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Safety Criteria for Settlement of Pile Plate Structure Subgrade Based
on the Generalized Reliability Ratio of Safety Margin
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(1.Shaanxi Road and Bridge Group Co. LTD; 2.Shaanxi College of Communications Technology)

Abstract: [Objective]To establish the relationship between the deterministic safety design and reliability design
of pile plate structure subgrade. [ Method] This paper first derives the analytical solution for settlement
calculation of pile plate structure subgrade and establishes the reliability analysis model for the subgrade. The
influence of the variability coefficient of subgrade soil elastic modulus, upper load, and pile spacing on the failure
probability of subgrade settlement is studied. Subsequently, a framework for settlement safety criteria of pile plate
structure subgrade based on the generalized reliability ration of safety margin is proposed. The relationship
between the relative safety margin of the generalized reliability index and the safety factor’s relative safety margin
is analyzed, and the effect of overlying load on the critical pile spacing is discussed. [Result] The results show
that the settlement calculation method in this paper can better reflect the settlement deformation characteristics of
the pile plate structure subgrade. The settlement of the pile plate structure subgrade is jointly determined by the
upper load and the combined stiffness of the plate, and its failure probability curve with the load level changes
from a steep increase to linear growth as the variability coefficient of the subgrade soil elastic modulus increases.
The relative safety margin of the generalized reliability index and the safety factor's relative safety margin exhibit
an approximately linear relationship, and by allowing the failure probability to calibrate the allowable safety factor,
the basic consistency of deterministic design and reliability design of the pile plate structure subgrade is ensured.

[ Conclusion] In addition, an increase in overlying load will lead to a logarithmic non-linear decrease in the
critical pile spacing. The research findings are conductive to the deformation prediction and optimal design of of
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pile-plate structure subgrades.

Key words: Roadway Engineering; Pile plate structure; Subgrade settlement; Analytical calculation; Reliability;

Ratio of safety margin

LA 78 B SC Y AR 45 #40 ER AR 757 VR vt Lk 2 5
AR, BAEMER. Rtk T T AR
SR AL JCHAEHRREHR L PR DURR R iR
R o St R S R i B B3 AR AT, i
¥ v R TR R TR IR R T &

CBF TR R Y 1A 45 i % T B A0 T L

MmN, ENMEETTR T BN,
Xof AR A 5 A B R DL AR T ARRAE , 7K R S B
FEIR A2 TOHE B IE AT AR &5 0 B B TR PR 7 0
BEALRSS, RIS T2 ol & 5 AN H E B
ez iite e s BRI R T IR L i Aot
BR G5 R TTRR AR T () B8 RS R0, R PR TR B 1
BRI R AR 129 IR TTRE ;s B8 fp 2 1R B8 0
PR R IGAF 7 T Bk 3R b A B 45 A 8 2 e T
BRIGUTI%, R PRI o] BRI 5 TR iR Kim
SO SLOPILE FABLA 17— ANHEAR I [ i #r
G, RIUNEAR 416 450 Re A Rcb B 13+ Hh =R 1 )
R Sl;  FE2E RORIY & B VD@ i S e AR U R B AR
SE T A R T DA s E VA T s DT . Bt
Ab, ZRIEED | TR NE I 8l 700 R B AR 4
B 45 1 i B 3 3R TR B R R T W R R P R P AR
SR TR 45 8 B ST AR I R R R
Ik 25 A0V - 0 S AR R B0 F 70 T AR 45 440 g 2
IEE WA 2 T, R AR A s 4 BB R
M) B 35 2 SR AR 5 A 2 TR T 2 o L0308 3 5 1 ),
R I AR 45 0 e SR A R B R s
AR S BT R AR T B AR AR G I R O A
5 Rt A i 20, X ik 7 S5 LR [ A DT o 25 A
0L B0 A i) S S A i 16 R U PR R AR s R S e
KHABRICH A Abaqus 73BT 1 8 R A2 B A A il
S EBAEVIFEEZHIIRR, RIERREYA
M, BRIEEPURERUN BRI IR 2 0 127
FLAC3D 43 M7 1 B - Jt 35 o Ak i 5 4 46 FE 1 e A
TERIREM, R B AK AR T 2 48 K L 1 22 S DB

ASHER I, LA EHIFFEI5 R P R 6 A U A T
2 TATEAR 25 44 2% S TR A B AT LU AU BR
IbAh, BUA T 3 BRI AR 25 1 2% B U B AT T
SEVEI T, Wb FE B AR b 7 A AR S ot
PRIV HI2M . Chen ZEU81E B+t T2 90

