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Synopsis :

This paper deals with a model (dredge type method) experiment on sheet pile bulkhead
supported by coupled piles. This construction method was developed by Kawasaki Steel
Corporation. The purposes of this experiment are to evaluate earth pressure
distributions on sheet pile walls and coupled piles, installed on the back of sheet pile
walls, and to determine the sharing ratios of earth pressures on them. In summary of
the results of this model experiment: (1) Earth pressure distributions on sheet pile walls
and coupled piles are trapezoid approximately. (2) 20~40% of total earth pressure on

sheet pile walls are reduced by coupled piles.

(c)JFE Steel Corporation, 2003
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This paper deals with a model (dredge type method) experiment con sheet pile bulkhead supported

by coupled piles.

This construction method was developed by Kawasaki Steel Corporation.

The purposes ol this experiment are lo evaluate sarth pressure distributions on sheet pile walls and

coupled piles, installed on the back of sheet pile walls, and fo determine the sharing ralios of earth

pressures on them.

In summary of the results of this model experiment:

(1} Earth pressure distributions on sheet pile walls and coupled piles are trapezoid approximately.

(2} 20~-40% of totel earth pressure on sheet pile walls are reduced by coupled piles.
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Fig. 1 Sheet pile bulkhead supported by coupled
piles
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Table 1 Sectional properties of members
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(cmz,/cm) {em?*/em) {cm?fcm)
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Table 3 Physical properties of sand
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Table 4 Result of calibration tests

L EZ(kgecm)

Member i Initial iAfter gage Others
I L __state | coating |
Sheet pile |3.58 104 417 10¢ Elfte(lz'ec?ftiwah
Vertial pile No. 1|5.04x10°(5.20x10° | Per pile

No. 2 5.03 Per pile
No. 3 4.44 - Per pile
No. 4 5.37 %Pumk
Batter pile No. 1 ‘L 5.04x10° | 4.87 < 10° | TPer pile
No. 2 5.64 Per pile
No. 3| 5.03 Per pile
No. 4| 5.60 Per pile

E: Youngs modulus
Z: Section modulus
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Fig. 8 Moment, shearing force and earth pressure of sheet pile
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We—4v Vi TH D, Fig. %a) $ LU Fig.
WL F R F b & SO — 2 v F o
Cdh o T, BEREHEANECERVEENTH L,
e F il g de RS v o TeX RO TN I o
BALOEEGSA (R La) w{ERT ot

Moment M{kg-cm)
—100-50 0 5‘0 100

Shearing force Sikg)
6-4-2 0 2 4.8

A’F\ A - Measured value
24 : —— Revised value
%
g
=60
=
b
'3
o sl
B0r
100
]20 PP A\E;__. _—

{a} Moment -distribution

BT RS T B 2 RS (A 13D 187

T AV RAX, HADBIFER £ AT D+
JEMEC IS B € 4 v b My &, bE R
PBIRTE RC B Z RiC X B IR — 4 v b My
DENE B bR, DERR L BN
U A BT E RO IS & — £ v F ORNEE
EE T THLI LD My ORBIEHRL I L
- A

LU g o, FEAoS AT e — 2w b
w DA ERENCle—5] LTV B 2 L &
My DL A FETIUE LD b, 4-1 b) T

Earth pressure

I (kg /cm )
-0.6—0.4--0.200.2 0.4 0.6
o e
- o T

(b) Shearing force -
distribution

{e¢) Earth pressure—
distribution

Fig. 9 Moment, shearing force and earth pressure of vertical pile No. 1
(Test T-3 2/B=7.0}

(a} Moment—distribution {(b) Shearing force-distribution {¢} Farth pressure-distribution

Fig. 10 Moment, shearing force and earth-pressure of batter pile No. 1

(Test T-3 1/B=7.0)
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Table 5 Maximum moment and the position of {hat pmnt

Test No. ‘ i Sheet pile | ,
1 |
e 7 kg-eml :
Mumax !
T_1 ‘ @x | %60 | |
| ‘ 37_5cn1‘ |
_ | M sz 6 | e
R ‘ WS‘ %ﬂ‘
: M | 863 112 K
-3 R e
i 43.0 ‘ 42,0 ‘ 40,0 ‘
. Monx | 89,38 ‘ 01 \
-4 _ _ S
i } 43,0 ‘ 12.5 |
o o | =i fin case of
% 14, sheet pile and

vertical pile}

f=14,(in case of
batter pile)

