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Axial Compression Test and Simulation of L-Shaped Steel Reinforced
Concrete Columns After Freeze-Thaw Cycles

LI Wen, WANG Xingzhuo* , GE Nan, TENG Zhenchao, ZHANG Yunfeng, WANG Tong
(School of Civil Engineering, Northeast Petroleum University, Daqing, Heilongjiang 163318, China)

Abstract; In order to investigate the influence of freeze-thaw cycles on the mechanical performance of
steel-reinforced concrete ( SRC) irregular-shaped column structures, based on the axial compression
tests of five L-shaped SRC columns after freeze-thaw and the simulation study of 14 L-shaped SRC co-
lumns, the parameters including concrete strength, reinforcement ratio and steel content were analyzed.
According to the results, the calculation formula for the post-freeze-thaw bearing capacity was estab-
lished. The research results show that the freeze-thaw cycles have a significant impact on the durability
and structural performance of SRC components, manifested as the damage of the components gradually
deepening from the inside to the outside, and the ultimate axial compression bearing capacity decreases
significantly after 50 freeze-thaw cycles. The calculation values of the bearing capacity formula proposed
based on the finite element results have an error within 5%, which can reflect the change of ultimate
bearing capacity and provide a reference for the application of this structure in cold regions.
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Fig. 1 Cross-sectional shape of component
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Tab.1 Tests of material property
S - 2
C30 32.8 — —
HPB335 — 338.4 454.8
HRB400 — 420. 4 553.2
Q235 — 248.2 401. 1
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Fig. 2 Cube specimens with different freeze-thaw cycles
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Tab. 2 Compressive strength values of concrete

specimens after freeze-thaw cycles
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AL SE-H4{H/MPa T REAE %
0 32.80 —
25 30. 02 8.48
50 26. 68 18. 66
75 21.67 33.90
100 18.52 43.53
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Tab. 3 Relative dynamic modulus of elasticity

of prism specimens

S 1 g2 3 AR
%fﬁgm AL XS o s
Big/% Big/e B2/ FHHE%

0 100 100 100 100

25 920 920 88 89

50 83 84 82 83

75 74 75 70 73

100 63 65 64 64
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Fig. 3 Comparison of specimens after different

numbers of freeze-thaw cycles
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Fig. 4 Comparison of failure mode of component
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Fig. 5 Load-displacement curves of component
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Tab. 4 Ultimate bearing capacity of component

e HEEE PR =%
BHRS W F1/kN T A/ %
SRCFT-0 0 1488.17 —
SRCFT-25 25 1 420. 31 -4.56
SRCFT-50 50 1 380.33 -7.25
SRCFT-75 75 1 343. 44 -9.73
SRCFT-100 100 1 191.50 -19.94
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Fig. 6 Simplified diagram of load-displacement

curve of component
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Tab. 5 Ductility calculation table for all specimens

g Eﬁ%:ﬁz *&B%ﬁfrz ﬂriféﬂz
SRCFT-0 1.247 0. 945 1.32
SRCFT-25 1.726 1.317 1.31
SRCFT-50 2.328 1. 802 1.29
SRCFT-75 2.571 2.057 1.25
SRCFT-100 2.993 2.448 1.22
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Tab. 6 Design parameters of tests

WS IRBELREEER TR R %
L-01 €30 5.88 1.83
L-02 €30 5.88 2.86
L-03 €30 5.88 3.30
L-04 C40 5.88 1.83
L-05 €50 5.88 1.83
L-06 €30 3.97 1.83
L-07 €30 7.73 1.83
L-08 €40 7.73 1.83
L-09 €50 7.73 1.83
L-10 €50 3.97 1.83
L-11 €40 5.88 2.86
L-12 €50 5.88 2.86
L-13 C40 5.88 3.30
L-14 €50 5.88 3.30
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Fig. 7 Finite element model
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Tab.7 Comparison between experimental

and finite element results

T gﬁ;ﬁi BEIAN  B222/%
SRCFT-0 1 488.17 1 422. 64 4. 40
SRCFT-25 1 420. 31 1 368.97 3.61
SRCFT-50 1 380. 33 1 308.78 5.18
SRCFT-75 1 343. 44 1 230. 64 8. 40
SRCFT-100 1 191. 50 1 135.45 4.70
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Fig. 8 Finite element simulation of the ultimate bearing capacity in axial compression

2.3.3 IRBELSREL AT

SR HE N 2 43 0 2 SR AN [R) VR R o
(AR R A I A PR 7 28 7 B 7 Rl A0 A T
TEREOL IR 26, 245 R Won . S gl 1L-03 Fl L-14
RAFZRRLIEER 100 W5 #4145 B 7R 2% 5 43 31 T |
T 19.30% ,10.00%, Ti%E7S4 L-02 Fl L-12 44
HKE BT T 19. 60% . 10. 70% , 33X 13 B 4 J3
R R TR BT R T

XiF EL AT AT, X F% SRC A4 {4 Fe 15, 386 A i 4 %
XoF 45 RA R IR R 28 0 8 SO T, T SR P R A5 1 TR
5 T B IIN S AN R AR A A AR BB A E

AHENAK

56150 5 A FROTHILZE B AT R0, R Rl 2

YT 25 5 B0k B9 b TR Al R AR O B, O T 4k

PR , 27 SR 15 ] 51 AR R B w. 1IBILFR

B N T R IR G IR 5 A AR R AR 2 ) Py

SR GRRME AR R AR 2T Py O EGTA

Pyer

PFC*O (2>
URAMEIR G SRC SRR FR R 1R fb 2%k

w TG AN

= In[ (0.002 682f, — 0.241 93) x T7/{100 X

[(5.099 57 xn —31.3816) xp, xT+ 1]} (3)

A on HENE; p, WECHE R T 0 Uk BlAE 2 I

2.4

M:

Bf KR R MPa, /3 R AT C BB R =
0. 98, PEIATLL A BEBChT K5 70 A T 00 T BB S5 25
SR (A 452 W R 7R 2 77 b 166 31 85 HE 90 3 3 47 %0
L G5 WA 9,

2200
2000 -
1 800 |-
<
R 1600}
:
B 14001
=
1200 - = AEHUE
- AR
1000 b ﬁm@x (1+5%)
— BUEx (1-5%)
800 | | 1 | | | | |

0 10 20 30 40 50 60 70 80
T

K9 A BRI 22 T3 L

Fig. 9 Comparison of finite element simulation

rand formula calculation results
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