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Abstract — The main purpose of this study is to assess the seismic safety of switchboards by analyzing their dynamic response
under earthquake loading. To ensure the reliability of the evaluation, seismic time history analysis was conducted using a 3D
finite element model, applying three different seismic waves as input excitations. The analysis focused on identifying the
locations of maximum displacement in the unreinforced model to detect structural vulnerabilities and evaluate the overall
stability of the frame. By tracking the dynamic behavior over time, this research provides a rigorous scientific basis for
determining optimal reinforcement positions. These findings contribute to establishing practical design guidelines for
enhancing the earthquake resilience of field-installed electrical enclosures.
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Table 1. Geometry and self-weight of the distribution board
model (excluding static loads)

Item Dimensions (mm) Weight
Width Depth Height (kN)
Distribution | 5, | 3150 | 2700 19.78
board

Table 2. Material properties for structural analysis

Weight Elastic
Material density Young’s Poisson’s
(N/mm?) modulus ratio
Steel (SS275) | 7.698e-05 2.05e+05 0.3
Polyethylene | 1.865e-05 1.25¢+04 0.325
Copper 9.365e-06 1.15e+05 0.4
2500 3200
= | '~ Polyethylene,
ACB | ! i, Copper
2700 () ! 2700 :, Ass

= =1 MOF
5 50i=

z z
L Unit: mm Unit: mm

(c) Locations of polyethylene and copper
(1-6: Polyethylene (Epoxy insulator), 7-9: Copper (Busbar))

Fig. 1. Geometry of the distribution board model
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Fig. 2. Boundary condition settings

Table 3. Dead loads applied in analysis

Equipment Weight (kg) Applied load
Self weight 1978 19.78 kN
MOF 120 0.6 kNx2
ACB 70 0.7 kNx1
ASS 80 0.2 kNx4
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Table 4. Characteristics of seismic wave

Seismic wave PGA Duration (sec)
LCl1 0.2431g 20.475
LC2 0.447¢g 60
LC3 0.6314¢g 50
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Fig. 3. Acceleration time histories for each earthquake record
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Table 5. Analysis conditions for seismic wave

Seismic wave | Input interval (sec) | Time increment (sec)
LC1 0.005 0.0005
LC2 0.01 0.001
LC3 0.01 0.001
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Table 6. «,,, 8, of materials by reinf. stage

Reinf. Seismic . Damping (5%)
. Material
stage direction a, B,

SS275 2.5114 | 8.52E-05
y Polyethylene | 6.2787 | 2.13E-04
Before Copper 7.5344 | 2.56E-04
reinf. SS275 33175 | 1.18E-04
X Polyethylene | 8.2937 | 2.96E-04
Copper 9.9524 | 3.55E-04
SS275 2.7257 | 6.86E-05
y Polyethylene | 6.8143 | 1.72E-04
. Copper 8.1772 | 2.06E-04
reinf. 1 S8275 2.0632 | 6.06E-05
X Polyethylene | 5.1580 | 1.51E-04
Copper 6.1896 | 1.82E-04
SS275 2.7253 | 6.87E-05
y Polyethylene | 6.8133 | 1.72E-04
. Copper 8.1760 | 2.06E-04
rein. 2 S8275 2.0639 | 6.03E-05
X Polyethylene | 5.1598 | 1.50E-04
Copper 6.1918 | 1.81E-04
SS275 2.6645 | 8.14E-05
y Polyethylene | 6.6613 | 2.03E-04
. Copper 7.9935 | 2.44E-04
reint. 3 $8275 2.0597 | 6.17E-05
X Polyethylene | 5.1492 | 1.54E-04
Copper 6.1791 | 1.85E-04
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Table 7. Detailed reinforcement process

Step Reinforcement description

0 Baseline model (before reinforcement)

Application of Y-axis seismic load
(initial evaluation for Y-axis seismic loading)
Reinf. 1: Triangular gusset plates at corners (joining

1

2 door-side wall+ASS mounting channel-Side wall)
3 Application of X-axis seismic load
(additional evaluation for X-axis seismic loading)
4 Reinf. 2: Two additional beams on the
low-voltage equipment mounting plate
5 Reinf. 3 : Two additional ceiling beams
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Table 8. Eigenvalue analysis results and stiffness before and

after reinforcement
Classification Before reinf. After reinf.
Seismic direction | Y X V4 Y X Z
Governing Mode | 10 4 61 4 2 50
Effective mass |, | 250 | 670 | 480 | 200 | 620
(kg)
C“m“k(‘(f/”)eMaSS 83.66|91.10| 88.50( 82.94 | 82.16 | 83.79
0
Natural frequency | |, ¢o | ¢ 95 | 26,84 12.42 | 1223 | 2034
(Hz)
Stiffness
(kN/m) 2340 | 785 |19055( 2923 | 1180 {21070
1 Jk L1, m
I= 5\ T2 772, M
7| A, f: 1175254 (Natural Frequency, Hz)

