go0o0o00goooogg 0360 (2003)

oo oboogoon
Joodoogo

gddoooooououoooooooon

Keywords : 3D finite element method, Soil, Pile, Nonlinear interaction, Lateral loading test on pile, P-y curves
oo oobooooboboooboobobDoobooDooDdpyd

1. 0ddd

goobooobgoboboooboboobobobo
goobooboobobooobooboobooboboo
goboooobooobooboobobooboooNn

gboobooboobobooogoboboobobooo

gobooboobooobooboobobobo-pbooOoo
goobooboobooboooboobooboobooboo
gooboobooboooobooboobobooboo
goobooboobobooobooboobooboboo
oo
goobooobgoboboooboboobobobo
goobooboobobooobooboobooboboo
OO0 FEM OD0O0ODO0O00000O000 *¥ooooo
gooboobooboooobooboobobooboo
goboobooboooboobo-ooboobooo
gooboobooboboooboobooboobooboo
goobooboobooooboob 3o Moo
goooooooboooon

2. Ugoboobooodgn

201 O00O0OO

20101 0000

0-10000000000000 24m000 2.1m0O
good o.8smOODOO0OO00O0OOODOODODbDODOO
gooboobooboooobooboobobooboo
oboooooobobooo-20000000000
goor70d0oob0obo0ooboobooboobooboo
gbooooooobobobobobooon
20102 OO0
goobooboobobooboboboooboobo
goooog o.emboD 15mmd OO 3ompbOOonDOdO

16-1

00 /150000000000000 40mmO0O0 1mmd
OO0 2nd0 000000000 2.33x 10'mm*'00 000
6.86x 10'N/m’0 00000000 RCOODOODOODO
oboooboobobo0oobooboobooboboooo
gboooboobobooobooboobooboboonoo
OO0 BODODODO pO45emO OO0 D/BOI0OOOO
oboooboobobo0oobooboobooboboooo
goooon
20103 ODOOO
obooopoobosboobooboboboobooboon
gbobobgobogosopobobobobobon

fiA KL= i
0 - : —
‘ - Ik 1 I——H—3
_|1 F 1} —
7—T>ﬁT§7TT7Z0U1—QVw$
T u: 1 ;H T T Ts =
B = —
X—» k= = N
Unit=m = =
vtust | [ PleA| | PileB T
' OTHE 2.4 —

O-0 ODOoOoooooooo
Experimental model and horizontal loading device

gooo (mm)
o

I
[y
(S,

1 2 3 4 5 6
gooooo

0O-0 0Oooooooo
Loading cycle




gooooooooooooooooodooonooooooongooong

202 O00O0OO 2000
20201 OOOOOOOODOO
goboobooobooboboooboboooobobo
goobooboobobooobooboobooboboo
goobooooooooobo
goboobooobooboboooboboooobobo
goobooboobobooobooboobooboboo
gbooboobooboboooboobooboobooboo

Horizontal Load (N)
o

—Ooood
000000000 D00000DOoOoOoooo 2000 5 .
0000000000000 00O000DO0Onoo Dis. (mm)

O-0 oooo-0o0
boubbbboboouoobonbboouoond Relationship between horizontal load and pile cap
ogooooooooooo 0 displacement _ 0 _

1250N 1250N ad
0000000000000 00O000DO0Onoo = o =
10} 1o
00000000000 000000O00DOOnoo A B = | ABT
o]
oooooo ~ - Uy
- - ~ oxl ~ al
O0D0OPiIleADDODODDOODDOO PileBOO o1 st
=)
00000000000 000000O00DOOnoo 8 @ 3 J
00000000000 000000000000no i ] , i
PileB00000O00O0DOD0O © PileA QWFA
) o D PileB ) n O PileB
20202 OOOOOOO 3 0 g 25 0 2E5
0-300000000000-0000000000 Dis. (mm) Bending Moment (N mm)
0000000000000000000000000 0-0 Do00 1000000 00000000
Distribution of pile displacement and bending moment
3m 0000000000000 0D00000000OD 0 _ 0 i
]j:l LM
00000000000 %% o %% o
on] (o] o
0-405 00000+1250N 00000000000 NI ] | AB o
00000000000 000000O00DOOnoo - U g a ey
N
00000000 PIleBOOODOOODDOOODDOO = . 1 me
=]
O0DO00PileADDDDOODDOODDOODDOO 53 @ g o
0-6 00DO00D0ODO0ODOD-00000D00OOO . . — 4
00000000000 000000000000no © PileA © PileA
2 v HPileB 2 5 B PileB
0000000000000 000O0OO00OOonoo 4000 0 1000 23 0 3
000000000000 0000000000000 Shear Force (N) Subgrade Reaction (N/mm)

