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ABSTACT

With deterioration of the nation’s infrastructure comes the growing, need for effective means of rehabilitating
structures. Possibly one for the most challenging tasks is to upgrade the overall capacity of concrete structure.
Therefore, considerable efforts are still being made to develop new construction materials.

Rehabilitation of damaged RC structures occasionally requires the removal and replacement of concrete in the
tension zone of the structural members. Typical situation where the tension zone repair is necessary 1s when the
concrete in the tension zone in beams or slabs has spalled off as a result of corrosion in the bottom reinforcing bars
or due to extensive fire. The rehabilitation of such conditions normally invalves the removal of the concrete beyond
the reinforcement bars, cleaning or replacing the tensile bars and reinstatement of concrete to cover the steel bars

the original shape and size.

This study focused on the flexural behavior of reinforced concrete beams strengthened by steel strand and carbon
fiber sheet in the tension zone. The properties of beams are 15x25 cm rectangular and over a 200 cm span. Test
parameters in this experimental study were strengthening methods, jacking volume, the number of sheet. We
investigated the flexural behavior of simply supported RC beams which are strengthened with the carbon fiber sheet,

monotonic loads.

Attention is concentrated upon overall bending capacity, deflection, ductility index, failure mode and crack

development of repaired and rehabilitated beams.
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E soliERd BE AUAZ AL] 879
HAE ARsATh &AM AR-E AgAES A Table 3 Properties of reinforcing bar
W= S
A5 Table 154 2t Kind Tensile strength| Yield strength Elongation
(kgf/cm®) (kgf/cm’) (%)
Mz
22 SEN SD40 D10 6165 4810 185
= E u Xz
2.2 1_“3}/]" _X = 9 SD40 D16 6170 5045 17.1
B Aol AHE ) HAEE7) 240 kef/em
Table 1 Beams and parameter
Parameter Beam Tension bar | Compression bar Stirrup Remarks
Control beam STDI16
Repair beam MTDI16
Polmer-Cement JMDA4 Jacking 4 tonf
Mortar .
. JMD8 9-D16 9-D10 D6 Jacking 8tonf
Strengthen Post-Tension JMDI12 Jacking 12 tonf
beam CTD1 1 layer
Carbon fiber sheet CTD2 2 layer
CTD3 3 layer
Table 2 Concrete mixing
Ccment Water Fine aggregate Coarse aggjregate Admixthlre W/C agé:;:geattgt?iltio
(kg/m®) (kg/m®) (kg/m?) (kg/m") (kg/m’) (%) (%)
337 165 914 868 0.67 488 515
Table 4 Properties of steel strand
Kind Diameter Area Weight Load Elongation
(mm) (mm®) (kg/km) (kgf) (%)
SWPC 7B 12.7 98.71 774 18,700 35014
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Table 5 Mixing of the polymer cement paste

Polymer-cement Water Compressive
content (kf; 3 W/C strength
(kg/m>) g/m (kgf/cm®)

1535 215 0.14 480

Table 6 Mechnical properties of the polymer cement paste

AFAT 2-DI0, 40| 220 cm, A7 1 200 cm®] Ak
74y BATEE ARstRon, Agdde DeESE 10
Aoz wlzslul. E3] MTDI6, ]MDﬁﬂoé AEA
= U4E vt g em7tA] EEH AHE o] 2ER
Epdgto g 79 93 FadEe vk 2 gt
& 7HEle 4 Wz Al BE AFBEIaT

Zh A AgA Y 94 Fig 19 2tk

daEaee ue 8 A9e 98 3 2o
N FYAE 24 ASFAACH, R Y] 2=
22 ARGt L ARAY N e 9

3 o 9} 7E‘°l *éxlﬂ METFA Urg—t— ] t EDX-
1500AZ Wolzo] AFEHE o]&3ly HolHE A

o Egh F3E 9 E2v AME Jﬂol*é«l AR
Table 99} 7t}

Den51t3y Bond strength Modulus of elast1c1ty Permeability coefficient Oxygen diffuzsion coefficient
(kg/m’) (kgt/cm®) (kgf/cm®) (m/sec) (cm“/sec)
1700~ 1750 440 2.0x10° 9.65x107" 2.72x10™

