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Model tests on dynamic response of XCC pile-raft composite foundation under
different embankment heights
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Abstract: In order to investigate the influences of embankment height on the dynamic response of pile-raft composite
foundation, a large-scale model test on the cast-in-situ X-shaped concrete (referred to as XCC) pile-raft composite foundation is
carried out in a model box of 5 mX 4 mX7 m. Four different embankment heights are modeled as the dead loads, and the
cyclic wheel axle load is applied to the raft so as to obtain the dynamic response with the dead loads (i.e., embankment height).
The results show that the velocity response decreases by 34% ~ 40% from the top of the raft to 0.36 m depth of foundation due
to the existence of a gravel cushion. The vibration of the raft caused by the axle load decreases gradually with the increasing
dead loads. The relationship between the velocity response of the raft v' and the dead load x is defined by the equation, v' =
12.648-0.519x+0.007x2. Both the dynamic soil stress on the surface of the foundation o and the dynamic stress at the top of
the pile opa decrease linearly with the increasing dead loads x. The former is defined by the equation osa = 7.629-0.085x,
whereas the latter is defined by opa = 284.978-3.660x.
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Fig. 1 XCC pile—raft composite foundation under different

embankment heights
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Table 1 Similarity ratios for model

ZH FEABLEL S5 FEALLEL
K /m 1/5 AR A m? 1/125
(kg m ) 1 AR/ MPa 1
IRE S/ (ms ) 1 F1/kN 1/5
N 71/kPa 5 HE/(mes™") 1/5
IFIA/s 1/5 A2 [kPa J5

X JEAERIBIITEARZ 3 NS4 2a GFINHIEED, 0
F9Mf D Fl2R (AMEEIER) #i6l, WK 3. &
RGP 3 ADNSEAKCN 39 mm. 90° A1 152 mm, HE
K8 3960 mm, 4 X B4 9 A B. C fID
M, oA B 7 LK 3.
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Table 2 Physical indices of sand
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Fig. 3 Arrangement of XCC piles
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Fig. 7 Vibration velocities recorded at different layers

A 7 AT, fEEGERS CRIBE S M ), MR
R T P e S/, AR IREIBR S . e, B v
7Ny PR FRTER E M SR, PR IR BB « FEVRE O m
LIRS AR SR R, 33 P58 M I I % 52 48
PR AN . BRSNS, MR T B
JERIMFERE GRIZ 0m 4b) 7 0.36 m YEHE A,
Wi N FE PRI A 2, FEATERCA AR 34%~40%,
SCRR[16]1HB A3 3] 7L S5 R . BRIEEAR IR, Rk
B I SR ) S0 i) 2 AT, T 43 0.06 m JE
FRTAE Ay 8 2 R ok R Bk ) 2 IR L, e 2 A
A RIFBLBRCR . 7ESLBr TR, k. HigkZ 4
RIBIT G RLIRIX,  yd KRR FE PRSI 43247 51 2 4R
BT PIE VYL B R, BN A & TR
PR T VF 22 DR It o i T b IR AL e 5 SR T
A RZE BA RAFHIEARBOR, 575 R IR it w]
FLREIMSHM .

FINER R, AR RN HIIR B AR A% 12
FITEMFEIR L 3 m AbRS, #d B0 B A AR A, 78 3~
4 m VI B P, 38R S R R /IS R AR A R A R A [+
TX 3R F R ey | R R M N ) 22 S 2 AR PR AR
WEIIEIR L 3 m ALHITE A, T 3 m B A
J82 RN e A AR AR FRE A A I

(3) 3B A 51 K 1 0% 3R

B TIAR M N v (mm/s) 51EE x (KN) 2
)5 R EHZR W 8 Fiaw, v 5 x T EIEFRE (2)
BT AR :

Vv =atbx+ex? 2
AP ZH a=12.648, b=-0.519, ¢=0.007, HHF*F%E
R>=0.999.

M 8 AT, TEAGHfar B ME My 5 kN, 1HE 5
A8 20, 25, 30, 35KN [IIEAT, BEEMEZ (A1
SEREED HIBGEN, He b R 5| I AR R B0 15 D 14
IS, ME S R R i R AR Rk 2T
ZIRRHOE

o KB
— A

Vi=a+hbx+cx?

