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Permanent Gravity Retaining Wall Displacement Due to Dynamic Loads
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Retaining walls designed for earthquakes

1. Introduction effects may be grouped into two main categories

on the basis of their failure mode:

Dynamic lateral forces on earth retaining
structures usually result from three main causes;
earthquakes, explosions and vehicular traffic.
The dynamic effects of moving loads, such as
vehicles, are often small and can readily be
taken into account in design by the application
of appropriate equivalent surcharge or line loads.
Thus it is the loads resulting from earthquakes
and explosions which pose the greatest problems

for the design of earth retaining structures.

1. Gravity retaining walls, using the mass of
the wall for stability, which fail by sliding
or by overturning. These may be called
displacement-governed walls. The internal
force levels in such walls are of secondary

importance.

[\"]

. Cantilever, tied-back or braced walls, which
fail by fracture or yield of one of the
structural components involved. These may

be called force-governed walls. For at least
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some part of such structural systems the
internal force level is important.
This paper deals with the displacement of
gravity retaining walls, the first category, due
to earthquakes.

Very informative overviews on the subject
can be found in the works by Seed and Whitman
(1970), Nazarian and Hadjian(1979), and Pr-
akash(1981). In the previous studies of the
subject, the rotational movement of the walls
and the inertia force of the walls have been
ignored or addressed inadequately in evaluating
the lateral displacements of a wall caused by
ground accelerations. It does not mean that the
rotation is insignificant. The fundamental re-
ason for not addressing the wall rotation is
that the Mononobe-Okabe method does not give
the location of the dynamic force, making it
difficult to correctly evaluate  the overturning
moment,

The objective of this study is to establish that
the rotational movement of retaining walls
during earthquakes can not be ignored as ev-
aluated in past studies by previous investigators
or even it contribute the major part of the
displacement of the top of the walls.

To evaluate permanent rotations of gravity
retaining walls, small scale laboratory tests
were conducted using, as model walls, rectan-
gular gravity retaining walls whose factors of
safety aginst rotation vary from 1.43 to 2.23.
Mononobe-Okabe’s dynamic earth pressure and
wall inertia force were considered in establishing

the equation of motion.

2. Past study

Many experimental studies, since the dynamic
lateral pressure on a retaining structures was
developed by Mononobe(1929) and Okabe(1926),
have been conducted on small walls to under-
stand the physical behavior of retaining walls
and to obtain tentative data on the increases
in earth pressures and their points of applica-
tion. The basic principle of earth pressure ex-

periments has been to simulate the strain con-
ditions in backfill and thus treat the setup as
a small prototype. Some of the major past
studies among many are summarized in the

following.

Mononobe-Okabe Seismic Coefficient
Analysis

Being probably the earliest method for deter-
mining the dynamic lateral pressure on a reta-
ining structure, the Mononobe-Okabe analysis is
a straightforward extension of the Coulomb
sliding wedge theory where quasi-static vertical
and horizontal inertia forces of the sliding
wedge are included. A complete review of the
procedure has been given by Seed and Whitman
(1970). Only active case will be summarized
here.

Consider the combined free-body diagram
shown in Fig.1 where the failure surface OA
creates a sliding wedge of weight W, with
inertial components K,W, and K,W, Force
equilibrium of the wedge alone(Fig. 2), gives
the basic Mononobe-Okabe formula for total

Fig. 1. Combined Force Diagram: Active
Case

Fig. 2. Active Wedge
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active thrust:
Pap=1/27 H*(1—K,) K4
Where

Kape cos’(¢—0—p)
4B 080 cos? Becos(d45+8)

[ aERsEs)
6=tan=k,/(1—k,)

7=unit weight of soil

H=height of wall

¢=angle of friction of soil

6=anglé of wall friction
i=slope of ground surface behind wall
B=slope of bach of wall to vertical
K=horizontal ground acceleration/g
K ,=vertical ground acceleration/g

The horizontal component of the forée P,g
may be expressed as P,p, where Pgg;=P4g c08
O+ =1/27y H*(1—K,) - Kpp cos (6+f). No
satisfactory analytical solution appears to exist
for the location of the dynamic lateral force.
‘They apparently considered that the resultant
of the dynamic pressure computed by their
;analyticz‘lliapproach would act on the wall at
the same position as the initial static préssure;
that is, at one third of the wall height above
the base. The inertia force of the wall has
also been ignored in force equilibrium.