A RAGAE & 5 3 BOL A — 2 IR 7
P B I L. EREiT s N T
RN, SHRELER RO 5. Kt
FF R UTRE W] 52 FE R S0 4R AR AR S5 i st A =
EiE L. St zaediiE (nze 1580
bb, WIEEFE VT TTER 2% IS S e v i) T S
FEbREBUR R ZAE e R . | O SEEE R bR A
X} 22 BN MO IR e A RS SRR, SR E
B SR O SR VR 22 4 R AU bR e 00, HAjdE T
I ST EE FEFR AR A X 22 4 2 1) 22 A AR AU
WU FR T M AR E TR T ATRY, T AR 4
Ry s T T SOAT FE SR bR AR 2 4 FE bR 8 1 E M
W24 IR (1) 5 1 5 TR M AN TS AT

[EIFrRpE ) T 0, ASCE et SR 1
PREEDIRETE LM, JF S Lo R 1
P EEFN BB AT B AN e 1, B SRR S A B Bk A
SEREATELY, SRR IR BT ORI SEEE AR ARAR XS
AR IR S5 M0 B BE TR e A PIPRMESE . JE Ak
W &5 K g R I et 2 L AR B S R4, b
A B FHATE (] PR G 2 BE T B 2R AR R (R e, 3 AT
I ST EE FEFR AR AH X 2 A BN 22 4 RPN 22 4
BMIRR, T 2R TIRAEEE, I
PRI b8 A 28T I FAE [ BE ) 52

(o8 AR Y Wi 70 0d FH TR AR 25 1 B B i B A
TN 751, SR I T ] SEFEFR FRAH R 22 4%
RIIPEAR S50 B R DT e 22 A FIRAE ZE, A Eh Tk
AR S5 M S B BT it T3, R DR B A 2 g g 2
I EBAEER L.
1 HEREGHEEINETESE

AR 45 ) P e R R A A H B AE AR S PR
B, S MR T A B A SR AR T A
SCKG AR AR E Do e EL T 3 A A T m) )
g, KAAGEE . EEPRE P AERT, AR
AB 73 AITE 0102 XAl OB BURAE Si(x)FT So(X)HIUT
BEARTE o



3 AR 4R
Journal of East China Jiaotong University

A Xy O X Plate B

P S,00 S,(x) T Fe

Subgrade soil

1 HERGEHIBE N FITERE
Fig.1 Mechanical model of pile plate structure subgrade
11 HFER
F 4 Winkler 25 ZA55 R it o Hh S AR TR ()5 53
JiFe:

Eld(jsg)+KS() 0 (D

A, Bl A BRI BT NIEE s K 2R & RIEE,
A A4 Randolph fIfg AT fig 2045 21

0.38K,¢” ") 1 K, (1-2a,,)
- 1+aZK /K,

L P, A B R W
K, =E (1) /[ (1+ ) (1-20)AY |+ Ar 97K BRI

., A=LB, Lr?‘jﬁ<%ﬂﬁﬁ‘]&§’ Br?ﬂ%@ﬂﬂ‘ﬁﬁ@ﬁ
FE (il 2 FioR), Es Al us 43590 3 4 () s p A

BAVARALL: BEMERIRE K, =E,An (e”-2)/ LA, » HF

(2

B R B =1-0.4109,,[1- A, /A ~D,/(25,)], Ap Fil

np ARG AR A &, Ly F1 Dy 23 A AREK
MIBEAE, Ep WMERIFRIERR:, s JubklaleE, #EBERE
AT Agp:inCDp2/4 . AR A B E R R

a, =1-In(r/r)/In(r /), o ABERIEAR, REARAEX
VARV = A T S I Y G S
=25+, 25(1-41,)-0.25], pp NHERITIRALL o

I'= (Ar/Tl:n)]'/2 3

W (L) #EHATRE, 4 E] A0, F1 OB B
HITRERIE A

S,(X) = Ny, (AX) + N, T, (A%) = N, £, (=2%) + N, f,(-=2x)  (3-1)

S, (X) = M, f, (AX) + M, f,(A%) = M, f, (=2x) + M, f,(-Ax) (3-2)

L, f(x)=ePsinax ; f(Ax)=ecosAx

1/4

A =(K/4El)

AR DT
& 31 7

B2 iE 2 705 Na~Na £ Mi~Mg, X}
T AT VIR T, AU 3
$7(%) = AL N, £, (4X)+ N, f, (4X) + Ny £, (=4%) = N, f, (<)
1"(X) 24 [ ( ) Nf(lx)_Nafz(_ﬁx)_NAfl(_’ix)}
S(x) = 24°[ N, 1, (4%) = N, £, (%) = Ny f, (<2%) = N, £, (=)
17 () = 42 [N, () = N, F, () + N, f, (~26) = N, (=)