7} 737 (Stiffness, N/m)

f
T : 11345 37](Natural Period, sec)
k 8
m: FZ2=2 57 A (Mass, kg)
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Newmark-Hall?19] Lo A AAISH ZH4]H] 5 % 7|5
o EEH HE EE TF A(e,=2.71, 27230,
2,208 I FE&ot= th4l, 2 4 Aol 1
78 Fu o| A EEE B AR SEE(e)E

254 2 3te] 240 Fo3hect. of

ol% A2 AHolstqirt. EgF Ayt &% matu]g A
YA PGAE 4] A &5t PGVE L&A LA o}
L A3u 99 714 EF(Baseline drift) 2.2}, = 1
Mgt A& A7 A = o] £ gho] FHEZ o= 2]

Table 9. Characteristics of each sensitive region

Sens.ltlve Frequency (%) Governing Goven.nng
region factor equation
H. h S(l = ay X PGA
18
. PGA, 4
Accel (>8 Hz) a, S5 =
a)ﬂ
. i S, =a,x PGV
ntermediate
. PGV, a, S,
Vel (2 Hz-8 Hz) wols =
‘ a)ﬂ
Dis Low PGD | S, =a, x FGD
p. ( <2 HZ) d d

7ok = A8 AU (SH A2032) 20261 8Y 143
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—‘:— &E Aofstalzt ak3int. o] & #l3f HiolH A= 33272314 A

FAlo g2, 5% AFu o] 25 AU+ 49H4 ol A A1}t EAo] w2 wjute] Yzl Lo BA
71% A HEPA XAZI e T30 05 H)ES  gpof 9Jo], 222] | A5}% AL Ao [EEE Std 693"
75 o 2ol 2 83tef PGVE = 3heltt & #8310 51 A5k 0.8915 25T}

ZF A7 F2RE vA = A S 74]—’?(&)% o] e47Lo] B7Fe 3. 18] UEHA Hiel 7o gk
Chopra '] =7f8te] T whante] RRAEL(VE 224 Hopye F2517] 9Ao) Table 7] Lrehdl &

11.88 Hz, X= 8.92 Hz, Z% 26.84 Hz)g]- 7+ 2| Az}o]

Frbe EAS T HEE(S) D SE(5)E AN -
Table 10. Amplification factors for each earthquake

o] ZE%Ql PGA, PGVE 27 ol A, 7h4w 9 &

& U799 FEAR (0, ¢ )8 AT AT - ob1s | omate | 063148
HFH o2 =&9 A5t mtuE(PGA, PGV)9F PGV (mm/s) 0.135 0.549 0.897
HEY SEATE NewmarkcHill) IR AN 5 ) | s | assors | eaerss

