velocity tests for endowing the quality of concrete. Their objective is
to ascertain the strength of concrete. All of these helps in visualizing the level of weak-
nesses, damages, deterioration, corrosion that has taken place in past life of the struc-
ture. [2]

Vivek Kumar Yadav “Repairs and Rehabilitation of R.C.C. Structures by Fiber Rein-
forced Plastic- A Review”: This paper focuses on the methods of repair and rehabilita-
tion to be initiated for structures with defects and deficiencies that requires rehabilita-
tion. [3]
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M. J. Monteiro, Prof. N. J. Pathak, “Structural Soundness of Buildings”: The authors
are describing two NDT's and two Partially destructive tests, viz. RH, UPV, Carbona-
tion and core sampling tests. They express need of evaluation of structure periodically
in a systematic manner. [4]

4 Non-Destructive Testing and Methodology

4.1  About the bridge

This bridge is built on Rajbhatkhawa - Jaygaon Road at Ch. Km. - 4.50 in the district
of Alipurduar. This bridge consists of nine (09 Nos.) main spans of length 21.7m with
a total length of 196.00m. This superstructure consists of RCC I girders. From visual
inspection, this bridge is considered as a distressed one.

Fig. 1. Dima bridge Fig. 2. Upper view of Dima bridge

4.2 Corrosion mitigation strategies for existing structure

Reinforced concrete (RC) structures corrosion has been one of the major causes of
structural failure. Early detection of the corrosion process could help limit the location
and the extent of necessary repairs or replacement, as well as reduce the cost associated
with rehabilitation work.

4.2.1 Non-Destructive tests for Corrosion Monitoring

For in-situ evaluation of steel corrosion in RC various non-destructive testing (NDT)
methods have been found out to be useful, where the effect of steel corrosion and the
integrity of the concrete structure can be evaluated effectively. An appreciative study
of NDT methods for the investigation of corrosion is presented here. For new structures,
the principal applications of NDT methods are likely to be quality control of the con-
crete conditions, while in old structures, the methods are expected to provide needed
feedback on identification, monitoring and detection of damage. First of all, preliminary
survey of the bridge was done and few popular NDT tests were performed and then
proper mitigation solutions were applied.[5]
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4.2.2 Corrosion Mitigation strategies
EPCO®-KP-200 is a hi-tech corrosion inhibitor system that functions on the Bipolar
Inhibition Mechanism (B. I. M.) ®. It impedes corrosion of steel in concrete at both the
poles, cathodic & anodic concurrently.

KP-200 by rectitude of its high vapour pressure & affinity for the embedded metal dif-
fuses through densest concrete to reach the corroding steel. The migration of EPCO®
KP-200 takes place over tedious period of time and hence this molecular layer shall
continue to protect rebar by its constant presence. Typical application are Protection
and structural rehabilitation of concrete structures, RCC elements/structures exposed to
corrosive environment, Marine structures, structures exposed to saline atmosphere,
coastal structures, sewerage systems, etc. like bridges, jetties, docks, mooring berths,
railway sleepers, chlorinating plants, swimming pools, chimney, cooling towers, power
plants, pipelines, etc. In repairs and rehabilitation of concrete structure exposed to ag-
gressive environment, the solution for maintaining the integrity of existing RCC struc-
ture from corrosion of rebar by introducing pow throw caplets into the concrete struc-
ture, the rate of corrosion of rebar reduces significantly, thereby improving life of struc-
tures. Typical repair procedure of Corrosion mitigation strategies for existing structure
are:

a) Surface preparation, b) Reinforcement treatment, c) Sealing of crack/Strengthening
of core material, d) Concrete bonding, e) Sectional Reconstruction, f) Structural up-
gradation, g) Protective coating

