Journal of Zhejiang University-SCIENCE A

Analytical solution for upheaval buckling of shallow
buried pipelines in inclined cohesionless soil

Key words: shallow buried pipe; upheaval buckling; inclined ground;
analytical formulation; soil deformation mechanism

Cite this as: Bo Huang, Jing-wen Liu, Ji-ying Fan, Dao-sheng Ling, 2021. Analytical
solution for upheaval buckling of shallow buried pipelines in inclined cohesionless
soil. Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering),
22(5):369-381. https://doi.org/10.1631/jzus.A2000275



https://doi.org/10.1631/jzus.A2000275

Slip-surface mode of pipeline uplift failure in horizontal field
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O Deficiencies of the existing failure modes:

@ Without considering the site inclination, the applicability to the inclined site is unknown

@ Always assuming the stress state of soil on the fracture surface in K, state

@ The slip-surface angle B is based on the empirical method



Stress state of a point on sliding surface in inclined ground
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o, :Vertical stress acting on plane ab

o,=0A4=yz-cosf
According to Terzaghi graphical solution
method,

OH = yz-cos” 0
AH = yz-cos@-sin6
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Suppose soil element transformed from the “at-
rest” condition to the active limit equilibrium
stress condition on slip surfaces, then
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Fig.1 Schematic of a buried pipeline within a cohesionless
soil with ground inclination angle 0, effective unit weigh
Y, and soil internal friction angle @. abcd is soil element at
depth z on a potential slip surface, planes ab and cd are
parallel to the ground surface and the planes ad and bc
are vertical.

o, :Stress parallel to inclined surface

acting on plane ad

=0B=2J,cos@—yz-cosO



Analysis of the failure angle for a pipe uplifted in inclined ground

Take the left slip surface as an example, from
Op the geometric relationship, it is deduced:
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Fig.4 Stress state of the soil element on the left failure
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Fig.3 The mechanical condition Of a buried pipe for tll:.e.......................................................................................................................4-.f
inclined ground condition
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Results and conclusions

O The inclination of failure plan angles are not the same for the inclined
ground condition. The two failure plans rotate in the downhill direction.
The area of soil bounded by two slip surfaces for the inclined ground
condition is larger than that in the horizontal ground.

O The magnitude of rotation increases with the increasing ground inclination
0 for a given embedment ratio H/D, and decreases with the increasing H/D
for a given 6. When H/D is larger than 4, the influence of ground slope is
negligible.

O The peak uplift resistance reduces in the inclined ground, especially when
H/D 1s less than 1. The relevant design codes do not consider the impact of
ground inclination on the uplift resistance, resulting in a decrease in the
factor of safety.
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