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Abstract: To improve the seismic behavior of the cross-shaped short column, the concrete was substituted with
high ductility fiber reinforced concrete in the bottom of the cross-shaped short column. Quasi-static tests on the
hybrid high ductility fiber reinforced concrete composite cross-shaped short column (R/ECC) and the reinforced
concrete cross-shaped short column (RC) were carried out. The crack propagation mode, failure characteristics,
hysteretic behavior, ductility, energy dissipation and stiffness degradation were compared to investigate the
seismic behavior of the R/ECC column. The results show that the hybrid high ductility fiber reinforced concrete
can effectively control the development of the crack, decrease the width of the crack and improve the state of

collapse and spalling. The ductility and energy dissipation of the composite column are improved obviously. The
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stiffness degradation becomes lower, and the shear capacity is improved. Compared with RC column, the
displacement ductility factor, as well as the cumulative hysteretic energy dissipation at the peak and limit points of
R/ECC column increased by 7.3%, 225.5% and 44.6%, respectively, and the shear capacity increased by 9.5%.

Keywords: cross-shaped short column; hybrid high ductility fiber reinforced concrete; composite columns; seismic

performance; quasi-static tests
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Fig.1 Dimensions and reinforcement of cross-shaped short columns
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Table 1 Mechanical properties of steels
WA H A% /mm Jet JIR 3 B /M Pa HUhr i /MPa
HRB400 8 586.9 690.5
HRB400 14 4332 601.8

RIS AR EE L oK Ue . B REIK . b K. UKV B R B4R, PVA SF 2 F Sy 3 i bt
Bl Horp, KRR AR S S9N P-O 42.5 3% 30 mEfR b K U8, B B R TR A I K, w0 Bk R 4275 [
0.2 ~0.4 mm [ 5 384U BD , Ik R = SRR R Y i AR ), K Ol 18% . AR 4 Ve H AR BT AR TN 4 AR
771 KURALON™ K-II# PVA £F 4 Fil o [ 52 A6 MRS /) A2 72 09 PVA S0 4, 2RV 4E IR TR IB 0 1%, 24
BIMERES BN R 2 i 7n o TR 1B i A8 P 4 4R TR 88 + A5 3m IR e - I BC A L an 3R 3 T .
Fx2 FHMEESH

Table 2 Performance indicators of PVA

2 FR K & /mm H#/um i & /M Pa LRI /GPa FE AR /% EE/(g.cm™)
G 12 39 1 620 42.8 6.00 1.30
FAER 12 39 1 600 40.0 6.42 1.28

®3 EAMHBES

Table 3 Mix proportion of matrix kg/m3
B M K BB R BT e g PYASTER - PVASTR
(H™) (™)
15 = Gk £ R s+ 487 730 64 461 — 359 12.8 13

REE+ 434 — — 758 1 046 182 — —
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B, PRI ERIRIGE I, 8 4 b5 RS E R - BT,

I R R, R VR T 3 150 mmx 150 mmx 150 mm b #fE 57 7 AR ER 34 150 mmx
150 mmx300 mm bx fER AE R I, R & GE LT 4E IR BE 1 718 3 100 mmx100 mmx=100 mm 37 J5 4Kk,
34~ 100 mmx100 mm=300 mm # H AKX B, 64 15 mm=x100 mmx350 mm FA R F, It 5+ F 9 56 A 7 W
SESAE T HEAT IR, S TR b ST AR BT R R Oy 43.4 MPa, Bl BT ESREE K 37.3 MPa; TR5 & AL
LT YRR BE + 7 T RPUR SR E Ry 50.2 MPa, Bl ST SR EE Ry 42.3 MPa. 38 2o - B B2 B I 56 0 A5 VR 45 e A
PE LT Ak R BE T A BR BT8R By 4.79 MPa, R FRIEMI R 0.679%, &1 2 FIIE 3 Fr 7R 230 1R 45 o SE PR 2T 2 1R
B - AR A 52 i 7 g -1 AR 2k B FE B IF RIE S .
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Fig. 2 Stress-strain curves of the hybrid high ductility fiber reinforced concrete
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Fig.3 The crack pattern of the hybrid high ductility fiber reinforced concrete
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Fig. 4 Quasi-static test setup Fig. 5 Loading system
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Fig.7 Failure modes of cross-shaped short columns
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Fig. 8 Serial number of the cross-shaped short column surfaces
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Fig. 9 Hysteretic loops of cross-shaped short columns
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Fig. 10 Skeleton curves of cross-shaped short column
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Table 4 Bearing capacity, displacement and ductility coefficient of cross-shaped short columns