In the test setup of Mononobe and Matsuo
(1929), a box was mounted on a horizontal
shake table, filled with dry sand, and subjected
to different acceleration levels by exciting the
table. The maximum pressures exerted on the
wall of the box were measured by means of

hydraulic gauges. It was concluded that the

maximum pressure increased with base accele- "

ration and the values essentially agreed with
those computed by the Mononobe-Okabe for-
mula,

In the test setup of Matsuo and O’Hara (19
60), 40-cm-high walls were excited with vibr-
ation for a period of 0.3s. On fixed walls, it
was found that the amplitude of pressure change
is large at midheight, In 5-m-high concrete

walls which were excited by a 1-hp oscillator

mounted in a trough sunk in the ground 4.5m,
away from the wall, pressures were measured
on pressure cells. Larger pressures were obser-
ved with increasing ground accelerations, with
peak pressures at about one-third of the way
from the top of the wall.

Murphy (1960) conducted tests on a solid
rubber model of a gravity wall to study the
qualitative behavior of backfill during vibra-
tions, and found that the slip surface that
developed was flatter than the slip surface
under static conditions. The slip surface at
Shinizu Harbor, developed in 1930, probably

had almost the same inclination.

Richards AND ELM’S ANALYSIS

Recognizing movements of the walls as ano-
ther important aspect of the gravity retaining
wall design, Richards and :E]ms (1979) applied
Newmark’s method (1965) to evaluate the acc-
umulated lateral displacement of a wall caused
by ground accelerations. Retaining walls then
can be designed according to an acceptable
magnitude of the wall displacement. In their
method, a rigid plastic backfill was assumed
and only the permanent displacement is consi-
dered. If, during shaking, the ground acceler-
ation was inward toward the backfill, the wall
inertia is thus outward. At the time, an acc-
eleration level exceeds a certain limit, the wall
will yield and move relatively with respect to
the ground under an active case. However, the
displacement does not continue indefinitely, but
stops as soon as the ground acceleration reverses
its direction to make a zero relative velocity
between the wall and the ground. Only the
outward displacement under the active case is
considered because the passive failure is consi-
dered unlikely. The accumulated outward mo-
vement is the total wall displacement of the
wall. No rotational movement was considered
in this method.

Sim and Berrill (1979) conducted shaking
table tests of a model gravity retaining wall

to verify the general correctness of the Ric-
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hards and Elms’ theoretical model, and to
check the validity of Richards and Elms’ me-
thod of predicting the lateral permanent dis-
placements of the walls. Furthermore, with
one exception, it appears that the detailed
assumptions of the model are correct. The
assumed constant post-yield acceleration was not
seen in the laboratory tests, but the linear
relationship observed between ground and wall
accelerations should be easily incorporated into
the model. However, the model wall used in
their experiments was deliberately made to
eliminate rotation by making the wall base
very wide and the center of gravity very low,
which can not be expected to represent actual
retaining walls.

Considering reinforced earth walls to be
designed by limit state procedures, Rea and
Wolfe (1980) devised an idea that during strong
earthquakes excitation, the factors of safety of
such walls, like other earthern structures, may
become momentarily less than unity. Since the
factors of safety are less than unity for only
short periods of time, the walls do not necess-
arily fail; however, they accumulate permanent
deformations. Therefore, it would be desirable
to add to the limit design procedure a requir-
ement restricting the permanent displacements
that reinforced earth walls could incur during
earthquakes.

