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Stability Analysis of Vertical Pipeline Subjected to Underground Excavation

Jong Woo Kim

ABSTRACT Deformation behavior and stability of vertical pipeline subjected to underground excavation have been studied
by means of numerical analysis. Vertical ground displacements cause the pipe to be compressed, while horizontal ones cause
it to be bent. In that reason the vertical pipeline meets with the induced compressive stress and bending stress. In addition
horizontal rock stress subjected to underground excavation may press the tube in its radial direction and it finally produces
the tangential stress of pipe. In this study active gas well system is considered as an example of vertical pipelines. Factor
analysis has been conducted which has great influence on the pipeline behavior. Three case studies are investigated which
have the different pillar widths and gas well locations in pillar. For example, where overburden depth is 237.5 m and
thickness of coal seam is 2.5 m, chain pillar of 45.8 m width in the 3-entry longwall system is proved to maintain safely the
outer casing of gas well which is made of API-55 steel, 1094 in. diameter and 0.4 in. thickness. Finally an active gas well
which was broken by longwall mining is analyzed, where the induced shear stress turn out to exceed the allowable stress
of steel.

Key word : Underground excavation, Mining, Deformation, Case study, Gas, Analytical methods
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Fig. 1. Method of supporting a house (Peng, 1994).

Table 1. Regulation of pillar area for protecting active gas
well.

Cover R?q‘d solid Regﬁa?dg;%l bcaTri(ilt?sﬁ:ce

(ft) P 111?rﬁ2§rea (solid or split) required
(ff) (ft)

0-149 3600 - 3600
150-249 5625 - 5625
250-349 10000 10000
350-449 10000 5600 15600
450-549 10000 13000 23000
550-649 10000 22000 32000
over 650 10000 30000 40000
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Table 2. Minimum yielding stress of steel casings based
on AP} Standards.

Minimum yielding stress

API grade - -

(ps) (kg/em’)

F.25 25,000 1,750
H-40 40,000 2,800
355 55,000 13,850
K-55 55,000 3,850
C75 75,000 5,250
L-80 80,000 5,600
N-80 80,000 5,600
C-90 90,000 6,300
C95 95,000 6,650
P-110 110000 7,700
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Fig. 2. View of chain pillar system with 4 entries (Unit:ft).
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Young's Modulus

Cohesion Tensile strength

Material Density (g/cm’) (X 10°MPa) Poisson's ratio  Friction angle(O) (MPa) (MPa)
Sandstone 2.7 20 02 40 27 10
Intermediate roof 2.6 3.0 03 28
Coal 1.24 1.5 03 23 9
Gob 1.24 0.6 04 5 0 0
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Fig. 4. Vertical displacement along the gas well.
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Table 4. Maximum horizontal stress along the gas well
around coal seam.

Excavating Initial Entries Panel #1  Panel #2
step
Stress 42 58 63 69

(kg/cm®)

Fig. 8. Stress condition of gas well by section.

A& Fo ZABIGIE. oldl] B Sl Ho 488
-2 27 ko] AR AN wAE o, F3G
Aol whel &2 Frlatgict HdeH S Al
Table 48} 2},

T35 o] FHETRS P4 vX|= HgkE 1
¥ o Fig. 83 22 FFUEFlES 29 &+ et
714 o FolZ o] vIFWE ol o, & HAW
F FY 224 57 ZH(Duvall, 1967).

2.2 2 2

_r11,(P,-P) Pri-Pr,
G, = 7 a2 T 1 2
(ro—1i)r I,—1;

(C))

22 2 2
- _rirn(Po—Pi)+Piri =P
(e-tr

SEENEESELIEES
ry: kol Ze) Wi
P, To]Ze 9B
P SEDRVER

FHRER 900l sl 2| 5eteo] 28 ol
i qh% wwE 4 ook ek FeEEw wse] o
H(Pyg FAWTHE ARSHE ol = e (r = ol A
e YA LHe2A o3t B

®

2 2
I,—1;

Go,max = ~22L§2P0 ©®
I,—T;

g, FHEIH AL AUk 25y o]9)
ol sho]Z o] 9|7 tf FA9 ul, sfo|Z e} AR Foll
o8 -5l B33 ZAHO| 2R, o] & 7HehE] B 9
a & dAelA mH 973 10% in, 74 04 in,
API J-55 774 sto| Zol| thajAqt sj4 37| & gt &,
o] =2} A& E} Table 49 v} 3534 69 kg/em’
£ (6ol tigstd Hol HA5HE 963 kg/em™Z Al



