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Hysteretic Behavior of Diagonally Reinforced Concrete Coupling Beams According
to Aspect Ratio and Volume Fraction of Steel Fiber Under Cyclic Loading

Ji-Yoon Choi', Dong-Hee Son?, Baek-Il Bae’, Chang-Sik Choi""

Abstract: In this study, an experimental study was conducted to analyze the hysteresis behavior according to the steel fiber aspect ratio and volume
fraction of diagonally reinforced concrete coupling beams under to cyclic loading. The aspect ratio and volume fraction of the steel fibers were set as
the main variables, and 4 specimens were fabricated in which the amount of transverse reinforcement of the coupling beam suggested in the domestic
building structural standard was relaxed by about 53%. In the experiment, cyclic loading experiments were performed in the displacement control
method in accordance with ACI 374.2R-13, and as a result of the experiment, it was found that all specimens containing steel fibers exceeded the nominal
shear strength suggested by the current structural standards. As the aspect ratio of the steel fibers increased, the steel fibers prevented the buckling
of the diagonal reinforcement, and the bridging effect of the steel fibers held the crack surface of the concrete. The shear strength, stiffness reduction
and energy dissipation capacity of the specimens containing steel fibers were superior to those of the VfO specimens without steel fibers. Therefore,
it is judged that the steel fiber reinforced concrete can relieve the details of the transverse reinforced.
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Ao} 23 = o] A RS w8kt 2 oflgol Uth
olof| e} thZt R 7ol v ZH HEE I E AZ R vl
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T2 2o BN v EY Ao dS AR 07 23kA|7]
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+H AR RG 5 9 o] /A EE ATEAE s
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3 F7| B A= NGRS MEH SR F&53=
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WA o2 &8k A9t L A e B A4S T
A= AT AIE 7|90 Z A AlShaL AT} (Naish et al., 2013).
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9] P& A 7| A RE Tt R A nlj o] o B A7}
HEAY g3 Y ERH QAT (Fortney et al., 2008).
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Fig. 1 Detail of specimen

. Dy L v RI Fur v, Reinforcement
Specimen Dy/l, : . .
[mm] [mm] [%] factor [MPa] [kN] Diagonal Transverse Horizontal
V{0 - - - - -
Vf1-6030 0.5 30 60 1 60
24 659.49 8-D25 9-D13@100 10-D13@160

Vf£1.5-6030 0.5 30 60 1.5 90
V10.75-8060 0.75 60 80 0.75 60

D,: Steel fiber diameter, I,: Steel fiber length, V: Steel fiber volume fraction, RI factor : Reinforced Index (D,/l,x V}), f,: Concrete

compression strength, V, : shear strength (24, f, sine)
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1Drift ratiod 3Cycle & 7} st A2 vhErle] H3-S 738
sk 7 AIE2 Fig. 39 YERI AT

2.4. MEAlE Ao}

B Ao A AFE3E 73 -H-E Fig. 40 YER o, 4
fro] A ¥-& Table 20| YERNRITE A E ABAIP-SKS
F 24039l 2} 2| & 100mm, =°] 200mm 2] Y5 FAIAE
A ZFsle], KS F 240591 KS F 24239 w2} =73 =/ 9 3} 2%
Z8NATIE A& 43)) 3159 Tth B3 Fib Model code20109]]

7.875

o w

I

= )

Lateral Drift (%)

o & & O o

0 3 6 9 12 15 18 21 24 27 30 33 36
Number of Load Cycle

Fig. 3 Loading protocol
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Fig. 4 Hooked-end steel fiber

Table 2 Meterial properties of steel fiber

Fiber D L Aspect | Tensile Densi
ratio Strength
Type (mm) (mm) (%) (MPa) (kg/m”)
Hook 0.5 30 60 1121.7 7.85
end 0.75 60 80 1143.9 7.85
Table 3 Test results of concrete strength
S . fcu fr fsp
pecimen
(MPa) (MPa) (MPa)
V10 38.88 3.43 2.95
Vf1-6030 36.22 5.51 3.27
V£1.5-6030 29.97 7.26 3.94
V10.75-8060 33.00 6.67 3.82

