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Longitudinal Vibration Characteristics of Sand—filled
Nodular Pipe Pile Considering Lateral Inertial Effect
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Abstract: In order to study the longitudinal dynamic response of the sand—filled nodular pipe pile as a new type
of composite pile foundation, the bi—directional inhomogeneity of medium around the pile is firstly simulated by mul-
ti—zone plane strain model and the complex stiffness transfer method. Then, considering the lateral inertia effect and
the damping of the pile body, the analytical solutions of impedance and semi—analytical solutions of velocity response
of the pile head are obtained by Laplace Transformation and Inverse Laplace Transformation. The validity of these so—
lutions is verified by the existing analytical solutions afterwards. Finally, it is found that the properties of the sand—
filled layer have great influence on the dynamic stiffness and damping by parameter influencing analysis. The pro—
posed model and obtained conclusions provide a theoretical basis for the design, construction and low strain detection
of the sand—filled nodular pipe pile.
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Fig.5 Influence of nodular width on longitudinal

vibration characteristics

4.3 MTiERKENEREERERFNE

A1 i P B R AE7TY BOA IR A B B A] )
ARy SR BT B, o TSI R
JEAACKH DA 1 DN RS I, fEfR
UEAT 1A BE AT 1Y 5 B S HAUAE + RGHASHA
ARTE O, 23 AT S BB BE d 24 0.04 m



5

FEAEAE BB R NI E A SRR 65

0.08 m.0.12 m 1 0.16 m FFASAE 4047, Zr s S an

6 7.
004 —d=0.04m
d,=0.08 m
0.03 1 d=0.12m
9 0.02 F dy=0.16 m \ ‘._\5 W
»‘i)( [ : ) A i \ i {
= 0.01 ~ /\ 7 \ § ' \' R
ﬁ 0 _/ \,// \..// \\_/': .\ ‘a ;3
= 02001 6 o Joy 4
v 001+ Y /
i 00
R _0.02 [-0.001 4
-0.03 |
0.0012
~0.04 0 .3 ,6.9,12 15

750 1000 1250 15‘00 1%50
bhjl%‘?\f/ﬁz
(a) METTC HE LA 1L BN B

0 250 500

0.10
T d=0.04m
"""" d=0.08 m
N 0.08 dy=0.12 m
E ------ d=0.16m
=1 0.06
R
)
5 0.04
Eﬂ
0
0 5 10 15 20 25

75‘0 1000 1250 1500 1750
bhjl%‘?\f/ﬁz
(b) BTG 20 Ak Sl B e

0 250 500

(=}
e

{

)
{

)
7

),

N\

)]

\

/

i X )
# 0.1 -0.03 ,~
o4
%\ —02 L /7 -0.04
)] {
R | ~0.05

03|\

~0.06 A
—04 , , 00056 0.0060, 0.0064
0 0001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
IFIE] o/s

() AT A 201 T FEE A Sl i
B 6 45 BRI e RS 4 0 F R
Fig.6 Influence of nodular transition length

on longitudinal vibration characteristics

HIPE 6(a) iT AR 735 0 P B B AR 3
I J52 T 48 ) 2 M IS BL T 77 4 0 2 39 R R i
2 1 AR LRI R Dol /I [R] sf AIR AR 54 9 30 W E K
TEMRAFE RN, AR B Sl E (R G A1 i 9
B BRI R NG K. diE 6(h)nT LIFE H, ShEH e

2k b AL PRATR AL IR AL 415 3 e 5 BG4 Y o D B
KB B AU S5 S W 2 A ], [ Bt oy B
() S B CAEBRERT 7 10 V8 B BE I TG K, X
PR A7 0 3 P BB ) 348 R 745 e - 2% ik T LAY
K AE A FI AR I, T HA B PTRRCER
MNP 6 (e ) HmT AR, A TOUE B ok ply 2861, I S
SHESBEYT R B B S R, ORI
i Y B A R ol e YR 3 1% K T BELE AR b SR ek
JIN DT A5 3 A5 et AR P e s A /N 5 R s T LA
B, SUFHMES 208 TG A ) 2 i i 9 B
(AT AEIR | 3[R A2 s s g .
4.4 ERPZLEXHY EIREE A 200