X

(4)

ﬁl:':l ’ fs(lX)Z

e (cos Ax+sinAx) ;

f,(Ax) =™ (cos Ax—sinAX) o

HARHE, XF30 (3-2) 3l AT IR S, AT

743
S3(x) = A[ M, £, (2%) + M, f, (AX) + M, £, (=A%) =M, (<2x) |
S0 =22 ML (1) M (20 -MF ()M (2]
Sy(x) = 22°[ M, £, (AX) = M, £, (4X) - M, f, (<4%) - M, ,(~2x) ]
Sé‘”(X)— [—lel(/lx)—szz(ix)+M3f1(—/1x)—M4f2(—/1x)}
Lr
Pile | 4
I O000dO
S, B,
OO0O00O0O0
Plate v
S S S S S

2 HERRERE T E
Fig.2 Layout of pile plate subgrade

12 RBLARFMH
% x,=0 If, 4% S, (0)=0F1S/(0)=0, A[fF:

{N2+N4:0 )

N, +N,+N;-N,=0

M xi=ly, x=0 K}, tR#E Sl(|1)=82(0) ’

Si(k)=53(0) » SI(k)=5;(0) H-8,(1)+S

,(0)=P/EI ,



LY RS PN

4 Journal of East China Jiaotong University
0] 15 _
s N, = VW (14-2)
N, F (1) 4 N, F, (1) = NgFy (<21) + N, F, (<21,) =M, + M, vs—wu
N, f - - =M= -
(A1) + N f (A1) = Ny (<A1 ) + N f, (<24 ) =M, + M, + M, - M, M4:Q6u Qs (14-b)
N, f, (A1) = N, f,(2) Ny f, (<21) + N, £, (=21,) =M, - M, VS —wu
-P .
Ny, (A1) = Ny (A1) + Ny f, (-2, )+ N4f3(—/lll):ﬁ+ M,-M,+M,+M u= jf, (4l,)+ gf, (4l,) - rf,(=Al,)

)
2 xe=l I, MRHEs,(1,)=0Ms;(1,)=0, AI13:

1.3 FIEKHE
i MaAE R A&, W M (i=1, 2, 3)AT LL'S Ak
T N3 Fl Ng 1772

M, =(2N, = N;) £, (A1) + N, (A1) + Ny fy (<21) =N, £, (=41, )+ M, (9-a)
M, =(2N, = N) f,(2,) =N, F,(2) = Ny, (=21 )+ N, £, (=41, ) -M,  (9-b)

M, =(N; =N, ) £, (=21) +(N; + N, ) f, (=21, )+ M, (9-C)

Kl (9-a) ~ (9-0) AN (7) i n] 13-

N, =N,m-M,n+Q (10)
G L S
A EREAE TR R TS TR Q1*8,13E|f1(—,u1)°
#1200 AN (9-a) fLTjAT45:
M, =Q,+N,j—Mk 1
J=[20, () + £,(A) = £, (=A1) [-mx[f, (2L)- £,(<21,)]
A, Tk=-nx[f, (A1) - f,(=21,)] -1

Q, =-Qux[ £, (Ah) - f,(~41)]

¥ 20 AN (9-b) fhfETAI1S:
M,=Q,+N,g—M,h (12)

g =[26,(4) = £, (L) + £,(=2L) [-mx[f,(21,) - £,(~A1)]
h=-nx[f,(a)- f,(=AL)]+1
Q=-Qx ‘: ](1()“'1) - f1<_M1)]

¥ 20 AN (9-0) W15
M, =Q, + N,r —M,t (13)

ﬁq:"

r=[f,(=2h) = f,(=2h) ]+ mx[f,(=2) + f,(-21,)]
t=-nx[f,(=Al)+ f,(-4l,)]-1

Q= Qx| f,(=Ak)+ f,(=41,)]

A,

# (1D ~ (13) A (8) LT 45:

X H o, vk (Al) +hf, (A1) —tf, (<Al,) = f,(=A1,) s

Qs = _Qz fl(/uz)_Q3 f2 (/“2) + Q4 fl (_/uz)

W= Kf, (A1) + hf, (A1) +tf, (<21,) + £, (=21,) -

s = jfy(Al,)+ of, (A1) +rf; (= 4l,)
Qe = _Qz fs(’“z)_ Q3 f4 (/1|2)+ Q4 f3 (—/“2)

AT T RER MRS, KUK EQ1~Qs, A5 FE
T MaFINg,  H AR Mi~Ms FIN1~N3, 5 J5 ¥
M1~MaFIN1~Na 53 SR (3-1) A1 (3-2) T1H5S1(x)
F1S5(X) o
2 HEIREEREEIBET E S IELIE