AT EL AR IR CE RO THMA I R
TWAFRELTWLADT, AW A, C, B
WAERRHEE Y LT € — 4 v b AT A8
L,

FLRRT oSS L MR BAE S LY = —
AV PO e NCTHMEFIHL TS L/
FE L TR E2 {77 -» 7o (Fig. 10 (a),

WﬁLt S, MOFESGMHELES DA E

LEE, QOFC X - TEFETS L X,
H%ﬁﬁwmﬁ%—xvrmwﬁ%—xyrﬁm
R oMECBEEY S oy eI Y 2ok
FEMTE S, bodithving AT — 2 v
FARLEE L D QO CIEEMCHEE) Y BV D LEN
&b, Table Sic o OEERAMF e~ 2 vk &
FOMEA T L TORLTV S,

412 +TEDH

T = — 2 v VAR A B U 2 v A
ik fah, XBIC 2 A RIS LT R A4
kavto, ETEFLE LT, 5 EAMSEC L S EE

| Vertlcal pllc

Batter plle

No.1 | No.2 No, 3‘ No. 4 | No. 1‘ No. 2‘ No. 3‘ No. 4

68 ‘51 | 62 ‘59
- |

|
68 |é5 | |
'50 0 l ‘ 20,0 ‘ 22.0 ‘ 25.0 | 220
gm_W;é ﬁé': 73
a0 ‘ 19.0 '; 19.0 ‘ 22,0
o 77}'433 7 | | EE
’ ’"Wm”"”4z,o | 20,0 {’Wﬂ | |

Wraiifc -1y, TORESE Y Fig. T 0, (e~
Fig. 10(b), (c} ot EROLTIIRES DR R
IhesAregkifh, BERSETIZER
TR,

IREERGIhASREL- ECne T, &
MR TR~ BEH L s e BKETD
foan'® kg B, R EEMIC VT,
RS A<

HIEGHRARIE 3 - — A DEERT DT 4
A D L ACRI B THRITTIL -~ BRI 44
L, OEBE LURHS T A AT B 5 o
Ex B,

fFioaEOY, REAREL YRR O L5
T A EREALA, TOTERILTO
ZERTHL, ThbhbRPuCERT L FEAE
I EBI M T B A BT TG0 X o Rish- |
LA VE Uthenfc 4o & HF 2 1 (Fig. 100e)), =
DEDEWIRE R T LN C LR AT
TANMAREEL, ShEICRD &M T EYN
LCRHL TSRl LTS L0T, BHRBT
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~2, T-3, T-4 Cdil D 9 & PR Y260
58° TiHE &M = R,

foks, Photo. 3 W2 vk oic, MEEL L7
O o F AR LI PR 5 AL A6
S EATIE LAY, 3O MET &L E
OIS AT T, Tl OE 358" ¢
BHO BT L FANEC, FORNE
LT S a7 5 Ak o L,
m%ﬂﬁmﬁﬁh&t&t%ﬁ% . BRI
SR EFEAS L LHAL 0 ENTHELEV LG,

& 1o HEHE AN O b o0 A SRR e R R B 0
REEfE 68° kb 6=¢/2 S L TR
$=30° Liooiz,

4-2 24 F

4-2.1 EmHBiLBEOELE

%7, Fig. T nLic HEGAE v T4
Kiin LEEMmE Thts L, O {EEERE B
(Bdem) TEFULHAE (em) M7 b O AE
Py kb d, AL~ b o ik
rh, ﬁL?W*T%%*f&L MAEH{
—4v P(Mmax) FRAEE & BT L L
Lo Cskaizfitia P’ 242, P, P’ "‘.1'.:%1'?1
LARERED L 5 eflir B,
Pr=1340kg/cm
P1'=1.300kg/cm

Pheto. 3 Failure line of sand

YOI LG B 2 B0 (B 1 ) 189

1.2.2 \EHHHEEEOELE

o, L, FHE JUBMOCE T S 2 0
TG NEQED D &, = h b O L Lk
Be mMAz kb, WUEBXYbos N
Py 35t s 30288 F o W o r
Tﬂhﬁ&ﬁWLk%%uTuﬁWLi%

HOR L BRIV L DIESY ) P T, 3
{éju JEAEAT AREM E LT, i b TR
sz B R (Fig. 8(0), Fig9 (e) € ©, fliT
CRIHC & 285 (0 B BB & 42, D (Fig. 10
©) FTEEZ, TOXMERT LTRSS LD
TAD, BOEE P, Do {E A KR TCL B
=8lem CEN, EELE FECCR AL 2 TF
ST TH D, FHOREMCIERT 5105
o, RO E R MO RS GRS Aot
TLOTHD,