S LA 2 2 TR A7 4 A5 A 1) B A G 4
P o R DO AT AR R R, Sl A )
aHUR G 5 2R AL AS I A SR A AT 3 R 4 2 [
M2 B, B A TURE S8 R T R % Seke e 11
D2, BD e 2 e SR S AT - [B] 23 B AR
FOAR ) 2 S SRR 2 ot o R B R, — B sRk 3
10 70 280 AR 1l X [RIERAEA 1.2~1.5, T 3RLRb 1 235
SRR KR FUE TS H, D% LR oK
FERRAMAHNIGE A 5 [RIAT IR 2% 52 B Al W] i e A
PR AP, IR B — o B, AT B R A
I ZS BRI A R R BB R AR
A, DA T S BOR D 25 S B /N, 2, WD 2 51
R, A G I 28 S B R SRR AT T A A
T EE ST

WA B R ER AR, HBY o A
TERD - B ZERE , 2 WD - JOUA HE SRR S5 RFAE 2,
I st DA A58 0 e ) A~ B ) 3ok o 22 S 5 11434
MR, PR TT DA 3ok el A e o] S J2 B D) 5ok
b/ A N B 00 o 5P | Ry i i B =y )|
P V, A 130 m/s 150 m/s . 170 m/s 1 190 m/s HAL
2 4 Ph A 2B ) IERD R SR /] T TR R LD
SEEXTIERD T AR IR Sh AR Y S

H1 & 7Ca) W LA Y, Bifi 5 HELAD 23 S B A3 K,
Tt NI i RS AT S IA T AR b, (IR
WREEV/N,  ELBE 5 S0 B AR, ol N R A
/N IF ELAE MR BT R SR IS , R i %
S R RMTIG A, LA AFR 38 , AN [ %% 52 B
Z VB SR 2 (AR AR, 3R U B A K S 1Y
HRDZ I B A RIS NI, HURBRCR T
H1 & 7(b) P LA HAH ] 4 B - SELRD 2 2% S R
)X} s BELJE i 26 L i) 4R A9 R TLF- JE s i, (H 4R



