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Abstract

The frequent occurrence of landslides and geological disasters has caused serious damage to the
safety of gas pipelines in Yunnan Province. In order to clarify the hazards of landslides geological,
this paper conducts a full-simulation of stress analysis for the actual landslides-prone section in
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the actual Laohongpo area of the Sino-Myanmar natural gas pipeline. It turns out that the nodes
with larger axial stress and bending stress appear at the elbow, and the elbow is a concentrated
point of complex stress. By increasing the wall thickness of the pipeline and reducing the density
of the overlying soil, it is possible to effectively avoid the occurrence of stress overload for the
pipeline when a specific landslides geological disaster occurs. The determination of landslides
geological hazards that break natural gas pipelines and the effective avoidance of pipeline stress
overload could reduce the occurrence of the accidents during landslides. It is of great significance
to select the monitoring targets during pipeline operation and take effective measures to ensure
the safety of the entire line.
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2. RARSEEELFI

LA AR IR VEE B AL B0, ke 917 m, 4808 406.4 mm, K] L 415 M2, &
THHE /7 6.3 MPa. £k 2 it s [X Jm S 7R f) vy S s ik o 35, AR ASPABE LN 95, S KBV AL IR
PR FERI . Hr, ZLABRMMIX, LKL 2 km, RAEEATPINIASEHE T, HEE 1.5 m,
JRHRERIEIE 9.4 m, PRI SA 45°, AT SOER BLI AR 17.50°~31.55° 2 6], 404 1 fios.

Figure 1. Schematic diagram of pipeline and terrain and landslides tendency in Laohongpo
district

E 1. 2aREREERHSBEMRREE

MR E L BUE T S S BoR BB, 6k B A R B AT N B b, SR SO R R
TR SEERS R VEPHERSR AN NER A 7 48, s 2 for. e Eksd, &iE
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Figure 2. Primary selection of key dangerous points
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Table 1. Monitor the relevant parameters of the pipe section and possible failure modes
F 1. WENERBXSHRATRNARYEER

RS HE(m) FE(m) (A=A R BRI R BB

145 DZK113 + 765.747 2107.54 Sy AE Kb T B T 2 4 e

2 45 DZK113 + 1109.856 2125.42 RNk ALV

38 DZK113 + 1211.163 2093.45 SR /IS S 3 ol R 4 SR

4 55 DZK113 +1222.717 2092.18 AT SRS R B R4 R

5 81 DZK114 + 95.104 2150.13 ATV 3k ol 1 e 2k 2
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Figure 3. Relationship between stress increment and strain
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Figure 4. Relationship between soil load and soil displacement
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Figure 5. Schematic diagram of longitudinal traversing landslide body
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Table 2. Basic parameters of easy landslide
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B 2
BEBR/SH W 1 e i 22
W) al =31.55 a2 =28.68 a3=17.50
Ik 190~200 220~230 230~240
T B () 52.92 19.38 73.40
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Continued
7 1 JE P (m) 15 15 9.4
WIEHE ST Uy 12545.57c0s31.55° 12545.57¢0s28.68° 78618.89¢0517.5°
(N/m) =10,691 =11,006 =74,980
WIEHES Uy 12545.57sin31.55° 12545.57sin28.68° 78618.89sin17.5°
(N/m) = 6564 = 6021 = 23,641

Table 3. Pipeline foundation
3. EEEM

wy BRE BRE ERKE KRSEE TR ﬁ%lﬂ& HiAES  EMBUNULRE

mm mm mm Kg/cm® T C Pa (Su) Pa

X60 406.4 6.5 1.0 0.000095 30 22 6.3E6 517106.75

Table 4. Soil parameters

F 4. TESH
R R B BETE TimpEgs 0 BLE O STEE Ak JE HRAL
e Kg/em® T ©) SER¥ mm EY 4 BEHETF
0.46 0.0021 8 25 4 1500 11.214 0.015

Table 5. Working condition establishment
5 THREM

R T U B
[SUS] W + P1 ToIB AT (1 22 3 L0
[OPE]W +P1+T1 ToIB AT (R E L
[OPE]W +P1 + T1+ U1 B I BR AT R A T
[OCC]W +P1 + U1 T AR AR A AN L e R A R T
[occ] Ul A AT 1 P L

3) BN TE N /)7 A
MR VAN S A R B R AT 0 b, W 2 1 S XA 2 B A0 s L 4 6.

