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Design parameters and reliability analysis of Q345 steel
axial loading member under high temperature
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Mountain Area, Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: In current Chinese code for design of steel structures, the design values of all kinds of steel at
mbient temperature have been listed, but there is no design value for steel at high temperature. In order to
analyze the design values of steel under high temperature, 152 groups of mechanical properties of Q345
steel at high temperature were collected and the statistical parameters of material property uncertainties of
Q345 steel under high temperature were obtained. The finite element model was established in the general
finite element software ABAQUS to calculate the ultimate loading capacity of 360 groups of Q345 steel
axial loading member under high temperature and the statistical parameters of model uncertainties of Q345
steel axial loading member under high temperature were generated. The partial factors for resistance of
Q345 steel under high temperature were proposed by using the first-order second-moment reliability
method which was programmed through Matlab and the reliability of the proposed resistance partial factors
were checked. The result meets the reliability requirement of building in fire and have sufficient
reliability.
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Table 1 Statistical analysis of the yielding strength of Q345 steel under high temperature and hypothesis test results

K (D

I
S &2 @ﬁﬁm RIGRIE  REGRE  RRREC mRa PHEEEER
BB THIE/MPa fREZ/MPa Ok, PR/ MPa PRI

100 biipul 18 1 353.715 19.142 0.054 322.227 1.098

200 il i i i 340.157 26.922 0.079 295.871 1.150

300 3 2 18 1 308.164 32.602 0.106 254.534 1.211

o2 400 3 iof il 1o 287.028 30.489 0.106 236.873 1.212

500 i 12 18 1 238.502 25.575 0.107 196.431 1.214

600 i 5t 18 1 174177 15.619 0.090 148.485 1.173
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ekl
S A &;ME LUS s EETES Ut B L W%MT%@
ELG o PHUMPa fRHE/MPa O, PR/ MPa TR
100 3 o i 3 354.900 21.026 0.059 320.312 1.108
200 i 1k i i 336.400 20.662 0.061 302.410 1.112
300 i 5 18 1 320.727 24.393 0.076 280.601 1.143
" 400 iRu iiRus 303.000 24.839 0.082 262.139 1.156
500 3 21 18 1 263.182 22.798 0.087 225.679 1.166
600 i 12 18 1 188.273 15.480 0.082 162.809 1.156
100 3 oL id 3 361.300 20.543 0.057 327.507 1.103
200 3 o il 3 346.800 14.543 0.042 322.876 1.074
300 i 18 1 347.000 20.528 0.059 313.231 1.108
o 400 i 5 18 1 339.818 21.372 0.063 304.661 1.115
500 il 3 38 3 304.091 27.340 0.090 259.116 1.174
600 38 38 1 210.182 17.331 0.082 181.672 1.157
100 biiPul iiBul 370.800 20.504 0.055 337.071 1.100
200 38 3t i 3 361.700 15.875 0.044 335.586 1.078
300 i 18 1 375.546 30.287 0.081 325.724 1.153
" 400 i 1 i i 376.364 29.422 0.078 327.964 1.148
500 i i i i 330.455 28.811 0.087 283.060 1.167
600 i 5 18 1 222.182 17.702 0.080 193.062 1.151
100 biipul biiPus 387.200 24.316 0.063 347.199 1.115
200 3 121 38 1 380.300 22.106 0.058 343.936 1.106
300 3 12 18 1 404.636 35.638 0.088 346.012 1.169
“0 400 3 1oL il 3 406.364 33.452 0.082 351.335 1.157
500 i ik i 3 351.636 32.244 0.092 298.596 1.178
600 i o 18 1 230.818 18.082 0.078 201.073 1.148
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Table 2 Statistical parameters of material property uncertainties of Q345 steel under high temperature

W/ C
NLAE /Y%

100 200 300 400 500 600
tr,, 0.988 1.035 1.090 1.091 1.093 1.056
" O, 0.055 0.080 0.106 0.107 0.108 0.090
i Fr,, 0.997 1.001 1.029 1.040 1.050 1.041
" O, 0.060 0.062 0.077 0.083 0.087 0.083
Py 0.993 0.967 0.997 1.004 1.056 1.041
o O, 0.058 0.043 0.060 0.064 0.091 0.083
Py, 0.990 0.970 1.038 1.033 1.051 1.036
b Ky 0.056 0.045 0.081 0.079 0.088 0.080
i, 1.004 0.995 1.052 1.041 1.060 1.033
e Oy 0.064 0.059 0.089 0.083 0.092 0.079
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Table 3 Statistical parameters of resistance uncertainties of Q345 steel axial loading member under high temperature

