Metadata, citation and similar papers at core.ac.uk

Provided by Missouri University of Science and Technology (Missouri S&T): Scholars' Mine

MISSOURI
s Missouri University of Science and Technology

Scholars' Mine

International Conferences on Recent Advances 1981 - First International Conference on Recent
in Geotechnical Earthquake Engineering and Advances in Geotechnical Earthquake
Soil Dynamics Engineering & Soil Dynamics

28 Apr 1981, 2:00 pm - 5:00 pm

Passive Earth Pressure During Earthquakes

H. Matsuzawa
Nagoya University, Nagoya, Japan

A. Matsumura
Taisel Corporation, Tokyo, Japan

Follow this and additional works at: https://scholarsmine.mst.edu/icrageesd

b Part of the Geotechnical Engineering Commons

Recommended Citation

Matsuzawa, H. and Matsumura, A., "Passive Earth Pressure During Earthquakes" (1981). International
Conferences on Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics. 4.
https://scholarsmine.mst.edu/icrageesd/01icrageesd/session03/4

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conferences on Recent Advances in Geotechnical Earthquake Engineering
and Soil Dynamics by an authorized administrator of Scholars' Mine. This work is protected by U. S. Copyright Law.
Unauthorized use including reproduction for redistribution requires the permission of the copyright holder. For more
information, please contact scholarsmine@mst.edu.


https://core.ac.uk/display/229082779?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/icrageesd
https://scholarsmine.mst.edu/icrageesd
https://scholarsmine.mst.edu/icrageesd
https://scholarsmine.mst.edu/icrageesd/01icrageesd
https://scholarsmine.mst.edu/icrageesd/01icrageesd
https://scholarsmine.mst.edu/icrageesd/01icrageesd
https://scholarsmine.mst.edu/icrageesd?utm_source=scholarsmine.mst.edu%2Ficrageesd%2F01icrageesd%2Fsession03%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/255?utm_source=scholarsmine.mst.edu%2Ficrageesd%2F01icrageesd%2Fsession03%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/icrageesd/01icrageesd/session03/4?utm_source=scholarsmine.mst.edu%2Ficrageesd%2F01icrageesd%2Fsession03%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

A

Dynamics, April 26 - May 3, 1981, St. Louis, Missouri

Proceedings: First International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil

Passive Earth Pressure During Earthquakes

H. Matsuzawa, Associate Professor

Dept. of Geotechnical Engineering, Nagoya University, Nagoya, Japan

A. Matsumura, Engineer

Taisei Corporation, Dep!. of Design and Construction, Tokyo, Japan

SYNOPSIS

effects were eliminated was used in this study.
during oscillation.

In order to investigate characteristics of the passive earth pressure during
against the front face of the part of sheet pile walls driven into the ground, dynamic
tests were performed by using a large scale oscillating soil bin.
The wall was moved toward sand filled
The angle ¢, deduced by inserting the observed peak wall load and

earthguakes
earth pressure
which inertial
in the bhin
wall friction

A movable wall from

angle at the maximum inertia force intp the logarithmic spiral method was coincided with that of the

static condition.

The change in the wall friction angle

induced by oscillstion should not be neg-

lected in an estimation of passive earth pressure during earthguake.

INTRODUCTION

Most studies of earth pressure during earthquakes
have been devoted to the active states, In the
earthquake resistant design of retaining struc-
tures such as sheet pile walls, however, it is
necessary to estimate the passive resistances
during earthguakes against the front face of the
part of the wall driven into the ground,

Mononobe (1924) modified Coulomb's solution to
estimate the active and passive earth pressure
during earthguakes. Recently another analytical
solutions concerning the passive earth pressure
on the wall during earthguakes were given by
Ichihara et al. (1973) and Jakovlev (1977) based
on Sokolovski's methoed. Ichihara et al., in
their report, also modified the logarithmic spi-
ral method to estimate the passive earth pres-
sure during earthquakes and concluded that the
solutions based on Sokolovski'’s method and the
logarithmic spiral method are almost the same
each other in the case of 6=2/3-4§ and «y=-30°,
where oy is the inclination angle of the front
face of the wall against the vertical plane.
These analytical soclutions were derived from
those in the static states by the addition of
rigid body forces proportional to the ground
acceleration respectively. These solutions
neglected the inertial effects on the retaining
structure itself and the resultant force of

earth pressure acts H/3 above the base of the
wall, where ] is the height of the wall. Accord-
ing to these analytical solutions, the magnitudes
of the passive earth pressure against the wall
during earthquakes decrease as the oround accel-
eration increases. No studies, however, have
been made so far to check the availability of
these solutions experimentally.

