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Abstract: The seismic performance and failure mechanisms of the substation structure system considering
dynamic interaction on the main structure and substructure was studied systematically, based on the mechanism
of primary—secondary structure dynamic interaction, implicit dynamics numerical simulation analysis and shaking
table test. Seismic response of the structure system was analyzed in some aspects such as internal force, displace—
ment and acceleration. This paper obtained the interaction mechanism between the electrical equipment with
main structure, the dynamic magnification factor of the electrical equipment and the dynamic property values, and
put forward the seismic performance goals of the main structure. Meanwhile, the results based on the displace—
ment revised factor method established the level damage assessment model and the overall damage assessment
model, and then proved the correctness of the damage assessment model by shaking table test. These research
results have important reference function on seismic design and seismic damage assessment of the similar lifeline
engineering and industrial architectures with complex equipment.
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Fig.1  Acceleration time history curve of El-Centro motion
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Fig.2 Acceleration time history curve of Guang Yuan motion
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Fig.3 Acceleration time history curve of Jiang You motion
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Fig.5 Plane of prototype structure
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Fig.6  Elevation of equipment
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Fig.7 Plane of equipment specimen
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Fig.8 Specimen of structure
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Tab.3 Acceleration amplification factor
under frequent earthquake
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Tab.4 Displacement value of structure
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Fig.10 The first five natural vibration periods
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Tab.5 The first five frequency values of structure Hz
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Tab.6 Displacement value of structure mm
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Tab.7 Shear force of Column bottom kN
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M2 M1 M2
A-1 182.1 193.0 143.2 155.7
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—J)2
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A-6 145.7 175.3 132.9 150.2
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Tab.8 Acceleration amplification factor under

severe earthquake
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Tab.9 The seismic performance goal of substation
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Tab.10 The corresponding relation of stiffness
degradation and damage degree
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Tab.11 Calculation cases under Jiangyou motion

THFS A1) AR FE g R

1 Y 0.07 8 JEL i

2 X 0.07 8 JELi

3 Y 0.2 8 LA

4 X 0.2 8 JEHA

5 Y 0.4 8 JEF

6 X 0.4 8 I
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Tab.12 Floor displacement mm
TH1 T2 TH3 T4 TS Th 6
Mg

W B RE B W B W B KB B KR B
— 106 99 1Ll Il 122 117 176 172 89 257 %9 287
TREO18 183 26 207 251 22 368 328 636 53 864 691

B4 03 85 253 31T 212 465 404 841 684 1131 897
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Tab.13 Displacement correction coefficient

TH THL T2 TH3 Th4 THS5 THle

BIERE  1.05 1.09 1.13 1.12 12 1.25
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Tab.14 Modified parameters

JEIAL R fmm PEIR IR BY /KN Elsizgtaic

—Jz - B —Jz - =7 —JZ —Jz =)z
THk1 10.4 8.86 4.14 1642.9 1200 637.6 0.01 0.07 0.09
B2 12.12 10.49 4.93 1911.6 1411.8 750.1 0.012 0.076 0.10
T8 3 13.23 11.83 5.61 2007.2 1482.4 787.64 0.05 0.14 0.17
T4 19.25 17.52 8.42 2867.4 2117.7 11252 0.067 0.17 0.21
T s 309 3271 18.51 4387.1 3240.1 1721.56 0.11 0.32 0.45
THL6 359 50.44 257 4874.6 3600.1 1912.84 0.15 0.51 0.56
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Tab.15 Damage state of floors
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Tab.16 Damage comparison of numerical simulation and test
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Tab.17 Structure damage parameters

T TR A R 5L G R NIDE VRN SR F R A I
—)2 —3 =2 PH1E PR e JEI#A RIS IEGREL
T 0.12 0.53 0.35 0.07 FEASELT 1.52 0.66 0.06 0.07
T2 0.13 0.52 0.35 0.08 ARSI 1.49 0.67 0.10 0.08
T3 0.25 0.47 0.28 0.13 Bidts 145 0.69 0.15 0.13
T 4 0.27 0.45 0.28 0.15 B 1.41 0.71 0.19 0.15
THs 0.23 0.45 0.32 0.31 LERTZIN 1.24 0.81 0.38 0.31
T 6 0.22 0.50 0.28 0.44 SRERZN 1.12 0.89 0.49 0.44
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