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1 INTRODUCTION

The paper is prepared as'a part of the study re
lated to a survey on Japanese literature, which was
carried out by the Japanese Society of Soil Mechan
ics and Foundation Engineering - Committee on
"Underground Construction in Soft Ground" (JSSMFE
TC-28). The outline of survey is contributed by
Takagi(1994), which is included in this proceedings

In this paper, the outline of two major studies
on lateral pressures acting on earth retaining sys
tems during excavation will be introduced; a study
on lateral pressures based on axial forces in
struts and.a study on lateral pressures based on
field measurements using earth and water pressure
cells mounted on retaining walls. Also, a method of
evaluating loads and reactions for analysis will be
introducedfas a guidance when the results of stud
ies are applied to practical design.

2 PROGRESS OF STUDIES ON LATERAL PRESSURES ACTING
ON EARTH RETAINING SYSTEMS

In Japan, studies on lateral pressures (total of
earth pressure and water pressure) acting on earth
retaining systems for deep excavations began with
the measurement of axial forces in struts of a
braced wall by Endo et_al.(19§9). This study was
made for the purpose of verifying apparent pressure
distribution diagrams described in "Soil Mechanics
in Engineering Practice"(l948) by Terzaghi-Peck and
"Soil Mechanics, Foundations and Earth Struc
tures"(1957) by Tschebotarioff, and for examining
the applicability of these procedures to soils in
Japan. A number of study reports on axial forces of
struts have been published_over these 30 years. The
report by Tamaki et al.(1973) is appreciated to be
a comprehensive study on this subject. Its complete
file of substantial data has been incorporated into
"Design Code for Temporary Structures"(l972) of the
Metropolitan Expressway Public Corporation and
"Standard Specifications for Tunnels (Open Cut) and
Expository Comments"(l986) of the Japan Society of
Civil Engineers (JSCE).

Meanwhile, a study using direct measurements to
determine the characteristics of earth pressures
acting on walls was first made by Ichihara et
al.(l955) at the quaywall of Port Ube in 1953. A
study on earth retaining walls was first made by
Kanatani et al.(1966) in 1966, with measurements
taken by earth pressure cells and water pressure
cells mounted on a reinforced concrete earth re
taining wall constructed by a diaphragm wall method.
As the diaphragm wall has been widely used, similar
measurements and studies have been made by a number
of researchers. As_a result, it has been reported
that the lateral pressures acting on earth retain

ing walls showed a triangular distribution which
increases with depth, but did not change with the
type of soils, different from the pressure distri
bution diagrams described by Terzaghi-Peck and
Tschebotarioff. The reasons for the triangular dis
tribution were explained as being that they follow
the water pressure distribution, which is rated as
being 60 to 70% of the total lateral pressure. A
number of papers discussing the characteristics of
changes in earth and water pressures affected by
excavations were also published. The results of
these studies were incorporated into "Standards for
Design of Building Foundations and Commen
tary"(l974) by the Architectural Institute of Japan
(AIJ), which provide a new concept_of "lateral
pressure," composed of total earth and water pres
sures and "coefficient of lateral pressure" in
terms of total stress.

The study on lateral pressures has been further
developed from the study on the magnitude of lat
eral pressures, their distribution diagrams, and
lateral pressures which can be affected by excava
tion, through the comprehensive studies including
stresses and displacement of earth retaining walls
for the purpose of verification of design and ana
lytical methods and proposals. As an analytical
method with beam and spring models, taking into ac
count the elasto-plasticity of subgrade reaction
(hereafter called the elasto-plastic method), was
disseminated, the importance of lateral pressures
acting on the embedded portion of earth retaining
walls was quickly recognized, which had not been
considered seriously. Many studies related to
evaluating lateral pressures, which are deemed as
loads and reactions in the analysis, have been made
However, a method of evaluating lateral pressures
acting on the embedded portion of earth retaining
walls is not established yet, because the methods
based on field measurements and theoretical ap
proaches are often confused at the retained side
and the excavated side.

3 STUDIES BASED ON FIELD MEASUREMENTS OF AXIAL
FORCES IN STRUTS

The measurement of the axial strut loads has been
quickly disseminated and a number of study reports
have been published, since a hydraulic pressure
cell equipped with a backflow prevention device has
been developed by Endo et al.(1959), and it can
serve for a long time without re-charging. The
measured axial loads in the strut were converted
into earth pressure, assuming the bearing area for
each strut, which was compared with the earth pres
sure distribution obtained'by the Rankine-Résal
equation, or with diagram proposed by Terzaghi-Peck
or Tschebotarioff. For instance, Kotoda(l962)



stated in his report on proposed earth pressure
distributions that strut loads tend to be on the
unsafe side for upper stage level struts if the
pressure distribution diagram is assumed to be tri
angular, since the resultant load is applied more
to the upper levels in the case of cohesive soils.

