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Abstract: In order to solve the problem that the horizontal displacement of adjacent pile foundation gradually
develops with time under the condition of foundation pit excavation in soft soil foundation, a two—stage method is
used for analysis. In the first stage, a three—dimensional fractional Merchant viscoelastic model is introduced to de-
scribe the rheological properties of soft soil. Combining with the correspondence principle and the Laplace transfor-
mation method the Mindlin time—domain solution of the additional stress is obtained. In the second stage, regarding
the pile foundation as Timoshenko beam on the Pasternak foundation, the additional stress is loaded on the pile foun-

dation, and the differential equation of pile foundation deformation is established. On this basis, the time-domain so-
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lution of horizontal displacement of the pile foundation considering the shear effect of the pile foundation and the

thickness of the pile—soil shear layer is obtained through the finite difference method. The correctness of the pro-

posed method is verified by comparing it with the results of existing literature. Finally, the influencing factors of the

three—dimensional fractional Merchant viscoelastic model parameters (shear modulus, volume modulus, viscosity co-

efficient, fractional order) are analyzed. The results show that the numerical solution can well reflect the development

law of horizontal displacement of adjacent pile foundations caused by foundation pit excavation with time.

Key words: excavation; pile foundations; displacement control; fractional derivative viscoelastic models; Ti-

moshenko beam ; time—dependent analysis

Bt 25 26 U O PR 2 S R T N T ) SR 3
B H 253K MR 2 i R BT AT
FESLEE R BT AT IFZ RG2S 5 | 4 i i g
F4) BRE I B2 T B AR TE | 2 1% S SR A A 7 A AN R
AR A L SO, e R A DU B ST A R P K
A B s, [ A e DT TR 2
BEgE,

ENMSR U e o 35 QE P T4 NP E oM IRY vl I B i
PEIE KA AR | FF 42 58 U AR 0 i 2228 B
Al A& R BB AT FUIFE, X403 AL 1 OB IR, 531
P o b L N v N A S VA A G L S
G2 E A7 i 0 A K 0% A8 TSR T A
Bl 7 R wh: | B~ 1 N B g | R e e N et
PERYIA DG . B IR JC 75 IR - I 708 X A7 J5 52 i 1)
TG4 e e i A AR TR A R B B B PR A
AU T EE R o3 S A BRI, AN AT 3k B i Xz
ol 1 A% il B[] A5 Ak 9 A2 2 A T R A . Zha %0 K
PR, B T O S AR TR A Y - AR 0 A AR T —
BBy 8] 5 55 S0 0 o B 22, L S LA S
B, R T AERR b AR S B AR 5 R s L
G3 IS4G /N AR O FR ) 3E Y R 5 Gemant ' B )
FH A B S BORK AU B A G AR M fe , Bl J5 — 22
BTN A3 B o AR TR A SR TR v 4 o
TTBIFSE , J B3 B 0 sk A AR A L T 28 B s
AT | GE A SORE B b 20 1) - AR AR AR 1) J1 2541 R
AT DBU LA T2 56 2 B0 B AR 55 9 149 BBl P 1)
AR BB 1] (1) A5

) A, A5 56 B A S A8 40 AT 470 142 T A9 1) i
S A AT o K 2 WA B R il E 7E Winkler HiL 5L |
(%) Euler—Bernoulli %% . 7£ 52 PR T4 T 4= 44 3% 1M 5 o5
()28 TEAE 512 55 BT 52 19 e JTAEAS BAE B, 76 S ar &
YERF , L AR SSEAR B 22 (B A7 7E 35 U)VE ], Winkler

M SRR BB 5 BE AR Z [ 9 BT U VE ™, Paster-
nak Hb FEAR A o AE RS o b — 2N BE R4
) BY U] 2 2k 25 18 - PRAH 2 18] (4 85 V)ALV . Euler—
Bernoulli %2 5& TV 8 1 BE , 1A 75 JEHE L 5 U] 42
A2 I S B N EN R RSN RS Y = i il e g B
By 23 i — a2 B 12 252" M b F Euler—Bernoulli %
LAY, Timoshenko %2 fig % 75 & A 2L 19 25 i A1 55 17