) Load Case on |eer
[T (OPEJWAT1+P1 Element]

£ 2(0PE)WaT1PT4UT

Stresses 206 [2a3248

High Stresses 200 [ 244 245

Displacements BIRII244-245

Restraints 301 1245246

EEEEE 303246267
High Stiesses 304 1246-247
Displacements 305 |ERE
Restiainls 206 _|2é7-268

B 4(0C0)L=L1L2 B07I|245 249

Shesses 308 |248-248

i 309 |249-250

310 |248-250

311250251

312 |s02s1 | 251]  000]  000[ 100

00| 51206.40| 310264.10[16.50

]

313 _|251252 251 .00 00 1.00] 1.00| 51206.40| 310264.10|16.50
314_|251-252 252 .00, .00 1.00] 1.00| 51206 40| 31026¢.10(16.50
L’ 315 |252253 | 252 0 o] 100 .00[ 51206.40[ 310264.10[16.50
316 252253 | 253 00| 000 10| 51206 40| 310264.10[16.50
X P ) 00[__000] _1.00] 00| 5120640 310264.10[1650 | -

DOI: 10.12677/jogt.2021.434079 110 Fl RS R


https://doi.org/10.12677/jogt.2021.434079

Fr, AR

= Losd Case
1 1(OPE)WT14P1

) 2[0PE)W+T14P1+U1

Stiesses el

High
Di
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TR : High Stissses 306 |247298 | 248| 816930 o 1.00 00[ 6156765 310264.10|19.84
. ) ] -] -i_" Di it 307 _|248-249 243| 3189 11 . 1274.91| 310264.10(19.75
an .

£
308_|266249 269 210331 1T 93] 55107.54| 310264.10]17.76
309_|248250 249 21033 A1 99| 54986 65| 310264.10[17.72

99,

00

00

.....

Bt

o, e T et

243250 250 491563 11 57648 66| 31026410[18.58

7358.21| 31026410 18.49
00| 66508.70( 310264102144 =]

250-251 250| 49156:
250251 251] 133824
251252 251 133824 X X 00[ 66047.00| 310264.10[2129

251-252 252| 953248 X X 00| 6268077 310264.10(20.27
252253 25| 953248 00| 62419.54| 310264.10[20.12

252253 253| 443945 000 100 1.00| 58010.23| 310264.10[18.70
253254 253 4439.45| 000 1.00 1.00[ 5743438[ 310264.10[1851 _ ~

E Load Case Bending | Torsion y Code | Allowable A
1 (OPE)WHT14P1 cromment| Nonen| Stress | stress [ 508 {0 S08 | sress | suess [P
5 2(0PE)WT1PTUT ( Kpa )|( Kpa ) (KPa)| (KPa )
Stresses. 298 |243-244 244 21322 0.00] 1.00] 1.00| 2407.88| 310264.10(0.78
i nesses o |oeoes | 26| 21022 000 100 10| 70068 102s
Displacements S0 [2aazes | oes] Siere 00| 00| 10| eresas| si0zes
Restiaints 301_|245248 245 3187.43| .00 00 .00[ 4164, ﬂ 310284.10[1.34
i 3(6US] WHP1 0z _|2és265 | 24| 7e8T7| El:@l: 00 9500.14] 31028410306
£ 4(0CC) L4=L1L2 303 |246-247 246 T806.77 .00 .00 00| 9033.29| 310264.
Stresses 304 |246.247 | 247] 123543 00| 100 00 14296.00] 310264.10[461
Higl 305 |247-248 247 | 12354.35 0.00] 1.00] 1.00] 13830.37| 310264.104.46
Dis " 306 |247-248 | 48[ 816930 000 100  1.00] 1036125 310264.10[3:3¢
Res s 307 _|248-249 248 3169.35[ 0.00 1.19 0.99| 10088.51| 310264.10(3.25
£ 5(0CC) L5=L3+L4 308 |248-249 249 210331 ‘ 0.00 1.19] 0.99] 3901.14| 310264.10 ‘ 1.26
Stresses 309 |248-250 249| 2103.31 0.00] 1.19| 089| 3780.25| 310264.10(1.22
High Stresses. 310 |248-250 250 | 481563 0.00] 1.18| 099| 644226| 310264.10(2.08
311 |os0-251 | s0[ sotses| 000 10|  100] erstei] swozsto]19
Restraints 312 |250-251 251 1338241 0.00 1.00 1.00] 15302.30] 310264.10(4.93 (=]

(572 21252 | as1| o321 a00| 100 1.0 TacA0go] t0zeartolas
[314_|251-252 252| 953248 0.00] 1.00| 1.00| 11674.37| 310264.10 3.76

