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Load and Settlement Analysis of Flexible—pile Supported
Embankment Based on Double Equal Settlement Plane

ZHAO Minghua,ZHANG Chengfu®, LIU Changjie
(Institute of Geotechnical Engineering, Hunan University , Changsha 410082, China)

Abstract: In order to develop a theoretical model that can fully consider the coordinated deformation character—
istics between the components of pile—supported embankments, a double equal settlement plane model for embank—
ment—pile—soil coordinated deformation is proposed based on the deformation mechanism of the pile—supported em—
bankments with the flexible pile. Firstly, the model introduces an equal settlement plane at a certain depth below the
pile—toe base on the deformation characteristics of the pile—supported embankment and the equal settlement plane in
the embankment. Secondly, considering the deficiencies of the existing soil—column model, a new soil—column model
that can consider the influence of the relative displacement on the coefficient of friction between the inner and outer
soil columns is proposed. The stresses at equal settlement plane are affected by the coordinated deformation between
the embankment, pile and soil, thus affecting the overall settlement of the embankment and the pile—soil stress ratio.
Finally, the calculation results of the proposed method and the composite modulus method are compared with the
measured values. The results demonstrate that the calculation errors of the settlement are 9.6% and 19.4%, respec—

tively. The relative error of the pile—soil stress ratio calculated by the proposed model is 9.91%, which verifies the ra—
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tionality of the proposed model.

Key words: pile foundations ;soil structure interactions ;double equal settlement plane ; piled supported embank—

ment; soil arching effect; pile—soil stress ratio
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Fig.1 Pile layout and calculation unit



51 X A4 BE T OS] A 28 AT AR B SR AT 2T R AT 3

v A AN vV A\ A S LSS P
R
. T T
A it
N £ NI A £
Thverevi? <
v w4t
shbaE Ay mERE s sER T
A+ T
T
4}, o, + do; iEs
JRRTE 4 'hs
ER A NN T
_%» P.”/’/?¢ *ETJQ #f ~ ;—a
- n Yt
wik 4t
S po
woo IR~ ¢
e P TR
B o=/ F
IR | fe
T PR - ]
SAREIE T | 1
W 14
14
a7
______ 4y FEULE

B 2 Z AR XA BB S @A
Fig.2 Double equal settlement plane model of flexible

pile supported reinforced embankment

AR TUAR] S5 14 5 0 T 55 A PR 6 32 43 ol =38
B e R TN TES i TR 7% N R R N B VT 1 Pl 1 i O
A3 REEDUI LR B35 43 . 250 21 9% 3400
AN RO BT DR R BTk T ARUTH DL R R
XSS BRI JE BRE AT
T e T 1 D [ 911105 1 7 e 20 o 3 Pl
ST AR IO 43, A TR ES B 43, BRI 2 R 45 DT
TR 3. FEAE T LA AR SR b 5 | AR T AV RS 3% 2k
SN T WIS UTTH 2 18] 1 45350 43 B F ok ok, AR
P 3V A AT TR B ALk (A ) = AT F 1 7).
1.1 EEABEENTIENREY

SCHR[20]H 38 F Bl 52 0 B = i 7 B0 A0
WIEE, UA T HENSERZECR, IR T
FAT 1 BE  $E T 5 BRI I R
20 Hp B I A R T RO -

c_( kle) k(@) =4 \ K
by = 1+e? 2 2 (D)
b —lnA k( )_ 4k _4 A kp—k

S, ko k, — 2k, + ko

Kok, A FRAE S 19 15 1 R B ko ko Ky 53 5]
JES R S R REGS, kB FE S LR
JIEFHE AR FS .
1.2 T

TESCPR T AR, o 1kt G i 1 AN S S iR
BEBR T () B A #R R T g 5 A0 = B2 (hy)
PIHA SO S h<<h, BYIE DL, 76 AR R rhle-2) 25
DUHIAE P A AR A 2 AT AL AR X 0 7% B
K. AESFGTHAL . AR AR Z ] A EE 48 07 R 2 A
RN = S N i e =M I N o 2 8 2 W R
JEGE2 g7 AN 2 FF s B R BB AL AR 2R« R SR
TR = B AL, ) R M IE.

