30 3 ,2017 5
Vol.30 No.3, May 2017

JOURNAL OF NINGBO UNIVERSITY ( NSEE )

, 325800
Rayleigh-Love ,
1 TU43 CA : 1001-5132 2017 03-0067-05
.Nogami  Novak Winkler G- E 1)
21+v,
-] Nogami Konagai , G v,
(IFFT) +5] Winkler (D) ,
. Branov
(6]
, (q )
7, 1.2
(5] . 1 H R
s Py Ve
15 s J: E) n. h] 4 ’
: h;,--+h, . Ps-
Voigt
1.1 k, ¢,. Q). i
, G,=G;(1+iD)), , G, D
1 2016—-12-11. : http://journallg.nbu.edu.cn/
1979 : . E-mail: ckl20003@163.com



68 2017
] Bessel
VSJ-, Gj:ps sjz' ’
iQ(t) ) ’ B;=0.
s (r=R)
n A }[ h, :
N h,., *
] y KK, =21RG B,K,(B;R)/ K (B;R). (5)
2.2
\ Rayleigh-Love
H J Ry h
\ 4 >
u; =u;(z,1) ,
J
) A o’u; o'u.
4 EA—L+56 A L_
A ozt P oot
y ! 0 \ 2
. > 62uj 2p2 84Uj
k,,i}c,, PA = -V:R peepvel fi(z,t), (6)
1 ) EpaA:ppanagp
1.3 ; Fi@
(1) , i , f(zHh=K-
. (2 K;u;(z,0).
B . (3) s
e : oz,
Voigt k, GC,. , Z'
i @.0=0, 40 ™)
u(z,00=0, ——— =
2.1 . at |,
Novak M, (6 >
[91 i .
> J °
d’w,.  dw, S V:R?s* \o°U (Z',9)
rz J+I’ i -ZFZW-ZO, 2 2 p P J A
dr? ar AW @ Ve [H p S+ V2 07"
. W, J
2 j ’
. [S + ’JU,-(Z,S)=0, )
(2) : U ( 2 ) ' p( !t) V
, U.(z,s) u(zZ, ;
W, = AK,(B;r) +B;l,(B;1), 3) ! c_ V;_ P
, B, =iw/(V,1+ID,), V, =[G,/ p, , D, SN
v . (8) :
o . U.(z',5)=M cos(4z")+ N, sin(1. 2’ 9
CLBD KB i(2',8) =M cos(4;2") + N; sin(4,Z), ©)
Bessel ;A i ’
) KK ) ’R%s’
; @ /Ij:i\/—(52+ ’J/[H" +—2— J,(IO)
VP pPAP EP p
7, =G, B,(AK, (B -B1,(B), “4) M, N

» LB K(Bn



69

7 -

ja -

Z,=—4(E,A+AS s)tan(Lh, —p,) -

,opAvf)stzﬂuj2 ,
, ¢;=arctan(N; /M), j
Zjb :
Zjb + ppAvistzljz
¢, =arctan .
ﬂj(EpAJr Aé'ps)
0 0 \ou
Kkb +¢, EJUI —(EpA+ 5"/_\5}8_21’_
o'u
,Opvf)R2 atzazlrz } » -
(13) ,
Z,(s)=Kk, +sc,,
) Zlb(s) 5
C, Lysmer Richart
[10].
K = 4GbR’
1-v,
c 3.4R? £.G,
T 1y,
) Gb 4 Vb
Ps
[11]
Zjb (S) = Z(jfl)a (S) 5
VANG) j
Z(j—l)a(s) J -1
(1 @12y (14) (de) ,
Z.(s):
Z.=K. . +iC,.
Kna
> Cna
: V, =150 m-s™;
. =2 000 kg'm”;

P, =2500 kgm™;

(11)

(12)

(13)

(14)

(15)

(16)

(17)

D, =02.
V, =4000ms;

