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ABSTRACT: Subsea pipelines are one of the most important structures used to transport fluids such as oil and natural gas in offshore environments.
The uplift behavior of the pipeline caused by earthquakes and buoyancy can result in a pipeline failure. The objective of this study is fo examine
the peak uplift resistance through parametric studies with numerical modeling by PLAXIS 3D Tunnel. The effects of the embedment ratio and pipe
diameter were first examined for uplift resistance in sand and soft clay conditions. Then the length of geogrid layers and the number of geogrid layers
were examined in terms of ability to resist uplift behavior.

1. M = A AW B AMSEE HHE golZes fAE &5 o
AHEE A RE wj g E o] Sl ~ER <A}l sto]zaElle] QA
s|Avto|ZeiRl e A, A7k, He T FAE &5 Fol W frARSTRaL B alsthDickin, 1994). ©1E2] AT
8% A FRECIT AT ZlE FE, A 5 A AHEES HE wjdEodE golzEgle] A EE 4k
Ao gt QA Fe] WAsHH, ol golzajjle] = o 2L T3 Utk T2t AA S (Onshore) 3
8 I dlo|t) ot ibatgol 23t I HFS 3 (Offshore) A= N QTP ES ) AHkS B3 |
7] 918t A EC HE wjdeE vlolxzo] =3 AYE e =d ANk ) EFUe ol ¢ FERE F9 FH A
(Peak uplift resistance, PUR)®| #¢ W2 A77F 18 =3 1 5 JABIAIE B3] 98 AS2H AW-EE okl &
th AHE ARk £31 sto]z Rl QIEAFTE B o] &&= Ut
A ALIYE ARE 7ol W& S8 AEAFES AR B ATe Al 2gAF A gto]z AFE A o] opd 1t
FAFS Eaf 24 319 o (Armaghani et al,, 2015), =3 AF o] FHo] YX|3 Auke] AT F ALAZH AEA vt
AE Agk] 249 Jolz=o] 2, 19 AAY] a8 29 52& F3 AR E(Loose and dense sand)2} 2 E(Soft
Hlo] W& AT F7HE st AuiEgdPo] o]FAH  clay)ol £3 Folzo] I3t QWA FTHE 32 {3844
Uh(Bang et al., 2003). FE A|Hto)] ZAw ~EHPA Qs =2 73<] PLAXIS 3D Tunnel(Brinkgreve and Broere, 2001)<
H I B Hol AAZ ARk mh] AT FANFFY o83t AHEEdTE 3 dolZe ZRIYA AFEE
(Suction pore water pressure) HAY O Z A% I3 AITAEE A EI(Tumnel) R4E 83t glo]d(Lining)e] 1 TSHF
o] FAEAE 53| T UK Thome et al, 2004). 1 £ o] L& A dolxz mARBIY ZYB|(H/D), Fo|Z 27
Tel9] 2Eq o7 el gfo]z o] QItAF Wd AFUVF Wol (D), ALY = Zol() ¥ B T (LayenE HTE g
Z1Y = ATHBace et al., 2008; Murray and James, 1987). ZEHY & &334 a4 AejolAe] S35 LA S s
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Table 1 Material properties of sand and clay

Parameter Unit  Loose sand Dense sand Soft clay
Unit weight [y]  kN/m’® 19 21 16.48
Unit weight [v,,,] kN/m® 20 22 17.48
Friction angle [¢] Degree 32 40 1
Cohesion [c] KN/m’ 1 1 5.9
Poisson ratio [v] - 0.3 0.3 0.3
el;:;’t‘ii(‘jilt‘;s [(’Ef] KN/m2 20,000 35,000 3,500
Table 2 Material properties of pipe and geogrid
Parameter Unit Pipe Geogrid
Unit weight [4] KN/m’® 78 1
Poisson ratio [v] - 0.2 0.3
Tensile strength [7] kN/m - 60
Modulus of elasticity [£] KN/m? 2.6E7 -
Apparent opening size mm’ - 21
SA|s A0l A8 Tholzel X @ 2] =e] B Amaghani