FOWLFOMOTEATHY, T h £ hE
B EBLE LMo SHAEYEL LT 505,
B L O O T2 3 H L @R 01
O ) M atli, Shin, FEBRILCTR

P __Total
L] o Y DAY A —
z _
iV
5 Lof- N //‘
2 o Sheet pile
N wf//i”
a T
n i
N b e
=8
= i
=1 .
o
B g5pe-—- -
- T :‘V'-e_rtic;]_éil-;
4 = .
7 ) \#Ri‘
; Batter pile
007G 40 70 100

A/B

Fig. 11 Earth pressure and interval of coupled
piles
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Table 6 Earth pressure on each member (umt kg/cm)
o | @ @ | v e
Test No. {4l Member Pk i P Honzontal bhared earth p
o(ke) ‘ f Component | prerssure ; i
Sheet pile " 70,00 L ‘ {08 |
No. 1 700 0.438
- v I
Vertical 2 7.61 0,476 |
: 0. 440
pile 3, 665 ‘ 0.416
T2 4.0 4] 6.8 ‘ 0, 428 L1577
No. 1 } 5.77 0,360 ‘ 0.312 |
. ! T |
Batter 2 48 | 0303 | 0263 0.304 |
pile 3. 62 0391 | 0.3 (0.351)
' t| 58 0,349 | 0,303
Sheet pile ‘ 78.70 | 0,937 ‘ 0.937
No. 1 1210 o042 |
Vertical b i
2 840 ‘ 0.300 | 0,341
pile e |
T-3 7.0 4 820 ‘ 0.293 | 1.529
. No. 1 ‘ 6.65 | 0,238 | 0206
Batter : e S E— 0.251
o z| es0 | osss | ezer
pile O - G (0.290)
ot s | 0.289 E!
| Sheet pile | 89,25 1.063 | 1063
i I : e _ L ——
| . No. 1 10.37 | 0.259
\ Veritlxé:al o | 0.236
T-4 100 p 4] a7 . 0.2 1.503
‘ | Baer | No 1‘ 9.83 ‘” 0.246 ‘ 0.213 oz
1 pile 4 i 8.90 | 0.223 ‘ 0.193 (0.235)
I | |

note: Py=Earth pressure of each member
P=Earth pressure per unit length

BAME LA O EERC T2 P ki
Do ok, BEFCIE 41 Tkt Moo *

CED) DR L 2 EEIEE LT Py
Table 6 & i{#grcFiicitE L, Table 7 ook
L7z,

4-2.3 7—n-0OEHFICEYEHLE-ZL
E

BEOIGH, 7—n  OBFCES TERC
fEAT 5 2ERRDTE

P= PQ/BD(m case of sheet plle)
=Fy/4 (in case of coupled piles)

MR E LT, PITTREEEEA 6 =307, CE@EKAE
BEfy 0=15° LoHfFEHTE r=1.57g/cm?,
BEC h=80cm# 5 % yuf Pa=1.512kg/cm %14
Ho (9) FEHREMELOERA I A1 LT
H® L, Po OAFHROKL Pu=Pa-cosd=
1. 46ikg/cm L i 5,

4-2-4 21PFOE

AHTEELT 4:2.1~4-2:3 DR 1 o H
Endn HVIIETEIC X - T 3RO A RN T
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Table 7 FEarth pressure calculated from maximum moment (unit; kg/cm)
T @ e e | @ ®
Test No /B Member M . P Horizontal [Shared earth P
. i . ‘ | component | pressure L
- Sheet pile B 802kg em| 1084 1.084
— N £ S
| No.1 R 69 | 0. 492 ‘
I e R
Vertical 2| e8| 0.484
R N 0.480
pile 3| 68 ‘ 0.484
T2 4.0 ‘ i 6 ; 0.460 | | 1.916
R L R R I JT R E L SV, -
‘ | No.1| 68 | 0.462 | " 0.401
Batter 2| sl | 0.3a4 0.208 0. 352
pile s| e 1 oazz | 0.366 (0.407)
| 1] 89 | 0400 | 0.347
| | Sheet pﬂe } 863 W 1.168 | } 1.168
| No. 1 ‘ 112 L 0.456 ‘
! Vertical R B fEp—
‘ 2| 8 | 0.348 0.363
‘ pile o — e - -
T3 7.0 L4 | oos ‘ | 1.793
‘ No. 1] 59 ‘ 0.249 } 0.216
Batter - Ty T — — —
o2 s | 0.3 | 0.302 0.262
pile [ — — ) — A 1 {0.302)
| ¢ om0 | 0260
I | Sheet pile | 88 | 1.208 ' 1.208
: No. 1 91 0.260
! Ver_tllcal ) ‘_ o ‘ o ‘ 0.235
T-4 w0, P 4175 |02z 1.647
‘___. RN - . e b .
Batter E’“ 1 77?3 e 0 %51 ‘_0 220 { 0.203
| pile 4] W | 0ziz | 085 (0.234)
= H 2 p -4
DERE Ly 5 & Table 8 & I 51/ % Table 8 Total earth pressure
Table 8 iTis\ 7, 4-1 Wikt L b 41— T e
Yy I _ - - s _ Test Total earth pressu- Total earth pressu-
REIAEE .00 ki P[ £ Pp Bl cHEET _%__ re calculated from re calculated from
g, ¥4 Pr d@dsiRsRE L sht 7Nio. ‘ the distribution ‘mzfmum_momeit
bR L LTS 2 by, kAR Td} pmmmmmswpmmﬁm13m
MERATAE < e, RECRMOEN S Lo szTfo B \”1 577‘ 1_91%
OB EA Lo kE E=® :
. BEpAE (bl bmRRT L AL T3 | 7.0 P]I(kg/cm)‘ 1, JZQ‘P’ I 793
T4 \ 10.0 | ] 1,503