O-0 OO0O0OO01soN00fdooooooooon
Distribution of pile shear force and soil reaction

o000 100dPilesddOOO0O0 PileADOOO
goobooboobobooobooboobooboboo
gooboobooboboobooboboobobooo
000000o0ooogg@ 1000 PileAdOdOOO
ogd PileB) 000000 -0D000DO0O0OODDOOO
goooooooooooooo
200203 0OOOO

O-700PileBO OO 250 1250 2000 300mm O O O O
goboo-goooboboooboobooboobooon
goobooobooboboooboobooboboobooo BT 5
gooooooooooooon Dis. (mm)

01 000000-0000000000000000 0-0 OoOooooo-00009Y
OooooooOoooOoOooooooon Relationship between pile shear force and pile head
displacement

2000

Shear Force (N)

1
N
o
o
o
O
-
—
@D
lvs)

16-2



go0o0o00goooogg 0360 (2003)

3]

00 125mm

A
i

0o 25mm 5
it

A B
uu

—w

o
T

Subgrade Reaction (N/mm)
Subgrade Reaction (N/mm)
o

A B A B
(| —PileB U —PileB

_ 0 15 -15 0
Dis (mm) Dis (mm)

00O 300mm

/H

|
(3]

|
ul

3}

Subgrade Reaction (N/mm)
o
—>
—wm
Subgrade Reaction (N/mm)
o

—PileB
15

—PileB
15

&
—>
—w

=
—w

|
Gl

|
=
33
|

[uN

a

0 _ 0
Dis (mm) Dis (mm)

0O-0 PileBOOOOODODDOOOOO-000O
Relationship between soil reaction and pile displacement

PileB DOODOO0ODOOOOOOOOOOOOOOO
goobooboobobooobooboobooboboo
goboooboobobooos 0booooboooo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobooboooboobooboobooboo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
gbooogooooooon
20204 OOOOODOOODO

gboboobooboboobooboboooboobo

gooboobooboboobooboboobobooo

goobodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobobooobooboobobooboo
goobodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobobooobooboobobooboo
goobodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobobooobooboobobooboo
goobodoboobobooobooboobobooboo
0000000oOooooieesssg
gboboooboobobooobobobooobobo
goobodoboobooboooobooboobobooboo
goobooboobobooobooboobooboboo
gogo300rREMDODODODbDOnDOg

16-3

0-04 O0025m | 0% 000 125mm
o,

& ~pooopoo | £ ~000000
e 2 =000000 % & 000000
= =
25 2 v
S g 2
£ £ &

3 o S o
© 3 o E

5 o

3 AR @ =

0 - . 0 .

) 5 10 1 0 5. 10 15
Dis (mm) Dis (mm)

ox oo 200m | 0-24 0 0 300mm

=0000o0o 000000

000000 =000000

Coefficient of

o Subgrade Reaction (N/mn?)
Coefficient of

o Subgrade Reaction (N/mrr?)

===

15 0 15

5Dis (mm)10 5Dis (mm) 10
0-0 PileBO0000DODOCODOOOOOOO-0D0O0O
Relationship between coefficient of soil reaction and pile
displacement

3. g rrRMOodbboooobooon

ooooboob0ob0oobooboboboobooboon
0300 FEMDODO0O0D0O0DbO000Ooboboonog
gbooobobobooobobooooboboooDoo
obobobooooooono

000 0000
J000000000o00000oOooooon
@00000000000000000000000

000000000000000
GMODODO00000000000000000000
00oO0oooooon
(c00000000000000000000000
012000000000000000000000
ooooon
(@ooo000o0o0o00o00000O0OoOoooooao
0000000000000 0O0OoO
30101 000000
000000000000000000000000
0000000000000000000000000
200000000000000000 000000
0000000000000000000000000
0000000000000000000000000
00000000 ™oo000000o0ooooonon
R-O 000 “OOODOO0OOODOO0O0D0O000D0000O0
00000000000000000D00000000



gooooooooooooooooodooonooooooongooong

gooGcoOooooon

B
Jé:z%m,f_z
0 Sy
dodooddoooooood

Jo goobooooooo

Gy obooboooooon

Su gbooboogono

o 0 0000000O0OOOO
goonog

@

0102 OOOOO
g-90o0o0booboobobobooboonobgon

goobooboobobooobooboobooboboo

gooboobooboboooboobooboobooboo

gboobooboobobooobogoboboobobooo

goobooboobobooobooboobooboboo
g0 256760 0000 11436 0000
gooboooboboboooboboobobobo
00000000000 "oooo00oo0o0ooo,200
gooboobooboboooboobooboobooboo
gooogooooooon
gooboobooboboobooboboooboobo
oooooobobooooboboooooboo@-
goooo)ydoooooooooooooooooo
goooooon
30103 OOoOooooo
U-100ooooobobobobobogobooo

Unit=mm

400

Depth
(mm)

l

I o
I
3

!