et al.(2015)9] =& F=3}99Th PLAXIS 3D Tunnelol A& £
ATl 489 A eag et g ASE AF3t7]ol Babu and
Singh(2009) |75 #a3led I Q Ax(Plate element)Z2 TASIH T
2] AHke] A My FEAS F307]9 Tunnel &
A2 B3 dlo]zE= glo|ygo] g1 thgEeke] e A2 113
st & FAs Ml ARl 243X Table 29+ 2ot
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Fig. 5 The effect of H/D in onshore state(D = 26 mm) Fig. 7 The effe-:ct of 2 layer geogrid(D = 26 mm, Geogrid length
= 5D) in onshore state
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Fig. 6 The effect of 1 layer geogrid(D = 26 mm, Geogrid length
= 5D) in onshore state

Embedment ratio(H/D)
Fig. 8 Comparison of 5D and 10D(D = 26 mm, 1 layer geogrid)
in onshore state

Table 3 Result of PUR on loose sand and clay in onshore state

PUR (q,/q, )
Test No D [mm] HID Gogrid layer Goegrid length v
Loose sand Dense sand Soft clay
1 36 2.7 - - 1.09 1.26 1.94
2 36 2.7 1 5D 1.41 1.55 2.31
3 36 2.7 2 5D 1.85 2.30 2.79
4 36 4.1 - - 1.79 2.05 3.18
5 36 4.1 1 5D 2.06 2.30 3.56
6 36 4.1 2 5D 2.58 2.75 3.86
7 36 55 - - 2.69 3.06 3.94
8 36 55 1 5D 291 322 4.68
9 36 55 2 5D 3.30 3.64 5.10
10 46 2.1 - - 1.17 1.36 2.09
11 46 2.1 1 5D 1.51 1.66 2.50
12 46 2.1 2 5D 2.05 2.60 3.00
13 46 32 - - 1.87 2.16 3.42
14 46 32 1 5D 2.17 243 3.81
15 46 32 2 5D 2.74 3.20 5.00
16 46 42 - - 2.82 3.12 4.40
17 46 42 1 5D 3.00 3.34 4.95
18 46 42 2 5D 343 4.00 5.11
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Table 4 Result of PUR on sand and clay in offshore state

Offshore PUR

--@- Loose sand(No geogrid)
- - Dense snad(No geogrid)
--m-- Soft clay(No geogrid)
—e— Loose sand(llayer)
—— Dense sand(llayver)

2 —m— Soft clay(llayer)
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Fig. 10 The effect of 1 layer geogrid(D = 26 Dmm, Geogrid length
= 5D) in offshore state
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Fig. 11 The effect of 2 layer geogrid(D = 26 mm, Geogrid length

= 5D) in offshore state

PUR (q,/q, )
Test No D [mm] H/D Gogrid layer Goegrid length v
Loose sand Dense sand Soft clay
19 36 2.7 - - 0.80 0.96 1.18
20 36 2.7 5D 1.10 1.24 1.47
21 36 2.7 2 5D 1.53 1.72 1.95
22 36 4.1 - - 1.33 1.59 1.79
23 36 4.1 5D 1.60 1.87 2.06
24 36 4.1 2 5D 2.04 2.26 2.47
25 36 5.5 - - 1.91 2.27 2.37
26 36 5.5 1 5D 222 2.54 2.69
27 36 5.5 2 5D 2.69 2.88 3.20
28 46 2.1 - - 0.86 1.03 1.24
29 46 2.1 1 5D 1.17 1.33 1.64
30 46 2.1 2 5D 1.71 1.93 225
31 46 32 - - 1.40 1.68 1.85
32 46 32 1 5D 1.70 1.96 2.37
33 46 32 2 5D 2.19 242 2.79
34 46 42 - - 1.96 235 244
35 46 42 1 5D 2.38 2.68 2.90
36 46 42 2 5D 2.84 3.07 3.5
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