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Axisymmetric Loaded Elastic Circular Plate on Multi-Layered Soil
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Education, Tongji University, Shanghai 200092, P. R. China)

Abstract: An analytical solution of the elastic circular plate on multi-layered soil can be obtained by using
the transfer matrix solutions for displacements and stresses of multi-layered soil. This solution is based on
the continuity of vertical displacements and the smooth contact conditions between a multi-layered soil
surface and the elastic circular plate. Numerical calculation and analysis are carried out by the computer
program compiled for this purpose. The numerical results show that the rigidity of the elastic circular plate
greatly influences the displacement of the circular plate and the normal stresses under the center of the
circular plate.

Key words: multi-layered soil; elastic circular plate; transfer matrix method; Hankel transform; Hankel

inverse transform

TR TR PGS 5 RS Ak R AE E5 A )
0 BE Ak Ry B A B A L PRI F T 22 b Bl oxk
PRS2 5 B8] Al ) et LA 5 ) LR R A
AME. b FiEE LM E R F22E TR
(EIREOIE: N~ S I 71~ S 7 S 3 i V1
Hemsley™" X 3o /K b FE A5 AL | 1 [ B ik el i A7 1
S HEHFSE . Vallabhan and DasM® 5] A& IE )5 WS
Bt BRI Sy BT WF ST T XS B T |
M 7] B, Poulos® ., Milovic™ ., Milovic
Diogo™ 4 2% 4 FL B VR A RS B2 H B A NI 4

and

75 B #9: 2008-09-26
HETH:HERAHRB IS ERBTH (50578121)

TR 355 S 2 A B AL b A BT A S T 9% g
RS b 5P I AR il Y N 5 AR IR R, SOk
Milovic ¥ M 3L B W FT 2 56 1 )2 A BRI 56 2
JZ R TCIRIE B, o3 B 0F 58 T X2 b SE AR | ) e
B AR () B, X} T 22 )2 M KL 45 Y, Desai and Reese”
% SR M I A W R AR AR PE C R R A PR T
AP IE A= B - S 0 L B A o VR e
s A RRFITHETT R B R R R 8 A 5 T
SEBR T AR ET N . Wang et alt™™ 25 5 FH 2 i At
RUE T R 2 )R M B AR SRR EAT TR S A

YEE T A 308 55 (1966-) . 55, [Al B o Rl 24 . P e 2 B0 N 055 b et F A2 05 T A9 BF 52 L A% » (E-mail) zhiyongai@

tongji. edu. cn,

http://aks.cqu.edu.cn



34 ERE RSB

N 4 % 32 A

B AEAATT I8 3 A o B0 20 BT SR AT BR OG5 - T
FER AT R AT R . 2 A B A g
TP T HR AT A8 R BRI AT ) b TR %
T35 S 53R SR S I R B D S o
o3 JE ML L RETE R R W AR B AL 4T T 20 A

2 S P S 680 - R 2 T 194 8 1 £ 8 4
5 G 1 Ak 2% P T D 22 TR R N T 5 00 AR Y
L AR A 1 22 )2 M SR TR Al X R A
s (58 A ) R 1Y A A e o SR T A TR SRR B B R
it - I 2 o 7 5 B LA B T RO O 5
TAE bR TR S HE

1 ZEME FHXRZEEERN

22 )2 i A L Al X R 2 R I Al 1 R T P AT =
LI 1,

R ﬁ\ X BT p(r)
R .1':!1‘:
v, T I/I;LL% * NS
E.v, WIHRH g0)  [AH,
le R -
E.v AH
E_ v, AH_,
E ., v AH
'Y B E LS

B1 ZEMEFHYRIEAEERR

2 2k b AR AT Sl PR 2L 5 0 RN

WREE = Ab W Ty 5008
G(&,2) =A -G, H) (D
K
G(e.2) = [ul(&,2)w(&2) 7. (€52) 6. (&) T

