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Abstract

Most current design codes of concrete structures adopt the partial safety factor format to assure the proper safety margin or
reliability against various limit states as a practical design tool. The safety factors, load and resistance factors and so on, are
determined based on the theory of structural reliability, which takes into account the statistical uncertainties of both loads and
resistances. The establishment of statistical models for load and resistance should be preceded the application of reliability the-
ory. In this paper, especially the influence of the statistical variations of resistance models, which are described in terms of
strength of concrete, strength of reinforcements and sectional dimensions and so on, are examined and the probabilistic models
for resistance of reinforced concrete members were developed. The statistical data were collected on local tests and experi-
ments in Korea and the Monte Carlo simulation (MCS) technique was used. The results of this paper may be useful and valu-

able in calibration of design code in this country.
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Table 1. Statistics properties of concrete

Table 2. Statistics properties of reinforcement

b Bias factor V. Distribution
300 MPa 1.22 0.061
Beta
500 MPa 1.07 0.033

fe(MPa) Bias factor Ve Distribution
24 1.18 0.12
30 1.15 0.11
40 1.16 0.10 Normal
50 1.08 0.09
60 1.09 0.09
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Table 3. Statistics properties of dimensions

Properties Mean(mm) | S.D(mm) | Distribution
Beam -14.45 20.67
Effective g, -0.65 1178 | Normal
depth
Column -9.54 11.08
Beam +5.70 9.5
Width Normal
Column +3.19 7.33
Thickness Slab +3.08 10.86 Normal
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Table 4. Monte carlo simulation results of beams for ordinary strength concrete

(a) fu = 24 MPa, £, = 300 MPa (b) £ = 30 MPa, £, = 300 MPa
plp 0 0.2 0.6 | P Plp 0 0.2 0.6 |

0.005 1.183 1203 1.190 1.204 0.005 1.180 1.188 1.178 1.177

: 0.126) | (0.135) | (0.137) | (0.144) : 0.109) | (0.119) | (0.121) | (0.125)
001 1.196 1241 1.163 1.195 001 1.179 1.186 1.180 1.183

: 0.130) | (0.115) | (0.102) | (0.109) : 0.109) | (0.104) | (0.097) | (0.097)
0.02 1.144 1.167 1.174 1.177 0.02 1.150 1.169 1.183 1.179

: 0.084) | (0.093) | (0.092) | (0.086) : 0.085) | (0.095) | (0.087) | (0.083)
0.03 1.169 1.139 1.180 1.172 0.03 1.154 1.159 1.167 1.169

: 0.097) | (0.082) | (0.091) | (0.083) : 0.087) | (0.090) | (0.082) | (0.081)

(©) fu = 24 MPa, £, = 500 MPa (d) £ = 30 MPa, £, = 500 MPa
Fiel 02 0.6 1 PN 02 0.6

0.005 1.037 1.033 1.032 1.036 0.005 1.024 1.021 1.029 1.035

: 0.127) | (©0.121) | (©.121) | (0.123) : 0.106) | (0.106) | (0.106) | (0.108)
001 1.038 1.029 1.039 1.017 001 1.031 1.026 1.021 1.033

: 0.122) | (0.111) | (0.104) | (0.093) : 0.104) | (0.098) | (0.088) | (0.090)
0.02 1.070 1.027 1.023 1.022 0.02 1.038 1.034 1.031 1.015

: 0.129) | (0.104) | (0.092) | (0.085) : 0.105) | (0.097) | (0.087) | (0.077)
0.03 1.100 1.063 1.022 1.034 0.03 1.045 1.031 1.041 1.034

: 0.133) | (0.111) | (0.089) | (0.088) : 0.104) | (0.092) | (0.090) | (0.085)

