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An elasto-plastic analysis was performed to investigate the characteristics of a double
sheet pile wall structure. The analytical method is expanded from Sawaguchi’s elastic
theory to consider not only the interaction between sheet piles, tie rod, and filling sand

but also footing ground.

The comparison between the theoretical predictions and experimental results has shown
that the calculated values agree well with the experimental data concerning horizontal
displacement of the wall top and with the bending moment distribution of sheet piles under
distributed lateral load. As a result, it is clear that this method is useful in designing

double sheet pile wall structures.

1 Introduction

The double sheet pile wall structure refers to a
structure consisting of two rows of steel sheet piles
with tops connected with tie-rods and spacings filled
with sand so as to make up a wall, While this structure
has merits of reduced space requirements, excellent
water cutoff capability and good workability as a
revetment structure, its design standards have not yet
been established, because of its complicated mechan-
ical behavior and also its former use mainly as a
temporary structure. For this reason, the sectional
factors are today determined by simulating design
conditions for sheet pile walls? or cellular coffer-
dams!—*, In fact, in order to utilize the merits of the
double sheet pile mentioned above and find some
reliable structure and form that can be used for
permanent structures such as large-sized quaywall and
revetment for storing industrial wastes, demand has
for sometime been felt for an establishment of a
specific design method.

Studies on the mechanical behavior of the double
sheet pile wall structure involve plastic analysis by
Mazurkiewicz¥, elastic analysis by Sawaguchi®®,

* Originally published in Kawasaki Steel Giho, 15(1983) 3,
pp. 218-223
** Ministry of Transportation
*** Engineering Division

elastic analysis through the finite element method by
Hirajima et al.”, photoelastic analysis by Burki et
al.®’, vibration tests by Arai, Takahashi, et al®-'®’, and
model experiments by Sawaguchi et al' ., Though these
studies have clarified the behavior of this structure to
some extent, it is not yet achievable to predict accur-
ately important items for the practical design such as
wall deformation under external load and bending
moment of sheet pile.

For this reason, the authors adopted the fundamen-
tal equations of Sawaguchi® who considered the
double sheet pile wall structure as a composite struc-
ture comprising sheet piles, tie-rods, filling sand and
foundation ground, and derived general solutions that
took into strict consideration the compressive defor-
mation of filling sand and the passive resistance of
ground which had previously been neglected or
approximated. At the same time, they carried out the
numeric calculation including the elasto-plastic be-
haviors of filling sand and ground, so as to represent
the behavior of the double sheet pile wall structure
quantitatively. The calculated values agreed relatively
well with the measured values obtained in the experi-
ment with small-'?’ and large-sized'?’ maodels, de-
monstrating that the present calculation was effective
for solving various design problems.
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2 Derivation of Equations for Deformation of
Structure Based on the Theory of Elasticity

2.1 General Solutions for Deflection of Structure

Like Sawaguchi®, let us consider the equilibrium
among horizontal forces acting upon a cross section
per unit depth of the structure at a certain level, as
shown in Fig. 1.

If stresses acting upon filling sand from sheet piles 1
and 2 are denoted by ¢, and a,, respectively, they are
related to shearing force of filling sand § in the y-
direction, as follows:

g, — 0, = _d_x .................... (]_)

where x is perpendicular coordinate. If it is assumed
that filling sand is a homogencous elastic tody with
Young’s modulus E; and shear modulus G, S is
represented in terms of average shear distortion of
filling sand as below.

_BGdy, dyay
s=(&+3) @
yyand y;: Deflections of sheet piles 1 and 2, re-
spectively,

B: Wall breadth

From equations (1) and (2), the following equation
for shear deflection is obtained:

2
0, —0; = N W P + c::l;;z) """" 3

BG(dzyl
.and the equation for compressive deformation of
filling sand is as follows.

