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Dependence of Earth Pressures on Displacements

Pressions de Terres en Fonction des Deplacements
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SYNOPSIS In & model kid the earth pressures were observed corresponding to increasing translatory movements of
the supporting rigid plate in passive direction. The measured earth pressures have been compared with computed

values obtained by a successive use of the finite element method. The deformability of the soil was investigat-
ed by triaxial tests and expressed by families of octahedral strain versus octahedral stress charts., The infini-
te increase of shear strains at constant volume appearing et stress states approaching the failure had been ta-
ken into aceount. Tests were performed with inereasing shear stresses at different constant values of the octa-
hedral normal stress, the succession of the later corresponding to the first loading as occurring in the case of

the passive pressure, The degree of the strength mobilisation in successive displacement

steges has been present

ed by lines of equal moduli of shear deformation (G); the lines G- 0 indicate the failure zones.

INTRODUC TION

The measurements of earth pressures on small models
cen give qualitative and quantitative insight into
the mutual relationships between the forces acting on
the supporting plate and the displacement of the pla-—
te. Owing to the complexity of the model scales the
results ceannot directly be applied for prediecting
earth pressures affecting high structures. They are,
however, useful for checking the ability of computat-
ion methods forecasting the earth pressures as depend-
ing on the kinemetical boundary conditions as well as
on the deformability and strength of the beckground
soil,

The dependence of earth pressures on kinematic bounde-
ry canditions had been experimentally investigated by
several authors, The conclusions had, however, to be
limited to immediate deductions from experimental data,

Recently, some interesting comparisons between measur-
ed and computed earth pressures have been published.
simpson and Wroth (1972) have used the state boundary
method applying the finite element method. James et al
(1972) have applied the method of characteristics of
Sokolovsky, Shield's equations end experimentally ob-
tained stress-strain relationships, Suklje et al
(1968) interpreted Vidmar's (1963) experimental obsem
vations of relaxation effects in a viscous background
by an approximate computetion procedure taking into
account non-linear and viscous deformability as obser
ved in triexial compression tests.

Clough and Duncen (1971) have used the finite element
method expressing the stress-strain relationships as
observed in triaxiaml compression tests by Kondner's
hyperbolic function.

In the present report some earth pressures previously
measured in a model kid (Vidmar 1974-b) are compared
with the computed values as obtained by the finite
element method using the triaxial compression test da-

ta. The deformability of the soil has been expressed
by two families of charts relating moduli of compress-
ibility and moduli of shear deformations to the octa~
hedral values of strains,

STRESS-STRAIN RELATIONSHIPS

The model kid was filled with a sandy silt of inter-
mediate plasticity (MI according to AC classificationj
grain-size distribution: 2%<0,002, 53% 0,002/0,06,
45% 0,06/2,0, w_ = 46%, Ip= 18%). The initial water
content of the Till was w; = 26,5/

The deformability of the soil was investigated on a
single triaxial specimen with initial water content
W, = 32,3%. The stress path of the whole drained test

Fig. 1 Stress path of the drained triaxial test
and y°= [y°(c°)] charts
07:: nst
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is shown in Tig. 1. After the isotropic consolidation
at spheric stressesg,=0,=0y= 0,1 and 0,5 kp cm™2 the
otress level was successively raised to the straigt
envelopes 7=o0'tang,  of Mohr's stress-circles at q,=
= 10°, 15° , 20° and 25° . The unloading occurred at
the reversal succession of the same stress states.
Then the spheric stress 0,5 kp cm 2was increased to
1,24 kp er 2and, keeping this value constant, the
sheer stresses were raised again to previously chosen
levels. Settlements of the sample and volume changes
were registered during each loading step up to the
end of the primary consolidation. As the secondary
effects had not been found important, the last read-
ings in each step were considered when computing the
octahedral velues of normal (¢°) and shear (y°)
strains correspond to the octehedral values of
effective normal (0'°) and shear stresses (t°) deter—
mining the stress state:
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The measured values of y°at three normal octahedral
stresses for the above mentioned values of @  are
shown in Fig. 1.