700

2000
=t
-
i
=
3

1200

225

S-4

2000

|| 400
‘ |

0-9 0Oooo
Analysis model

* Dependent DOF
@ Independent DOF

]

i

)| ‘e
‘ L4
& ~

2.5 20 T

i’

HLEDMEHRER S

000 0.005,0.01,0.015N/m? 00000000000
gbooobooboboooboobooooboboonoo
goo-10 gboboooboobooooboboono
oboooboobobo0oobooboobooboboooo
0.005\/m*0 000000000000 OOOOODOO
000000000000 0.005N/mm?* 0000000
000000 2000000000000 200
gbooobooboboooboobooooboboonoo
gooobobobooobobooooboboooDo
oboooboobobo0oobooboobooboboooo
0 4000000000000 00O0000000 4%0
gooobobobooobobooooboboooDo
00o00obO0o0obo0obOo0obOonD 400b00bg
goooboobo400b00boboooboong
goboboboooooobobobobobooo

w 0'01DDD(0.005N/mm2)
4 —OOoo0o(s-2)
5 ngooQg
wn E | ,
S
I ED;L/JL/-’*}#"ﬂ{f’~/’ﬂ
=
w
& 001 002 003 0.04
Shear Strain
-0 5 5 (0. 0208/mi)
2
o~
$N§ i
j—-
g < O
n O
) 0.0l 0.02 0.03 0.04
Shear Strain
-0y (0. oa5N/mi)
g
o~
27‘;”;
j—-
s <
& O
O
& 0.0l 0.02 0.03 0.04
Shear Strain

0-10 J0ooooOoOoooooooooooooon
Comparison of torsional shear test and analysis model

O-1 00oOoogoo
Soil parameters

HEEET L h(mm) a m(N/mm2) GO(N/mm2) yr a B Su
s-1 00 475 0.005.0E-3 | 16x (o m/5.0E-3)°°| 1.0E-4x (o m/5.0E-3)°° | 10.42 3.38 | Goxy .
S-2 4750700 5.0E-30 7.5E-3 16 1.0E-4 10.42 3.38 | 0.0016
s-3 70001200 | 7.5E-301.25E-2 16 1.0E-4 4.06 2.02 | 0.0016
S-4 12000 2000 |1.25E-201.92E-2 30 1.0E-4 7.79 2.96 0.003

000000=1.6E-5N/mm*0 h:0 000 m:0000y r(=Suw/G0)0 00000

16-4



go0o0o00goooogg 0360 (2003)

302 0000
30201 OOOOOoOoo

U-11 0b000b-000bo0boobooboo
goobooboobobooobooboobooboboo
goobooboobooboooboobooboobooboo
gooooooooboboog.

0-12 0000o0boobooobooboboooboobo
00000000 DO0ODO0ODOO0O0OO0oOoOOonogDPileA
gsibodbooboobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobooboooboobooboobooboo
goobooboobooo-11gbooobogobooboo
gooboobooboboobooboobogo2.2000
goobooboobooboooboobooboobooboo
gooboobooboooobooboobobooboo
ooobooooobobobobooon

U-1B30ipogpgo+#sooNnDonoonboonognoo
gooboobooboooobooboobobooboo
goobooboobobooobooboobooboboo
gboobooooboboboboboooooooo

2000

Horizontal Load (N)
o

1
N
o
o
o

1
[N
(8,

0
Dis. (mm)
0-11 00O00-0000

Relationship between Horizontal load and pile cap

displacement
2000

ODboogg ooOooad
1500N0  1250N0
\ Yl

oooog oooo

—PileA —PileA
2000 -—PileB - PileB
-15 .0 15
Dis. (mm)