A8eh ot 31§39 oF 25%0l AP},

B, 9lo) AASHE PR EU A2FHE B
e ARES AAREE 248 5 Yok Dok ARE
EEEEEECEERESIL R TR R
w, 53] A 337 HAUH 02 Aogele] FHNE
Tho] 24 PelArh, sjolze] AF o 8 B 3
A7 B ASAE ok 2ehd, o)k Ahg delw
2AE 7R Aol ololl e B} AAg AT}

v
e g

fo P

35 &gt sy

Fig. %) +3 70| =9 ol 9Aq vj4£84F
UeRd Zolm, Fig. 9(b)ye vld&8dell AHg3te S8HE
veRd Aot} o714 xyHHde] 354 o2 4
SHo24 3349 gz W Aoz HE] a3
FHo) 2 g-5Holl siwkE 2721 kg/em’ol o}, B, xz
HH Al 28 o5 UYL EA Akl 489
ol 71Q15tod WA=l Aolw, 3440l 25t 963 kg/em’
ojvh, 3HH, FHEZT I HH 9 oS FAFGoER
yzwge] &8 oolvh whebA, o] 24 & Fig. 9c)
o} Zro] yzilol dig HH-SH AN E 7 k.

o] 248 FrEell Y5 WollA whlisl= 738

O
Op —= { rwa—— (g -
. f
? Yy
Cn

(c)

Fig. 9. Stress condition of an gas well element.

Edz AHED 539

4 (o AR (e ket 2 BAste) 1R e
288 743 4 gk

_0g+0,  Co—Oa
0= = cos26 7
1= %sin% (8)

ol & o] f3lod o] 840 HuiF3H A HAFIHE
T8t 7hzh 2721 kg/em’ (), 963 kg/em’ (3ol
o] HFLHL B ATolA 12 ZAANE {45
3850 kg/em’ ] 71%oY 8 =ghet.

9, AR AFEE GEPEe) Yo
thg 9 A7t 9t

1,= % ©)

olol] oj3tH API J-5574 9] 3¢ 588532 3850
kg/omo| B8 Heks] &-5-8-2 2223 kg/em’o] Er}, oA
(8)Y4& o]8slod glolo] WHollA] Wil Ak F
ke el 1842 kg/em’e] AlAE ), ol & 3] 4%
9 of 83%0l| s F= = Aelvet.

upghA], o|4ke] S22 Qlsle] B odFoll4] eE
Svpo| & g 4eloll gl Ao WY 4 9ot
2 ZPEAZ 2 A Table 200 JERG #sH5F2 API
F-258 AR887vt FA7) ¢k slo| 25 AMg3ebd <t
FA ol Hojd Aeolr},

4. H[CHE SABSo| d&

4.1 A iy

3ol Al g3 ulg) o] F 200 fro] HetEE 7}
AR E A AR AeE ggkE, viebs,
BokehR) 1AL E0) A 2T s AeR
AzrEck 4, I F2 AEFEIL e 3-entry
systenellA e FYB =7} ol 2 RF7) pilolBz F3}
&0l Fo|zE T2 nitiY Moz XA Hr}

H Aol A= ©]2|3t 3-entry systemoll tHEt ==}
o]z o] P& HEFY] sl 3@ = A Y&
A stk F, Fig. 32 2 a4 ojolo] YRE =4
dlo] AMER 84T T4, Fig. 102 o] Fol
A QEAF Bg whalste] el Zeltt. o714 7}
2K 4o &g FobAFe] ZL 30.5mE Fig. 3(b)
oF FUE giol] HelehFo] M -2 458 m(150 ft)



540

r Position of gos weli

Sandstone

T A T A
Center pillar
30.5m(100ft)

Chain pillar=45.8m(150ft}

Fig. 10. Selected FD elements around coal seam.

olch. R Y RRE 387 AN Z FARFe
FA440 928,

42 OtMN BN

£ 349 28 AAE Qoksto] A s o
o &, o] = 3 FYR AE L 7#E4E A AR
o7 g

(1) gol = Zu3f 4

- HR WY E: 1030X10°

— Hdl+7 &Y. 2163 kg/em’

- HAAFE: -42%X10°

— HWY$H: 1204 kg/em’

s AL (o) 3367 kglem’(HE)

(2) Fhol = 7t 2 W3 &4

- Hal4% -89 70kg/em’

— AL (0,): 977 kg/em(A )

(3) T4

- | F29: 3367 kg/em’

- HL5HY 87%

- HoAGSH: 2172 kg/em®

— &5 98%

o]4la} Zro] E 150 fto] HoleFE T 7AMAAE ¢
AsAl A8 5 U & A2 =), 22 Ak
ZE 2344, Bddd 58X ke ANAAS 7
A o) o] A HlEEs} o] T S o
e EAgcln g3 = e Ao A=,

5. Opa| A

5.1 A3 LH&
Fig. 11 5|5 QO—#e] AE2F el =% 7}
24844 E ebd Aeltt, o B4 3-entry system

Panel
#1 Chain pillar | #2

(a)

Gas well 8
1 a

RN W
i 46 64 I
1 110(33.5m)
! 194(59.1m)

(b)
Fig. 11. View of 3-entry system of the case study (Unit:ft).