The 12 in, 18 in, and 24 in, high walls were
constructed with plexiglass face elements, 1/2
inch wide mylar tape reinforcing ties, and a
clean fine sand. The earthquake motion used
in the experiments was derived from the N21 E
component of the Taft (1952) earthquake.

The results for experiments involving 18 inch
walls showed that a reinforced earth wall
subjected to earthquake motions at low levels
of intensity responds like a continuous elastic
body. At high intensity levels, however, it
responds like a rigid body resting on a hori-
zontal surface vibrating horizontally, with the
exception that slippage occurs for a much
smaller acceleration in one direction than for

acceleration in the other direction. The acceler-
ation at which slippage occurs, the yield acceler-
ation, and the magnitude of earthquake-induced
permanent displacements depend principally on
the static factor of safety of the walls.

3. Analysis

Referring to Fig. 3, the ground acceleration

(a) M-0 Model

——

1/3H

Pr
¢ f Khw

 Pa
5% W H/2

1/3H Kvw

A

R

(b) Model wall
Fig. 3. Mononobe-Okabe Force Diagram
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imparts a dynamic earth pressure as well as
inertia force on the wall. If, during shaking,
the ground acceleration is inward toward the
backfill, the wall inertia is thus outward. At
the time an acceleration level exceeds a certain
limit, the wall will yield and move relatively
with respect to the ground under an active
case. However, the displacement does not con-
tinue indefinitely, but. stops as soon as the
ground acceleration reverses its direction to
make a zero relative velocity between the wall
and the ground. Only the outward displacement
under the active case is considered because the
passive failure is considered wunlikely. The
accumulated outward movement is the total
wall displacement of the wall.

Equations of motion for lateral translation
and rotation can be established for a wall as
follows, assuming that the center of rotation is
at the toe of the wall where the reaction on
the wall base acts at the time of rotation.
For sliding:

Pagset KW — (WK W+ Pag, ) tans= -2

For rotation;
PorH+Poy 2Ky WI— Py, 5,—Pg,%,

w
—(1+K,)WE=I01+? GF oeoee @
and the dynamic increment Pg;
Pr=Pap—P, rerereencninneeens connes weenn(3)

in which P, is the static active force, and P,g

is the total dynamic force according to M-O;

PAE:%THZ(I—K,,) K ggeewseeessenes seene (4)
Where
- cos’(¢—0—p)
Kas cos 8 cos® f cos(d+5+8)

cos(d-+p+6)cos(i—pB)
K, g=dynamic active pressure coefficient
plotted in Fig. 4,

{1+Jsin (¢+5)[Sin(¢‘0_i) ] 2

_ h
f#=tan 1———1_Kv
W =wall weight

K,;,K ,=horizontal and vertical seismic

coefficients
b=wall width
H=wall height
I =moment of inertia of walls
d,a=linear and angular accelerations of
walls
x's,y’s=coordinates shown in Fig. 3
f=slope of the wall to the vertical
i=Dbackfill slope
7y =unit weight of soil
¢=angle of friction of soil
d=friction angle between the base and
s011=-§- ¢
In many earthquakes, the vertical ground
acceleration is small and often negligible. It is
therefore omitted in this study.

1.00 T
Kv=p=£= 0

5= 213 : ]
0.80 - e

_ 2 4/

0.10 0.20 0.30 0.40 0.50
Kn

Fig. 4. Dynamic Active Pressure
Coefficient

The linear and angular acceleration & and
a can be solved from equation 1 and 2; however,
walls do not necessarily start to slide or rotate
as soon as the ground accelerations start. The
factors of safety required in design prevent
relative motion or rotation of the wall until
certain levels of the ground accelerations, called
the yield accelerations, are reached. The sliding
and the rotational yield accelerations which are
the levels of the ground accelerations at which
either sliding or rotation is about to begin can
be obtained by solving for K, in equations 1

and 2 when the right hand side of the equations
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Fig. 5. Yield Acceleration.

are zeros. These values for the model walls
used are listed in Table-5. Fig. 5 shows the
yield acceleration vs. static factor of safety
against sliding and overturning for the largest
model wall. Rea and Wolfe (1980) experimen-
tally found the sliding yield accelerations of
reinforced earth walls and obtained the general
trend shown by Fig. 5, but their factor of sa-
fety was defined for the metal strips used in
the tests.

