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Abstract

This paper addresses the static and dynamic active and passive pressure for cohesive soil
on a slanted wall with a sloped backfill. The solution is based on Coulomb method of
extremum value of the earth pressure. In the static case, the active solution is compared
with the Rankine method. The results show that the Rankine solution is not conservative
and it is considered an approximation. The passive solution is compared with the
logarithmic-spiral method of slices. The results show the cut-off value for positive wall
friction to be less than @/3. Thus, the solution is not recommended to be used beyond the
cut-off point. For the dynamic case, the solution is successfully compared with the free-
field method using the corresponding wall friction and adhesion of the free field. Noting
that the wall friction and adhesion of the free-field is specific and not as general as the
proposed solution. The results show the free-field equations are slightly more
conservative. The solutions are consistent with the classical methods and complete the

Coulomb equations of earth pressures.

Introduction
There are cases where retaining walls are backfilled with cohesive material. It is known
that the design of retaining structures for cohesive mass has much uncertain basis (see

Kézdi in Winterkorn and Hsai-Yang (1975)[22]). For example the magnitude of
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displacement required to produce a limit state of equilibrium cannot be determined
equivocally. Thus, creep phenomena will occur that may vary the earth pressure. The
extremum value of the earth pressure can only be taken into consideration for the
dimensioning of the wall, if the creep movement is to occur without damage to the
structure. Additionally, the extremum method requires the soil to be normally
consolidated. While considering abandoning the use of cohesive backfill due to all these
uncertainties, in many cases a cohesive backfill is unavoidable. For example: In the case
of a shoring wall, where soldier piles are installed adjacent to the property line, the
adjacent soil is cohesive. In this case and many others it requires the active and passive
earth pressures for cohesive material. Prior work in static has been done by Prabhakara
(1965)[12]. He gave the active pressure for a slanted wall with a flat surface on top. In
order to complete the theory of Coulomb (1776)[2], it is also necessary to derive the
solution for a sloped backfill on top of the wall. Also, this is necessary for implementing
the dynamic pressure on the wall based on Mononobe-Okabe's (1929 & 1924)[8,11]
method. The Coulomb static and dynamic pressure for cohesive soil on a slanted wall
with a sloped backfill is the subject addressed in this paper. The active and passive
pressures are derived and compared with recent methods.

In the past, before the computer age, cumbersome analytical solutions were not preferred
and graphical solutions were used. These solutions are such as the Culmann's (1866)[3]
graphical method, and the Mohr (1871)[7] diagram for Rankine's (1857)[14] method.
However, in the present time, cumbersome analytical solutions, such as in closed form
solutions, are not a problem to implement on a computer and are preferred. Thus, errors

can be avoided. In this paper the equations are cumbersome and long and contain as many



as ten variables. The analytical equations are given instead of charts and tables. Only in

specific examples are charts used for comparison.

CASE I: STATIC CONDITION

a) Active Condition

Consider Fig. 1 where the active force £, is to be determined for a slanted wall with an
angle &, the slope of the top surface f, a surcharge ¢, and a critical height /4, of the

cracked section.
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FIG. 1 - Crossection Showing the Forces and the Geometry



If the wall height is H then the forces for the height 4 below /4, are to be considered. The

total weight W, can be written as
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where ¢' is the adhesion and it has the same sign as the friction angle 6 on the wall.
Eliminating Q from Eq. 3 and 4, substituting £,_ = E__tand, L and z from Eq. 2, and W,

from Eq. 1 yields
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The total vertical force is £, = E,_ +c'z where E_ = E,_tanJ, and the resultant force is

E,=+E,’+E_ .Tomaximize E, it can be seen that E,_can be maximized instead.

