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Fig.2 Vertical stresses of a semi-infinite elastic

body under a concentrated load
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Fig.4 Comparison of vertical displacements

of multilayered soils with a weak

underlying stratum

Fig.3  Vertical displacements of semi-infinite elastic

body under a concentrated load
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Fig.5 Comparison of vertical displacements

of multilayered soils with a hard
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Table 1 ~ Soil parameters of multilayered foundation with a weak underlying stratum
case F;
soil layer n thickness AH,
1 2 3 4 5
1 E 2E 4K 8E 20E 10h
2 E E E E E 10h
3 E E E E E 80h
®2 LA RE TR RIS
Table 2 Soil parameters of multilayered foundation with a hard underlying stratum
case F;
soil layer n thickness AH,
1 2 3 4 5
1 E E E E E 10h
2 E 2E 4E 8E 20E 10h
3 E E E E E 80h




FETREB 1 10 = 4 43 2 s F MR35 25 (R A 1281

MIE 4 BT 0L 2555 1 2 AR R B3 ; , 22 2 i BE ) 057 B8 1 2 e o7 22, IV
P8 5 i) 7 % B TR 2 AR AUAR /N I EAAS T Ml R 3 i 4 5 1] 67 8% — 205 S5 G RIS 7 A ) b R i 7
W BT AT O, 255 2 2 AR B SRR B ST, 22 )2 s v ) (0 8% it 2+ 20 2
1L I HL, MR L8 1 ekt A W

4 2k

%

SETREIREIES T B AR R T 22 M RERE 5 RS 25 i, 22 J2 Sk kv AR R
7 1632 71 BT S B R 5 AR AT i g B AR SR B AR SCEE SRS Boussinesq
it Al R — B HA B TR R« 222 M RE A A 22l A Rt a0 65 e DR 5 S AR I
s ) L2 R AR TR il

Bff X
2y - DEch(g) —zsh(£)E L ssh(#)EE,
b, =P, = 2(v - 1)€ s Py =Dy =Dy = Dy, —W,
b - b - &.((1 - 2v)sh(xf) +2£ ch(2£)) b - #: ch(z£) - (&1 + 48 (v - 1))sh(z£)
13 = 64 = Z(I—V)f ’ 14 = 40(1—1/)53 ’
L EE(Gh(E) ~#ch(£) o zsh(#)E,
D =D, = 4(V—1)C§3 y D = Dy _4G(l—v)§’
2(v — 1)€ ch(éz) —zsh(2£)€ €,((1 = 2v)sh(z€) + 2 ch(z€))
@22:¢55= 2(V—1)§ ’d)23=_¢65 = 2(1—V)§ ’
_EElzch() - (£ +48 (v - 1))sh(z£) _ _ zsh(#)¢,
Dy = 40(1_1})53 y D5 = — D5 —40(1_1/)5,
§.((2v = 1)sh(zf) + 26 ch(#))
(pm :_@46: 2(1’_])6 )
&,((1 - 2v)sh(sf) -2 ch(2£))
Dy, = - Dy = 2(1 —v)é ’
_ _zsh(z€) +2(v - 1)ch(z) _ (4v = 3)sh(z€) + z€ ch(z£)
Py = Py = 2(v - 1) » Pu = 4(v - 1)G¢ ’
_ G(-¢EEzch(z) + (& -vE)sh(z£)) _ _ GE.& (vsh(z) +2£ ch(zf))
(p4] - é_-(]_v) ?(p42_¢51 - (I—V)f ’
0 -, < CMEDEE G-z ch(h) + (8 - £)sh(s))
1-v E(v-1)
D, - D, = Csh(#)6E o, - CECsh(a) —=Ech(z))
’ 1-v 1 -v
Hrp
e e +e "
shx = , chx = >
£ % 3R ( References) .
[1] Mindlin R D. Force at a point in the interior of a semi-infinite solid[ J]. Physics, 1936, 7(5) :
195-202.
[2] Muki R. Asymmetric problems of the theory of elasticity for a semi-infinite solid and thick

plate[ C]//Sneddon I N, Hill R. Progress in Soild Mechanics. Amsterdam: North-Holland,



1282

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

1960 399-439.

Sneddon I N. On Muki’ s solution of the equations of linear elasticity[ J]. International Jour-
nal of Engineering Science, 1992, 30(10) ; 1237-1246.

