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Elastic-plastic Seismic Analysis of Gasholder Stiffened Shell

JIA Dongyun, GAO Zhan, WANG Tao, LIU Jianwen
(School of Civil Engineering and Architecture, Anhui University of Technology, Ma’ anshan 243032, China)

Abstract: Static elastic-plastic analysis of gasholder structure is carried out by means of uniform loading, inverted
triangle loading and basic-vibration-mode loading. 8 seismic waves were reasonably selected and dynamic time
history analysis was employed to fulfill the dynamic elastic-plastic analysis of it. By comparing the results of static
and dynamic elastoplastic analysis, it is shown that the maximum roof displacement is obtained by using the basic-
vibration- mode loading. With this loading mode, the dynamic elastoplastic performance of gasholder structure
under initial stress is analyzed. According to the analysis data, the calculating formula of the roof displacement of
gasholder structure under rare earthquake is fitted. The validity of the formula is verified by ANSYS calculations.
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Fig. 1 Gasholder instance and finite element model
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Tab. 2 Results of static elastoplastic analysis for gasholder under three kinds of load

. Bt BI= AP FEAPRIY I3

. T i % FEIBT ) T i LBy T i i 7% SLIRHT
u/mm V/KN u/mm VIKN u/mm V/KN

INRE 21.16 11 481.63 26.38 10 385.01 31.70 7 408.92

g 59.48 32274.44 74.17 29 198.50 76.71 22 603.06

K= 118.97 64 554.30 148.36 58 404.88 193.43 45 208.46
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Tab. 3 Selected 8 seismic records

9T H 24 FR R4 Bl GESSSLNE
1 Lytle Creek 1970 Wrightwood—6074 Park Dr 3.2
2 Anza—01 1980 Borrego Air Ranch 3.6
3 Northridge—06(3) 1994 La Crescenta—New York 2.2
4 Yountville 2000 Napa Fire Station #3 34
5 Friuli _ Italy 1976 Forgaria Cornino 2.4
6 Kalamata Greece—02 1986 Kalamata 2.9
7 Northridge—06(2) 1994 LA-N Faring Rd 3.0
8 Northridge—06(1) 1994 Rinaldi Receiving Sta 2.7
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Fig. 2 Comparison of selected and standard f spectrum
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Tab. 4 Structural response analysis of 8 seismic records

JE/s

(b) 1L BRETF-HEIE S5 bR Bk

i Rz K. /(kN/mm)  Sy/mm u,/mm Va/(10°kN)  Sp/mm Up/mm V/(10° kN)
1 Lytle Creek 480.41 15.65 21.35 10.257 95.21 129.87 62.391
2 Anza—01 461.61 15.62 21.31 9.837 96.52 131.65 40.771
3 Northridge—06(3) 320.31 15.51 21.16 10.277 119.69 163.25 52.294
4 Yountville 475.41 17.41 23.75 11.291 97.94 133.59 63.510
5 Friuli_Italy 312.29 21.28 29.03 9.066 119.69 163.26 50.984
6 Kalamata_Greece—2 384.58 20.08 27.39 10.534 108.77 148.36 57.056
7 Northridge—06(2) 383.17 19.02 25.94 9.939 108.77 148.36 56.847
8 Northridge—06(1) 365.66 19.34 26.38 9.646 108.77 148.36 54.249
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Fig. 3 Dynamic response of gasholder under the action

of Friuli_Italy wave
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Fig. 4 Comparison of elastic-plastic capacity spectrum curves

between static and dynamic analysis
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Tab. 5 Maximum stress of 9 gasholder structures

EEEE ¢/mm AR TR Gne/MPa  fEA Gpa/MPa

5 A 79.00 85.80
5 B 79.90 83.80
5 C 80.30 83.40
6 A 79.40 75.20
6 B 80.00 73.80
6 C 80.30 73.10
7 A 79.60 67.20
7 B 80.10 66.60
7 C 80.30 66.40
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Tab. 6 Maximum displacement of frequent earthquake

analysis with the initial stress
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7 BE R t/mm {7 % . /mm

27.88
26.80
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22.66
21.03
20.37
20.01
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Fig. 5 Stress of gasholder structure under rare earthquake
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Tab.7 Maximum top displacement and displacement angle

under rare earthquake analysis with initial stress

B t/mm  VAERYS VB uy/mm  {EEFE G/mm™
5 A 264.31 1/417
5 B 229.57 1/480
5 C 223.38 1/493
6 A 204.94 1/537
6 B 198.03 1/556
6 C 194.20 1/567
7 A 181.12 1/608
7 B 175.64 1/627
7 C 172.54 1/638
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Tab.8 ComparisonoftopdisplacementbetweenANSYS esults

and formula values with elastic-plastic analysis

fAE RIRER,  STAE Upn/ U/ (Upa—Upr)/
mm mm 1= mm mm  u,:x100%
107 000 6 A 190 194 2.1
110 000 5 B 224 215 4.2
113 000 6 C 206 202 2.0
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