L40% %2 il
2023 £ 4 A

W %o i

Chinese Journal of Computational Mechanics

Vol. 40, No. 2
April 2023

DOI.: 10. 7511/js1x20210413001

S A0 38 1tk 4 2 18] o L 1 R 75 L L S R T R R 5

R

ga An’

(P 22 SR ks B2, P62 710055)

M OB NALBNEFRE R AT E R E SRR ENRS R, ETHEAFMLIOS A EHN T RUR
A o M 2 R R Al R B S M B R T B S AR AT B A, N e AR AR Bk 4 B A 3 A R TS AR e
EE RSN, AN TR FE T R R HEA T AR M KT e
BuaEE, REo M TRFEFMGEREESHA L ERABBEN BN, FRERLW, KA AT E4

R AR 18 e R A 3 AR Y RS B R W LA R

KRR At o s R R M AR AT ARSI R A AT A AR B

FESHES.0343 XEktRERD A

1 3 B

fof 2 AE FH T 5 b 5 A R 25 e 3 ) A — 1 DA
KeZ BN EARF TAEF Az 0 b Ky,
Bee U bcs L TR Z A B R T 5 ) 2 R
A A L F AN R T AR A B TR
RIEAET Z N B . DATERESE 2 L) 4% 1] 5
A i AR TR R T il A R SRy = (R, R A
A AE S PR AR T Ry UL, PR AR RN - s o s
Ti) F 2 285 ey 7 ] AR B R 5 ) L

FERUS B0 FE B (0 L it [, Ko 2 3 DASPE
23 [R] 455 A AT 5% 1 3 1) e 20 0 e R L Pal Y Bl
B YA AF 5 B ) (R R0 A A 0 VR T B RK
2 2% Ja] AR 36 770 87 Vostroukhov 21 5]
AL FE RSB 1 1RE DX A 1T 38 A 6 16 7K F
o 28 B SR 25 25 [R] N AR A I B[R] A, R
ST SCHRGEOYE G ST T £ LA N AR
fr B AE FH T m 45 7 A8 L A5 21 1 ) 8 A b A . X
T ERAH A 0 AR AR R A B B 5 2 A B HE
XFF AR A L A SR A TR R B, BT 2 Fh
FRE AR AN £ py 42 O7 B B 2 M 2, Whalley
SEWRSE T AR R bk A AL R R L B AR 3L
TIREWHIW, 456 WM+ =M B4 B 1R
PR RGN SE T AR A 5C R A3 B B 7 R
TR A e Sy T AR M A 2 AL A 5 B I sh O R L

Wi EEE.2021-04-13; fE AR Y 2 B # . 2021-06-21.
EEE A S HITF 971 Lo 1l w2
il (1996, B 1A
(E-mail:1010158114@qq. com).

X EHS.1007-4708(2023)02-0323-08

FE T AR AN 25 [ M e A 3% T ep PR R B AR 2
HGEZS B 0 7, 33X A AR A0 A 2 £L A ot B 38
B #E . SCRRL7 . 8 1R A A A 5 3k 45 2 BE 52 1 A
=4 25 (0] i 5 1) A 25 i 07 B2 AR i . Z TR T M
FAR RS 2y IS b L BE & TS AL AR B &
Ji& BB T 2608 RAESES R ML 43 % FR T
[0 €0 A U U o< Bt o B [ T = |
A BRICTTIEDRIE T 4 3l faf 28T 16 11~ 2 (] Ml 2 9
[ ESY DV ARTTE S W ReS = S RS )
LU E WAl T R BEBR B X A5 (]
ST B HOT 1 A Z IR A T, B A
it AT ZOURCHY A Wi 385 0, 5 2R S W s T A T A L T
— B A~ 2 ) M (] AL > i Ay RO 3 3 4 B
AT R T RORG JEE o LR X T LA [ A Y 0 R 1 AR
ATRARTE .l e 255 R 2 i A T 1k BF 9 S B
B S TE R )Z B Sy ), A R A
fifk BT O 32 9T 58 4% b 4er 21 T B0 48 R =5 18] A 3h
TR, R AE 2 BT O TR BT YR T A
SV A JARE R LA % AR R L S A T R Y T
R 2 A 45 il 4y 280 ) 8l 2850

HE T SCHRL 14 J42 69 AR 40 A 22 SL A o AY 42 il
TrRE L HCT AT A AR A 2 £ I A AT L RS bR
B0, @S T 2 A B A B A S A A 5k %
ESGEEIRORIE SR e TP P e Ny
T BB HITHEAR Iy RE A B S A9 7 B BIAT 23 A 16
AT 28T A R R s ] 4 R S

2 AEtRFASE M b B AR A I R 42 I 77 AR
BV 1R B AR SR R S R %



324

* #1404

A 1

A 0 5

Unsaturated foundation calculation

Fig. 1

F1 Bishop A 800 1280 20, SCHR 14 182 4 TR A £

s G R E B A AR R T AR R R T A2

TR ) i 3R Fe' MRS RS H 7 #h
de

Je 2 ap! Ipt Ly
A+ #)ax+ pNV u+ by F + b, P +bsu=0
At 2 Tt 0, 2 45,225 o
j2a (,)y 23 v 01 ())y D2 (’)y 30—
c dpt dps
Ot WL Vw5 2 45,225 4w —0

