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TABLE 1-1

CASE 1 COMPLETE SOLUTION
1 2 3 4 5 7 10 11
T[ 0.6047 0.3906 0.1767 0.0958 0.0505 0.0214 0.0070 -0.0104 —0.0174 -0.0202 -0.0144
2 0.2108 0.6506 0.2485 0.1184 ©0,0634 0.0311 0.0103 =0.0029 -0,0105 -0.0136 -0.0126
3| 0.087 0.2425 0.6032 0.205] 0.08B2 0.0415 0.0153 -0. -0, -0.0143 -0,0118
4] 0los61 02069 0.1998 0.5743 0.1839 0.0730 0.0311 0.0087 ~0.0044 -0.0119 -0.0099
5! 0.0207 0.0483 0.0791 0.1803 0.5610 0.1754 0.0682 0.0291 0.0087 -0.0033 -0.0061
6| 0.0046 0.0140 0.0304 0.0673 .17 0.5578 0.1751 0.0698 0.0313 0.0119 -0.0001
7[-0.00s8 -0.0076 0.0035 0.0247 0.0634 0.1743 0.5607 0.1751 0,074 0.0362 0.0090
8(-0.0125 -0.0207 -0.0i24 0.0024 0.0264 0.0691 0.1791 0.5659 0.1842 0.0768 0.0224
9|-0.0158 ~0.0278 -0.0213 -0.0102 0.0085 0.0318 0.0749 0.1848 0,571 0.1884 0.0472
101-0.0169 ~0.0302 -0.0253 -0.0169 -0,0046 0.0126 0.0377 0.0802 0.1893 0,5745 0.1182
11(-0.0162 ~0.0251 -0.0257 -0.0196 -0.0107 0.0014  0.0160 0.0422 0.0838  0.1918 0.2847
CASE 2 INTEGRAL OF FUNDAMENTAL SOLUTION TBLE 12
T Z 3 7 5 T 7 0 5 i e}
1] 0.56% 0.3819 0.1670 0.0860 0.0408 0.0117 -0.0077 -0.0201 -0.0271 -0.0299 ~0.0150
2| 0.1910 0.6587 0.230 0.103 0.0483 0.0166 -0.0042 -0.0174 -0.0250 -0.0283 -0.0143
K 0.0835  0.2340 0.5956 0.1968 0.0797 0.0330 0.0068 -0.0091 ~0.0186 -0.023¢ -0.0124
4 0.0430  0,1039 0.1968 0.5713 0.1809 0.0699 0.0281 (0.0057 =0,6074 -0.0150 -0, 0090
5 | 0.0204 0.0489 0.0797 0.1809 05615 0.1760 0.0688 0.0297 0.009] -0.0027 ~0.0042
6 0.0058  (.0166 0.0330 0.0699 0.1760 0.5604 0.1777 0.0724 0.0345 0.0145 0.0024
7 ] -0.0038 -0.0042 0.0068 0.0281 0.0688 0.1777 0.5641 0.1628 0.0776 0.0396 0.0115
8 | -0.0101 -0.0174 -0.0091 0.0057 0.0297 0.0724 0.1824 0.5692 0.1875 0.0822 0.0250
9 | -0.0136 -0.0250 -0.0l86 -0.0074 0.0093 0.0345 0.0776 0.187% 0.5738 0.1912 0.0493
10 {-0.0150 -0.0283 -0.0234 -0.0150 -0.0027 0.0145 0.0396 0.0822 0.1912 0.5764 0.1199
11 -0.0147 =0.0283 -0.0247 -0.0186 -0,0097 0,0024 0.0191 0.0433 0.0848 ©0,1928 0.2858
CASE 3 FUNDAMENTAL SOLUTION x AREA TABLE 1-3
[ 1 2 3 4 5 6 7 1
I ORI LT 008 00408 00E 0.7 o0 0T sk
2| 0.1916 ©  0.2346 0.1040 0.0489 0.0165 -0.0043 -0.0175 -0.0251 —0.0284 -0.0142
31 0.0836 0.2346 ® 0,197 0,077 0.0330 0.0068 -0.0092 0,0187 -0.0235 -0.0124
4l 0,063l 0.1040 0,197 © 01815 0.0699 00281 0,005 -0.0075 -9.0150 -.0093
s| 0.0204 0.048% 0.0797 0.1815 = 0.1765 00688 0,0207 0.0093 -0.0027 -0.0043
6] 0.0058 . 00165 0,030 0.0699 0.1765 ©  0.1762 00724 0.0345 0.01e5 0.0012
7/-0.0039 -0.0043 0.0067 0,021 0.0688 0.1782 = 01630 0.0777 0.0397 0.0095
8| -0.0l0l -0.0175 -0,0092 0.0056 0,027 0.0724 0,18 o 0.1882 0,082 0.0217
9|-0.0136 -0.0251 -0.0187 -0.0075 0.0093 0,0345 0.0777 o,l882 = 01918 0.0824
10(-0.0150 -0,0284 -0.0235 -0.01S0 -0.0027 0.0145 0.0397 0.0822 0.1916 e 00967
11| -0.0148 -0,0284 -0.0248 -0.0187 -0.0098 0.0024 (0.0191 00433 0.0849 0.1934 -
TABLE 1 FREXIBILITY MATRIX
DISPLACEMENT REAL x 10°* DISPLACEMENT OF PILE  8:L = 4.0 822
CASE 1 CASE 2_CASE 3| o0
1|0.340 0.337 0.339 .
2|0.300 0.298 0.300 L
3[0.266 0.265 0.266 0.4
410.236 0.236 0.237
5|0.211 0.211 0.212 0.8
610.190 0.191 0,191 ~ IMAGINARY
7(0.172 0.174 0.173 1.
8/0.158 0.160 0.159 I .
9]0.147 0.149 0.148 i
10]0.139 0.141 0.141 i —1.6
11)0.134_0.136 0.136 i REAL
2.0
COMPARIZON OF 2.0
THREE SOLUSION
CASE 1 F-2.8
, ~-—- CASE 2
TABLE 2 ——= CASE 3 -3.2
—3.6
b A4 ﬂq'ﬂ'] v
4.0
~ P r T ¥ T —
T %ﬁ—ﬂﬁlf A oo 0.10 0.20 0.30
x 167"

