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INTRODUCTION

Rigid retaining walls are commonly encountered structures.
Though research on earth pressures dates back to 1873, comnsiderable
research is required to understand their behaviour (Ref.l). Very
few predict earth pressures as a function of wall movements even
for static case. Dynamic earth pressure problem is even more com-
plicated. Very few experimental investigations using large walls
are reported.

A program for testing a 20 m high wall has been drawn up at
Roorkee. Details of this program have been discussed in this paper
with respect to evaluation of information required for further
improvements of static and dynamic earth pressure theories. Dis-
cussions and suggestions in this regard are expected to be of great
interest to this Conference and of use to authors of this program.

IDENTIFICATION OF AREAS OF EXPERIMENTAL INVESTIGATION
Rigid retaining walls move away from backfill during earth-
quakes which has been examined critically by Prakash (Ref.2). It
has been recommended to conduct full scale tests to study the

behaviour of wall during static and dynamic conditions.

Static Loading Conditions

Couloms's theory does not provide earth pressure distribution.
Rankine's theory predicts hydrostatic type of pressure distribution
for smooth walls, which does not satisfy moment equilibrium. . Moment
equilibrium is not used, because, pressure distribution along the
wall back and assumed rupture surface are unknown.

Two theories are available to predict pressure distribution.
The theory proposed by Prakash and Basavanna 1969 and revised by
Basavanna in 1970 (Ref.3,4) assumes linear failure surface and
cohesionless soils. It also assumes that vertical stress at a
point in failure wedge is due to mass of soil column at that point,
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which is not true. This makes resultant earth force move away from
the heel. The theory by Joshi and Prajapati (Ref.S)'rem9ves‘this
error using method of slices to determine pressure dlsFrlbut%on
along assumed failure plane for active case. Using thlS,.p?lmF of
application of earth force is obtained by using moment equilibrium,.
It assumes direction of interslice forces, which is reasonable but
needs to be verified experimentally. Pressure distribution predic-
ted by the two theories have not been compared with test results.

Angle of wall friction is assumed to be between §/3 to 2¢/3
for most cases, § being angle of internal friction of the fill.
This leads to considerable variation in computed active pressures,
especially for larger values of §. It is better to measure normal
and tangential components of pressures on wall back at various
points and obtain variation of angle of wall friction. Joshi and
Prajapati (1982) have reported that active earth force by Couloms's
theory at a particular angle of wall friction is minimum. This
should be verified experimentally.

Many have reported that assumption of plane failure surface
is reasonable for cohesionless soils and small angles of wall fric-
tion. However, clear failure surfaces do not occur for small wall
movements and loose soils. For such cases, vertical and horizontal
pressures within the fill at various points give direction of maxi-
mum shear stress and hence shape of potential failure surface. It
can also evaluate pressure distribution along failure surfaces and
direction of interslice earth pressures. GComparison of displace-
ments&pressures at various wall movements will indicate whether
rupture wedge acts like a rigid body. For rocky foundations,
sliding or rotation about heel of the wall are difficult to get
realized. For flexible foundations, a combination of sliding and
rotation is likely. Therefore, test data regarding foundation
stresses, contact pressures, translation and rotation of the wall
are important.

Peak values of passive pressures on front side of wall are
seldom of great interest as associated wall movements are too large.
Wall movements are too small to mobilize full passive resistance
in most cases. When stabilizing forces provided in the design do
not allow sufficient wall movements for reaching active stage,
pressures in between at rest and active earth pressures occur.
Therefore, prediction of passive mobilized pressures as a function
of wall motion is desirable for safe design of wall. There are
very few experimental investigations reported about the same.
Because of high passive pressure values, compressibility of passive
wedge has to be considered. The soil element gets compressed under
passive pressure before the pressure is transmitted to adjacent
soil element. As such, measurement of vertical and horizontal
pressures and displacements within the passive wedge is important.

Dynamic Loading Condition

Lack of experimental data about earth pressures under earth-
quake conditions, particularly for tall retaining walls is a great
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impediment in developwment and evaluation of earth pressure theories .
Most points discussed for static case regarding wall fricfion,
pressure distribution within fill and along wall back, contact
pressure distribution along wall base and passive pressure distri-
bution are studied in dynamic case also. Information available
about shape of failure wedge under dynamic conditions is scanty.
Mononobe-0Okabe theory predicts larger failure wedge for larger
horizontal accelerations. Based upon tests on retaining wall of
about 3 ft. height, Nandakumaran (Ref.6) has reported that if a
failure wedge is formed under static conditions, dynamic loading
tends Lo cause larger movement of same wedge. More information is
required in this regard.

In most cases, acceleration in the rupture wedge 1s assumed
to be uniform. However, soil-wall interaction leads to certain
magnification of response at fill level which may be of the order
of 10% of reponse of ground at the base of wall (Ref.7). This
depends on properties of soil-wall system and frequency content of
dynamic loading. Further experimental investigations in this regard
are required.