[315 |252-253 252| 953248 0.00 1.00 1.00] 11213.14] 310264.10 (361
16 |2s2253 | 253| 443945 000 100 1.00| 680383 | 31026410219

[317 [zsw2es | 2s3] samas| oo two| o] ezzrse| Swzsainjzer | -

Figure 6. Stress analysis results of different working conditions. (a) W + P1 Working condition stress (Wall thickness 6.5
mm/Sandy soil); (b) W + P1 Working condition stress (Wall thickness 12.5 mm/Ceramsite); (¢) W + P1 + U1 Working
condition stress (Wall thickness 6.5 mm/Sandy soil); (d) W + P1 + U1 Working condition stress (Wall thickness 12.5
mm/Ceramsite); (€) U1 Working condition stress (Wall thickness 6.5 mm/Sandy soil); (f) U1 Working condition stress
(Wall thickness 12.5 mm/Ceramsite)

6. FRITAN AR HLER. () W+ PL TR (BEE 6.5 mm iP1t); () W + PL TR (B2 12.5 mm BFHL);
()W +P1+Ul TREFI(EBEE 6.5 mm ibt); (d) W +P1+ ULl TREFI(BEE 12.5 mm fkD); (e) Ul TR F7(EE
E65mmitt); (f)Ul TRRAEEE 12.5 mm FE%I)

BRIR )T RINE 6, A HTRI, 7E[OCCIW +P1+ UL LA T, RJJHZ N 1670.52%, %5 7)

o 5183015 KPa
CEATHERE TR, T REsEN . TR RN e =2 = =0.002468, {H X60
TG RRUE AT A% i i3 B VA BN HINAE N & = = 510000000.0 KPa {

PE M X SRVFR AR 0.0024; HIBMEX RVFNAE R 017, FUANASARHEFATRZ, NRAZ 4K .
YT, BRFIBAZE[25]1K ] CAESAR I #HF1 ANSYS BPERF T 7 40 18 5 s b B i S g A8 43
MR, W CAESAR Il 1R 1 SRR THE S5 R 3ba TR 57 .

[FJER A3 AT 1 ANRVE B JE EEIG L T R JPIRAL, S5 R 7. % 8 FizR.

SHTRTLARIL, E[OCC]W +P1+ UL T4L N, FRHEAS RN RE E R0 S i E TRy, HoM
JIEEER 53 71 1457.83%A1 907.47%. %N IbRiERSAZ, FEMIREE RSO0 N b Tl oRpeiE I, (Ha2xt
L6 A3 BT R I FL R ) R S, DRI AE L8 SR A AN AR OIS L T 5 0K A T R VR g T A AR PR e e
hz—.
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Table 6. Maximum stress calculation under current working conditions
6. BRI LA TRARDTERER

TH W =g BEE TR VRN A RLFHGZE B

mm mm KPa KPa % Hm

[SUS]W + P1 X60 406.4 6.5 98,473.88 310,264.1 31.74 BV
[OPE] W +P1+T1 X60  406.4 6.5 102,495.2
[OPE]W +P1+T1+ U1 X60 406.4 6.5 5,005,235

[OCcCl Ul X60 406.4 6.5 5,084,542 310,264.1 1638.78 At

Table 7. Maximum stress calculation under current working conditions of wall thickness 7.5 mm
Fz7. BE75mm LATRARDHERBER

T W TR BE THEM A RN VAl 3 BE&

mm mm KPa KPa % TH,

[SUS] W + P1 X60 406.4 75 85,344.03 310,264.1 2751 Siibus
[OPE]W +P1+T1 X60 406.4 75 90,705.85

[OPE]W +P1+T1+ Ul X60 406.4 75 4,371,293 pipus

[occyul X60 406.4 75 4,437,632 310,264.1 1430.27 FSibus

Table 8. Maximum stress calculation under current working conditions of wall thickness 12.5 mm
#8 BE 125mm TRATRANTERER

. g BEORE  WEEn  WARN  mAkE  BE

mm mm KPa KPa % LA

[SUS]W +P1 X60 406.4 12.5 51,206.42 310,264.1 16.5 SGikul
[OPE] W + P1 + T1 X60 4064 125 64,996.8

[OPE]W +P1+T1+ Ul X60 406.4 12.5 2,731,499

[ocClul X60 406.4 125 2,764,361 310,264.1 890.97 A it

IR NASARHEEAT T, & B4 B4 0.02154 £ 0.01341, HFE&NEITHEANRLN. BT B+
TEIE YT = P R BAR R AE R, o] DL B 78 A P R OR g S i i 1) 22 45, N IeibsT 718
L (M 025 55 29 AT H 70 1 1/5)38 76 78 L1050 0. 45 5B an 9.

