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Evaluation of seismic performance of RC beam-column connections
considering non-uniform freeze-thaw damage

CHENG Xiaoshan'?, XU Li*, QIE Yawei'
(1. School of Architectural Engineering, Guang’ an Vocational Technical College, Guang’ an 638000, China; 2. Sichuan Water Conservancy
Vocational College, Chongzhou 611231, China; 3. College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The freeze-thaw cycle (FTC) is one of a major factors leading to the damage of reinforced concrete
(RC) structures in severely cold regions. The seismic performance evaluation of FTC-damaged RC beam-column
connections is critical to the assessment of structural safety. However, the studies on the seismic performance
evaluation of FTC-damaged RC beam-column connections under severe cold environments are still scarce. In this
study, the influences of freeze-thaw cycles (N) and axial force ratio (n) on the seismic performance of RC beam-
column connections are deeply investigated. Based on the test results, a calculation model of the shear force-strain
envelope curve of RC connections that integrates the effects of the inhomogeneous temperature field distribution and
axial compression ratio was established. The results show that with the increase of NFTC_, the bearing capacity of
the RC connections and the shear bearing capacity of the core area decrease, while the ductility, shear strain 7y,
and shear deformation to the total deformation A,,/A gradually increase, and after 300 freeze-thaw cycles, A,,/A is
up to 21.90%. The established shear force-distortion calculation model for the FTC-damaged RC core area can
accurately calculate the shear force V;, and shear distortion y. The mean error of both the shear force V; and shear
distortion 7y does not exceed 20% , and the standard deviation does not exceed 0.1. Furthermore, the precision of V,,
is slightly higher than that of y. The shear skeleton curve calculation model established can be used to evaluate the

seismic performance of FTC-damaged RC beam-column connections under earthquake actions.
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Table 1  Design parameters of test specimens

TF 2 NFTCs FTCs IR A]/d L n BIFELL V,/f.bih; FLA R p 1 f (/S
JD-1 0 0 0.191 0.208 0.030
JD-2 100 23 0.191 0.208 0.030
JD-3 200 46 0.191 0.208 0.030
JD-4 300 69 0.191 0.208 0.030
JD-7 200 46 0.051 0.208 0.030
JD-8 200 46 0.332 0.208 0.030
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Fig. 1 Dimensional information of specimens
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Table 2 Calculation results for V;, and y

N U iy 5 APt
. {E%ﬁﬂ:ﬁif&? O — T4 5, S IR U {E A 3TN
e 3 BY AR Ll B i AR Eipi| oY AR B AR
JD-1 55.08 0 0.191 175.813 0.026 238.889 0.057 359.819 0.164 0.445
JD-2 55.08 100 0.191 155.137 0.031 228.230 0.074 342.925 0.255 0.639
JD-3 55.08 200 0.191 135.969 * 0.024 214.323 " 0.092 323.141" 0.365 0.856
JD-4 55.08 300 0.191 122.080 0.037* 192.257 0.111 316.770 0.530 1.145
JD-5 32.00 300 0.191 102.609 0.015 155.307 0.080 273.300 0.432* 1.098 *
JD-6 40.3 300 0.191 111.613 0.023 172.597 0.080 ¢ 294.739 0.527 1.073
JD-7 55.08 200 0.051 134.484 0.026 193.708 0.073 303.514 0.514 1.173
JD-8 55.08 200 0.332 110.135 0.019 201.976 0.071 200.669 0.314 0.854
JD-9 32.00 0 0.191 141.287 0.010 210.696 0.039 350.821 0.112 0.378
JD-10 32.00 100 0.191 123.592 * 0.011 200.328 * 0.052 332.843 0.180 0.555
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JD-11 32.00 200 0.191 106.950 0.012 187.137 0.065 311.952 0.263 0.758
JD-12 40.30 0 0.191 160.450 0.013 219.765 0.040 364.393 0.154 0.400
JD-13 40.30 100 0.191 140.931 0.014 209.576 0.053 346.642 0.243 0.581
JD-14 40.30 200 0.191 122.799 0.016" 196.480 0.066 325.924 0.350 0.785
JD-15 55.08 0 0.051 160.816 0.024 219.653 0.064 344.088 0.271 0.588
JD-16 55.08 100 0.051 147.202 0.025 208.213 0.068 325.276 0.382 0.863
JD-17 55.08 300 0.051 125.437 0.031 169.595 0.077* 272.894 0.715 1.586 "
JD-18 55.08 0 0.332 168.365 0.012 227.659 0.041 352.077 0.114 0.357
JD-19 55.08 100 0.332 151.928 0.014 216.333 0.056 331.574 0.205 0.591
JD-20 55.08 300 0.332 125.651 0.023 178.107 0.087 274.488 0.476 " 1.203
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