41T % _; 92— %(Jﬁ — ¥2)

On the other hand, if it is assumed that flexural
rigidity EJ for two rows of sheet piles are identical, the
fundamental equations for sheet pile flexure are given
by eq. (5).

d4
El d;:l =—0o; +p
déy,
dx*
External lateral force per unit area for
sheet piles 1 and 2, respectively.

EI

= O+

P, and p,:

From egs. (3), (4) and (5), two fundamental equa-
tions to describe the behavior of this structure can be
derived as follows.
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Fig. 1 Horizontal forces acting on a part of structure
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As for the external horizontal force acling upon the
structure, head-concentrated load based upon wave
force and impact force exerted by approaching ship,
or load of triangular or trapezoidal distribution due to
hydraulic pressure and back-filling carth pressure in
case of cofferdam or revetment application were con-
sidered. Moreover, it is assumed that the penetrating
segnients of two-rowed sheet piles are subjected to the
passive resistance of ground in proporticn to deflec-
tion. (See Fig. 2)

If deflections of sheet piles 1 ar.d 2 within the ground
are denoted by ¥, and Y,, respectively, egs. (6) and
(7) are expressed as follows.
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Fig. 2 Schematic model of structure

Sheet piles
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(1) Below ground (x =< 0)

de v+ _ BG d:
EIH}T;(YI +Y,) = 3 dnd
(Y, + Yy) — k(Y, + ) £ 8
d+ - _ _{2E;+ kB
B gt = Yo = —(3.255)
(Y, — ¥y)oeovee i 9)

k: Coeflicient of horizontal subgrade reaction

(2) Above ground (x = 0)

d* BG d?
Ela}'z(yl +y2)=7d—x2
A+ YD)+ m(H—x)+w (10)
d* 2E
EI@(J’H = Ja) = _TS
Ay —y)+mH—x)+w - (1)

H: Wall height,
mand w: Coeflicients representing load dis-
tribution

General solutions for these differential equations
are as given below:
(1} Below ground (x = 0)
From eq. (8),
(a) When (BG)? > 16 kEI,
Y, +7Y,=Ce* + Cper
+ Cse‘.mx + C4e—ﬂ1x
_ [BG+ ./(BGY? — I16kEI | (12)

#i 3E]
4, — ,/BG — ~/(BGY — 16kEl
2 4FE] )

{b) When (BG)* = 16 kEJ,
Y + ¥, = (C, + Cyx)en*
+(C; + C4x)ev=x
v, = /BG/(4ET)

v, = —«/BG4ED)

o (13)

() When (BG)* < 16 kEJ,
Y, + ¥, = e¥*(C, cos &,x
+ Cysin &,x) + e 95(C, cos Eux
+ C, sin £,x)
& = A/(4/kEI + BGJ(SEI)
&, = ~/(4./kEI — BG){(8EI)

- (14)
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From eq. (9),

Y, Y, = e**(D, cos o0, x
-+ Dy sine,x) + e ™*(D, cos e, x

.15
+ D, sin o,x) as
&, = ~/(2Es + kB)/(4BET)
(2) Above ground (x = 0)
From eq. (10),
Y1+ y1 = Cs cosh (dx)
4+ Cg sinh (Ax) + C,x + Cy
Xy P {9
3p6\H — %) — ggH — %)
A = ./BGICED
From eq. (11),
Vi — Yy = €"*(Dy cos tyx
4 Dy sin 0, x) + e~**(D, cos t,x
-+ Dy sin &, x) . .17)

mB wh

%, = ~/Es/(2BEI) ’

Sheet pile deflections on loaded and unloaded
sides, and above and below the ground, y and ¥, can
be obtained immediately from y, 4+ y, and ¥, + Y,
in eqs. (12)-(17) through the arithmetic calculation.
Similarly, flexural angle, bending moment and shear-
ing force of each sheet pile can be obtained by using
derivatives,

2.2 Boundary Conditions of Double Sheet Pile Wall
Structure

The top of this structure is often used as road
through the concrete superstructure work!*, The
head constraining effects will be examined elsewhere,
and the case of fastening two rows of sheet piles with
tie rod alone will be considered here. It may be
assumed that the tops of sheet piles are not subjected
to the constraining moment of tie rods because tie
rods are adequately compliant. However, the tension
changes owing to the elastic deformation of tie rods
caused by the relative deflection of two-rowed sheet
piles. Additionally, it is assumed that the shear resis-
tance of fliling sand in proportion to the flexure angle
of pile head acts equally to two rows of sheet piles.