66 R RS A4 (A AR BE R

2020 4F

0.03 V.= 190 m/s
""" V,=170 m/s
0.02 V.= 150 m/s
N — V.= 130 m/s, | AN,
< 001F A~ A A ATV ILEL
= Fa T AVAY R ! TR [
= < \Q [N |7 w8 T B | |6
R b
QE“ -0.01 0.0024: ’
{J}j _0.02 0020
.0016/
-0.03 F ,
0012/
0,04 0, 5 10 15 20 25, ) ,
0 250 500 750 1000 1250 1500 1750
bhjl%‘?tf/ﬁz
(a) METUICH AL SR B
0.10
V,=190 m/s ;ﬂ: A
~~~~~~ V.= 170 m/s oA
008 V.= 150 m/s 4 }\
© — V.= 130 m/s f L
1 ARy
= 006
K\
= 004f / \o ,
L A4 [
i fh 10.002
0.02 /-'1\,4 ~ 0001
o . s 1052005
0 250 500 750 1000 1250 1500 1750
bhjl%‘?tf/ﬁz
(b) BETFTG & 494k shFH e
0.2
0.1
N i “‘;y’\/«.\/“\rbﬁ . . _
#\P( 0_ s v<..,vrﬁ>,,,....,_\i\‘ /\/ AT
1
& _0.1f b
= V.= 190 m/s
b sl -V, =170 m/s
]_R_' \ V=150 m/s
\ / — V.= 130 m/s
-0.3F \/

0 0.0‘01 0.0‘02 0.0‘03 0.0‘04 0.0‘05 0.606 0.0‘07 0.(;08
Bf1E] ofs
() AT A 201 T FEE A Sl i
SR Y S NOE L DAL
Fig.7 Influence of filled sand compactness on

longitudinal vibration characteristics

Ak R 3 1 58 2 i s ST PS8 A Tl N, EL/ B
JEE it 52 P ) R A/ N s PR AR, o 25 S92 R B
WOR BT HERE SR (RO, 7R 32 Bl
AT RE R AFERL, PURBCR AT & 7(c)n]
DAFE L, R Aol 7 T £ b by A B A4 S S
AFTE I BN R 5 W6 A S R 92 114 8 O i
/I AR ROMEIR ST 5 iT AT S R 5

JERBR , BER S5 5B, i )R vl TR S
S R e AR Ak i e b i 22 ORI 2. TR
FOMAR S IR M ST ik R S % I, 7R
P T AT R, I B s i A i 28 RIS
WOIERE, A AR BLRb 2 AL T FR 0 A SR 6 52 B2 A
FERLREIE, —J7 IR B H S e T e o 2 A
PEFHRKIZA BB, 55— 751 SR PR UEARJRE S S5
SEOEW, A T)E SE AR S A5G T iR
F1% LA 5 S JEE R 9 22 3 9 LA 1 ok — AP A B
WHIFE.

4.5 HEPRIEXT Y E IR BRI R0

SURD R AR R e R D 2 A RS (1 E 2 200,
FEHR BTN IR SR PR R, R
FLN T AR S AR TS, AR A —
ARIHEDR, ATUD R AOH bR SO R AV, R
B LBR O RE . ARG IR S5 NPT T
) —fLBR AT A [FPRE AR RS 1 78 125 2R B A (R A
AR i, DR A AR SRR A S M SRR 2 11
BBk, SEmE RS 2 sh £ X
L. PR R i G 298 i A Bl - X =22 1]
REAWERHIIT, NIA SR B i b kb
PRSI L 23 30k 0.5r,,0.75r, 1y ARFF A S8k
AN IHTES RN 8 B,

M 8(a) MK 8(b) AT LAF i, BIRDRLAE RS SN
JEFIBIEL e pH 24 14 52 M it 5 0030 1) 58 R i )
I —EWR(f = 750 Hz)Ja , FEASAFA 0 ; 7E1%
BB, R B S A S RH e RS R AR Y
BERMAE R, PURRRCRAR 1 , X2 PR O R AR R A 45
WOZB B, AR TG 58 J - A HE K [ 45
ROR, Wi BB R A M EE BEL ). A 8 () T LAFE
Hy L AR AR S AR TR S 157 G182 A5 Bl B 2
PRI S5 5 L HR AT R, ] DL R AR
AR SECRD 2 AT R o) B A S B Rt HE K T 45, A
T ey Ml SRR, [P 2l 20 A PRI G S S
IV ICLPRENE P B MSERD AT A A 1]
SR NTT R TS, AEEEIRD 2 PR ] i
FARARER T,

{HAT 5002, PN E A 22 et n] Sz
Mt I - [ 25 1o AR BT A B 1 R Sl R 14
SN, IVt [ 45 RO, DLl DX B S e
MR Sk S TR AT , i - [ 25 R A
R BIFPE AR 1] 2 BEZHER I T4 2R



555 FEAEAE BB R T I A SRS 67

0.03 _—
---------- HRp
0.02 e T A 0 \
N I A [ I \
54 N Ii\ { \ [ \
w 0.01f A /\ AR |
= A //\ \ / AR 1’ Vo \ P