VZP[ - bllpl - blng - b|3€ :O

vng_bmpl_bzgpg_bzgezo (1)
‘ du , dv | Iw g s oz O
A €=7—+7—+7— KRR A, V= 5+

dx dy dg dx
(’)2

PRI
PR + e 1 Laplace ¥

by =—ay— wZEI/(iwb[ —wzp[)

by=—a(l=7) — w’p /(iwb* —w’p )
i0'b'p iw’'b%p
b.: = w’o L s
s=@p T iwb' —w’p,  iwb* —w’p
by = as (iwd' *wZP,) s b= as (iwb' *‘“2101)

by =iwb' + agg(iwbl*wzpl) y boy=an (iwb’*wzpl)
by = ap (iob' —w’p) s by = a (iwb' —w’p)

a5 = (Aps All—A1A) /(AL As—A A

asp = (Aps A—A1sAn) /(AL As—A A

as; = (A A=A Au) /(AL Ay —A Ay
an=CALuAL—AuAL)/(ALA—AAL)
ap="C(A1AL—AuAL)/(ALAs—AiA)
ap=C(ALAp—AuAL)/(ALAs—A AL
A=Y/ K)(a—n + n/K,
Ap=[A0—/KJa—m, A=Ay =a—n
Ay,=n2—=S), A =—n(1—35S,)
Apn=(y/K)(a—n), Ap=7/K.(a—n) + n/K,
Ay =—nS,, Ay =n(1+S,)

A w0 M w 535 AR A LA B 0y Fl 2
SATT I LRSI AEL . o TR I 17 B3R Bh B R
PR p# 43 S LB AR s T e A AL B SR e )
WEAE + by~ by b1y~ by g A0 b B A 25 )
IS 5 R R B s ~an 1AL~ Ay KR
A AR AR Lame %80, n MAEM N /Y

SLBR. S, B A LR RE . oo H1 o 53]
o A B SR ALBE A AL BR AR B AR X B o =
(I —mp,p,=nS,p:p,=n(l—S)p g3 A H
20 FLI AL A R FL R S % B K, o R 2R A A
BUEZE R, K,y 2B AR BUE S &, o =
1=K/ Ko,y WAL B8 y=S,. K Hl K,
3 1) R AL B U A2 N AL B AR A AR B R i i L b =
nS,plg/k,,b"":[n(l — S,,)pgg]/kg,k, Mk, R FL
B it A L B SR B 08 R R

3 BREH

3.1 fUBaREH
PRI Ay b T B AE A, 2 AR AR IY s y B 2 #E T 0
55 R SE S WAL s o Fl w B2 FEI N T,
3.2 MAOBREH
H 5 ) 2R A N T I AR A
lo, +mzt,, +nt., —F,=0
dev + nt., +1lt,, —F,=0
no.+ lt,. + me,. —F.=0
F..F, M F. MERBEHBR LW .y M 2 B9
T, Lom M on o,y M2 AR AR 51200 A
LI TR L 6,90, 00 Tuys Tyr s Taws Ters Tay
Ty R34
3.3 ALEBFREH
Bi el 5t F e MSLEECE Kk,
it i 57 A 1
RIS 783 5 E A 2 0k ) i
B ML B i A AL B SR S o, A o, U
Ui AR KR
It 4+ mol, + nol = o)
Lv8 + mos + nvé = vf
P wl,ol, ol 08, 0f Fof 43 S FLBR SR FL
Bt AR X T A R i B R TR

4 TRESMm R R FEATER

WA 2 B BUHAPAT T T B — 290 TR
40 A 23 (8] o KL ) o3 R E A R B JR BT

\ h

(2)

3.4

3

JZHIC1 }

2 iR

Fig. 2 Mechanics model of foundation system
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Tab.1 Parameters of unsaturated soils
Yy ¥ i B Yy ¥ i fi1
1/ MPa 19.4 n,/MPa+s 1
v 0.2 7,/MPa~ s 0.015
K,/GPa 36 n' 0.6
K;/GPa 2.1 S, 0.8
K,./kPa 100 e/ pm? 1
o/kgem™3 2700 «/Pa~! 10
o,/kgem™? 1000 ms 0.5
0,/kg+m™? 1.29 S0 0.05

B2 AXAREXROSIARA U

Tab. 2 Results of this paper are compared with

the results of literature [15]

x/m ASCHR/ pm CHRLL5 Jff/ pm
0.1 5.43 5.70
0.3 2.19 1. 90
0.5 1.51 1. 50
0.7 0.72 0.70
0.9 0. 47 0. 50
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Semi-analytical method for steady-state response of

unsaturated elastic half-space foundations

CAO Cai-gin » BAO Nan”
(School of Science,Xi’an University of Architecture & Technology,Xi’an 710055, China)

Abstract: Using a semi-analytical method, this paper studies steady-state responses of an unsaturated
elastic half-space foundation under a harmonic load. Based on the dynamic control equation of
unsaturated soil and the boundary conditions of the unsaturated elastic half-space, the semi-analytical
function of the foundation element is established. By the weighted residual method, this paper gets the
unsaturated semi-analytical equation of the steady-state responses on the elastic half space. The semi-
analytical equations are solved to obtain the horizontal and vertical displacement amplitudes of the
unsaturated elastic foundation under the vertical harmonic load. The effects of saturation and foundation
depth on pore pressure and displacement were calculated numerically. The research results show that the
application of this method to study the steady-state response of unsaturated elastic half-space foundations

is practical and effective.

Key words: unsaturated soil; half-space foundation;simple harmonic load;steady-state response;

semi-analytical weighted residual method
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