N Fh AT (A EE A ) R AR R R B, N AT
T FRE TR O ZR AR L3 1, s, N AhHAE
() P EEFEE IR | PTRR A

0,0<z<h-h.

k= Brang= %ﬂ(ﬁh;h) h—h.<z<h (2)

b, Ry E AU BE TIN5 5 b DR SRIE
TEAR R 2 &b, HUON T AE BTk AT 32 J1 50 B
(UNPEl 2 fzs ), Hos ] 52 01 VA )5 7R
S.o(z2)+yS,dz+md, Ldz=S,(o(z)+do(z) ) (3)
L =ko(z)k, (4)
FH 2 S, Ay PN A g A e R A AR M S A A M T
FEL, TCATE MR B Ay 7 10 48 T T AR o (2 ) R PR A A
Ty RS HE  d, AN AT B AR R BEiE
SEREAR , TOHEEE RS s L N A AR R ).
P (D) (2)(ORARK(), R H—r &ty
TR ISR AN 2 = h - b B, 0:(2) =
y(h=h,) , FRAAE AR TAIAL A P AR RS ] 7 7
o(z)=y(h—h,)H+
Va2 yEfN/ T (=h+h+2)IN/2 H (5)
VT
KT H ¥ e s .

H = exp(C L (heh T+ T >z+zzi )

T=4fk(dh,)

TERE 2 TR, 2 P TRAL A9 S SR SR
SR IR &g
mo(z) + (1 -m)o(z) =z (6)

K o(2) WHNEAERIR TT 5m M AL E R, m=d?/
d: ,d, FERRE A RGE R AREAAIIER, =AM
TEAHERL d, = 1.05S,; IEJ57 A HEHR d, = 1.1288,.
BESRHANAAER SR
o.(z) =[yz =mo(z))/(1 =m) (7)



4 IR R A4 (A AR B2

2021 4F

I, ¥ 2 = R AR AZR(5) (7)), a] 74 T 1 4k
AT E 18 T 43 300 h -
TR hNT
yexp(“2)2(h=h )N/ T +\V/ 27 Erf[ 22
Y V2
2NVT

(8)
Th: hNT
exp(—~< )m\V 2w Erf[ Y=
o(h)= 2 V.2
2(m-1)VT

y(=2(h—exp( T )(h=h)m)N/T )

2(m—1)\/7
N bR AR R A A T AR EE R )
D4 = e 4 I £ 0= A [ 7wt = 5412 P
G0 T v o | U N o 2 R T N - I G A I W S
£ S | T S I T T N N B N w = SRV 3
ET N AR R AEIE 55 LA R AR T Z .

(9)

As:j" ai<z>-zzdz+1" v:-0lz) .
h-h. l‘jC h-h. Ee

(10)

s As S BETRACBE ] 4 5 BE T Y 22 S 00R% S E, R
PRVEIURHE A i 5 B, O BRSEIEDRL [ SR . 5
WG T E. > E., A EHHERE =E,. = E,, A[14:

po= | o0l (11)
1.3 fib—hL RESL R

I RHERT AR, e RRYZE R0
1S 77 v e SN N S o S | e S Eﬁﬂ%ﬂu
FAE R YL, A SO B bt 72

FFEATTRE, FELUHA S ﬁ}ﬁaffﬁ,@ﬁjaﬁ)jﬁ)ﬁ
ST ANE] 3 Fr s R AR AR AR
y = ex’ (12)

K ie HTFE REL
A
‘(—M,As) y(%,&;

- , HAS ?

0 X

A ] £

B3 pHENTEA
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