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Experimental and Numerical Analysis of Peak Uplift

Resistance of a Buried Pipeline in Sand and Soft Clay

Dae Hun Kwon

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Subsea pipeline is one of the most important structures to transport the
fluids such as oil and natural gas in offshore condition. Uplift behavior of the
pipeline caused by the earthquake and buoyancy, is one of the reasons for a
pipeline failure. The objective of this study is examined and compared peak
uplift resistance through the parametric studies with the laboratory experiment,
numerical analysis and existing uplift theory. For that peak uplift resistance of
a buried pipeline was firstly compared through numerical analysis and
laboratory model test with existing uplift theory. The considered parameters
were buried depth, pipe diameter and relative density in sand and water
content in soft clay. Then the peak uplift resistance was compared numerical
analysis and laboratory model test with geogrid reinforcement effect.

KEY WORDS: Buried pipeline &3 she]zz}el; Uplift Behavior 1¥7%; Peak
UPlift Resistance =3 <19Fx&+=; Burial depth £3 zZlo]; Geogrid A 18 E;

Laboratory Experiment AW %3 A3,
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Fig. 6 Measured uplift force / displacement relation for clay
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Fig. 7 Sliding block mechanism with shear planes at
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Fig. 8 Photography of uplift mechanism
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Fig. 9 Mohr’s circles of soil element on sliding plane
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Table 3.1 Material properties of sand

Value

Unit

Parameter

2.64

Specific gravity(G,)

73%)

.=39%)

34(D,
43.5(D,

Fiction angle(¢)

14.80
115.80

EN/m?

Dry unit weight(y)

1.9
1.0

Uniformity coefficient(C,)

Coefficient of gradation(C.)
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Table 3.2 Material properties of clay

Parameter Unit Value
Moisture contest(w,,) % 80
Cohesion EN/m? 0.4

Unit weight(~y) EN/m? 14.28

100 N . ~ 4

Fercent finer by waeigt(%9

Grain-size(mm)

Fig. 10 Grain-size distribution curves
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Fig. 12 Vane test machine
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Table 3.3 Relation of D, —¢ along the N value
i AdA Lo ))
Ao A}
Rl il NA Peck Meyerhof
D,<0.2 o $- == 0~4 28.5 o] 3} 30 o3}
D,=0.2~0.4 A < 4~10 28.5 ~ 30 30 ~ 35
D,=0.4~0.6 Rz  10~30 30 ~ 36 35 ~ 40
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D,>0.8 ) -z 50~ 41 o] 45 o]
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Fig. 15 Model test device(load transfer device, resistance measuring device)
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Table 3.4 Material properties of sand and clay

Parameter Loose sand = Dense sand Soft clay
Unit weight[~v(kN/m?*)] 14.8 15.8 14.72
Friction anglel[¢(®)] 34 43.5 0.1
Cohesion[c(kN/m*)] 1 1 0.4
Poisson ration[v] 0.3 0.3 0.3
Modulus of elasticity[ E] 2.2E4 3.5E4 3500

Table 3.5 Material properties of pipe and geogrid

Parameter Pipe Geogrid
Unit weight[~v(kN/m?*)] 78 0.5
Poisson ration|[v] 0.3 0.3
Modulus of elasticity[ F] 2.6E7 -
Tensile strength| T - 60
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Fig. 17 Pipe and geogrid interface condition
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