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Abstract: Based on the Biot's theory of the two-phased poroelasticity medium, a coupled model for a saturated layered ground
containing an open trench and track is developed, and the effect of the open trench on reducing the vibration generated by a
moving train is investigated. Firstly, the whole model is decomposed into two substructures, which are the saturated ground
containing open trench and the track. Then, the dynamic responses of the saturated ground induced by the moving
line-distributed vertical loads are calculated by using the 2.5D indirect boundary element method (IBEM), and simultaneously
the dynamic responses of the track under the moving train loads and distributed loads are solved. Finally, the layered ground
and the track are assembled according to the equivalence between the deformation of the track and the vertical displacement of
the layered ground on the center point of the track. The validity of the proposed method is confirmed by comparing its results
with the published ones. Numerical calculations are performed by taking uniform saturated half-space and a single saturated
layer resting on the saturated half-space as models, and the effects of the parameters of the ground and the trench are studied.
The numerical results show that the isolation effect of the trench on the layered saturated ground is better than that on the
uniform saturated ground. The isolation effect of the trench on the saturated ground is better than that on the corresponding
elastic ground. In addition, The trench depth, the porosity of saturated layer and the stiffness ratio of bedrock to saturated layer
have significant influences on the isolation effect of the trench.

Key words: isolation trench; layered saturated ground; moving train load; track; 2.5D indirect boundary element method
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Fig. 1 Coupling model for track-layered saturated foundation containing an open trench






850 H O+ T OB % M

BN FITAEAE — I ) 22 o 0 BB 3R — 2 45 440 1
YN N ) (2.5 4RI D . ARSCRIEEST 2.5 ZE
AR ICITIERATRAE, R E OB (T — BT AT 5
i, A3 BN AL, SRS I o 2R B B R A
TR A7 2B i o 7 1] 22 , 45 380 L A g8 T Ak 3 7m0

NTERAR, KRB AN B R AU
Y. B E SCNEREAHE CesWFE) 1
o2t #AE RS AR, SR BB NI VR R
B 37 52 SON T 2 W IAEAE P AL I B e, 38
RETEAS VR BN — 4L IR Bh I 2R . (RS
FLBRKHEE) SRASifl, Bahtsk (FLBR/KE) T
TS VA R I N0 ARG KA R )5
BN E BRI R RS, B RAE S A 2
RV AR ) 340 7 3 F R 1R 3 i o

(1) Biot PAHUAAMIAN 2 FLA ot B 12

KH Biot JLAARFNZ FLA oA Y KR IR AT 1
&, ARSI SN R ks 8 5 By

GVU + (A4, +G)grad(divU) +

aMgrad(divU) = pU + p.w (1a)

aM grad(divl) + Mgrad(divw) = p.U + mW +bw . (1b)
Ao U={U.U, U} Flw=nW -0)={w.w.w}
I3 B AR GRS S AR T AR
Rk W= {W W) R R 0 RTLE
E: p=(1-n)p, +np, NEMLHLDER, p M p, N
B RN R R s b O RSB R I R B
m= p22/n =(np; + p,)n’ » p, FEFEFHAE RS G

W, GO AN B SR WA R R
/1C =1+a’M ; a 1M Jy Biot %4

(2) HHBRIR

B E I y BT A% Bl IR 35 A B 1) 2 fnf 4R AE x by
)T B8 BN 28 BB, N g, » WITERS(A]

2SI AR R N

q(x,y,0)=q,86(y—ct) |x[<A , ()

A, c ABENEE, & B, X0 (2) AT

@%Hﬁﬁﬁﬁﬁz B TR
c?(kx,ky,w) ony j j j q, exp(ik x+ik, y —iwt)dxdyds
_sin(k,A) 1 B
= . (e ——6(k,—w/c) - 3)

Xk, Ak, 209 x BT y BT G o IR
AR i NEECRAL; AR -7 R “~T RIS
G i ﬂﬁ%%mﬁ¥®ﬁﬁT%Tmﬁ

{UYO’U@’IUZO’IWZO’. ' .’ZJXN’

V

S

7 . = T
N ’leN’IM}zN}

iR 1T
(4)