= A AN \/ \ | Vo \ [
R OS; * VARV '\/ \! \ I
= 0.001 v \/ NI
X I Vol
B -0.01 Y
= 10.001
-0.02}
003 >0.001 (I) 3 I6 9 |12 15 1 1 ]
TT0 0 250 500 750 1000 1250 1500 1750
}/Fﬂ%“ﬁf/ﬁz
(a) HETHTG & 444k Sh I3
0.101
YD N
Wb A
0.081 ;EE//' Ao
O N W
i AV
= 0.06[ A/ \
5 AR
A\_]:g o \0.003
= 0.04F [ \/
B ./ 0.002
R -"f : ' 0001>
0.02 Vo .
= : c % 0510.15 20 25
0 250 500 750 1000 1250 1500 1750
}/Fﬂ%“ﬁf/ﬁz
(b) MET TG &=L 3B JE
021
0.1+
N\
S “:‘ \/\\4 SN
#\\P( 0F " e N
i'B.fJ z' \/
R o1l |
5-01p !
5 \
IH -0.2H | 4it»
R I i
B
_0.4 1 1 1 1 1 1 1 ]
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
fFE] t/s

() METHUIC H7 29 (1o 52 4 7
B 8 A KR E kB I AG Fvh
Fig.8 Influence of filled sand particle size

on longitudinal vibration characteristics

4.6 HWEEEARH S XM IR
N T HETEIRD R B AN S0 S G HESE A 1)
SRR , TR BB AN R R R R . %
JEF SR T AR A T AR ) SRR 2 32 DU BF e P
I, FLJRLRE R 5574 B BE LA AR 5 [R) Ak, B = B
JEJE S BRb R MR B AR NS
A PO AL BB IR AN AR vy ST AR

AP ] B A, 3 i e i A F S
JEINAE ry R S UIERD 2R B R A 21
HIFHRYZShFA4% th Ak LR 7Bt 5
ZERANIE 9 PR rg R, SREDJR RS 2] 5 24
ra=0.35 m I, HE SRR IR EE R 2.

0.03
0.02F AR A
K o001F ot PO A l\ 1" "\ N
el / ‘AN AN '
i o~ F .'/\ \ A T H
g /\/\g \/\‘!\,';‘-\m\;\f
= OF \/ \‘.! / \ ‘\l \‘ |
KL 0,001 8 A Y
< -001} .
=
o8 0.001 6 ri=035m
R -0.02F ra=040m
0.001 4- ra=045m
R B 7 =0.50m
~0.04 S0, 5,10 15 20,25, . .

0 250 500 750 1000 1250 1500 1750
}/Fﬂ%z-f/ﬁz
(a) HETTC 49 AL SN

0.10
ra=035m n A
_ I i
0.08 ra=0.40m p ’/;‘ A
il r~1=0.45m ‘;'*_‘ / ﬁ‘ Y
o r=0s0m || | \/
o 0.06 N PN "
® N/ V
o ~ | 084003
5 004} JAV f
1 N/ 0.002;
R N
0.02 7~ v 0.001
/.‘/’/ 0 — .
N ) ) ) 0 5 10 135 20 25
0 250 500 750 1000 1250 1500 1750
}/Fﬂ%z-f/ﬁz
(b) HETUC e 4L SR
0.2r
0.1}
0_ s
B o1
=
IH 0.2
-0.3F
-0.4 1 1 1 1 1 L 1 )
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

BTl ofs
(c) BETSUIC £k 44 A 02 A Jaf e 7
B9 AR R G PRI GRS 6 Yo
Fig.9 Influence of thickness inhomogeneity of the sand—filled

layer on longitudinal vibration characteristics

M 9Ca) (b)) a] LA, SD R R BEA S 21

HEEPN P E R LRI DR OIS 25 NIPNTITRS 2 €A



68 R R AR (A AR BE R

2020 4F

W B 14 3l W B Rl BELE (R0, MESEDUREAICR 12
B EEFN S RELIE 2k b B AR FEAA 245
WORIREEAI SRR s AL 9(e) i AFE H , BT
R JSE T S 7 fh £ 52 R T2 B E AN 249 S 1 4 5 i [ )
FEARN AR S5 5 BIA Z BT R IR A T
PRI BB 5 5 A FEA AN,

5 & &

BRPPTATE R AT E . AR SRR At
B IR AR R SR, ASSCHES: T3P
T AT T BELAC AR T A R0 R Sl i 17~ e e O
OIHT T RSO N M SRS PR AT RE R, A5 L
TR

DR SCENL RSO 1Y A G AR
LT T BRI AR R R AR A, 4240
LRSS T XA SRS AR A, B — e i
eHE.

2)7% FEMEAR AR [ BRSOV R, B S SH S
P IR T R ) D 33 MAIE R 74 5 B AN A e P
Bl B R 2 (S AHAPR AR 0 T 9 B9 R e Bl W
