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Earthquake Response Analysis of a Buried Gas Pipeline
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ABSTRACT >> Earthquake time-history analyses have been carried out for a buried gas pipeline of X65 which is of popular
use in Korea. Parameters included are shape of a buried gas pipeline, soil characteristics, single and multiple earthquake input
ground motions and burial depths. Predicted response of strain and relative displacement are then compared with allowable strain
and displacement capacity calculated by Guidelines for the Seismic Design of Buried Gas Pipelines, KOGAS. Comparative studies
show that strains are in general affected by the burial depths together with change of soil conditions. Regarding the relative
displacement, while axial relative displacement is not influenced by the burial depths, transverse relative displacement is affected
by both burial depths as well as soil conditions. In all, the current study is encouraged to give a useful information for healthy
earthquake evaluation of a buried pipeline.

Key words Buried gas pipeline, type of pipeline, strain of pipeline, deformation of pipeline
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opAls AE & Yok BE 9ol QoA Adte] def AL ARG ES] 710l oAM= Z Aot A SeE
HESOY Aol MgEo] AN SARIT 4= Qlar, wfr 2T = UG ok, FAhlke] ARt 2zl
Zo|gefol 2 AutxAo] o= M B A7 Y AR ANIER TRED A5E IT + 3ld
PNAA ke AL BT 5= gl @] AqpEgee 3L SROIARE SR |27/ dgH R 4
AANNISER AALYT A, A s E] 0 She B¥S HEHWH
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73 53| Kobe 2%l5kg sloflA] Akzdo] defdEY JA7pAsEke] 2 ubsk Holotho] Ao X HujTke] uf
B, o] g ES 8P THCE 87%)3t  g710)o) wf2 wojeTte] Aol glglon] AukzA] W
= 2a AT 0l & AellA A 4 SHERE slof mpE v ette] ajo] EEF Ao g AL Fld} 4
i Ao AP ES * 7o) eI Qloich. mul oUal, Halx|AsEe H4st Ao, 7+
E 700 HERd viep o] BERAskeol A48 A xuslee 2est 17k wojerke crlxAsEs
uj-olof uhe EPHA A HPES LA AskE ot a3t 73% Blologale Ao zjo|7} oS Bt 4
A SO Mg ETE A Aol7F WA g gl olofeh ZIAENT, AANT 2 2z Afolo] wojoTt
ok webA e 9ol HojiEES &2 vjdilo] 2po] w3 Aol 9le-g BHolst 4= 9191, AAA AR
o AP E ANtede] G M Wel =2 e+ 2 2498 3 A%, & Wk w9} vlwate] W9
AL, v Aojof wE ¥k o] W3l 9 EA| Xk 2ol Ao oF 3.5% ulyto]Ql o, AL ES HE
S ¥l A FEE 4 4 WAk AR KDS), & Aoow oF 10% n|uto. & vk wiejerte] nt A
ADS, DSTSCDS)e] B, 4wl ST 3] whit el oo glofa] Fa] b AS & 4= Uch. 28 5 W
HEEo| sijAmd ST 29] AfHr} F7tete A e AR 9] Zlo]7t 1.881mQl A K Mujat, At
= el o= AE dFARITe] Futee S wlE ge3 Azbee] gEH Aes dehyn 9ok
o] % Aol e g Yake] JIWARIA HIR 5 se wpiel FUREN B R A H9ISHL
B 02 Aadd. S SUPEN s & W, W S gepdick 3 84 91T 4+ 9l vpel 2|, ZgH AA
WHE| 4% ulvte] WY % M7 AoE R R gl mhe ko] wst o9l h2 27 B2 S
g obd Ao gekdnh AR 2 A o zjo) Ao] g AL sho] T & 9l
(& 7) OhE71AHH20| SHMARE ELRX|HO| XIHHYUE
N K A