3.1 Lateral pressure distribution diagrams

Terzaghi-Peck(l967) reanalyzed the apparent pres
sure diagrams including the results of measurement
of axial strut loads in Japan and modified the dia
grams which had been proposed by Terzaghi
Peck(l948). Upon this proposal, studies on earth
pressure by measuring the axial force of struts,
including the reverification of the proposal, has
been activated. Its representative example is the
study report by Tamaki et al.(l973) of the Metro
politan Expressway Public Corporation that statis
tically processed 66 measurements collected in Ja
pan, including the data presented by Terzaghi-Peck
and Tschebotarioff.

In the report, the data are classified by soil
types into 32 sandy soils and 34 cohesive soils
(divided further into the groups of SPT-N Value > 5
and SPT-N Value é 5), and they proposedearth
pressure distribution diagrams, which is the proto
type of diagrams shown in "Design Code for Tempo
rary Structures"(1972) of the Metropolitan Express
way Public Corporation and "Standard Specifications
for Tunnels (Open Cut) and Expository Com
ments"(1986) of the Japan Society of Civil Engineers (JSCE). _

l. Axial forces on struts were evaluated to be`a
maximum during the process of excavation.

2. The earth pressure was converted from the ax
ial force of strut, and the bearing area of struts

in the direction of depth was evaluated to be half
the distance from the strut directly above and that
directly below(one half method).

3. Where excavation depth is H, the value ob
tained from earth pressure was normalized by yH_

Figure 1 (Watabe (1980)) shows a comparison made
between the results of the above procedure and the
distribution diagrams proposed by various organiza
tions. From this figure it can be seen that the
proposed distribution diagrams are at least 95% re
liable.

3.2 Thermal stresses

It is known that the axial forces in struts can be
affected by thermal stresses. Endo and
Kawasaki(1963) studied the relationship between the
axial force of struts and temperatures, and con
cluded that changes of strut load by temperature
variation can be obtained by the following equation
when earth pressure is stable.

K'A'E' °t'LAP: E S S ---- ------ (
KE'L+2ES'AS

where,
AP= changes in strut load by temperature variation
(N),
KE = spring constant of earth retaining (earth re
taining wall + ground) (N/m),
L = total length of strut (m),
As = sectional area of strut (m%,
ES = Young's modulus of strut (Pa),

= coefficient of linear expansion (degq), and
= temperature variation (deg)
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Fig.1 Comparison of Pressure Distribution Diagrams Proposed by Various Institutions



4 STUDIES BASED ON FIELD MEASUREMENTS USING EARTH
PRESSURE AND WATER PRESSURE CELLS

u

There are a few papers discussing field measure
ments using earth pressure and water pressure cells
mounted on steel sheet piles to directly measure
earth pressure and water pressure acting on retain
ing walls (Amimoto et al.(1959), Tanaka et
al.(l964)), but most of such studies were made af
ter the adoption, in 1965, of the reinforced con
crete earth retaining wall made by a diaphragm wallmethod. `

During studies in earlier days, methods of mount
ing earth pressure and water pressure cells were
developed or modified. The method of securing a
close contact between the compressed surface of the
cells and the ground was a major problem and vari
ous ideas have been discussed. As a result, the
methods of using jacks (jack method) or of using
the pressure of placing concrete (sheet method)
were proposed and have been adopted for the instru
mentation of cells.

4.1 Lateral pressure distribution diagrams

Figures 2 and 3 show the results of direct measure
ments of earth and water pressures acting on earth
retaining walls by earth and water pressure cells
mounted on the walls. The values obtained by earth
pressure cells are the resultant stresses of earth
and water pressures in these figures, and the pres
sure from which water pressures has been subtracted
is the effective earth pressure, or simply called
the earth pressure. Therefore, the values being
measured by earth pressure cells can basically be
expressed by the following equation.