At the ground surface, it is to be assumed that
deflection, fiexural angle, bending moment and shear-
ing force for each of two-rowed sheet piles are con-
tinuous,
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As the constraining force at the bottom of sheet
pile below the ground is small, bending moment and
shearing force may be regarded as zero.

On the basis of these assumptions, the following
sixteen formulae for boundary conditions are ob-
tained. At the top of sheet pile (x = H),

Yi=0 yi=0

m_%( L )
yl_BEIyl Y2

BG, , , P
+4—El(yl +J’z)—E}

) - -(18)
E A
¥y = —E‘E—f(yl — y2)
BG, , ’
+ m(}’n + y2) \
At the ground surface (x = 0),
rn=1x , o=
g _— Yf , / — Yr
yl, :’ y,” ”’ ...... (19)
Yi=Yi ) y2 = Y3
W=Yr , w=vy
At the bottom of sheet pile (x = —D),
¥YI=0 , Yi=0
.......... (20)
=0 , ¥Yy=0

E,: Young’'s modulus of tie rod

A,: Cross section of tie rod per unit width
P: Concentrated load

D: Penetration depth

When eqs. (18)-(20) are solved, unknown coeffi-
cients C,—C, and D,-D; can be obtained, allowing
the prediction of the behavior of the structure.

3 Elasto-Plastic Calculation for Behavior of the
Structure

According to the results of the previous experi-
ments® ' as well as the present ones!?!'? by the
authors, the deformational behavior of the double
sheet pile wall structure is markedly non-linear from
the earlier stage of external horizontal force. Since the
sheet piles and tie rods behave elastically, it is evident
that the non-linearity is attributable to the plasticity
of filling sand and foundation ground. For this reason,
while carrying out the experiment with small-%’ and
large-sized'® models of this structure, the authors
conducted a simple shear test and a horizontal loading
test for a row of sheet piles, in order to elucidate the
shear modulus of filling sand and the coefficient of
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horizontal subgrade reaction of penetrating segments
in the plasticity domain. The present section concerns
the mathematical expressions of these parameters and
the method for elasto-plastic calculation of mechanical
behaviors of this structure.

3.1 Estimation of Shear Modulus of Filling Sand

The grain size distributions of filling sand used for
the small-!* and large-sized'* model experiments are
shown in Fig. 3. The friction angle ¢ obtained from
the triaxial compression test was 38.3° for the former,
and 40.1° for the latter. The initial density y, in the
simple shear test was 1.52-1.53 (gf/cm?®) for the
former, and 1.62-1.65 (gfjcm?) for the latter, to be
approximately equal to the weight of unit volume in
the model experiments.

Figure 4 shows the relationship of secant shear
modulus G to shear strain # and normal stress g, as
derived from the simple shear test, with (a) for filling
sand in the small-sized model experiment and (b) for
that in the large-sized one. From this figure it may be
concluded that the shear modulus G decreases ap-
proximately at a constant rate as @ increases for any
value of normal stress o, = 0.25, 0,50 and 1.00, and
this relationship is estimated at 6-°¢% for (a) and
67937 for (b).

Since the shear modulus grows also with the normal
stress oy, an overall empirical relationship can be
derived as follows by assuming that the upper limit of
the horizontal head deflection/wall height ratic for
this structure is 1072 or so*, and the G — g, relation
can be approximated by a straight line at @ = 1072 on
the bilogarithmic plotting.