_ 17 H/kN fi % /mm SEVE R
TR
Jith M I LS Jit Mg e {1 IR H
RC 140.38 171.90 137.52 4.90 10.19 23.52 4.80
R/ECC 164.93 188.27 150.62 5.24 11.29 27.01 5.15

] 10 F1 3 4 A 25 S n] S0, X Fb A 10 068 (o7 28K i e 2 A S A A7 BT R 28 01 (1 K/, R/ECC AEAH He RC AE
R IR 9.5%, RWMARS S EHFERE X PR EREMZHRE N EAG —EMRSER.
R/ECC #E . RCH:N % 2EPE R 543 3 o0 5.15 F14.80, & BR AR 4390 2 27.01 mm #123.52 mm. A H RC #E,
R/ECC FE (4 ZEME R B4 55 7.30%, MR B K 14.8% ., 250 EW, 6+ 7B MK R AIRS & S
AEVREE 1T T IR AR A PE AR IR BE ) o AEAKCP AT ERAE TR, 2R 4R T DU AR Ik 2 SRR A Y R L
HEEY R, IFAMM RS, ZAHMERY R, =& T TS8R0 E MY bk
3.3 FEBERE

FE R AERE B 1 2 PP M SLHT B MR RE (0 T AR A, T8 o AF AR A B R B h, B B BURERE 2 S S B0 A B
R/ECCH: I RCH: W AERERE J1 o ER NI BHJE REHL (2) 115, FRERIE W E 1 s,

11 EHFHERRBTEEE

Fig. 11 The calculation diagram of eguiralent viscous damping coefficient
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Fig. 12 Equivalent viscous damping coefficient curves of cross-shaped short columns
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Table 5 Accumulated energy dissipations of cross-shaped short columns

SR FIFERE/ (KN » mm)

I A : : :
T I W 1 B

RC 1034.78 4079.62 37 234.11
R/ECC 1313.70 13 279.18 53 848.88

BB 12 A, nE i, PIAE SRR B e BB BN, RN REES . JEIRIE, R/ECC FE 45 R Zh i
BH & 28 BB I 48 007 B Al 386 K S 18 Kot 38 k)5 01, R/ECC A Al 45 RORs i B2 28 $ios K0 R M e T RC M
WK EAEREIRE, R/ECCHSFREM e 2B T RCH, EWJ5I R/ECC HFERERE 1158 .

M8 SR, AR A J IR AT 2R AR (0] 6 BB 22 il A K5 TR I s AT BR A, R/ZECC AT 22 B [l 6 BE A
BE T RCH, 705 RCHARE T 225.5% 1 44.6%, 2 WIAE + 7 I AL IS 6 IR 15 1 48 1k 2F 4 R 5k + W 3%
PR TAEMFERERE 1. 7EIF R R, M 2dst, ALY R, BRIk E LM, 4
AW IR L AR, T BRI AE R A RE .

34 RIERMWK

SR FH 25 355 W 3 o 36 R R B W B AR AR P AN 13 T oR O R e e AR R A T A7 8 AR Ak Y
FEIRAL N . R I3 AT, PR AR MR, MR AR R R g s RS, W IR A R R A B B K %
WAL, gk, R/ECCH: S RCH: KR b ih L AH B A, R B0 H AR A 2R (e # . 1E 1) fn 2 o
FEMZ W R/ECC H 5 RCAH NI EE R AT ; ARG, R/ECCH AH L RCAH: NI EE R L AL, X & H
TR B 5 A 1k £ 2k VB A v 10 A P R AR AR S AR AR PR AE IR AT h A 2 AR R TR B i A T AT R TR
TAREARSE TAE, HRPU AN T, WEE T IR KA W R R e
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Fig. 13  Stiffness degradation curves of cross-shaped short columns
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