A=d(z2—H)DE, —AH ) D, —AH,) ,
Horp H, s R M 25 ¢ J2 LR B2, M AH,
R Z MR @6, 2) S 4X A BB,
JC & R W SCHERYY s w0 s w(E, ) . (6,2) , Al
6. (&) S HMRERBE MR ulr,) B wlr,
2) SBIRN ) 7. (roz) MR S) 0. (802D 1 — B Bk
LB Hankel 84, JF HA I AR

u(€,2) ZJ:\’u(r,z)rjl(Sr)dr (2a)
0

w(Ex) — Jf\'wu,z)rj()(gr)dr (2b)

0

e (Ea2) — f\'mr,z)m(a)dr (20)
0

G.(&,2) :Jyai(r,z)rjo(ér)dr 2d)

e
w(roz) — Jmﬁ(&z)é]l({-‘r)dé (32)
w(re) — J“ﬁ(gﬁ,z)sj()(sr)ds (3b)
o (roz) = Jm‘i‘,z(&z)gfl({:r)dé (30)
5. (re2) — J(:Ca’:(é,z)éfo({:r)dé (3d)
Hodr: Joer) . T, &) 43 51 0 Z B #1 — B 1) Bessel

G(&. H,) nJi FRAE
G(,0) = f+G(&,H) 4)
KLp. f = &, — AHOD(E, — AH,) - D(E,
—AH ),
B 22 )23 Ml KL G T Oy ] 300 5 DU
u(é&,H,) = w(é,H,) =0 (5)
H 5 B PE EAR FEAR  mT (T S AR o
PR iy B 8 2 5 AR Dy
DYv'w() = p(r) —q() (6a)

o D = I R B NI E,
vy)

veh A3 AR B A IS VB v
Laplace B+, v’ = (;:2 Jr% (%) L V=T
w AMRBIEEE ;s pGr) S B A L AE B il 6 R oy 2%
q(r) REME T £ ZHE ) =TT,
¥ (62) 17 Hr Hankel 22 #015 .
Detaw(8) = p(&) —q(& (6b)
X e BEHRSE 0. pE .0 N o),
p(r) .q(r) XTI ZE B Hankel 25 4,
R s PE R A 5 22 )2 5L 38 T ' i 3 fik, U] |

I Aok S A AT A4S
. (r,0) =0
(7a)
0.(r,0) =—q(
R (T 5 B1% By E By Hankel 255675
7,«»( 70) =0
{? ¢ (7b)
62(890) :7(1(8)

R 0 15 2 2 5 5 T 1 30 010
el G

w(r,0) = w(r) (8a)
EXAEFH Hankel £ 4075
w(&,0) = (&) (8b)

B 6D) L (7Th) L (S ARK (4) .15 .

http://aks.cqu.edu.cn



% 144 XA F 5 R b it AR a7 B I AR 9 A 35

{TW (&, H,,)l |:f33 ST 0 (9
= — p(&)
c.(6,H,) J fH f/M ﬁ

S F11F2f1_F1r1F21
P M= S
f":f:' F11F22*F12F21

e X OFAR D A
Au Sz — Ais [ . P&

s Fy T RITER.

G(E,Z) - f34f43 7f‘33f44 MDSI +]
Mok AR FAEF 1 p (o) 3 AE fr 2R .
5(E) = 1’1”17;3?) (112)
Mk BEAR FAER S pG) RETR S P A
pe =L (11b)
2

HR (10 A (11 s (11b) , 31T Hankel 33
AR, A] SRS 22 )2 M B AT — IR = AR iR
e

co

) _ Alifsz *Alsfm .
ulr:2) I f34f43 7f30f44
Vb e (@ de (120)
Azf f% *A23f31
ooy = | Gt doe
A Of34f43_f33f44
Migg,lglrls}o(sr) de (12b)
TIY(r’Z) l f;ﬂf/lg _fa:sf/m
A%S]l(&)dé (12¢)
A fos — Ass [
o z) 0 f:wfm *fzg:zfn
W BRI R w00 AATR:
__pdw 1 dw
M, == DC T +v, 9D (13a)
M, = DGy, ¥4 1 4 (13b)
F,——pivw (130)
dr

