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Dynamic analysis of PCC pile composite foundation under train vibration load
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Abstract: As a new type structure form in soft soil foundation treatment, PCC pile-net composite foundation has been used in high
speed railway construction in soft soil area. The dynamic characteristics of PPC pile composite foundation under the train vibration
load is worth studying. A reasonable train dynamic loading form is determined in this paper. A three-dimensional dynamic coupling
finite element model of tracks-embankment-pile-soil composite foundation is established using software ABAQUS. The dynamic
characteristics of embankment, pile and foundation soil are studied based on the modulus changes of foundation bed, pile, cushion
layer and foundation. The results show that the dynamic response of PCC pile composite foundation is different from the solid pile;
the reflection overlap effect of dynamic stress occurs in the pile. The dynamic interaction of pile and cushion layer is greater than that
of soil and cushion layer. The modulus changes of foundation bed don’t affect the dynamic stress of pile-soil seriously. The dynamic
load sharing ratio of the pile body increases with the increasing of the cushion stiffness. Meanwhile, the increase in modulus of the
cushion enhances the dynamic stress of the pile top, which is due to dynamic deformation coordination occurring between piles and
cushion. The increase in modulus of the pile enhances the dynamic stress of the pile and increases the propagation speed of dynamic
stress. The PCC pile can bear most of the dynamic load and reduce the dynamic load of the soil, thus reduce the influence of upper
load on composite foundation effectively. As the distance increases with the center pile, the dynamic stress of the side pile decreases.
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Fig.1 Relationship between train vibration load and time

2.2 HRGHER

SE A OB BT, AR g AT
N, PR ITEAE R EIONERAE Y, L RIE
AR N [0) Py 0 B I AE B — R b3 r 28 4
BTN 5 ARBLPUEE BT 3 v B, n B v
D5 IB I3, AT 7 1 KT B 1 43
BN S R SR A R AL, BT S R AR T
N PCC W A IS 5N S0 M o

DL st ik i R R RV T AR HE, ST
PCC HF AL A ML A2 2% (KT - 1 B ) A8 A A, e vr



1 2

£ 5045 FIAEEERATECT PCC LS A L S) ) 73 # 415

TR -1 5 A M = Y A W s S
3.628 m, FEKEFJZIEEHR 0.7 m, FHE 1.8m, 4
W 11, 2R 0.5 m, YTk 7 ML 3 m
oo T I I ORABE Y 5 P8 MR P8 SR AR v 50y 0 i A% i
FEAN ), eV I LA A MEZS A A 25 m
i, HLEERFEHL 40 mo Beih PCC HEREK 15 m, [H]
P 2.5 mAIBAE, HEAESME L m, NAR0.76 m,
EREE 0.12 m, MIREE L HESR A . A T A
552 1R, K PCC BE L3 0.5 m %R
FRIREE L, BEHUA LM, BRI A4 AT
AEBBELNR, AN, TR T 1K
VAR HATAT IR T MRS R 2, LRI T 422 058
ANFRIG, 500 452 NT . B EIE - R 3E-
WER A L) A = e BR TR an ] 2.

B2 - EEHE =R TR
Fig.2 Three-dimensional finite element model of
soil pile composite foundation

23 ZHIE
FERS SBT3 [ N2 oM R P T A 5
ARk iy £ A A B, SR AT (AR R A T2 A5,

s 5 i R
nD nD
E =—FE 1-—)E. 4
sp 41 P+( 41) s

A B, RSO B B PR,
E,  E AR 1 WEIR D bk
A SR S T, TR R AFRORCR . (A
PN BT TS, T A
ST HE R BT M PR B AP 3 ) PR
PRI BSR4 B PR B PCC B3 11645
BN, BUAC, BER BRI, BE. ML ES
LR, BB R B S AE 1

3 RO
RN I R R R R BN AL,

TIBAEAN A HSER R P AL RR AN, A RA 1,
FER I PR IEME S B SR B2 R N, DRI B A

FIBESR IR, AEAARMI - A N A% i IR A A=
T, PCC B LB LSO T IR N ) 4k
AT A RE, BN BTS2
PRI R, BN AERESMUAT RN AR A D
A,

xR1 WHESH
Table 1 Calculation parameters
e S EEREE e iiﬁ BUE
LB 3 210 000 000 0.2 7 800
A 0.22 30 000 0.2 2500
SEER/N 0.628 200 0.2 2200 0.05
50 0.05
. 100
FEKKE 07 150 0.3 2000
200
FEIK T 1.8 30 0.3 1 800 0.05
50
HZ 0.5 100 0.25 1 800 0.05
200
5
LG 15 10 0.35 1200 0.05
20
K2 25 20 0.3 1 500 0.05
5
pCC hiE s 10 0.2 2200
15
20