NDT tests to monitor the service behaviour of concrete structures over a long period.
Prominent NDT tests for concrete utilized in field are as follows:

a. Rebound Hammer Test g. Measurement of Crack Depth with

b. Ultrasonic Pulse Velocity Test UpPv

c. Profometer Scan h. Tests of Carbonation, pH and Chlor-ide
d. Strain Gauges Content of Concrete

f. Half-Cell Potential Measurement

Rebound Hammer test is widely used as a Nondestructive test method to assess the
strength of concrete. Schmidt hammer is used for the testing of existing concrete struc-
tures like bridges, buildings etc. The hammer is pressed against a smooth surface & the
plunger strikes with an impact energy which yields a rebound value. The rebound val-
ues are corrected & plotted in a conversion chart to get the corresponding comprehen-
sive strength of the concrete surface. [5]

Ultrasonic Pulse Velocity test is carried out for assessing the elastic properties as well
as concrete quality. This method could be used to establish the followings: 1) The Ho-
mogeneity of the concrete. 2) The existence of voids, cracks and other defects. 3)
Change in the structure of the concrete which may occur with time. 4) The quality of
concrete in relation to standard requirement. 5) The quality of one element of concrete
in relation to another. [5]

Strain Gauge and Crack Meter Measurement: A Strain gauge is a sensor which rec-
ords change in strain due to change in load in periodic intervals through a data logger.
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Vibrating Wire gauges were used in this site. The sensor produces an output signal in
the form of an alternating current when electronically excited. The frequency of the
alternating current can then be readily converted to a change in strain. These strains are
recorded through a DT85 logger. Due to the instrument’s long life and high reliability,
vibrating wire strain gauge are the most robust solution to monitor strain in concrete
and metal structures. On the other hand, a crack meter directly measures change in
length across a crack. These instruments can give the data for monitoring opening and
closing of cracks, but not the absolute length or width of cracks. [5]

3 v
rack Meter Measurement

Fig. 7. Half Cell Potential Test Fig. 8. Drilling of Concrete Cores
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Profometer Scan test: For old structures, when the detailed drawings are not available,
it becomes very difficult to compute the strength of the structure which is required for
the strengthening scheme of the structure. To overcome all these problems, Profometer,
a small versatile instrument is used for detecting location, size of reinforcement and
concrete cover. This instrument is also known as Rebar locator. For evaluation of new
as well as old structures this equipment can be used adequately. Both for quality control
as well as quality assurance the method can be used effectively. [5]

The half-cell potential test is the corrosion monitoring technique standardized by
ASTM. It is used to ascertain the probability of corrosion within the rebar in reinforced
concrete structures. In reinforced concrete structures, there is a natural protective film
that forms on the surface of the bar and prevents it from corroding. With time, chlorides
(from de-icing salts or marine exposure) and CO; penetrate the concrete and breakdown
that protective layer. Profometer Corrosion One Wheel Electrode is used for this test.[5]

4.3  Overview of Test Results

Table 1. Rebound hammer test result Table 2. Ultra-Sonic Pulse Velocity test
Bridge Name : Dima Bridge Bridge Name : Dima Bridge
Locationn A2 Capin Al Face
Test No. Test Position R Value Strength (N'mm ) TestNo. Location | Test Position Type  [Velocity (ms) :1;:: )