126 B S R 220 e f A A 45 ) % ik 2451 B0 i AR S
WERR 2540 B B TR TS i Hodr, AR N
30m, WA 10m, JEEN0.7m, H C40 IREE L
IR . W) CPATARBARTEE T D AW
CHE B ARBOR 56 FE 7 M) 4374 is 2 A1 6 FF C30 R
ARSI TE, WK 1.2 m, BEIEEESS N 5.0
M. L IFORL I PR B 150 MPa, YA HE R 0.25.
A P AFE S H EaE G AIB 4Egr gk
L:

P=(12xG+14xL+05xL)x1.1 (15)

A, 1.2 F1 1.4 43 5ATER SiEE 4 TR 0.5
RBVEGER M R A 11 R EEE R AL

HEFR (D~ 1) HHEBBIE R KT N
0.85 mm, B&/NTICERPrR AR Tt 4R 0.99
mm, X 3R R A SO AR AR S b A O AR
PR, KREBHBEWARTE. (HE AN ZEE
/NT 15%, X R B A STV AT A A R i R U
s a B, AT AR TR T AR AR B TR AT SR 4y
o
3 ETFI NAZERFEENRER
HIHEAR L5 BE B R 2 FIHE D ATHELR

T bR B bR O RO 2R T B AR 45 A8 % SR U P
BV R, ARCOET ) X SEEFR bR AR 22 4%
BREESTATAR S5 ) B B 2 A H AR AT HEZE . B e/ 4
7SO REFEFR bR 2 AR, SRR LR TR
AHE AR 435 4] % 2 4 R BRORN ] S FEARAY b T A S AV
IREA B EL BT ATAT I, e iR T AT 4E



LY RPN =

5

Journal of East China Jiaotong University

FEFRARAR X 22 4 3 AR BEAR 3 22k 22 4 9 0 T HE S o
31 I XAEEERENRER

N TR SL E M 2 A AR B R SR FE AR AR K 0%
Ao BRALERIZSMEE 22 4 AR MU A 12500 A s ik
AR T 24 RBURARR 22 e

Fo
= (16)
e F,
KA, Fo N 2 4 REOR AR MEE, Fsa W%

S R SCVHE.

FELIER |, 2= iR SR T2 4 R A SR
MR AL, 1R T Z e R BIRMER AR
SUREEEFRARARNS %4 noro

TMer :CDF;;:(PT) 1m

Arf, COR () 24 R A Fs AR H 5 s 2010
WKL, Prov VR R .
P =P[(F —AF)<1] (18)

AH, Fs NZERE, AFs Aner 5RLTH
IR B
32 ETMMAEIRENRERERABITEE
=E

R 5 A Al 5 A % 5 T 5 5 8 V1 A R 3 B )
R, B R T UM 224 R A Fs BT UIRE ) D) Be
PR Z:
ult 19

Z=F -1 (20
U, Sun ABERREREE B VAR DR, R (EiE L
PR BTG ) 4, ARSCHL 20 mm; Smax(X) A
PERR 2% B e R piRe, G T RN & X RE. &
R BENLAL By AR SRR R L VAL BRI A
o M Z<0 B, PEAREEIERRL, HRAMEE Pr (S)
AT SEREEFRR B o] i N AR

P, (S)=P(F,—-1<0) 2D

B=—-07(P(s)) (22)

A, POOABERER B R RO AE IR, oL (Y 9hr
14 11 25 0 A R SO0 PR E
3.3 MHRGHREEIR T AT TIHE

R A 2R 8N 3 0 A A i ik A0 VF 22 4 R B
BEATARGE, SEDUFEE L TR T 0 E PRI H

bro BARBIRIT

(1) EESLHEARER FEDTRETH SR

(2) WERNLAZ B2 WA BT R R A
Tt 2 SR AR B AT YR A L DL i B AT B 1Y
R EVE S ATRRAE, TR B2 ). MR I 5
BEVH PR R PR G 2 PSR BT B AL ALk
GBI T IR E VA e il T

(3) fEBCIFACE A (A W HEAT AT SRR 5. AR
B 276 HA S RRATE [A] B, U SRR AR R T A SR RO
o ARIOEXS M T SRR DA B SRR
TAETH SRS I ) 2[R A

(4) b fevrza /. RyaitZEsm
IR R RO 55 T SR VR R OB, S L R [
PR, AR5 TS RURE 1] R R B8 E P BT AR v
Fsko i, BENLAZEKBUER A 2 60, — A
0.2 7-AfEl, FR BN Fex BUN SUVF 204 R EL
Fsao

(5) THEARDN 2 4 o MR 23 30 (16) ~20 (17D
3 9 T SRR R M 2 G A RIURH R 2 AN SR
FEFRRRARNS 22423

(6) B WIHSHIATIE . BRI AL e AN
ner KT 1 WIS 802 Ay ik S 80T 4738

AR &5 6 O e v R AT 4 52 AR A 1 3 B

ﬂ—\Ao

Establishing a settlement calculation model for
pile plate subgrade

Determine the random variable space and
design variable space

I

Reliability calculation within the design
variable space

e
Yes

Calculate deterministic design standard
valuesFg,

!