3.1 HEERIN IR L%

BE 5 RSN N S RE 2k &l 3 frs. G2
RIS T S A KT B B B, HL
BN 7 2R 5 R AT A i 2R A AL, B KB IAE )
WA TR BL, b 145 kPa. 1R W4K, HE 5. 64 7.
8 ML TARA], B3R N 3.2 m, ST JITE
PESE AR L, BN BN T A RS ) N AR
JIT 5 16 1) 5 B SR A R IE AT ¢, B ) Bk o
SISTAAE R, 7F0.02 s A 20 kPa. B 5 5+
DFEER B R, 64 7. 8 SHEARSHN 2 )
HAET 5 ShE,

20 ¢
0 d
-20
-40
-60 [
£ -8 |
=
S -100 F 7 R o
2 o120 k| F = ES3RTHE =
R a0 LY e
b 5
-160 | —— 6 ‘S
-180 O T HH
-200 _Ix_ 8 7‘7—'1*):':
0.00 0.01 0.02 0.03 0.04 0.05 0.06
IR 0]/

B3 S BIESIN S RR 2k
Fig.3 Time-history curves of dynamic stress of
piles and subgrade



416 b +

b 2013 4

3.2 PCC 3N RN LI 54T

B I INECE PR BN R ) N AR, fE
WIS HIZE TG, BN )P0l A2 SRR 8 B
fil I 1) N AR . BOEBES, X=0. 2.5, 5.0, 7.5 m
A 5y 64 7. 8 AL AL FIERIBES 1
PERL (1 EORZEE , 3R RN A S e R BB I ER
NGRS TARRAES IER, B s 2 e A T
0.5 m SELDXIR, VRAENARR LR, RN )i
T A TP A% 6 3 BE e K TR O 1, PR 3
N IR A ZE R K. B 4 82 g PE R A
200 MPa [PJHE—1- 52 & HUELE £=0.05 s BT ZIBN J)
SR RTINE . T LA H, &gk
(1B N IR I N AL, W OB P42
N )RR FEAR T, HOEBIN ) R RO,
VK ) PR AN APE AR 2 B2 ARG DN — 2%, M Aar 3R
B 6+ 7 S HES TR T ik AT, ERERANR]
BN NS T A ASF AR 3R, AR SEE rhObE
UEIINAAL R E K NTTE A A 1L S SUIVY i o) NP B
AR ORI — o (P Y D3 A, AR Lk
PR R PR LG A B S o B A S B2 2 rp o B
BB, MRS ) R ELE SN, 9 SHE)
N 3 52 PR A 23 Wi BE AR

B4 £=0.05s 5 TSN RELRE

Fig.4 Dynamic vector line of pile-soil section at ts=0.05 s

S8 SUBE AR 2o A0 F0A 00 A 4 P9 A0 RTAN, $2
HUBE 5. 6. 7+ 8 7F £=0.01 s+ £=0.02s. #=0.03 s.
17=0.04 s, 5=0.05 s INF[A] sl Y ¥ A 20 A s
XF L AR B N AL AR A, Wl 5 PR
DRI 2 N AR AN R o P AR R FEANR], B b e
ik 3.6 m, ¢ BN TR BNENETI, MERBIN 14 0,
t Ja P BRI E ) A B S 5 &
TR BN 9%, AE 0.02 s NHTHES BN )
BUN, JFHTRERIE AR B2 Mo, BETREN N )k
18 kPa, &5 m¥REMIAE 1 kPa. Bl I ]38 i,

BN I PEHE B A, 0.03 s HEE BN g 5L E] ok,
PSS R, A A B S AT, A N PR AT AA
BN ) PARAR B AR, T B T I Eipe R TR
BRI ) 2 JG KIERESE &, A8 0.05 s HEARZN N )
YA ELETIAIAY, FEAAE 150 kPa bR ksh, Nk
FIIK T FRAE 2 ISR RIS, B A
PPN IE T AR RN SO A B4, A B A G 0.5 m
DB BN ) IS 222 kPa, #8573 R rRAE A ) Ak
PSR I 2 e A A, ARBILH oL B i) n 2k,
BB 1AL o

