PREDICTION OF EARTH PRESSURES ON
CONCRETE RETAINING WALLS FROM SURFACE
LINE LOADS

AT.C. GOH!

SYNOPSIS

 The lateral pressures acting on the wail stem from externally applied line loads for
merete cantilever retaining walls is considered. These lateral pressures are of concern as the
n of the structural components of these retaining walls is greatly influenced by the lateral
h. pressures acting on the wall stem. Detailed studies were carried out using the finite
ement method in which the stage-by-stage construction of the wall and backfill placement
simulated. The soil was modeled by an elastic-ideally plastic constitutive relationship,
hile the interface elements at the concrete-soil interface were modeled by a hyperbolic
nstitutive relationstiip. The lateral pressures predicted by the finite element method differed
m the predictions from conventional fechniques based on elastic theory. These differences
nbe attributed to the erroneous implication in elastic theory that any combination of effective
incipal stress Tatio is possible for the backfill soil.

INTRODBUCTION

‘Most existing methods for designing gravity type retaining structures are essenti-
based on the theoretical formulations of Coulomb (1776) and Rarikine (1857).
ese methods generally rely on the assumption that sufficient, arbitrary laterai
d.will occur to fully mobilize active conditions behind the wall. Furthermore,
onstruction sequence is usually not considered, with most walls in illustrative
blems appearing magically in place without apparent construction disturbance of
‘natural soils. No account is also taken of the deformation properties of the
kfill and foundation subsoils, the flexibility of the wall or the soil-structure inter-
ion between materials with disparate stress-strain characteristics.

With the use of the finite element method, more realistic consideration of many
he factors as well as material nonlinearity have become feasible. The finite element
thod also has the added advantage of being able to provide predictions of stresses
displacements under working load conditions, whereas limit equilibrium solutions
erally only provide information related to the ultimate failure condition, Clough

uncan (1971) were one of the first to study the behavior of gravity retaining
using the {inite element method. Their analysis of a 6.1 m high gravity retaining
in which the stage-by-stage construction sequence of the sand backfill and the
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soil-structure interaction were simulated, indicated that the horizontal earth pressures

acting on the wall were in excess of the active pressures. Similar findings were obtained L
by Kuthawy (1974) in his analysis of a 31.8 m high gravity retaining wail for a r——{
hydroelectric project. In both studies, the higher than active earth pressures were = W
atiributed to insufficient wall movements away from the backfill. The infiuence of: ?
the type and magnitude of the wall movements on the lateral earth pressures were: » Resaltant For m<=0:
also verified by more recent numerical studies by Nakai (1985), and Bakeer and’ ! 02000
Bhatia (1989). The importance of the soil-structure interaction effects on the behavior " "  H.16+ah?
of gravity retaining walls were highlighted recently through finite element studies by R = 0550
Duncan et al. (1990). : N £ Por matdy
Todate, very limited numerical studies have been carried out to investigate the 'f ' . iy gg* Hude d )t
behavior of concrete cantilever walls. The results presented in this paper are part of: RirFe
an ongoing project to examine the behavior of concrete cantilever retaining walls:
using the finite element method. In a forthcoming paper, Goh (1993) examined the
behavior of concrete cantilever walls (with no externally applied loads) throug )
detailed parametric studies of a wide range of cantilever retaining walls. This wor! Q
has been extended to focus on the effects of vertical surcharge line loads acting o l _
the surface of the backfill and the prediction of the lateral stresses acting on the wa p:
stem under working load conditions, and is the subject of this paper. A T
ceclficicnt
g
REVIEW OF CONVENTIONAL METHODS S 1
For a surcharge line load placed at the surface of the backfill of a gravity typs o