Table 5. Monte carlo simulation results of beams for high strength concrete

(a) fux = 40 MPa, £, = 300 MPa (b) £ = 40 MPa, £, = 500 MPa
Flel o 02 0.6 I p ~LPL 02 0.6 I
woos | 1:209 1178 1.191 1.170 0,005 1.023 1.042 1.033 1.023
: ©.119 | 0122) | (0.137) | (0.138) : ©.1000 | ©114) | ©112) | @11
ool 1.156 1183 1172 1.180 001 1.042 1.057 1.035 1.046
: ©.104) | (0.110) | (0.105) | (0.106) : 0109 | (O.111) | (0.098) | (0.099)
0 1.169 1.166 1.186 1.170 000 1.020 1.036 1.036 1.021
: ©.111) | (0.100) | (0.095 | (0.085) : (0.100) | (0.098) | (0.088) | (0.080)
0.03 1.164 1.153 1.167 1.158 0.03 1.044 1.062 1.027 1.032
: 0.092) | (0.088) | (0.083) | (0.078) : 0.105) | (0.108) | (0.084) | (0.085)
(¢) fok = 50 MPa, f;, = 300 MPa (d) fox = 50 MPa, £, = 500 MPa
Pl o 02 0.6 1 p LI o 02 0.6 1
0,005 1.137 1.151 1.166 1161 0,005 1.023 1.029 1.034 1.028
: 0.088) | (0.108) | (0.123) | (0.130) : 0.09) | (0.101) | (0.107) | (0.107)
001 1.168 1.168 1.159 1.159 001 1.010 1.031 1.046 1.025
: ©0.09) | ©101) | (©.094) | (0.095) : 0.09) | (0.095) | (0.095) | (0.089)
o 1.166 1173 1.163 1.163 000 1.034 1.033 1.031 1.031
: 0.09) | (0.097) | (0.082) | (0.081) : 0.09) | (0.091) | (0.086) | (0.083)
0.03 1.143 1.136 1.184 1.170 0.03 1.034 1.025 1.027 1.029
: 0.087) | (0.083) | (0.089) | (0.083) : 0.102) | (0.09) | (0.082) | (0.082)
(€) for = 60 MPa, £, = 300 MPa () for = 60 MPa, £, = 500 MPa
& 02 0.6 1 p L1 o 02 0.6 1
0,005 1175 1.170 1.167 1.168 0,005 1.040 1.031 1.043 1.047
: ©.101) | (©.118) | (0.134) | (0.142) : 0.105) | (0.104) | (0.113) | (0.120)
001 1.164 1.170 1176 1.168 001 1.017 1.030 1.025 1.028
: 0.097) | (©.102) | (0.104) | (0.103) : 0.095) | (0.096) | (0.092) | (0.092)
00 1.169 1173 1.165 1172 00 1.042 1.016 1.033 1.032
: 0.102) | (0.094) | (0.087) | (0.086) : 0.102) | (0.089) | (0.088) | (0.083)
0.03 1.158 1.167 1.170 1.163 0.03 1.039 1.029 1.027 1.036
: 0.09) | (0.09) | (0.085) | (0.078) : ©0.104) | (0.093) | (0.083) | (0.083)
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(a) Bias factors of resistance (b) Coefficient of variation of resistance

Fig. 3 Resistance properties for various specified design strength of concrete
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Table 8. Monte carlo simulation results of slabs

% 300
F 24 30 40 50 60
0.005| 1201 | L1180 | 1186 | 1206 | 1.195
: (0.114) | (0.106) | (0.107) | (0.118) | (0.112)
p 00 | LI8L | 1200 | 1166 | 1.194 | 1.189
P11(0.107) | (0.115) | (0.110) | (0.114) | (0.112)
% 500
fr 24 30 40 50 60
0.005 | 1061 | 1056 | 1045 | 1.067 | 1.062
: (0.110) | (0.108) | (0.103) | (0.111) | (0.110)
P 001 | 1035 | 1071 | 1.058 | 1044 | 1.053
P11 0.093) | (0.112) | (0.105) | (0.105) | (0.108)

I st 2 2 2o] FE 4 UrkEllingwood,
1977).
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