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Abstract - In order to make the critical path analysis of gas pipeline located under rigid
pipes for interference behavior, FE analysis is performed considering real buried conditions
of a drain and a gas pipe according to intersection angle of two pipes. A drain pipe and gas
pipe have cover depth respectively 1.0m and 3.39m and this study considers a interference
angle in the range of 0~90°. In this paper, the critical path is analyzed from the result of
Ring Deflection and bending stress according to intersection angle. In the event intersec—
tion angle of two pipes equal to the critical path of lower pipe. The analysis results show
that the critical path of lower gas pipe according to interference behavior has relation to
intersection angle of two pipes.
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Table 1. Properties of Pipes and Soil.

E (Nm) |5 (ton/m®) v

Hume 2.0x10" 25x10" 02
API 5L X65 | 21x10" | 7.86x10" 03
Residual Soil | 5.0x10" 2.0x10" 035
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Fig. 1. Midas/GTS Soil Model.

Table 2. Cover Depth of Pipes.

Cover Depth Reference

Hume Pipe 10 m _

API 5L X65 339 m 1.0 m below the Hume Pipe
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Fig. 2. Intersection Angle of Two Pipes.
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Fig. 3. Ring Section.

Table 3. Stress of Hume Pipe according to Intersection Angle (Ln=25).

Intersection Angle 0 30° 60° 90"

Hoop Stress (MPa)

Crown (%) 95.1718 95.3785 95.3631 95.3075
Springing (&%) 73.8008 735891 73.5020 73.4921
Invert (3} 95.4319 95.6127 95.7202 95.7329

Axial Stress (MPa)

Crown (%) 285532 285128 289617 29.2234
Springing () 22.1377 22.1656 22.1492 22.1205
Invert (3HF) 286237 285007 279514 27.68838
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Table 4. Ring Deflection for Angle 0° (%).

Lo A d La A d

26 0.1881 9.4 36 0.1879 94
27 0.1881 94 37 0.1880 94
28 0.1881 94 38 0.1881 9.4
29 0.1880 9.4 39 0.1881 94
30 0.1880 94 40 0.1881 94
31 0.1830 94 41 0.1881 94
32 0.1879 9.4 42 0.1881 94
33 0.1878 94 43 0.1880 94
34 0.1878 94 44 0.18380 9.4
35 0.1879 9.4 45 0.1879 94
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Fig. 5. Ring Deflection of Each Section accor-
ding to Intersection Angle.
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Table 5. Ring Deflection for Angle 30° (%).

La A d La A d

26 0.1881 94 36 0.1879 9.4
27 0.1881 94 37 0.1880 94
28 0.1881 9.4 38 0.1881 9.4
29 0.1880 94 39 0.1881 9.4
30 0.1880 94 40 0.1881 94
31 0.1830 94 41 0.1881 9.4
32 0.1879 94 42 0.1881 9.4
33 0.1878 94 43 0.1830 94
34 0.1878 9.4 44 0.1830 9.4
35 0.1879 94 45 0.1879 9.4
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Fig. 6. Analysis of the Danger Section by
Ring Deflection.

flo

OFE,

AHAAN
°1x1o 31914 9o}
jmi = 3].3_?_ 7]._#740] 217(47(—1 o7 Hl—r
o] EOLJ oJare
ShaL Sle& & < Stk Fg 5.2%
o] whet v

#3282 9t

o, (R
ot

%

TN R
* 251
R N
o o |

:l:‘;

o] F =

oft T 2 3% o>

E

o]



A Agel wE A8k 7k wl

P o]27H 03m F<! u—3477}x} B3t o=
£ Aol W]ato] 7l Aol B
ato] 3 W5} w7) Aele] mete] £
1 Ly=2500 458 L=347b4] vljat w9l ‘?i?%‘o]
ol wAlo] el 45} 009l 45 £
22 RS Holn it gk W7t 242 thE Y|
W] W3 712 A7) Tl vhehdel 5
o] wApzZto] 60" U w2l 90" Y wWlE H]wal|EH 60°
o) A7} o0'9] A} 4 Wt g4
97} wol 22 WS WAL Fig 6.2 Fig. 5.9
Tzl wiEe] 93 S ¥AISE 1ol
Fig. 6.9 A3 3} wjg Agdo] 22 =3
oA 2 AHOwel ofF WS ey 3)
om, o]= A vl Pkl o3k A dHow
A e 4 ok i wakztel what ukyshs
938 @] A]ZH 2 Ring Deflection®] # 47}