BEXT L RAS 2 AR SCR P B B 438 7 1k, 25—
B BER FH = 4E 53 B0 Merchant 2 530 PE AR DR £ 4 1+
TR B I AR R | A A5 SR B FIA AL LU 7E Laplace 3§
WY R IA 2, B R IR A Mindlin i H 38 5 La-
place 2846 7 1% i A5 200 3T B SE B I 1 7 A el S 5
B BO BESE VR B TE Pasternak XSS AL Ay
Timoshenko % , 1 BT A5 B I i I3/ FHAERE S I, a7
B 43 5 R L R FH A PR 25 4336 X6 B far 2 /8
Mk L e o AT A3 M, A5 B SRS 5 R I 3 A K
5 #5044 7 . 35 5 X Merchant 4385 [ 286 5 A AU
ST AT

1 SHMFE R T
TR SRR I R B OB e A LE B0

FIRLA BB R 438 . 7E Lebesgue B3 X ] (0, ) H,
Riemann—Liourville 7€ XL B BB S50 -

3
Df[f(t)]=dft7§(t)=
L G B A€)
L1 -¢) do o(t—n)n—f—ldn’(Re(t)>0,t>0)
(1)
() J R G BRE € BB Bl n - 1 < € <

n;T(+) i Gamma PREY .
SR XS AT B AR ST ASE B B B R E E AT A A, T 2T



208 PN QR 2]

2022 4F

PRIEIGHEAT Laplace Z8 4, AU PR K AR
LUULs:f:WﬂQmJRdw>Qt>m (2)

s N SRR e ] AR £ () 7E 4=0 A I 4
J2 AT AR, D023 B0 K ek 8 () Y Laplace E?ﬁéT
5%,
L[fo(x),s]=s§L[f(x),s:| (3)
AR SR B9 Merchant 25 5 PRI R 119
I KR . 3 BB Merchant 2 55 P4 158 R iy — >
Hooke #15% JC 14 55—~ Abel fHLJE JC {4 I 1% (R 22 g
Kelvin 14 ) , 88 J5 24K 5 55—~ Hooke 545 50 (B]
Hooke 14) R R ZH WG, HASHBEALANIA] 1 BRI 1 v
o NIRRT, m R R AL G2 Hooke 14 B DI A5 i
G, M Kelvin (&35 P .

GZ
T 1
]
nHle
Hooke {4 Kelvin {4

B 1 — %5 8- Merchant £ 3 M AL R
Fig.1 One-dimensional fractional Merchant

viscoelastic model

SCHR (2218 — 2 =S Fh s pE B R 2 =
4, IF A R BRAS 3 T Laplace 28 4505 4 (1 5
PR AL FTIA F e 358 5K, W) 38 AT A5 3 = 4 2 By
Merchant 25 3P Y (1 SRR B (s ) FIIARA Ho 1)
Laplace ik u (s):
B 9K(G,G, + G, As")
3K(G, + G, + As*) + G,G, + G, As®
— 3K(G, + G, + As®) = 2G,G, — 2G,As®
K= (G, 4 Go b As) + 26,6, + 26, 05"

(4)

KA =Gy, G MBI BT s AR S
i KRR

E (s) =

2 FFHE 3R B 43 HE S B0 A7
2.1 %A #bE d Mindlin BH %

TEF TR SAPEARAT— 83 (2, v, 2, ) ARAE R 2 il
O[] Y 8 i) £ H R Sy PyBsE, B Mindlin B 7 £ AT
A1, 51 TG BRI AR AT — 85 (x, oy, 2) A0 o Bl 7 1)
KB IN H1 o! (%, v, 2) H