By using experimental data, two families of stress-
—strain charts were formed:

0°= [0°(e®)] . vevereiennens (5)
and YL const
o= [+ (7))

o seesseesenens (6)
Thereby, two alternative corrections were made when
forming the charts (6), In the first case the y° va-
lues chserved at 0°= 0,5 and 1,24 kp cn™ 2 were in—
creased by the amount of the irrecoverable shear strain
which would appear at ¢°= 0,1 kp em~2 if the deviato-
ric loading and unleading was realized also at this
value of ¢°) the amount had been estimated by extrapo-
lating the available test data (see Vidmar 1974-b and
Fig. 1). In the second case the y"values at ¢°= 1,24
kp em~? were decresed by the irrecoverable shear strain
observed at ¢°= 0,5 kp em 2, With this alternative cam
rection the charts (6) cen be considered to correspond
to three separate test series in which the deviatoric
loading was not preceded by any deviatoric stress path.

For the charts (5) and (6) according to the first of
the above mentioned correction we refer to a previous
ublication (Vidmar 1974-a). The femily of the charts
?6) sccording to the second of the above mentioned
correction is presented in Fig. 2,

By using the charts (5) and (6), secant values of the
moduli of compressibility (K) and moduli of shear de-
formation (G) were obtmined according to the rela—

tions 1 Ac® T
=5 &% w8t
k=34%, ¢ P TERRRRIREE (7),(8)

The resulting values have given the charts
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s = [zo(y0
Fig. 2 Cherts t°= [7°(y ”e' onst
which are presented in Figs. 3 and 4. When approach-
ing failure, the moduli of shear deformation G get ze-
ro velues. According to the data of three direct shear
tests, the failure stress level was taken with @, =
= @'= 32° 10'; thereby the cchesion intercept of about
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Fig. 4 Charts 6 = [6(r*)]o_ .

0,018 < €£°<0,034

0,06 kp am~? at w;, = 32,3% and of 0,12 kp em 2 at
w, = 26,5% had been disregerded.

The relationships (9) and (10) have been expressed by
sets of numericel coordinate values according to Figs.
3 and 4, The interpolation was made by applying the



“gpline” polynomials of the third order., The compu-
tetion program wes elaborated according to Desal
(1972).

COMPUTATION OF PASSIVE EARTH PRESSURES

With the geometric and loading eonditions of the mo-
del tests (for details see Vidmar 1974-b) and the
stress-strein relationships of triaxial test present-
ed in the preceding section, the passive earth pres-—
sures were computed by using the finite element me-
thod. The background of the model was 23 cm in height,
21,3 co in width end 180 cm in lengthy it was subject-
ed to a flexible surface load of q = 0,096 kp em—2

80 em in length and, after the consolidation under
this lomd, to lateral forces producing a translatory
movement of the rigid metel supporting plate., In the
numerical computation the background was considered a
plane-strain body discretizated into a network of tri-
angular finite elements according to Fig. 5. The es-
sumptions on the kinemetical boundary conditlons are
shown in the figure.

Fig. 5 The network of finite elements in the back-
ground with the boundary conditions and plots
of total earth pressures E versus displace-
ments U of the supporting plate: (1) computed
values according to charts presented in Figs.
3 and 4, w,, = 32,3% (2) computed values ac-
cording to cherts presented by Vidmar 1974-a,
w,, = 32,3%; (3) meesured values, w, = 26,5%

The nan-linear stress-strain relationships for the

soil were linearized by the incremental procedurej the

loads and boundery displacements respectively were de-
vided into & succession of small increments.

The numerical computation occurred in the following

three phases:

(1) step loading by the own weight of the soil at the
fixed position of the supporting plate)

(2) step loading by the surface forces, the support-
ing plate remaining fixedj

(3) incremental trenslaetory movement of the support-
ing plate, the surface loading remasining constant.