ST 1 | 1.7e-4 | 1.5e-3 | 3.8¢-3 | 1.7e-4 | 1.1e-3 | 2.2e-4 | 1.6e-3 | 4.3e-3 | 2.4e-4 | 1.3e-3 | 2.5¢e-4 | 1.6e-3 | 4.0e-3 | 2.8e-4 | 1.2¢-3
ST 2 | 1.4e-4 | 2.1e-4 | 2.3¢-3 | 1.4e-4 | 8.8e-4 | 1.9¢-4 | 2.6e-4 | 2.5¢-3 | 2.0e-4 | 1.0e-3 | 2.4e-4 | 2.7e-4 | 2.4e-3 | 2.3e-4 | 9.7e-4
ST 3 | 1.3e-4 | 1.9¢e-4 | 1.9e-3 | 1.3e-4 | 7.3e-4 | 2.0e-4 | 2.5¢-4 | 2.1e-3 | 2.0e-4 | 8.7e-4 | 2.9¢-4 | 2.7e-4 | 2.0e-3 | 2.8¢-4 | 8.6¢-4
ST 4 | 2.0e-4 | 1.6e-3 | 4.4e-3 | 2.2e-4 | 1.2e-3 | 3.6e-4 | 2.0e-3 | 5.9¢-3 | 4.2¢e-4 | 1.6e-3 -
IH 1 | 1.8e-4 | 1.6e-3 | 3.9¢-3 | 1.6e-4 | 2.1e-3 | 2.2e-4 | 1.7e-3 | 4.5¢-3 | 2.2e-4 | 2.3e-3 | 2.6e-4 | 1.7e-3 | 4.1e-3 | 2.5¢-4 | 2.2¢-3
IL_ 1 | 1.7e-4 | 1.5¢-3 | 3.8e-3 | 1.7e-4 | 1.8e-3 | 2.2e-4 | 1.6e-3 | 4.3e-3 | 2.3e-4 | 2.0e-3 | 2.5¢-4 | 1.6e-3 | 4.0e-3 | 2.5¢e-4 | 1.9¢-3
IL 2 | 1.7e-4 | 1.4e-3 | 3.7e-3 | 1.7e-4 | 1.5¢-3 | 2.4e-4 | 1.5e-3 | 4.2e-3 | 2.3e-4 | 1.7e-3 | 2.4e-4 | 1.5¢-3 | 3.9¢-3 | 2.5¢-4 | 1.6e-3
IL 3 | 1.7e-4 | 1.5¢-3 | 3.8e-3 | 1.7e-4 | 1.8e-3 | 2.2e-4 | 1.6e-3 | 4.3e-3 | 2.3e-4 | 2.0e-3 | 2.5¢-4 | 1.6e-3 | 3.9¢-3 | 2.5¢e-4 | 1.9¢-3
IL 4 | 1.7e-4 | 1.5¢-3 | 3.8e-3 | 1.7e-4 | 1.8e-3 | 2.2e-4 | 1.6e-3 | 4.3e-3 | 2.3e-4 | 2.0e-3 | 2.6e-4 | 1.6e-3 | 4.0e-4 | 2.6e-4 | 1.9¢-3
VH_1 | 1.7e-4 | 1.6e-3 | 3.9¢-3 | 1.7e-4 | 2.1e-3 | 2.2e-4 | 1.7e-3 | 4.5¢-3 | 2.2e-4 | 2.3e-3 | 2.6e-4 | 1.7e-3 | 4.2e-3 | 2.6e-4 | 2.2¢-3
VL 1 | 1.7e-4 | 14e-3 | 3.7e-3 | 1.7e-4 | 1.5¢-3 | 2.4e-4 | 1.5¢-3 | 4.2e-3 | 2.2e-4 | 1.7e-3 | 2.5¢-4 | 1.5¢-3 | 3.9¢-3 | 2.5¢e-4 | 1.6e-3
N+K(ST_5) N+K+A(ST_6)
- DS LS SC DS+SC+DS | SC+DS+SC DS LS SC DS+SC+DS | SC+DS+SC
1.66e-4 1.54e-3 3.8%-3 1.73e-4 1.08e-3 1.74e-4 1.57e-3 3.97e-3 1.75e-4 1.11e-3
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(F 8) WATIAHRIO| HMZRY SURIHS| £ WE A HAUSE(HS: mm)
N K A
g DS+SC| SC+DS DS+SC | SC+DS DS+SC| SC+DS
DS LS SC DS +SC DS LS SC DS +SC DS LS SC +DS | +sC
ST 1 | 43.08 | 4329 | 43.40 | 43.52 | 43.53 | 64.88 | 64.71 | 6297 | 64.11 | 64.20 | 49.75 | 49.91 | 49.50 | 49.96 | 49.28
ST 2 | 42.79 | 4324 | 43.08 | 43.47 | 4345 | 648. | 64.50 | 63.40 | 64.09 | 64.18 | 50.51 | 49.87 | 51.21 | 50.40 | 50.21
ST 3 | 42.28 | 42.87 | 42.86 | 43.03 | 42.96 | 64.74 | 64.21 | 6338 | 64.02 | 64.12 | 50.44 | 50.91 | 51.58 | 50.49 | 50.73
ST 4 | 79.78 | 79.98 | 80.36 | 80.66 | 81.17 | 205.33 | 205.19 | 204.09 | 204.92 | 204.93 -
IH 1 | 43.15 | 43.18 | 43.40 | 4341 | 43.08 | 64.89 | 64.71 | 62.93 | 64.51 | 63.68 | 50.24 | 49.09 | 49.46 | 49.88 | 50.55
IL 1 | 43.08 | 43.29 | 4342 | 43.41 | 43.10 | 64.88 | 64.71 | 6297 | 64.52 | 63.68 | 49.74 | 49.89 | 49.51 | 49.93 | 50.01
IL 2 | 43.10 | 4330 | 43.38 | 43.42 | 43.08 | 64.87 | 64.69 | 63.01 | 64.53 | 63.67 | 49.83 | 49.95 | 49.62 | 49.96 | 50.04
IL 3 | 43.08 | 43.30 | 43.50 | 43.21 | 43.07 | 64.88 | 64.70 | 6297 | 64.51 | 63.67 | 49.80 | 49.75 | 49.86 | 49.85 | 51.13
IL 4 | 43.08 | 43.30 | 43.49 | 43.20 | 43.06 | 64.88 | 64.70 | 6297 | 64.50 | 63.67 | 49.80 | 4991 | 49.88 | 49.85 | 51.15
