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Experimental Study on Shear Performance of RC Short Columns
Strengthened by Textile Reinforced High Ductile Concrete

DENG Mingke', LEI Heng',ZHANG Yushun®, GUO Liying',ZHANG Wei'’

(1. School of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. Shanghai Jianke Engineering Consulting Co. , Ltd. , Shanghai 200032, China)

Abstract: To study the shear performance of reinforced concrete (RC) short columns strengthened with textile—
reinforced high ductile concrete (TR-HDC) , six RC columns, including two control columns and four columns
strengthened with TR-HDC, were designed. The effects of the shear span—to—effective depth ratio and the layers of
textile on the failure mode, deformation, bearing capacity, and energy dissipation capacity of the specimens were
compared and analyzed under low cyclic loading tests. The experimental results show that the use of TR-HDC can
obviously improve the shear capacity of the RC short columns; TR-HDC works well with the original concrete
column, and the deformation, bearing capacity, and energy dissipation capacity of the specimens are significantly
improved after strengthening with TR—HDC ; increasing the number of layers of textile can slightly increase the shear

capacity of the member, but it can greatly enhance the energy dissipation and deformation capacity of the RC short
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column; when the shear span is relatively large, it is more beneficial to exert the mechanical properties of TR-HDC

reinforcement materials. Based on the truss—arch model, a calculation method for the shear capacity of the RC short

columns strengthened with TR-HDC is proposed. The calculation results are more accurate.

Key words: low cyclic loading; textile reinforced high ductile concrete (TR-HDC) ; strengthening; RC short

column ; shear capacity

HT T SRAG M A 14 J2 0 ] R A ek A
WIS R 2, 0 K 5t 89 A 1R %€ £ (Reinforced
Concrete, RC) HE AR R ) /&, ASRE T 2 AT A8 1Y
FLR R, R X 4 RCAEFE AT [ DL AR IR 25 4
LA

2 4 21 W 18 ik YR Bt £ (Textile Reinforced Con-
crete, TRC) H £F 4E 21 W) N Aikr IR 58 40 0%, & HoA
PO AL BE A R 27 i S50 A — R 2K e
FEEGPORL AR R P Ah 2 B L T 45
W, IF R T — RSO T I E RCH: s o . M 14
WSO RIE ST AR Y TRC N [ A2 114 18 R £ 482 Bt 45 i
oA S5 348 oy B S 4 R, L TRC N[ 7 T A 800
FERGAEYE . -2 BEAT T TRC N RCAE AHT7=
PEREIRYS , 45 5 R W] . TRC g4 = RCHE BB, A 3K
BEL i R 24 55 T Jie 4 D2 XM IR . Bournas 55 5%
K TRCAEZE 1 38442 DR AT 1 Jae IR, 1 RC A 7K
AT BE 115 2 2 35 $2 5 . Ortlepp 557 2 220
5% RC A AR R TRCn [ RCR (4 52 0, 54 A
TEARMIE T I 2ok P BB TE I, TRC [ 27 RACR
AR T il RSy . DL AR R, R FH TRC Af
A RN RCAE . SR 1M TRC U771 LR 5 IF 54 47 4
LYY TSR AN BT 24 J5 7 A% 366 iy 28055 7 THT 1Y)
Z:E[S*‘):'

BERE B3R (BRI, AN [i] 2 255 3 3k i 7 AR A R ok
SEMRAESE TRC B BR AL, IA A2 T I RCAE LA
PN R0% . A S AR O Y 2R ARV R R K e
3 5 A ¥ KBl (Engineered Eementitious Composite,
ECC) 2 J8 i 52 & i1 )2 B A 2029 A% O TR BE -
ECC RESEZZ 2T AE U)W 2L, $ i RC AL Y M B AL IE
fEJJ . Ortlepp " FIAA KL I T 4E ) TRC A IE RCAE,
SRR ENA R B A e, LR ) 4%
ORAT XS AR AEAE R H 4T 4k - v B K
IS G MR (UHTCC) TN RCAE , 155 R 1 - 27 4k
M —UHTCC & & 5 RCH: Z [0 A #4519 A2 T2 U A fig
77, BE PR THIR: B RAE Y S, U N 48 S M

AR AL . SR, AT BF5E A rh 0 3% 18 RC AR
(R R RNk H P B T, 6T [ A [+ 39 5 LU HE SR RC
FIAERPUSTERERF ST D . B THEZR AT AT 25 4t
BRI, BA W2 A MEPEBIA R IR S 1 5
M IR R RN B3 T M R B R B AR K TR It
R AT I 2L

AR ZH A1) 2 SEPE VR %E 1+ (High Ductile Con-
crete, HDC) 22 24 5% JF Ji& 1N 748 i Ak g e o1 o0
LT YL\ AN R VTR BE A 25 i LT 4R 2 W v v
FiE P IR BE 1 (Textile Reinforced High Ductile Con-
crete, TR-HDC) "*', 4& ti 5k ] TR-HDC [l £ 11 il
T5 i, B i RC LR (4 S M AT B 7R 3807 . A SCl i
A6 S B 52 A A, BF 5 09 B L R 47 4 2L J= RO0)
IERAF B 2 i Il i 2k R &) K AR RE 145
(52, 4 T TR-HDC i [ A Be 89 7K 2% 11 F 5
23, TR-HDC N [ RC AL A BEHH5 TRER 42
WS HAHHE .

