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SYNOPSIS: In Japan, the object layer of the earth retaining walls were mostly Alluviums. But recently, the maximum excavation depth
by the open cut method with the earth retaining walls are about 40 to 50 meters. At this depth, the object layers include the soils
deposited before Diluvium. In the near future, the excavation's depths of many construction sites will be are beyond 50 meters. But
there are very little measured lateral pressures and water pressures at this depth during the excavation work, therefore there is no way to
suitably determine the active earth pressure in the deep layers, and so a new guideline is required. The purpose of this study is to
suggest how to design a retaining wall in this fashion in Japan.

1 First analysis of the.Measured Data

1.1 Gathering of the Measured Data
We gathered the measured data for the Diluvium and Tertiary
Formation during the excavation work independently of the
depth by the following two ways:

1. The research on the references in the domestic symposium.
2. The questionnaire for the 'construction companies on

December of 1989.
We gathered the measured data of the lateral pressure, the water
pressure and the horizontal displacements of a retaining wall.
We. also selected the measured data of the retaining walls made
from reinforced' concrete. ( We defined that the lateral pressure is
equal to the earth pressure plus the water pressure. ) Figure 1
shows the numbers of the measured data that were classified into
diluvial sand, diluvial clay and Tertiary formation:The maximum
measured depth of the diluvial clay and sand is about 80 meters,
and The depth of the Tertiary formation is about 30 meters.
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Figure 1. The measured terrns and numbers
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1.2 The earth pressures and the effective overburden pressures

Figure 2 shows the relation between the earth pressure and the
effective overburden pressure that were classified into three
layers. We showed the two lines as the coefficient of the earth
pressure ( K' ) is equal to 0.3 and 0.5 _ (a) shows that almost all
the points were below K'=O.5 , and (b) shows that many of the
points were below K'=0.3 . (c) shows that almost all the points
areiequal to K'=0 , i.e. the earth pressure is equal to zero.
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Figure 2. The relation between the erath pressures and the effective
overburden pressures

1.3 The measured lateral pressures and the water pressures of
Diluvium

Figure 3 shows the relation between_the measured lateral pressure
and water pressure of the diluvial sand and clay, and shows also a
line that the " lateral pressure = water pressure " .
(b) shows that almost all the points are near this line, and it
means the trend that the lateral pressure is equal to the water
pressure. In the case of (a),. some data shows the same tendency,
but it is not a clear one, on the whole.



1.4 The measured lateral pressures and water pressures of
mudstone layer

Figure 4 shows the relation between the measured lateral pressure
and water pressure of the mudstoneflayer Most of the points are
on the line which means the lateral 'pressure is equal to the waterpressure. ' '
lf the lateral pressures of the clay with large cohesion are
determined in the usual way- (i.e. the lateral pressure from
Rankine-Resal's equation in terms of total stress ), the lateral
pressures are equal to zero and the measured lateral pressures of
Figure 3(b) and Figure 4 can not be explained.
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Figure 3. The relation between the measured lateral pressures and
water pressures of Diluvium
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By the above’ points, it is recognized that as the depth of the
measured pressure becomes greater, the lateral pressure increases,
and moreover, the lateral pressures are nearly equal to the water
pressures at the Tertiary Formation ( mudstone ) and there are
many cases in which a ratio of the water pressure to the measured
lateral pressure are large. Also we had investigated the relation
between thes lateral pressures and the horizontal displacements of
the retaining walls, but we could not analyze a clear tendency.

2 Second analysis of the Measured Data

`2.l_ The Example of the measured active lateral pressures at the
diluvial sand

Figure 5 shows the_ measured active lateral pressures at the

diluvial sandl). This retaining wall is the diaphragm wall made
from the reinforced concrete. The layers consist of the' alluvial
silt (GL-0 ~ GL-30m) and the diluvial sand (GL-30m ~ ).
The strength parameter for the diluvial sand was decided based
on the results of the triaxial compression test ( CD-Test ). Also,
this soil sample was taken carefully by a sand sampler which
consisted of triple tubes.
The cohesions of the diluvial sands were decided by' the
following formulas:
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1. GL-:som ~ GL-40m ;¢ = 20kN/m2

2. GL-40m ~ ;¢ = 60kN/m2
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Figure 5. The example of the measured active lateral
pressures at the diluvial sand1I

A line in Figure 5 shows the lateral pressure based on the
laboratory experiment designed by this authorll. In this case, the
lateral pressure was the earth pressure from Rankine-Resal's
equation with the cohesion in terms of the effective stress and the
water pressure. This measured lateral pressure was in close
agreement with the calculated numbers, so in the case of the
diluvial sand, it is judged that a standard calculation is suitable.
But, certain conditions have to met in order to evaluate the
cohesion of the diluvial sand.