Calculate safety factor ratio of safety margin
of (77:) and generalized reliability ratio of
safety margin (7gr)

Comparison of feasible regions for two safety
criteria in the design variable space

End

3 MEIREHER BRI AT E RAEE
Fig.3 Flow chart of determining the allowable safety factor of
pile plate structure subgrades



RS 4R
6 Journal of East China Jiaotong University

4 WEtREEHI RSB E ]

MR S5 RIS SE A B W 2 i, S35 S0k
HBETTF S e A SRR BN 58 40 Tl B
30 m AT 10 m, HEAREN 1.5 m, WA K AN o8
3 1) (R (] P 2 HY 5 ms
4.1 FENSH S

% Ji - e ABE RN A A Bl DL R s 3 L
AN € 1% 5 41 PHOON I KULHAWY 2514 J 4+
SRR BIER 50415 CHEN 50815 H % He iy
AR M EEZS 74 . 75 CHEN Z508IRf F 45 5L
WERHLZE AN, R 1R,

*® 1 HEIRERE L REN S H 5w
Tab.1 Distribution of random parameters of pile plate

subgrade
Elastic Poisson’s
) Load/kPa
modulus/MPa ratio
Mean value 20 0.3 30
Coefficient of
0.2 0.05 0.2

variation

42 HEARGEADBE BT R

RAE (19) ~x0 (21) RAZRRig1E (MCS)
(FEAELEEL 108 4N) A6 5 257 (AFORMD 5
PERR BRI DR RO . s 4 vl W, BEEHIE L
PPERL R AR 3 REUWIR, ST R S 23R
LK . R, 24 COVEes=0.3 i, et
KRN R, HeAh, PR R g R A —
B, P it et ERER, RS e R A I A
HEHATIE R

100

OAFORM  @MCS

ol 11.9 9
25
£ 1 :‘i/
0.03 Eﬁﬁ

0 0.02
001 r% 0 1 % 1

01 02 03 04 05
COV

E4 thELTSHTRMITTIERYEENTMm
Fig.4 Effect of soil parameter variability on failure
probability
K 5 DA [FIFiT 8 25 T A A S R U o 2R RO
o MBI, AR B JE R RO AR S 1 K P
AR 5 5% T 2 it 32 7 2 B0 R 48 K e BE Y e A g 25

PERG K o PURR H _E 7 ORI A 2 A R B2 3K IR
ST, MR A NI —E R, AR R 7ok
ARTY » RETT T BUR R AIG K. 24 E AR 85 3 150
kPa, it + LA R ECN 0.5 I, AL
YRR AT 1o S 7 BRI — E A
TN EEAR 372 i T A s AR B ARl /NI R - BRI
PR 36 22 1 R RO

100

—%— COVg=0.1
80 | ——COVg=0.2
COVgs=0.3
60 } —O—COVgs=04
—O— COV¢g=0.5

P %

40 +

20

0 50 100 150
Load/kPa
5 TR R B R A2
Fig.5 Effect of upper load on failure probability

Bl 6 Sk [ EE XS A A 35 A4 B R e 2K A 3 1)
SOM . PRI, BEA AR R AR OR, AR A R R
RO TZWTHG K PR AR 7 R B R AL
RS NANTIPA Py € R i S S RS
RN B (20 mIA,  FENERIEE S5 4% A R
DNBRE G o AR TED S FR G DR IR0/ 1 FEAE M R AT A 2.
SN, FURBESCHSEDIRREG R, RASFEUREE
G ES LY

30

—*%—COVEs=0.1 —A—COVEs=0.2
25 COVEs=0.3 —{1-COVEs=0.4
—O—COVEs=0.5

Pile spacing/m

[E 6 #HiE)REXT IR A R ST
Fig.6 Effect of pile spacing on failure probability
43 HMGEWEELITFREREIRE
AL EEAE AR S H CARSUCEFE T
AR FE 7 0] FOAETRTER ), 23 BT A AR 405 4 B 6 22
A FFEAB T AT AT I AR ER A BT X TR EX3.1 m,
5.3m], &ERE 0.1 m B—/MBeih i, 0f R ACER X



