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Seismic Fragility Evaluation of Cabinet Panel by
Nonlinear Time History Analysis
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Abstract Earthquakes are almost impossible to predict and take place in a short time. In addition, there is little time
to take aggressive action when an earthquake occurs. Therefore, there are more casualties and property damage than
with other natural disasters. Recently, earthquakes have been occurring all over the world. As the number of
earthquakes increase, studies on the safety of structures are being carried out. On the other hand, there are few studies
on the electric facilities, which are relatively non - structural factors. Currently, electrical equipment in Korea is often
not designed for earthquake safety and is quite vulnerable to damage when an earthquake occurs. Therefore, in this
study, modeling was conducted through ABAQUS similar to an actual cabinet panel and 3D dynamic nonlinear
analysis was performed using a natural seismic. According to seismic zone I and normal ground rock conditions
of the power transmission and transmission facility seismic design practical guide, the maximum response acceleration
of the performance level was 0.157g. In this study, however, it was not safe to reach the limit state of 30% of the
analytical result at 0.1g for the general cabinet panel. From the results, the seismic fragility curve was derived and
analyzed. The derived seismic fragility curve is presented as a quantitative basis for determining the limit state of
the cabinet panel and can be utilized as basic data in related research.
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Table 1. Data of cabinet panel

Component Thickness Width Height
’ (mm) (mm) (mm)
Frame 2250 1400 2500
VCB for MCSG 1000 963 1365
DCI-204A(W) 200 290 320
F
230.44 MPa —
R
f;=200.00 MPa —
/
/
/

&y E

Fig. 1. Stress - Strain relation curve of SPCC
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(b)

(d)

Fig. 2. Details of cabinet panel
(a) Detail of VCB for MCSG (b) Detail of
DCI-204A(W) (c) Front and back side of
cabinet panel (d) Detail of cabinet panel
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Table 2. Finite element characteristics of structural

members
Number of Number of
Component Element type
elements nodes
Frame 4-Node shell 15,213 15,542
VISCBSE” 10,260 11,760
8-Node solid
DCI 144 245
Table 3. Material properties of frame
VCB for
Component Frame MCSG DCI-204A(W)
Unit weight
3 7.15 0.377 2.087
(t/m’)
Young's Modulus
(GPa) 192.9 200 200
Poisson's ratio 0.3 0.2 0.2
Yield
stress(MPa) 200 X X

(b

(c)

Fig. 3. Modeling details of cabinet panel
(a) Frame modeling (b) DCI-204A(W)
modeling (¢) VCB for MCSG modeling
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= Table 5. Information list of natural earthquake waves
b
@ ® A PGA | Time
no. Events Year Station Mag. @
Fig. 4. The result of mode analysis by ABAQUS g ©)
a) Ist mode (b) 17th mode
@) () p | Tabas | Sepl6th |y ook | 735 | 03279 | 2382
Iran 1978
Table 4. Eigen value and natural frequency of each o | Imperial |Oct, 15th| Aeropuerto | (o3| 2y cr |1y 1y
Valley 1979 Mexicali
mode
Nahanni  |Dec, 23rd
3 ’ Site 2 6.76 0.489 | 19.95
Mode Eigen value Natural frequency Canada 1985
(cycle/sec)
1 6184.0 12,516 4 | Nopalm Puly, 08th) DeserHot |- 5315 | 3 995
Springs 1986 Springs
2 6293.0 12.626
3 6559.0 12.890 5 N.plalm July, 08th NortbPalm 6.06 | 05941 | 20.025
4 68313 13.154 Springs 1986 Springs
B 7029.1 13.344 6 Loma Oct, 18th Gilroy 693 | 02088 | 39.94
6 7210.2 13.514 Pricta 1989 Array#1 ’ ’ ’
7 7859.6 14.110 Kob f L6th Nishi
obe an, ishi
3 8813.1 14.941 7 Japan 1995 Akashi 6.9 |0.5093 | 40.95
9 10377.0 16.213
10 11140.0 16.799 San |Feb. oom| Carben
11 11428.0 17.014 8| Femando | 1971 C*g‘m"“ 661 1006951 4341
am
12 12277.0 17.634
13 12690.0 17.929 . Superstition
Imperial |Oct, 15th
" 14603.0 19033 9| Valey | 1971 CMTN 6.53 | 0.1092 | 28.275
15 14732.0 19.318 amera
16 16480.0 20.431 Mar, .
17 187310 21782 o |Newzealand | g | Matahina oo 0sss | 2698
- . 02 1987 Dam
18 21669.0 23.428
19 22499.0 23.872
20 24320.0 24.820
3.2 1 IZ2|0f| tHEKFast Fourier Transform)
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==z Table 6. Probability of failure
2 g - PGA Probal_nhty of PGA Probal_alllty of
: - failure failure
H LI 0.06g 03 0.8g 0.7
PR Y 0.07g 03 1.0g 0.8
e 0.08g 0.3 1.1g 0.8
(a) (b) 0.09g 0.3 1.2g 0.8
. . 0.1 0.3 1.3 0.9
Fig. 5. Fourier transform spectra 02: 03 14§ 0
(a) no. 2(Imperial valley), (b) no. 7(Kobe, Japan) 0.4¢ 03 1.5¢ 1.0
0.6g 0.6

FRAGILITY CURVE

PROBABILITY OF FAILURE

AREeS A&tk AXTE 0.06gFEH 0.01g A

Sk} 0.1g7kA S7hsk 0.2gHEl 02g A F7el] = T
1.0g7H4 57 1.1g%E] 0.1g% Z7kske] 1.5g744 570 I e Y
B 15709 PGAE M43k 1503] 9] FAa|A S o
etk TS Mises S-20] 5885 ol Fig. 6. Seismic fragility curve of cabinet panel
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