VH 1 | 43.16 | 43.18 | 43.56 | 43.40 | 4321 | 64.85 | 64.68 | 62.79 | 64.52 | 63.60 | 50.13 | 49.81 | 49.63 | 49.60 | 49.24
VL 1 | 43.10 | 4337 | 4345 | 4339 | 4323 | 64.79 | 64.66 | 62.87 | 64.53 | 63.60 | 49.73 | 50.01 | 49.87 | 49.63 | 47.89
N+K(ST_5) N+K+A(ST_6)
- DS LS SC DS+SC+DS | SC+DS+SC DS LS SC DS+SC+DS | SC+DS+SC
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OHA7F~Hi 2o KIEISEol A 51
(& 9) H7IAH ROl SHMARE FAUXIHQ & et i HASEH(THL: mm)
N K A
L DS+SC | SC+DS DS+SC | SC+DS DS+SC | SC+DS
DS | LS | SC | o hge | DS | LS | SC | e [ hse | DS | LS | SC | e | ase
ST_1 | 9145 | 97.53 | 113.67 | 156.47 | 102.03 | 137.47 | 167.70 | 173.90 | 174.70 | 107.51 | 96.03 | 133.20 | 144.20 | 140.40 | 76.95
ST 2 | 70.05 | 11336 | 108.25 | 155.26 | 64.44 | 122.75 | 140.94 | 192.22 | 194.18 | 93.46 | 90.70 | 131.60 | 156.26 | 162.53 | 66.79
ST 3 | 70.20 | 107.10 | 104.32 | 122.14 | 50.58 | 88.08 | 119.87 | 189.41 | 167.95 | 68.47 | 5429 | 117.86 | 143.21 | 149.53 | 55.92
ST 4 | 103.60 | 177.15 | 256.83 | 209.34 | 108.70 | 325.77 | 235.34 | 310.23 | 532.07 | 281.73 -
H_1 | 8597 | 27.82 | 110.72 | 95.78 | 26.47 | 132.23 | 152.82 | 205.60 | 177.43 | 88.76 | 74.22 | 129.73 | 151.17 | 111.83 | 61.53
IL_1 | 9131 | 97.53 | 113.68 | 129.50 | 11.62 | 137.45 | 167.73 | 173.97 | 185.96 | 79.10 | 96.05 | 133.21 | 144.17 | 144.66 | 42.78
IL.2 | 43.80 | 59.17 | 107.21 | 142.45| 6.58 | 50.07 | 10547 | 159.11 [ 190.86 | 56.57 | 65.75 | 66.41 | 137.64 | 155.11 | 50.93
IL 3 | 93.05 | 99.55 | 116.01 | 99.73 | 11.53 | 126.30 | 173.74 | 167.51 | 171.54 | 99.09 | 99.52 | 139.34 | 151.97 | 69.98 | 38.67
IL 4 | 93.86 | 99.93 | 11570 | 98.15 | 11.21 |125.84 | 178.01 | 166.02 | 170.31 | 98.56 | 99.00 | 138.14 | 152.79 | 76.73 | 38.62
VH_1 | 91.53 | 2524 | 113.15 | 114.43 | 25.10 | 119.15 | 143.43 | 192.65 | 184.52 | 88.07 | 94.53 | 126.67 | 152.42 | 134.41 | 60.35
VL 1 | 35.04 | 53.16 | 99.76 | 142.02 | 6.70 | 47.12 | 105.51 | 158.67 | 18131 | 5821 | 67.16 | 63.67 |136.89 | 131.24 | 47.90
N+K(ST_5) N+K+A(ST_6)
- DS LS SC | DS+SC+DS | SC+DS+SC DS LS SC | DS+SC+DS | SCH+DS+SC
85.53 | 11496 | 106.10 70.17 46.38 111.63 | 10453 | 118.48 160.67 82.42
Zof HSHS 9120 dojHlth o= 7 sjAREe] A 5. Akl Azl o] A-9-ofl, ujke] BAPY = A
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o8k 2= 9], Ea] Ea|ulR7A(SC+DS+SC)9] A LA At Ao RYEoj S Bl oo %
- _ _ =g
Sof ERFS AT 5 AUt A=Y
2. uje] Zolgkol whg ARk Wak= WIE 94 =
I
W Hels e 9% 7IAA s W), 3 W guzd
o] o tlol| = AR m]z]L AL Flo|dl 2 0]9]
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3. AtR719] Hsks MRE & UeF 2 8 e WS e LI HER AP, SFEIEATAF AR 2006.
Aol Gk 713 2 & 4 ASleh 53] doE 2. 424, AES AldY, AR, co sl G ANEHEE AL
AHtolul, 2t AFAE+AGFHE+ 2 WS AFLES] & 23 A ezl Alusgrlr, 2004 tigtEses] 4
5 51015 sk 3.
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WS TRolc Sl e AR UL AN den aas, ves, onm, 9w g was
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