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SSIVE EARTH PRESSURE OF PARTIALLY
o SATURATED SOILS

A, Siva Reddy* and Alok Agrawal*

SYNOPSIS

ssive earth resistance In partially saturated soils is analysed by the methad
tics. . The effect of initial suction pressure and Skempton's pare pressure
1 the failure surfaces and passive resistance is studled. The effect of Initfal
on the effective normal pressure along the wall is to increase it and is found to be
le: Results-are presented in the form of passive earth pressure coefficients,

INTRODUCTION

wellknown that vast areas of soils on the surface of the earth are classified
semi arld reglons. However, the stability problems related to these
r'a ed solls have not received due attention. Many researchers argue
ddttional ‘strength imparted to soil due to suction should not be relied
rth considering ts the question, whether or not it Is possible to use
"trength to economize the design. Reddy & Mogaliah {1970} used
characterlstics to find the bearing capacity of such soils. The soil
ed'to have an Initial non-dimenstonal negative pore water pressure,
is cohesion: of the soll taken as characteristic stress for
ns na||zation), which upon loading changes to final non-dimensional
ssure, 'u/¢. The expression for u /¢ was dertved using Skempton's
n:to-find the change in pore water pressure. Considering the
two dimensional soil element under the action of various
orce and pore water pressure u, the equations along the
ere .derived.

gbd_rted here these equations are used to analyse the passive
partially saturated soils against inclined retaining walls with
Re’siilt’s"are presented in the form of passive earth pressure
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RADDY and AGRAWAL PASSIVE EARTH PRESSURE

coeflicients kpc, kpg and k v The final negative pore water pressure at the
horizontal top of the backﬂﬁ is taken as posltive surcharge in the computations
of k.. Effects of Skempton’s pore pressure parameters A and B and uy/c on
normal effective stress on the wall and failure pattern are studied.

: '01-+ 63 O +0
— +H= "2 % + H (see Figure 2)

epth of the point being considered

it -welght of soil

gle:of Internal friction

cotg (see Fig. 2)

efficient of earth pressure at rest o

between the x-axis and the direction of major principle stress, taken

sitive clockwise

ANALYSIS

The schemgtic diagram of an inclined retaining wall, with horizontal backfill,
is shown in Fig. 1. The retaining wall makes an angle 4 with the vertical. The .

following assumptions are made:

1. Problem Is two-dimensional

2. Soil mass Is tigld plastic at failure
3. Soil mass is at fallure at each and every polnt considered

4, The Mohr-Coulomb fatlure criterion is valid for the soil.

i ____rn-thé same paper the following equations along the characteristics
re:taken

t-axis
01 2 dmps__x i
o,,C
\/ {e-u} line XXz
(o+u}
z ine 3 i€ 20
H By te
i ——————-—P -— %__K
: ~.0 Bo
1 oo n-axis
~ \
~. o N
z ~dmps o3
Flg. 1 Definition Sketch Fig. 2 Mohr's circle of stress
= tan(@p) . 2

The expression for u at any point as given by Reddy & Mogaliah (1970) is as

follows:
_ B - _ e P
u= g [0{l+ 2A-1)sing} —H +7 2(Akg—ko—A) +ug (ko=1) (1=A) M+ Mtang.cot (0 + p)).do = 26.tang.dd + M.tang [tan (0 + )
=SS
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2a ., N.cos{g £ 11
X dx = £ cosg.cos (§ £ 1) dx (3)
B
where, M =752 [1(2A~1)sing}iN = 1. [1 =75 (Ako—A=kq)) and
=45 -¢/2.

The equations corresponding to the upper sign hold along the {§ + )
characteifstic while those corresponding to the lower sign hold along the

{8 — u) characteristics.

iq + (1 +U2)H - U3 - 8)
© Lsing + Ul
the singular point ‘0’

The normal stress components in x and z directions o, and g, respectively,

and the shear stress t,, at any point can be represented in terms of o and 6 as, ‘
- at the same point ‘0" the value of 0 is different at the right of ‘0" from

Z‘X} = o {1 + sing.cos20) ~ H {4} he left of It. Also, here the {8—}1) line shrinks to a point. To obtain a
E gﬁc_i orm solution in terms of @ and 0 at this point, dx = 0 and dz = 0 are
T,; = Osing.sin2 0 . 5 tituted in the equation along the (g§—p) characteristic. The resulting ex-

on-is integrated and the constant of integration is evaluated by using the

Finite difference techniques are used for the integration of equations 2 and 3 “given by equations 7 and 8.

to arrive at the values of o and 0 at varlous points on the characteristics grid

points. :..-Gax. exp [2tang (Bsp - 8,,)/(1 + M) . (1))

" and 8., are the values of o-and 0, respectively at the singular point.
a) Boundary Conditions ﬁp_ sp A8
i) Along ox ysis at the intersection of two characteristics

owing the values x, z, o and ) at points 1 and 2 {see Fig. 1}, which lie on
own boundary, equations 2 and 3 are integrated numenrically by the finite
ce technique to obtain the values of these parameters at the intersection

haracteristics.