R?=0.999

18 20 22 24 26 28 30 32 34 36
{EZR x/kN

8 AR BN N 5 1B R R KX Rk
Fig. 8 Relationship between velocity response of raft and dead
load

3.2 mEENSH

AT B0 A8 — ] A et ) 7 B e 5 e A R 2
MBI LIE oy . B 9 NRIFIESL BRI B
TR E iR 2. hE 9 W, Bt
I BEAF AN SE AL ARt S IR RE ARG I e
AL RE , HARIJE 915 it n (4 4 8050 0 DR 1F— 2,
I 2 T 2 P A A 5 — AN R Aty AE X L

L —— 20+5sinw ((-7/4)

OW\[\N\N&%

——25+5sinw ((-7/4)

N

——30+5sinw (1-7/4)

ow AL o b b
Q
[=9

|
[S]

——3545sine (1—7T/4)

o b

|
N O

BN IR kPa. B 1 0B /kPa. Bl 1 0B /kPa Bl S 08 B /kPa

IN

0.2 04 0.6 0.8 1.0
s} [a)/a

9 EhEENEZZ

Fig. 9 Time-history curves of dynamic soil pressure

=]



$ T 2

PN, S R FEIRRSE LN XM A RS i SRR 49

MR ARSI E] 25000 VKB, PHUER R 20 MG
IR JE A Bl - e e 2 PR~ B E e (1 30
{8, B AR B 3 R AT R b, He
RERMMLE o, (kPa) H51E#E x (KN) Z[a]f#)
KA 10 fiR, o, — x BZERTH R el )
TR (3) BEATHEIR:
o =atbx , 3
AR a=7.629, b=-0.085, FHHK R R>=0.954. HK
10 AJ0, fHBGEN (BPEIE S RN ), HEERIZN
AR, Rz, BRI EEEOR, B R TN
SR 2 B3N s 77 5 B e W 2 TR AL 2 2t
KR

6.01 o AE(HE

5.8} Cy=a+bx — HAE
P 56}
< 54|
=
_5 52}
" 50t
.H
R 4.8f

46!

44
18 20 22 24 26 28 30 32 34 36
fHER /AN

10 ERENTENSEHEIX Rh%
Fig. 10 Relationship between dynamic soil pressure of foundation
surface and dead load
3.3 tESTNNT]
R A 6 DN A3 P AP T2 A2 3 e F b T B R 7T o, U
ST 11, o,y —x ZIAIRISE AR #ZmT H Bl 757
(4) HEATHIA:

pd

O =a+bx - “

Afjlr a=284.978, b=—3.660, % Z % R>=0.991.

P 11 AR, BEETEE (ROERIR S A I3, BT

BN T LRI . XK, BIR RN, 6

Sl i 3 326 AR T 1 30) . 070K, A B 1R B il 1 5

2, BESEE RO, Rl kA A TR 1 B8

N, BB RSERES . RILAESERR TRE Y, iR

IR B AR SRS B 19, 7T LA REai i 3 n B
JEE B T ¥R S

2201

210+

g

R?=0.954

BETEIRL S 0, /kPa
z

150 . . . . L . . . .
18 20 22 24 26 28 30 32 34 36
{84 x/kN
B 11 #ERaIN 15 1EE X Rihik

Fig. 11 Dynamic stress of pile top versus dead load

4 &

ARSCE I RIGA M AER T X - E A
FEBANRES, AT AFEER CRIESSE ) (3h7m
L, AL DU R 4538

(D EARFBRIE LR, o4 2k 5] s B iy
JSL ) 72 S 2 B P E AR B BE R B 3 m b Y ]
P T 3 DA RT3 FEE 1) I K /) B A8 A R AR B AR AH [+
BT 2 AR, 52 i o A SR T 3505 1) e VR
£ 0 m [ 0.36 m 5 [l P I3 BE A RLBL T 34% ~40%

(2) BEEBIE R E (HED 13N, #fms|
B IR B T 2 — o IR R BOE R Z i 55

(3) BE3REE (HHD MK, A0HfTa L 3
FER M3 LR SR TR S 7 st BB R
9B [| ) IR S A A RS P | A RS2 R G AN

SE -

[1] XU, XA, A SRR SO R[] BR324,
2016, 49(1): 96 - 115. (LIU Han-long, ZHAO Ming-hua.
Review of ground improvement technical and its application
in China[J]. China Civil Engineering Journal, 2016, 49(1):
96 - 115. (in Chinese))

[2] HUANG M S, LIANG F Y, JIANG J. A simplified nonlinear
analysis method for piled raft foundation in layered soils
under vertical loading[J]. Computers and Geotechnics, 2011,
38(7): 875 - 882.