Rewriting Eq. 5 as
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Maximizing £, with respect to « yields = 0. Thus, tanca can be

extracted from Eq. 9 as

where
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Therefore, evaluate /, m, n, u, v and w from Eq. 12 to 17 and substitute in Eq. 19 and find
tana from Eq. 18. Substitute tana in Eq. 9 to find £, maximum or evaluate o and
substitute in Eq. 5 to find £, maximum. Hence, the Coulomb active condition is

obtained.

b) Passive Condition

To find the passive pressure £, : set . = 0, replace ¢ by -¢, ¢ by -¢, oby -6, and ¢' by -¢'
in Eq. 12 to 17 and evaluate tanax and « from Eq. 18. Substitute tana in Eq. 9 and obtain
E,, minimum the passive force normal to the wall. Alternatively, substitute « in the

following equation to obtain £, to find the minimum:

E =
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The total vertical force E »- » and the resultant £, can be obtained from:
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Note: 0and ¢' are considered positive when the tangential force is downward on the wall.
This is consistent with standard practice for the passive condition. On the other hand, in
the active condition, 0 and c¢' are considered positive when the tangential force is upward

on the wall.

c) Pressure Diagram

The active pressure distribution, o, , normal to the wall can be found by taking

ax’

o, = 7” =cos¢& 0,;;"‘ . Differentiating Eq. 5 yields
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The right hand term in the brackets in Eq. 22 can be written as Eé’_ , which is zero

since a is from Eq. 18. Thus, the active pressure normal to the wall becomes:

o, =(hcosé) f(a,d,,&,0)+(ycos&)g(a, @,¢, 5,5,0,C") woveeveiniiiiiiiiiiicec (23)

The upward tangential shear on the wall becomes:

T, = 0, LA F € i (24)

Similarly, the passive pressure, o, , normal to the wall becomes
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0, =(yhcosd) f(a,=¢,,5,~6) +(y co8 &) g(a, =0, —¢, B,E,=0,=C") ovvvviriiniiiiiiinnn, (25)

where 4, = 0 in the g( ) function. The downward tangential shear on the wall becomes:

The = 0 TANOF €1 i (26)
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d) Example (1)

(See example by Prabhakara (1965)[12]) Determine the active force against a vertical

wall 12m (39.371t) in height with the following data available:

¢ =30 degrees 0= +20 degrees ¢ =c'=1250 kg/m? (255.58 1b/ft?)

g=p=0 q=0 7= 1870 kg/m3 (116.66 1b/ft3 )
4
h, = 7ctan(45+ $/2)=463m (15.19 ft), h=H—h =12-4.63 =737 m (24.18 ft)

Substituting in Eq. 10 through 19 yields (4 =2.257,B=0,/=-0.363, m =2.362,n =
-1.484, u=0.941,v=0.790, w =0, a =-0.557, b = -0.467), tanar = 1.438, and o= 55.19
degrees. Substituting tanaz = 1.438 in Eq. 9 yields E_ /(0.5y4°) = 0.3768 . Thus,

E,_ =19,129 kg/m (12.84 kips/ ft) , E, = E_ tano = 6,962 kg/ m (4.67 kips/ ft),

and m =20,356 kg / m (13.67 kips/ ft). This number matches Prabhakara

within 1%, a slide rule error. However, E_ = E_+c'h=16,173 kg/ m (10.68 kips/ ft),

and the actual resultant is £, =/E, >+ E, > =25,050 kg/ m (16.82 kips/ ft).



e) Critical Height A

If assuming £=0,9g=0, 0=0, and ¢'= 0, then h = (4c/y)tan(z/4+ ¢/2) can be used
for a wall with a flat surface on top, and possibly for a semi-infinite soil with a sloped
surface on top with an angle S, see Terzaghi (1943)[20]. However, for other conditions,
h, will vary with many parameters besides c, 7, and ¢. Additionally, based on an existing
crack intersecting the slip surface, Terzaghi (1943)[20] showed that the critical height can
be as low as ., = (2.67c/ y)tan(x/4+ ¢/2). To find the exact i, : set h, =0, 0= 0, and ¢'
= 0 in all the equations for the active condition, then solve for 4 that makes £, = 0 in Eq.
5 or Eq. 9. This can be done by Newton Ralphson's iteration, the secant method, which
can be found in any numerical analysis textbook. Then &, = " cos(é— f3) / (cos fcos &)
where 4" is the root of the equation £, . = 0. Note: there exists a maximum of two roots.
One of the roots is #* = 0 and it is not desirable. The initial / value in the iteration should
be selected large enough to extract the desirable second root. Consequently, the
theoretical /, can be extracted. To obtain Terzaghi's reduction simply reduce %, by 2/3.
If o, in Eq. 23 is greater than zero at 4 = 0, then the iteration will converge to #* = 0 and
h, cannot be found. This situation will occur since o, (@h =0) = yg(a, ¢,c, 5,£,0,0) and

