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Seismic Damage Model of a Multi-age Steel Frame Structure
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Abstract: Steel structures are light in weight, high in strength., and suitable for industrial manu-
facture. In China, there is currently a policy that supports the development of steel structures and
their durability is gradually being addressed by designers, users, and researchers. In the design
working life, even if a steel structure is maintained with an anti-corrosion coating, it is difficult to
avoid corrosion as this is caused by external factors and the influence of corrosion on the perform-
ance of steel structures has become an urgent problem. Therefore, in this paper a dynamic time
history analysis of multi-age (different degrees of corrosion) steel frame structures is carried out
using ABAQUS software and the influence of corrosion damage is studied. The main work pro-
gressed as follows: based on the nonlinear finite element analyses from ABAQUS and using the
control variable method, the main factors influencing earthquake damage in multi-age steel
frames were found to be effective section shrinkage and ultimate strength degradation of the steel.
Generalized corrosion damage was defined, and the relationship between corrosion damage and
seismic damage in a non-corroded prototype structure explored. Finally, a multi-age structural

damage model based on the earthquake damage in the non-corroded prototype structure was es-

tablished.
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Table 1 Performance parameters of steel materials

with different ages and weight loss rates

Wwi/D,  o,/MPac,/MPa ey cu E/MPa DA/%

B —/ 0% 235 375 0.001 175 0.024 675 2.06X10° 0
W=/ 5% 223 357 0.001 165 0.019 215 1.98X10° 5
Wi =/12% 207 331 0.001 160 0.013 302 1.87X10° 12

WY /20% 189 301 0.001 155 0.013 204 1.75X10° 20
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Table 2 Damage index range under different

damage degrees

BIOIEEL HEASEN  RMEIE RSB CEEOR #E

44K 0.00~0.20 0.20~0.40 0.40~0.65 0.65~0.90 =>0.90
FRFEHE  0.00~0.10 0.11~0.25 0.26~0.45 0.46~0.65 0.90
XMARL 0.00~0.10 0.11~0.30 0.31~0.60 0.61~0.85 0.86~1.00
Park&.Ang 0.00~0.40 0.40~1.00  >1.00
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Table 3 The corrosion rates of Q235 steel in atmospheric environment
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Fig.1 Structural plan layout (Unit:m)

4—

32.4

9X3.6

'l—ﬂ!rr 6 m!n 6 ﬂ!w 6 n!n
B2 #MimB R4 m)

Fig.2 Structural elevation (Unit:m)
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Table 4 Structural section size
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Table 5 Ground motion input recommended by ATC-63

i RR KRAEF ZH HiE& i WE(E TN PGA /g
1 6.5 1979 Imperial Valley, USA EL Centro Array #11 NGA174-IMPVALL-H-E11230 0.38
2 6.5 1987  Superstition Hills, USA EL Centro Imp.Co.  NGA721-SUPERST-B-ICC000 0.36
3 6.9 1989 Loma Prieta, USA Gilroy Array #3 NGA767-LOMAP-G03000 0.56
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Fig.3 Global damage of structures at different ages under earthquake
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