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Fig.1 Size and reinforcement arrangement of specimens

(Unit: mm)
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Tab.1 Design parameters of specimens

i REEL BYE RR A A N VR

i SR BE/mm iR/ 00 BUATER/ % BN
CL1 C50 5.0 1300  0.63 1.75 0

CLz C50 5.0 1300  0.63 1.75 100
CL3 €50 5.0 1300  0.63 1.75 200
CL4 C50 5.0 1300  0.63 1.75 300

R2 WA R ERE

Tab.2 Material properties of reinforcement

A WA RNGRE WRMRERE MR
GBS iR /f./MPa f./MPa E,/MPa
;YA BL6 373 537 2.0X10°
4 75 A6 270 470 2.1X10°

1.2 FRBERAR

H R P RO K R AR R R R R

*3 REBEIEAL (BAI:kg/m’)
Tab.3 Mix proportion of concrete (Unit: kg/m*)
KUY Fr KB K @ i MK Kk
P.O 42.5R 0.4 390 585 1170 75 185
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Fig.2 Testing scheme of accelerated freeze-thaw cycles
1.3 FBEhfEIRE M RHERe

UREAIS 5, I 4 41 (40 34 )RC AR T
PR B 25 R ANR A s o T LU, B VR
PO N , TR B b BT 1 5 B2 AN W AR, 76 284 3001
VREBIE PR IS , TRGE L0 B2 [ B2 i 3000 0 1S4
SRBW] T RRR AR 0 TR BE T PERE R A FIRZ I

x4 FRBERBRINERE

Tab.4 Compressive strength after freeze-thaw cycles

VRANKEUN  PURSREE £,/ MPa WIS SREE £/
0 55.08 1.000
100 49.64 0.901
200 44.25 0.803
300 37.26 0.676
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Fig. 3 Loading system and measuring point arrangement
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Fig.4 Loading system diagram
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Fig.5 Crack distribution map during the loading process of
the specimen(C50, N=100)
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Fig. 6 Diagram of specimen failure state
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Fig. 7 Experiment hysteresis curve
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Fig. 8 Skeleton curves of specimens

40 60 80

x5 RHHIESH

Tab. 5 Characteristic parameters of specimens

Jet i W e FR

gg A/ P/ A P/ oas %ﬁfﬁ?
mm kN mm kN kN

CL1 10.91 42.32 48.22 47.12 59.28 5.43 55874

CL2 11.64 41.53 48.83 43.54 58.39 5.02 54547

CL3 12.36 39.86 48.03 42.04 57.78 4.67 52835

CL4 12.86 37.16 50.00 40.05 57.06 4.44 43200
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Tab. 6 Equivalent numbers of freeze-thaw cycles’
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0 0
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200 54.05
300 97.38
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Fig.11 Bond-slip relations under different freeze-thaw cycles
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Seismic behavior and numerical modelling method of RC beams
subjected to freezing-thawing damage

ZHENG Shan-suo"*, YANG Lu', JI Jin-ming' , PEI Pei', HUANG Yu', WANG Bin'
(1.School of Civil Engineering, Xi'an University of Architecture & Technology, Xi'an 710055, China;
2.Key Lab of Structural Engineering and Earthquake Resistance, Ministry of Education (XAUAT), Xi'an 710055,
China; 3.Shaanxi Electric Power Design Institute Co. Ltd., Xi'an 710054, China; 4.School of Civil and Architecture
Engineering, Xi'an Technological University, Xi'an 710021, China)

Abstract: To analyze the seismic response of reinforced concrete (RC) beams under frost environment, a series of accelerated
freeze-thaw cycle tests were conducted on four RC beams in the artificial environment laboratory, and then pseudo static tests were
carried out on all the specimens. The experimental results showed that the pinching effect of hysteretic curves was more evident and
the ductility as well as the energy dissipation capacity of specimens degraded with increasing number of freeze-thaw cycles. In the
meantime, the bond stress-slip model under freeze-thaw cycles was established through theoretical derivation. Then, the zero-
LengthSection of finite element software OpenSEES was used to in the numerical modeling of the seismic breaking process of RC
frame beams, which was based on the fiber model incorporating the effects of freezing-thawing damage. According to the compari-
son results of numerical modeling and experimental investigation, the hysteretic curves obtained from finite element modelling was
basically consistent with the test results; the differences between feature points of skeleton curves were relatively small; the pinch-
ing effect caused by freezing-thawing damage was well reflected in the modelling. Therefore, the proposed modeling method is accu-
rate, which provides theoretical support for the research on the seismic performance of existing RC structures under freezing-and-

thawing environment.
Key words: RC beams; seismic performance; freeze-thaw cycles; bond -slip; hysteretic curves
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