retaining wall, most textbooks and design Codes rely on the theory of elasticity t
compute the lateral pressures acting on the wall back. Fig 1 {a) illustrates a typica
design method found in many textbooks. Fhe equations for the lateral pressure {p
were derived from elastic theory with the assumption that the wall is unyielding an
rigid, and then slightly modified to agree with experimental findings {Terzaghi
1954}, As pointed out by Clayton and Milititsky {1986), the main criticism of thi
approach for determining the horizontal pressure acting on the wall relates to th
implicit assumption that the strength of the soil is infinite. This implies that an
combination of effective principal stress ratio is possible for the backfill soil, Ir
reality, the effective principal stress ratios are limited to less than, or equal to, the
value at which failure occurs. This constraint has particular relevance for gravit)
and semi-gravity retaining walls since the backfill in the vicinity of the wall back i
usually in the active (failure) condition as highlighted by the finite element analyses
presented later.

2. 1 (a) Horizontal Pressures from Line Load using Flastic Method (b) Approximate
Method

NUMERICAL TECHNIQUE

: Fig. 2 shows the wall configuration used in this study. Table 1 summarizes the
detalls of the wall dimensions and properties, and the soil propertics, The strength
and initial stiffuess properties of the foundation subsoil and backfill soil are essenti-
ally similar to those used by Clough and Duncan (1971).

The basic finite element mesh and the displacement boundary conditions are
depicted in Fig, 3, with the elements concentrated in the zones of high stress gradi-
¢nts. The vertical right boundary was sufficiently remote to represent an infinitely
ong backfill. A plane-strain finite element program was used in the analyses. The
program essentially followed the ‘initial stress’ finite element formulations of Nayak
d Zienkiewicz (1972). Eight-noded isoparametric elements with reduced integration
were used to model the soil and wall elements. The soil was modeled as linear elastic-
perfectly plastic with a Mohr-Coulomb yield surface, and associated flow conditions
have been assumed. The wall was assumed to behave linear elastically.

Another common approach is the empirical technique suggested by CP2 (1951)
based on Terzaghi and Peck (1948) and shown in Fig. 1 (b). The line load Qs
considered to exert a horizontal force of magnitude Ka.Q on the wall with its point
of application as indicated. This method which is essentially based on the Coulomb
wedge graphical approach gives results entirely different from experimental {i ndmgs

(Terzaghi, 1954).
58
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K, = K. (1 - Ry SLy : I

here K is the initial shear stiffness, R, is the failure ratio and SL is the interface ;
tess level and represents the proportion of the mobifized interface shear strength., :

Line load, Q (kN/m)

sy

F i | this study, K, was assigned a value of 490 MPa/m for the interface elements

| virtual wall hack irectly beneath the wall base. This value is of the same order of magnitude as exper-

H D ‘/ mental values obtained from concrete-sand interface direct shear tests by Clough
nd Duncan (1971) and Acar et al, (1982). The effects of a lower K, value are con-

dered Iater. When the shear strength of the interface is exceeded, the shear stiffness -
as assigned a small value of 0.01 MPa/m, while maintaining the high normal stiffness,

I
|

J BACKFILL
X he interface elements in contact with the backfiil ie. at the back of the wall stem
— },‘\ d above the wall heel were assigned small K values of 0.001 MPa/m in order to
' f FOUNDATION mulate a perfectly smooth contact between the wall and the backfill. Only the
H)I SUBSOIL alyses assuming a perfectly smooth wall back are presented here as the analyses

th a rough wall back indicated the same trends and have been omitted.

The stage-by-stage pfacement of the wall and backfill were simulated using the
hnique proposed by Clough (1969). The cohesionless backfill was assumed to be
osely placed or very lightly compacted with K, = 1 - sin @ Compaction effects
ch as the finite element simulation procedures proposed by Seed and Duncan
(1986) were not considered. The analysis was carried out in 12 increments for the
placement of the wall and backfill and 3 increments for the applied line load, The
norm of displacement changes criterion (Nayak and Zienkiewicz 1972) was used to
sure sufficient accuracy of the solution before the iterative process is terminated.
Convergence was assumed when the change in nodal displacements, non-dimen-
sionalized with respect to the largest absolute value, nowhere exceeded 0.1%.