[, : compressive strength of concrete , f,.
concrete, f,, : splitting strength of concrete

: flexural strength of
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Table 4 Steel tensile test results

Rebar Jy & S
(Mpa) (mm/mm) (MPa)
D13 471.77 0.00235 604.66
D13 532.25 0.00266 654.93
D25 487.09 0.00243 588.47

f, + yielding stress, ¢, : yielding strain, f,, : tensile stress
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Fig. 5 Failure mode
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Table 5 Experimental results of specimens

H7F 203 mm W 1172.64kNT} S-0] ko 2 w97}
13.45mm< w 1254.85kN 0.2 e 47)2 A& A2 8}
Z-HQ AL B3 Ax) 7 A Al 2 2 EA
o] A4 1172.64kNO.Z 7} =28 AP T E B G319}
%Q}HU} Y3 V1-60307} VI1.5-6030 2 & A &] A =Z 1]
Wkl o, AdF EPECl =2 VI1.5-6030 LJA7}
2.06kN E% Z o2 eI

o) 9] 5718 A3 ASHE Fig. 79 YERASITE 7343
A A S 7N & 7} Afo] & A7 3 Kl of
st Hoisks digke] ol i) dojgke] e o
T AR AP E T ARA 7o) 7] L AR
182.26 kKN/mm, 157.96 kKN/mm, 181.13 kN/mm, 229.43 kN/mm
2 YERITE 802 73R FAHIE 2= Vi0.75-8060 A g A )
A5 B AFA 1o} 7P 2 S 7HRE Ao E YERTh
271 73730l A 73 o] 7wt %—ﬂé‘kﬁ Aol ATLEIYE
AAR | 7 FXlof| £ AE-E sk A o= At

3.4 o X|apsH

AR A4k A B o) WX A5S& Hrtshe AR A4
TYol & 75 Uzl Aso] skt (Jang et al., 2018).
U2 AA4kFS dhETeE o] g }O]i«] HAo|™ Fig. 89 W
ERARITE 778 EY8HA &2 VI0 A8 A 7F6HA Drift
ratio®| A A& o] FFF 2™ 135.93kN-mmZ 7 52 o]
UA 245 ES Bfshe A0 E et G E £
St AHA = 5 Y H 22 6Drift ratioo A 9] oA 44 gk
L 157.59kN-mm, 157.47kN-mm, 197.96kN-mm=Z 7}3+=
EJ8HR] e vy A3A 2} vl Al 1.1640, 1.164H, 1.454)
F7Vsh= ﬁii UERST

Yield Point Maximum Point Ultimate Point D;gilil:y
Specimen Viax! Vi
Py Al/ 0;{/ Pmax Amzlx emax Pu Au 9“ 0 /9 e
(kN) (mm) (%) (kN) (mm) (%) (kN) (mm) (%) v
vio (+) 884.43 11.01 1.22 1013.51 20.23 2.25 891.34 26.98 2.99 2.45 1.54
(-) 1063.56 11.34 1.26 119431 13.54 1.50 955.49 23.73 2.63 2.08 1.81
V16030 (+) 1011.62 13.63 1.51 1131.72  27.00 3.00 905.38 53.38 5.93 3.93 1.72
(-) 1151.73 13.37 1.49 1253.11 26.98 2.99 1002.49  53.13 5.90 3.96 1.92
V156030 (+) 987.83 14.32 1.59 1133.78  27.01 3.00 907.02 50.05 5.56 3.49 1.72
’ (-) 1082.98 11.93 1.33 1228.57  20.30 2.26 982.86 42.75 4.75 3.57 1.87
+) 97245 9.50 1.06 1172.64  20.30 2.26 938.11 43.88 4.88 4.60 1.78
V10.75-8060
(-) 1022.18 9.04 1.00 1234.15  20.25 2.25 987.32 41.01 4.56 4.56 1.87
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Fig. 10 Strain gauge analysis of transverse reinforcement
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