- - = “ -axis . . .
Al Hdete] oA SF WA(S)E A=A S, (mm/s) | X-axis | 7466 | 11645 | 116.07
on, x&dH XX upd mtetulE 9 FE A<= Table Y-axis 1.60 1.46 0.99
100] Uil 9ok “ Zoaxis | 129 1.04 1.02
ay X-axis 0.55 0.21 0.13
Table 11. Analysis result (Displacement : mm, Stress: MPa)
o . Displacement at the max displacement point After reinforcement
Seismic Input Axis (before reinforcement) Remark
wave direction | direction Before After Difference (%) Max disp. | Max stress
reinf. reinf.
X 1.565 1.234 -0.331 (-21.15%) 1.264
Y Y 4.775 2.249 -2.526 (-52.90%) 2.404 54.96
Z _[ 3221 [ -L383 | FL83R(:57.06%) [ 2319 POA02431e
X 9.024 1.436 -7.588 (-84.09%) 1.722 .
Y S —_ = = T =M o e A ™ Duration
LC1 X Y 0.347 0.222 -0.125 (-36.02%) 0.295 49.37 20475 sec
Z -4.244 -1.805 +2.439 (-57.47%) -2.328
X 0.778 0.317 -0.461 (-59.25%) 0.450 Fig. 3(a)
2 Yoo 0330023, L 000s 80w [ 03de | 5396
e S e (34300 TS
X 1.682 0.935 -0.747 (-44.41%) 0.951
Y Y 4.951 2.407 -2.544 (-51.38%) 2.601 59.11
Z | 332 [ 1350 [ A1970(5934%) | 2320 POA DAdTe
[ X T T oisg [T fesi | 1324sssv ] 2012 ] Duration
LC2 X Y 0.287 0.291 +0.004 (+1.390%) 0.291 60 sec
Z -4.304 -1.823 +2.481 (-57.64%) -2.326
X 0.824 0.384 -0.440 (-53.40%) 0.497 Fig. 3(b)
z [ ean e oo | 0sn 5629
oL AR T e (R T
X 80 337 -0.471 (-58.29%)
Y Y 1.629 1.242 -0.387 (-23.76%) 1.271 56.94
Z __|_ 4084 |__-1529 | _ +2.555(:62.56%) | -2.327 PGA 0.6314¢
X 15.35 0.804 -14.546 (-94.76%) 2.404 .
il el il il e e el = — = Duration
LC3 X Y 0.289 0.291 +0.002 (+0.690%) 0.291 48.35 50 sec
V4 -4.314 -1.818 +2.496 (-57.90%) -2.327
X 0.856 0.368 -0.488 (-57.00%) 0.432 Fig. 3(c)
2 Lefeegan L L naugnag Lo | s
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Table 12. Calculated spectral displacement by axis

Table 13. Comparison of seismic safety

Axis Seismic wave Calculation results (mm)
0.2431 X 1.6 X 9810
——=0.68
—_—— LCl 74.64°
-axis 0.447 x 1.46 % 9810
(Accel. LC2 5 =115
sensitive) 464
LC3 0.6314 % 0.99 x 9810 11
74.642 '
.1 .
LCl 015055 _ 1 49
X-axis 26.05
0.549 x 0.21
vV
0.897 x 0.13
LC3 6,05 08
0.2431 x 1.29 x 9810
— X =0.11
Zaxi Lel 168.64%
A'a’“f Lo 0.447 X 1.04x 9810 _
sénsi:ie\/é) 168,64 .
LC3 0.6314 X 1.02 X 9810 0.92
168.64> '
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Comparison Target| PGA S:r{eifllg(ith Mg};i:slzm izzig
Previous study 1 | 0.20g | 237.5 49.77 4.77
Previous study 2 | 0.50g | 200.0 49.17 4.07
This study (LC1) | 0.24g | 245.0 54.96 4.46
This study (LC2) | 0.45g | 245.0 60.60 4.04
This study (LC3) | 0.63g | 245.0 59.55 4.11

Factor)Z} -2 H|(Stress Ratio) /i@ =45t 49
A3 € Bkt el

Ha and Kim9] B4} T2 7]-8 v uke] Wizt
Aol et A7 kolet 7] E AT 12 E7])of w2
H, PGA 0.2g2] SSE (Safe Shutdown Earthquake) 5}
HE Al, AHEAI R Y] FEAE 237.5 MPac] tjsto]
g0l 49.769 MPaz AH&H %tk o] 9bd g oF
4.77(-&H] 20.95 %)°l| Got= SR =2, ZEg il
w7go] o]0l WAt TRE0] 515 oF 20 %
oA HE A o2 AFehE HojE.

T3t Kook ef al. Q] “HA7FA A7) A Y UPS A A
g9 e e A loe]st 7]& A 22 H7))

ol IEEE Std 693 729 7p& 7tEst z7ol
‘High Required Response Spectrum (0.5g) S -85}
o} g Ao A FEFFE 200 MPa thH] F -3

lo

49.17 MPa& WEF O M, o] QH& oF 4.07(3 Y]
24.58 %)°]| .
Table 130] 7] 9 o] 17 A¥}o] hd&& e

Art.

o] Ao M= 88275 ZA Y FEFEE 245 MPa
= A&t A REe] 3F-9] A XS A&ttt B
Fzo tigt 814 A3k, LC1 (0.2431 g) A1} 2 A]
)-8 54.96 MPaZ QtH80] 4.46(-5FH] 22.43 %),
LC2 (PGA 0.447 g)oll A= H 8 60.6 MPaZ HH
£ 4.04(-3FH] 24.73 %), LC3 (PGA 0.6314 ) A&
-3 59.55 MPa, QAL 4.11(3HH] 24.31 %)2
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