1 e HER

1.1 K EHMERNE T %

RIS I HIE T 64~ RC AR, S F 5L
FEAAE ST 1Y 37 TR AS iR T8, B Wi
¥k 5 Sty . RC AR T RS2 250 mmx250 mm, i
B AR E R K 20 mm. BT LA = 1.5 R0 4
1 750 mm; BY 5 LA = 2 (3R F, H 1000 mm, H
RS E R 1 R . Z2-1.5 F1Z-2 R A I ek,
il g5 2R FH B — B RS L,
T BRI ECE A RN [ )2 £F e 210 250 YA
fifi >R H 64b20 , il 71 C 15 4 $6.5@100. 1A R Je
FLARBL AT LI 1.

Sy B A 5 [ )2 A A X 3R 28 d
Je B EA A T R 1 B AL B T BRI, Je ik
{2 T R Rk TR A D 2 A 0 5 A Ah R i
R, ek 2 e, 7E i B F LR — 2R



XS BHARHAE - 7 2 21 18 ik e E PR BE 1 I ] RC AT BT 0 P RE ISR 5 81

®1 AHFEEESY

Tab.1 Main parameters of specimens
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Tab.2 Mechanical properties of concrete, HDC
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7-1.5-3T 750 1.5 3TR-HDC 280x280 TREE T 34.10 22.81 221
7-2 1 000 2 — 250%250 HDC 64.01 49.57 4.06
7-2-2T 1000 2 2TR-HDC 280%280 2TR-HDC — — 8.16
Z-2-3T 1000 2 3TR-HDC 280%280 3TR-HDC — — 9.55
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Fig.1 Dimensions and reinforcement arrangement of specimens
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Tab.3 Mechanical properties of steel bars

R R BRI s
MPa MPa

HPB300 6.5 345.0 520.0 26.5

HPB300 8 367.5 550.0 27.0

HRB400 20 440.0 627.5 14.8
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R 1) Bl £ 4 R ST L, 27 4EZU TN EE O 20 mm.
R AR Z TR RE , RS R TR A PR AR I,
e ERESEUL K 6.

*4 SEMWREL(HDC)EMAKE AL

Tab.4 Mixed proportions of HDC kg/m’
Pk Puw  Ponx  Pan Pt Pk P k)
447 59 494 177 424 353 8

R5 PVAEFHEETEREIER

Tab.5 Performance indicators of short PVA fibers

R A
Kl B#m EiEL PR

. R /% %% (g-cm™)
J&/MPa 1/GPa

12 39 1 600 40 7 1.3

K6 WRITHERAMM S FIEREIEIR

Tab.6 Mechanical properties of carbon textile

BRI PUhrsRE sk

5 K3 /% T2/ (g-m™)
mm MPa GPa

0.877 3322 239 1.39 160
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Fig.3 Test set—up
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Fig.4 Failure patterns of specimens
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Fig.5 Load-displacement hysteretic curves of specimens
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Fig.6 Skeleton curves
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Tab.7 Test results of specimens
ENGE TR Je I s DA e R s SiE
G P /kN A J/mm P /kN A/mm P /kN A, /mm P /mm A /mm B i
Z-1.5 160.52 4.58 166.80 5.14 181.40 8.80 154.19 11.76 2.29
7-1.5-2T 210.78 491 229.04 5.79 254.61 9.00 215.42 15.11 2.61
7-1.5-3T 221.08 5.48 232.32 6.29 260.49 11.76 217.23 17.14 2.72
7-2 140.43 5.77 147.00 6.40 170.16 9.01 144.64 13.80 2.16
7-2-2T 219.52 7.74 223.46 8.04 258.38 13.54 219.62 19.36 2.41
7-2-3T 226.16 10.75 229.11 10.96 263.07 15.93 223.61 24.64 2.25
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Fig.7 Cumulative energy dissipation—displacement

curves of specimens
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Tab.8 Cumulated energy dissipation of specimens

ZRFERE E/(KN-mm)

WA

Jett i WAL A PR

Z-15 1341.10 2508.72 5830.45
7-15-2T 1514.19 3837.81 8260.71
7-1.5-3T 1 480.66 3 884.08 9 408.29
7-2 1081.69 1960.44 444722
7-2-2T 1 948.64 4204.13 10 193.40
7-2-3T 175571 4819.86 11281.04
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Fig.8 Stiffness degradation curves
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Fig.9 Calculating diagram for truss mechanism
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Tab.9 Comparison of theoretical and experimental results

K g V. /kN V. /kN VIV,
7-1.5 206.6 181.4 1.14
7-15-2T 2825 254.6 1.11
7-15-3T 295.4 260.5 1.13
7-2 164.6 170.2 0.97
7-2-2T 240.5 258.4 0.93
7-2-3T 253.4 263.1 0.96
U-30° 411.4 419 0.98
UCT-301 408.5 466 0.88
UGT-301 4253 461 0.92
U-450] 4519 490 0.92
UCT-45% 449.0 538 0.83
UGT-45!] 465.8 512 0.91
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