P, z—z, 3(z-2z,) 6z(z+2z )z
ol (xyz) = =01y Ly 1), 05 12,
Hop2) Sﬂ{w.( P o

3x—x, ) (z-2) 30z (x—x)z(z+3)
v,| - e - P +
1 2

L,(_4(Z+Zl))+v(_3(x_x1)2(z_zl))+1,(_
3 ; 4 RS Us

) -4 o =) -x)
6Rz(Rz+z+zl) R,(Ry+z+2z) R;

(5)
Ao, = (1= 2u)/(1 = p)sv, = V(1= p)so; =(1 -

2u)pd (1 = p)s vy = (3 = 4u)/(1 = p); vy = /(1 = p);
ve = 1 = 2u, Herw AYARA L
R, = /(x —x, -y, +(z—2z)
( P+ (y =y )+ ( ) 6)
Ry=J(x=x,+(y-y )V +(z+z)

FR X o P JCEE B YA A FE 1Y) Laplace 28 e F 3k
K () FRAFNIAZ(S)IAMS o, RV AT 7524 0 B 25 (]
P 2 3l J5 0 B 8 i SR v R Ty Py, e — i B i 4
b )5 AT — s« Bl 7 17 7K P P far 2K Laplace
AN IR

P z—z 3(z-2z,) 6z,(z+2z)z

ol (x,y,2) =

( 3(x—x (z-2z,) 3021(x—x1)zz(z+zl))+

R

4(z+z) 3(x—x,)2(z—zl) N
A; RS —
( z+z z )

4 x—x) x—x,)
As °R,(R, +z+z,)|:1 - Rz((R2 +zllz,) - R? : ]}
(7)
A A ~AR AR (S) H o, ~ vg FRYTAR Hp A 3K
()P (s) B
X B S G AT Laplace i
BOA LN PER

L‘[(a +1bsa)s}=i{1 —Ea( —Zt“” (8)

K e b WAEEREE E, & — S50 Mittag—
Leffler J5 2, HoxE UM

-~ k'
E())= D iy an) (9)
0 BR B v SR Z AT E R LA
P(t) = P,H(t), Hoth H(t) N Heaviside , Xf H#F 1T La-

place 545 Al 15 ;
Py

S

AR, o B

P(s) = (10)



5511

TLANAR 30 SRS T2 06 e 3 AT A T8 52 ) ) ) 280 209

B QORALZ(7) IR A (8) i X
[ 53 B0 B Laplace 13548 $ 23 5XC HE 17 A8 $ n] 45 3L 3 )
Ay 5 | R S AT oo 7 1) P BRI 7 B Sl i A

—i P, z—zl+3(z—zl)+6z1(z+zl)z)+

Ua(x,y’z)zg Al( R} R? RS
1 2 2

Zz( C3(x-x, P(z-z) 3021(x—x1)2z(z+z1))_
Rf R;

Z}(4(z+zl))_z4(3(x —xl)z(z—zl))_zs( 12(z+z1)z,2)+

R R

— -4 |: (x — 2, ) (x—x):|
1, . L
R,(R, +z+z) R,(R, +z+2z) R;

(11)

R A ~A R A [s~Als 2 Laplace W 725 J 5 .

(i) B AT 45 o 7 1] 7K P 28 7 15 )RS I 3 AT o 5 1] 1)
RO oy 8 i Ui B o 5 i) K S S 7 5 RS I 3 AT o
[ia) 1) BT o0 28 Sl e, R T 7, A P
2.2 FHZ5| &R EBILHEE S AN R 1

WS A2 T BE RGN 1] 2 i s, 5T 5 ST A Y
KAFFEES A Ly, YU ZRST A B x L x H, BEHEK
BE R Ly AEFEST O ST AR BR FR X ST PO A i) e

KEEGUR T 905, 00 8D .2 .3 @ (5. B
SEPVZEA R T oK AR 2 JRAR S TAE
®

B2 B2
Q ®©
~
@ 1 0 x -
~ i3
N
@
Ty
(a) LI
T = ’;
@ —§_ .:7® Ll
A /i
11
®
R 5 4 L
L()
()R

A2 -t ET~EH
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