Pm = Ks ` Yave `_Z1 *' KW ' Yw ' Z2 " ""' (2)

where, 2
Pu = lateral pressure at a depth of Z1 (Pa),
KS = earth pressure coefficient in terms of effec
tive stress,
yaw= average submerged unit weight of soil (N/mh,
Z1 = depth from the ground surface (m)f
yw = unit weight of water (N/ma), and
Z2 = height of ground water table above~Z1 (m)

From Figs.2 and 3, it can be seen that the values
obtained either by earth pressure cells or water
pressure cells that increase with depth may be as
sumed a triangular distribution, that each value is
reduced nearly in a linear form according the prog
ress of excavation, and that 60 to 70% of the val
ues obtained by earth pressure cells are produced
by water pressures (Kanatani and Miyazaki(1973)).

The changes in water pressures, which account for
most of the lateral pressures acting on earth re
taining walls, are dependent on a large number of
factors, such as dewatering methods, the water
tightness of the earth retaining wall, the drop of
groundwater level, the supply of groundwater, the
types of soils, and the period and time of con
struction. It is difficult to express these charac
teristics quantitatively. '

Upon the publication of "Standards for Design of
Building Foundations and Commentary"(1974), the Ar
chitectural Institute of Japan considered that it
is difficult to present the concept of coefficient
of water pressure, expressed by Eq.(2), quantita
tively when the diversity of water pressures de
scribed above is considered, and defined the sum of
earth and water pressures (i.e., the values indi
cated by earth pressure cells in Fig.2) acting on

Earth Pressure + Water pressure (tf/nf) (X 9.8 kPa)

0 10 20 `3O 0 10 20 300- _q 1 1 1 1 1 r- 1 1 1 1 1 1

5_  ~_ @,_‘~.
q$$\\? u§;jF
I - _lah uélfhké10' 1 '\ \ F I Z Q. `:‘ i- 'T 1.\ “ f'  'E ' ' §&\ "Q lm~' _ J }_. _ },3 /||451 " . - ~ 1 0  \

3 2O_ jp ». ‘_§\ 1 _~ "‘;'1dO. - <1In!i§A0.8 U X ‘rg O 825- I \ ‘ O°70.7 0.50-6_ 0.6 K=O.4_ 0.530 K=0.4
Prior to eXCaVF.\tiOI`1 After excavatign

Eig.2 Results of Measurement by Earth Pressure
Cells

Water pressure (tf/ma (X 9.8 kPa)

0 10 20 30 0 10 20
0

fs

.10

§_

S 15
-I-1

0
CD

Q 20

25

_ , KW=O.4

~ 1 1 1 V 1 r = 1 1 1 r

if¥,`9\ 5 §§° '  `>\_ ' .j
: _"B N1 __ ': 'I )d 16 \_ 1 ~+ if1-0 0.6 `0.

_ F%=O-40 6 8
30

Prior to excavation After excavation

Fig.3 Results of Measurement by Water Pressure
Cells

earth retaining walls as lateral pressures, and
specified the following equation.

P = K _ Yt . Z .... ..... . ..  (3)
where,
P = lateral pressures at a depth of Z (Pa),
K = coefficient of lateral pressure in terms of to
tal stress,
yt= wet unit weight of soil (N/m3), and
Z = depth from the ground surface (m)

4.2 Coefficient of lateral pressures

As methods of estimating the coefficient of lateral
pressure, Kotoda et al.(1975) have proposed Eqs.(4)
and (5) for estimating the coefficient of lateral
pressure for cohesive“soil (Raw) and sandy soil
(Kam). In addition, "Standards for Design of Build



ing Foundations and Commentary"(l974) provides
standard values based on various experimental data
(see Table 1).

Table 1 Coefficient of lateral pressure proposedby AIJ. _' _ Coefficient of
Ground~ . lateral pressure

Where groundwater 0_3 _ 0_7. level is shallowSandy soil _
Where groundwater O 2 _ O 4level is high ` '

Cohesive soil Soft clay - 0.5 - 0.8Stiff clay 0.2 - 0.5

OB IpK = Q1 + _____ .... .... 4“lay loo ( )
OB NKsand = 0.5 - l (N§50) ----- ---' ( 5)100`

where, _
Ku” = coefficient of lateral pressure of cohesive
soil in terms_of total stress,
IP = plasticity index of soil,
Kam = coefficient of lateral pressure of sandy soil
in terms of total stress, and
N ='SPT-N Value

4.3 Changes in lateral pressures according to excavation

Kanatani et al.(l984) made a study that quantita
tively evaluates the changes in coefficient of lat
eral pressures according to depth of excavation.
They proposed an Eq.(6), which gives the change in
coefficient of lateral pressure with coefficient of

Excavation i.; V `_

_ gg? `%?|>$35 '§
_ §§

®  QD

a) Primary excavation

(D Lateral pressure of excavated side
to be eliminated by excavation.

