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Development of Structural Reliability Analysis Platform of
FERUM-MIDAS for Reliability-Based Safety Evaluation of Bridges

*
Seungjun Lee, Young-Joo Lee
Department of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology
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Finite Element Reliability Using MATLAB(FERUM)™} & AA/a 4o E3l A8 AT E o]l MIDAS/CIVIL
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Abstract The collapse of bridges can cause massive casualties and economic losses. Therefore, it is thus
essential to evaluate the structural safety of bridges. For this task, structural reliability analysis,
considering various bridge-related uncertainty factors, is often used. This paper proposes a new
computational platform to perform structural reliability analysis for bridges and evaluate their structural
safety under various loading conditions. For this purpose, a software package of reliability analysis,
Finite Element Reliability Using MATLAB (FERUM), was integrated with MIDAS/CIVIL, which is a
widely-used commercial software package specialized for bridges. Furthermore, a graphical user
interface (GUID) control module has been added to FERUM to overcome the limitations of software
operation. In this study, the proposed platform was applied to a simple frame structure, and the analysis
results of the FORM (First-Order Reliability Method) and MCS (Monte Carlo simulation), which are
representative reliability analysis methods, were compared. The proposed platform was verified by
confirming that the calculated failure probability difference was less than 5%. In addition, the structural
safety of a pre-stressed concrete (PSC) bridge was evaluated considering the KL-510 vehicle model. The
proposed new structural reliability analysis platform is expected to enable an effective reliability-based
safety evaluation of bridges.
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Table 1. Statistical properties of random variables for
frame example

5:;,1;;:; Mean Coefficient | Distribution Nuzlfber
(]éV ) of variation type RVs
MOE;I?EHLI)O“ 90.00 0.40 Normal 1
Verﬁ(ﬁnmad 490 0.20 Normal 1
Young's
modulus 21,000 0.10 Normal 4
(kN/em?)
Moment of
inertia #1 13.33 0.10 Normal 2
(cm®)
Moment of
inertia #2 10.67 0.10 Normal 2
(cm®
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Fig. 6. Failure probabilities obtained from FORM and
MCS with increasing number of samples
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bridge for MIDAS/CIVIL = A57t 3.58 Aslele Aoz AAE o, mEkA
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Hd9] 7 EﬂE(ﬁ;y)Q} E3YEY AFHE(L A) 1
stlom, 5F5(2) FEollde ALY ZYAEHAE 2 Table 3. Reliability index and failure probability for
AYE 2 TA 7<ﬂ7q' B9 A(Dy), BAEE 23 example  bridges  calculated  with
aE BA] AHD), OFAHE L ZATED), ¥ FERUM-MIDAS
ZA B259] 515Dy, THAIE A5t Alset S8 ay} Girder Reliability Failure
a3t - index probability
1612 =43t K1-51 2 B (11)S 13 -
[ O1% #8 o > ?j;io}z = Z]T( )& st #1 6.1891 3.0257x107°
Mq' ‘OJ'E\__ ] EH?_ 02"—1 = 6]‘1:‘ 04‘:"{ —IEI_X]—E #) 6.8274 43244% 1072
(17-1915 #aLst3lem, Table 2] 8.9F=c] qlch 5 6.9140 235573102
R H’ﬁ.é oA L2EQ] T E W A #4 63005 1.48299x10™°
A= Eq. (9)AH PSC ATl9] & »Io oist =
Table 2. Statistical properties of random variables for numerical example
Resistance Load
Tendon Concrete Dead Live
Random
variables Yield st Compressive Factory-made | Cast-in-place Wearing Miscellaneous
(RVs) le(MPS )r 88 strength members members surface weight KL-510,
p @ (MPa), (kN/m?), (kN/m?), (kN/m?), (kN/m?), LL
o fek Di D2 D3 D4
Nominal 1600 40 25 25 23 25 -
values
Bias factor 1.040 1.130 1.030 1.050 1.000 1.050 1.000
Coeflicient 0.025 0.060 0.080 0.100 0250 0.100 0.200
of variation
Disttr;lgztion Log-normal[17] Normal[18] Normal[17] Normal[17] Normal[17] Normal[17] Log-normal[19]
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