Fig. 2 Retaining Wall Geometry

Interfzce and wall ede
Interface elecients meats met shown
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FINITE ELEMENT ANALYSES

- ol

I
Finite element analyses were carried out on both a 3 m high and a 6 m high

soncrete cantilever retaining wall. Different magnitudes of Q as well as distance x)
of Q away from the wall back were considered, and the details are summarized in
fable 2. Tt should be noted that in any computations of the retaining wall safety
actors against sliding and overturning, it is the horizontal stresses acting on the
ertical plane passing through the heel of the wall (virtual back) that are of major
oncern. However as emphasized earlier, the main focus in this paper is on the stresses
cting on the wall stem under practical working load conditions. In the problems
nalysed, the fPactors of safety based on CP2 (1951) were between 1.45 and 1.75 for
liding faiture, and between 2.0 and 3.0 for overturning faiture. The lateral stresses
cling on the wall stem are generally of interest for the structural design of the
cinforced concrete wall. One common practice in design is to modify the lateral
ressures acting on the wall stem by multiplying the pressure by a load factor which

sually has a value greater than unity,

roller boundary

ploned boundary

e
m ~ SH s

Fig. 3 Tinite Element Mesh

x

Six-noded interface elements based on the Goodman et al, (1968) model we
employed to model the interaction between the soil and the structure. The interfa
shear stress-displacement constitutive model adopted was essentially similar to th
model used by Clough and Duncan (1971). The interface normal stiffness was assign
a‘hjgh arbitrary value of 1 x 10° MPa/m to prevent overlap of the adjacent twe
dimensional solid elements. The tangent stiffness K,,, which is the slope of the inter.
face shear stress-displacement curve is expressed as '
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¢

In the initial stages of the fill placement, the weight of the fill placed on top of
‘the wall heel caused settlement of the heel and resulted in the top of the wall moving
-into the backfill. With further gradual fill placement, the lateral pressures exerted on
-the wall stem from the additional layers of fill resulted in the gradual lateral yielding
:of the stem. This caused the top of the wall stem to translate and tilt away from the
_backfill. The base of the wall also translated away from the backfill as shown in Fig.
-4(a). At the completion of the backfill placement, the settlement of the wall base was
jgreater at the heel than at the toe, due to the larger settlement of the foundation
ibsoil in the vicinity of the heel than at the toe. These results are consistent with the
‘gravity retaining wall analyses of Clough and Duncan {1971) and Kulhawy (1974),
.and the centrifuge tests on bridge abutments (Bolton et al. 1950).

Wall Displacement

Typical displacements of the wall are presented in Fig, 4. Fig. 4(a) shows th
predicted wall displacements at the completion of backfilling and at the end of th
application of the external load (Case CWL2:Q = 15 kN/m, x = 0.8 m)on a
exaggerated scale. Fig. 4(b) shows the corresponding vector nodal displacements o
the top and bottom of the wall stem on an exaggerated scale. The vectors at three
different stages are shown : (1) backfilling to a height of 1.8 m above the wali base
(2) at the completion of backfilling (3 m of fill placement), and (3) after the appli
cation of the external line load.

End of backfilling
As expected, the subsequent application of the line load resulted in further
Totation and translation of the wall stem and base away from the backfill. This
caused the settlement of the wall toe to be larger than the seitlement of the wall heel.
nalyses carried out for line loads at greater distances away from the wall back
{CWL3 and CWL4) indicated the same trends in the wall displacements and are not
shown, However, as expected, the magnitudes of the movements were smaller the
rther the line load was away from the wall back.

