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Abstract — The survey team has conducted the on-the-site inspection of 53 bridges to which LNG gas
pipelines are attached, to ascertain their level of safety, durability and any defect by adapting a method
of computer data input process and precision analysis. In this way, we could estimate an effective corrective
action on the defective gas pipelines found through this survey. Our survey team has analyzed carefully
these 2 defective lines selectively out of 10 lines, which are considered to be most seriously weak. According
to our elaborate analysis, these two pipelines go over 70% of the set standard stress based on our Safety
Manual Scale. We have taken corrective actions on these lines by repairing/replacing/obsolete damaged lines
to ensure the distress of the bridges involved with the pipelines and could secure safety.
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B olpol] A3 w2 e e] gHtelql FEM
(finite element methodyS +& ok FH, EE, AF
at, &, 24, 71A7E, 438 §), d@%)F HF
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2.1.2 ABAQUS 3} 7

Fig. 1= ABAQUS®] F#3ke HatEo|t}.

(1) Preprocessing (ABAQUS/Pre)

299 g2 FAE Ael, ABAQUS input filed]
A g @A ABAQUS/Prett THZ Preprocessors Ak
gote] AZAHOR BAYY TP RS oY
22 editorZ 27 input file 473

(2) Simulation(ABAQUS/Standard)

Input file2 o FAHA EAE Albshs B

(3) Postprocessing(ABAQUS/Post)

Simulation& "H1 ¥ AkEe] e 34 A
se AAoR Wbks

Preprocessing
ABAQUS/Pre or other software

Input file:
job.inp

Simulation
ABAQUS/Standard

Output files:
job.res, job.fil

Postprocessing
ABAQUS/Post or other software

Fig. 1. The stage of ABAQUS analysis.
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1) 249 A9 (model dimension) AHFZE¢] &
A 2 A FH o fResaRde] Has
2292 & AUA 3xd FdE & ANAE 2F
gich wroF 2P Ago] ol thaiA L o HEE
NEoE Yol O 71EHE FAHSE 12 B 1/
484 2ARF &gk} (Symmetric model)

() BA 27 5 (boundary conditions) 2Hd g+ =
A & fFtaardd AA 21§ FA9. BE
FEEE 2 FRES I Ye Tl AUt
whA o] Fo] FetairdR FHo| HUYH, ol
HE-g 28 540 ut AA 27E Fodsjor dr)
&, AA 2do] obd o) ¥ (symmetric model)2] =Y
2 7E=HEU0HE, 2 oA e diARd A3 A
27L& Fosor 3ty BA 2UL oY AF=E
(degree of freedom)®] A A X o] EA)3h=Hl(Ux, Uy,
Uz, Rx, Ry, Rz), 2d¢] F4o| v} Aee ME o
2t} & g0 AREr) 0o E Y EE 2 Hapd
A o], «0ro] opd AR Yol HE I F
2ol 74A W9 &=(forced displacement loading)©. &
AgHA

) 3 24 FA(loading conditionsyd Al =73} 1}
A7 E Fod FEoln, 1 dF9 T/ g
=3

@© A5 (dead weight) : +EEH] FA(RE, $9
MR, FY UHeE IF)

@ #5315 (concentrated nodal force) : U7 ¢
A AFHQ 35 FE4F W s5(Fx,
Fy, Fz), Z.RIE(Mx, My, Mz)

® 223} (nodal temperature loading) : E2¢1
Z2AERF A= 99)

@ T4 B35 (distributed pressure loading) : Y
33 499 #49 315 2-8-Uniform pressure
(BEXE8H5), Non-uniform pressure(Bo Y4 &
¥3}%), Hydrostatic pressure(sF%), Wind
load(8}& 815, Seismic(R1Z, 7H1 &%)

4) 71434 B4R Fo(material properties)d #Ha <)
7}(steeh)e] 3%, AL A A (homogeneous)E 7+
3t B4 it wekA 3% Wk, y, 20 et
o} Z}z} gk Al S (elastic modulus, young's modulus) 2
Fold Bl(Poisson's ratio)?t 7] wWlE T3
(isotropic)elzh @ = Qlth. e{gt o]F-Z ol gt
2 814 (linear static) 34-& 337 Hsire B4
AFEx) D Zolg vl(vxy) Fle] B85 AH3HA
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O 94 Al Z(isotropic material) : B A F
(Ex), Zok Hl(vxy)
@ A4 A 2 (orthotropic material) : ¥ Al

(Ex, Ey, Ez), Zol& H|(vxy, vyz, vzx)
@ o]44 A (anisotropic material) : laminated/
solid/sandwich composite
@ H2eAA9(Ex, By, Ez), 7IEBAA4(Gx,
Gy, Gz), Zol ¥
® Tensile/Compressive failure stress (X, y, z-
direction)
® Shear failure stress (in plane/out-of-plane)
@ Coupling coefficient (tsai-wu theory)
) E4EA 98 (model propenies)
Beam, Truss, Bar, Spring, Cable 5 :
T, BERUE
=
Shell element : 57 943
6) 98 A g A3 A2 AL A8 coding
H &L 3] text file® A 3HT).
) 4 39
(8) A3} F-4(result evaluation)

Solid element :

22. SHEH Y (o]

AA wje] 33 &7}, HHoZ HYES =
Al o R Wase W % °o% HYEL 2E
g2l AloJAE o] &3l —%6}%1 ™, SEH<QL Ao

Ae $8 24 Tx 39 49 oz AP
HIEES 7T 5 e Ui wEez O dee
o3 2

Fig. 29} 7] 1*71 HHL Wo]|X(base)e] 7h=r}at

ARAE TAN F Wlol g ZHRDA e T2

I
R=p-

R = Resistance
£ = Resistivity
L = Length

//Eb A = Area
)\j E Gage Factor (K)

AR AR
"R Re
K= ——3- = (<)
AL &
i

AR = Resistance change
l Rg = Gage resistance

& = Strain
Fig. 2. Strain gage{3].
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Table 1. Resuits of city gas pipe line attached on the bridge
Ranking Pressure Diameter Mziggal Supprt no.(K) Device " esI;i:ggult etc.
. LP 350 PLW 27(6.7) e
8 8 10 7 10 10
, MPB 300 PLW 34(7.4) 195“%{3 *]
9 8 10 7 9 10
3 MPB 300 PLW 13(3.5) ge
9 8 10 7 10 10
A MPB 300 PLW 15(4.9) 9o
9 8 10 7 10 7
5 MPB 300 PLW 28(6.1) e
9 8 10 7 10 5
P MPB 300 PLW 13(5.8) Elbow 2
9 8 10 7 9 5
p MPB 300 PLW 8(5.3) Elbow 2
9 8 10 7 9 7
g MPB 300 PLW 21(4.1) Elbow 4
9 8 10 7 9 5
9 MPB 300 PCW 32(5.33) Elbow 4 *2
9 8 9 7 9 5
o MPB 150 PCW 20(2.1) Elbow 4
9 6 9 8 9 5
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Fig. 5. HS-05 direction of cylinder's stress of distribution.
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Table 2. Stress Analysis of Each Points

ID Weak point position An(z;(lg;insltzr)ess
HS-01 | (Northern shore-open part) 13.09
HS-02 | (Northern shore-buried part) 78.91
HS-03 No. 1 support 115.03
HS-04 No. 2 support 118.41
HS-05 end pier 88.09
HS-06 Open pipe-center 16.11
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Fig. 6. ‘A Bridge’ stress of city gas pipe attached on the
bridge.
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Fig. 7. ‘B Bridge’ stress of city gas pipe attached on the
bridge
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