Fig. 1 shows the direction of malor principal stress along

ox. As T,, = 0 along z = 0, we have from equation 5, 0,=0
(6)

ﬁé'équations 2 in the finite difference form and solving for x5 and z3{l.e.,

From equation 1, u at z = 0 is given as
-ordinates of the point of intersection of the two characteristics)

Uy =g = Ulo— HUZ + U3 N \ . J
) (2g — 29} + xq.tan(py — 1) — xoutan (6, + ) (10

tan{g; — p} = tan (G5 + p)

where

B
U2—'1'__—'B

U1 = U2 [1 + (2A-1)shp 1+ {5 = xghtan (0 = ) an
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2 BL(A3 + Ad) + A2BI. 8, + ALB2.6;
\B3 = AB1 + AB2

herefore, having calculated the co-ordinates of the point of intersection of
wos characteristics from equations 10 and 11, 8 5 Is computed from equation
d thereafter O3 from either of the equations 13 and 14. The values of o and
ints 1 and 2 are then averaged with thelr values at point 3 to obtain a new

The equation along the (6 — y} characteristic is written in the finite difference
form as follows

[1 + M — M.tang.cot (8, — W}iog — og) —Z2ogtang (83 — 6 + Mtang
‘ag N.cos(lp + p) -
ltan (0 = ) + cot (0 =] 73y s = 2} =7 osg coutly — i

(%3 —Xg)

P 12) imate of o7, 8; and 0y, 64. The calculations of o3 and 65 are then repeated.
Defining the following nalysis along the wall
Al =1+M - Miang.cot(ly — yi), AZ = Zoytang e't.;l'ng the state of stress at any point P on the wall the value of 8 along
o (‘:0.2 _ Bw, is obtained. Choosing n~and t~axes as shown In Fig. 1, the shear
A3 = M.tang [tan(Bz — 1) + cotlBy ~ p)} Fxy (x3 = %9) n the soil element P at the point of lnclplent failure is given by
N.cos{fs + 1)
4= cosg.cos{ls — 1 (kg = %o and solving for o3 ot + (c.cotp + g ).tans
_ Aloy + AZ (83 ~pg) — A3 — Ad (13} is normal stress on wall and & is angle of wall friction. This relation can
0'3 = Al B . )
ssed as (see Fig. 2}

Similarly, from the equation along the (0 — 1} characteristic the following

expression for o5 can be obtained sin2 0= + [c.cotg + {1 + sing.cos2 &} c. colgltan 8
3 .

& = Bloy — B2 (938""191) + B3 + B4 (14) w™ B
§ .1 ;

=+ —+ = .sin~!{sin & /sing) 16

where w"CeT 27 2 /sing _ {16)
=1+ M + Mtang cot {0; + p), esslon for the normal stress at the wall, 0, is given by
B2 = 2o tang =.q.(-1 + sing.cos2 o) —c. cotp 17)
B3 = Mtang[tan {8, + p) + cot(B; + }1)] % L (xg — %) o
N.cos{p ) is'as shown in Fig. 1.

B4 = B0 7R (kg - xy) o

cosg.cos{@y + )
Equating the equation 13 and 14 and solving for 04

3 AB3
83 = ATBZ + BL.AZ

a_tlon of Coefficlents of Passive Earth Pressure

normal component of passive earth pressure at any point P ata depth
be P . It is given by equations 17 and s expressed in terms of earth

"co'éffic_!ents as

where

AB1 = A1 Bl.(o] — o) + AL {B3 + B4) '.kpc + ¥ z.ka a.kyq
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wherek _, k__and kg = non-dimensional passive earth pressure coefficients due {c [1+ (2A- l)smr*] cotp +

1= A)
te ¢, 7 and q, respectively.
2 (Aky - A kgt up/etky— 1) (1A} + M 1
Firstly the o, at P on the wall due to cohesion only {i.e., P ) is obtained taking B

soll weight and surcharge as zero in a dry soil. o/¢ and u/c = non-dimensional pore water pressures.