DISPALCEMENT

4, iBL 27
E gt @)
LU BaH=4o, Wik =01, Bpz 20200” 2hB, =h
- BBumTintbic HEeo PP & T n¢phfs
w ol Fiho BiEr k2 v bolsBEl 13 7
h.

o &b Y Iz

&3 = o BT 5 eI Modbin AFE 1R
Fr thieBToz faiEi Lo Ty
RE1Br o’ 72 R kB 2 BTk,
By Mindlin -85 0 LB T B = oMbt 1130
V. R B Ml iR F B ET W Fa ) T
BB Lo h1rka drsa FHMEABeR
V2B LT, E8 R BETIF ), I
S CAS 270 ¢ AR Y <) SEEIUPE Y
MTrdebrhhd, Ak KEpBEon2d
s s Nz w< 2 4y THB,

F1G.8 DISPLACEMENT FOR THREE CASE



IMAGINARY  x 10 [MAGUNARY  x 10+ TMAGINARY %107
-0.2 0.0 234 0.2 0.0 f2Z -0.2 0.0 f22
i 0.0 | Y ID-O ‘—"-‘I—‘ 0.0
L {
0.8 (0.8 ; 0.8
: {
Li.s L.s + li.6
s {
W/L=0.10 2.4 W/L=0.10 2.4 } W/L=0.10 2.4
Ge=2000 Ga :2000 * G4 22000
© £ 2210000 © Er 210030 * © E»=210000
a £,=2100000 [i3.2 a 2100000 |[3.2 & E,=2100000 ||3.2
+ 1000000 + £¢=21060000 + Er=21000000
b
4.0 le.o 4.0
00 10 2 3.0 4.0 0.0 10 20 30 40 00 10 20 3.0 40
REAL X 1w REAL PRt REAL %10
IMAGINARY  x 10 TIAGINARY  50- TMAGINARY 10
-0.2 0.0 8,2 -0.2 0.0 2,2 -0.2 0.0 227
L 9.0 e 0.0 “1‘-‘—' 0.0
lo.s + lo.s } 0.8
} 1.6 + b.e * b.s
| W/L=0.04 2.4 i W/L=0.0¢ 2.4 * i W/L=0.04 2.4
G+ 22000 6122000 \ G+=2000
© £ 210000 © Er=210000 \ © £+ 2210000
« Er=2100000 |{3.2 4 E¢=2100000 [13.2 ! « E»=2100000 |[3.2
+ E»=21000000 + Er 21000000 ' + Er 21000000
4.0 4.3 b.n
00 L0 20 30 40 0.0 L3 29 30 40 0.0 1.0 20 30 40
REAL ey REAL e REAL 1o
[HAGINARY o ITAGINARY % 10+ INAGINARY =70~
-0.2 0.0 o7 -0.2 0.0 67 -6,2 0.0 #al
[ S "'y | - [
= po.c e f].U -0
.. & r
i i b e
i e i A ue
i ¥ ‘. it
i W/L=0.01 2.4 § WL :0.01 2.2 \\ W/Lz0.01 l2.4
G» =2000 s :2000 \\ G+ 22000 l
® E. 2210000 © £,2210002 \\ © E»=210000
* + E,22100000 |{3.2 h 4 E+=2100000 ||3.2 ‘ 4 E+=2100000 L%Z
.* + 7221000000 H + £ 221000000 \ + E':ZlDOUUDU\l
I8! 4.0 i 4.9 lh.o
0.0 LO 20 3.0 40 0.0 1.0 2.0 30 40 0.0 Lo 20 39 40
REAL v REAL e REAL 10w
FLOATING PILE IN THE FLOATING PILE IN THE STRATUM END BEARING PILE ON THE
SEMI-INFINITE MEDIUM ON THE RIGID BASE ( B,H = 6.0 ) RIGID BASE ( BpH = 4.0 )

(a

R

H.Tagimi "Dynamic Analysis of a Structure embedded in an Elastic Stratum"
T.Nogami and M.Novak

W.R.Spillers

1

2

3 H.G.Poulos
4

5 J.Lysmer et al
6

Penzien et al

)

FIG.9

"Soil-Pile Interacti

"Lateral Response of Piles”
"Finite Dynamic Model for

"Seismic Analysis of Bridge:

(b))