Q=15 kN/m ——]

X=D.Qm\‘

SCALE -
0.5 m
F— wall Dimensions

ﬂ‘i‘; Wall Displacement

‘Farth Pressures

L Criginal wall position

The predicted lateral pressures acting on the wall back for two values of Qand
three values of x (CWL2 to CWL7) are shown in Fig, 5. z is the depth of the soil
below the top of the backfill. The theoretical atirest and Rankine active earth
pressures (Q = 0) as well as the finite element lateral pressures at the end of back-

@ filling (CWL1) are also shown. At the end of backfilling, the predicted lateral pressures .
1 = 1.8 m high backfll correspond closely to the classical Rankine active pressures for the top two-thirds of
2 = end of backfilling the wall. Tn the lower third of the stem, the predicted lateral pressures are significantly
3 = 15 kN/m line load in‘excess of the active pressures, because of insufficient lateral yielding of the wall
[T stem (Goh, 1993), .
3 b 2 _ The applied load resulted in significantly larger lateral pressures on the wall
1 mm Displacement stem when the line load is close to the wall back {CWL2, CWL3 and CWLS5). The
l Scale results suggest that the lateral pressures are influenced by the magnitude and line of

action of the line load. For CWL2 and CWLS, the lateral pressures close to the
bottom of the wall stem are smaller than at the end of backfilling (CWLI). This is
ikely to be due to the horizontal stress release from the lateral movement of the wall
away from the backfill after the fine load is applied.

Criginal Wall Stem

. The line load resuited in significant increases in both the horizontal and vertical
tresses. This is demonstrated for one of the load cases (CWL2) in Fig. 6 which
hows the typical distributions of the horizontal and vertical pressures with distance
d) away from the wall stem. Two different depths (z) below the top of the backfill,
}:presen_tative of the soil close to the top of the backfill (z/H = 0.15) and in the middie
f the backfill (/11 = 0.45) are shown. Also included for comparison are the stresses
it the end of backfilling (CWL1) prior to the line load application. As shown in Fig.

63
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Fig. 4 (a) Wall Movements (b) Nodal Displacements of Wall Stem

{b)
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Wall Stem D=27m
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CWLE diH
0.8 W Fig. 6 Horizontal and Vertical Pressure Profiles (CWL2)
Ranki
’ Qino"e ess Paths
0 10 20 30 Typical stress paths of the backfill soil are presented in Fig. 7 for CWL2. The
P p p g

€ss paths of four elements are shown. Element A is the soil element ‘adjacent to
wall hesl. Element B is the soil element adjacent to the -base of the. wall stem.
ents C and D are at mid-height in the backfill. The open symbols show the
ess paths to the end of the backfilling while the shaded symbols show the stress
hs when the line load is applied. During the backfilling, the stress paths for these
our-elements indicate an increase in shear stress (q') and mean effective stress (p’)

hincreasing backfill placement. For element C, the stress condition of the element
fier reaching failure moves upward along the failure line. For element D, the stress
h is almost parallel to the failure line. For elements A and B, the stress paths show
at-while the placement of additional layers of fifl increased the vertical pressures, S
the reductions in the horizontal pressures were minimal. :

Horiz. earth pressure (kPa)

