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ABSTRACT: Concrete is the most widely used structural material in the world due to its inherent properties. The need
to upgrade the deteriorated civil engineering infrastructure greatly enhances with the ever increasing demands. Ferro-
cement is ideally suited as an alternate strengthening component for the rehabilitation of reinforced concrete structures.
Strengthening of damaged RC beams using ferrocement laminates which are directly glued into the tension face of the
beam is adopted in this study. Totally six beams have been casted and out of the six beams, one beam is kept as control
specimen. Firstly the control beam is applied for ultimate load and calculated the deflection. Secondly all the remaining
five beams are damaged by applying 80% load and calculated the deflections. Finally the five 80% damaged beams are
strengthened by wrapping with the ferrocement laminates in different volume fractions in soffits and sides with epoxy
resin. Then the strengthened beams are again tested by applying ultimate load and calculated the deflection. Then the
deflection, cracking performance and ultimate flexural strength of ferrocement laminated beams are compared with the
control specimen and the result is analyzed. This shows that the ferrocement laminated beam 1,2,3,4&5 has an
improvement of about 30% ,50% ,40% ,47% &45% of deflection against the control beam. The ferrocement laminate
increases the ultimate load by about 50%. From this experiment found that the retrofitted beam carries more load
carrying capacity and less deflection than the control beam due to increase in the volume fraction of the laminate.

I. INTRODUCTION

A structural assessment is a procedure utilized to check the adequacy. Structural integrity and soundness of structures
and their components. An assessment is made to evaluate a structures current and future use and conformance to
current building codes. There are different building assessment methods, and each specific method such as rating
method and multi — criteria , decision making method has an evaluation mechanism in assistance with a group of
assessment criteria.
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Il. PRELIMINARY TEST
RESULTS

Rebound hammer test is conducted to check the exisiting condition of the structure all the beams in the structure is
checked for rebound number. The results are as follows.

Sample Compre Rebound Number
No. -ssive Horizo Vertical
strength ntal
(Mpa)
B-1 15.88 25.34 21.63
B-2 15.33 25.00 20.23
B-3 10.57 25.10 24.15
B-4 15.19 24..60 20.15
B-5 6.15 16.50 13.67
B-6 8.30 18.50 16.90
B-7 13.94 22.30 18.56
B-8 11.25 20.30 16.18
B-9 9.37 19.50 17.10
B-10 9.52 20.30 17.20
B-11 14.14 22.60 19.00
B-12 10.57 25.10 24.15
B-13 15.19 24..60 20.15
B-14 6.15 16.50 13.67
B-15 8.30 18.50 16.90
B-16 13.94 22.30 18.56

Table 3.1 Rebound Hammer Test Results for Beam
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Sampl | Compres H Rebound
e No. sive Number
4. MATERIALS TSED T <> .
strength( Horizo Vertical
Mpa) ntal
Coment =5y Grage 2100 | 17.18
C-2 1533 2450 1923
Fine Agoresate i T
-3 10.57 2510 24.15
C-4 1519 24 60 20.15
fooafas AZSragais UMM 4 2
C-5 6.15 16.50 13.67
C-6 1034 2550 2036
C-7 1394 2219 17.65
Weld Mesh
C-8 10.57 2510 24.15
C-9 6.15 16.50 13.67
Epoxy Resm (COROCRETIN THE =18)
C-10 0352 20.30 17.20
_C__—ll 14.14 2260 19.00
__C-lE 10.57 2510 2415
C-13 15.19 24.60 2015
C-14 13.94 2230 18.56
C-15 830 18.50 16.90
C-16 1224 2021 1734

Table 3.1 Eebound Hammer Test Results
For Beam

111. MESH DETAILS (Wrapping pattern)

The beam 1 is wrapped with two layers of weld mesh in the soffit and two layers of weld mesh in the sides.
The beam 2 is wrapped with two layer of weld mesh and one layer of woven mesh in the soffit and one layer of weld
mesh and one layer of woven mesh in the sides. The beam 3 is wrapped with one layer of weld mesh and one layer of
woven mesh in the soffit and two layer of weld mesh and one layer of woven mesh in the sides. The beam 4 is wrapped
with three layer of weld mesh in the soffit and three layer of weld mesh in the sides. The beam 5 is wrapped with two
layer of woven mesh in the soffit and two layer of woven mesh in the sides.
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Figure 4.1 Two layer mesh details
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Figure 4.2 Three layer mesh details
33 LOADING PATTERN

All the six casted beams are tested under two point load system and calculated ultimate load for one control
beam and damaged the remaining five beams by applying 80% load.
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LOADING CONDITION
1. Ultimate load Pu
2. Remaining five beam 8% load

1600 mm |
Figure 4.3 Loading pattern

150 mm -

2 nos (@ &mm

Bmm @ 150 c/c

2 nos @ 10mm

Figure 4.4 Cross section of beam

250 mm
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IV. RESULTS AND DISCUSSION

