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Resilience Models of Steel-reinforced Concrete Tension Columns

ZHANG Peng, SUN Renzhong, DENG Yu, LI Zhenzhen
(Guangxi University of Science and Technology School of Civil Engineering and Architecture, Liuzhou 545006, China)

Abstract: To study the seismic performance of steel-reinforced concrete tension columns, low re-
versed cyclic loading tests were carried out on 7 specimens. The shear-span ratio, axial load ratio, and
eccentricity were set as design parameters. The failure process and pattern were observed during the
tests. The load-displacement curve and the skeleton curves were obtained. The equations to calculate
these characteristic points were proposed through theoretical derivation and data regression analyses.
On this basis, combined with the hysteretic characteristics of tension columns, the calculation formula
of the unloading stiffness and the corresponding hysteretic rules are given, and the four-fold restoring
force model of the steel-reinforced concrete tension column is established. The results show that,
through the comparison between experimental and calculated results of skeleton curves, the two re-
sults are in good agreement, which can comprehensively reflect the mechanical performance of mem-
bers. The proposed four-fold restoring force model is reasonable and can be used to evaluate the seis-
mic performance of steel-reinforced concrete tension columns.
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Table 1 Design parameters of the specimens
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Fig.1 Geometric size and layout of reinforcing bars of the

specimens

F2 REBELNFMEBEIER

Table 2 Mechanical properties of concrete
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Table 3 Mechanical properties of steel
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Fig.3 Schematic diagram of the forces on the deformed spec-

imens
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(a) SCRTM1

(c) SCRTM3

(e) SCRTMS

(f) SCRTM6

(g) SCRTM7
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Fig.4 Failure patterns of the specimens
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Fig.5 Hysteretic characteristic curves of the specimens
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Fig.6  Skeleton curves of the specimens
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Table 4 Main experimental results

. TR Je£ R 5 WA 1 PR 5
i ﬁﬁ TR/, FFRMR/ BRAE/ BIRAE/ WM/ VMR WORMR/ BRI/
kN mm kN mm kN mm kN mm
1F I7] 12.00 0.50 62.00 4.51 66.20 9.89 52.46 29.70
SCRTM1
JZ [A] —15.00 —1.30 —44.00 —4.70 —61.50 —24.10 —56.61 —29.21
1E [ — — 64.76 5.46 67.24 12.18 54.62 35.76
SCRTM2
S I — — —47.04 —5.83 —68.38 —29.83 —62.08 —35.85
1E ] — — 48.00 5.84 62.00 30.00 54.21 36.10
SCRTM3
S 1) — — —34.75 —5.92 —62.25 —29.94 —58.99 —35.92
N — — 68.02 6.98 70.35 13.92 61.21 41.98
SCRTM4
JZ 1] — — —62.28 —6.84 —72.95 —28.05 —71.84 —42.06
1F I7] — — 52.01 5.60 54.00 12.06 45.85 36.04
SCRTM5
S 1] — — —58.00 —5.98 —68.35 —29.99 —63.54 —35.99
1E /] — — 38.00 7.40 42.00 14.02 40.08 47.02
SCRTMG6
jram| — — —48.39 —7.30 —56.44 —35.02 —55.30 —47.03
1E ] — — 35.99 7.37 40.46 15.99 35.59 48.03
SCRTM7
S 1) — — —37.31 —7.41 —47.72 —40.00 —43.11 —48.02
P M=VL (11)
F. - SR, MO AE SR 85 K25 0 5 V R AT
P, K & FEE LI J1 09 +
C /K, M N
P, %:?i+i (12)
\ S, Wy e A TR 5 N R R A AR A N e
A A T T
o h A élhr“jj kTR 5 AR S, B 18 R
BT Rk p o
Fig.7 Model of the skeleton curve A
HE L CRTFELAL, Y A MO, U B8R 45 o= (e iJ (13)
0
0 B B TSR B A= % (14)
BEPERIFE Koo S BB 0 B BE L 3P I A0 [ —— it@iw&%w §
N o I 1:'AI< o ] B % ) /- H
65 TR 0 AR 03 o B 9 ) T IR B RS
1 F I K 7T 50 Ky =0.81K, (15)
« _ SEI o) W 4 AT A5 i R AT 2 55 M BR e 3k A bl (i B
Co I F 0.86, At AR fer 2 PRk
Ao, Lo K ELA A BT W 424 P,=0.86P, (16)
A GER VT RLTE ) 43,4 AT 60 76 AR VR B A B w4 JERAIE A, Tk H
B R N = P,
A= (17)
EI=E.I +E.I (10) K,
b E L O AT IR R B LA R ELL R W {7 28 P, , 106 235 SR 20 A 1T 260, o B HE L
TR0 0 3 T 5 T E wu&ﬁuﬁﬁwﬁﬁﬁﬁ SE LA R, i ad

MR P, MR A RYEZ I A A]
I i S

554

X = A 2 B0 PR i 28 30E
e BR Ay 282 1K 3 h

it o 2 mH 53 Hr %



P, =(0.155A— 0.057 + 0.007¢

fﬁ'#,MJW&KE%IE,*E%EﬁuﬁWﬁAL\EEE@KIEJﬁt’J
Fe LA AR BRLE )0 (5.2.1-1) . (6.7.2-2) .5
(6.7.2-13) 17115

WEAE AL A, S b WA 7 #% 7T 3 2o i IR A5
DA B W A A 3 A SRR AR SR A 2 L (F el T LR R
BT BT 8B LK B R
INE A EASEN A IS R S R i N

B, AR S B BELE R3] (A, —A)/A, SHhi$r
tenZzlp k&R, HERA N,
w:*2.85772*0.36n+2.69 (19)

2, 0<<n<<0.6,
o b B B I 2R ik 2k

80 80
60 e 60 P
40 40
20 20
¢ |
% 0 ‘ % 0 §
& 20 | & 20 /
-40 [ EBE 4 J  Red
-60 g « BR(H -60 .f‘ e + ° IEQ{E

P,— P,

K,= Y (20)
e BR e7 48 P, B 0.85 55 [ W far 2, 3B K

P,=0.85P, (21)
R 41 28 56 i 75 540 AT LA IRBR 8 A, 3R 3A

Wi

A,=1.834, (22)

T REBNINEE Ky Rk
P,— P,
K,= e (23)

W 8 pron 56 B A5 i At 2 5 b S
P 2R Z AR RS L, PEE W) S 18 DU AT o RO 2R
SN R R TR A IR BE R iR
JEAR = E

-80
-40-30-20-10 0 10 20 30 40
A4/ mm 4/ mm

(a) SCRTM1 (b) SCRTM2

-60

_80—40—30—20-10 0 10 20 30 40

4/ mm 4/ mm
(c) SCRTM3 (d) SCRTM4

60
40

E 20

O\.. 0
20 = RRME
—40 — FHIRE

-40-30-20-10 0 10 20 30 40

4/ mm
(e) SCRTMS5

-60 —40 —20 0 20 40 60

(f) SCRTM6

760 26040 20 0 20 40 60
A/ mm 4/ mm
(8) SCRTM7

P8 R Al LA O Al e T

Fig.8 Comparison between experimental and calculated results of the skeleton curves
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