100 -
L Sand of -
large scale -
80 model tests \/’
L 7
/
60F !

Weight perecentage of sand

‘Sand of
40F small scale
B model tests
201
u_,:r"/ " ] " M B
0 0.1 1.0 10.0

Grain size {mm)

Fig. 3 Grain size distribution of filling sand used for

model tests

Nete: In the design?’ of steel plate cellular cofferdams, the
case where the horizontal deflection at the cell top is about 0.5%
of the cell wall height is taken as the tolerable limit of defor-

mation.
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Fig. 4 Relation between shear modulus, G, and shear strain, @, of filling sand

For filling sand used in the small-sized model ex-
periment,

G=180ck% §063.................. (¥3))

For filling sand used in the large-sized model ex-
periment,

G=24a%* 0057 ... ... 22

Solid lines in Fig. 4 represent the calculated values
based on egs. (21) and (22), and are supposed to indi-
cate an overall trend of test values.
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{a) Small scale model tests

3.2 Estimation of Coefficient of Horizontal Sub-
grade Reaction

In order to obtain the coefficient of horizontal sub-
grade reaction k that corresponds to the penetrating
secgment of sheet pile, a horizontal load test!s was
conducted with a row of sheet piles. The height of the
loading point above the ground surface is set to 9 cm
and 50 cm in the small- and large-sized model experi-
ments, respectively. The k-value was determined by
putting measured values of load P and horizontal pile
displacement at the ground surface y, into Chang’s
formula for the horizontal behavior of single pile!.

Figure 5 shows the relationship of k& to y, and
penetration depth D, with (a) and (b) for small- and

5-
5 — 60 Fuoot depth :
2r D (em)
o 180
P 'k & 120
&
]
= 5
j=14 L
=
& 3
2-
101 —— ;=(—3.1%107D+0.31}
X g 82X 10700043
5- 1 PRI Y | n M RS n L1
102 2 3 5 1 23 5 10 2 35

yslem)
(b) Large scale model tests

Fig. 5 Relation between coefficient of horizontal subgrade reaction, &, and displacement, y,, of sheet

pile at ground level

Neo, 9 March 1984
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large-sized mcdel experiments, respectively. It is evi-
dent that & decreases approximately at a constant rate
as y, increases, and the shorter the penetration depth
D is, the steeper the slope becomes. Therefore, firstly,
the slope was assumed to be represented as a linear
function of D, with constants estimated as (2.6 x
102D — 1.21) and (2.2 X 107°D — 0.83). Moreover,
if the relationship of k to D at y, = 1.0 cm is also
assumed to be linear, the overall relationship may be
approximated as below.
For the small-sized model,

k= (—2.8 % 10-*D + 0.17)y‘é2.6xlu'lnﬁl.zl) . (23)
For the large-sized model,

k = (_3_1 x 107*D + 0_31)yf(‘2‘2x1o-w—o.ss), {24)

3.3 Method of Calculation

Since the theoretical solution does not take into
consideration the distribution of shear modulus G, the
elasto-plastic calculation with egs. {21) or (22) was
simplified by regarding normal stress g, and shear
stress @ as constant, represented by certain tentative
values. As for oy, the earth pressure by filling sand at
a depth of a(H + D) from the top of wall was taken
as the representative value, as expressed by eq. (25),
where a is a conversion factor to give the depth from
the top of wall. The shear stress & is given by eq. (26)
in terms of horizontal deflection and wall height of
the structure. (See Fig. 6.)

O = a'y(H-{_ D) .................... (25)
o (YT Yy Vgt y?g)/ ......
9 ( j ! H (26)
y: Weight of filling sand per unit
volume,
Y1 ¥ Horizontal deflections of tops of

sheet piles, 1 and 2, respectively,
Horizontal deflection of sheet
piles, 1 and 2, respectively, at the
ground surface,

ylgs yZ!:

The Young’s modulus of filling sand Egis repre-
sented by the following equation with shear modulus
& and Poisson’s ratio v:

Es = 21 + V)G

In the calculation to be described in the following
section, v is set to 0.4 just like Hirashima et al.”