DETAILS OF THE PROPOSED SET UP

Tests on 20 m high wall are too costly and time consuming to

carry out extensive parameteric studies. Therefore, facilities
existing in the University of Roorkee for testing lm and 2m high
walls will be employed to augment parameteric studies. Details of

these facilities are reported elsewhere (Ref.6).
Test Wall

RCC test wall cast in three segments of 7m length and 20m
height with construction joints between them provided with poly-
thene or tar sheets i1s believed to be adequate for creating plane
strain conditions for the central segment. The wall will be desig-
ned for pressures predicted by Mononobe-Okabe theory. Each node on
sides of the test wall shown in Fig.l will have a pressure cell to
measure normal and friction components of earth pressure and an
acceleration pickup to record the response. Similar cells embedded
along the wall base will measure contact pressures.

For measuring displacements and tilt of the wall, reference
1§vels should be not influenced by wall movements. A masonry block
situated outside the passive wedge with a rod anchored on this
b}ock and'running upto the wall on intermediate roller supports
w111‘prov1de reference point for measuring horizontal motion (Fig.2).
Vertical settlements are considered to be insignificant at the
depth where vertical stress due to wall loads is 10%Z of that at
the Yall base. A cased bore hole extending upto this depth and
hou51ng'a metal rod secured to soil below and extending upto ground
level will provide reference to measure vertical movements (Fig.3).
A plumb bob secured to wall at its top and extending upto ground
level will be used to measure tilt of wall (Fig.4).

495



Ee—— PARABOLIC WALL

. - P e
ARTH FILL
R R = TN
WING WALL L 8om
| — om —
P . o - =X P) TR R R > -
TEST wALL /1 } . . F _FOCUS
J | . e TRANSDUCER NODE
20m o INCLINOMETER
‘o _L O SWEEDISH WELL
* e

FIG.-1 - LAYOUT OF THE TEST SETUP

Earth Fill

Only cohensionless fills will be considered. Mechanised equip-
ments like conveyor belt etc. will be required for fill replacement.
Suitable tests can be carried out to check fill properties. Incli-
nometers and Sweedish wells, shown in Fig.l, will be used for measu-
ring vertical and horizontal displacements within the fill to deter-
mine shape of failure wedge. Measurement of vertical and horizontal
pressures at nodal points shown in Fig.l will provide data for veri-
fying interslice forces. At each nodal point an acceleration pickup
will measure response of soil within failure wedge required in com-
puting dynamic active pressures. Similar instrumentation is provi-
ded for the passive fill also. Pressure cells are embedded in soil
below the wall to measure foundation stresses.

Test Chamber and Dynamic Loading

It is difficult to obtain high levels of excitation for 20m
high wall with mechanical oscillators. Blasting appears to be
appropriate excitation source. The test chamber should help to
maximize propagation of energy through horizontal seismic waves.
A chamber with parabolic wall with blast charges at the focus 1is
proposed (Fig.l). Parallel wing walls will be provided to retain
the passive fill (Fig.1l).

It,is difficult to create design-seismic ground motiomns by blas-
ting. Trial and error procedures with programmed ‘ignition will
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be employed. 7The length of test chamber is believed to be adequate
for creating plane strain conditions. Test data from buried pick-
ups and pressure gauges will indicate how best this can be realized
It is impossible to alter the predominant frequency of the site in
such studies. However, limited energy supply is inadequate to
excite soll to a significant depth.

Recently, contained blasting has been studied (Ref.8). A
charge in a nvoprene (plastic) contalner, which can expand to a
volume many times its original volume without losing elasticity
to allow its repeated use, is exploded. This directs greater por-
tion of the blast energy in the form of horizontal seismic waves.
This technique is not yet fully developed.

Dynamic loading for smaller walls can be provided by mechani-
cal oscillators, dropping weights etc. for which facilities already
exist in the Unlversity of Roorkee.
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Pressure Cells

To evaluate angle of wall friction along sides and base of the

wall, cantilever type of pressure cells will be used (Rgf.9). In
case they are unsuitable to record dynamic pressures, ?laph?agm type
of pressure cells will be used. Cells buried in the fill will be

of diaphragm type. Leads of cells laid horizonta}ly w%ll be coilgd
at intervals to allow displacements without damaglng wire connections,
To minimize arching around cells, displacement of dlap@rgg@ should
be small for a given cell diameter, which redgces sensitivity. To
meet these conflicting demands, high sensitivity cglls with clamped
edge circular diaphragm created out of a soli@ stalnless.stegl block
will be used. Wheatstone bridge type of strain gauge grid wth.
radial and helical type resistance gauges are emplgyed to maximize
sensitivity. To minimize interference of gauges with free field
behaviour of fill material, size of the cell should be as small as
possible. However, for coarse grain material, cells should bg large
gnough with respect to grainsize. No such inform§t10n'1s avallab}e
for design of cells. Diaphragm diameter of ten times average grain
size of the fill is considered adequate. Cells with 24 mm external
diameter and 10 mm thickness have been fabricated in Roorkee for
this purpose.