TR/ C
N A / %

100 200 300 400 500 600
LB 0.997 1.044 1.100 1.101 1.103 1.066
i R 0.988 1.034 1.089 1.090 1.092 1.055
v LHER 0.075 0.094 0.118 0.118 0.119 0.103
. LHiPES 0.110 0.124 0.143 0.143 0.144 0.131
LHETA 1.007 1.011 1.038 1.050 1.059 1.051
] i il 0.997 1.001 1.028 1.040 1.049 1.040
a 5 LiEi 0.079 0.080 0.092 0.097 0.101 0.097
. LPES 0.113 0.114 0.122 0.126 0.129 0.126
B 1.002 0.976 1.006 1.013 1.066 1.051
i LiiDaS 0.992 0.966 0.997 1.003 1.056 1.041
- 5 LR 0.077 0.066 0.079 0.081 0.104 0.097
. s 0.111 0.105 0.113 0.115 0.131 0.126
LETA 0.999 0.979 1.047 1.043 1.061 1.045
) i R 0.990 0.970 1.037 1.032 1.050 1.035
- 5 LHEDA 0.076 0.068 0.096 0.094 0.101 0.095
. LTS 0.111 0.105 0.125 0.124 0.130 0.125
B 1.013 1.005 1.062 1.051 1.070 1.043

.
i R 1.003 0.990 1.052 1.041 1.059 1.033
= 5 LiEi) 0.081 0.078 0.102 0.097 0.105 0.094
. LHPES 0.115 0.112 0.130 0.126 0.133 0.124
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Table 4 Statistical parameters of load uncertainties

i 4 28 FHME A5 5 R HL Gy A JE R
KA G 1.060 0.070 RS A
IO BTG 15 28 Qi 0.524 0.288 W AE T B 50 A
B R TH G T 3% Qe 0.644 0.230 e {1 20 43 A

JATT 2 0.908 0.193 W AE T B4 A
INARE KRG F p 0.548 0.346 W AE T B 50 A
58 K KA F g 0.579 0.306 WAE T B0 A
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Table 5 Partial factors for resistance under different load combinations
g /°C
(R A/ Y%
100 200 300 400 500 600
LA 0.921 0.899 0.879 0.879 0.878 0.891
" B 0.969 0.943 0.920 0.919 0.918 0.934
LE 0.916 0.914 0.901 0.897 0.893 0.896
o DA 0.964 0.961 0.946 0.941 0.936 0.940
wa Lo LHiEDA 0.918 0.933 0.916 0.912 0.891 0.890
i e 0.966 0.984 0.964 0.960 0.933 0.940
] LHE) 0.919 0.931 0.898 0.900 0.893 0.898
b LHINES 0.968 0.981 0.942 0.944 0.936 0.943
LHiEDA 0.913 0.917 0.892 0.896 0.889 0.899
“0 i e 0.960 0.965 0.935 0.940 0.932 0.944
LHE) 1.014 0.991 0.971 0.970 0.970 0.983
" LiDES 1.070 1.042 1.016 1.016 1.015 1.031
B 1.009 1.007 0.994 0.989 0.985 0.989
00 i 1.064 1.061 1.045 1.039 1.034 1.039
qa Lo LB 1.011 1.027 1.009 1.005 0.983 0.988
LA 1.066 1.085 1.064 1.059 1.031 1.039
LHIEDA 1.013 1.025 0.990 0.992 0.985 0.991
b ti I 1.068 1.083 1.040 1.043 1.034 1.041
LHiE 1.006 1.010 0.984 0.989 0.989 0.992
20 LA 1.060 1.065 1.033 1.039 1.029 1.043
L1 E VA 1.062 1.033 1.008 1.007 1.006 1.023
" i R 1.112 1.080 1.050 1.050 1.049 1.068
i E 1.056 1.053 1.037 1.031 1.020 1.030
o t1 1.105 1.102 1.084 1.077 1.071 1.076
aa Lo LA 1.058 1.077 1.056 1.056 1.023 1.030
LA 1.108 1.129 1.105 1.100 1.068 1.076
AL 1.060 1.075 1.032 1.034 1.025 1.033
o LTS 1.110 1.127 1.078 1.081 1.071 1.079
LA 1.051 1.057 1.024 1.030 1.021 1.034
“0 B 1.100 1.107 1.070 1.076 1.066 1.081
LHEA 1.154 1.125 1.098 1.098 1.097 1.114
" DA 1.218 1.186 1.157 1.156 1.155 1.174
LHiEDA 1.147 1.145 1.128 1.122 1.117 1.121
00 LHDES 1.211 1.208 1.190 1.183 1.177 1.182
R Lo LHE) 1.150 1.170 1.147 1.143 1.113 1.121
DA 1.214 1.236 1.211 1.206 1.174 1.182
LHE DA 1.152 1.167 1.123 1.126 1.116 1.124
o LHDES 1.216 1.233 1.184 1.187 1.177 1.185
LHE 1.143 1.149 1.115 1.121 1.112 1.125
“0 i & 1.206 1.212 1.176 1.182 1.172 1.187
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Table 6 Partial factors for resistance of Q345 steel axial loading member under high temperature

mE/C
NLAE /%

100 200 300 400 500 600 S (E
0.2 1.218 1.186 1.157 1.156 1.155 1.174 1.174
0.5 1.211 1.208 1.190 1.183 1.177 1.182 1.192
1.0 1.214 1.236 1.211 1.206 1.174 1.182 1.204
1.5 1.216 1.233 1.184 1.187 1.177 1.185 1.197
2.0 1.206 1.212 1.176 1.182 1.172 1.187 1.189