31 A&, Ardid, FEHEE. RVEREAH T AR & A AR
AN &4 55 TR, 2010, 29(2): 401 - 408. (LU
Wen-zhi, YU Jian-lin, GONG Xiao-nan. Analytical method
for pile composite ground under flexible foundation[J].
Chinese Journal of Rock Mechanics and Engineering, 2010,
29(2): 401 - 408. (in Chinese))

(4] B TP, BRI, BRzge AR O B SR A A A 4 40
PEih S ] B A B 24k, 2006, 19(6): 1-6. (CAO
Wei-ping, CHEN Ren-peng, CHEN Yun-min. Calculation for
pile efficacy of pile-supported reinforced embankments[J].
China Journal of Highway and Transport, 2006, 19(6): 1 - 6.
(in Chinese))

(5] IR, B E, SEAh. AR G sk 7R B B #T K
BEA R BT, BRIESA4R, 2011, 33(7): 98 - 103. (LIU
Jun-fei, ZHAO Guo-tang, MA Jian-lin. Analysis on negative
friction segment of pile-raft composite foundation and
calculation of its pile-soil stress ratio[J]. Journal of the China
Railway Society, 2011, 33(7): 98 - 103. (in Chinese))

[6] ATEEFR, TRHIAK, ZUE, &5 MR 7o 20 e dat 42



50 "+ T OB % M

2021 4E

UL IR RISE M AT [T]. R RS AR (AR
WD, 2015(46): 1504 - 1510. (YU Jian-lin, ZHANG Jia-lin,
LI Jian-qing, et al. Impacting analysis of dry crust on
composite ground under flexible foundation[J]. Journal of
Central South University, 2015(46): 1504 - 1510. (in
Chinese))

(7] TRARRR. R 52 0 B A DO 52 2 M R e LB S it
BB [D]. g F¥HF K2, 2007. (ZHANG Dong-
liang. Study on Settlement Mechanism and Calculation
Method of Pile Net Composite Structure in Deep Soft Soil
Subgrade[D]. Shanghai: Tongji University, 2007. (in
Chinese))

[8] SMALL J C, LIU H L S. Time-settlement behaviour of piled
raft foundations using infinite elements[J]. Computers and
Geotechnics, 2008, 35(2): 187 - 195.

(91 EISHE, FEMRMR, B 07, 5. BES LTI R A BRI
I AR E SR [T]. AR E A SR, 2008, 21(4): 30 - 36.
(YAN Shu-wang, CHENG Dong-dong, HOU Jin-tang, et al.
Influence of pile and geogrid on bearing capacity of highway
embankment foundation[J]. China Journal of Highway and
Transport, 2008, 21(4): 30 - 36. (in Chinese))

[10] 2% B, XUk, MR I % S i 037 16 S B qE 20 Hr
[0]. #7J1%, 2009, 30(4): 1004 - 1012. (FEI Kang, LIU
Han-long. Field test study and numerical analysis of a
geogrid reinforced and pile-supported embankment[J]. Rock
and Soil Mechanics, 2009, 30(4): 1004 - 1012. (in Chinese))

[11] LEE J H, KIM Y, JEONG S. Three-dimensional analysis of
bearing behavior of piled raft on soft clay[J]. Computers and
Geotechnics, 2010, 37(1/2): 103 - 114.