LY RPN =

7 Journal of East China Jiaotong University
A 3 ‘ 3

TR ] P9 T STAEAR B 1 2 R 6, R fembledoman:
FOVF SR 0T O (RO [0 B 1 5 S T e T (B, 115 AZ.Z F A Tr
RN )22 4 R AR AR, BETTARSE FOVF 24 R AL 2t 2
S S0 VKRR, A SCGE S U e o | R 5
fRE R JE A H bR Al SERETE bR 3,718, XS R fo vF 1mwmﬁ%ﬁg 1t
KRR 1.08<104. HHEIRIEDY 4.47 m I, 2RAL :
WA 107410, 5 RVFRBAMER vk . B, ;g%mﬂ
TR 4.47 m MY BT BRI B . BEALAS R (PR 0 - 0

3 4 5 6

B A ECNIRED FRHEEL 0.2 4 frfE, 153
XF N ) 2 RO AEE Fox=2.61 H T ML BTHX)
JRE ) 22 4 23 HBURE 0] 22 4 N SCAT FE B A BRoAH )
BRERFZNAm=ner=1, Bl Fa= Fs, HILHHEHE
PR FE I FUVF 22 2 REOH 2.61.
4.4 HEAREEHBERITAITE

B 7 X EL A AT T 5 T2 4 R AR ] SEREFRAR I
WEMR SE R B AR 22 22 . A DURIN, —F LR
AMERR, HHERIZE A ner/nr=0.86, KIJH T A EE
JEE SRR R RS 22 4 2 R Tk 122 4 R AR A 0
AR, HEW I, Hpe>l B, ner>l, AChRE
[ POV 424 R4 2.61 i /2 H bR T S8 R

O Data
2.5 | —— Fitting curve

y =0.86x + 0.142
05 R==0.9723

Y=

7 HEAREEADBR EL A e A njor SFEE
Fig.7 Comparison of 7r and 7R of pile plate subgrade

] 8 AN A [A] R i 122 4 RN AT SE 2 45
PR BRI BEAR G5 AL SR FEARN 224228, AT LUK, 4[]
FH/NT 4,47 m IR, e Ml ner [RIIRH A2 KT 1 2604
WIS A B 52 [X 453 B P9 BB TR) BRI AT AT
. T RVFR BRI E S5 O VF R R EL IR
TUE 57 AR 25 A 8 R A 5 P VS AR A R T ) I
AT A — 2

Pile spacing/m

8 HEIB)EE X HEAR LA A ER B AR R & AR
Fig.8 Effect of pile spacing on 7r and 7Gr

45 HEMREEM RSB IE R AEE R

V4 me=ner B (PIAE [R] PR 2 SR SUAE TB)BE . 24 E
(R Tl A (AL R, me<d K3 npor<d, ULEAHE
[ EEANTE B AT 4T3 . B 5 R B SR
5 T PR % R 1) SR O e, T T S0 S D) B A
FHRLH AR AR o 9 AN [ A 3 7K 7 i 4 T
FEMARA . EHETAT R0, AR % Sk S B 2 B A e
R B0 HY 2R AR 2R MR . M1 20 kPa
Nz 30 kPa i, ImFHEEIFEMH 6 m iR FER
4.47 m; A7k 30 kPa 4k St KT, Il ST Al EE
PR AR .

7

O Data
— Fitting curve
Eb6 |
>
£
8
&
@5 F
=
g
G4
y =-2.464In(x) + 13.179
R==0.9345
3 1

10 20 30 40 50 60
Load/kPa

9 far B X HE AR 45 46 B B i A-A1E 18] 2B A9 5200
Fig. 9 Effect of upper load on critical pile spacing of pile plate
structure subgrade

5 %Eip

AR SCHE T M R AR A T T A A A B
BTN AR, 2 — DR AR A b B e T
] SCATEE FEAR PR IR N 22 42 3R 22 A AR T HE R,
PSR TSR R L Y B AN B AN E 1



IR AR R
8 Journal of East China Jiaotong University

BT T AEAR S A B R DI R R, BT 7T %
G ZHOR AT 52 P 15 bR OB AR 45 ) B S A S 22 4 6
ISR AR, M 1 I A 8] BE S b s 2 70 A1 AL
. AR5

(1) ASSCHR Y REAR B AR DT Bt T 53575 5 4L
EREI S SR BONTRIE, RS & IS A AR 25 1) i
HIPTREAZTE

(2 AR 4546 i T 1 b 8 iy S8R AT AR 41
Er W FEIEIR R SE o BERR G54 B 22 SR SR 5 A K
PR 9% A% it 2R B ik - VAR AR S AR AN G K
HT BEE T AN AR K

(3) Jh 22 4 R HORT W] 52 P FR b AR AE AR 45 1
e ERU e e Sl VS i S O L U WA S €
PR A SO VF A R A DRAIE T AR A A Bt R 1
SE PR BT ATR] S L BT H I BT AT S A — 2

(4) LAy 82 B M AR AR B 22 1) 2 4 R 50N
KBRS, 3B FEAE 8] B e 78 2 K 20 4
RS AR

SE K

[1]  BRih%k, Dilsm B 2K 7 K A5 B0 TT 42 51 A1 i A o &=
WA I oy IX [3]. 7R 388K 2% %44k, 2020, 37(06):
18-27.