0-12 Jooooo-000ooo

Relationship between pile shear force and pile top displacement

16-5

750N 0000000D0+1250N OO OO0O00OO0000
+1250N 000D 0000000000000 bbO0OO
PileB000DDOCOOOOO0OODODODOCODO
30202 OOOO

O-1500PileBO OO 25,125,200,300mmO0 000 O
goo-00boobooboobobooboong
oooo0oo0ogno 2000300mm OOOO0ODOOOOODOO
gbooobooboboooboobooooboboonoo
gbooopoobobooboboboobobobogn
oo 20125mO000000000000O00O0O00ODOO
gbooobooboboooboobooooboboonoo
goooon

gooobbOOo0ooooobobobobbooooon
O-16 0000000 0OOPilee OO00ODOOOODODOO
gbooobobobooobobooooboboooDo
oooobooboboooboobotoambObOOnOOg
gbooobooboboooboobooooboboonoo
gbooobobobooobobooooboboooDo
oboooboobobo0ooboobooooboboooo
oooogoobooogo

0| 1500N 0
m—a
L A B
IR 2
o’ o
=1 G# 00 | <1
=1 4 —PileA| &
[5) b}
e e PileB| =
oo
H o PileA
) & O PileB 2 &
_ -2E 0 2E5

5
Dis.0 (mm) 8 Bending Moment (Nx mm)

O-13 JOOgoiwkooNnODoooooooooooon
Distribution of pile displacement and bending moment

0 . 0 “
1500N o 1500N 3
i :
Ll AB i L AB
~ Ut ~ Il
E = 3
N\ ) ¢ o
gl no | st 00
o 4 —pileA| £ —PileA
a o 3 ,
--------- PileB —PileB
00 | L oo
© PileA © PileA
, 4 CPileB| L O PileB
-1000 0 1000 -3 0 3

Shear Force (N) Subgrade Reaction (N/mm)

0-14 gOoOogiwsoeoNnDooooooooboon
Distribution of pile shear force and soil reaction



gooooooooooooooooodooonooooooongooong

o

(41

- - .07
o 7| Piles 00 25mm) 9| piles 00 125m e Pile8 00 25mn Og PileB 0O 125m
S T E & —oooo E| —oooo
e A B S « 2| +0000(00000) |« 2| «0000(@00000)
c U U =0000(@O00000) | ° -=0000@00000)
=] S = S = 5 T
b=t = = 2 5
50 ' g o S 8 g g
« & £ e E e
@ Q o @
2 £ S T o 3
: - = .
B2 > 2 >
S A B —00 £ s g
! —-0000 @ @ @
- 5 e 0
215 .0 15 215 0 15
Dis "(mm) Dis_ (mm) 0 8 i - 10 15 0 Sis (mm)lo 15

5 piles 0o 200mm 5[ Piles 0o 300mm 0.07 . 0.07
o 2 ; -20 PileB OO 200mm| -7~ PileB OO 300mm
. E I s
S S E| —oooo E|| —oooo
~ < A B « S| *0000(@O0000) | « 2|| e0000@OO00O0O0)
c c U u c ¥\ -=0000@O00000 © -=0000(O0O00000
o o c
= = = § £
Q Q0 2 5 2 e
§ & S 8 2 g
. 5 £ & £
o k=i Qg S @
=1 S — 2 o
z O R Dooo E 3| Teeo

215 0 15 215 0 15

Dis (mm) Dis"(mm) % 5 i ()’ 5 % Spis myl° 15
0-15 PileBO000O00O0DOODOOO-0000 0-16 PileBOO0OD0OO0ODOOODOOODO-000O0

Relationship between soil reaction and pile displacement

Relationship between coefficient of soil reaction and pile

displacement
0.05) o ‘
000 0O0000000000000000 o) e 25mm
=00 75
00000000000000000000)00 S| . "
5 <% -0 0 125mm
00000000000000000000-00000 £ g & +00 200m
000000000mO00000000000 2% ga 00 300mm
. £ & n° oo 40m
Kh =Kho xS ) 2 ;}ff% ~0000-0000
S| S,
D000k, D0OOODOOO g ué%ﬁ&:.
Sooo l S
ki, 000000000000000 %0%%éﬁ%%%
a ooooo ° Dis (mm)10 o
b) OlemO00OO0O0O0O0O00O0O 0-17 PileBOOOOOOODODOOOOO-000O0O

U-17 DoooOobOobooobobooboobobo

D00000000000000000000000 "
0-18 0000000000000000000000O et ° .
0ooooo g .
0-000-17,18 0000000000000000O : )
000000D000000000000000000 o

goobooboobobooobooboobogobo-0.55 0
goobogooboooooooooo
gboobooboobobooboboboooboobo
00000-000000000000 ChangOO 0
goboboooboobooboobooboob-17
goobooboobobooobooboobooboboo
gbooboom™z2boooobooboobogoboobon
go-0bgbobogobooboobooboobooon
goobooboobobooboob-0.46 DDODOO
goobooboobobooobobooboobooboo