QD Decrement in lateral pressure of
retained side due to movement of wall
towards excavated side.

C] Decrement in lateral pressure of
excavated side due towards decreasing
overburden pressure.

() Increment in lateral pressure of
excavated side induced by movement Of
wall wall towards excavated side.

excavation, n, (depth of excavation, h, at a cer
tain process, divided by the scheduled depth of ex
cavation, H: n = h/H) .

Km = K. .{1 - (0.20 ~ 0.25) » n}   (6)lhl

where,
Kn = coefficient of lateral pressure in terms of
total stress at coefficient of excavation, n,
Kni= coefficient of lateral pressure in terms of
total stress prior to excavation,
n = coefficient of excavation (=

and
h/H)

4.4 Lateral pressures acting on embedded portion of
earth retaining walls

Lateral pressures acting on earth retaining walls
can typically be expressed as shown in Fig.4
(Yanagida et al.(1981)). The lateral pressures will
change as excavation progress. The lateral pres
sures acting on the retained side
taining wall will decrease as the

of an earth re
excavation prog

ress, but will take a triangular distribution,
which will increase in nearly direct proportion to
the depth. The distribution diagrams will not
change at the embedded portion of
versely, the lateral pressures on
side will change variably because
sure reduces with excavation, but
pressure is generated.

the wall. Con
the excavated
overburden pres
passive earth

5. METHODS OF EVALUATING LATERAL PRESSURES BELOW
BOTTOM OF EXCAVATION FOR LOADS AND REACTIONS

It was verified that lateral pressures acting on
earth retaining walls will take the form shown in
Fig.4. However, these lateral pressures are not as
sumed to be design loads or reactions in analyses
that evaluate subgrade reactions as springs, for
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b) After secondary excavation

Same as primary excavation.
Ditto.

Ditto.
Increment in lateral pressure at
retained side induced by movement
of wall towards retained side.

(D

@)

® Ditto.
C)

©

C) Changes in axial force of strut.

Changes in lateral pressures stated
above items ®,® and @ might be
affected by arching of soil and/or
shearing force mobilized on wall surfaces.

Fig.4 Changes in Lateral Pressures Associated with Excavation



the elasto-plastic method. That is because the lat
eral pressures described earlier are those actually
acting on earth retaining walls, but the equilib
rium lateral pressures acting uniformly on the re
tained side and excavated side are not considered.

The following proposed methods were presented as
methods that evaluate the lateral pressures on the
embedded portions of retaining walls, as loads on
the retained side and as reactions on the excavated
side in the analysis.

1. Method considering both lateral pressures
with/without inducing displacement of walls.

2. Method considering external forces equivalent
to difference between passive and active.pressures.

3. Method considering nonlinearity between sub
grade reaction and displacement of walls.

Subgrade reaction is substituted by a spring in
the analysis, but several different methods of
evaluation have been proposed, depending on whether
or not an upper limit is_set for the subgrade reac
tion, or whether or not nonlinearity is considered
for the spring. In general, subgrade reaction is
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With the model considering virtual earth pressureat rest at
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That is,
on the wall

the embedded portion of walls, earth
cting on the earth retaining wall are
as shown in Fig.5.
active earth pressure is assumed to act
both above and below the bottom of ex

Fig.5 Conceptual Diagram of lateral Pressures Con
sidering Lateral Pressure at Rest

\

the excavated side, regardless of the displacement
occurring on the earth retaining wall, is defined
to be the "efficient`active earth pressure," and
the remainder of ultimate passive earth pressure
subtracted by virtual earth pressure at rest on the
excavated side is defined to be "efficient passive
earth pressure," the above assumption can be ex
pressed as follows.

Efficient active earth pressure acts from the re
tained side, efficient passive earth pressure acts
at.the plastic zone of excavated side, and elastic
reaction in proportion to the displacement of the
earth retaining wall acts at the elastic zone.
Where water pressure acts on an earth retaining
wall, earth pressures can be interpreted as lateral
pressures, including the water pressure.