LIANG H Y, XIANG R C, DI H G et al. Deformation
and partition of pile foundation caused by excavation of

foundation pit adjacent to pile-plank subgrade [J]. Journal
of East China Jiaotong University, 2015, 35(05): 32-35.
[21 ERKSF, BRIEE, B, 55 R XA PR
SR PR BT R B L BRI 0], A A 1S TR
224, 2022, 41(S2): 3444-3452.
WANG C D, CHEN K X, SHAN Y, et al. Centrifugal test
on settlement of tram pile plate structure embankment in
deep soft area[J]. Chinese Journal of Rock Mechanics and
Engineering, 2022, 41(S2): 3444-3452.
[3] fE/KAR. ik B IG5 A B A T BER B
RILHTFI[D]. HER: VE R 2T I K, 2006.
ZHAN Y X. Study on Design method of pile-plank
foundation of ballastless track in high-speed railway by
tests[D]. Chengdu: Southwest Jiaotong University, 2006.
[4] JREZR, FKkE, IR, 55 HrR BRSNS mE ek
I B B T B 4 A s 0 B [3. s 1 0 2%, 2010,
31(8): 2565-2569, 2574.
JING Z D, GUO Y C, QING E X, et al. Centrifuge test of
new pile-plate structure embankment settlement of soft
soil of high-speed railway[J]. Rock and Soil Mechanics,

2010, 31(8): 2565-2569, 2574.

[6] #e, EWE, FNGSE. B i FEMEAR G5 A i A B oA
RURIGHF T[], & £ 775, 2013, 34(S1): 192-196
HUANG L, WANG B L, ZHOU S H. Centrifugal model
test of pile-plank subgrade in soft ground[J]. Rock and
Soil Mechanics, 2013, 34(S1): 192-196.

[6] Kim T H. Estimation of the effect of lateral flow on piled
bridge abutments in soft ground considering piled slabs
as a countermeasure of the abutments[J]. Marine
Georesources and Geotechnology, 2009, 27(1): 34-52.

[71 BER, &% WREWERKR T SETIEHE S
(IR FE[]. i TRE243R, 2015, 32(04): 54-59+70.
SUI X M, XU Z Y. Application study of the structure of
RC pile-plank in strong development of karst and
ballastless track railway[J]. Journal of
engineering society, 2015, 32(04): 54-59+70.

[8] ZRHE. HEAREE M AR P B B 0 0 E A AT T A 3]
BRIE TFE%E3R, 2021, 38(12): 40-44+49.

QIN Q. Segment with pile-plate structure analysis and

railway

study of dynamic simulation of the road-bridge
transition[J]. Journal of railway engineering society, 2021,
38(12): 40-44+49.

[91 EZE, K&, HTOUE. ARG E)

FRERIR AT 7T 0], PoERhy S TR, 2023, 20(11):
4128-4139.
WANG XY, YU L, CHU Y G, et al. Experimental study
on static and dynamic characteristics of overhead
pile-plate structure subgrade[J]. Journal of Railway
Science and Engineering, 2023, 20(11): 4128-4139.

[10] BltE, WX, R, 5650 G AR 4 ik Ik 5 T8

P P R 1) 22 e TR B O IR AR D). AR IS L
FEE£4R, 2020, 39(5): 1049-1060.
SHAN'Y, LU Y, ZHOU S H, et al. Centrifugal model test
study on lateral differential settlement between the tram
pile-plank subgrade and the road subgrade[J]. Chinese
Journal of Rock Mechanics and Engineering, 2020, 39(5):
1049-1060.

[11] AR, TERH. PhAR Bk o R o i 3k £ 2 B 4y B A
PR BT B AR T 52 1 18 3R 40 17 [3. Hh 4 i, 2018,
38(05): 1-7.
CUI H H, WANG Z Y. Analysis of the influence factors
of settlement deformation in shallow mountain area
alluvial fan silt under traffic load[J]. Journal of China &
Foreign Highway, 2018, 38(05): 1-7.