AR A AR AR MR M, M, 39 F.
2 HEAESSH
VESC IS TR SO S 9 Hankel 96 28 40

SCER, 0] 2 00 SCERT  TAE
2.1 = () kg X AR 3 T E AR

h T REIZ SCHES O T R Y W IE 1 B
Xt — 28 R R BIIAT T 4075 ekt . 83
Xt B Milovie* Xl s 2 23 8] 1= il % Bk 32 o 38 P
TR 170 A0 ) 550 25 %+ sk HEL o [0 AR RS T S T 9
Qb (1 8 1) 87 T o b 3 3 VT AN () A ) Ak 19 3 1T IO R

w AT TR AL W 1 = % T, = j—g o

E o b S Rt d OB T R 2
BER 10 i BARE I 4K . ST 012 B4 RS
ULED 2P S P 4 sk b AR A 5 X
Hs

I,

_ Eb 2 £ 3
k—f(l ux)(R) (14)
e By BRI S PER R o, 8 R RIARA L. Al
MR JEEBE . R AR A2

/R
0.00 1.00 2.00 3.00

——the authors
o Milovic(1992)[3] v+=0.15
x Milovic(1992)(3]  v.=0.30
° Milovic(1992)[3]  v.=0.40
4 Milovic(1992)(3]

B2 7[R bl B 3 i 2 2 18] b i xR 52 1 B 4R
WMERBAREECH SEMEREY L

/R
0500.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1.00
1.50
) 2.00 |
2.50 1 k=001 ——the authors
300 | v =030 —=—Milovic(1992)[3]
I=o./p
3.50
4.00

3 MM S X AR E AR
RETHERENREY L

MIEN 2 B3 RS B AE AT LA i SCAE R S
Milovie™ 31530 4 45 2 J2& W) 4 9 AT 3 TE T A SC 2R
W ABUE T 37 5 I IE A

P 4 2 AR B T 8 ok %8 1) A2 % 114 52 i i 3 [
P JEE Ay 384 O b e 2 1T AN [R] A% 1) Ak 1 8 ) 2 A% 2
B/ o 1 2 B 4 g W] O o S A] b b oo B 52
A B A 4 5 1 (52 B o B 9 3 T ) o

http://aks.cqu.edu.cn



36 EAREARE R R LR % 32 %
/R
o 000 100 200 300 400 500 600 7.00
i 0.00
0.00
0.10t 0.20
020
0.307 0.40
1,040} L , o
[ =2R 1=~
8:28- 0.60 4 ——£=0.01
0.70 0.80 =B oy yhy k=100
0.80 | & R
0.90 1.00
1.00

B4 TEIRE kB3 2= 8 35 R 32 1 B AR
WERBAREELHEEMEREY L

x®1 TtEZH
TERY BB E / kpa AL o, LR /m
1 6 000 0.45 2
2 8 000 0.40 2
3 10 000 0. 35 2
4 12 000 0. 30 2
5 14 000 0. 25 2
6 16 000 0. 20 2
7 18 000 0.15 2

2.2 SEME EHXIRERERER
TEARZG M L JZ .25 LR SRR
Lo 3 B B AR WL & (4 SCOA -

_ E, 2 £ 3
Arp: E Lo ML) B0 MR RE S0 e,

[Fi) e A ] P2 8y e 10 A o T AS [ IR JEE Ak
F89 025 i) 1O AT o, o L T AN [ 4% 1) Ak 4 3 TG O 6 o

N o, wk
AT T IR WA B B 1, = =~ 1, = ——
P pd
/R
0.00 0.50 1.00 1.50 2.00 2.50 300
0.00
050
L 100 op  L=YE