B NN
N

= A83, YA ES 7], W55, A F AR
HE4% T2 3 FYsich FAAFY] FL 335 m
(110 fyol ™ HbghFo] HAZ-& 59.1 m(194 frye] o},
o] 7} 242 Fig, 113} ol F4AF9 7L
AXE Ae] ofde} ¥ s dFo g o7k 24 U
o}

TpA A ol A AT AR L JinolL JEE
916 m(3004 ftele}. ol 6% in., 84 in., 104 in. {7
9] FHEIPE o3 A= thE AEE2H A2 E
o] Ho=Eict. 297 FHETRE 27 104 in2
A ' 3 oF 5.2 m(17 A7 A S A A4
A AR A BFFe) ARE 3-8 TYE 2375m
(780 ftye] o},

o] 7k 2 A AR AAE Fell
=g, o F A FgFlElEtE o] &ate] AR
A7} A AP L 30 A A= HejZh THES
9] Erholg)rh.



52 HEM Y
£ dtolAe o] 7k o] EAE HES] A
sl 3"7} §AHE S AAEIC & e 8 A
g Qs ohg3 o}
(1) shol = Zub3k &4
c H oA HYE: 905X 10°
— A5 54: 1901 kg/em’
- HAZE: -57%10°
— 2 %-g4: 1634 kg/em’
o HAESE(0,): 3535 kg/em (HE)
(2) Fol Z 7} 23 a4
- H -39 69 kg/em’
— HNHA LY (0, ): 963 kg/em (AVA)
(3) FEHA
- HoF$4: 3535 kglem’
- £3589 92%
- oA EH-g 2249 kg/em®
- #HE£549 101%

ope) 84 AE RE B3 W3R AHol AR
% shol o] v skalol 4 WA HAALSY 2249
kg/em'E ool A2 o] 3] 448 2223 kglem'E
235 Gk whebal of shol L SalsgIH Ao
A7,

Table 5. Comparison of three case studies.

BeH AefFy 541

6. dE4io| Hjim

54 sjolxz o] o5tH] kAol S v|XE Q4T
Ak #AAE, #94%, #9858 Fol Ak A
Hke] A7 52 vlo| o] ghEHY 9 9fE-5EE A
A7), 59A F-2 slo| L] 3wy o &I WA
AZe}, o] FHEEL T3 Yol ojsle] slo]z o o
ol 3t AR o2 2 eS8, R Ake) 42
HEHL gho| ZE A A ETHE AT

Table 5% 3, 4, 53l A ztzk 37 Al A 4
o] AnE wladt Zolr) Al 7iA] Alsle HekwF
7 9 kA o) X A2 oHER AlbAE
25 ) A A Al FollA shalzl oyt AL 3
¥ 73 -g-o|t}. Table 5014 713 FF8okd AL so| =
9] FEol olef WAE Yol F, oFE FHAEL
Al 74R] Abelol] dlsf 7] wl<est el 3 9] &
L 4A LR o) 9 2}

Fig. 12& Al 714 Akl gt JE2EE vjag A
2.2 3 ZF oA Hdl FEo] JepdS & & Ut
ol zlo|Z 7} FdR|Fo] FAHoll XA 7] diE
o dolt Ao g AniEd), o] 2 Q) 3 Fee B
Qbghel Fof 2 7 2ol wisle WS Follx s
sjolz o w3E Xl Ao Az}, wlets, slolz
o] G A S g Fol7] fsiME FHo|ZE B
QFFE] T4 Holl XAk e o 5 et B 2

Case No. 1 2 3
Longwall system 4-entry 3-entry 3-entry
o Width of chain pillar 61 m(200 ft) 45.8 m(150 ft) 59.1 m(194 ft)
Description . .
Width of center pillar 30.5 m(100 ft) 30.5 m(100 ft) 33.5m(110 ft)
Gas well location in pillar center center not center
Calculated by axial strain 1890 2]63 1901
Non?;l)ﬁtress Calculated by curvature 831 1204 1634
Sum? 2721 3367 3535
Tangential stress™(°) 963 977 963
Maximum principal stress 2721(71%)” 3367(87%) 3535(92%)
Maximum shear stress 1842(83%) 2172(98%) 2249(101%)
Results stable possibly stable failure
Reference chapter 3 chapter 4 chapter 5

1) Unit of all stresses is kg/cm’.
2) The induced normal stresses are compressive.
3) The induced tangential stresses are tensile.

4) Numerical values in % are the percent to the allowable stresses
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Fig. 12. Curvature distribution in three case studies when
panel #1 is excavated.
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