Table 7 Mechnical properties of the carbon fiber sheet

N Thickness Welght Tensile strength Modulus of elasticity Strain at failure
ame (mm) (g/m”) (kgf/cm®) (kgf/cm®) (%)
SK-N200 0.111 200 35,500 2.35x10° 15

Table 8 Kinds and mechnical properties of epoxy resins

Specifi Tensile Compressive Tensile-shear Modulus of
Kind Name peslitlc strength strength strength elasticity -compression
gravity (kgf/cm®) (kgf/cm®) (kgf/cm®) (kgf/cm”)
Crack-injected | D-2001 1.10+0.05 300 1 700 1 100 1 10000 1
CFS-adhesive SKRN 1.17£0.05 300 1 350 1 100 1 10000 1
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Fig. 2 Location of stecl strain gauge
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3 228 Az ra-ra 7 BLRAES 0B
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2-D10 . -
mm\mwmrm Fig. 4 543 240 EEABASTDIO N}
% oo E]—/\)\q O_],L_E E‘7]'6]- A]?T‘]zﬂ7}- E]_71’ fﬁ‘gi 21 /0, % %
e i ] m 4] %A% inﬁur =5 Aoz Z4ggol} =
2010 szl 348 st walehe HAs @il Fg)
k l l l \ \ { l l l l l l l“ l ‘ ‘ H% 2-D16 E Table 9 Strengths of concrete and polymer cement
A cIn2 paste (unit: kgf/cm®)
‘ m ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ l ‘ ‘ ' } ‘ u 2-D10 Item Concrete | Polymer cement paste
ZD16 ol Compressive strength 356 489
CID 3 .
Splitting tensile strength 16 19
Fig. 1 Shape of beams
Modulus of rupture 49 51
Table 10 Results
Crack load Yield load Ullimate
Beams Theory Test Test Theory Test Test Test Failure
(tonf) (tonf) Theory (tonf) (tonf) Theory (tonf)
STD16 2.16 2.7 1.25 948 91 0.96 10.1 Flexural failure
Flexural failure
MTDI16 3.0 1.39 8.7 092 96 +
Delamination
JMD4 3.36 44 1.19 11.76 10.0 0.85 119 -
JMDS 491 45 092 13.36 12.0 0.90 138 -
JMDI12 6.49 56 0.86 1491 125 0.84 148 -
CTD1 2.19 5.0 2.28 11.79 10.1 0.85 12.2 Sheet fracture
CTD3 2.21 5.1 2.31 13.98 108 0.77 13.7 Rip-off
CTD3 2.24 56 2.50 16.05 115 0.72 14.2 End-Delamination
AoiM 3 BEaMetER HZE| Mo B32(E Bo| EHE 54 219
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Fig. 3 Location of strain gauge of carbon fiber sheet
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Fig. 5 Load-strain curve of beams
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S o Table 11 Ductility index
- S Yield load | Ulimate load [~
= 10 i - / Beams | Load |Deflection| Load |Deflection| index
I AT (tonf) | (mm) | (tonf) | (mm)
g, l/ : . — STD16 | 91 | 72 | 101 | 329 | 457
4 +— ! DS MTDI6| 87 | 110 | 96 | 680 | 618
2 3 ¢ e D12 IMD4 | 100 | 96 | 119 | 204 | 213
% 2000 4000 6000 8000 10000 12000 JMD8 | 120 100 138 216 216
Strain (10™) JMDI2 | 125 9.8 14.8 22.8 2.33
Fig. 6 Load-strain of strand curve of beams CTD1 10.1 76 12.2 22.3 293
ot ctpz | 108 | 88 | 137 | 204 | 23
14 CTD3 | 115 76 14.2 16.8 1.66
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