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Analysis of the ultimate Earth Pressure on Underground Conduits
Haruyuki YAMAMOTO and Koji TOMINAGA

The ground movement caused by the consolidation of soil or surface loading changes the state of
stress in the ground adjacent conduits. Under these circumstances the conduits may be subjected to
very high ground forces which can lead to conduit failure.

The purpose of this paper is to present a method of estimating the ultimate earth pressure on the
conduits, which is based on the limit analysis and equilibrium equations. The analysis presented is
similar in principle to that employed by Matsuo (1964), but it is also extended to conduit groups which
are placed in parallel. The failure model of soil mass used in the present analysis is produced by
analysing photographs to show movements of sand particles around the conduits-dpring model tests.
Furthermore, on the assumption that the Mohr-Coulomb’s failure criterion is valid on shear sliding line,
the failure model is shaped by a rlogarithmic spiral.

In this paper, comparisons are also made between observations on the ultimate earth pressure acting
on the model conduits set in the dry sand and a mass of aluminum rods and those predicted by the
proposed theory, and it is found that the proposed theory can predict the test results fairly well.
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Table 1 Summary of model tests by using dry
sand

size of test
apparatus

width;B3cm , height;60cm , depth;20cm
( front wall ; tempered glass plate )

Model conduit | diameter;d=3cm , length;L=20cm (steel)

( Toyoura sand )

uniformity coefficient Uc=1.56

spesific gravity Gs=2.63
#=ux=1.641(e/ca?)
0mia=1.341(g/cn®)
7=1.600(gf/cn®)

maxinum density
Model Ground

minimum density

unit weight

relative density Dr=90%
internal friction angle ¢=43"
Method of
loading uplift of conduit
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aluminum rods

size of test width;30cm , height;24cm , ( depth ; optional

apparatus

Model conduit | diameter;d=2cm , length;L=5cm (aluminum)

( aluminum rods )

a mass formed by using a mixture of aluminum
rods 1.5mm and 3mm in diameter
( mixing weight ratio ; 2:3)

Hodel ground
specific gravity Gs=2.67

7=2.207(gf /cn®)

unit weight

internal friction angle approximately;30° *

Methed of
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