1.50 / e £=0.01

' k= (1= v R =100

2.00 ._.,.«/ 7

BS REME LS REE LW RERER
WERTRREELHEDLIB RS L

5 WY 2 J2 3 FE i b X R 2 Ay (B AR T
W (2 o [FREBE 0038 o k0 s A R 26 PR T S AR
F14 W 38 A 52 B8 /S

B 6 FTERRIE kB % REME F#HREZHEIR
POTARARELHWZRAENRY L,

Bl 6 W], 22 J2 i 5 2 i b 0 AR 52 A (B A R
O AR ) V) BETR L = B 8E I s L F f E
S il Y 2 G SRR N R 3 T A B g Lol B R i
SR 5 [58 Af 14 JEEBRC  5 i) E H N

3 & it

R FH 3 [ A 55 22 2 b i 3 T ) 18 1) 7 8 T 9
AN G A A O 2 2 B ) 5 AL Y
1% 336 4 B A o HE 5 11 22 U2 3K 1 il Xk R A2 A 0 [
GRS OF TS AN (Y e S T T N i DA YR
AT TR SRR

1) 3xF T B8 P 2f 25 () b %l %) FR 32 £ 60 1 (B Al 1)
AR A & BT T A0 X H L S5 R Y
BAFEAT o AT 55 GIE T A SCHE e K B E 7 vk 1 E
P AT AT

2) X T 22 )2 M JE b il 0 7k 32 A 58Pk [ AR ()
AR SO SR 2E F RO B AR 3 A TR A 1 7 B8 LA
Fe TR e 55 1) L A A R AR 5 T

3) % SR AT A T2 TR B0 Bk BT 0 L 45 5 e R
S IR ARSI ERCE . 5 TAE bR TR
I

S & k-
[ 1] SELVADURAI APS.

foundation Interaction [ M ].

Elastic Analysis of Soil-

Amsterdam: Elsevier
Scientific Publishing Company, 1979.

[ 2 ]GLADWELL GML. Contact Problems in the Classical
Theory of Elasticity[ M]. The Netherlands: Sijthoff
and Noordhoff. Aalphen aan den Rijn, 1980.

[ 3 1MILOVIC D. Stresses and Displacements for Shallow
Foundations M]]. Amsterdam: Elsevier, 1992.

[ 4 JHEMSLEY JA. Elastic solutions for axisymmetrically
loaded circular raft with free or clamped edges founded
on Winkler springs or a halfspace[ C]. Proceedings of
the Institution of Civil Engineers, 1987, 83(2): 61-90.

[ 5] VALLABHAN CVG, DAS YC. Analysis of circular
tank foundations [ J J.

Journal of Engineering

http://aks.cqu.edu.cn



%14

X HF B R AR b s AR A bk [ AR AL 37

Mechanics, ASCE, 1991, 117(4). 789-797.

[ 6 ] POULOS HG. The behavior of a rigid circular plate
resting on a finite elastic layer [ J]. Australia Civil
Engineering Transactions. 1968. 213-219.

[ 7 ]MILOVIC D. Stresses and displacements in an
anisotropic layer due to a rigid circular foundation[]J].
Geotechnique, 1972, 22(1):169-174.

[ 8 ] MILOVIC D, DIOGO, M. Settlement of circular
foundation of any rigidity[C]. Proceedings of the 10th
European Conference on Soil Mechanics and Foundation
Engineering, Firenze, Italy, 1991, 2. 497-500.

[ 9 ] DESAI CS, REESE, LC. Analysis of circular footings
on layered soils [ J]. Journal of Soil Mechanics and
Foundation Division, ASCE, 1970, 96(4). 1289-1310.

[10] WANG YH, THAM LG, TSUI Y, et al. Plate on layered
foundation analyzed by a semi-analytical and semi-numerical
method[J]. Computers and Geotechnics, 2003, 30; 409-
418.

(] =R, IR, ERE A L8 5 M4 b O i
BT X Bk WP AR b AR TR R ) 3. Ji2 2R, 2005,
26 (2): 316-321.

