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Seismic Behavior of Concrete Cylinders Reinforced by Outside Lateral

Hoops
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This paper investigates experimentally the confinement effect on concrete. For this purpose, outside lateral reinforcement members made
of stainless steel and GFRP were employed. Then, uniaxial compressive tests on concrete cylinders incorporating the members were
conducted. A total of 30 cylinder specimens, specifically, 6 unconfined specimens, 12 specimens confined by stainless steel and 12
specimens confined by GFRP, were fabricated. The failure patterns of both unconfined and confined specimens were assessed and
discussed based on experimental results. The results proved that the maximum stress and corresponding strains of the cylinders confined
using the proposed hoops are increased in comparison with those of the unconfined. This supports that the current work can be used for
retrofitting concrete members and structures and thus may lead to increased stability of such structures.
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(a) Stainless steel circular hoop

(b) GFRP circular hooop

Fig. 1. Outside lateral reinforcement members
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Fig. 2. Arrangement of outside lateral reinforcement members



Table 1. Details of Test specimens and loadings
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5 74

H 232E SAIHQ W HS

Test specimen lateral reinforcement spacing(mm) volumetric ratio loading loading speed loading cycles
Unconf-m1
Unconf-m2 monotonic -
Unconf-m3
0.5mm/min
Unconf-c1
1 cycle
Unconf-c2 cyclic
Unconf-c3 3 cycles
SSteel-10-m1
SSteel-10-m2 monotonic 1mm/min -
SSteel-10-m3
10 0.0154
SSteel-10-c1
) ) 1 cycle
SSteel-10-c2 ) cyclic 2mm/min
Stainless
SSteel-10-c3 steel 3 cycles
SSteel-20-m1 circular
hoop . .
SSteel-20-m2 monotonic 1mm/min -
SSteel-20-m3
20 0.0080
SSteel-20-c1
1 cycle
SSteel-20-c2 cyclic 2mm/min
SSteel-20-c3 3 cycles
GFRP-20-m1
GFRP-20-m2 monotonic 1mm/min -
GFRP-20-m3
20 0.0383
GFRP-20-c1
1 cycle
GFRP-20-c2 cyclic 2mm/min
GFRP-20-c3 GFRP 3 cycles
circular
GFRP-30-m1 hoop
GFRP-30-m2 monotonic 1mm/min -
GFRP-30-m3
30 0.0265
GFRP-30-c1
1 cycle
GFRP-30-c2 cyclic 2mm/min
GFRP-30-c3 3 cycles
Ejo T R 71 EAIES 2mm/min 2] ZFE4E R HE ) AR
Ex nﬁ o wal cha w2 712 Eag@%*wa AL}, 3152 WA 7| =R
Efﬂ AN g WolSoln, ZWE w9l 20mme] WSS ZH= 374
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(b) For 3—numbered specimen

Fig. 3. Loading history
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(b) Set—up for displacement
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Fig. 4. Test machine and measurement set-up

Table 2. Test results of unconfined concrete specimen
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Fig. 5. Representative failure pattern of specimen

Test specimen I oo (MPa) I co.ave (MPa) 2. €ep.ave
Unconf-m1 23.2 0.00237
Unconf-m2 21.0 23.0 0.00174 0.0020
Unconf-m3 24.7 0.00188
Unconf-c1 23.5 0.00321
Unconf-c2 211 234 0.00443 0.0038
Unconf-c3 25.5 0.00373
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Table 3. Test results of confined concrete specimen
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I
ol

g 74 ZIEE SAHL WX HS

Test specimen Volumetric ratio I .(MPa) Folfw €up e /e,
SSteel-10-m1 38.7 1.68 0.0198 9.9
SSteel-10-m2 374 1.63 0.0220 11.0
SSteel-10-m3 38.5 1.67 0.0222 10.1

0.0154
SSteel-10-c1 415 1.77 0.0242 6.4
SSteel-10-c2 42.2 1.80 0.0205 5.4
SSteel-10-c3 424 1.81 0.0232 6.1
SSteel-20-m1 27.2 1.18 0.0126 6.3
SSteel-20-m2 274 1.19 0.0072 3.6
SSteel-20-m3 271 1.18 0.0100 5.0
0.0080
SSteel-20-c1 321 1.37 0.0085 2.2
SSteel-20-c2 30.2 1.29 0.0118 3.1
SSteel-20-¢3 30.7 1.31 0.0085 2.2
GFRP-20-m1 51.7 2.25 0.0432 21.6
GFRP-20-m2 54.4 2.37 0.0499 25.0
GFRP-20-m3 51.6 2.24 0.0388 19.4
0.0383
GFRP-20-c1 56.2 2.40 0.0383 10.1
GFRP-20-c2 49.0 2.09 0.0305 8.0
GFRP-20-c3 53.5 2.29 0.0387 10.2
GFRP-30-m1 38.3 1.67 0.0265 13.3
GFRP-30-m2 37.2 1.62 0.0272 13.6
GFRP-30-m3 41.2 1.79 0.0365 18.3
0.0265
GFRP-30-c1 41.2 1.76 0.0299 7.9
GFRP-30-c2 41.6 1.78 0.0291 7.7
GFRP-30-c3 41.2 1.76 0.0262 6.9
60 60
Unconf-m3 Unconf-m3
04T SSteel-10-m1 Y A B R Bt S SSteel-20-m1
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= =
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Fig. 6. Stress-strain relationship for concrete cylinders confined by outside lateral reinforcement members
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Envelope Unloading Strain €, env Envelope Unloading Strain &,y eny Envelope Unloading Strain &,y eny
(a) c1 series (b) c2 series (c) c3 series
Fig. 7. Comparison of plastic strains for specimens subjected to cyclic loading
0.06 0.06
—SSteell10-c1 ——SSteel 20-c1 7
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1 —¢< GFRP-20-c3-1st cycle 1 —+ GFRP-30-c3-1st cycle
- —&- GFRP-20-¢3-2nd cycle - —&~ GFRP-30-c3-2nd cycle
“70.04 | o GFRP-20-3-3rd cycle /2 “0.04 1 —o—GFRP-30:c3-3rd cvelé
‘= ‘3
=] ] =
wm W
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Fig. 8. comparison of plastic strains at each cycle
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