4.1 COMPRESSIVE STRENGTH:

The 28 days compressive strength of concrete is calculated using compression testing machine.
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' RATIO [1:15:25
 AVERAGE MASS OF 2523 |
CUBE(gm)
| AVERAGE 220
COMPRESSIVE
LOAD(KN)
 DENSITY(Kg/'m3) 2.523
| COMPRESSIVE 22
STRENGTH(N/mm2)
Table 5.1 Characteristic _
compressive strength.
Control Ferrocement laminated
beam beams
L | Defl Bea Be | Beam Be Be
o | ectio m a NO:3 am am
a | n(m NO: m NO [ NO
d [m) 1 N 4 5
K O:
N 2
010 0 0 0 0 0
5 (0.03 0.02 0. 0.02 0.0 0.0
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02 2 2
1 [0.06 0.04 0. 0.04 0.0 |00
0 03 3 3
1 (011 0.08 0. 0.07 0.0 |00
5 06 6 6
2 |0.17 0.12 0. 0.10 0.0 |00
0 09 9 5
2 (021 0.15 0. 0.13 01 |01
5 11 1 2
3 10.26 0.18 0. 0.16 01 |01
0 13 4 4
31032 0.22 0. 0.19 01 |01
5 16 9 8
4 10.40 0.28 0. 0.24 02 |02
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20 1 2
4 {049 |034 0. |0.29 02 |02
5 25 6 7
5 (054 [038 |0 o032 02 |03
0 27 9 0
5 (060 [042 |0 o036 03 |03
5 30 2 3
6 [066 [046 |0 [0.40 03 |03
0 33 5 6
6 [074 052 |0 |o044 03 |04
5 37 9 1
7 o085 |o060 |0 |o051 04 |04
0 43 5 7
7 094 |oe6 |0 |056 05 |05
5 47 0 2
8 [103 o072 |0 |o062 05 |05
0 52 5 7
8 [112 |o78 |o. |o067 05 |06
5 56 9 2
9 [121 |oss |0 |0.73 06 |06
0 61 4 7
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Comparison between control beam and strengthened beams
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Figure 5.1 Load Vs Deflection for all beams

The graph shown in Figure 6.6 shows that, for specimen 1, wrapped with two layers of weld mesh in the soffit
and two layers of weld mesh in the sides has 30% improvement of deflection and ultimate flexural strength against the
control specimen. For specimen 2,wrapped with two layer of weld mesh and one layer of woven mesh in the soffit and
one layer of weld mesh and one layer of woven mesh in the sides has 50%  improvement  of
deflection and ultimate flexural strength against the control specimen. For specimen 3,wrapped with one layer of weld
mesh and one layer of woven mesh in the soffit and two layer of weld mesh and one layer of woven mesh in the sides
has 40%  improvement of deflection and ultimate flexural strength against the control specimen. For
specimen 4,wrapped with three layer of weld mesh in the soffit and three layer of weld mesh in the sides has 47%
improvement of deflection and ultimate flexural strength against the control specimen. For specimen 5,wrapped with
two layer of woven mesh in the soffit and two layer of woven mesh in the sides has 45% improvement of deflection
and ultimate flexural strength against the control specimen. It can be seen that on the same value of load, the
ferrocement laminated beam has lesser value of deflection compared with the control beam. This shows that the
ferrocement laminated beams 1,2,3,4&5 has an improvement of about 30%,50%,40%,47%&45% of deflection against
the control beam. The ferrocement laminate increases the ultimate load for maximum of about 50%. The reason for the
improvement in deflection and ultimate load carrying capacity of the ferrocement laminated beam is that, the five
beams are laminated with five different volume fractions. The volume fraction for the weld mesh is 0.55 and for the
woven mesh is 0.65.The beam-2 is wrapped with two layers weld mesh and one layer of woven mesh in the tension
zone has higher volume fraction compared with the other four beams has higher improvement of ultimate load and
deflection. The beam -1 wrapped with two layers of weld mesh in the tension zone has lesser volume compared with
the other four beams has less improvement of ultimate load and deflection. Thus the beams retrofitted with ferrocement
laminate in different volume fraction used has less deflection more flexural strength, more cracking control, better
economical.
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V. CONCLUSION

The study of strengthening the overloading damaged reinforced concrete beams using ferrocement laminates which are
directly glued into the tension and side faces of the beam, the following conclusions are obtained from the experimental
work:

For specimen 1, wrapped with two layers of weld mesh in the soffit and two layers of weld mesh in the sides has 30%
improvement of deflection and ultimate flexural strength against the control specimen. For specimen 2,wrapped with
two layer of weld mesh and one layer of woven mesh in the soffit and one layer of weld mesh and one layer of woven
mesh in the sides has 50% improvement of deflection and ultimate flexural strength against the control specimen. For
specimen 3,wrapped with one layer of weld mesh and one layer of woven mesh in the soffit and two layer of weld mesh
and one layer of woven mesh in the sides has 40% improvement of deflection and ultimate flexural strength against the
control specimen. For specimen 4,wrapped with three layer of weld mesh in the soffit and three layer of weld mesh in
the sides has 47% improvement of deflection and ultimate flexural strength against the control specimen. For specimen
5,wrapped with two layer of woven mesh in the soffit and two layer of woven mesh in the sides has 45% improvement
of deflection and ultimate flexural strength against the control specimen.The improvement is due to the increase in
volume fraction.

Based on the experiments carried out, it can be concluded that , on the same value of load, the ferrocement laminated
beam has lesser value of deflection compared with the control beam. This shows that the ferrocement laminated beam
1,2,3,4&5 has an improvement of about 30% ,50% ,40% ,47% &45% of deflection against the control beam. The
ferrocement laminate increases the ultimate load for maximum of about 50%.Effective retrofitting of precracked
damaged reinforced concrete beam with ferrocement laminated sheets which are directly glued with epoxy resin in the
bottom tension face and sides resulted in improving the ultimate flexural strength. Better strength is achieved by
providing the number of layers of mesh is increased, resulting in enhanced load carrying capacity of the beam. The
result shows that the strengthening the overloading damaged reinforced concrete beams wrapped with
ferrocement laminates in different volume fractions which are directly glued into the tension and side faces of the
beam, have better flexural strength and lesser deflection.
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