-1

= [SPI—PZ—SV—SH] {

=1}
=1}
>[N
=~1IN
X
N%Hz

o 18151 zlisfI"'" *N 2 YN

2017 4¢

Ky (T 0,0 10000 05100, U s U iU i, } T AL
JZAE G AL MG 8S CRLAE AR B AR 1]
B, AR R R R o, Ry Ry iRy iR Y 9 E IR
R CIEILEK ) 5, =
SRR Rt 5 ) B AR = k) ST B AR R, R A SR i
FER[ S % SCHR[16]. 2N (4) R BT ERI N BRI
5, R E T NI PR R SR SR A R . R
A LAY A FH R pal ff 2T, A HBER SE B K, HIERAL
B N, AR E 32 o o (L3S FLER/K
B> A CEERRAARMX T B 2268 e Bk
TR (Sa); MR TERAZEK, HFRmAAH
TR ERIME AT GRERNE), WEEM L ZE
S b7 CEAEFLMAKE) A% (BEERAAFERT T
ﬂmu%)%ﬂ%ﬁmﬁ$ﬁﬁﬁ(%)

{5xo’ yo,iUzo,lwo U U lU le}
[Sm P2-SV- SH] {0 0, 1q 0,-

(0, 51U0

[l

Qlll

-,0,0,0,0}" , (5a)
UW U}N 1U 1wN}

—[Sormrsvsu] 10,0,ig,igy,-,0,0,0,01" . (5b)
¥R 3 AR (5a). (5b), FARBEMA+ERZ
Fm AR CRIETARRINT T R B E ), HEimiE
% B ENTEEE S & LR R AN A 1)
KARES L2 E TR EE, BEmiE (f
R ARHRT T B 268 ) MA5] f) (L FEFLERKE)
S F N AT IR RO R, BRI SRAFAIR -
&ﬁﬁwu&w@%ﬁ%wﬂ%iﬂmu&Msz

FNTRI#E] ) ALK R { 3 tt}

A¢wﬁﬁﬂ$mﬁ%ﬁﬁﬁ%ﬁﬁ$iﬂmu%o
FEONTVELNI B B3 BRI R, w25 S0k
[16].
IR R AR AR - PR AT, B
B) — 2 ()3 PN PR 2 g i S F 3 g e R et AR SRk 45

VﬂmﬂzﬂzijJmf%W@J¢m&wk—yy
exp(ior — ik x — ik, y)dk, dk dew

=ﬁji?wwwwgmnam4wmwmmmnqhﬂ.
 dkdo (6)
R, ko k,,z,0) JIFE - BEHCR A S 08 L,
S, p,z,t) NBTTE] - 235 [a)38k Y (R B 1R 8
(3) B A
U U 37380 A 25 Va1 5 b it NS B 35 A 27 2%
CFLBRZK R ) 7= AE (I3 v B RA L, 1 BT SR fdAH L
IS JIREIR RS 5 FE RNV — Ok, 752
SRAR RS AR R B FEE T AR [ 2k o GA St



5

ERT, & VA R A R rh 51 22 R 50 Ay 2 B IRk REAIT 7 851

BEONER T LR shAisTE (FLEUKE) 3
T PR BRI 2 0 T T /K2 B T I RS Bl 2 A7 4 2 (AL
BRKISD BBV, 5 2.1 (2) FEH
PR R — 2, RRRKEIAR - Bk P KA i
B/ GLBUKE) HE T3 (4 dfgd (FLBUKED fir
FEEAE . X TAEH T B IT BRI AR R (LI

IKHED AR BRBCR ARARXT S A4, T TR 2% Ak R £k
T4,

0 X
W Rk _ g
’ 1 R ll, /"Ry fl R '
Pro(Pro) [d = = + Rl
7 . N — R,1 Ry
5 = o V=
P py g 2 ’E/J&: g, Ryz/ﬁ( 1 Re
4 — Z.
z P2 1%,

2 BENIHE&EE (FLBRKE) SRRk RER
Fig. 2 Diagram for solving Green's functions for moving uniformly

distributed loads (pore pressure) acting on a vertical line

o By 159 A1 85 1) 2 fif 28 B L IS K s ) 6 bR R 80K
bR (B 2) v OF KT IR - 23 AR A R 1o
BEAL B S T B - BN @5, HIE
BT AU FES M2 L, EmSiERm LT
AP A ST FINB NS S LA e, KA
W17 2 N BB WS, [ T SR R IR S AR