DISPLACEMENT OF PILE

on in Vertical Vibration"

ASCE 1964 SM6
Infinite media"
s on Long Piles"

ASCE 1969 EM4
ASCE 1970 EM3

E5Y B EEBEELEL

‘whe K B@Di pp oo~ 103

{c)

Proc.4th WCEE

Jr.Earthqg.Dyn. v.4 No.3
"The Settlement Behavior of Single Axially Loaded Incompressible Piles and piers" Geotechnique

1968

8 ik, A, AT
9 ~11l doi®, 1~9h
*’xﬂq, /\%,%ig

B Bk o Dymical Ground Compliane (422)" F R R IMEM A 05 A
Aok tat~tas’ EEFEBIBIE Junk ot $293% ppoint 1298 pruse sk
"Ankek tel~te2’ XBFLAARFHEBERHL T5RIA g 52~ 570



The Study of Pile~Soil Interaction Subjected to a Vertical
Harmonic Load based on the Generalized Dynamic Mindlin Solution

Osamu Matsuoka* Kaeko Yahata** Nobuo Fukuwa**

The purpose of this paper is to investigate the soil-pile interaction subject-
ed to ahamonic force on the pile top. In the analysis of this problem, the gen-
eralized dynamic Mindlin solutions to be called are used for two cases. The sol-
utions which have been derived and discussed in our previous paper{ 9~12 } are
shown in Fig.l~Fig.5. One is the solution that the semi-infinite elastic medium
subjected to a vertical harmonic point force in its interior, and another is the
similar solution in the elastic stratum overlying a rigid bedrock. Mindlin solu-
tion has been applied to so many useful studies, but it in the dynamic case has
been remained unsolved. It may be said thit the dynamic Mindlin solution is the
same important as the static one.

To the governing equation of vertically vibrating pile, the finite difference
equation is applied,and the applying stress of pile to the soil are obtained
from integrated dynamic Mindlin solutions. After that the analysis of this prob-
lem is not so complex. This method in the static case for the similar problem
has been presented by (3),(4). The three boundary conditions for the pile are
studied, and they are following,

(a) the floating pile in the semi-infinite medium,

(b) the floating pile in the elastic stratum overlying a rigid bedrock,

(c) the end-bearing pile on the rigid bedrock.

The discussions about the distinction and analogy for the behabior of the three
cases are done, and it is clear that the results based in the above method are
reasonable.
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