it can take a positive value for some surcharge g.

f) Example (2)

Determine the active force against a slanted wall &= +5 degrees, 10 m (32.81 ft) high,

with a sloped backfill = 20 degrees, for the available data



#=30 degrees g = 1140 kg/m? (233.09 1b/ft2) ¢ = 1250 kg/m? (255.58 1b/ft2)

0= 20 degrees c'=1000 kg/m? (204.5 1b/ft?) y=1870 kg/m3 (116.66 Ib/ft3)

Use theoretical 4, and compare with using 4, = (4c/ y)tan(45+ ¢/2) =4.63 m (15.19 ft).

case (1): h, = (4c/ y)tan(45+ ¢/2) =4.63 m (15.19 ft):
Thus, 7 =10 - 4.63(.969) = 5.512 m (18.08 ft). Substituting in Eq. 10 through 19 yields
(4=2.865,B=0.076,1=-0.359, m =3.105, n = -1.662, u = 0.845, v=0.619,
w=-0.226,a =-0.522, b =-0.114), tana = 1.144, and o= 48.84 degrees. Substituting
tana in Eq. 9 yields £, /(05y4°) = 08943 . Thus, E, =25,403 kg/ m (17.06 kips/ ft),

E_=E_tand+c'h=12,339 kg/ m (8.29 kips/ ft), and the resultant is

E =+E,*+E_*=28241kg/m (18.96 kips/ ft).

case (i1) Theoretical /. :
Set #.=0, 6=0, and ¢' = 0 in all the equations and solve for 2 = /" =2.8139 m (9.232 ft)
that makes £,. = 0. Thus, 2. = 2.903 m (9.525 ft) with (4 =1.431,B=0,/=-0477, m =
1.497, n=-1.175,u=0.577,v=0.845, w = -0.268, a = -0.636, b = -0.467, tanaxr = 1.57,
and o= 57.5 degrees) making £, = 0. By using 2. =2.903 m (9.525 ft), and
h=10-2.903(.969) = 7.186 m (23.58 ft), substituting in Eq. 10 through 19 yields (4 =
1.962, B=10.02,/=-0.316, m =2.165, n =-1.165, u = 0.845, v=0.619,
w=-0.226,a=-0.522, b =-0.114), tanax= 1.143, and = 48.81 degrees. Substituting

tane in Eq. 9 yields £,/ (0.5y4°) = 0.5660 . Thus, E,, =27,331kg/ m (18.35 kips/ ft),
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E  =FE,_ tando+c'h=14,537 kg/ m (9.76 kips/ ft), and the resultant is

E,=\E>+E_ =30,957 kg/ m (20.79 kips/ ft).

Hence, the increase in the resultant due to the difference in the critical height /4 in case (1)

and (ii) is 9.62% which is considerable due to the surcharge.

g) Comparison of Coulomb Equations with Rankine Equations

Historically, Rankine's (1857)[14] solution for cohesion is popular since it is very easy to
do a graphical method on a Mohr diagram (see Terzaghi (1943)[20] and Kézdi in
Winterkorn and Hsai-Yang (1975)[22]). On the other hand, Coulomb method required
several trial surfaces before reaching the optimal forces. For a semi-infinite mass with a
plane surface at an angle S to the horizontal and with vertical wall (&= 0), similarly the

Rankine stress can be written as (formula revised)

2
o, (Rankine) = cos’ ﬂ{— 1425 25 + 2[£J tan g —2y+a, +b, +¢, }z .................. 27)
"