Relationship between coefficient of soil reaction and pile

displacement at each depth

0 0.02

Kho (N/mm°)

0-18 J00O0ODOOOOOOO0OOODOOO
Standard coefficient of soil reaction by revolution

0O-0 000000ODOOo0ooooooooo
Results of revolution

oooo Kho(N/mm*) a

oooo 00 25mm0 00 OKh 0.00093 | 0.555
00 75mm0 00 OKh 0.00244 | 0.569

00 125mm0 00 Okh 0.00413 | 0.565

00 200mm0 0 0 0Kh 0.00689 | 0.553

00 300mmO 0 0 0Kh 0.00887 | 0.550

00 400mmOd 0 0 OKh 0.01129 | 0.542
0000-000000000Kh | 0.00674 | 0.456

goooboooooooo
16-6



go0o0o00goooogg 0360 (2003)

g. 0o

gbobooobobobooobobooogobobo
gob FEMOODOO0O0ODOODOOOo0bOobboon

gooboobooboboooboobobooboobooo

goobooooooooooo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
gooboobooboooobooboobobooboo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
gooboobooboooobooboobobooboo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
gooogd

oobo300 rEMOOOO0DOO0OO0O0DOOOO0DODOOO
goobooboobobooobooboobooboboo
gooboobooboooobooboobobooboo
gboboooobobobobobgb
goobooboobobooobooboobooboboo
gooboooobooogo3sob reMmODoboooOoo

gboboobobobodobgoboboobobooo

goobooboobobooobooboobooboboo
gowooooooooooooboobooobooo
obooooooobD b oooooobobooooo
goobooboobobooobooboobooboboo
gooboobooboooobooboobobooboo
googbodoboobobooobooboobobooboo
oooooooobobobobooboooon
gbobooobobobooobobooogobobo
googbodoboobobooobooboobobooboo
goobooboobobooobooboobooboboo
goobooboobooboobooboobooobg-
00000000000000000oooooooo®
DMUMo OOo000000000000oo0O0oooOn
gbooboooooboboobobobogn

goon

1) Nagashima, 1. : Static Pile Head Impedance using 3D
Nonlinear FEM Analysis, The 2nd UJNR Workshop on
Soil-Structure Interaction, B-2, 2001.3

2) JJ00O0O0o0ooDOo0ooooooooooooooooo
oo0o0o0o0o0oUo0oooooO0 OO0 Uoooooo
oo0o0o0o0o0oUoOooooooooooUooooo oo
O pp.557-558, 2002.8

3) 0000,00000DoooooU0ooooooooog

16-7

ggboobobooboboobuoobobbooboo
00000 Vvol.37B0pp-10 100 1991.3

4 0O000,0000,000D0,b000000DODO0
gdboobobooobuoobuoobobon 46 DOO
00000000000 13000000pp.2290 2340
2001.11

5 0000,0000,000,0000,000000000
gogboobobooboboobuoobobooboo
O No.596/0 -43,pp.2490 26001 1998.6

6) Shawky A. A_, Nonlinear static and dynamic analysis
for underground reinforced concrete. 00 OO OQO0O0O,
1994.

7 oooo,0o0o00,000,0000,000000000
gogboobobooboboobuoobobooboo
000054 0000000000pp-1660 1670 1999.9

8§) 0oUOo,000,0000,000,0000000000
ggbooboboobobboobuoobobbooboo
goooDbO0OOo 2s000oboboooobobooooo
pp. 44901 45200 19997

9 000Oo,000,0000000D00000OoooDooO
ggooboboo-0bbooobbbuooobbbooo
goo00o0obO0o0obOOobbOOg 2 0b00booboon
00O 1-B0 pp746-7470 1997.9

10) 0000,000,00000000000000000
ooboo0oooboo0on0 B300ooooooooobboooo
pp.10570 10600 1978

1) 000000000o0oooooooooooooon
0000000000 1500000000000 pp-265
0 2680 1979.7

12) 0000,00000000000D00000000O0DOO
000000 25 00000000000 pp7690 7720
1990.6

13) Chang, Y.L.: Discussion on “ Lateral Pile-Loading
Tests” by Feagin, Trans. ASCE, pp.2720 278, 1937

14 0000,000,0000,000000000000A0
goboboobodoog p.ydbbbboooooono
0000oooooOo/0000000000DOODO0O0O00
00 02002.9