Equation 2 for the model walls is reduced

to:

1 2 H 5
Payg H+Ppy3 H+ Ky W —(Poy+Pry) B

B . W _ H
—W 5 =Ia+—g a 5 eeseneessee (5)
. . w N
in which I=W(b’+H’). The angular accel-

eration is then solved from equation 5 provided
an equivalent K, value for each acceleration
peaks which exceed the yield acceleration for
rotation K, is known. To simplify the problem
the commonly assumed sinusoidal ground accel-
eration is replaced by a constant step accel-
eration pulse having the same area as shown
in Fig. 6. During the short interval when the
equivalent acceleration is larger than the
rotational yield acceleration the overturning
moment will cause the wall to rotate with a.
If the equivalent ground acceleration K, is less
than the sliding yield acceleration, no slip

occurs and the linear acceleration & is replaced

by o« for pure rotation. However, if K, is

larger than K,, the sliding yield acceleration,

both rotation and sliding will occur simultan-
eously. The linear acceleration & is assumed at
this time to be K, itself (Richards and Elms
1979). Angular velocity is obtained by a direct
integration of the angular acceleration. The
rotation stops when the angular velocity beco-
mes zero because of the reversal of the direction
of the acceleration. Fig. 6 shows a mirror image
of angular velocity reduction for simplicity as
suggested by Goodman and Seed (1966). The
angular rotation is obtained by integrating the
angular velocity in this interval. After a period
of pause, the rotational process repeats for the
next acceleration which is greater than the
yield acceleration. The wall rotates by lurching
until the last acceleration which exceeds the
rotational yield acceleration resulting in a

permanent rotation.
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Fig. 6. Angular Rotation

4. Model Tests

Density trials were conducted first to produce

uniform densities with varying drop height
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Table-1. Density Trials

. Drop Ht. | 15 inch 9 inch 6 inch | 2 inch
1st 110. 0 pcf. 109. 2 pcf., 107. 9 pcf. 103.1 pef.
2 nd 110.1 » 108.5 n 107.7 n 102.6 n
3rd 110.2 » 108.8 n 107.6 n 103.8 n
Average 110.1 n 108.8 n 107.7 103.2 n
Table-2. Test Equipments
ITEM MODEL USAGE
1. M.B. Control Panel M.B. C-10/3200 Control Systems
2. Oscilloscope T 212 Frequency Measurement
3. Amplifier M.B. N 400 Acceleration Indicator
4. Shaker CIOE Shaking the Shaking table
5. Shaking table 2020-A1-3 Shaking container
6. Accelerometer Picking up Acceleration

from 2 inch to 15 inch as shown in Fig. 7. The
standard 20-30 Ottawa sand was used. The sand
was dropped freely through a #8 screen atta-
ched to the top of 1% inch (38mm) plastic
pipe. They are tabulated in Table-1. Drop
heights 15 inch, and 9 inch were chosen for the
tests to produce 110.1 and 108.8 lb. per cu. ft.
(17.29 and 17.10 KN/m?) respectively. The
loosest density of 103.2 1lb per cu. ft (16.19
KN/m*) was obtained by directly pouring the
sand gently with a scoop instead of using 2
inch-high pipe. The angles of internal friction
obtained by the direct shear test 34, 32.5 and
31 degrees corresponding to the above densities.
They were lower than the values surveyed by
Lee and Singh (1968).

according to Lee’s survey were 38.5, 35, and

The average values

31 degrees for these densities. These latter
values were used in all the analysis.