as

This paper describes an experimental study on
passive earth pressure during an earthguake
using dry sand fill against a movable wall from
which inertial effects had been eliminated.
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DESCRIPTION OF TESTING APPARATUS

Oscillating Soil Bin

A large scale soil bin with a movable wall, as
shown in Fig. 1, was used in this study. The
inside dimensions of the bin were 230 cm in
length, 200 em in width and 75 cm in depth. The
movable wall, as shown in Fig. 2, was installed
at a distance of 30 cm inward from one end of the
bin, In order to reduce the bottom effects of
the bin, a space of 25 cm was left between the
bottom plate and the lower end of the movable
wall, The side walls of the bin were formed of

2 cm thick steel plates. In order to observe
deformation of the sand filled in the bin and to
reduce side friction between the inside surface
of the side walls and the sand, one of the side
walls had two 1.5 cm-thick glass windows each of
60 cm by 80 cm and the other was covered with 0.8
cm thick glass plates.

The scoil bin was installed in a framework and sup-
ported horizontally by six plate springs which
f%xed to the framework, as shown in Fig, 1,

Fig, 1

S0i1 bin supported by plate springs
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Fig. 2 Schematic diagram showing the section of soil bin

and the bin was forced to oscillate horizontally
by two rods which pushed through soft coil
springs. The rods were moved through a crank
shaft and pulleys by a 15 h.p. AC motor and the
amplitude of movement and frequency of the rods
was variable. The total weight of the bin and
the movable wall was 108 kN. The bin containing
dense dry sand 70 cm deep weighed 148 kN. The
bin could be oscillated at a resonant state with
a maximum acceleration of 500 gals and a frequen-
cy of 2.67 Hz.

The Movable Wall

The movable wall is 200 cm wide,
2.5 cm thick and consisted
tions each 100 cm wide, as shown in Fig. 3. Each
section of the wall, which had been strengthened
from the outside by using stiffners, was made of
cast duralumin and the inside surface was fin-
ished to a smooth plane. Each section of the
wall was supported by a horizontal pipe through
four steel arms and could rotate around the pipe,
as shown in Fig. 3. Each horizontal pipe was
supported by a rotal support and could rotate
around the horizontal and vertical axis, x and z,
through the center point of the rotal support,

as shown in Fig. 3.

50 cm high and
of two separate sec-

The self weight of each section of the wall was
counterbalanced by a set of counter weights

fixed to the horizontal pipe and to each section,
as shown in Figs. 1 and 3. 1In this way, the

pure dynamic earth pressure on each section could
be measured during oscillation.

When the movable wall was subjected to the earth
pressure due to the sand filled in the bin, each
section of the wall was supported by the rotal
support and two load transducers, P; and P, in
the horizontal direction, and by the rotal sup-
port and a load transducer, P4, in the vertical
direction respectively. The rotal support and
the two load transducers, P, and P3, were fixed
to a frame on the top of the bin, as shown in

Figs. 1 and 2, and the frame could be moved hor-
izontally over the bin. When the load transduc-
er,

Py, and the frame were moved through the

same éistance horizontally, the wall moved paral-
lel to its initial position. A specified move-
ment of the load transducer P; and the frame on
the bin was produced by rotating syncronous
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Soil bin

o

z\

Fig. 3 Schematic diagram showing the method of measuring
earth pressure (Details are illustrated for the
left section only)

motor systems.

In order to prevent a rotating moment induced by
friction between the inside surface of each sec-
tion and the adjacent sand and by the toe shear
force about the axis of the horizontal pipe, the
inside surface of the movable wall was adjusted
to coincide with the axis of the pipe and a steel
knife edge was mounted on the base of the wall.

From the momentum equilibrium of forces around
the axis of the horizontal pipe and the horizon-
tal and vertical axis of the rotal support, we
get the normal component of the resultant force
of the earth pressure, Pcos § , the height of the
point of application of the resultant force, h,
and the coefficient of wall friction, tan §,
which is shown as follows;

Pcos § = P; + n Py
P, h
1 1
h =hg - —— (1)
P1+nP2
P3
tan § = ——
Pl+nP2

where hpy is the distance measured from the axis
of the horizontal pipe to the toe of the wall (h0
= 85 cm), hl is the distance measured from the
axis of the horizontal pipe to the load trans-
ducer, P1 (hj=69 cm), n is a lever ratio (=L,/Lj),
as shown in Fig. 3, and P1, P; and P3 are the
measured forces of the load transducers, respec-
tively. Assuming the linear distribution of

earth pressure along the wall, the coefficient of
earth pressure, K, is given as follow:

K = 2Pcos § (2)

YH?B

where y is the unit weight of the sand filled in
the bin, H is the height of the wall and B is the
width of each section of the wall.



