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Optimum Design of I-shaped Composite Beam by Reliability Analysis

Sang-Jin Kim
Dept. of Civil & Environmental Engineering. Cheju National University. Jeju-Do. 690-756. Korea

This study develops a continuous optimum design algorithm based on a reliability analysis for the structure

with I-shaped composite beam under TL-240 loads of Korean Bridge Design Code

(KBDC). The finite element

method is employed for the analysis of the structures. The Rackwitz-Fiessler procedure is used for the reliability

analysis. The procedure accounts for the distribution of variables and nonlinear limit state functions. Sensitivity

analysis is also performed to investigate effects of statistical variables.

In the optimization formulation. the

objective function is the total weight of steel and the contraints are flexural stresses. reliability indices. compact

section criteria. deflections and other limits. Both the sequential unconstrained minimization technique and the

dynamic programming method are used in the continuous optimization method. Various examples demonstrate

the practicality of reliability based structural optimization. The results of optimization show that live load is

the most sensitive factor among various design parameters and the sections around supports have high

reliability.
Key words : reliability analysis. optimum design. bridge design
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Table 1. Basic Statistics for Each Variable
Variables A | 2 | Distribution
Plastic Section Modulus (Z) [1.05(0.05 Normal
Yield Strength (F.) 1.10{0.13| Log-Normal
Dead Load (D) 1.05(0.10| Normal
Live Load (L) 1.2410.25| Log-Normal
Impact Factor (I) - 10801 Normal
Area of Web (Ay) 1.0510.05{ Normal
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Table 2. Design Conditions
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Design Constants Used Values
Span Length 30 m
Effective Width 22 m
Unit Weight of Concrete 2400 keg/m
Unit Weight of Asphalt 2250 kg/ o
Unit Weight of Steel 7850 kg/m
Concrete Thickness 23 cm
Steel Ratio within Effective Width 001 %
Concrete Strength 240 kg/cd
Steel Yield Strength 3300 kg/c
Depth of Web 190 cm
Target Reliability Index (Bending) 2.1 -45
Target Reliability Index (Shear) 4.0
Asphalt Thickness 5 cm
Design Load TL - 240
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Fig. 1. Result of Optimum Design.
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Sensitivity Analysis
(B s=4.0 , B v=4.0)
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Fig. 2. Sensitivity Anaysis.
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Fig. 3. Section Change per Reliability Index.
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Fig. 4 Optimum Design per Material Change.
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Table 3. Optimum Design per LRFD

Span length 30 m
Total optimum weight 12.31 ton

Section End | Middle

Optimum weight 3.207 1 5.900

Optimum Section | Upper flange | 1.436 | 2.020

Lower flange | 2.39% | 2.9386

Web 1067 | 1479

B u 3.08 276

B s 6.60 7.79

LRFD design(B \) 393 3.33
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