TSRS SR, SRR ORI J38 sy
2 BRI E o R e s, HLAE R PG ]
A, IXAESEPR T RE 4 5 S EOARE S DA,

3 ) bt A SR 4 52 B PR R AR 1) Sl 1
SRLEA Fr b i , AR PURBCR A i, (HE
T JEE P £ P S o B2 s, AT
BN AL G v of S A5 5 R A e o R v, B
P AN BT, IR 2 2 2 B AL XS
FERLRIEOR , MRERUEAE R S5 5 A R AR,

4 TETRD TR AR I AR AT AR
T B PAPREAR R AR SEAD 2 BAT R 1) Bl I R B BH
JEAE, AEURETHUHE J3E Fof Sy 7 52 B PR AZ R B2 MAAR .
DRt S TR PR AL Yo (o FRDREAR R A SR 2 41
B, B R R EEAR S EAR Bl T B R AT H]
(oA S AT S ALk ) SEURD T2 B AR R W TREAR 50K, 3
FIELGAT TS i A A B AR AR, (HRS T
F187 38 AR sl 17 2 I F 0] S 5

S 3k

(1] FIRE, ZXIp, EHBE, S5 BT HE A R EIERE XS LLBFSY
(3] WPGEA, 2018,44(31) : 62—64.
CAIB G,JIANG Y L,WANG L P,et al. Comparative study on bear—

ing behavior of sand—filled nodular pipe piles [J].Shanxi Architec—
ture,2018,44(31) :62—64. (In Chinese)

[2] NOVAK M. Dynamic stiffness and damping of piles [J]. Canadian
Geotechnical Journal,1974,11(4):575—598.

[3] NOGAMI T,KONAGAI K. Time domain axial response of dynami—
cally loaded single piles [J]. Journal of Engineering Mechanics,
1988,113(3):1512—1525.

(4] EZfE WHEM. A BRAAESZ 38 R SR AR i S ORI ). 4

L T, 1997,19(6):27-35.
WANG K H,XIE K H. Analytical solution to vibration of finite
length pile under exciting force and its application [J]. Chinese
Journal of Geotechnical Engineering,1997,19 (6):27—35. (In
Chinese)

[5] FZete, A, R M. 5T 5 W EE 11 2218 )2 - i vy s A 2l

W AE S T3 W BB FE (1), A4 1% 15 TR 241, 2008, 27 (4)
825—831.
WANG K H,YANG D Y,ZHANG Z Q. Study on dynamic response
of pile based on complex stiffness transfer model of radial multizone
plane strain[J . Chinese Journal of Rock Mechanics and Engineer—
ing,2008,27(4):825—831.(In Chinese )

[6] #&3e, B4, TV, =4ede 85t FrEpE- - m#s
AriRshm L) ] ARG PR TR, 2011,33(3) :80—87.
YANG D Y,WANG K H,DING H P.Axial response of viscoelastic
pile—soil coupling interaction in three—dimensional inhomogeneous
soil[ J]. Journal of Civil Architectural and Environmental Engineer—
ing,2011,33(3):80—87. (In Chinese)

(7] FEA S, b, A4, 45 AR 45 BT - rh oA ) R e B AR 1) 4 5
FEVERTTELT ). ksl T R4, 2018,31(4): 707—717.

CUIC Y,MENGK,WUY J,et al. Vertical dynamic response of dif-
fer—defective pipe pile embedded in inhomogeneous soil [J]. Jour—
nal of Vibration Engineering,2018,31(4):707—717. (In Chinese )

(8] BRI, Lt WU, 5 J& L Ml X B e s i AR A A g A

R SIFEPELY ). k8 TR, 2010,23(1):94—100.
QUE R B,WANG K H,ZHU C L. Longitudinal vibration of pile with
variable modulus considering axisymmetric wave effect of soil [J].
Journal of Vibration Engineering,2010,23( 1):94—100. (In Chi-
nese)

(9] FRIAN, TLW], ¥ /E , 45, ¥ MBS £ K BAR B AR 6] 4k 5l

W SRR (). AT T2 TR, 2014, 33 (S1) :3284—