RAR, . Ryo Ryo R, (Tiix. _y 27
A5 JIRALBKE D MR,, R,, R,, R, X
M x, y, z7EEA5] I RFLRKE D, st
AEAE AT 2 EREAT, 2D S ) DU S
T 1A E B ARZR b, i R N R R A I R i ] S
I3RS FINARL s (kR B N [ 72 A 325 [ 5 S
TSR JIME R, P SRAG SN, RIS 2 B 24 1) Ay 4
LS AP

W 2 FioR, Wxs ys z J7 1A BRI A 2Bk AL
BKIEAL T Cx—z) FHN, EHER v, #y
IEJT IR B FE ¢ #83h. AFETE RS A) - 25 [k A AT 38w
N
(P poor} =P Pros P Pro} SIS —ct) -

(7

et AT I (3D Fros i LA 4, 15 AR

AR - PRI B AN

BB Dobr] =P Do) S0~k ACRY ] (8)

TBGE B AR S SRS T i S R AR AR
- BN AN

~\T
T el = . . .
v.U,.U} :{UX,U},,UZ} exp(-ik x) exp(—ik, y)exp(iar) »

(%)
(o) {5 etk x)exp(-ik, ) esptian)
(9b)

FERIAT 2t BB ILISUK I AE I T Biot it fA AT
DAL BN Re R

G VU + A +G )grad(dlvU )+ aMgrad(dlvU )

—pa)U+pt o'w+ P (10a)
aMgrad(dlvU )+ Mgrad(dlvw)
= p;® U + mo’ w+1ba)w+P (10b)

Kb, A =201+2i8) M1 G =G(1+2i¢) AP R Mg ¥
o, coAMEHORRIBLEL . PR P ONAMTE A R,
STVER x, v, z =ANJT A

P {11 I_JVE}T’ P ={0,0,0}" . (lla)

ﬁ%wmﬂwmﬁw
B=lop.0.0 . B={p.00 . (1)
TR (100 W91580 (L ) W

={a,,a2,a3,a4,a5,a6}T5(w—kyc)/[(27t)3c] .(12)

¥ (12) AR (10), WHXTF ZEq, q,,
ay, a,, asMag FRIEA, X TAEHZAAARTT
S A AL G S B 7330
[A]{a,,a2,a3,a4,a5,a6}T :{px()’pyO’sz’O’O’O}T ’
[A]{a,,az,a3,a4,as,a6}T={Ocpﬂ),0,0,pm,0,0}T - (13b)
TR [ 4] 0 B TS 2R T B
kg (132>, (13b) "W &EHa, a5 ar a5 a;
Mag, FRREARRENX (12), H4 =0l z=d, {3
R R L FREM IR RO, U“lh,@“
o, ot U W, , MR AT e R LR R AL
(IR TR R, R", RP, R}, R, RI,, R,
RP

(13a)

. NERRGTECE R, RS 2N B 5T
O Ul Uh Whe T Ul T W ML
FE (BL_ERRhRo), %%ﬁﬂﬁfﬁ’]lmiﬁﬁ?’ﬁi&}i
771?“1’ Rh,, R , R,, RQ, ha, R“ ?FDRH, Cljzs!
fi] %€ = NI F“%Eﬁi[s}f.,pz,sv,m]zkﬁ I B2 RE R 1) F
(USTELIE = S G

ih i11 'ih 'ih i11 i11 'ih i L
{Rxl’Ryl’lR:l’lRfl’RXZ’RyZ’lR:Z’lR } |:SPI P2-SV— SH]

(0,008 =i, -0, i i} - (14)

N ] R i T AR S I AN gt TR S



852 H O+ T OB % M

2017 4¢

AISAEH T B IR A 22 1 2 A ar 2o
{Iiexl’l%yl’l%zl’l%’} :_{Ep I%h I%p I%h I%Z’I%Z’I%flj}?l} ’

11 X105 12 Tyl Tyl
(15a)
= =z = =7 =z 2 =z =z =z =z =z = \T
{sz’R)mRsz/Q} :_{REDR’?D }')Q’R;“Q’RZ’R:PR?Z’R?Z} ’
(15b)

B (152). (15b) [l /7, ARANK (4) Hig
B OCILBUKE) Fre 2HhE I Rga (4), "k
{EREAE b R R CRIERAR T L4
RFs) WME, HEME 1.1 (2) ¥ [ HEm R —
5, ARAG R B S AR RIS ) (AL
FRAKHED

