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Abstract: The need to consider torsion in the design of members of a structure has recently been increasing; therefore,
many studies on torsion have been carried out. Recent research was focused on the torsional performance of concrete
according to the reinforcing materials used. Of particular interest, are torsion studies of beams made of SFRC(steel
fiber reinforced concrete), and there has been increasing use of SFRC at construction sites. In contrast, research on the
composite PVA-ECC (polyvinyl alcohol-engineered cementitious composite) has only covered its mechanical performance,
though it exhibits excellent tensile-strain performance (better than SFRC). Therefore, research on the torsion of concrete
beams retrofitted using PVA-ECC is lacking. In this study, the behavior characteristics and performance of
reinforced-concrete beams retrofitted by PVA-ECC was investigated experimentally. The experimental results show that
the resistance to torsional cracking is increased by PVA-ECC. In addition, the strain on the rebar of the specimen was
found to be reduced.
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Torsional Behavior of Beams Retrofitted by PVA-ECC

Table 1. Properties of Specimens

Longitudinal reinforcement Transverse reinforcement
Specimens Core Cover Bar ’ ( AZ% y Bar " ( Aféy .y ( msm)
N21 21MPa
N40 40MPa 4-D16 0.0022 400 D10 0.0042 400 150
ECC 21MPa ‘ PVA-ECC
=4/4, fi, © yield strength of longitudinal reinforcement, p, =Ap,/(As), fi, + yield strength of transverse

reinforcement
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Fig. 1 Tensile Stress-Strain Relation for Cementitious
Materials (Kim et al., 2003)
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Table 2. PVA-ECC Mixture Proportion

@AF (kg/m')
WB | ss/B
w C Slag FA ss PCSP | HPMC | Defoamer| YYA fiber
(by volume)
045 | 071 375 5005 | 166.675 | 166.675 | 591.679 | 2.5 1667 | 0.833 |39.0 (2.0%)

Table 3. PVA Fiber Properties

. . Tensile | Elastic
Ize;lgnlft)y Ize'::’%lt)h Dl(z’u::;;)ter A;I:ﬁft strength | modulus
g (MPa) | (MPa)
1.3 12 0.015 800 1269 27640
Table 4. Compressive Strength of Concrete
Compressive strength
Design "owa sirengih
strength MPg
NO.1 N0.2 NO.3 (MPa)
21MPa 18.7 22.7 23.5 21.6
40MPa 414 40.5 41.7 41.2
PVA-ECC 40.7 39.5 41.1 40.4
Table S. Splitting Tensile Strength of Concrete
Desi Splitting tensile strength Average
esign MP,
strength (MPa) St;el;gth
NO.1 NO.2 NO.3 (MPa)
21MPa 2.62 1.76 2.00 2.1
40MPa 3.37 3.23 3.40 33
PVA-ECC 4.42 4.75 4.51 4.6
Table 6. Yield Strength of Steel Rebar
Bar Type Yiez(;ﬂs)g)enth Yield strain
D13 405 0.0023
—— SD400
D16 425 0.0025
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Fg. 5 Torque-twist Relation for Specimens

Table 7. Experimental Results

At cracking At ultimate
Specimens | 1, rque Angl? of Torque Angl? of
(kN-m) Twist (kN'm) Twist
(deg/m) (deg/m)
N21 11.08 0.104 13.02 1.435
N40 11.32 0.076 15.56 1.384
ECC 15.79 0.288 18.73 0.993

Table 8. Compressive Strength of Concrete (Jeong J. S.,

2010)
Compressive .
Name strength Young(é PI::;) dulus
(MPa)
21 26
Normal concrete
40 31
PE-ECC 65 23
PVA-ECC 56 18
PE-HPFRCC 51 19
PVA-HPFRCC 34 14

Vol. 6, No. 1, 2015 33



Jeong, Yeong-Seok - Kwon, Min-Ho - Seo, Hyeon-Soo - Kim, Jin-

Sup - Kim, Gi-Yeong

Fg. 6 Final crack distribution of specimens (E-face)
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