RH1 AICAP: 1A 3400 UL -

FH2 AICAP; IB 50.00 2643 UPVAL i 1A Direct 48

RES A2CAR I 17 U7 [PV i 1B Diret | 443

L AICAR. B %0 B UPLE3 B ic Diet | 4

RH3 AICAP:3A 390380 2010 - —

RS DAL T o G PV B D Direct 47

v A2CAP 3C RN o UPVL5 i A Direct Ehi

RHS AICAP; 4A 35.00 2515 UPV-06 P B Direct 47

REYD AICAP, 1B 3050 26 PV B 1 Direct 99

RED ALCAR 4C 410 104 TPU3 i D Dt | 4N

Rl ACAROR uis 58 ey | w A Dt |

FH12 AICAP; 3B 1980 342 -

REL3 AICAP;SC 0230 209 W10 il B Direct uiil

RE-14 A C:\P; GA 3650 1890 UPV-1L 14 iC Direct 416

FHAS AICAP; 6B 5170 uM UPV-12 B D Direct 4 o

RE-16 ALCAR;6C 4100 2049 P13 i 14 Direct on

RELT AJCARTA 10 B UYL B B Diect | 485

RS ALCAD B 280 £43 TS n i Diet | 44

RH19 ALCAPTC 430 2127 - -

— AICAT.2A 130 % 2813 % D Direct 513

RHL A2 CAP: 8B 3580 2543 Upi-17 5 A Direct 4l

FH2 AJCAP; 5C 1230 2099 PV18 i B Direct 53

RHE-23 A2CAR;9A 3000 19.8 P19 " it Direct s

FH1 AICAP; 9B 420 B L8] % D Direct 43

R ALCAF; [0 L0 2o i % 6 Diet | 44

FH.26 AJCAP: 108 220 121

REY] AICAP 114 030 16 UPY-2 il 8 Diet | 4%

RE28 A2CAP: 11B 33.60 233 UPV-13 5! iC Direct 438
Average= 18125 2290 UPV-4 P 0D Direct 4336
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Table 3. Results Of Measurement Of Crack Depth

Test ID» Location of Test Crack Depth
below Surface
(a5 4}

CE-21 TS Side Girder at span 9{2/35 face): 2.0m from 9.80
cross girder end at AZ side 0.14m below top of
gurder.

CR-02 Middle Girder at zpan {175 face) 1.74m from 5.20
cross girder end at AZ szide, 0.34m below top of
gurder.

CE-03 Middle Girder at zpan DS face) 1.853m from 10.60
cross girder end at A2 side. Od4m below top of
girder.

CR-04 D5 Side Girder at span (08 face): 3.2m from 11.70
cross girder end at A side, 0.7m below top of
girder.
D Side Girder at gpan 1{T7'% face): 1.0m fros 11.70
cross girder end at Al side 0.43m below top of
girder.

CE-08 Middle Girder at zpan 1{IV3 face): 2.8m from
cross girder end at Al side 0.64m below top of .60
girder.

CE-07 Middle Girder at zpan 1{L'% face): 2.8m from
cross girder end at Al side, 0.83m below top of 1090
girder.

CR-08 U5 Side Girder at zpan 1{DVE face): 2. 8m fn
cross girder end at Al side, Udm below top of Q40
girder.

Table 4. Half Cell Potential Test Results
TestID:  HCP-01
A2 Cap, in Al Sce Half-call Solution: CuCuso.
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Fig.9.Strain Gauge Measurement
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Fig.11.Strain Gauge Measurement

5. Repair and retrofitting
Injection grouting for strengthening:

Fig.12.Crackmeter Measurement

A. Polymer cement grouts, B. Epoxy resins for grouting, C. Monomers of grouting.
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Epoxy resins for grouting: Epoxy grout shall confirm to ASTM C-882 and have fol-
lowing properties:

e Viscosity at 25°C maximum- 2 Pas

e Minimum gel time- 30 minutes

e 14 days’ bond strength at 25°C minimum= 3.5 MPa

e  Min. compressive strength= 60 MPA at 7 days

e Tensile strength 7 days minimum= 45 MPa
Sikadur®-31 C is solvent-free, moisture tolerant, two-part epoxy based thixotropic
adhesive for bonding Sikadur-Combiflex® SG tape and Sika® Dilatec® tape to differ-
ent substrates. For both internal and external usage, it can be applied. It should only be
applied by trained applicators. It is used as adhesive for the Sikadur-Combiflex® Sys-
tem and Sika® Dilatec® System. These systems are used for various applications such
as: Expansion Joint treatment, Construction Joint treatment, Crack treatment & Precast
panels joint treatment.
Unique Advantages: Easy to mix and apply= Suitable for both dry and damp concrete
surfaces= Excellent adhesion to many materials= Solvent free= Performs well within a
wide temperature range= Completely weather and water resistant= Fast curing= Root
resistant Good resistance to many chemicals= Thixotropic — suitable for overhead and
vertical applications = No primer needed= High mechanical resistance= Good abrasion
resistance.
Sikadur®-52 is a low viscosity injection resin with good adhesion to dry concrete,
mortar, stone, steel and wood. It is used to fill and seal cracks, voids in structures such
as rcc buildings and bridges, industrial buildings and water retaining structures.[6]
Unique Advantages: Solvent-free, suitable for dry conditions, usable at low tempera-
tures, shrinkage free hardening, high mechanical and adhesive strengths, hard but not
brittle, low viscosity, injectable with single component pumps.
Application Instructions: Mixing Part, A: Part B = 8:1 (by weight)
Mixing Time Pre batched packaging: Add all of part B to part A. At slow speed (max.
250 rpm) mix with an electric mixer for at least 3 minutes. Avoid entraining air and
bulk packaging. Into a suitable clean, dry container add both parts in the correct pro-
portion and mix in the same way as for the pre batched units.
Application Method / Tools: Successful application depends on very careful prepara-
tion. The surface to be treated must be structurally sound, free from standing water, oil,
grease, surface contaminants. Removal of dirt, dust and other foreign materials is nec-
essary. Concrete which is fully tarnished with oil /grease must be removed to the depth
of sound & unpolluted concrete.
Injection of cracks on horizontal / vertical slabs: Injection flange / nipples are fixed
along the crack line at an approximately 25 cm center-to-center distance with Si-
kadur®-31. Crack mouth should be unfurled and sealed with Sikadur®-31. Sikadur®-
31 epoxy mortars or a suitable cementitious Sika mortar should be used for sealing the
crack penetrating slabs to their soffit and also on the underside. Injection pump, such
as Aliva AL-1200, AL-1250 or the Sika® Hand Pump, should be used for injecting
mixed Sikadur®-52 through injection ports under pressure. As soon as injection resin
00zes out of the next injection port, the first port is sealed and injection process is con-
tinued from the next port. In case of horizontal cracks, injection should start from any
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of the ends and to be continued and completed till the last port is used. On the other
hand, for vertical cracks, injection should start from the lowest port and continued up-
wards. After completion of the injection process, the injection ports as well as the seal-
ing materials between the ports are removed.

Monopol High Molecular Weight Polymer (LV Grade) Grout: Monopol® is a low
viscosity high molecular weight thermoset polymer. Due to its low viscosity, cracks
and honeycombs in concrete are filled up to full depth of concrete.[6]
Common applications: Strengthening of honeycombed concrete, cracks in RCC struc-
tures, reconstruction of fire and explosion damaged structures, sealer for industrial
floors, concrete bridge decks, also used for sealing cracks in concrete roads, terraces,
foundations, repairs of crusher foundation, TG foundations, polymer impregnated con-
crete applications.
Unique Advantages: By virtue of low viscosity Monopol® penetrates into the concrete
even through fine hair cracks and strengthens the matrix. Monopol has viscosity of 2-5
cps which penetrates fine cracks, impregnates concrete matrix and grouting can be done
by gravity pouring at a very low pressure of 5-10 psi. It also imparts excellent adhesion
and chemical resistance. ldeal for strengthening of TG foundations, chimneys, kiln
foundations, cement plants, concrete pavements, bridge decks, explosion & fire dam-
aged structures.

Table 5. Selection of Grout RCC Structure

Crack Grout Surface
Width Condition
- % Lessthan 1 | ponopol Dry
! D L) 3 & mm
D/ Monopol followed by
Honopo Imm-3mm EPCO KP/HP Dry
oy umh 250SLV
ki e s Imm-3mm Monopol followed by
e s (Long width | EPCO KP/HP Dry
section) 250SSLV
3mm-5mm EPCO KP/HP 250 Dry
EPCO KP/HP 250
>5mm Followed by PC Dry
Grout
<3mm EPCO 2020LV Moist

Fig. 13. Monopol v/s Epoxy Grout

Observations after retrofitting: After a gap of few weeks various NDT tests were
again performed to find the efficiency of the retrofitting process. The results obtained
from the tests proved to be perfectly effective and also within the permissible limit.[7]

6. Conclusion

This paper provides comprehensive study of repair and retrofitting of the existed prob-
lems and its reported solutions are finely reviewed. Based on visual observation, test
results and mitigation procedure the following conclusions can be made.
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1. In repairs and rehabilitation of concrete structure exposed to aggressive environment,
the solution for maintaining the integrity of existing RCC structure from corrosion of
rebar can be done by using pow throw caplets into the concrete structure. The rate of
corrosion of rebar reduces significantly, thereby improving life of structures.