YUAN JY, SUN YB, WANG MY, et al. Analysis of

settlement and contact pressure of symmetric rigid plate

(E#% 32 )

C10] sk g it Mt 4 o T HEEE. 4 3l i b - HE 28007 18] 480 09 $i (i

S A 1%, 2004,25(2): 174-178.
ZHANG JIAN-XUN,CHEN FU-QUAN, JIAN HONG-
YU. Numerical analysis of soil arching effects in passive
piles[J . Rock and Soil Mechanics, 2004,25(2): 174-
178.

L1010 2% R0, 4% 0. W3 32 A B 1 B RORE B = 48 0 {H 43
[J]. £ AR T R4, 2006,39(3) : 114-117.

LI ZHONG-CHENG, YANG MIN. Soil arching effect
on passive piles and 3-D numerical analysis[J]. China
Civil Engineering Journal, 2006,39(3) :114-117.

(127 BRAR 4 5k U, XUBR AR 25 R bk - 0 B 1 4 3h e op - 3t
BB T LT 5 1 3%, 2007,28(7) : 1333-1337
CHEN FU-QUAN, HOU YONG-FENG, LIU YU-
CHUAN. Numerical analysis of soil arching effects in
displaced passive piles considering lateral soil movements
[J]. Rock and Soil Mechanics, 2007,28(7) . 1333-1337.

(137 R DUME. HA S0 i AR 030 S H T AR LA 52 [ D],
R E KR, 2004,

(147 B8, WA A » £ ) 4. U8 AR 58 B 5 A% 18] BE X ) £ 44t
RO 5 W BE 8 [T ], A & AR 2 4. 200729 (10)

on subgrade under central concentrated load with
method of transferring matrix[ J]. Chinese Quarterly of
Mechanics, 2005, 26 (2). 316-321.
[12] 3855, . B A L TE WP 2 il 1) 55 R R 7
VLR AT ] Jr2E 2 1], 2008, 29(1):113-119
AT ZY, WU C. Calculation of reaction forces of base,
settlement and inclination of rectangular rigid plate on
soils[ J]. Chinese
Mechanics, 2008, 29(1):113-119
C13] 3L 5, MR a. 2 2 M 5L I %l oxd R 52 far W2 13 4R (5]
LI Ji%ZE T, 2008, 29(3) :424-429.
Al 7Y, MEI AM. Axisymmetric loaded rigid circular

multi-layered Quarterly of

plate on multi-layered soil[ J]. Chinese Quarterly of
Mechanics, 2008, 29(3) :424-429.
[141 AT ZY, Yue ZQ, THAM, LG, et al. Extended
Sneddon and Muki solutions for multilayered elastic
materials [ J ]. International Journal of Engineering
Science, 2002, 40: 1453-1483.
[15] SNEDDON IN. The Use of Integral Transform[ M].

New York: McGraw-Hill, 1972.

Uhm )

1477-1482.

YANG MING, YAO LING-KAN, WANG GUANG-
JUN. Study on effect of width and space of anti-slide
piles on soil arching between piles[J]. Chinese Journal
of Geotechnical Engineering, 2007,29(10): 1477-1482.

(157 kB A — By BT B, Prlpb il 5 M. do gt
Hh [ BRaE kL 5 1983,

L1671 B/, H 3T 3247 Ak 18] - 1A B 280 7 313 T A BR O¢ 43
(1] + TR, 2006, 28(Supp. 11): 1501-1504.
ZHONG XIAO-CHUN. Soil arching between protecting
piles of foundation pits and FEM analysis[ J ]. Chinese
Journal of Geotechnical Engineering, 2006, 28 (Supp.
11). 1501-1504.

U171 35 B . 470 T8 A e 5 40 g 0 A i A e ) 4 A1 B0 A 1
FL A 1% 5 TSR, 2002,21(4) : 517-521
DAI ZI-HANG. Study on distribution laws of landslide-
thrust and resistance of sliding mass arching on antislide
piles [ J 1.
Engineering, 2002,21(4) . 517-521.

Chinese Journal of Rock Mechanics and

(8 T HFH)

http://aks.cqu.edu.cn



	土木0901 33
	土木0901 34
	土木0901 35
	土木0901 36
	土木0901 37



