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ABSTRACT

The main purpose of this study is to assess the safety of the fixed earthquake anchorages for the

distribution panel of facilities in an actual power plant. Experimental and analytical studies were con-

ducted to investigate the load response that occurs on the anchorages in the event of an actual

earthquake. Shaking table experiments of the panels were first conducted and the boundary conditions

of different joint connections were considered depending on the fabrication characteristics of the sub-

ject structure for a 3D finite element analysis modeling proposal. Therefore, the contribution of this

study was to investigate the transfer load characteristics of the anchorages of the switchboard field

installation according to the seismic wave characteristics through a comparison with a vibration band

experiment and the three-dimensional finite element analysis modeling presented through this study.

Using the verified analysis model, an additional finite element analysis was performed to check the

dynamic behavior of anchor bolts under various loading conditions such as weight changes and other

earthquake waves.
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Fig.1 Type of damage to operating facilities
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Fig. 2 Dimension of the specimen
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Table 1 Tested specimen specifications

T P T

Specimen Dimensions (mm) Weight |Boundary
name | Tenoth | Width | Height | (kg | (fixed)
Single
door | 800 | 800 | 2350 | 4so | M6

. Anchor
cabinet
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(b) Reinforcement

Fig. 6 Reinforcement to prevent rocking mode

Fig. 7 Overall 3D-modeling geometry

Table 3 Material properties in 3D FEM

Elastic Damping (5 %)

. Density
Material g i >
(ton/mm) | Young’s Pmsspn S Alpha Beta
modulus | ratio
Steel
(SS400) 7.85e-09 | 2.1e+05 0.30 3.5775 | 6.99¢-04
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Table 4 Resonance search experiment results

. . Resonant frequency (Hz)
Specimen | Sensor Location
X Y Z

A7 Bottom zig N/A N/A 16.0
A8 | Inside story 1 | 16.0 16.0 223
A9 | Inside story 2 | 16.0 13.8 233

Panel

(single | A10 | Insidestory 3 15.8 17.8 16.0

door)
All Door center 16.0 16.3 16.0
Al2 Panel top 153 143 16.0
Al3 Side center 23.0 14.3 16.0

Table 5 Eigenvalue search analysis results

Mode Eigen Natural frequency | Effective mass*
No. value (cycle/sec) (Axis-Z)
1 1931 6.9941 5.19859¢-09
2 5088 11.353 5.20151e-08
3 5116 11.384 7.19501e-08
4 5732 12.051 1.95357¢-07
5 10824 16.558 0.14054
6 11160 16.813 1.92275¢-04
7 12498 17.792 2.29046¢-05
8 12560 17.837 4.78865e-03
9 13981 18.818 3.98728e-03
10 22174 23.700 1.77555¢-04

* The total effective mass at the Axis-Z is 0.14995

756 | Trans. Korean Soc. Noise Vib. Eng., 29(6) : 753~761, 2019

e
o
o,
B >
tjo

s,

o
38
o B

z ~ 50 Hz 7}4] 0.07 g©
o vekd Azt go) v

AA A129] XFol A 5%
AR A4 o
anczos method & ]%’5}04 5
)
zholg 5x} HEofx 4 e 1
SISt} Fig. 82 53k 52 2=9
2 e ol

O"

able

]_

N Horfr

i, o=
N
N
N
=
rN
?E Tz x
B
ox
e
=2

e oft b
=

e

4 H
= HU

[e]

[
iy
8 o X

=2

kil
£ b
&

)

Sodo o R oax fo bRl rob
=
o

o oZi o

1 3

O

B

X
ofh fl To o
ox M o

rob rﬁg
-|~

fo o

(2) B ¥
Fig. 9% ACI156°] tst A3 A] 545 wjznte]
FHEeE YERI O Table 62 B4 -39 &
e Aot FHagks Jepdiieh 2 d A
He7F H o) 4.02 mm7bA] S o BAE 3 A
W7} 1.4 mm ©]3E F 70 % 7HAEI3IT) o] ¢

==

<Axis Y-Z>
Fig.8 View of the 5th mode shape

<Axis X-Y>

<Isotropic>

10

Before reinforcement
After reinforcement

Displacementfmm]
=]

5 10 15 20 25 30 35
Time [s]
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Table 6 Relative displacement results

After
reinforcement

Before
reinforcement

Relative
displacement

Maximum 4.02 mm 1.23 mm

Minimum -3.93 mm -1.39 mm

+4.016e-01
+3.908e-01
+3.801e-01
+3.694e-01
+3.586e-01
+3.479e-01
+3.372e-01
+3.264e-01
+3.157e-01
+3.050e-01
+2.942e-01
+2.835e-01
+2.728e-01