DETAILS OF THE SAND USED IN THE TEST

Dry Toyoura sand was used in this study. The
specific gravity of this sand, Gg, is 2.65, the
maximum and minimum grain size and the effective
size is respectively 0.25 mm, 0.105 mm and 0.16
mm, and the coefficient of uniformity is 1.65.
The value of the internal friction under the
plane strain condition, ¢p, of this sand of which
the initial void ratios, e, are 0.677v0.698, was
estimated to 50° under the confining pressure of
9.8 kN/m2 by using the next equation given by
Ichihara and Matsuzawa (1973a).

¢P = l.27¢T - 8.13 (degrees) (3)

where ¢ is the angle of internal friction deter-
nined by the triaxial compression test at the
same void ratio and the same confining pressure.

TEST PROCEDURE

After the movable wall was adjusted to the verti-
cal, the bin was filled with sand and compacted
by vibrators to a depth of 70 cm. The height of
the wall in contact with the sand was 45 cm. The
sand was compacted in three stages at every 25 cm
in depth. After compaction, the surface of the
sand was levelled horizontally and the distance
between the top of the bin and the surface of

the sand was measured at several points. The
value of average unit weight of the sand in the
bin was calculated utilizing the total weight of
the sand in the bin and its compacted volume. In
each test the value of the average unit weight

of the sand was between 15.3a415.5 kN/m3 which
corresponded to the void ratio of between 0.677~
0.698and to the relative density of between75.0+481.0 %.
The soil bin was then oscillated at the resonant
condition and the wall was moved toward the sand.

The acceleration of the bin, the loads at the
three load transducers, P;, P and P3, and the
phases corresponding to the rotated angle of the
pushing rods which were attached to the frame on
the top of the bin and to the wall through the
load transducer, P,, were recorded by a data
recorder. The recorded phases were utilized to
determine the wall displacement from its initial
position,

RESULTS OF THE EXPERIMENT AND DISCUSSION

Variations of Oscillating Earth Pressure with
Time

Fig. 4 shows the relationships of the accelera-
tion of the soil bin, a, the coefficient of
earth pressure, K, the relative height, h/H,
the resultant force of earth pressure and the
coefficient of wall friction, tan §, with time

at near the peak wall load. It is obvious that
each value of K, h/H and tan 8§ , oscillates as

the bin oscillates and the wave phase of the rel-
ative height, h/H, of the point of application

of the resultant force of earth pressure has
about a 180-degree lag and that of the coeffi-
cient of wall friction, tan §, has a 270-degree
lag compared with the phase of the coefficient

of earth pressure, K, respectively.

of

717

0.39 16.0
tand
RN AWAA
0.35
—200 A \ \
& ] Acc 15.5
1004 - 0.33
A
2 04 Eo.3 x
13 /)! \ - A
100 0.29 M\\ X/\ W 15.0
200 - 0.27f-
] \/ u \/
i H
300 0.25
o~~~ ..
0'230 0.2 0.4 0.6 0.8 1.0
Time (sec)
Fig. 4 Relationships of the acceleration of the bin, the

coefficient of earth pressure, the relative height
of the point of application of the resultant force
and the coefficient of wall friction with time

Earth Pressure against the Wall

Figs. 5 and 6 show the values of the coefficient
of earth pressure, K, the relative height, h/H,
of the point of application of the resultant
force of earth pressure and the coefficient of
wall friction, tan §, corresponding to the wall
displacement, d, as typical examples under the
static and dynamic conditions respectively.

These figures also show the values of angle, ¢y,
which were deduced by inserting the observed va-
lues of K and wall friction angle, §, into the
logarithmic spiral method developed by Ichihara
et al. In Fig. 6 the solid lines show the values
of K, h/H, tan § and ¢, at the maximum inertia
force respectively and the dotted lines show
those at the minimum inertia force, during oscil-
lation. In this study, the maximum inertia force
is defined as a condition during oscillation when
the horizontal inertia force on the sand filled
in the bin acts in the direction from the wall to
the sand and its magnitude has reached the maxi-
mum, and the minimum inertia force as a inverse
condition of the maximum inertia force. 1In the
practical considerations, it is important to in-~
vestigate characteristics of the earth pressure
during oscillation.