In eqgs. (23) and (24) for the coefficient of horizontal
subgrade reaction k, y, is calculated through the
following formula:
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Fig. 6 Structure deformation

{ Structure parameters I
t

( Load condition ]

Initial conditions @ #0)=0.01, y(0)=1.0

|
g

L Shear modulus of sand : G{n} l
t

[ Coefficient of subgrade reaction : & (x) l

I Boundary conditions I

n=n+1 l

§

I Solve equations for C,~ Cy, D~ Ds ]
)

I Macroscopical shear strain @ #n+1) l

Nao

An+1)—&n)

<1073
Knt+1)

I Structure behavior I

End

Fig. 7 Flowchart of elasto-plastic computation for dou-
ble sheet pile wall structure

y _ Vgt Vi
& 2

e (28)

The iterative calculations with eqs. (12)—(28) permit
the elasto-plastic analysis for the behavior of this
structure. A flowchart for this analysis is shown in
Fig. 7.
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Table 1 Description of experiments

Model | Case H - b B E 7 £ A y o Number of
scale | No. - (em) {em) | (X10° kgt/em®) (X 102 cmé/em)| (X 10° kgf/em?){( X 102 em?/em) (gt/cm®) | {em?kg™ em) 1‘;’:“:::“
1 71.4 17.8 50,0 0.686 0.256 0.256 0.392 1.58 14800 4
Sinall 2 50.0 17.8 50.0 0.686 0.268 0.296 0.392 1.51 3400 4
3 38.5 17.8 50.0 0.686 0.279 0.296 0,302 1.54 1150 3
4 160.0 | 117.0 | 170.0 2.1 158,0 2.1 5.7 1.62 198 3
Large 5 160,0 60.0 | 170.0 2.1 159.0 2.1 5.7 1.62 196 3
6 160.0 | 117.0 | 170.0 2.1 158,0 2.1 5.7 1.62 198 1
H :© Wall height E, . Young's modulus of tie rod
D . Penetration depth A, *Cross section of tie rod
B Wall breadth 7. Unite weight of filling sand
E : Young's modulus of sheet pile o7 Flexibility number({= g; 18}
I > Geometrical moment of inertia
0.4
4 Comparison of Calculated Values with Experi- sl ‘g"‘;' Sl‘;“'e
ment ' i
- ® Large
Details of the model experiment are reported else- o
where!2-1*’, Parameters for the experimental cases to 0.2~
be compared with calculated values in this section are -
listed in Table 1. Nos. 1-5 are for cases of loading at o1l
plural points with distributed load assumed, and No. )
6 for cases with load concentrated at the top of sheet i
pilC. 0 L L 1 1 ] 1 1 ! !
0.5 1.0 1.5

Figure 8 shows the relationship of horizontal deflec-
tion y,,, of sheet pile top on the unloaded side to total
load, indicating that the calculated values conform
well to the elasto-plastic behavior of the experimental
values. The conversion factor a for the normal stress
of filling sand is selected so that the calculated value
corresponds with the experimental value when y,, is
about 1% of wall height.

For the small-sized model (a), the smaller the wall
height H, the greater the a-value becomes. On the

5 Calcolated No.l {a=0.12)
No.2 {a=0.18}
Ne3 (a=0.32)

-—7

T.oad (kgf/cm}

i de— /
o ""_ ! ," Experiment /
Py i S
2 ;T Neld
] f] Neg—
T No.3
il ° /
| Py 1 i / !
1} 1 2 3 4

Yo {em)

