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Seismic Fragility Analysis of Steel Structure Considering Steel Corrosion

ZHENG Shan-suo, TIAN Jin, HAN Yan-zhao, XU Qiang, SUN Le-bin
(School of Civil Engineering ,Xi’ an University of Architecture and Technology ,Xi’an, Shannxi 710055 ,China)

Abstract: Steel frames not only have the advantages of being light weight,and high strength but
also are corrosion resistant and fireproof, so steel is widely used for industrial construction. Un-
fortunately,research on corrosion mechanisms and measures of corrosion protection were mainly
aimed at the timber level and based on experiments, Due to differences in test conditions, test
methods and other factors, conclusions from these experiments were highly variable and empirical
formulas were difficult to utilize. In addition,research aimed at component-level corrosion was al-
so not yet clear,so uniform corrosion is often assumed for convenience. For example, some simply
reported weakened cross-section members and considered material deterioration to analyze struc-
tural performance. In this paper,we consider the seismic performance of overall structure in dif-
ferent service times, Material deterioration and non-uniform corrosion were accounted for in col-
umn and beam cross-sections. Steel corrosion caused the deterioration of seismic performance and
stiffness for structures. When steel frame structures survive earthquakes, it does not guarantee
that the structures will survive one that reaches the design capacity at a later service time. There-
fore,when evaluating the seismic performance of steel frame structures in different service times,
we must account for the increased seismic risks caused by steel corrosion over time. Changes in
seismic performance of structures over different service times were examined in this paper. The
deterioration of elastic modulus and steel yield strength were evaluated using existing empirical

formulas. At the same time,the thickness variation of the column and beam cross-sections in steel
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frame structures was accounted for by using findings from related research. Different methods in-
cluding IDA, pushover,and Monte Carlo were combined together to estimate values for different
limit states in a probabilistic seismic capacity model. In this paper,the maximum drift angle was
taken as the damage index. The statistical parameters of the probabilistic seismic capacity model
were estimated through pushover analysis, while the relationship of probabilistic seismic demand
was obtained by IDA analysis for random structure samples and different service times. Seismic
fragility surfaces of steel-frame structures were obtained in different limit state and different serv-
ice time (0 year,15 years, 30 years,45 years,and 60 years). Finally, a case study of a 15-floor
steel-frame structure was adopted to illustrate the change in structure fragility that may occur as a
result of corrosion. Seismo-structure software and finite-element models were used to test differ-
ent service times of the structure. Pushover and IDA analysis were then used to calculate values
of different limit states in a probabilistic seismic capacity model and the relationships of probabi-
listic seismic demand models, respectively,over different service times. These achievements would

provide theoretical support for the life-cycle design of steel frame structures, operation and man-
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agement,and especially seismic hazard assessment of existing steel frame structures.
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Table 1 Value of A.n under typical circumstances

KT KA/ mm
dbx HE B L Eigi
A 0.03 0.057 0.049 0. 056 0.022
n 0.42 0.61 0.24 0. 41 1.05
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Fig.1 The loss rate of the beam and column cross-section used in the case
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Table 2 Statistical characteristics of the structural parameters
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Table 3 Ground motion records used in the study

F5 H R WA E PGA/g

1 Duzce, Turkey Bolu 0.73
2 Northridge 90013 Beverly Hills —14145 Mulhol 0. 42
3 Cape Mendocino 89324 Rio Dell Overpass — FF 0.55
4 Chi— Chi, Taiwan CHY101 0. 35
5 Northridge 90054 LA — Centinela Station 0. 32
6 Loma Prieta 1002 APEEL 2 Redwood C 0.22
7 Loma Prieta 1601 Palo Alto — SLAC Lab 0.28
8 Northridge 14368 Downey Co Maint Bldg 0. 16
9 Imperial Valley 6610 Victoria 0.17
10 Chi—Chi, Taiwan CHYO015 0.15
11 Morgan Hill Gilroy Array #2 0.21
12 Morgan Hill Gilroy Array #3 0.19
13 Livermore 57187 San Ramon Eastman Kodak 0. 15
14 Point 272 Port Hueneme 0.11
15 Whittier Narrows Mugu Carson — Water St 0.10

16 Coalinga 36226 Parkfield Cholame 8W 0. 10
17 Whittier Narrows 14395 LB — Harbor Admin FF 0. 07
18 N. Palm Springs 5067 Indio 0. 06
19 Whittier Narrows 90038 Torrance — W 226th St 0. 05

20 Livermore 57063 Tracy Sewage Treatm Plant0. 05
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Table 4 Beam and column cross-section of steel frame

wiEE PHERE/mm AT/ mm LR /mm

1—7J2 [J380X380X25 []380X380X22 H600X200X19X12
8—15 2 [J380X380X22 [[1380X 380X 20
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Table 5 Story drift limit values in different levels
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A T ARECT RS G5 IR B 8] 433 R 0 4F
15 4F 30 4F 45 4 60 FF; A o H 1 J5, X (14)
WA MK AL R 4512 0. 920, 0. 918, 0. 912,
0.923.0. 916,

R RGBT RN SR 4 B
MRIAR A 1Y S 10 1R T8 . AR SR AS ] B[R] 9 3 52 75
KRGS () HEHHE ¢ #HATHE -

*6 TEBBHEB alt)/a &
Table 6 Values of a(t)/a, in different service times
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Fig. 2 The seismic fragility surfaces of the steel frame consider corrosion
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