HRYE 2 6 2 25 A~ DA b i T A9 BT 0 30 T00 28 80, WAl 2 B

1.32 TS| 1241
—o— T R4L A2
1.26 —a— T RALA3
——mRAA4 1.22f
= 120 M
>:<
?@ 1.14 & 20
& 1.08 ‘—/\/A\./‘ 55:
‘R "’\‘/.\*//. 'R L8k
F 102 B

0.96 '—’_-\-_’_’.\./’/_. 116+

0.90 0

100 200 300 400 500 600 100 200 300 400 500 600
TREET/C RETIC
E1 #MEMGERRFTHAE THRASTRRY B2 WEMGEARAREEETHRASTREI
Fig.1 Partial factors for resistance of axial compression Fig.2 Partial factors for resistance of axial compression
members under different load combinations members under different strain

iAo AR Lo N I e taP- 3 o KT WA B TS G sy U 3 I A O G e N DA D S VA O i A B U - g e <
B R /INIX 3. B 100 °C~ 600 °C 1P BIE AR R B A8 2% 4 F P9 BL 1 73 T R 8008, 2k 6 i . il
TR ST R BAE S H I T Q345 WP 10T 2B 1111 He# kB 0 FARAT WA &4 F Q345 W iR T
PUII 43 TR BE KT H BT Q345 MIAHT 1 43550 Z 50, 8RR T 1 T g B2 B IS4 i

4 BRTTEEERRE

BEXTER = B AP ) 20 AR K i MATLAB 2 5 200 RO AT 45 1~ 4 1500 25 M il 1 B9
AT HE FER R A B2 7 R IR DA R H AR T EEBE L AR ANER T R .



%118 EIAKE Q345 M S MM HBTRITLAKE TEEIH 39
x7 AEAFHAS THRAIEER
Table 7 Reliability indexes under different load combinations
e o
AL R/ % e
100 200 300 400 500 600
LA 3.457 3.310 3.146 3.141 3.135 3.243
" s 2.927 2.859 2.775 2.771 2.768 2.825
LHEA 3.429 3.417 3.330 3.290 3.264 3.290
o DA 2.915 2.910 2.869 2.848 2.837 2.849
wa Lo LHiEDA 3.441 3.525 3.429 3.408 3.243 3.290
AR 2.920 2.958 2.915 2.906 2.826 2.850
] LiED 3.454 3.515 3.300 3.315 3.259 3.305
b LHINES 2.928 2.954 2.854 2.861 2.833 2.856
LHiEDA 3.408 3.438 3.254 3.290 3.233 3.315
=0 LHDES 2.905 2.920 2.831 2.849 2.821 2.862
LHE) 2.943 2.806 2.659 2.654 2.649 2.745
" LiDES 2.411 2.360 2.296 2.293 2.291 2.334
LHED: 2.917 2.905 2.824 2.787 2.764 2.787
00 LHDES 2.403 2.398 2.368 2.350 2.343 2.352
qa Lo LB 2.928 3.008 2.917 2.897 2.745 2.788
i 2.406 2.437 2.402 2.395 2.334 2.352
LHIEDA 2.941 2.999 2.797 2.810 2.759 2.801
b LHIDES 2.413 2.434 2.356 2.361 2.340 2.357
LB 2.897 2.926 2.755 2.788 2.736 2.811
20 i 2.395 2.407 2.338 2.352 2.331 2.362
LHIEDA 2.370 2.320 2.262 2.259 2.257 2.296
" i R 2.031 2.021 2.006 2.003 2.003 2.014
LHIEDA 2.361 2.357 2.327 2.311 2.304 2.312
o t1 2.030 2.029 2.023 2.017 2.017 2.018
aa Lo LA 2.364 2.395 2.361 2.354 2.297 2.313
iR 2.030 2.039 2.030 2.029 2.015 2.020
LHERA 2.371 2.392 2.316 2.321 2.301 2.317
o fy 2.034 2.039 2.020 2.021 2.016 2.019
LA 2.353 2.366 2.300 2.313 2.293 2.322
“0 s 2.028 2.033 2.015 2.019 2.014 2.022
LHEA 1.942 1.908 1.871 1.868 1.867 1.889
" DA 1.657 1.662 1.664 1.661 1.662 1.661
LHiEDA 1.936 1.933 1.914 1.901 1.898 1.903
00 LHDES 1.659 1.658 1.662 1.659 1.663 1.661
e Lo LiED 1.938 1.962 1.936 1.931 1.893 1.904
DA 1.657 1.660 1.659 1.660 1.662 1.662
LHE DA 1.944 1.960 1.905 1.909 1.895 1.906
o LHDES 1.661 1.660 1.661 1.660 1.661 1.660
LHE 1.931 1.941 1.894 1.903 1.891 1.909
“0 A R 1.659 1.661 1.661 1.661 1.663 1.662
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Fig.3 Reliability indexes of axial compression members under different load combinations
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