¥z, Fig. 11 m6 Py 2\ 2 L&
MEERE P wS L liths b HLbh b,

note: Pgp=1, 461kg/cm

Lm7

(This value is based on Coulomb's theory)

— 69 -



1g2 H%ﬂﬂfﬁﬁ

4-3 MM E LESHE

APURER & A L & o4 Table 9 &
ALt

LIRS MO WA S0 & Fo iy S LA

Table 9 ‘%haring ratio of carth pressure

Sheet plle |V<.rt1ca1 p1le Batter plle
/B _ i _
sy ‘ Wy | why
4.0 062 | oz | o023
7.0 0.70 ‘ 0,25 0.19
10.0 0.79 0.18 0.15
note :

—— Sheared earth pressure on each member
s _talth P -

VA, RE TR, KL OEE, Ao gD
TN S GBSO LE P Lot
T R FEHL A,

Htahhe & 68, AL JoEmeE T2+
ik DB (Table 6 & Ff 2 o HEGHIL
ZHELIASR (Table 8) .6, MBIV
BB LIH ST, BEHSVHET SR
i hE e, P o blkEELT, /B=10.0
TiERIZ20%, A/ B=4.0 Tix40% @A LT %
LA,

PACHIBUERR & AL L A Yl 0 O LES T - o
it Table 6 OFOMCTEA T2 L5,
AIB=T7.0 % CifEHLEORMMENE L0
ﬁL T.0 x5 I A ERI L <

CEMNELBERD,

Ltﬁof AERCHET LR, L4 ﬁ@
A & BBE Lo i 4 AR AN 1 AR FR e A e o0
W~Wféé&ﬂﬁéhéﬁ,:®ﬁmwf7ﬁ
R ERIERBEL OB 2 L&D THE 2R

2 £ x m
1) GARE: #RR ik, (1963), [LiEE)

April 1972
BT TR THD,
5 #& U
BUEof~tie o5, AR as o Trn R

L DRI B el vl R N UL e e kT o S

DRI o L 5 At £ OSHBLIRIR & 1)«
@ LA E BT S PR A B L A,

Ak & e S OB THEh i b O
AL RS, X0 T A A R E R
LIS, XSS, SR BB
T & EAL 1 A0 b OKITERIM O s X U R
fifl e B a5 A — 2 — & U fn SBEBA T
Ly, DR HEES LI Bt s D n
%D
D GRUENLE 2 MU A T A E N
L, AFEBTEHLNELEEY £ L IUTERD
Iathi,

(1} Rt LR AR TEM e =
ARG ERE LB b, Sfud--g8
it , HBE I M TR RS
+.

(@) MAASEHCfENT 5 24T, Tile
ML irfEh, corxoREO LIS
SR BRI X 5 CE{L LEIB0~B0% T H
= Ta

(3) LS LT, btk Ry
B AT HLER B - B 7 EREC
AL EELERD,

W, AL En st hi b EMIEEY
U Fo A o R S B e TR R AL RS R
R, MER T EEERR0IERKALD
lal P B A S BRI LIF o BEY L
¥4,

2) KBE. RUHEE : folileREoRHC-onT, Lk, 13 (1965) 3, 11

3 RERANE, B OR, BEaas BERRARE S R0 RN,
4y JNEEBP - TR B 5 RRAER R LIS SR %Y,

50 REER®: fie kT 5 5

L EIPE R, 13(1964) 4, 57
(FREE)

B, W ISHEANITRERTRY, 9(1970) 1, 3
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