COS

where
2 2 4 2
4, = c 12 ,b0=£t3n¢ cos Jand ¢, = cosf| [cosp
zy ) cos” ¢ zy cos ¢ cos ¢ cos¢

When allowing tension (%, = 0), the active resultant force can be expressed as
h
E, = Laaxdz and has a directional angle . Note: in Rankine method the friction and the

adhesion on the wall do not enter the equation (Eq. 27). Thus, the Rankine method is

11



considered an approximation. One major difference between the Rankine and the
Coulomb method for cohesion is that with the Rankine method the directional angle of
the resultant is constant and is equal to . On the other hand, with the Coulomb method
the directional angle varies with depth when there is adhesion. The shear due to the

adhesion on the wall increases with depth but the directional angle

[tan o+(c'/ }z)]/(Eax /yz*) decreases. At z — oo the directional angle becomes o. Since

the adhesion and the friction on the wall are essential parameters, then it is clear that the
Coulomb equation is more accurate than the Rankine equation. The results show that the
Rankine equation seems to be not conservative. Even when setting ¢' = 0, one finds the

equations do not match. For example if set ¢' =0, 6= = ¢ =30 degrees, h.= g =0, and

c/(yz) = 0.1, then E, /(0.5yh>)=0.3317 for Coulomb and E, /(0.5y4>) = 0.2983 for

Rankine, a difference of 11.2 %. Note: in the case of granular material the equations
match when 6= fwith £= 0. Also, in the case of granular material the Rankine equation

has been used as an approximation (see Das (1994)[4]).

h) Comparison of Coulomb Passive Pressure with L.og-Spiral Method of Slices

Shields and Tolunay (1973)[19] did a modified Terzaghi (1943)[20] analysis for passive
pressure in granular material on a wall with positive friction. In their solution they used
the method of slices and assumed the vertical shear to be zero on each slice except for the
first slice next to the wall. The slip surface they used is a logarithmic spiral and their
results were close to experimental findings. Basudhar and Madhav (1980)[1] repeated the

analysis and included cohesion and pore pressure. In their analysis they did not use the

12



same initial angle? ¢, at the wall between the logarithmic spiral and the horizontal.
Instead, they optimized the function with respect to the center of the logarithmic spiral. In
many ways the optimization could also have been done with respect to ¢, instead of the
center of the logarithmic spiral. Rewriting the logarithmic spiral equations to include the

surcharge g with £, = 0, the slice horizontal force can be found from Eq. 5, yielding

dE . = (yzdz) f (a,—$,0,0,0) + (dz) g(=$,—¢,0,0,0,0) voviiiiiiiiiiiiiiiiian (28)
where

2= 2 + 7y COS(AH B)E™™ W) oot (29)
Az = 1y OSINASEC PE™™ " “ ™) oo (30)
Zy = =Py LAN YW SIN( P+ ) cvereieiirieieeiteeeeeteee ettt 31

Py =HCOSWSEC(/ + BF () cveeeiiieieeieeeeeeet ettt 32)
W =T/ A =0/ 2 et (33)
F(,=0,0,0,0) = taN( @ + @) COL QL evvveiriieiiieeiie ettt aee e eaee e (34)
g(a,—¢,—c,0,0,0,0) = (¢ / y) tan(ax+ @) cot a+ (¢ / 7)[tan atan(a+ @) + 1] cota ........... (35)

and « is the slice wedge angle with the horizontal. Summing all the horizontal forces of

all the slices except for the slice next to the wall, yields

2

I jr dz dz 1 o . 2tang(a-a,,)
k. =)z SfO+y - 80) da=y~sin"(a+ e

[ g I 1
- ;/rOLzo +%Jcos(a+ B)e ") + WOL z, +% tan¢+§JI sec(a+ g)e™ " “da

2 In a later article by the author 2007 titled “Kp for a Wall with Friction with Exact Slip Surface” the initial
angle a,,, by Shields and Tolunay (1973)[19] is correct.
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where the integral J dE . in Eq. 36 needs to be evaluated from ¢, to y. Thus, the passive