Fig. 5 Lateral Earth Pressure Distributions at the Wall Stem D=27m

6, at the completion of backfilling, the horizontal stresses gradually increase wit
distance away from the wail stem while the vertical stresses decrease gradually wit
increasing d/H. With the application of the line load, there is a concentration «
horizontal and vertical stresses close to the point of application of the load. -
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Q=15kNim, x = 08m A $ O )
® Table 1 Properties Employed in Finite Element Analyses ‘
= t D ¢ =307 Property ' Symbol Value
%’ =r - 2 Wall Properties
A % Wall base width (m) B 1.7
g ¥ Wall toe width (m) t 0.4
§ of & Wall stem thickness {(m) 5 0.3
% Wall heel thickness {m) h 0.3
Wall height (m) H 3.0
. ) , ) L . Wall stem height (m) b 2.7
J C » El “ B & Young’s modulus (x 10° MPa) E, 25
mean principal stress, p' (kPa) Poisson’s ratio Ve 0.2
Fig, 7 Stress Path Plots (CWE2) Unit weight (kN/m?%) Yo 22,0
With the application of the linc load, for element C, the stress path continued Baek_ﬁll Soil s
to move upward along the failure line. For elements B and D, the increased shearing Elastic r’nodu_lus (MPa) Ey 0
resulted in the stress paths moying upward and to the right, indicating increases Poisson’s ratio Vs , 9'33
both vertical and horizontal incremental stresses, until they reached the failure Ii - Friction angle $o 0
For element A, the stress path moved almost horizontally towards the left indicating Coheston (kPa) , ¢ 10
a proportionate decrease in both the vertical and horizontal incremental stress Unit weight (kN/m) T 3.7
This stress release is likely to be due to the horizontal transiation of the wall ba Cocfficient of earth pressure at-rest Ko 0.5
away from the backfill. Foundation Subsoil
Parametric Studies Elastic Il'lOdu.IUS (MP&) Er 70
) . . Poisson’s ratio Vg 0.30
Further finite element studies were carried out to investigate the influence Friction angle B¢ 35°
the wall and interface properties on the lateral pressures acting on the wall stem. T Cohesion (kPa) c 0
properties of the backfill soil and foundation subsoil previously assumed in Table Unit weight (kN/m?) Te 18.0
were used. Coefficient of earth pressure at-rest K, 0.426
Fig. 8 shows the lateral earth pressures for a 6 m high wall with D = 5.4 Wall Base Interface
B =34m,s=06mh=06mandt = 0.8 m. Four cased were considered : ( Initial shear stiffness (MPa/m) K, 490
Wali Stem D = 6.4 m Failure ratio Ry 0.9
0 Friction angle 8¢ 30°
03l —e— CWLIA Q=0
oal CWLZA x=16m, Q=15
a ™ CWLSA x=32m. Q=18 WLIA (Q = 0), (2) CWL2A (Q = 15 kN/m, x = 1.6 m), (3) CWL3A (Q = 15
N 08 K N/m, x = 3.2 m) and (4) CWLAA (Q = 15 kN/im, x = 4.4 m). For CWL2A,
WL3A and CWL4A, the same normalized distance (m) of 0.296, 0.593 and 0.815
08 ) o3 ere used as for CWL2, CWL3 and CWL4 respectively. The lateral pressures
%oty edicted for CWL4A were marginally smailer than for CWL3A and therefore have
s 10 20 % 40 50 en omitted. A comparison of Fig. 5 and Fig. 8 indicate that for the same m value,

66

Fig. 8 Lateral Earth Pressure Distributions at the Wall Stem D = 54 m)"

Horiz. earth pressure (kPa)

g-increase in lateral pressures for the 6 m high wall are smaller than for the 3 m
gh wall.
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The effects of the stiffness properties of the wall and the wall base interface
shear stiffness K on the lateral pressures are shown in Fig. 9, Also shown are the
results from CWL2. For CWL2B, the Young’s modulus (E.) of the wall was increased:
a thousand times to 25000 GPa to simulate a very rigid wall. For CWL2C, E, was,
reduced to a tenth of the value for CWL2 to 2500 MPa to simulate the situation of a.
cracked concrete wall, These two cases represent two extreme situations, In practice,
the cracking of the concrete is likely to reduce the bending stiffness by about haif.
The value of K, of 49 MPa/m used for CWL2D which is a tenth of the value used in:
CWL2, would probably be indicative of the lower bound value for concrete-sand:
interface shear stiffness. For all these cases, Q = 15 kN/m and x = 0.8 m were
assumed. The differences in the lateral pressures acting on the wall stem as illustrated;
in Fig. 9 are marginal,