The equipments used in the tests are shown
in Table-2.

The model walls which are 10 in. (254mm)
high, 3.85 inch (98mm) long with various wi-
dths were made of portland cement mortar as
shown in Fig. 8. A 16X24x4 inch (406X610X
102mm) container of 3/4 inch (19mm) thick
plexiglass was firmly attached to the shaking
table of a M.B. Electronic shaker (M.B.C-10/

3200). Each density was set up according tor
the test schedule (Table-3), wusing the same
standard 20-30 Ottawa sand for each test in
which a different acceleration was applied. To
avoid the sand particles flowing into the gaps
between the model wall and the container
walls, thin strips of styrofoam were pasted on.
both sides of the model walls. An accelerometer
was attached to the head of the shaker while
another one was either burried in the sand 6
inches (152mm) from the model walls and one
inch (25.4mm) below the ground surface or
attached on the container wall 1071{ inches
(260mm) above the base. A typical set-up is
shown in Fig. 9.

The lowest frequency for sinusoidal acceler-
ations that the shaker can be operated without
severe distortion of the acclerograms recorded
at the shaker’s head was about 15 cps for the
experimental. set-up. This fr’equency was used

in the tests but the actual frequency for each

Table-3. Test Schedule

. Model 9.3 l
walll = 2.5 2.7 2.95"
Density inch
110.1 pef. X } X
108.8 n X X
103.2 » X ‘

—_— 4 4 —
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Fig. 7. Piper and Funnel for density set-up

Fig. 8. Model Walls

test was calculated from the recorded accelero-
grams .(T912).

sinusoidal accelerations were applied and the

Different levels of constant

wall rotation, lateral displacement and the
time intervals were recorded. Test results are
listed in Table-4.

5. Results and Discussion

Table-4 shows all the tentative data. As
shown in last three columns of Table-4, one or
more than one angle of rotation for each test
were recorded by time interval. If the rotation
was large enough, the initial configuration on
which the equations of motions were established
might no longer hold., Therefore, if there are
more than one angle of rotations recorded for
one test, angle of rotation was chosen for the
calculation of rotation per cycle, such that it

is less than 10 degrees or lines up with the

(a) Before test

(b) After test
Fig. 9. Model test set-up

adjacent points of different accelerations. The
rotational angle per one cycle can then be
calculated. Columns (13), (14), (15), _in Table
-5 were rearranged from Table-4 in such a way
and these values (column 15 in Table-5) were
plotted against the applied accelerations as
shown in Fig. 11.

Referring to accelerations in Tables 4, 5,
accelerations were taken at the container wall
and the head of the shaker in the beginning
stages of these tests. In order to have correl-
ation bstween acceleration at the container
wall and the ground acceleration in the sand,
a series of measurements were performed. These
correlations are shown in Fig. 10. The acceler-
ations taken at the container wall in some of
the tests were all converted to the eguivalent
ground acceleration in the sand according to
Fig. (10) as shown in Tables 4, 5. This ground

— 4 5 —
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Table-4. Test: Results