force can be expressed as

P+ V dE, + htan(a, + ¢)

pr = e (37)
where
P, ={%h02 +qho}tan2(7l'/4+¢/2)+26'h0 tan( 77/ 4+ @/ 2) oo, (38)

and h, = z, +7, sin ye™?¥"*)  Hence, for a given & pick «,, and find r, and z, from Eq.
32 and 31, evaluate the integral J dE . from Eq. 36 from a =, to @ = y and integrate

numerically the last term in the equation, then evaluate P, from Eq. 38 and substitute in

Eq. 37 to evaluate £, for a given positive dand ¢'. Repeat the process with different ¢,

until £, minimum is found.

For granular soil with ¢ = ¢ = ¢' = 0 the results match Basudhar and Madhav (1980)[1].

Also, the results match Shields and Tolunay (1973)[19] if

a, = 0.5{arccos[cos(¢— 0) —sin(¢— J) cot ¢] -¢- 5} where o takes a positive value.

Comparing Eq. 37 with Coulomb Eq. 20 with = =0, yields the curves in Fig. 2 where
2 . . ' _ _ _
2E,. /(") is plotted against & for p=c'/(h)=c/(yh) =0, 0.1, and 0.2, ¢=30

degrees, and ¢ = 0. Note: for 0> @3 the difference is very large. However, for 6 < ¢/ 3

14



the Coulomb method and the logarithmic spiral method of slices are close, within 11% at
maximum point. This is a reasonable cut-off point for the Coulomb equation. Terzaghi
(1943)[20] recommended o < ¢/ 3 be used for computing the passive pressure by means
of Coulomb's equation for granular soil. This is also the author's recommendation for

cohesive soil. This is necessary since both methods have been traditionally used.

16
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FIG. 2 - Passive Pressure Coefficient with Cohesion
CASE II: DYNAMIC CONDITION
Since Mononobe and Okabe (1929 & 1924)[8,11] developed a method, by modifying
Coulomb's solution, to evaluate dynamic earth pressures against retaining structures, a
number of studies have been performed on this subject in granular soil, but not many in
cohesive soil. Prakash and Saran (1966)[13] derived an equation for dynamic active

cohesive soil pressure against retaining structure on the assumptions mostly employed by
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Mononobe-Okabe. They adapted the pseudo-static approach in considering the dynamic
effect of the backfill soil where they included the contributions of soil cohesion and
uniform backfill surcharge to the dynamic lateral pressure. An allowance for tension
cracks due to cohesion was also made. Since the Coulomb equation Eq. 5 is now
complete and has the effect of slop backfill (£ angle), the full dynamic range can be

employed instead of the pseudo-static approach.

a) Active Condition

Following Mononobe and Okabe (1929 & 1924)[8,11], replace H by Hsec&cos(E+ ), h
by Hsec&cos(&+ 6) —h, sec(E— P)cos(E+ O)cos(B+0), yby y(1-k )sech, Eby E+ 6,
and by f+ @in Eq. 10 through 17, where 8= arctan[kh /(1-k, )] , k;, and k, are the
horizontal and vertical acceleration coefficients. Thus, by substituting in Eq. 18 to find
tane, then in Eq. 9, E, . can be found. This simple procedure yields the seismic resultant

active force E ; and its directional angle J to be

Epp = E, 2 +(Ey 05+ C'2)7 oooooveeeeesoeesssoooeeeesssessssssseseesesssssossoeeess s (39)

E_tand+c'z
E - E --------------------------------------------------------------------------------------------------

ax

Often the interest is in the horizontal component of the resultant force. The horizontal

component can be written as:
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Epy = E 5 COS(Op + &) i, (41)

Note: /4, needs to be evaluated independently as described in section ¢) in the CASE I-

Static Condition. If the soil can take tension then 4, = 0.

b) Passive Condition

Following Mononobe and Okabe (1929 & 1924)[8,11], replace 4 by hsec cos(E+60), ¥
by y(1-k, )secl, Eby &— 6, Bby f— 6, by —¢, Oby -0, ¢' by —', and set s, = 0 in Eq.
10 through 17. By substituting in Eq. 18 to find tane, then in Eq. 9, E,,, can be found.