o,
Therefore, { = o'l * sing.cos20) — cotd
@ 'Q—z! "
kpc = Ppc/c (19) - Tye = o'sing,sin2

.:'u/cz wo=Uld ~ cotg U2 + U3
Oox = [a'+ (1 + U2).cotg — U3] /(1-sin0 + U1)
_-:0;1', = g, exp [2tang (Q’sp = B/ (1 + M)]

In the second run a positive surcharge, g, equal to the final negative pore water
pressure, which can be calculated from the equation 7 and 8, is assumed to act
along ox. Taking the soll ta be weightless and in a dry state the normal pressure
Ppcq due to surcharge and cohesion is obtained at the point P. kpg is calculated

using B {2z — 29} + x{tan (8, ~ ) - xgtan {85 + 1)

tan (6 — p} ~tan (0, + b

k ck;o/a : 20)

Pq (PCQ

7
=2y + (xg3 — x{) tan (§, —
In the third run the non-dimensional normal passive pressure P for partially 372t b~ xy) (-5

saturated soil considering both weight and surcharge is computed. k is cal-
culated from

Ly ’ ! ! f
03 =Alg,+ A2 {05 ~ 6,) — A3 - A4

Al
_ Ppn ~ ok~ ayg ; = Blo; — B2 (85 ~ 0y) + B3 + B
k 1) 1 3~ 0
L Tz : Bl
where, g = —u at z = o which can be obtained from equation 7.

First, the slip line field is generated in all these three runs to calculate the normal
pressure at different points along the wall. This pressure is again determined at
the predetermined points by linear interpolation. At these points k., k,,, and kp.
are calculated.

N':.cos{ez + )
2 ™ W

(- x4) and B4’ = o1 ~

NON-DIMENSIONALIZATION B

- 1 _——Ijg(AkO ~ A—kgy
All the equations are non-dimensionalized by dividing the stresses by the T s,
characteristic stress and by dividing the linear dimensions by the characteristic
length. In this paper the non-dimensional variables are represented by adding
prime to dimensional variables. Defining ¢ = characteristic stress and | = ¢/y
characteristic length, the non-dimensional form of equations 1 4 to 15and 17

to 21 are

'

'3'.'_= Mtang[tan (8, + y) + cot {8,

78

cosgcos(8y + 3 11

='Mtangftan (&g — 1) +cot{8, — ] -37{—2?; (xg -

(22)

(23)
(24)
(25)

(26)
27

(28)

(29)

(30)

(31)

(32)

(33)

34)

(35)
(36)
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B2' = 20’ tang (37)
0 10 20 y
and B
AB3’
03 =
Al B2 + B1.AZ'

where 0-25-

' 3

AB1' = Al Bl(gy — op) + AL(B3' + B4')

AB2' = Bl (A3 + A4’} + A2'B1.0, + A1 B2'.6 and AB3" =

AB1' + AB2’ (38) 050

o', =0 (1 + sinp.cos2a) —cotg : (39) X\ Uy Ce10

T ’ ' )V we-lo/C 205
Py =kpe t 2 kp‘{“% q'kpy {40) 4
where, q' = —ufcatz = o

Kpe = P'per kpg = (P ~ b/’

PP—-k,.—qk
_©pn_ "pe Bq
Ky = - (41)

Using the non-dimensional equations, the characteristic grid is generated.
The procedure was programmed and performed on a computer.

RESULTS AND DISCUSSION

As already explained the passive earth pressure against the retaining wall has
been expressed in terms of k., kg and k. .Knowing these factors at any poin
z below the top. and having calculated d = —u/c, - ¢ from equation 25, P,
can be obtained. Numerical results for different values of A, B, uy/c, ¢, 8 and p
are presented. The value of kj throughout the analysis had been taken as 0.6.

i} Failure Pattern

Figs. 3 and 4 show the failure patterns for different values of the para

meters. It can be seen that with increasing values of initial suction the failure llure pattern for ¢ = 10°, 5 = 2.5°, ug/c = ~0.5 and By = 0°
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planes become shallower. Contrary to this, with the increasing level of saturation
{L.e., areater values of A and B}, at constant initial negative pore water pressure,
the failure planes go deeper. Also the effect of change in the failure surfaces is
more pronounced. It can also be seen that in Rankine’s passive zone the failure
planes remain the same for both the cases.