2. From rebound hammer tests, it is seen that the concrete in this site have varying
surface hardness with the rebound numbers ranging from 19 to 59. Sudden drop in re-
bound values have mostly been observed around the repaired area in girder of span-9.
The corresponding strength values are in the order of 13 to 27 MPa.

Table 6. Comparison of results of crack depth before and after retrofitting process

TestId Location of test Crack depth below Crack depth below
surface (cm)- before surface (mm)- after
retrofitting process retrofitting process

CR-01 /8 Side Girder at span 9(D/S face): 2 m from cross 980 0.15

girder end at A2 =side, 0.14 m below top of girder

CR-02 Middle Girder at span 3(LVS face): 1.74 m from cross 8.20 0.13

girder end at A2 side. 0.54 m below top of girder

CR-03 Middle Girder at span %(D/'S face): 1.85 m from cross 10.60 0.18

girder end at A2 side. 0.4 m below top of sirder

CR-04 D5 Side Girder at span 9(U/'S face): 3.2 m from cross 11.70 02

girder end at A2 side, 0.7 m below top of girder

CR-05 D/ Side Girder at span 1(U/S face): 1.9 m from cross 11.70 02

girder end at Al side 0.43 m below top of girder

CR-06 Middle Girder at span 1{D/'S face): 2.8 m from cross 8.60 0.14

girder end at Al side. 0.64 m below top of sirder

CR-07 Middle Girder at span 1{U/S face): 2.8 m from cross 1090 017

girder end at Al side, 0.3 m below top of girder

CR-08 TS Side Girder at span 1(D/S face): 2.8 m from cross .40 0.16

girder end at Al side. 0.4 m below top of sirder

Fig.14. Cracks sealed wit

= =

b S
ng application procedure

h putty

Fig.15. Grouti

3. UPV test indicates the variation of density and homogeneity of concrete within zone
of influence. From Ultrasonic Pulse Velocity tests, the concrete at this site is found to
be in good quality in general. However, at different places of girder in span-9 low pulse
velocities have been observed near the cracks.

4. Crack depth measurement done at the present site reveals that the depth of crack is
varying from 8.2cm to 11.7cm which is much more than the observed cover value and
requires immediate attention. Change in strain and crack width is monitored to record
the response of the bridge with variation in live load. It has been found that the strain
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is varying in the order of 1.1 micro-strain to 9 micro-strain and crack width is varying
between 0.09mm to 0.23mm.

5. Profometer and Half Cell Potential tests give the idea of the reinforcement condition
in present concrete. The results of profometer scan are presented later in this report. In
all the tested structural elements of the present site, clear cover has varied widely; as in
case of Pier P8 the clear cover value varies around 23mm to 99mm. On the other hand,
from the half-cell potential test it is observed that the potential difference is varying
from (-)604 mV to 134 mV. Overall, the corrosion probability is high.

6. Regarding the sealing of cracks both Epoxy grout and Monopol have their advantages
and disadvantages respectively. Epoxy grout chemical Sikadur®-31 C & Sikadur®-52
can be used for expansion joint treatment, crack treatment within a wide temperature
range. But Epoxy because of high viscosity gets stuck in narrow cervices. Whereas
Monopol with low viscosity can easily penetrate fine cracks and strengthens the matrix.
Monopol seals cracks/honeycombs in concrete under very low pressure of 5 — 10 Psi
and grouting can be done by gravity pouring/pressure grouting. In this project also dur-
ing mitigation of cracks both the epoxy grout chemicals and monopol were used effec-
tively under respective conditions for proper results.

7. The results of the NDT tests performed before and after the retrofitting process
proved that the grouting done by epoxy resins or monopol high molecular weight pol-
ymer proved to very effective and the width of the cracks are within the permissible
limit as per the standard guidelines.
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