At the very beginning of the procedure ¢°= t°= §°=
= y° =0 in each finite element, and K and G values
are equal for any element, The corresponding "elastic"
parameters E and v (modulus of linear deformatian
and Poisson's ratio) cen be obtained by the relations:
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The stress and strain increments have been successive~
ly added to preceding values in order to get stress
and strain tensors at the end of the increment. The
corresponding octahedral values

- 2
< A \/-‘;'_ = Jgeens (13),(14)

have been obtained by taking into account that for
plane strain conditicns the strain invariants J, and
J, ere:

2

E= 26(1 + ¥)vaess (11),(12)

Jy =6t by y J

= 1"5"-(1;;-1)2 seves (15),(16)

2
By us "spline" subroutine the tangent moduli K =
K( e°,ly::§ and G = G(7%¢°) may be obtained. The corres—
ponding E and v values obtained from equations (11)
and (12) have to be inserted into the stiffness and
Yelastic" matrices of the following step. When approa-
ching the failure, G = O has to be substituted by a
very small value (e.g. G = 107" kp eam2) and ¥ = 0,5
by a smaller adjecent value (e.g, ¥ = 0,499) in order
to avoid singularity of the stiffness matrix.

RESULTS OF THE NUMERICAL ANALYSIS AWD COLIPARISON WITH
MEASURED VALUES

Distribution of earth pressure (a, ) along the height
of the supporting plate is presented in Fig, 6, and
the integrated vmlues of total earth pressures are
plotted versus the displacement of the plate in Fig.5.

Fig. 6 Distribution of earth pressures along the
height of the plate as depending on the dis-
placement U of the plate

In Pig. 5 the resulting total pressures have been com-
pared with the computed values which have been pre-
viously obtained by the author {Vidmer 1974-a). In the
same figure the observed values have been presented as
well. (Por details see Vidmar 1974-b). The horizental
movement of the plate occurred at the speed of 0,00083
mn see”'. After a displacement of 2 mm the cbserved
initial at rest pressure of 30,3 kp inereased up to
102 kp. At this pressure kept constant the displace-
ment increased, during the primary consolidation, in
about 5.10% min up to about 4 mm and at the end of ob-
servation, in 13.10° min, up to about 4,5 mm. The in~
terruption of line 1 at U = 15 mm is owned to diffe-
rent values of increments AU at displacement 0<U <
<15 mm and U >15 mm,

791
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Fig. 7 1Isobares of moduli G releted to the displecement of U = 40 mm

In the damein of the observed displecements ( < 4,5mm)
the measured eerth pressures in the consolidated ste-
te (full line 3 in Fig. 5) are by about 20% higher
than the computed values (line 1), The difference may
be owned mainly to different initiel weter contents
of the soil in the model kid and of the triaxiel spe-
cimen (26,5% against 32,3%), and to the corresponding-
1y higher cchesion intereept (0,13 versus 0,06 kp c?)
which was not concidered at all in the numerical ana-
lysis. On the other hand, since in the G = G(7° ¢°)
relationships the deviatoric unloading was not taken
into account, even greater difference between measur-
ed and computed values could be expected. This is
proved by smaller earth pressures obtained by the au-
thor when using the stress-strain relationships accon-
ding to the first alternative correction (line 2 in
Fig. 5). Neither of the alternative procedure,however,
follows exactly the stress path at the tremsition
from at rest pressure through the hydrostatic stress
state in the domain of passive pressures.

In Pig. 7 the isobares of the moduli G have been pre-
sented. They are related to the displacement of U =
40 mm when between the isobares 0,05 a clearly formed
failure zone appeared,

CONCLUSIQNS

The above comparisan between computed and measured
passive earth pressures hes proved the ability of nu-
mericel computation method to forecest the earth
pressures with setisfactory approximation provided
that the stress-strain relationships had been taken
inte account in the correct way. They do not need to
be expressed in analytical form; they may be present—
ed by a set of point values and the interpolaticn may
be mede by using "spline" functions. The hypoelastic
presentation of soil properties as applied in the pa-
per could, however, be improved (l) by deducing the
rheological relationships from the plane-strain tri-
axial tests, (2) by epplying unloading (elastic) mo-
duli G during the transition from the at rest state
to the spheric stress state, (3) by a better epproach
to the stress history of the triaxial semple, (4) by
considering the effect of viscous s0il properties
(see Vidmar 1963 and 1974~b). According to recent stu-
dies (e.g. Lade 1975, Lade and Kusante 1976, Prevost
and Hoeg 1976) elasto-plestic soil models provide fum
ther improvement of the analysis.
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