Wall Stem D=2.7m

0
- -
0.2
cwL2
04 & CWL2B rigid wall
o ——
N o CWIL2C cracked wail
0.6 e
CWL2D lower Ky
-
0.8
Rankin S
1 . Q=0 . T \ ]
0 10 20 30

Horiz. earth pressure (kPa)

Fig. 9 Lateral Earth Pressure - Varying Wall and Interface Stiffness Propertics

COMPARISON WITH CONVYENTIONAL METHODS

Lateral Earth Pressure Profile

The above finite element results indicate that the lateral pressures acting on the
wall stem are influenced by the magnitude of the line load and the point of application
of the load. Also of interest is the increase in pressure (p) due to the application o
the line load. This was obtained by subiracting the lateral pressures after the line

"nQ
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D=27m, Q=15kN/m

ad is applied from the lateral pressures at the completion of backfilling. Fig. 10
sshows the non-dimensionalized plots-of the results from Fig. 5 together with the
‘results obtained using the theory of elasticity as outlined carlier in Fig. I(a). In some
‘cases, negative values of p were computed close to the base of the wall stem. As
‘mentioned previously, this was because the lateral pressures after the application of
¢ line load were smaller than the pressures at the end of backfilling. A comparison
of the results indicates wide variations in the pressure profiles predicted using the
Ainite element method and from elastic theory.

_ Similar differences between the predictions from the finite element method and
elastic theory were obtained for the results shown in Fig. 8 and Fig 9. These resuits

0
m <= 0‘4
0.2
m=0.593 FEM
0.4 m=0.295
a m = 0.593
N —_—
0.6 m=0815
Efaslic
0.8 theory
1
-1 1.5 2 25
D=27m, Q=5km
0
<= 0.4
0.2 m = 0.593
FEM
m=0.815
0.4 m=0.266
2 : =059
N —
0.6 m=0.815
Elastin
0.8 theory
1
-1 1 2 3 4
p QY

Fig. 16 Normalized Lateral Earth Pressures (D = 2.7 m)
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are non-dimensionalized in Fig. 11 and Fig. 12. It can be seen from Fig. 12 that for
the same values of m, the pressure profiles have the same general shape irrespective

of the wall properties and magnitude of Q.
. FEM
In elastic theory the backfill soil is assumed to possess infinite strength. As Wiz
mentioned earlier, this implies that any combination of effective principal stress ratio ——
is possible for the backfill soil. In reality, the effective principal stress ratios are crga
limited to less than, or equal to, the value at which failure occurs, This accounts for cWLZC
K-
cwLao -
-
D=54m, Q=15KN/Mm - CWL2A (D =54 m)
——
CWLS
-
L ] L
FEM 2 25 3
m = 0.286
m=0.593
——
m = 0,593
Elaslic 0
theory
L 02
- 25 3
1a
- 0.4
=]
Fig. 11 Normalized Lateral Earth Pressures (I} = 5.4 m) " 06 L
the differences in the predictions between the finite element and elastic nethods. For 08
the retaining walls analysed, and for most gravity type retaining walls in general, af
the completion of backfilling, most of the backfill soil in the vicinity of the wall back. 1 ) . . |
is in the active (failure) condition. For example, Fig. 13 shows the plot at the comple- -1 2 3 4 5
tion of backfilling (CWL1) of the elements where the proportion of mobilized shear pb/Q

strength {stress level) is greater than 0.99, essentially defining the failure zone. With:
the application of the line load, the increase in the horizontal and vertical pressur
for the elements in this ‘failed’ region were limited and resulted in a redistribution
the excess stresses to the elements immediately outside this region that were not
failure such as the soil directly above the wall heel. Consequently, this caused som
of the elements directly above the wall heel to fail as shown in Fig. 13 for CWL

Tig, 12 Normalized Lateral Earth Pressures (a) m = 0,296 (b)) m = 0,593

n equivalent horizontal load acting on the wall back. One such technique has been
escribed earlier in Fig. 1(b). In this section, the finite element predictions are
-compared with the results from this approximate method and from elastic theory.
' The normalized horizontal resultant force (R) and the line of action (g) of the resultant
“with respect to the base of the wall stem are summarized in Table 2 and plotted in
:Fig. 14,