. Base Density | Friction Acceleration (g’s) Frequency ‘ Data
Width . Angle ‘ Time |Angle of [ Displace-
(n) | (e | )| s | G ‘ s | (ePS) | (geoy |Rotation | ment
| Q) (cm)
0. 062*| 0.07 j 0.07 16.7 No Displacement
16 5 2.2
0.072% | 0.08 0.08 16.7 20 10 45
o : 22 16 7.0
2.3 110.1 38.5 | 0.090% | 0.10 0.1 16.7 5 4 1.5
5 2.2
0.125% |  0.14 0.15 16.7 6 10 )
7 16 7.0
0.153*[ 0.17 [ 0.18 16.7 l 4 16 [ 7.0
o.o72*| 0.08 ’ 0.10 ] 16.7 J No Displacement
5 2.5 1.4
2.5 108.8 | 35 0.134* | 0.15 0.15 16.7 10 8 3.2
15 1 16 7.
0.160% | 0.18 0.2] 17.2 5 ol 5
8 16 7.
0.242% | 0.27 0.32 16.7 { 2.6] 16 { 7.0
0. 067% 0.075 0.09 17.2 L No Displacement
5 3.5 1.6
2.7 | 103.2 31 0. 085% 0.095 0.1 17.2 10 6.5 3.0
15 12.5 5.7
17.8 16 7.0
0.107% | 0.12 0.14 17.2 5 7 3.1
10 16 7.0
0.140} 0.16 | 0.20 l 16.7 ‘ é.ZI 13 176.6(0.8)
0170 0.19 0.23 ) 16.7 | 3.9} 12 | 6.6(1.2)
0.134% ; 0.15 0. 19% j 16.0 ’ No Displacement
5 3 1.2
0.178% | 0.20 0.24 17.2 20 ? 3.8
25 17 7.0
2.95 110.1 38.5 30 25 11.0
0.223% 0.25 0.29 17.2 2.2 5 -
16 —
0.242¢ | 0.27 0.40 | 156 ‘ 7.21 10 | 6.6(2.0)
0. 250% 0.28 | 0.38 ; 16.1 | 5.5‘ 12,5/ 6.6(1.1)
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o.134*| 0.15 [ 0.19 | 16.7 No Displacement
0.178% | 0.20 0.26 16.7 10| 6 2.4
2.95 108.8 35 20 | 8 | 3.10.0)
0.223* |  0.25 o | 172 10 10 4.2
'I 20 15 6.5
{ o.242*{ 0.27 ‘ 0.35 [ 16.7 5 ] 15 ’ 0.5

* ,; Converted from Fig. 10.
( ) ; Denotes displacement of base of walls.

acceleration was used for the “Experimental”
curves in Fig. (11).

At lower levels of acceleration, the walls
7;;10ved by rotation only, but at higher levels
the walls rotated and slid. However, the sliding
qmotion was not apparent. The rotational mo-
vements were severe enough that the toes of
the walls dug into the sand while the heel
tilted up creating a small pocket of empty
space between the base of the wall and the
sand. Sand particles were observed to flow into
the pocket as the walls rotated. The heel of
the walls made traces of arc moving upward
and outward under severe shaking. If the ro-
tation was large enough the initial configur-
ation on which the equations of motions were
established might no longer hold. The digging
action of the toes into sand could have retarded
the lateral movement of the walls. In many
cases, the top of the walls moved excessively
due to rotation of walls without the pure la-
teral displacement of the wall base. In the
theoretical calculations, no sliding was assumed
based on this observation, Therefore, despite
the equivalent ground acceleration K, is larger
than K,,
linear acceleration & is not assumed to be equal
to K, as in Richard’s and Elms’ method, but
it is replaced by % «a as in the case for pure

the sliding yield acceleration, the

rotation. Namely, yield accelerations for sliding
in column (7) of Table-5 were not used in the
theoretical calculations.

The total angle of rotation for a given
accelerogram can be calculated by summing up
the angle of rotation created by each acceler-

ation peak which exceeds the yield acceleration
for rotation. This principle is applicable to all
types of acceleration including those by earth-
quakes. The lateral displacement of the top of
a wall is the product of sine of the total angle
of rotation and the wall height. The analytical
method based on the equation of motion as
proposed in this paper may be used to predict
the wall movements, but it may give a conser-
vative answer as indicated by the experimental
results shown in Fig. 11. These curves are
rearranged for convenient use in Fig. 12.