ODEB! weight-0.0db  Abaqus/Standard &.14-1

3
25: Step Time = 23.66
U u3

+ U Deformation Scale Factor +1,0002+00

Fig. 10 Analysis results of relative displacement
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Table 7 Comparison max. anchorage load results

Anchorage load (kN)
Specimen | Description
Experiment Analysis
LC2-1 0.301 0.136
LC2-2 0.198 0.148
LC2-3 0.182 0.147
Panel LC2-4 0.207 0.142
(single
door) LC2-5 0.221 0.152
LC2-6 0.170 0.191
LC2-7 0.179 0.164
LC2-8 0.171 0.177

Load (kN)

02 0178177

Lc2-1 LC2-2 Lc2-3 LC2-4 Lca-5 LC2-6 Lc2-7 Lc2-8
mTest 0.301 0.198 0.182 0.207 0.221 0.170 0179 0171

EAnalysis  0.136 0.148 0.147 0.142 0.152 0.191 0.164 0177

Fig. 11 Comparison between test and analysis
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Self Total
Parts L(frlllit )h Nl(lg‘l;er weight weight
(ton) (ton) \
2300 4 0.178 )
Body PI /
800 1 0.015
Side PI (v)] 2350 4 0.034
Side PI ()| 800 4 0.012
Bottom P1| 900 ! 0.065 Fig. 12 Mass plate on the inner plate
800 14 0.014
256.4 4 0.0012 R
Bottom EEEe— Table 10 Comparison anchorage load each step
stiffener | 156.6 4 0.0008
167 2 0.0004 Whole Anchorage load (kN)
Inner Pl change | 0% | 10% | 20% | 30% | 40%
o) 440 1 7850 0.002 o o o o o
LC2-1 0.136 0.137 0.139 0.141 0.142
Im(‘j;)” 530 1 0.003
LC2-2 0.148 0.151 0.154 0.158 0.161
Inner Pl (h) 600 6 0.046
1526 2 0.014 LC2-3 0.147 0.150 0.153 0.156 0.159
Bracing
1131 2 0.010 LC2-4 | 0.142 | 0.145 | 0.147 | 0.149 | 0.152
Col 2350 4 0.043
mn -
oluj 300 2 0,015 LC2-5 0.152 0.142 0.144 0.146 0.148
Inner beam 800 8 0.008 LC2-6 0.191 0.198 0.204 0.212 0.220
Main frame| 800 4 0.018 Lc2-7 | 0064 | 0168 | 0169 | 0.171 | 0.172
Mass plate 100 2 0.001
Total 0,480 LC2-8 | 0.177 | 0.181 | 0.185 | 0.190 | 0.194

Table 9 Abs. max.

results of displacement

Table 11 Abs. max. results of displacement

Step Self weight Total weight Max. Disp.
(ton) (ton) (mm)
0% 7.850 0.480 0.402
10 % 8.635 0.528 0.408
20 % 9.420 0.576 0.415
30 % 10.205 0.624 0.422
40 % 10.990 0.672 0.429

S Unit weight Total weight Max. Disp.
(kg) (kg) (mm)
0% 0.589 1.178 0.4016
10 % 0.648 1.296 0.4016
30 % 0.766 1.531 0.4017
50 % 0.884 1.767 0.4018
100 % 1.178 2.356 0.4019
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Table 12 Comparison anchorage load each step

Partial Anchorage load (kN)
change 0% 10 % 30 % 50 % 100 %
LC2-1 0.136 0.136 0.136 0.137 0.138
LC2-2 0.148 0.149 0.150 0.151 0.151
LC2-3 0.147 0.148 0.149 0.150 0.150
LC2-4 0.142 0.142 0.143 0.143 0.144
LC2-5 0.152 0.140 0.141 0.141 0.142
LC2-6 0.191 0.193 0.195 0.195 0.196
LC2-7 0.164 0.164 0.166 0.166 0.167
LC2-8 0.177 0.177 0.179 0.179 0.180
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Fig. 13 Actually seismic frequency
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Fig. 15 Comparison results each seismic
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Table 13 Comparison results each displacement

Classification WESHHTITT Gl BEErToT: Remark
(mm)
Gyeongju 27.56 Magnitude 5.8
Pohang 15.30 Magnitude 5.4

Table 14 Comparison results each anchorage load

Description A4r1ch0rage load (kN)

Gyeongju Pohang
LC2-1 0.1368 0.1387
LC2-2 0.1482 0.1497
LC2-3 0.1474 0.1483
LC2-4 0.1487 0.1486
LC2-5 0.1520 0.1520
LC2-6 0.1922 0.1960
LC2-7 0.1646 0.1642
LC2-8 0.1802 0.1867
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