Plastic zone:Pp = Kp - GZ
m""(U

Elastic zone:Q, = Kor~ GZ + Km ~ y

where,
Pp= passive earth resistance (Pa),
Kp= coefficient of passive earth pressure,
KM= coefficient of virtual earth pressure at rest
after excavation,
aZ= vertical stress from the bottom of excavation
(Pa):
Km= coefficient of subgrade reaction at a wide wall
(N/ma) , and
y = horizontal displacement of earth retaining wall

cavation on the retained side of the retaining wall
and the pressures on the excavated side are divided
into an elastic zone and a plastic zone. It is as
sumed that virtual earth pressure at rest and elas
tic reaction that is in proportion to the displace
ment of earth retaining wall, acts in the elastic
zone, and that ultimate passive earth pressure acts
in the plastic zone (see Eq.(7)). The elastic zone
is defined here to be the area where the sum of the
virtual earth pressure at rest and the elastic re
action becomes less than the ultimate passive earth
pressure and the plastic zone is defined to be the
area where the sum of calculated elastic reaction
and virtual earth pressure at rest exceeds the_ul
timate passive earth pressure. If the remainder ac
tive earth pressures on the retained side sub
tracted by the virtual earth pressure at rest on

(m)

In this method, it is necessary to properly
evaluate the coefficient of virtual earth pressure
at rest (KM) after excavation. Fig.6 and Eq.(8)
were presented as a method of estimating the coef
ficient of virtual earth pressure at rest after ex
cavation (Aoki et al.(1982)).

Sandy soil: Kor = Kun

Kini ’ UZ =  '- sin - UZ
I

+(water pressure) _______ (9)
ECohesive soil: Ko: = Kim K n

Km - oz = 0.19 + 0.233 log IP) - oz'
+(water pressure)



where, _
KM = coefficient of virtual earth pressure at rest
after excavation,
UZ = total vertical stress from the bottom of exca
vation (Pa),
Kmi= coefficient of lateral pressure at rest priorto excavation, I ‘¢
GZ'= effective vertical stress from the bottom of
excavation (Pa),
¢ = angle of internal friction (deg.),
n = vertical stress prior to excavation divided by
vertical stress after excavation,
Ip = plasticity index, andi _
a = coefficient indicating the effect of over
consolidation (see Fig.6) (Aoki et al.(l9B6))

at -11.1 _
7_0 -13.6
6-A -17.7-L---l-'gp'5-E1 -25;o '

64 / °'.&_~~ /' °’Kini 3 ,/ _V Ki // /f' Q'
ff/ /4/ T' if2 / PO ;/’. / ,/ ‘ fz// /z/ IZ1 - .' 1 2 3 4 5 6 789

n= avg/(Uvo"AUv)

Fig.6 Changes in Lateral Pressures at Rest due to
Excavation `

5.2 Method considering external forces equivalent
to difference between passive and active pressures

Lateral pressures on the excavated side of the em
bedded portion can vary diversify depending on the
combination of pressure reduction after removal of
overburden and the pressure increase with occur
rence of passive earth resistance. Understanding
that it is difficult to theoretically evaluate this
now, a practical method based on field measurements
of lateral pressures was presented by Kanatani et
al.(l982). In this method, the design lateral pres
sure and subgrade reaction with their maximum val
ues and distribution diagrams could be determined
by examining accumulated data related to monitored
lateral pressures acting on the retained and exca
vated sides of walls obtained at many construction
sites, as well as by balancing both pressures. That
is, the lateral pressures acting on earth retaining
walls are balanced in the form shown hatched in
Fig.7 and the portion where lateral pressures are
dominant on the retained side is evaluated as de
sign loads, and the portion where lateral pressures
are dominant on the excavated side is evaluated as
reactions.

Based on this concept, the design loads for re
taining structure and the upper limit of subgrade
reactions are determined in the form shown in Fig.8.
More detailed procedures will be shown below.

l. Determine the lateral pressure acting to the
bottom of excavation on the retained side.

2. Assume the depth(h) that_pressure acts on the
embedded portion of wall by the following
equation.

Lateral pres sure pri or
to excavation

\

Lateral pressure prior _
to excavation \ _

P2.Latera]_ pressure \ Equal to lateral pressure\at retained side // \ at retained side/ \
\ Bottom of Excavation/ V '

/f \\h1 hz P1<Pz// ®Range
// P1=P2 ` ha P1>P2/ \// \ @Range

// P1:Lateral pressure
/ P1=P2 at excavated side P,”-TP;/ ./ \\ C)RangeI ,

Fig.7 Conceputual Diagram of Balanced Lateral
Pressure at Embedded Portion

Sandy soil : h = 3D - OJN ________ (QCohesive soil: h = 3D - ODBC

where,
h = depth to which pressure acts on the embedded
portion (m) h Z 0.5(m),
N = SPT-N Value, and
C = cohesion of soil (kPa)

3. Draw a straight line, BH, crossing with point
H from point B in Fig.8, so that ZBBOH can act as a
load on the embedded portion of earth retaining
walls. Thus, ZXABH will be the total load acting on
earth retaining walls.

