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New Approaches for Calibrating Material Factors of Reinforced
Concrete Members in Korean Highway Bridge Design Code
(Limit State Design) and Reliability Analysis

ABSTRACT

This paper brings up fallacy of material factors specified for the design of concrete members in the current Korean limit state design code
for highway bridges, and proposes new material factors based on a robust optimization scheme to overcome the fallacy. It is shown that
the current load factors in the code and the proposed material factors lead to a much higher reliability index than the target index. The
load factors are adjusted to yield the target reliability index using the inverse reliability analysis. A reliability-based approach following
the basic concept of Eurocode is formulated to determine material factors as well as load factors. The load-material factors obtained
by the proposed reliability-based approach yield a lower reliability level than the target index. Drawbacks of the basic concept of
Eurocode are discussed. It is pointed out that differences in the uncertainties between materials and members may cause the lower
reliability index of concrete member than the target.
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Fig. 1. Variations of Equivalent Resistance Factors with Strength-
Reinforcement Ratio of Bending and Compression Members

Table 1. Material Factors and Equivalent Resistance Factors for
Individual Strength-Reinforcement Ratios

Material |Strength-reinfor|  Equivalent
Method | Reference factor cement ratio | resistance factor
03 er ;}fl and ;(‘,p g;fl !pz‘p
0.1 0.88 0.68
Kim and
Lee(2000) 0.90 | 0.65 0.2 0.85 0.70
Optirization 0.3 0.82 0.72
-based 0.1 091 | 0.74
Present
study 0.93 | 0.72 0.2 0.89 0.76
0.3 0.87 0.77
0.1 0.89 0.75
Reliability| Present
“based study 0.90 | 0.73 0.2 0.87 0.76
0.3 0.85 0.77
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Fig. 2. Variations of Total Factored Load Effect with Dead Load

Ratio for Load-Factors in Table 2

Limit state/ Load factor Member resistance factor | Material factor
Source : .
Dead load ratio Yoo Tow YL o by 0, 0,
USD - 1.300 1.300 2.150 0.85 0.70 - -
Ultimate limit state 1 1.250 1.500 1.800
LSD - — - - 0.90 0.65
Ultimate limit state 4 1.500 1.500 -
. Ultimate limit state 1 1.162 1.395 1.674
Adjusted LSD - — 0.90 0.75 - -
Ultimate limit state 4 1.395 1.395 -
Lee et al. 0.63 < ¢ < 1.00 1.280 1.408 1.378 0.90 0.75 - -
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Table 3. Statistical Parameters for Strength of Reinforced Concrete Members and Load Effect

Random variable Bias factor Coefficient of variation Distribution type Source
Flexure 1.229 0.130 Lognormal Paik et al.(2009)
Strength of member -
Compression 1.229 0.183 Lognormal Current study
Qpe 1.030 0.080 Normal
Nowak(1999)
Load effect Qpw 1.000 0.250 Normal
Q1 1.000 0.200 Lognormal Lee(2014)
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Fig. 3. Reliability Indices of Nominal Member Strength by Load-Material/Resistance Factors of USD and LSD
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Fig. 4. Reliability Indices of Nominal Member Strength by Adjusted Load-Material/Resistance Factors of LSD
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Table 4. Statistical Parameters for Material Resistances of Rebar and Concrete (ECP, 2008)

) Model error Geometrical error Material strength Material resistance Distribution
Material M 50, A, b, Ay by Ay 5, type

Rebar 1.000 0.025 1.000 0.050 1.070 0.040 1.070 0.069 Lognormal

Concrete 1.000 0.050 1.000 0.050 1.290 0.150 1.290 0.166 Lognormal
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Fig. 5. Reliability Indices of Nominal Member Strength by Load-Material/Resistance Factors Presented by Lee et al.
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Table 5. Averaged Components of Unit Normal Vector in Direction of Resistances of Rebar and Concrete and Corresponding Material Factors

Material Range of £ Range of n Averaged component of unit normal vector Material factor
Rebar -0.67 0.90
0.63~1.00 0.60~1.00
Concrete -0.90 0.73
0.0 1.8
—1=0.7 (Rebar) —n=0.7 (Concrete)
— —1n=0.8 (Rebar) — —n=0.8 (Concrete)
024 n=0.9 (Rebar) === 1n=0.9 (Concrete) 174
0.4 4 T
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Fig. 6. Variations of Components of Unit Normal Vectors at Most
Probable Failure Points with DC Ratio in Direction of
Resistances for Rebar and Concrete
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Fig. 7. Normalized Target and Nominal Material Resistances for
Rebar and Concrete
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Table 6. Load Factors by Present Study (Reliability-Based) and Lee et al.

Load factor
Source
Yo Tow Yir
Present study 1.165 1.268 1.236
Leeetal. 1.280 1.408 1.378
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Fig. 8. Reliability Indices of Nominal Material Resistance by Load-
Material Factors Based on Proposed Reliability-Based Approach
for Rebar and Concrete
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Fig. 9. Reliability Indices of Nominal Member Strength by Load-
Material Factors Based on Proposed Reliability-Based Approach
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