7% =

N P ol
rL

FU

(o

o

5 AFOR T vz ol 2ol met get
Ak

4.2 Bending Stressoll 2|t 24

Hj#e] o] ek g #Fetaal A F o]

£33} Bending StressE T-3I31TE 4] (2 X314
Qﬂr BE 5 A= FHE Sl Poisson’s Effect
£ AlQlst Holl oJste] WAAYSH= 2] Bending
Stressifﬂ S8 327 A7 52 ol Poisson’s
ratios ot g2 Abol= yEhd 4 glth

Ao, =0,—voy, )

a

_u

A

Tl

rj::l;

9/]0

099
Hm

o714, Ao, Bending Stress, 0, = FHUE 52,
o, A58 S8 o™, vi= Poisson’s ratios 2
u| gt} Table 6. 7 o] 30" WAFE o] F
ujd =] o] Sl w2 Bending Stress #t°]T}. 2t
WAzt t]$t Bending Stress ab= T8kl O] &
Tzl EAIEHH Fig. 7.2 2T} Fig. 7. oﬂﬁsz}
ol matzto] 07?1 ¢, R=1~12 @ EF
Bending Stress@te] 0l 7M1z, 30°Q1 4% o]
gk A5 1,=25° 4] Bending Stress”} % 5\_3}‘:4
A AL @ R, 8 Biskel S Sl A
HoR = EA& Zeth o= 7ady) Ay &3
o] Zk& o] FaL f1X|3kaL Q7] Wil Ry=1%
do] e T4 La=25°14, Ra=5 1) Ly=23°.%
Bending Stress 12| 3Z2] FHAgko] o]&38H7] WiE
ot} o] G| Ryell whet F3E W= La8] Bending
StressE TSt A L, X8 Te] 2ol & 4 0}04
748ko] A= RES zlof o7 oq@o]_
uj A o] o] = 7}3) o1x]§:l% slol 3 2 ohﬂr
60°2] WAz o e H|Seeh 3k Kolu 307 A
TEO Y & dEs 7?*]‘34 "] 73 A AL
AdshH 60°9} dX|sh= A& 3HA At Fg. 7.2
i o] WS EAJE 1o, R=13~242 7
- Fig 7.7 U34S o] &t} Fig. 8.2 U A5
St Bending StressZH-E Hl|#-] Zo] Wik 23
WH-S ERA 5otk wj#ke] do] Wk st
o] 913 WIS Fow FAste] Ho® AL
om, Ao VEpd RS v SEE SASH

Table 6. Bending Stress of Lower Gas Pipeline over the Intersection Angle 30° (MPa).

Rn Ln
6 7 25 26 44 45
1 -0.1589 -0.1233 -0.1177 -0.1008 -0.1683 -0.2153
2 -0.0881 -0.0504 -0.1010 -0.0555 -0.2015 -0.2389
3 -0.0645 0.0288 -0.0549 0.0058 -0.2103 -0.2352
4 0.0769 0.1038 0.0013 0.0609 -0.1956 -0.2082
5 0.1527 0.1658 0.0466 0.0914 -0.1617 -0.1646
6 0.2134 0.2092 0.0660 0.0889 -0.1153 -0.1111
7 0.2548 0.2328 0.0546 0.0554 -0.0636 -0.0537
8 0.2756 0.2387 0.0165 0.0005 -0.0126 0.0030
9 0.2781 0.2309 -0.0380 -0.0625 0.0341 0.0559
10 0.2663 0.2141 -0.0960 -0.1206 0.0745 0.1034
11 0.2444 0.1920 -0.1455 -0.1632 0.1087 0.1451
12 0.2157 0.1668 -0.1768 -0.1831 0.1375 0.1811
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(b) 30°
Fig. 7-1. Bending Stress of Lower Gas Pipeline on 0° and 30° in Intersection Angle (continue).
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Fig. 7-2. Bending Stress of Lower Gas Pipeline on 60° and 90° in Intersection Angle.
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