Table 9. Maximum stress calculation under current working conditions of wall thickness 12.5 mm with ceramsite
F# 9. BE 125 mm TR TRAR NI EER (KAL)

TR R ER BE THER S YRR Ry B

mm mm KPa KPa % i

[SUS]W +P1 X60 406.4 12.5 51,206.42 310,264.1 16.5 G0l
[OPE] W + P1 + T1 X60 4064 125 64,996.8

[OPE]W +P1+ T1+ U1l X60 406.4 12.5 270,168.6

[ocCclul X60 406.4 1255 303,664.3 310,264.1 97.87 SEBu
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P, AL

MFE 9 TR, YEEJE Y 12,5 mm B 0 4 b B R FH kA e 7 i (VR R 2% FE 2 AT H Vb L 1) 1/5)
DA/ W eHE D ROVE R, 2% 00 N EoR RN g 3500 R BEoK . T EBEJE 0 11 mm, T3 TAURSZ 45 R R
P

DL LA, EE 0 FRARAE L2 I oL, JFRE T Vb BRI kL [RHE R B R Lexs, g5 5803k 104
#* 11,

Table 10. Stress of each node or monitoring point under landslide conditions of [OCC] W + P1 + U1 with Wall thickness
12.5 mm by backfilling sandy soil

52 10. B¥E 12.5 mm EIE;P T [OCCI W + P1 + UL i§H TR T&T Ss 0N S5 5
R (I R) 25 1 B 77 (KPa) TE M S (KPa) ¥R F1(KPa) H (%) RS R

196 (1) 283,318 362,156.6 310,264.1 116.7 FSiiibus
201 (6) 60,532.5 149,770.6 310,264.1 48.3 it

232 (2) 284,767.5 456,851.2 310,264.1 147.2 PSS
247 (3) 397,245.9 532,768.8 310,264.1 171.7 it
251 (7) 406,185.5 543,057.6 310,264.1 175 Fidit
260 (4) 245,963.5 429,551.3 310,264.1 138.4 Fimit
276 (5) 81,808.6 627,975.1 310,264.1 202.4 i

Table 11. Stress of each node or monitoring point under landslide conditions of [OCC] W + P1 + U1 with Wall thickness
12.5 mm by backfilling ceramsite

5 11. B*[E 12,5 mm EEKI[OCCI W + P1 + UL i3 TR T &P S N SR 5
AR (B RR) 25 i B 77 (KPa) THERF1(KPa) YRR 1 (KPa) LE 2 (%)
196 (1) 8613.2 362,156.6 310,264.1 18.5
201 (6) 4944.1 149,770.6 310,264.1 17.2
232 (2) 9047 456,851.2 310,264.1 16.3
247 (3) 12,354.3 532,768.8 310,264.1 21.1
251 (7) 13,382.4 543,057.6 310,264.1 21.4
260 (4) 6561.8 429,551.3 310,264.1 19.6
276 (5) 1495.2 627,975.1 310,264.1 22.3

TR 100 % 11 R EE R, wTRLRIL,  F NI A e A 2 i O TE N I, il N
4l SRR B S BE S AL, AR BRI AR R N G R B SR AT R A
[l SEA 85 22 4 28 I T VE A e S8R U T N B B IR L
5. L 5&

1) 45t

I 2 LL X ORIRAVE T PR BEAT T U, WIRA 1 Zy i 3 X8 Bl v 2 g A 25 it R ) %
RIS Ao 5 W BT LA I, A v 7 RS gl B BRI U IAE B AL, kbR
IVWARNE el

FIF CAESAR |1 BT v Y i P TE B 140 AT, BT X 2 403 X RAR S T8 g i B Ab, @t
BT BE JEURN SR (R SEOAT R B O NI B ) BB AT SRSCRE G T SN R A
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s, AR

2) 7Y
CAESAR Il N jitE R E TR, "R EHR GRS LERS. BE, EHEKE.
TR 3 o A5 DR 30 7 2 o T 3 B N S i AR R, DA S TR A ) BB T B

E&WH
DY 1148 FHE I H (2019YFS0075); DU J1I48 RHE %155 H (2020YJ0153) .
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