This simple procedure yields the seismic resultant passive force £, and its directional

angle o to be

E e =\ E,t +(Ep 1+ C2) oiieiiessesseesceessessesssssssssiss st (42)
5 E, tand+c'z “3)
E o T heeeeeesssesesssesssssssssesesasssesssesssesesasssssssssssssssssessssssssssssssssssssssssssssssesns
E,

The horizontal component can be written as:

E o = EpCOS(Op &) i, (44)

Note: the solution is valid only for 6 < ¢/ 3 as was pointed out in the static case.

c) Comparison with Recent Method
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Richards and Shi (1994)[18] derived an elasto-plastic free field solution for earthquakes
acting on cohesive soil which they applied the solution directly to retaining structures. For
granular soil prior work in elasto-plastic was performed by Richards et al. (1990)[17].
One major difference between applying their method and the Mononobe-Okabe method
proposed in this paper (Eq. 39 and 42) is when 8= 0, the static condition, in their solution
the stresses are assumed linear and the shear is zero at the wall. This assumption was
necessary in their solution using the elasto-plastic fluidization of soil. However, for a wall
to develop no shear at 8= 0 is not likely and is apparent in the Coulomb method.
Furthermore, the pressure can be nonlinear per Eq. 23 and 25. This makes the Mononobe-
Okabe method proposed in this paper more applicable. However, the simple free-field
solution, will give the correct stresses on a retaining wall if it deforms exactly as dictated
by the free-field thereby maintaining the correct interface boundary condition. In order to
compare Eq. 39 with Richards and Shi (1994)[ 18] equations, the friction and the adhesion
on the wall must correspond to their assumption. For granular soil they showed that tand

must equal tan@/ K ,; in order to match Mononobe-Okabe method, where K ;. is from
their paper. Similarly, for cohesive soil it is necessary to set the adhesion ¢' = 0, to allow ¢

to be greater than ¢, and use

where T, and N, are from Richards and Shi's paper. Setting, k£, =0, c'=0, g =0, ¢=30
degrees, i, =0, and £= =0 in all the equations that lead to Eq. 39, and plotting the
normalized seismic resultant active force 2E, / (y1*) versus k,, for both methods using

p =c/yh=0,0.05, and 0.1 yields the curves in Fig. 3. The results show the free-field
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solution is more conservative than the Mononobe-Okabe solution: about 19% increase at

the worst point on Fig. 3.

2
Free Field
Mononobe-Okabe
C o
1.5 F pP=—" ¢:30
rh P20 /5=005
p=01
O 1 1 1 1 1 1 1
. 04 0.5 0.6 0.7 0.8

For the passive pressure, replace 7, and N, in Eq. 45 by T, and Npj from Richards and

Shi's paper. Setting, k£, =0, ¢'=0, g =0, ¢= 30 degrees, £= =0, and all the passive and

FIG. 3 - Comparison of Free Field and Mononobe-Okabe's Method for Active Thrust

for Case with Tension Allowed (4, = 0)
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FIG. 4 - Comparison of Free Field and Mononobe-Okabe's Method for Passive Thrust

seismic requirements in all the equations that lead to Eq. 42, and plotting the normalized
seismic resultant passive force 2E ; / ( yh*) versus k;, for both methods using p = ¢/yh =
0, and 0.1 yields the curves in Fig. 4. The results show the free-field solution is slightly
more conservative than the Mononobe-Okabe solution: about 3% decrease at the worst

point on Fig. 4.