[12] JEEME. ek b s v iR 5 B AR 25 i TP AR T8 7 #r



HIRATIER 254
Journal of East China Jiaotong University

[13]

(14]

(15]

[16]

[17]

[18]

[19]

[]. BREEIFEAR, 2023(10): 209-212.

TANG H H. Settlement and deformation analysis of pile
slab structure in karst roadbed section of high-speed
railway[J]. Railway construction technology, 2023(10):
209-212.

TV, B, Ed kg B AR M AR A 4 g2
PERE BT[], BEJE TRE, 2022, 224(5):162-166.

WANG Y T, CHEN M W. Analysis of mechanical
properties of shallow buried pile plate structure for high
speed railway subgrade[J]. Subgrade Engineering, 2022,
224(5): 162-166.

BT, B2, IRMRR. BEARSE AR IR R O i A
I B AL R[], A, 2022, 67(06): 8-15.
ZHAO H X, FENG D, XU L R. Application of pile plate
structure in treatment of transition section of expressway
with deep soft foundation[J]. Highway, 2022, 67(06):
8-15.

BRAE . VU AL X 3 s B DT R AR TR 40 A B iR B [J]. %
HE TFE, 2023(04): 188-193.

CHEN X M. Analysis and Treatment of Loess Subgrade
Settlement Deformation in Northwest China[J]. Subgrade
Engineering, 2023(04): 188-193.

KW, EWA, VO, BRI
Fe e BB BT T [9]. HhANA R, 2018, 38(05):
18-22.

SONG Y, WANG C J, SUN W J, et al. Numerical
simulation on stability of earth-rock mixed filling
subgrade containing large stone[J]. Journal of China &
Foreign Highway, 2018, 38(05): 18-22.

MR, - K R A R 45 A R R 23 T [9]. A
KB E K (B R R ), 2018, 31(S2):
240-244.

LIN F. Analysis of settlement of pile plate structure
roadbed in medium strong expansive soil foundation[J].
Journal of Shijiazhuang Tiedao University (Natural
Science Edition), 2018, 31(S2): 240-244.

CHEN R P, JIANG P, YE X W, et al. Probabilistic
analytical model for settlement risk assessment of
high-speed railway subgrade[J]. Journal of Performance
of Constructed Facilities, 2016, 30(3): 04015047.

BUR, F9R, ETH. TSR AN 4
HE T LRSI BRI, A& 1%, 2019, 40(10):
3977-3986.

LI D Q, ZHOU Q, CAO Z J. Safety criteria for

geotechnical design based on the generalized reliability

[20]

[21]

[22]

[23]

[24]

[25]

ratio of safety margin[J]. Rock and Soil Mechanics, 2019,
40(10): 3977-3986.

J R, BT, BOWKE, 555 T AT EEFRAR AR %
M R AR O 2 A BRI R [3] A 05, 2020,
41(6): 11.

ZHOU Q, LI K P, DUAN Y H, et al. Safety criteria for
bearing capacity of foundation based on the generalized
reliability ratio of safety margin[J]. Rock and Soil
Mechanics, 2020, 41(6): 11.

RANDOLPH M F. Design methods for pile groups and
piled rafts[C]. Proc. 13th ICSMGE, 1994, 5: 61-82.
KRR, WRE, AR, S BRI REOn B
WE AR &5 4 5 1 vk BB AR T [J]. Bk TE LR AR
2007, S1: 94-96, 101.

ZHAN Y X, JIANG G L, NIU G H, et al. Theoretical
exploration on design of pile-plate structure subgrade in
high
Wuchang-Guangzhou railway passenger dedicated line[J].
Journal of Railway Engineering Society, 2007(S1): 94-96,
101.

WRAEAR. 2 S 7E A X 2 4 A U B iy b 1 b TR v
SEFEM TS A R[], A 1 S TR AR, 2018
37(3): 521-5.

CHEN Z Y. Reliability analysis and safety criterion in

steep slope section of side slope on

geotechnical engineering based on the index of safety
margin[J]. Chinese Journal of Rock Mechanics and
Engineering, 2018, 37(3): 521-544.

TS BUR 414, DGIT) 08-2174-2015 3 A ik
P ERHRELS]. b RITFRAE L, 2015.
Shanghai Municipal Road Administration Organization.
DG/TJ 08-2174-2015 Code for design of expressway
reconstruction and expansion[S]. Shanghai: Tongji
University Press, 2015.

PHOON K K, KULHAWY F H. Characterization of
geotechnical variability[J]. Canadian geotechnical journal,

1999, 36(4): 612-624.

WEFEE. 25 (1977, J, TRIM (ABRTED, o

FIT MR TE AR TREHAR . E-mail : 3243758128@qg.com.