il) Comparison with the resuilts for dry sofl

Takling A, B afd ug/¢ equal to zero in the analysis, values for the dry soil are
obtained. These values are compared for a case of A = B = 0.2 and ug/c =
- (0.5 and — 1.0 in Figs. 5 and 6. It is seen that with increasing initial suction
the non-dimenslonal normal pressure along the wall, cn', increases due to an
enhanced level of shear strength of the soll. The increase in crrf due to increase in
suction pressure from zero at the dry state to —1.0 at unsaturated state, at any
depth, is as much as about 30%.

i) Influence of various parameters on o, and earth pressure coefficients

It has been found that the values of k. and k,, remain constant throughout
the depth of the retaining wall. kpq had been noted in the figures for different
cases. k. depends on the valuesof ¢ & and @, only. Table 1 gives values
of Ko for the varlous cases considered in the paper. k__ Is also a function of the
surcharge q’, which in turn, depends upon the values of A, B uy/c, Uc:x and kg,
Therefore, for every set of values of A, B ug/c and kg, there will be different
values of o’o'x and ¢’ and hence of l-cpq'. kp yion the other hand, has been found to
vary with depth.

Figs. 7 and 8 show the effect of up/c onk, , k,, and 6, It can be inferred
that as ug/c decreases from —0.5 to 1.0, o and k,,;, increase. Figs. 9 and 10
show the kp distribution and values of Kpe and k,, for an inclined retaining wall.
Figs. 11 ancX 12 show the effect of increasing value of parameter B on kpq and

%__ .1t can be seen that both kpq and k__ decrease due to increase in the value of

B. It s to be expected that the shear strength of soll decrease at an enhanced
level of saturation, therefore resulting in decreased values of 0':1 along the wall.
Figs. 13 and 14 show the distribution of u/c along the wall. The final pore
water pressure can be seen to be increasing along the wall with depth. It is also
seen that the increase in the final pore water pressure is approximately of the

same order as the change in the inftal suction. Knowling the value of o’ at any :
point on the back of the wall the final pore water pressure can be calculated from |

equation 1.
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0-0

1-0

'
On

. :Non-dimensional normal pressure, 0;, distribution for A = B =
0.2, 4 =40° 3 = 0.25 and g = 0° (shown by selid line)

20

Nén-dimen'sional pressure,c:‘, distribution for, g, = 0°, ¢ = 30°,

A . B = 0.2, and uy/c = —1.0 (shown by solid line}
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Ker
0-0 5 10
Ug/C=-1-0
U,/C=-0-5
# H'
0-5}
uy/c]-05 |10
K 1594 | 3764
1.0 Pq

Fig. 7 kafor A=B=02134=10°¢ =30°and 8 = 7.5°

Kpr
0.0 ' 7.5 15.0
N [
Ug/Cz-10
Uo/C“'U'S
"
05t
Ug/cl-05 | 20
Ko | 1991|4945
o pq

Fig. 8 k, forA=B=02 Bo=0° ¢=40° and § = 10°
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0 0 us/c
-1 -05 0 0
0-0 29 00 T 15 10
Up/C:-1-0
Uy/ C=-0:5

2y '

0.5} 051~

0254i054%
. 4288
o 5672 o

- Distribution of non-dimensional final pore water pressure, u/c,
along the wall for A=B = 0.2, $=40°,6,=0° and § = 10°

usc
<10 05 0 05 1-0
0.0 10 0-0 T T T
Up/C=-10
—Uy/C:-05
H’ '
05 054
4 |0-254 0-5¢
. Kpq|1-510[ 1764 o

Distribution of non-dimensional pore water pressure along the
llfor A =B = 0.2, 0 = 10°, Bg=0°and 5 = 2.5°

Fig. 12 ka for A = 0.2, B = 0.5, ¢ = 0°, up/c = —1.0 and ¢ = 30°
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CONCLUSIONS

The analysis and the results presented give the influences of the pore wat
pressure parameters A and B and up/c on the fatlure surfaces. With an increa
of A and B the fallure planes to deeper. With an increase of initial suction th
become shallower. An increase in the values of A and B reduces the norr
effective stress along the wall because of an enhanced degree of saturation
constant pore water pressure. Also, everything else remaining constant, greai
values of initial suctfon (i.e., lesser uy/c) result in higher values of norn
effective stress along the wall because of improved shear strength.

Table 1. Values of k_ for different, 5 and B

kpc fors =
Bg ¢
0.25¢ 0.5¢ 0.756
10° 2.762 3.061 3.275
Qe . 30° 4,627 5.694 6.540
40° 6:482 8.793 5.590
5¢ 20° 3.920 4 504 4,937
30° 5.301 6.479 7.410
10° 30° 6.044 7.347 8.376
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