(a) Small scale model tests

B/H

Fig. 9 Relation between modulus, a, for normal stress of
filling sand and relative breadth, B/H, of wall

other hand, with the large-sized mode! (b), calculated
‘values with & = 0.2 for cases with different penetra-
tion lengths and load conditions correspond with
experimental values. Figure 9 shows the relationship-

 Calculated No.d
(0=0.2) Nob

30

20

Load (kef/em)

.." ./F‘xperiment
1 "' No.d

;L‘ No.5

¥ No.b

10

il L L L FE|

10 15

T (Cm)
{b} Large scale model tests

Fig. 8 Comparison between calculated curves and experimental data for horizontal displacement of wall top
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of a to the breadth-to-height ratio B/H of the wall.
For both small- and large-sized models, a tends to
grow as the B/H ratio increases. In the subsequent
calculation, a-value given in Fig. 9 is adopted.

The distribution of bending moment in sheet pile
is shown in Fig. 10 {a)—(e), of which (a)-{c) concern
the comparison under the loading conditions based on
the distributed load for the small-sized model. The cal-
culated value well represents changes in the distribu-
tion pattern of moment between two-rowed sheet
piles in respect to wall height. The negative bending
moment occurring above the ground is attributable to
shear resistance of filling sand. Here, both calculated
and experimental values present similar trends, sug-
gesting the appropriateness of the calculation model
including the interaction between sheet piles and
filling sand. On the other hand, (d) represents the case
of loading with the large-sized model under the sim-

ilar conditions as in (a)-(c). The experimental value of
negative bending moment at the sheet pile above the
ground on the loaded side is much smaller than the
calculated value. In case of large-sized model, the
shear resistance supposedly fails to manifest itself
fully because filling sand at the top of sheet pile on the
loaded side succumbs to the pressure from sheet pile
and results in plastic collapse because the flexural
rigidity of sheet pile is large in comparison with the
wall height of model, as is evident from the fact that
the flexibility number, p, of sheet pile defined by
Rowe!® is as small as 2 x 102, as shown in Table 1.
Since the flexibility numkber g is in the order of 10°
(cm?-kgf~'/cm) in the sheet pile structural in gen-
eral'”’, close to that of small-sized mcdel, the present
calculation seems to provide a relatively good predic-
tion for the distribution of bending moment in sheet
pile under the distributed load. The case of loading at

50 em
Load 1,56 (kgf/cm) Load 1.94 (kgf/cm) 50 om
— Calculated Load 2,23 (kgf/cm)
alculate: i w0em
—o— Experiment b g mg
v LY
:- === °-\°‘ ‘ g =y&
~ N 5 S s
| & b B — 3 k:
—_—yi0 @ ,Op g’ =
[ o == o C :
5] =1 E
= =3 o = Y %, 3
= - =
| S T S I I ' - Lelatl ilelal -
2 0 —2 2[ L 2 0 2 : |
1}
{kgt-cm/cm) e
(a) Case Nod (kgf-em/cm} (kgf-cm/cm)
a) Case No.
{b) Case No.2 {c) Case No.3
170 ¢m Load 170 em
o Cal. Exp. (kgt/em)
Cal. Exp. {kgt/cm) —— ——11.8 B
-l g =
== = 188 / j
'y
--— == 21.6 . 7 . /
o | Ve E
§ /f’ §
’/
’I
,l
J,
L#
s \\\ \ 5
= ! ~ . =
= -.\\‘ =
o

{ 10%kgf+cm/em)
{d) Case No.4

(% 10%kgf cm/cm)
{e) Case No,§

Fig. 10 Comparison between calculated curves and experimental data for bending moment distribution
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170 em 170 cm
_____ : .
= e / 7 - -
] # Fd
f J / ;
= j 7/ /

é E =) ’l 5

i 2 4 =

[ =) ?1 ,I E

Load ,?’J I’
= 1.94 (kgt/em) i — / /
— —— Calculated = /
: /] g ,
4 - /Cal. Exp, (kegf/cm)
--o--Experiment i o ’,’ —— -~ 11.8
--— - 236
[/ 0.5 1.0 0 0.5 1.0
(cm) ! ' /
N S .
{a}) Case No.2 0 5 )
(em) . {em)
{b) Case No4 {c) Cace Nob