As shown in Figs. 5 and 6, the initial values of
the coefficient of wall friction, tan §, were
negative, i.e., the tangential component of the
resultant force of earth pressure against the
wall acts in a downward direction at the initial
position of the wall. As the wall began to move
toward the sand, the values of K and tan§ in-
creased remarkably. When the wall had moved
about 10 mm from its initial position both in the
static and dynamic conditions, the values of K
reached their peak. The values of tan §, however,
were still increasing. For subsequent wall move-
ment, the values of K decreased and the values of
tan § increased to their ultimate values respec-



718

i

527 14

48 12 Hom

~~
”

2 h K
a4 <10 1.0
\
\\\
40 8 NI $n 0.8
L <
36 6 tand 0.6
<
/" +
4 ©
4 h/H 5
L T
’ Ff//’ ~ 2=
0 10 20 30 40 50 60 70
i Na“1 disP1aceq¢nt, g (mn1 AAJ 0.2
Fig. 5 Variation of the coefficient of earth pressu}e,

the relative height of the point of application
of the resultant force and the coefficient of wall
friction corresponding to the wall displacement in
the static condition

tively. The angle ¢, also increased in accord-
ance with the wall movement and reached its peak
value at a slightly small wall displacement than
that of the peak wall loads, as shown in Figs. 5
and 6. After this the value of ¢, decreased for
subsequent wall movement. In spite of the
decrease of the value of ¢ _, the coefficient of
earth pressure, K, increased slightly and reached
its peak value, because of the increase of the
wall friction angle, §. Arrows marked in Figs.

5 and 6 show the wall displacement where the
sliding surface was observed at the surface of
the sand. It was concluded from what we have de-
scribed here that the failure of the sand mass
along a sliding surface from the toe of the wall
was induced at first and after this the slide
between the wall and the adjacent sand occured.

Effects of Side Friction

In two dimensional model test, it can be pre-
sumed that the forces on the wall measured by
load transducers include the effects of side
friction between the inside surfaces of the side
walls of the bin and the sand. Rowe (1971)
showed that the effects of side friction on the
observed peak wall load are reduced by increasing
the values of the width to height ratio, W/H, of
the wall, and that the effects can be reduced
considerably when the values of W/H are larger
than 4.0. 1In the present study, the value of
W/H is 4.4.

Fig. 7 shows the change in the distributions of
earth pressure at the maximum inertia force corre-
sponding to the acceleration of 420 gals, the
distribution of which was measured by four pres-
sure cells fixed to the wall. These pressure
cells were near the center of the longitudinal
direction of the wall. Therefore, it can be con-
sidered that the magnitude and distribution of
the earth pressure indicated in this figure in-
clude only slight effects of side friction.
Comparing the magnitude of the resultant forces
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Fig. 6 Variation of the coefficient of earth pressure,

the relative height of the point of application of
the resultant force and the coefficient of wall
friction corresponding to the wall displacement
during oscillation

Pressure (kN)

C 20 40 60 80 100
0 ]d=
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10—
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W
1=
|
<

40 I

J

Ffig. 7 Distribution of oscillating earth pressure along
the wall at the maximum inertia force («=420 gals)

of earth pressure measured by the load trans~
ducers with those obtained by integration of

the pressure distribution diagrams, such as shown
in Fig. 7, we found the former was only 8%

larger than the latter before and at the peak
wall load. However, it seemed that the relative
height, h/E, of the pcint of application of the
resultant force of earth pressure obtained by

the load transducers was affected by side
friction.

Characteristics of Farth Pressure at Peak Wall
Load

The values of wall displacement at the peak wall
load, dp, corresponding to the amplitude of accel-
eration of the bin, o, are shown in Fig. 8.

It is remarkable that the wall displacements

which are required to induce the peak wall load
during oscillation seem to be independent to the
magnitude of the amplitude of acceleration,and

that the values of dp are about 9 mm (dp=2.0x
10-2), Such a particular tendency as described
here was also observed in the oscillating active
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eration

earth pressure tests performed by Ichihara and

regardless of the magni-
tude of the amplitude of acceleration,
tive displacement of the wall,d/H, which was re-
quired to induce the active state of dense back-

Matsuzawa

(1973b),

Relative height of the point of application of the
resultant force of earth pressure at the peak
wall load corresponding to the amplitude of accel-

i.e.,

£fill sand was (5.447.3)x10 4.