[12] SKICH. A7 201 BAE T Ak O 5 8 2 14 30 0 iy 793
WD) J7M: HEEFE T K%, 2012. (ZHANG You-qi.
Dynamic Response Analysis of Pile Supported Reinforced
Embankment Under Traffic Load[D]. Guangzhou: South
China University of Technology, 2012. (in Chinese))

(13] BRER, Zouk, v§ i, 55 B HEI0 R 4 4 B 2R 1 AR
PEAR B JE (1], & A 4 5 TR ik, 2005, 242):
5822 - 5827. (CHENG Ze-song, XIA Yuan-you, RUI Rui, et
al. Study on the working performance of tubular pile
composite foundation of freeway[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(2): 5822 - 5827. (in
Chinese))

(14] Bflite, ZWE. WITEHER & HIEAE 8 et 57940,

K RS0 BRRIEAR, 2013, 43(3): 624 - 628. (LU

Wei-hua, MIAO Lin-chang. Calculation method of pile-soft
stress ratio of rigid pile composite foundation[J]. Journal of
Southeast University(Natural Science Edition), 2013, 43(3):
624 - 628. (in Chinese))

(15] fhoeife, BEANEE, XOoRfh, 5. AP G G5k Jn i ek Bk
R S RSV AR B BB AT ST [T]. o R R 2 A
ERBHERR, 2017, 48(8): 2195 - 2202. (FU Gui-hai, WEI
Li-min, DENG Zong-wei, et al. Field test on long-term
behaviors of pile-raft composite structure strengthening
high-speed railway deep ground[J]. Journal of Central South
University (Science and Technology), 2017, 48(8):
2195 -2202. (in Chinese))

[16] #N i, XDk, LR, 55, SRR X TP
L EE S i R RIS W [T]. A TR AR,
2016, 38(6): 1021 - 1029. (SUN Guang-chao, KONG
Gang-qiang, LIU Han-long, et al. Model tests on effect of
vibration waves on dynamic response of XCC pile-raft
composite foundation[J]. Chinese Journal of Geotechnical
Engineering, 2016, 38(6): 1021 - 1029. (in Chinese))

[17]YINF, ZHOU H, LIU H L, et al. Experimental and numerical
analysis of XCC pile-geogrid foundation for -existing
expressway under traffic load[J]. International Journal of
Civil Engineering, 2018, 16(10): 1371 - 1388.

[18] YINF, ZHOU H, LIU H L, et al. Effects of asphalt overlay on
XCC pile-supported embankment vibration from a moving
vehicle[J]. Soil Dynamics and Earthquake Engineering, 2018,
112: 18 - 23.

[I9] NIU T T, LIU H L, DING X M, et al. Model tests on
XCC-piled embankment under dynamic train load of
high-speed  railways[J].
Engineering Vibration, 2018, 17(3): 581 - 594.

[20] SUN G C, KONG G Q, LIU H L, et al. Vibration velocity of

Earthquake Engineering and

X-section cast-in-place concrete (XCC) pile-raft foundation
model for a ballastless track[J]. Canadian Geotechnical
Journal, 54(9): 1340 - 1345.

217 XB e, #N7 i, LR, 55 TREPUE X TBHE-1EE i
HFh 5 35 A AR T S ()], A TRRZAR, 2016,
38(11): 1933 -1940. (LIU Han-long, SUN Guang-chao,
KONG Gang-qiang, et al. Model tests on distribution law of
dynamical soil pressure of ballastless track XCC pile-raft
composite foundation[J]. Chinese Journal of Geotechnical

Engineering, 2016, 38(11): 1933 - 1940. (in Chinese))

(ke BV



	2021增刊2封1.pdf
	0a增刊2前言1
	0b《岩土工程学报》第十三届编委会名单（2021年6期首次发布）z
	0c《岩土工程学报》征稿简则（2019年12月修订）
	0d2021年增刊2中目录
	0e2021年增刊2英目次
	01-0062
	02-0047
	03-0049
	04-0012
	05-0014
	06-0007
	07-0017
	08-0010
	09-0044
	10-0037
	11-0051
	12-0048
	13-0018
	14-0050
	15-0036
	16-0040
	17-0024
	18-0015
	19-0064
	20-0042
	21-0065
	22-0001
	23-0009
	24-0003
	25-0004
	26-0005
	27-0006
	28-0008
	29-0060
	30-0011
	31-0013
	32-0053
	33-0016
	34-0035
	35-0059
	36-0063
	37-0019
	38-0020
	39-0021
	40-0023
	41-0056
	42-0026
	43-0046
	44-0027
	45-0029
	46-0038
	47-0031
	48-0032
	49-0033
	50-0028
	51-0055
	52-0034z
	53-0039
	54-0054
	55-0041
	56-0043
	57-0045
	58-0022
	59-0002
	60-0058
	61-0030
	62-0052
	63-0025
	64-0061
	65-0057
	2021年增刊2封4