H=10ms"; R=03ms;
2
(q=12). 2(a) )
, n
n . n=100
2(b)
, n
s n= 100
, n=100 ,
, n 200.
N (a)
-—-n=10
Lo n=50
00 N\
~ | -=n=200
Z
R Y
<or \/ \
af \
_2’\ = ,\I,\,_ = ,_‘,\,\ = ,\I,\,\ = ,\I,\,\
V] 1 000 2000 3 000 4 000
f/Hz
12
PN (b)/
=5
0F 223 \/
n=2>50
8 —-—-n=100

C,,/(10°Ns'm™)
o

O0 1 OIOO 2 OJOO 3 OIOO 4 OIOO
f/Hz
2
4
q 1, (1]
.3 [1] ,
3(a) 3(b) ,
q L, ,

b

>



70

2017

ro— - Am @

—— S
i A

o
S
S
w
(=
S
S
ES

=
S
S

— A fH ™\
10F —=—3CHR[1]f%

C,,/(10°Ns'm™)
(=)}
T

4+
2 -
00 1 0100 2 OIOO 3 600 4 0]00
f/Hz
3 (1]
5
4
. q=1 ,
4(a) ;
(0~300Hz) q
q
: 4(b)
’ (0"’
300Hz) q
q )
6
O] q 1,

(1]

(3]

(a)

N w
T T
!

I‘

1
([T
—_— e —
W —o

K|,/ (10°N-m™)

QQ Q9

=0) 1 | L |
0 1000 2000 3 000 4000
f/Hz
12+
(b)
=10 /\\\
A
10 ---g=1. ]
P g=12 oz
g 8 - g=13 /
z
= &L A 4
c 6 4 =Y
U 4t
2_
0 1 Il 1 J
0 1000 2 000 3 000 4 000
f/Hz
4
() ,
q
q )
9
q
q )

NOGAMI T, NOVAK M. Soil-pile interaction in vertical
vibration[J]. Earthquake Engineering & Structural
Dynamics, 1976, 4(3):277-293.

NOVAK M, NOGAMI T. Soil-pile interaction in
horizontal vibration[J]. Earthquake Engineering &
Structural Dynamics, 1977, 5(3):153-168.

NOVAK M, SACHS K. Torsional and coupled vibrations
of embedded footings[J]. Earthquake Engineering &
Structural Dynamics, 1973, 2(1):11-33.

NOGAMI T, KONAGAI K. Time domain flexural
response of dynamically loaded single piles[J]. Journal of
Engineering Mechanics Division, ASCE, 1988, 114(9):
1512-1525.

NOGAMI T, KONAGAI K. Time domain axial response



71

of dynamically loaded single piles[J]. Journal of
Engineering Mechanics Division, ASCE, 1986, 112(11):
1241-1251.

[6] BARANOV V A. On the calculation of excited vibrations
of an embedded foundation[J].
Prochnocti, 1967, 14:195-209.

[7] , , , - PCC

1l . 2013,

Voprosy Dynamiki

35(2):1087-1090.
[8] , ,

1. ,
2008, 27(4):825-831.

[9] NOVAK M. Dynamic stiffness and damping of piles[J].
Canadian Geotechnical Journal, 1974, 11(4):574-598.

[10] LYSMER J, RICHART F E. Dynamic response of
footings to vertical loading[J]. Geotechnical Special
Publication, 1966, 92(118):1091-1117.

[11] s s .

[I1. , 2000, 22(6):654-658.

Impedance of a pile considering vertical heterogeneity of surrounding soil

CHEN Ka-la
( Zhejiang Wenzhou Shenhai Expressway Company, Wenzhou 325800, China )

Abstract: The effects of the vertical heterogeneity of the surrounding soil on the impedance function at the pile

top are investigated. The surrounding soil is modeled using plain strain model. The Rayleigh-Love rod is

introduced to consider the transverse inertial effect. The pile-soil system is divided into layers of sufficiently

large number. Then the impedance function at the pile top can be derived using impedance function transfer

method. The proposed solution can be degraded to classical solution, with which its validity can be confirmed.

The dynamic stiffness and damping at the pile top are studied through parametric analysis. It is found out that

when vertical heterogeneity of the surrounding soil is taken into consideration, the dynamic stiffness and

damping at the pile top shall demonstrate certain increase.

Key words: vertical heterogeneity; pile; impedance function; impedance function transfer method