Next, we will describe the adequacy of the earth pressure from
Rankine-Resal's equation. Figure 6 shows the relation between
the calculation's numbers and the measured earth pressures. ln
this Figure, the cohesion of the sand is not considered. We used
the angle of intemal friction (¢) in" design. These data are used at
the final excavation step in order to compare the earth pressures
above the excavation level. The tendency is that the numbers
from Rankine-Resal's equation are above the measured numbers.
VIE considered that the lateral pressure is the earth pressure from
Rankine-Resal's equation in terms of the effective stress and the
water pressure.



“E
pressures (O) from the calculation (0) at the initial condition and
the lst ~ 3rd excavation steps. In this figure, (Q) shows the earth
pressure in terms of the effective stress and the water pressure in
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the sand , and it shows the lateral pressure which added the
measured water pressure as a minimum line in the clay. ( The
water pressures at each excavation step are different. ) The mark
(A) shows the lateral pressure from Rankine-Resal's equation in
terms of the total stress compared with (O) and (Q) in the diluvial
clay. In the diluvial sand, all measured lateral pressures are more
than the calculations at the initial condition. But, at the each
excavation step, the the measured' lateral pressures become
smaller than the calculations over the excavation level, i.e.; It is
recognized that the active lateral pressure's level has been

Figure 6. The relation between the calculation‘s numbers and
the measued erath pressures

2.2 The Example of the measured active lateral pressures at the'diluvial clay (EX. 1) '

reached. In the diluvial clay, at the GL-17.9m, the calculated
earth pressure and the water pressure (O) is close to the measured
lateral pressure (O). But, the results of the calculation in terms of
total stress are less than the measured lateral pressures in each of
the cases. In the lst through 3rd excavation steps, the differences
are small, because of the decrease in the water pressure.
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The lateral pressures behind a wall (kN/mz)

Figure 7 and Figure 8 shows the comparisons of the measured 0° 1°,° “Y ° 1°,° "2 ° 1°,° ~ "1 ° 1°,° 291
active lateral pressures at the diluvial clay with the results of ‘O ‘“““1 O 1” _ 2” . hd- - . _ _ ~ Wliwicalculat1ons_us1ng the Rankine-Resal's equation. This type of ' E ° O ° ' a
retaini_ng wall is known as a diaphragm wall. There are five V 1° 'O ° O ° 0 °
excavation steps in this method, and the excavation depth is GL- Q, _ ‘ -~--~~-~- 0 ---~- -------- 0 -'-"~~ ---"-"- ° #Sw "'-"' 0° °""' 328.0111 'U 2° ; Q 4 Q A Q AD U b0 .li _ E3 So Ci o 5 O 5

The water pressure (kN/mz) The laterl pressure (kN/mz) 3° it O . O g .3 0 C0 100 200 300 0 100 2000 l I I- _:_ , i | an alluvial sand 0 The measured lateral pressure
O.;_GL-3.0m Alluvial Sand 22525, oinitial condition b: diluvial clay Q clay - The erath pressure in terms of the total stres

N533 §§§§§§§E;¢,1'===,_ a Sth excavation c: diluvial gravel and the water pressure as minimum_ y Qlgku/m3  _g_V ' ` sand - The erath pressure in terms of the effective
E (c=20kN/mz) 2Qi§§=§§§§§§;§§§§§§§§§§§§§;5;Q; 3. _ - (gravel) stress and water pressure 
V '10 _ ¢ =3_,_o. 1  _ A clay - The earth pressure in terms of the total stress.C GL_14_0m '  ._ The calculated lateral'P X - -  pressure in terms of _
3' `\D‘l"‘_:'2l Clay  " the effe<=*=iv'= Stress Figure 8. The comparison of the measured laterel pressures'U \ N 1 j{§1§§§§§§§§§;;;.;1__’1"#§_:'}g`!é‘I{f’ and water pressure at _
m 20 - ~`(;f§§1;;§;§)  the aiiuviai clay and the calculated lateral pressures with the measured water5 ' GHS 5m ‘*"‘%°-°°   Pressures (EM)

_ Diluvial gravel  Sth level
N=50 j§§5§E§E§EiE§E§E§;§E§E§E§?§E5E§E§?§E§E§EfE§2§E§2§E§1 _I§Eg1§;§;,_ 3° ' y=zokN/ma .