4. In the area below the depth (h) measured from
the bottom of excavation, determine a plastic zone
by extending the straight line BH shown in Fig.8.
That is, subgrade reaction distribution below the
depth(h) can be obtained by the cross point C of
the straight line BH and the ES-y curve.

When this method is employed, it is necessary to
properly determine the depth(h) that loads act on
the embedded portion. However, Eq.(9) is offered
only as a guidance because sufficient data are not
available at present.
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\

Excavated side

Retained side
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\
HI

\

Bottom of
excavation

B
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Es- y curve

Fig.B Design Model



5.3 Method considering nonlinearity between sub
grade reaction and displacement of walls

For the convenience of designs, it is assumed usu
ally that the subgrade reaction increases linearly
in proportion to the displacement of wall until it
reaches an upper limit. However, it is known that
the deformation modulus of the ground will show
nonlinear characteristics even when the displace
ment is not significantly large (Kotoda et
al.(1976)). Fig.9 and Eq.(10) were presented as the
method that considers the nonlinearity in analysis
for earth retaining structures (Kotoda et
al.(1982)). In this method, the upper limit is not
set for subgrade reaction but it is considered by
employing nonlinearity for the coefficient of sub
grade reaction.

With the model that considers the nonlinearity
between subgrade reaction and displacement of walls
lateral pressures acting to the top of rigid stra
tum, if available, which can be deemed as the bear
ing stratum below the bottom of excavation, are
normally used as the lateral pressures on the re
tained side. The lateral pressure on the retained
side is to be a triangular distribution, which in
creases with depth until the bottom of the excava
tion; below the bottom of the excavation the pres
sures reduce in a linear manner approaching the
bearing stratum and become zero at the top of the
bearing stratum. This proposed lateral pressure
distribution diagram is based on engineering judg
ment, emphasizing that lateral pressures on the re
tained and excavated sides of earth retaining walls
will be nearly balanced in a rigid stratum which
can be deemed as a bearing stratum.

' ) I P(Y)/Es __..]__5 _ I5 3 _ ff ,';|§ \ is _ 1 / ` /1 I3 X ES ,hsqv/32+o5mY/3+dn5 /E, 2 \ /UV i | l_ | /\ (:>`f§_=________________ / Y(Cm)\ E51 O.35yZ + 0.6Oy + o.o5 | I , - |1 "\._ -6 / ~0 2 4 6. -` / L_
/_0 { 1 2 3 4 5 ylycm A ,-- --1.5

Fig.9 Es/E3 - y curve

'Kotoda et_al.(l976) proposed a method that ex
presses the deformation modulus of ground at the
time of virgin loading and unloading as a function
of displacement by Eq.(1O), based on the results of
a number of alternate horizontal loading tests per
formed on piles. In analysis of the retaining sys
tem, an equation at the time of virgin loading is
applied for the subgrade reaction below the bottom
of excavation and a different equation at the time
of unloading for the subgrade reaction on the re
tained side of retaining walls when axial force is
applied with hydraulic jacks in advance
(preloading). In addition, Fig.1O was presented as
an advanced model that can consider the plastic de
formation for the above concept.

At time of excavation, and
at time of virgin loading

EES = 2 Q asO35y + Oéy + OD5

At time of preloading, and °m"i1O)
at time of unloading and reloadingis = Em

{O.35(Y / 2)2 + O.6(Y / 2) + 0.05 05

where,
ES and ES = deformation modulus at horizontal dis
placement y cm (Pa),
Eg = deformation modulus at horizontal displacement
1.0 cm (Pa), and
y and Y = horizontal displacement (cm)

(a) Below the bottom of excavation

I | | | I ¥‘°’“’-6 -4 -2 o 2 4 6
,_

)/_/ _4-- ' --1.5
P(y)/E51

(b) Above the bottom of excavation

Fig.l0 P(y)/Eg - y curve

6 CONCLUDING REMARKS

The literature survey was made on lateral pressures
acting on earth retaining systems. Background of
pressure distribution diagrams currently used in
Japanese practice was reviewed in a chronological
manner. Presented also were several proposals for
pressure distributions for the design of retaining
systems.
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