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A Study on the Flexural and Shear Behavior
of Repaired and Rehabilitated RC Beams
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ABSTRACT

This study presents test results of RC beams strengthened by steel plates, carbon fiber
sheets(CFS) and aramid fiber sheets(AFS) for increasing flexural and shear resistance. The test
was performed with different parameters including the type of strengthening materials, flexural-
strengthening methods and shear-strengthening methods.

In case of flexural test, RC beams are initially loaded to 70% of the ultimate flexural capacity
and in case of shear test loaded to 60 or 80 percent of the ultimate shear capacity and subse-
quently reinforced with steel plates, CFS and AFS. Experimental data on strength, steel strain,
deflection, and mode of failure of the reinforced beams were obtained, and comparisons between
the different shear reinforced schemes and the non-strengthened control beams were made.

The test results showed that damaged RC beams strengthened by steel plates, CFS and AFS
have more improved the flexural and shear capacity. For the beams with external reinforcement
by steel plates, aramid fiber sheets and carbon fiber sheets increases in ultimate strength of 4
to 21, 17 to 43 and 26 to 36 percent were respectively achieved. Initial load had small effect on
strength after reinforcement, but an important influence on deflection. One sheet reinforced was
stronger than two sheets reinforced but less deflected than two sheets reinforced.
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Table 2 Properties of fiber sheet

Item | Fiber areal | Fiber | Thickness| Tensile | Elastic
Type of weight | density | for design | Strength | Modulus
fiber sheet (@m) @ mm) | kefem®| tket/em?)
Carbon fiber sheet 200 182 0.111 5000 | 24x10°7
Aramid fiber sheet 300 14 1 0121 35000 11.25%10°

22 ME U

221 B8 A8

OAEA e Azt

3 A¥AE 15%20em, £A37F 180cm, AZF
200cme] FHE AAGPE R AlApetct. v
%+ Fig 1o Jvehlidleon, HE Aolx=
FA OIS Agste] FHY FYo 2749 &
2Z0] ZFoollal YEoF 15cm HoR A A
247 144, 3 448 YHsgen, 2ads
AolAle Ao} Fg, Sy2rE 15 10,
15, 19cm Aol & 5708 F&a3ich

@ P12 &+&F2 A premature loading)

715 A3 Al (control beam)®] ) 3}3) 359
Table 1 Mixing proportion of concrete
Specified Aggre. Unit weight (kef/m’)
compressive max. Slump | Air | W/C | S/a —_ Coarse AE
strength size (cm) (%) | (%) | (%) | Water | Cement aggregate agents
{kgf/cm’®) (mm) L omm | 32mm | (ef)
240 32 15 40 47 44 168 357 79 457 567 536
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Fig. 1 Reinforcement and dimensions of beam section
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Table 3 Classification of types and strengthened ma-

terials
Strengthening Strengthened R i
types materials Designation
Control beams F-Cont
Steel plate F-Typel-St
Typel Carbon fiber sheet F-Typel-C
Aramid fiber sheet F-Typel-A
Steel plate F-Type2-St
Type 2 Carbon fiber sheet F-Type2-C
Aramid fiber sheet F-Type2-A
Steel plate F-Type3-St
Type 3 Carbon fiber sheet F-Type3-C
Aramid fiber sheet F-Type3-A
Steel plate F-Type4-5t
Type 4 Carbon fiber sheet F-Typed4-C
Aramid fiber sheet F-Typed-A

Table 4 Classification of shear reinforced beams

Classification Initial load Number of sheets
CONT-1 | Ultimate load -
Control N -
CONT-2 | Ultimate load -
beams
CONT-3 | Ultimate load -
A-60-1 60% 1
Aramid \7x "6 60% 2
fiber
A-80-1 80% 1
sheets
A-80-2 80% 2
CF-60-1 60% 1
Carbon I _60-2 609 2
fiber
CF-80-1 80% 1
sheets
CF-80-2 80% 2
S-60-1 60% i
Steel S-60-2 60% 2
plate S-80-1 80% 1
S-80-2 80% 2

A Aramid fiber sheets, CF : Carbon fiber sheets,
S : Steel plate, 60 160 percents of ultimate load,
80: 80 percents of ultimate load

1:one sheet reinforcement, 2:two sheets reinforcement
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Fig. 5 Crack patterns and failure mode of control beam
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Table 5 Displacement control effect [mm (%))

Specimen Control | Steel olat Carbon Aramid
ate

ontroL | Stee fiber sheet | fiber sheet
beam | reinforcement | )

Type reinforcement | reinforcernent
8.11{46%) | 18.81(108%) | 17.21(98%)
1748 | 7.60(43%) | 15.96(91%) | 14.65(84%)
13.00(74%) | 16.05(92%) | 16.63(95%)
11.99(69%) | 15.79(9096) | 16.46(94%5)
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Fig. 15 Crack patterns with control beam
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Table 6 Ultimate shear strength for each beams

Control beam | Strengthened | Increasc | Failure

(ton) beam (ton) ratio | mode™
Cont-1 7.85 - 0 D
Cont-2 8.24 - 0 D
Cont-3 7.06 - 0 D
A-60-1 9.23 1.20 D
A-60-2 . 9.68 1.25 D
A-80-1 T 11.05 143 F
A-80-2 9.00 1.17 D
CF-60-1 11.34 147 F
CF-60-2 27 10.53 1.36 D
CF-80-1 10.27 1.33 D
CF-80-2 9.70 126 D
S-60-1 9.19 1.19 D
~60~ 80 1.04 D
:;:j T 9.33 121 D
5-80-2 816 1.06 D

* Average shear strength of control beams, Cont-1. Cont-
2, and Cont-3.

** D ! Diagonal tension crack,
F: Flexural by curshing of concrete
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Fig. 18 Shear failure load due to type and strengthen-
ing materials
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