The values of relative height,
of application of the resultant force of earth
pressure at the peak wall load, which are ob-

tained from the pressure distribution diagrams
such as shown in Fig. 7,
of acceleration are shown in Fig. 9.
obvious in this figure that the point of applica-
tion of the resultant force oscillates with small
amplitude but that the values of h/H are approx-

imately a third for the horizontal translational

wall movement.

Fig. 10 shows the values of the coefficient of

in the static condition and
that of Kpg both at the maximum and minimum iner-
tia force in the dynamic condition respectively,
corresponding to the amplitude of acceleration.
Considerably large values of the coefficient of
earth pressure Kp and Kpg, were measured, be-
cause a low model wall was used in this study.

earth pressure,

As shown in Fig.

of earth pressure,

Kp,

h/H,

It is

the rela-

of the point

against the amplitude
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10, the values of the coefficient

XpE,

However,

at the maximum and mini-
mum inertia force decreases in accordance with
the amplitude of acceleration.
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Fig. 10 Relationships between the coefficient of earth
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tion

Fig. 11

the amplitude of coefficient of earth pressure
induced by the oscillation of the bin is small
because of the very small amplitude vibratory
rotation of the wall caused by the elastic defor-
mation of the frame on the top of the bin.

The variation of the coefficient of wall friction,
tan § , at the peak wall load corresponding to the

amplitude of acceleration is shown in Fig. 11. As
the amplitude of acceleration increases, the
values of tan § decrease from 0.39 ( §=21.3°) in
the static condition to 0.35 ( §=19.3°) at 500

gals. Fig. 12 shows the values of the angle at
the peak wall load, ¢,p, which were deduced by
inserting the observed values of Kpp and wall fric-
tion angle, § , into the logarithmic spiral method
for the maximum and minimum inertia force respec-
tively. As shown in this figure, it is not clear
whether the angle ¢ p at the maximum inertia force
decreases in accordance with the amplitude of
acceleration, but it can be considered that its
value is 49.5°. For the minimum inertia force,
however, the value of ¢ p decreased from 49.5° in
the static condition to 42.8° at 500 gals.

Lines A and B, as indicated in Fig. 10, show the
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theoretical passive earth pressure during earth-
quakes calculated by the logarithmic spiral meth-
od with the values of the angle of internal fric-
tion, ¢, of 49.5° and the wall friction angles §
of 21.3° and 19.3° respectively. Line C shows the
theoretical passive earth pressure calculated by
using the same value of the angle of internal
friction and the observed values of the angles

of wall friction which are shown by a solid line
in Fig. 11. Though the change in the wall fric-
tion angle, § , induced by oscillation is only 2°
between the static and dynamic conditions, as
mentioned above, it can be concluded that the
decrease of wall friction angle should be taken
into account in the estimation of passive earth
pressure during earthquakes based on the conven-
tional analytical solutions.

CONCLUSIONS

Passive earth pressure during oscillation was
measured by using a movable wall. Though the
wall was counterbalanced to eliminate its iner-
tial effects, the observed earth pressure on the
wall seemed to be affected slightly by the elas-
tic deformation of the frame on the top of the
bin. From this study, the following conclusions
could be made.

1) When the soil bin was oscillated horizon-
tally, the resultant force of earth pressure on
the wall , its point of application and the
coefficient of wall friction oscillated. And,
as the wall moved toward the sand,the passive
failure was induced in the sand mass. However,
it seemed that the failure of the sand mass
along a slidingsurface from the toe of the wall
and along the surface of the wall did not occur
simultaneously.

2) The relative wall displacements, dp/H, at
the peak wall load were not affected by oscil-
lation, and their values were approximately
equal to 2.0X10"% for the 45 cm-high wall.

3) Both in the static and dynamic conditions,
the earth pressures at the peak wall load were
distributed approximately linearly along the
wall, regardless of the amplitude of accelera-
tion.

4) At the peak wall load during oscillation, the
coefficient of earth pressure, Kpp, and the co-
efficient of wall friction, tan § , decreased in
accordance with the amplitude of acceleration.
The amount of this decrease of wall friction
angle from the static condition was only 2° at
500 gals. The value of the angle, ¢pp, at the
maximum inertia force deduced by inserting the
observed values of K and wall friction angle
§ into the logarithmic spiral method coincided
with that of the static condition.

5) In an estimation of passive earth pressure
during earthquakes which depends upon conven-
tional methods, we can not neglect a decrease in
the wall friction angle, § , during oscillation.
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