d) Design Criteria

Even in moderate earthquakes, gravity walls without lateral bracing slide at their base
(Richards and Elms (1979)[16]). For cohesionless soil the total thrust for different wall
movement has been traditionally calculated using Mononobe-Okabe's equation. Also, the

total thrust is almost the same as that calculated by free-field analysis (Richards
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(1991)[15]) and can also be used for f= &= 0. Similarly, for cohesive soil, the thrust
calculation can be used from the Mononobe-Okabe Eq. 39 as well from the free-field
equation of Richards and Shi for f= &= 0. Thus, for sliding failure, the straightforward
method presented by Richards and Elms (1979) [16] for cohesionless soil and Richards
and Shi (1994)[18] for cohesive soil can be extended for limit analysis and design with
cohesive soil that includes £ and & slope angle configurations. The extended analysis

yields

y_ Eu [cos(S, + &) — tan g, sin(5, + &)] - "B,
v (1-k,)(tan §, — tan 6)

where W, is the self-weight of the retaining wall, £, and J; are from Eq. 39 and 40, ¢, is
the friction angle between the soil and the bottom of the wall, B, is the base dimension of
the wall, and c" is the adhesion on the base. When using Eq. 46 to map the ratio of the W,
over the static weight verses &, (for &k, = 0), the results show that the seismic
magnification for cohesive soil is even more dramatic than sand. This has been pointed
out by Richards and Shi (1994)[18]. Thus, for a given safety factor or weight to static
weight ratio the critical acceleration value k,* can be determined for a particular wall
using Eq. 46. Consequently, the seismic displacement for design can be obtained and
controlled by using Newmark's (1965) [10] sliding-block approach developed by
Richards and Elms (1979) [16] for walls. The incremental accumulation of displacement
can also be calculated by a more sophisticated method (Nadim and Whitman (1983) [9])

that is less conservative. Conversely, the wall can be designed to limit seismic
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deformation to a tolerable value for the earthquake intensity specified by (Elms &
Richards (1979) [5]; Whitman and Liao (1985) [21]) as recommended by AASHTO

("Foundation" (1992) [6]).

Summary and Conclusions

The static Coulomb equations for a slanted wall with sloped backfill in cohesive soil are
finally completed in this paper. Furthermore, the solution is extended to derive the
dynamic earth pressure for cohesive soil per Mononobe-Okabe. The static active
Coulomb equation is obtained and is expected to give realistic forces and pressure on a
retaining wall in cohesive soil. Also, the active solution is compared with the Rankine
method. The results show that the Rankine solution is not conservative and it is
considered an approximation. As expected, the Coulomb passive equation is not adequate
for 0> @3 and the logarithmic-spiral method of slices is recommended as it was the case
for cohesionless soil. The earthquake solution is obtained and compared with the free-
field solution. In order to compare, the friction and the adhesion on the wall was made to
correspond to the free-field assumption. Noting that the proposed solution in this paper is
of more general application than the free-field solution. The results show that the free-
field solution is slightly more conservative than the Mononobe-Okabe equations
presented in the paper. The proposed general solutions are consistent with the classical

methods and complete the Coulomb equations of earth pressures.
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Appendix II.- Notation

The following symbols are used in this paper:

o

B

w

= wedge angle between a line parallel to the x-axis and the slip surface;
= slope angle of backfill between the top surface and the horizontal line
= the base dimension of the wall;

= soil cohesion;

= adhesion on the wall;

= adhesion between the wall base and soil;

= friction angle between back face of wall and soil;

= direction angle of seismic force of the wall;

= resultant active force on the wall;

= seismic active resultant force;

= active force normal to the wall;

= active force tangent to the wall;

= active force tangent to the wall including wall adhesion;

= resultant passive force on the wall;

= seismic passive resultant force;

= passive force normal to the wall;

= passive force tangent to the wall including wall adhesion;

= angle of internal friction of soil;
= friction angle between the soil and the bottom of the wall;

= critical height zone of tension cracks;
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= surcharge load;

= active pressure normal to the wall;

= passive pressure normal to the wall;

= active pressure tangent to the wall including wall adhesion;
= passive pressure tangent to the wall including wall adhesion;
= the self weight of the retaining wall, and

= slanted angle between the vertical line and the wall.
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