3290.
ZHENG C J,DING X M,HUANG X,e¢ al. Analytical solution of
vertical vibration response of large diameter pipe pile in hysteretic
damping soil[ J]. Chinese Journal of Rock Mechanics and Engineer—
ing,2014,33(S1):3284—3290. (In Chinese)

[10] ZBEH, A4S, 25 IR 1) AN LA 4 ok AR BEAY A
RBHETELT ). rsh S ofidi, 2018,37(2): 163—168.

GONG Z C,YANG D Y. Vertical vibration of a large diameter pile
with transversal inertia effect in saturated soil[J ]. Journal of Vibra—
tion and Shock,2018,37(2):163—168. (In Chinese )

(1] 2o, et e, (A L ok B AR A HE ] R S AP AT
FELT ] PR3 TR, 2005, 18(4) :500—505.

LI Q,WANG K H, XIE K H. Dynamic response for vertical vibration



FEAEAE BB R T I A SRS

69

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

of large diameter pile in saturated soil [J]. Journal of Vibration En—
gineering. 2005,18(4):500—505. (In Chinese )

g AR S VUL, 85 = ARG RZR - H - SE AR
FYmHARSIE AT (1] 4 A %5 TR, 2019,38(7):

1470—1484.

MENG K,CUI C Y,XU C S, et al. Frequency analysis of longitudi—
nal vibration of three dimensional system including saturated lay —
ered soils, virtual soil pile and solid pile [J]. Chinese Journal of
Rock Mechanics and Engineering,2019,38 (7):1470—1484. (In
Chinese )

=8 T, XUBORE. T 2 Ve 2R Y 42 1) AR LR M AR - - HE A
RS IRBIT ] BAEH AR S TR, 2018, 18(11) : 141—147.

YAN Q F,LIU L C. Longitudinal coupled vibration of radial nonlin—
ear saturated soil—pipe pile based on multi-zone model [ J ]. Science
Technology and Engineering,2018, 18( 11) :141—147. (In Chi-

nese)

FICE, FAA, SUR. T2 HE RSB AR m R 3

REBFFELT ] k3 i, 2013,32(8) : 120—127.

WU W B,WANG K H,DOU B. Vertical dynamic response of a vis—
coelastic tapered pile embedded in layered foundation[ ] ]. Journal of
Vibration and Shock,2013,32(8):120—127. (In Chinese )

IR A B AR, B B BT O I B A ) HR B
BHECHEELT ] AR TAESAR . 2015,37(4) : 1042—1048.

WU W B,XIE B H, HUANG S G, et al. Vertical dynamic impedance
of tapered piles considering compacting effects [J].China Earth—

quake Engineering Journal ,2015,37 (4):1042—1048. (In Chi-

nese)

ST, oA, BOBNE, 5. 5 SR 1) 15800, I AT ATE A 17

IRSIBABTRTTE (1], A J12 5 TREAR , 2011,30(52) :3618—
3625.

WU W B,WANG K H,WU D H, et . Study of dynamic longitudi—
nal impedance of tapered pile considering lateral inertial effect(]J].

Chinese Journal of Rock Mechanics and Engineering,2011,30
(S2):3618—3625. (In Chinese)

EZEAE M, R A 2 B A R e VR R ELAR BT AL
WARSIHSELT ] k0127, 2016,37(52):223—231.

WANG K H,GAO L,XIAO S, et al. Dynamic characteristic of large
diameter tapered pile considering verticalreaction of pile surround —
ing soil[ J ]. Rock and Soil Mechanics. 2016,37(S2):223—231. (In