Pan E. Static Green’ s functions in multilayered half spaces[ J]. Applied Mathematical Model-
ling, 1997, 21(8) ; 509-521.

Bufler H. Theory of elasticity of a multilayered medium/[ J ]. Journal of Elasticity, 1971, 1
(2): 125-143.

Bahar L Y. Transfer matrix approach to layered systems[ J]. Journal of the Engineering Me-
chanics Division, 1972, 98(5) : 1159-1172.

Kausel E, Seak S H. Static loads in layered half-spaces[ J]. Journal of Applied Mechanics,
1987, 54(2) ; 403-408.

Small J C, Booker J R. Finite layer analysis of layered elastic material using a flexibility ap-
proach—part 2 circular and rectangular loadings[ J ]. International Journal for Numerical
Methods in Engineering, 1986, 23(5) . 959-978.

AiZY, Yue Z Q, Tham L G,Yang M. Extended Sneddon and Muki solutions for multilayered
elastic materials [ J |. International Journal of Engineering Science, 2002, 40 (13) . 1453-
1483.

EARAE. SR A R M A ) o AR R SR [T ] 2R, 1986, 18(6) ¢ 528-537.
(WANG Lin-sheng. The initial parameter method for solving three-dimensional axisymmetrical
problems of layered foundation[ J]. Acta Mechanica Sinica, 1986, 18(6) : 528-537. (in Chi-
nese) )

BRBH, BN, SRE, ERT. K22 B2 AR RS B Mk [T ], EART
FE2ER, 1995, 28(1) : 66-72. (ZHONG Yang, WANG Zhe-ren, GUO Da-zhi, WANG Zheng-yu.
Transfer matrix method for solving non-axisymmetrical problems in multilayered elastic half
space[J]. China Civil Engineering Journal, 1995, 28(1) . 66-72. (in Chinese) )

SR T, R A AR R T 32 M A R M (], BRI 4, 2008, 30
(2): 43-46. ( Al Zhi-yong, WU Chao. Transfer matrix solution for multilayered soils in rectan-
gular coordinate system| J|. Journal of Chongqing Jianzhu University, 2008, 30(2) . 43-46.
(in Chinese) )

ErhRE, BAT. Z2)Z2 R0 n) [a) P 3 A g 2 s i [ ], ARt ( A ARFL R |
1988, 24(2) . 202-211. (YUE Zhong-qi, WANG Ren. Static solution for transversely isotropic
elastic N-layered systems| J|. Acta Scientiarum Naturalivm Universitatis Pekinensis, 1988,
24(2): 202-211. (in Chinese) )

EHL, G, AT AR T 2RO 10 [ 1 s vk b B 1 A A AR (). LR 1%,
2006, 23(5) : 9-13. (WANG You-kai, GONG Yao-qing. Analytical solution of transversely iso-
tropic elastic multilayered subgrade under arbitrary loading in rectangular coordinates[ J].
Engineering Mechanics, 2006, 23(5) : 9-13. (in Chinese) )

Timoshenko S P, Good J N. Theory of Elasticity[ M]. New York: McGraw-Hill, 1970.
Sneddon I N. The Use of Integral Transform|[ M]. New York: McGraw-Hill, 1972.

Pastel E C, Leckie F A. Matrix Methods in Elasto-Mechanics| M]. New York: McGraw-Hill,
1963.



FETREB 1 10 = 4 43 2 s F MR35 25 (R A 1283

State Space Solution to 3D Multilayered Elastic
Soils Based on Order Reduction Method

Al Zhi-yong, CHENG Yi-chong, LIU Peng
(Department of Geotechnical Engineering, Key Laboratory of Geotechnical
and Underground Engineering of Ministry of Education,

Tongji University, Shanghai 200092, P. R. China)

Abstract . Starting with the governing equations in terms of displacements of three-dimensional
elastic medium, the solutions of displacement components and their first derivatives were ob-
tained by the application of a double Fourier transform and an order reduction method based on
the Cayley-Hamilton theorem. Combining the solutions and the constitutive equations which
connected the displacements and stresses, the transfer matrix of a single soil layer was ac-
quired. And then the state space solution of multilayered elastic soils was further obtained by
introducing the boundary conditions and continuity conditions between adjacent soil layers. Nu-
merical analysis based on the present theory was carried out, and the vertical displacements of
multilayered foundation with a weak and a hard underlying stratum were compared and dis-

cussed.

Key words: state space solution; multilayered elastic soils; double Fourier transform; order

reduction method