B 5(b)r bk 6 9 AMI B Y g it 2655 b S AN [
WIdg 0.02 s BN RN, PAUBETT R KB ) A
13 kPa. % 0.03 s I, ZhNJ) KIREEHRTE, ik
124 kPa, {HWNAMEAE, BN 38 AEEHE N
FHAE I EB S ST BAER, ZE3h7e T il
R, TR SRR R, SEL N AR
BN SR TFAMU, 0.05 s AR K 2 400 kPa.
T30 ) A A2 A IR A, RS A B A2 1)
JE Dy, BEAG I HERS , HEAR A AP BI N g ith 2
IR X Bt RN A — e 7 & LY ) A A5 )
TG0, ZJEWBETT, Wik AR, HHNSE
P R AE XX IR AR I D 1K, ARELH T PCC R4
BN T IS T A T 8N . ] S()RI(d) 3 18 )
BESFAAAT S(b)HIA IEAAH R, HBEAG A4 IT{E
RrBEZE L WA, BN AR AN R AT
Ak, I R )R KB I3 80 kPa Aidi, W
BER BN T3 s A4k, BANIERERT0E 5. 6, N4k
MY g 2628 XS A IR AR oK TR, (H
) IIEACIER SN YR N e =3I S W )
INERIX, MEGRBNY S D o)y, 2R e A I,
BE 9 MBI s LT 4 0, fElkEHbrt. K6
h 15=0.05 s HiFE O 7K g th4k, i
BIAT LA Y, fE— 40T F 0w B ) i 2 3
N 3 38 IR T T LE ZK V07 ) (B R /IS, T a0
SN AT T3 B N A IR B AR Ak, B )
AR i 35028 PCC AETHU I P A4 B, JF HAEBEAR A 41
R IR AEAOR, AR A7 ) 31) g AR WA EI R i A AT
L e SR R A, B B E R gk
PEfA. BZ EREEEE. B 74 0.05 s -
T A RIS TG A ], m R AT 3
= LR (B N AR BN - SRS, A ) A
T PRN s AR 5 M RN LA ) A8 T
RIERa, —E MR T RSB T B 7 17 5
I 3 11 JEU AT



1 2

£ 5045 FIAEEERATECT PCC LS A L S) ) 73 # 417

BEARBIR J) /kPa
-250 -200 -150 -100 50 0 50 100

—o—fk 5.t Py
—o— Hf 5-1; 4b
—— Pk 56 P
—— M 5-1 4k
— *):F 5-t3 V\]
—_— *):F 5-t3 &]‘
—— 514
—o— Mt 5-14 41
—o— *):F 5-t5 V\]
—— *):F 5-t5 &]‘

(2)

—o— BE6-1y N

.::" —o— HF 6-1; 4
.". L% s 6N
= — i 6-t, Ak
5 fenm
:\g — *):F 6-13 &]‘
R P
—— *ﬂ: 6-14 ﬁ]‘

—c— *):F 6-15 V\]

—— Hk 6-15 5b

©

BEARBIR J) /kPa
-400  -300  -200  -100 0 100 200

—o— B 6-H N

—o— HE 6-1, 41 6 &
—a *):F 6-1, V‘] a
—— *ﬁ 6-12 5h 8 ﬁs
—_— *)‘f 6-13 Ij\] :\a
— *):F 6-13 &]‘ 10 H}E[
— 614
—_—— 1‘)‘{ 6-14 &]‘ 12
—o— *):F 6-15 V\] 14
—r— *):F 6-15 &]‘

16

(b)
BETRZ) Y. 7 /kPa

-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60

—o— M6 N
—o— M 611 41
—a M6
—— Pk 6-,5h
—_— *)‘f 6-13 Ij\]
—_— *)‘f 6-13 &]‘
—_— *)‘f 6-14 Ij\]
—— 6-t4 A1
—o— B 6-1s
— *):F 6-15 &]‘

(d

Bl 5 AERZ PCC RSN T Lk 2k

Fig.5 Comparison curves of dynamic stress in PCC pile at different times
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