Loquivalent Horizontal Load

One simplistic procedure for considering the effects of a line load is to assum

70 71



PREDICTION of EARTH PRESSURES

Table 2 Comparison of Results of Resultant Force
D (m) Q (kN/m) m = x/D Resultant Horiz. Line of Action
end of backfilling Load of Resuliant
stross level > 0.99 from Base of
Stem
R/7Q) (/D)
Q= 15 kKNim 2.7 15 0.296 0.55 0.60
slress level > 0.99 0.33 0.75
0.54 0.59
Sodle | 1m 54 15 0.296 gg; gg(s)
Fig. 13 Plot of Stress Levels (CWL2) 0.39 0.61
2.7 ) 0.296° 0.55 0.60
0.33 0.75
0.42 0.62
2.7 15 0.593 0.47 0.51
g 0.33 0.50
© (.40 0.40
54 15 0.593 0.47 0.51
Euslothesry  Apprarmethod ' 0.33 0.50
01 . I—ﬁ_;” 1 026 0.26
62 0.3 0.4 0.5 08 0.7 0.8 09 .
m=x/D 2.7 5 0.593 0.47 0.51
@ 0.33 0.50
’ \ 0.31 0.33
e — ic met 27 15 0815 0.38 0.45
o[ prox. method 0.33 0.32
061 £ - ‘ 0.25 0.25
o 05 54 15 0.815 0.38 0.45
® 94 ' 0.33 0.32
03 CWELAA 0.19 0.26
o2l Elastic method 2.7 5 0.815 0.38 0.45
o Approx.. method 0.33 0.32
‘02 0.0 WL7 0.20 0.19

Froin these results, the following conclusions can be made:

(1) For the finite element method, both R and g increased with increasing Q
d decreasing m. Reducing Q to a thitd resulted in a 20% reduction of R.Rand g

3

Fig. 14 Comparison of Results of Resultant Force
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are also affected by the height of the wall stem D. Doubling the wall height resulted !
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(2) In the elastic method, R and g also increased with increasing Q and de
creasing m. However, R is independent of D. This appears unrealistic. For example, ©
a wall with D = 2.7 m and x = | m would give the same magnitude for R as a wal
with D = 5.4 m and x = 2 m since m is the same in both cases, It seems reasonabl
to expect that the Iatter should give a smaller R since the line load is further awa
from the wall stem. This is in fact confirmed from finite element analyses. The resulf
however have been omitted from this paper as they did not reveal any furthe
insights. The elastic method predictions for R were larger than the finite elemen
predictions for zll nine cases considered. These differences varied between about 3%
and 60%. For the three cases where m = 0.296, the values of g obtained by both
methods were in close agreement. In all the other cases, the elastic method predic
tions for g were at least 20% higher than the finite element predictions. This suggest
that the elastic method can fead to very conservative estimates of the resultant.

(3) The approximate method appears unrealistic as it leads to values of R tha
are independent of m and D. The predictions for g were at least 20% higher than th
finite element predictions. No distinct trend could be observed with regards to R
aithough for m = 0.296, the approximate method resulted in smaller values than
the finite element predictions.

CONCLUSIONS

The finite element method has been used to examine the behavior of concrefe
cantilever retaining walls subjected to external line loads. The investigations
indicate substantial variations in the lateral pressures obtained using the finite
element method and conventional design techniques. The finite element allows fo
more realistic considerations of the soil-siructure interaction, material nonlinearity
and the construction sequence, and should lead to solutions that are closer to rea
situations than conventional desigh methods. Although experimental verification:of
the numerical findings is not available, these analyses should provide suffici
qualitative insights and guidelines for the development of improved design
methods.
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