Fig. 11 Comparison between calculated curves and experimental data for horizontal displacement distribution

the top of sheet pile is shown in (e), where the calcu-
lated value fails to reflect the experimental result
whereby the bending moment of sheet pile on the
loaded side is greater than that on the unloaded side.
This may be attributed to the discrepancy that the
present calculation model assumes the transmission of
stress through horizontal deformation only, while
filling sand forms circular sliding surface!?’ centered
at the penetrating segment of sheet pile on the loaded
side in case of loading concentrated at the top, re-
quiring the consideration of the normal component of
deformation in the vertical direction,

The distribution of horizontal deflection in sheet
pile is shown in Fig. 11 (a)-(c). In (), the calculated
value represents well the behavior of shear deforma-
tion of the model wall. The experimental values shown
in (b) and (¢) indicate that the sheet pile on the loaded
side rotates around the middle of penetrating segment,
while that on the unloaded side around the bottom of
penetrating segment, with sheet pile spacing expanded
in the vicinity of ground surface. This may be due to
the fact that filling sand sinks along the main sliding
surface with the deformation of wall and presses the
sheet piles on the unloaded side. The present calcula-
tion medel fails to predict such a behavior.

5 Conclusicns

In order to elucidate the mechanical characteristics
of the double sheet pile wall structure under external
horizontal force, the elasto-plastic analysis was carried
out to compare with the experimental values, and the
following conclusions were derived.

(1) As for the horizontal deflection of sheet pile top,
the calculated values well corresponded with the

No. 9 March 1984

2

3)

experimental values. The conversion factor was
a = 0.12-0.32 for the breadth-to-wall height ratio
B/H = 0.7-1.3 and tended to grow with B/H.
When the flexibility number, p, of sheet pile was
adequately large and the external force was a dis-
tributed load, the calculated value for the dis-
tribution of bending moment in sheet pile cor-
responds relatively well with the experimental
values.

When the flexibility number, p, of sheet pile was
small and the rigidity of sheet pile is large in com-
parison with the wall height, or when the normal
component of deformation of filling sand predomi-
nates as in case of large-sized model, the calcu-
lated values failed to correspond with the experi-
mental ones with respect to the distribution of
bending moment and deflection. In the present
analysis, the normal distribution of shear modulus
of filling sand and the effects of sliding surface
formation and local plastic collapse in filling sand
are not taken into account for the sake of sim-
plicity. In the large-sized model, on the other hand,
light-weight steel sheet piles which had the least
flexural rigidity among the currently available
sheet piles so as to grasp the behavior of sheet pile
Joint. Since these piles presented relatively little
flexure in the model experiment, it was supposed
that the effects of sliding or localized plastic col-
lapse in filling sand were exaggerated. As the
failure of correspondence between the calculated
and experimental values is attributable to these
factors, it seems necessary to examine in further
detail.

To sum up, with regard to the deformation of wall
and the bending moment of sheet pile which constitute
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the most important design data, the calculated values
agree well with the experimental values as long as the
flexure of sheet pile, one of general characteristics of
-actual double sheet pile wall structure, is large. This
may be regarded to suggest the practical applicability
of the present theoretical treatment. On the other
hand, however, the discrepancy between the calcula-
tion model with the equilibrium between horizontal
forces alone taken into consideration and the struc-
tural characteristics of experimental model was made
clear. Regrettably, the head-constraining effects of
superstructure concrete and the effects of normal stress
distribution in filling sand were not examined at all.
It is being attempted to improve the present calcula-
tion model for the better predictive accuracy of
mechanical behavior, and to incorporate new calcula-
tion methods and factors so as to pursue the study
toward the application to a synthetic design.
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