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Precise boundary element method for non-horizontally layered foundations and
its applications
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Abstract: A new boundary element method (BEM) is developed for accurately calculating the additional stresses and
settlements in non-horizontally layered foundations. The proposed BEM utilizes the fundamental solutions for multilayered
solids with transverse isotropy (TI) under point-concentrated loads. The eight-noded isoparametric elements are used to
discretize a core region around the traction area, whereas the six-noded infinite elements are used to discretize a far-field region
beyond the traction area. To avoid calculating the coefficient of the free term for the source point at the strike line between the
boundary and the material interface, the discontinuous isoparametric and infinite elements with nodes located within elements
are positioned near the strike lines. Numerical methods for non-singular and various singular integrals in the discretized
boundary integral equations are developed. The numerical verification shows that the proposed BEM has very high accuracy
and computational efficiency. The numerical examples illustrate the effects of anisotropy and non-horizontal layered structures

of the foundations on the elastic fields.
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Fig. 1 Non-horizontally layered and TI foundations under action of

boundary tractions
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Fig. 3 Two types of 8-noded isoparametric elements
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Table 1 Vertical displacements on boundary for pavement model
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Fig. 10 Variation of normal stresses along horizontal direction
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1.58 m L[] WifE 4371 4 29.3391, 8.7858 MPa; 6 = 90°
I, EFTE x -1, 1 m _EEWHE 251 26.9099,
17.8794 MPa; 0 =120° B}, {EFLH x H-1.58, 0.42m
TR WHE 23 990 13.917,20.004 MPa, H7E x=—1.58 m
22 B /N R 0.4105 MPa R /7

TEER 3 Whdt—20 kB, 1EN 7R Wi ERE & i 0
AT AL . 720 =90° B, EFAS S 6 B 5K
PG, IEN o, MIWHERAE, REWRE o, BIEEE
(1), A& U2 S BN R R R IR
THAE TR RS

= 3 AR A ZH TR B hE 7 '8 IE N SEEE

Table 3 Jumps of normal stresses across interfaces under different
Hif7. MPa
6/ o o o

xx »w 2z

") Fim Fm2 A1 Fm2 A1 Fm2
60 83999 11.3703 4.1384 2.6056 29.3390 8.7858
90  0.0000 0.0000 6.5755 1.2066 26.9099 17.8794
8.6723 13.9174 20.0039

120 147349 2.4015 7.3428

inclination angles

3> VI8 Ji(o,,0..0,)

14 TYIR) (0,.0..0,. )i x TR L
(y=05m,z=1m), K44 THHC4, C5, Co
VIR R Wi . ik C1, €2, C3 Mo, Mo, &
KT y=0 2RI AAMHM o, ZRKT y=0 2R
A, C1, C2 1 3 MNUIIERL )53 8 NI LLT,
M C3 YIS J7E S F A MBI R . WK
], HikEC4, C5, C6 HUIN 1A B MR AR
e

o, AL 6 =60° I, FEHLR S x N-0.42,
1.58 m Lo, MIEWT{E 75104 8.3999, 11.3703 MPa;
0=90° I, fEFH x A-1, 1m ko, RIELLN,
JE I ESE S 0 =120° I, 72 5L x A-1.58, 0.42
m Lo, (IEWHE 7508 14.7349, 2.4015 MPa.

o MATRHIE: 0 =60° B, fEHLZ T x N-0.42,
1.58 m L [A] W {E 43 % v 3.0046, 0.007 MPa; 6 =90°
I, FEFE x -1, 1 m ERESER, L R At
0 =120° I}, 76540 x H-1.58, 0.42 m L [a] e 23 5
N 2.2408, 3.4545 MPa.

o, MATHFAL: 6 =60° I, FEHLR T x N-0.42,
1.58 m L [8] W& 23 591 )y 2.2134, 0.7746 MPa; 0 =90°
I, 7RSI x -1, 1 m bR WE 23590 9 1.9836, 1.9660
MPa; 6 =120° B}, fEF41H x -1.58, 0.42 m | [d] W7
3519 0.7841, 2.1519 MPa.
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Table 4 Jumps of shear stresses across interfaces under different

inclination angles HA7. MPa
0/ O Oy 0.

C) Fm1 Fm2 Fml FiE2 Fm1 Fm2
60 8.3999 11.3703 3.0046 0.0046 2.2134 0.7746
90 0.0000  0.0000 0.0000 0.0000 1.9836 1.9660
120 14.7349  2.4015 2.2408 3.4545 0.7841 2.1519
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