FIRE, AR A - W ROR AT, A
56 - 723 R P P 3h 795 L T S B39 R A
¥[8, (6,3, 2)] M &, (x,y,2)] 53 BRI R %K
I, R AN B AR R AR BRI,
U SR L D 2 ) A R OB R R L
AR M H FLBKE) f#mA
[02,02,0¢ ) =[8, (0. DBy by BBy} (162)
{ieeie,18) =[x 0, 2)| BB, BBy} - (16b)
A, R B {00,000 0} A2 5] ) i
(o700 2} it bbs “g” FoRmmia GLEUKI
BIRZE T, [FIRE e 2 T B TC IR LR 7 AR %
%’;ﬁ{ﬁﬁz, ﬁx :(ﬁxpﬁxz"”’ﬁxk) > i’y :(i’yl’ﬁyz’“"ﬁyk) >
132 :(ﬁzl’ﬁz2’.“’ﬁz[();ﬁ:] ﬁ/‘:(ﬁ/'l’ﬁfb“"ﬁﬂ()ﬁ%uy‘j
WU S B B AN 2530 8. KT TR
R HT) L 3 AT TR LR B A e e
FFLBK R, K B Va3 s ik S 50

AP, W[ 8, (x, 1, 2) | P&, (x, v, 2)] 730009 H 1M
FAREKIT, Frks M5 1030 1 R R SR (B3
AP ), TR PR R 2 1] TP AT 2 A AL A
T AR MR GLBAKE) mT#RA

(08,0008} =[2,, (0 0.0]{B. B, .o By} > (172)

(00,7085} (8,0, D) {BosByoBo By} - (1Tb)
(4) HFFAM
4 AR AL I e 298 R B KR (B
IR 2V T (10300 e 931 1 9 B FIFLIRK
FENE
Tr-~ =t
J;[PV(S)] [75(s)+"(s) |ds =0 (18)
Forb, £ =11, 0, | 3 BRI VA 5] IR0
FUBUKIE LRI R, EAR “g” B <0 3 RIFR
BUmm R . [W(s)] JAEREOERE, BUA S

B, (EATEREAS Hoo EASZIEAT . Kl (16b) AR
X (8) FERAE, PRI FLBEKE) H&E
{Bobobo, )+ BHARAR (16a), (16b) IR
B . BJEEINE BB MEUE Y, A REE
RS R R A FLRR K E )
(0.0,,0.7} ={00.0,.005} +{0%,0202,5 « (19)
2 R AT M B3R 1T DA 23 VA SR TR YA N AN 135 7K )
(ANFAKAEBL , 25 VAR I T2 7 5] TR
AR F L H R AT GRENE). BRI
T (18) TP 72(s) F7] (5) B Ha e (s) I (s)
IR G R R IE KD T oA SR e B, TSRS TN
K AR . BEE 30 FAAAEA Hoh p R
B, BN RE KT SR AE K, PLEHRA
KT A VR IE K X PRI AT Lo SR B[R] 3
R, EHAEER. LR R R A 4T
(19, B[] AT R RS 3 B R I R FLRR K
JE 7738 i B AR R A, sUATR

{U,v,a}T = J.:C{l?,ia)ﬁ,—wzd}T e”dt , (20a)

t(xyz=[ i (xy.z0e"do ,  (20b)

X, U, v la B E3R0ARS . HE A INE
JEACTE=
1.2 HiEMbEES
WHE S TAE N5 R g, B—0FER
A P, TEq R PIERT, HUBIRS TR A
E[y—?+mb62—?: 2Aq6(y—ct)+ Po(y—ct), (21)
Oy ot
X, Q NHERFR, ¥l QD) HirBFEE 1S
[El(w/c) -mo |Qk, =0/ c.0)=2Aq + P, (22)
I T A L T i 7 €2 25T M R R T P o Ak
(R R RS, SEELHUE AR AN HLIE 1 &
gk, =w/c,0)G, (0)=2 . (23)
Ho, G, () ARV IR R R AE K T 72
SAAR B N MRS )22 BRI, AT
(19) RfF. %8NS FERIN BN RS BN 35 A1 o 4%
VERT 2R R R T, A7 ol sidb =8
B AR . LR (22). (23) ASRASSEE T
TSR BAE R D UL B RS, 3R R A AR [
X (@ RBAGEY, BBEEEHRAR (16) 5
(17) RIFHUEY, B0 E AEUR B3R5 R
Yy, EeJanlial (200, RG] - 243 [A] 38 A e B

