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/] ABSTRACT /

The recent increase in earthquake activities has highlighted the importance of seismic performance evaluation for civil infrastructures. In
particular, the container crane essential to maintaining the national logistics system with port operation requires an exact evaluation of its
seismic response. Thus, this study aims to assess the seismic vulnerability of container cranes considering their seismic characteristics.
The seismic response of the container crane should account for the structural members’ yielding and buckling, as well as the crane wheel's
uplifting derailment in operation. The crane’s yielding and buckling limit states were defined using the stress of crane members based on the
load and displacement curve obtained from nonlinear static analysis. The derailment limit state was based on the height of the rail, and
nonlinear dynamic analysis was performed to obtain the seismic fragility curves considering defined limit states and seismic characteristics.
The yield and derailment probabilities of the crane in the near-fault ground motion were approximately 1.5to 4.7 and 2.8 to 6.8 times higher,
respectively, than those in the far-fault ground motion.
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Fig. 1. Container crane at Gwangyang port [7]
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Fig. 2. Numerical model of container crane

Table 1. Material properties of container crane [9]

Densit Young's Yield
Type [t/m3]y modulus | Strength Member
[GPa] [MPa]
JIS-SM Diagonal Brace,
490Y 8.0 200 335 Forestay, Backstay
Lower leg, Upper leg,
JIS-STKA90|  8.05 200 313 |/Apexleg, Portal beam,
Boom girder,
Trolley girder
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Table 2. List of near-fault ground motions

Table 3. List of far-fault ground motions

No Record Earthquake | Distance PGA No Record Earthquake | Distance PGA
: magnitude [km] [g] : Magnitude [km] [g]
1 0.605 1 0.290
——1 Erzincan, 1992 65 20 Eastem Tacoma 7.1 600 [0 —
2 0.539 2 County, 1949 0.575
3 82 0.404 3 0.210
4 . ' 0.351 4 Hachinohe, 1978 7.9 187.0 0.378
— Gyeongju, 2016 5.8 T —
5 5 0.285 5 0.138
6 ’ 0.257 6 0.338
Landers, 1992 7.3 64.0 s —
7 0.461 7 0.308
—1 Imperial Valley, 1940 6.9 10.0
8 0.676 8 0.607
Miyagi-oki, 1974 7.4 66.0
9 "y 0.3%4 9 0.784
10 | Imperial Valley, 1979 6.5 ' 0.488 10 0.895
— Olympia, 1949 6.5 56.0
11 1.2 0.302 11 0.821
12 1.283 12 0.369
Bl Kobe, 1995 6.9 34 Puget Sound, Wa, 74 610 |
13 0.921 13 Federal, 1949 0.303
14 0.418 14 0.752
—— | Loma Prieta, 1989 7.0 35 Puget Sound, Wa, 71 800 ————
15 0.473 15 Olympia, 1949 0.596
16 0.174 16 0.200
— Long Beach, 12 12 1560 |——
17 VernonCNDBIdg 0.135 17 0.274
18 0.755 18 0.524
— Mendochino, 1992 71 8.5 63.0
19 0.485 19 0.248
20 0.088 20 0.183
— 96 118.0
21 0.083 21 0.227
22 0.061 22 0.176
— 6.1 1320 ———
23 ) 0.074 23 Saguenay, 1988 5.9 0.272
— Nahanni, 1985 6.9
24 0.252 24 0.573
— 9.6 %60 ———
25 0.237 25 0.676
26 0.174 26 0.714
— 6.9 980 ——
27 0.211 27 0.524
28 75 0.868 28 118.0 0.651
29 ) ' 0.943 29 0.505
———  Northridge, 1994 6.7 1320 ———
30 64 0.927 30 0.781
31 ’ 1.330 31 1.756
Seattle, 1965 71 80.0
32 0.678 32 1.392
— Northridge, 1994, Newhall 6.7 6.7
Northridge, 1994, Rinaldi 0.534 34 Interplate 0.647
— 6.7 75
35 RS 0.580 35 1.637
36 ] 0.569 36 . 1.574
——— Northridge, 1994, Sylmar 6.7 6.4 Valpariso, 1985 8.0 50.0
37 0.817 37 1.270
38 0.712 38 0.902
39 | Simulation, Palos Berdes 71 15 0.776 39 . 0.295
— West. Washington, 1949 6.5 80.0
40 0.500 40 0.389
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Table 4. Limit state for container crane by HAZUS [18]

Damage State Damage Ratio [%]
Slight Damage 5
Moderate Damage 25
Extensive/Complete Damage 75
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Table 5. Limit state by Nonlinear static analysis result for container

crane
Structural Yielding Buckling Derailment
type damage damage [m]
[m] [m]
Container Crane 0.368 2.139 0.03
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