Chinese )

Ffe, M, M8, 55 BUBAERYSh 0 BB el ). )

R (A SRRARR) ,2019,46(5) : 94—102.

WANG K H,TONG W F,XIAO S,et al. Study on dynamic response
of tapered pile and model test [J]. Journal of Hunan University
(Natural Sciences),2019,46(5) :94—102. (In Chinese)

IR, EZEHR, M. 25 1 b AR 5 o B SO0, B Rl AR AL A

MEM RS BEHTAISE [T]. A0 1% 5 TR, 2017,36(7):

1791—1802.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

LI Z Y,WANG K H,GAO L. Longitudinal dynamic impedance of
static drill rooted nodular pile considering vertical wave effect of soil
[J]. Chinese Journal of Rock Mechanics and Engineering,2017,36
(7):1791—1802. (In Chinese )

SB, B, A8, A WA A T AR O A A ) B
SRR AT (D] A 12 5 TR 241, 2018,37 (4) :1030—
1040.

WU JT,WANG K H,XIAO S,et al. Longitudinal vibration charac—
teristics of static drill rooted tubular piles with variable section[] ].
Chinese Journal of Rock Mechanics and Engineering,2018,37(4):
1030—1040. (In Chinese )

EEAR, R, BRI, A BRI 0 BEAT K B SRR 1 iR 2l
FEYERISZIBTIE [J]. IR R4 (HARBLERR) 2017, 44
(11):170—176.

WANG K H,ZHANG H Z,LI Z' Y ,et al. Study on influence of pile
subsoil on vertical vibration characteristics of single pile with cush—
ion cap [J]. Journal of Hunan University (Natural Sciences),
2017,44(11):170—176. (In Chinese)

FAEAE, AU, TR PIRR AR ) 2 Bl 2 AT i AR AR R Y
X EELT ] WHT R 2244 (T2, 2009, 43(10) : 1902—1908.
WANG K H,YANG D Y,ZHANG Z Q. Comparison on two kinds of
radial multi—zone plane strain models [J].Journal of Zhejiang Uni~
versity (Engineering Science),2009,43 (10):1902—1908. (In
Chinese )

LYSMER J,RICHART F E. Dynamic response of footing to vertical
load [J]. Journal of the Soil Mechanics and Foundation Division,
ASCE, 1966,2(1) : 65—91.

NOVAK M, ABOUL-ELLA F,NOGAMI T. Dynamic soil reactions
for plane strain case[ J ]. Journal of the Engineering Mechanics Divi—
sion, 1978, 104(4):953—959.

BRI, A, SRR, 28 B T80 i i A A A 2 1)
RBFELT ] PR B AR ,2017,42(4) 1 1431—
1440.

ZHAI Z M,YANG D Y,GONG Z C. Longitudinal vibration of pipe
pile in saturated soil regarding construction effects [J]. Journal of
Guangxi University (Natural Science Edition),2017,42(4):1431—
1440. (In Chinese)

B, BT AT RS A R T ROMUR B A - 85 )i sd e [ .
TR E AR (A AR ,2016,47(6) :2001—2006.

HUANG B,XIA T D,ZHOU X M, et al. Shear wave velocity in sand
based on microscopic size [J]. Journal of Central South University
(Science and Technology),2016,47 (6):2001—2006. (In Chi-
nese)

FOLE, TREME, EERAT. ARG LB BRI
[J]. %+ %,2014,35(5) : 1289—1294.

SU L J,ZHANG Y J,WANG T X. Investigation on permeability of
sands with different particle sizes [J]. Rock and Soil Mechanics,

2014,35(5):1289—1294. (In Chinese)