EXAMPLE:

A rectangular gravity retaining wall 20 ft.
high, 5 ft. wide supports a horizontal backfill
which has ¢=35 degree, §=23.3 degree, y=108.8
Ib/ft? (16.82KN/m®). If the wall is subjected
to a severe earthquake which has 10 cycles of
equivalent sinusoidal acceleration with 4,,,=

0.12g and 4 cps, how large displacement would

0.50
0.40
a .

& 0.30 sand—-abox /
2 rd "
~
?‘ / 2sand—=2head -
o /
« 0.20 7

010 /

0 /
0.10 020 0.30 0.40 . 050

8b0x , Bhead (g's)

Fig. 10. Correlations Between Accelerations
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Fig. 11. Wall Rotation
the retaining wall experience at the top of the The equivalent step ground acceleration K,=
wall ? 0.1g. Substituting P,,=4876, P,.,=2100, W=
Solution; 15.000 K,=0.1, H=20, 5=5, I=16498, d=-I—;-w
The rotational yield acceleration for the wall =10a to EQ (5) gives
wl\l_vich has Fs=1.45 against rotation is 0.055g. 13.33Peh—5Pev—493=63082«
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Fig. 12. Wall Rotation

Ppy=1/27 H* Kae cos §—P,;,=1608

Ppy=Pgy tan §=693

a=0,277rad/sec®=15. 87° /sec?

§=1=15.87(14/160)*=0. 122° /cycle

326=10x0.122=1.22 degree

Displacement=H sin #=20X12sin 1. 22°

=5.1inch
It must be recalled that many simplications

and assumptions are made in the analysis. The
most important ones are the location of the
dynamic increment acting at a point one third
of the wall height from the top, the center of
rotation, and the replacement of the sinusoidal
acceleration by step pulses. There were spme
practical problems as well. It was difficult to
apply the desired level of acceleration imstan-

taneously in the tests. There were some time
lags and slightly unstable accelerations before
the desired levels of acceleration were achieved.
At higher levels of acceleration the problem
could be serious because the model walls could
have moved significantly in those periods of
time. The accelerograms generated did not come
out perfectly as a sinusoidal function. They
were slightly distorted. Walls moved rapidly
under higher acceleration causing difficulty in
obtaining accurate data. The test container was
not sufficiently large enough to eliminate the
boundary effect. Undoubtedly many of these
factors can be solved and the results improved

in the future,

6. Summary and Conclusion

A‘ small scale model experiment and an anal-
ytical method to evaluate the permanent retai-
ning wall rotation have been presented in this
paper. Although the two do not match exactly,
the general trends do agree. It is found that
there are yield accelerations for rotation just
as there are yield acceleration for wall sliding.
Walls will not rotate unless the ground acc-
elerations exceed the yield accelerations which
become larger for higher factors of safety. The
magnitude of rotational angle is found to incr-
ease rapidly with the applied ground acceler-
ation, smaller wall base and lower angle of
friction. The magnitudes of the rotation of
walls may be estimated by the equation of
motion. However it tends to overrestimate
according to the experimental data. The dis-
placement of the top of the walls can then be
estimated. This rotational movement may cause

severe displacement at the top of the walls,
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Appendix ] .-Notation

The following symbols are used in this paper:
g=linear acceleration of the wall

B=base width of walls

g=acceleration of gravity

H=wall height

I=moment of the inertia of walls

i=backfill slope

K sz =dynamic active earth pressure coefficient

K,=Horizontal acceleration coefficient

K,=yield acceleration for rotation

K,=yield acceleration for sliding

K,=vertical acceleration coefficient

P ,g =dynamic active force

P, =static active force

Pp=dynamic increment of active force

W =wall weight

Z=horizontal distance from the center of
the wall to the toe

x,=Horizontal distance from the static active
force resultant to the toe

x,=horizontal distance from the dynamic
active force resultant to the toe

y=vertical distance from the center of the
wall to the toe

a=angular acceleration of walls

f=slope of the wall to the vertical

7 =unit weight of soils

é=friction angle between base and soil=%¢~

¢=soil friction angle
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