2 FAWIE
T 5 SCHRI16]14 RS Zh B ZE i B T 2



ERE ER T, 55

VRN JEAR A I b 5 A2 R i BB AR RERIT 7

853

SR LA RE B 4 A R BRI 30 7 A I L BRIE T
(IERTE. A SCBUATE H=0.01 m GELLT-%) B/
9T IR CE %) o T B AT 25
YU S HOREE 551 5 W% SCHR[16]. 1 3 4l
T 49 SR 2 T ) 9 375 KR AR 28 7K 1 0
BUE R 9 m &b -E IS o R R E
i |u|=|6u. /P, TaAEE N =c/ G p .

MR U Y, A SCEs 5 SRk 16)45 R AEH — 5.
0.10 —— XBRI16]HBAKEEF
--- %ﬁk[m] 22%%%%
0.05 s o AXRBKRER
XDN 0.00 r—‘/{x:/v—v—v—
-0.05 | By
_0‘10 1 1 1 ]
0.0 05 10 15 20

3 AXERECE[16]45RITEL
Fig. 3 Comparison between calculated results and those of

Reference [16]

3 EfHISaH
3.1 HIRIEAbR R IRIRAE SR

T e DAY o R b 5 R T 2 V) g A T 3 AT
Fio. WHMESHNE 1. PUESERF) R EeRH
BR[321Z%0, BB S5 B=3 m, %% m,;=10.8x10"kg/m,

NI E=200X10° MN-m?, FHJEELC =0.1, BE15

TR E O B — R R A, HLE N 160 kKN B (1)
7% B0 AR PR A Raylelgh POEBCA ¢'=0.6 (L%
), =093 (FEHE) M ¢'=1.5 GEHE®E) 3 i,
Hepe =/ JGip .

C1) LR 23 VA % X B R 28 SR 1) 5 il

NSRS BRIR R IRe A, B 4 451 T AN
TR F ) ERE B E T, 765 I i R0 )
NIRRT RS . 23 VA R B 30 PO B S D=8 m,
VR ESE W=1 m, ZSVEERIE S BIECA H=0, 3, 5, 7 m,
Horb H=0 m R TC I AELE B35 T v A b 2 OF R
7). MM AL T fEEE VA Rl 4 m b, M
AESHOEGER 1 LB n=0.3 BN, EACIRES
AN KRS L CHi R 26 T RN 25 VA R T ARB KD, B ]
NG IR AR Bl 2 ALK R A

M 4 HRTLLE H, BEEEIRIIE I, S50 E
BN, FRRSCR LT . PIER S E R, S
B4R RO T, anrEAR & d H H=3 m B} I RR4R AN
6.03% (X A R WEAE 2 22 4 UL BRIA L RS UEAED), 1

=1 HEIeMtEE RS K

Table 1 Saturated soil parameters of uniform saturated foundation

n G/Pa M/Pa m/(kg-m>) o p./(kgm?)  p/kgm?) b RV BB,
0.10 37x10° 43x10° 55000.00  0.2762 2000 1000 0 0.25 0.05
0.30 37x10° 618x10° 722222 0.8287 2000 1000 0 0.25 0.05
0.34 37x10° 1315x10° 5795.85  0.9392 2000 1000 0 0.25 0.05

—H=0m
o110~ == H=3m 021
""""" H=5m
0.081 /\ ——H=Tm 0.14
R 0.07+
0.00

-0.07
-0.14

tls

(@ &

021 .
202 01 00 01 02 03 04 05 0.1
tls
(b) BHE
20 08
s 06|
: 10 ; g':‘
5 05 S 00
00 -02
—005} o4l
~0.10 06
%2 01 00 01 02 03 04 05 “01

tls

(e) BEHE

[ 4 HEIAFIME Tz AR A X £ B R B R IR SR I

tls

) EEE

Fig. 4 Isolation effects of trench depth on displacement in a homogenous saturated ground
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Fig. 7 Influences of porosity on isolation effects in a homogenous saturated foundation
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Fig. 8 Comparison of isolation effects of layered saturated foundation and homogeneous saturated foundation
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