Inclinometers and Sweedish Wells

They will be employed for measuring vertical and horizontal
movements within the fill (Fig.l1). Details of the equipment are
reported elsewhere (Ref.10). Segments of 50 cm depth will be used
for Sweedish wells to provide enough flexibility, especially near
potential failure surfaces.

ANALYSIS OF-THE TEST DATA

Static test data will be helpful in comparing observed pressure
distribution behind the wall with those predicted by theories pro-
posed by Prakash and Basavanna (1969) and Joshi and Prajapati (1982).
dbserved normal and tangential pressures on the wall to determine
variation of angle of wall friction. Observed horizontal and ver-
tical pressures in the earth fill will assess actual mobilization
of §. Orientation of maximum shear stresses within the fill based
on actual pressures will identify potential failure surface. This
can verify assumed shape of failure wedge and interslice forces for
various earth pressure theories. -Such findings are required in
formulating simple and yet satisfactory theories.

Variation of passive pressure co-efficient for wall movements
associated with active pressures is of particular interest. This
test data will be useful in evolving suitable expressions to predict
active and passive earth pressures as functions of wall movements,
foundation compressibility, wall friction and base width of the wall.
Dynamic tests will indicate whether a distinct failure wedge 1is
formed for dynamic case or the static failure wedge itself keeps
poving. This will verify the Mononobe-Okabe theory.
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Actual measurement of response of wall and various nodal points
within the fill provides a clear understanding of mechanics of the
problem and indicate whether rupture wedge behaves like a rigid
body. If it does not act like a rigid body, the very basis of the
Mononobe-Okabe and other similar theories will be incorrect. The
current day practice generally considers seismic coefficient of
the site to be the same as that for failure wedge. If seismic
coefficient appears to increase towards top end of the wedge signi-
ficantly due to soil-wall interaction, dynamic earth pressures will
be considerably larger near top end of the wall.

Displacement of wall is the most rational criterion for evalua-
ting performance of wall. The principle of yield acceleration pro-
posed by Newmark is the basis of such analysis (Ref.1ll). The know-
ledge of potential failure surfaces, mobilized angles of wall fric-
tion and shearing resistance of soil, pressure distribution along
rupture surface and base of wall will provide excellent data for
verifying and improving theories for displacement analysis of wall
subjected to earthquakes.

LIMITATIONS OF THE TEST

Under field conditions, ground motions are due to upward pro-

pagation of shear waves. Seismic ground motions on active and
passive sides of the wall at foundation level are the same. However,
this is not realized in the proposed test setup. The seismic ground

motions on the passive side of the wall are likely to be of much
lesser intensity compared to what is expected under earthquake
conditions. Limited source of energy fails to excite sizable depth
of soil below the wall. As such, vibration characteristics of
foundation soil and their influence on response of wall-soil system
expected during earthquakes will not occur during tests. No infor-
mation is available on how to account for this discrepancy. Simu-
lation of seismic ground motions is difficult. It is difficult to
assess precisely whether a given dynamic excitation during the test
is equivalent to a design earthquake. Induced accelerations within
failure wedge due to blasting will vary appreciably with distance
from source of excitation, which is not the case during the earth-
quakes.

CONCLUSIONS

Adequate experimental data is not yet available for a better
understanding of the static and dynamic pressures behind retaining
walls. Tests on tall walls are practically not existing. Testing
program reported in this presentation will provide sufficient data
to evaluate distribution of angle of wall friction, active and
passive pressures, mobilized angle of shearing resistance of soil
along potential failure surface, orientation of potential failure
surface, direction of interslice forces within failure wedge, dis-
placement of wall required for full mobilization of active and
passive pressures etc. Such findings are important in formulating
better theories. The test results will be useful in evaluating and
improving theories for displacement analysis of refaining walls.

499



The data from dynamic tests will be of help in understanding
response of wall-soil system and its influence on earth pressures,
Response of soil within the failure wedge will indicate whether
assumption of uniform acceleration coefficient for the entire wedge
is reasonable. The results will be helpful in considering the com-
pressibility of soil below foundation and the passive wedge in earth
pressure caclulations. Very few theories at present account for sanme,

This facility will be rather costly. However, test results are
very valuable. This investment 1is worthwhile considering extensive
use of retaining structures in a variety of civil engineering cons-
tructions. It is helpful in modifying various codes of practice
for earth retaining structures. This setup can also be used to
investigate dynamic at rest earth pressures not yet studied exten-
sivély so far. The programe has some limitations, especially in
simulation of design seismic ground motions. However, comparison of
such data with that obtained from tests employing shake table should
be of help to make reasonable conclusions regarding the influence
of the response of soil-wall system on earth pressures.
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