(c=20k.N/m2)¢=40.0° _ ;
The measured water pressure The calculated lateral pressure in terms  The Example of the measured 3CtlV¢ lateral Pressures at theat an initial condition of the total stress at the diluvial clay

Figure' 7. The example of the measured active lateral pressures
at the diluvial clay (EX.1)

The strength parameters (c,<|>) are decided with the results of the
unconfined compression test and the triaxial compression test
(CU, CD). We treat zero as the cohesion ( c ) of the sand, and the
angle of intemal friction (¢).
Concerning Figure 7:'if we calculate the lateral pressures from
Rankine-Resal's equation in terms of the total stress, there is an
area (GL-14.0m ~ GL-l8.0m ) which the calculated lateral
pressure is equal to zero or less than the measured pressure,
because this area's cohesion is so large. Next, if we add the water
pressure as a minimum line to the above pressure, only the water
pressure acts in the area from GL-14.0m to GL-2l.Om; and the
area below GL-2l.0m, this calculated lateral pressure is equal to
the above.

Figure 8 shows the .comparisons of the measured lateral
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diluvial clay (EX.2)

Figure 9 and Figure 10 shows the comparisons of the measured
active lateral pressures of the diluvial clay with the result of the
calculation using Rankine-Resal's equation. This type of
retaining wall is known as diaphragm wall. There are five
excavation steps in this method, and the excavation depth is GL
18.3m. The maximum depth in which the lateral pressures were
measured is GL-23.0m in the diluvial gravel.
The cohesions ( c ) are decided with the results of the
unconlined compression test, the triaxial compression test ( UU )
and the vane shear test. We treat zero as the cohesion of the sand

and gravel, and the angle of the internal friction (¢) of the clay.
The water pressure is decided with the water level in the bore
hole.

Concerning Figure 9: if we calculate the lateral pressures using
Rankine-Resal's equation in terms of the_total stress, there is an
area from GL-12.0m to GL-l6.0m which the calculated lateral
pressure is equal to zero or is of very low value. Next, if we add
the water pressure as a minimum line to the above pressure, only
the water pressure acts inthe area from GL-l2.0m to GL-16.0m.
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Figure 9. The example of the measured active lateral pressures
at the diluvia.l clay (EX.2)

Figure 10 is ‘shown to be the same- as Figure 8. The depth
measured in the diluvial clay from GL-8.0m to GL-l6.0m is GL#
l3.5m. At this point, the calculation in tenns of the total stress (A
) is equal to "zero-from the initial condition to the 5th excavation
step, and these are clearly less than the measured lateral
pressures. But, the above calculation and the water pressure as the
minimum (O) is close to the measured lateral pressure after the
2nd step. After the 3rd excavation step, this measured point (GL
l3.5m) is over theexcavation level. Therefore, at the initial
condiiion and lst excavation step, it is thought that these lateral
pressures are close to the lateral pressures at rest.
It' is recognized that the measured lateral pressure over the

excavation level becomes close to the active pressure with the
advance of each excavation step. For the diluvial clay layer, this
measured lateral pressure should be evaluated as the lateral
pressure in terms of the total stress accompanying with the water
pressure as a minimum line.

3 Conclusion'

In the first analysis, it has been discovered that the lateral
pressure during the excavation in the Tertiary Formation (
mudstone )`is close to the water pressure, and in the diluvial clay
layer, the cases in which the ratio of the water pressure to the
lateral pressure is large has also been found to increase the
number of cases as well. 'Adding the result of the second analysis
to the above, we got the following conclusions as the reflected
terms for a new guideline.

1. Concerning the diluvial sand layers :
The lateral active pressure can be determined as the active earth
pressure in terms of the effective stress and the water pressure, in
the usual way. There is a cohesion in this layer, therefore it is
possible for the designer to use the cohesion ( c ) in the above
calculation. But the sizes for these cohesions are various even in
this particular research. In these existing circumstances, it is
desired that this cohesion ( c ), which is based on the result of the
detail strength test, is used.

2. Conceming the diluvial clay :
It is recognized that the measured lateral pressure are evaluated
suitably as the lateral pressures in terms of the total stress
accompanying with the water pressure as a minimum line.

3. ,Concerning the Tertiary Formation ( mudstone ) :
There are many cases where only _the water pressure affects the
retaining wall as a lateral pressure. But in the designing stage, itis
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Figure 10. The comparison of the measured laterel pressures and
the calculated lateral pressures with the measured water
pressures (EX.2)

to be desired that the calculations are made in the same way as
these used for the diluvial clay layer

In order to _design a large scale earth retaining wall, the
evaluation ofthe water pressure becomes an important term. But
it is a problem in that the evaluation of the water pressure is
difficult in an actual designing process. It is necessary to
research the relationship between the horizontal displacement of
the wall and the water pressure, the effect of the water pressure
on the lateral pressure, and so on.

REFERENCES

Milunari & Isemoto (1986). The Example of The Large Scale
Excavation Work ( No.4, The Lateral Pressures to GL-58m at
The Tokyo Layer ), pp.1339- 1340, The 21th Japan National
Conference on Soil Mechanics and Foundation Engineering


