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\\\ ABSTRACT '
fooe o |
J = . .
« Passive Earth Pressures Behind
L\_\Retaining Walls. For Layered Comeiionless Materials
Radu Solomon

This. thesis presents an gxperimentél and.theoreticaletudy af the

. . t . )
. passive earth pressure exerted behind a retaining wall." ” B

v
L}

~

‘The S0il was taken as homogeneous and ag layered soil. The reahlgs

- _L’_ N . . .
are checked against available analyticgl mekbods and, the proposed one.

~

The experimental data has compared well with the available theories

for homogeneous'soils: For ghetpassive ‘earth pressure for layered soil,

a new theoretical model was'developed and agreed well with the
éxperimental‘data.

- .
It was fpdnd.that in the case of layered‘sand,'for the case of a
B . : L o
strong layer overlying a weak layer~of sand, the value of the passive
. 2 _ ) ,
Fearth pressure 1s less than that for the homogeneous strong sand, while.

for thé.casq of a weak layer oGerlyiﬁg a strong layer of sand, the value

» of the pasgive earth prcssﬁpe 18 very close to that of the homogeneous

weak sand. ’

’ . . . -
-
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—_— . . U

" INTRODUCTION -
? \ \l'
1Y \- | -~ h
1.1 Preface e

D
- . ? ’

Earth_pressure problemq have intrigued and challenaed _engineers for N

+ « 4

a very long time and thev qtill OCCUpv a place of high 1mportancp in..the

field of soil mechanics. Receﬂtlv, another problem QUrfaced in this

-
L

domain, that of lavered soils. The problem of layered.soils arises. for
' ' X - ) . “ * N
#xample, while building a retaining wall along the shores of a Yive%, or .,

when cons:ructing a bridge whose abutments regt on one tvpe of soil- and

- . [T &

backfill fiaterial is of a different density, like in Figure 1.1,

3 -

«

existing soil and therefore homogeneity for the material behind the wall <:\‘\t

caqnot be achieVed bv Uuplication of the lower ]ayer the problem is

developing 1gto a layered 'soil problem-rathet thén an homogeneoua onq as

f?‘is'presently:qreﬁted.

-

8 #, »
. b . e v
. PR ) ’ . \\ - B i
1.2 Research Objectivqs' : ) N ) C e
| ey I
' \‘.—.._-/ I ' -’
The objective of ‘this tﬁi}ig.is‘fo study the effect of lavered . Lo

. ! g ¢ o . - - .‘ <
soils on -the pasgivq earth pressure beh}nd a retaining,wg}l.
J§pecifically. : S ' a :~ IR R R

~a) to conduct model testing on a retaining wall,

)
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1

homoge;eous-sand with available theories‘fprihomogehenue sand,

. A - -
™ . .

i -

i * ¢

‘e) to develop a new theo;eticel model for determining the passive

t

© oy .S [ '
b). to compare the test results for the passive earth pressure for

earth pressure for ghe layered Fﬁhd!behind a retaining wall,

)

i
-

A review of the clessieal theories for passive earth pressu}e,fqr

Py

9

homogeneous*so{is'is given in Chapter 1. R

L]

A description of the test apparatus, the test procedure'and the

Ly

soid properties is given in Chapter 2 The test results are presented

ih Chapter 3. The analysis of results and the -discusgion is presented
' \ N 4
in Chapter 4 and conclusions are presented 'in Chapter.5,

g

. &

¢

v N B . . ' . t L
. 1.3 - LITERATURE REVIEW

“

}1.3.& General

Of-course, at the time the problem was not perceived as due to

7011 .but mostly due to the structure, and it was the:efore reinforced

L

ny'times e thep»needed, resulcing in amazing structures such as

/ ) %
\gifij)lo feet t et wide. ,
) - . ‘ /’/’ » ] 4 ! - )
. L . o .
hd r‘!‘ . l -
= ( .
2 » ’ . ¢ '

-

>
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‘Later on, with the development of the exact sciences, the scolars
started to examine the'problem from the theoretical and éxperimental
view and later, as data was gathered and exchanged, past experience

began to play-a role in' the solving of the problem.' : . :

All the three approaches are continued nowadays and' evéry year,

there 1s at least one paper on the determination of earth pressures.

A}
~
'

1.3.2  Historical Outlook

In(§720, Belidore, a French man, was the first to record the. - .

results of the experimental work he performed. He reached’ the coﬁclusion-
that the surface of rupture behind a.retainiﬁg wall was on a sloﬁe of.

1:1. _That was later modified by Mayniel, in 1808 to a 'slope of 2:4 to.

3 1, even thOugh the natural slope of ‘the material was 1:1.

., 7

In 1276.1!§ﬂpmb was the firet to supply a maihematicel relagion‘
for calculating the earte pressures. Ig 1i85 Gauthey sdbceeded 1&‘
: geasuriné the ea}th-pressures etifive different depths shpwieé thgth
gndeed the piessure was ipcreasing.with depth. He also mamnaged to ghow
that at a certain depth below the retaining structure, the earth:

pressure does not/affept the retaining structure.

Sar
» N .

{ . .o - . ..
In '1857, Rankine found a mathematical solution uaing‘an entirely
different approach than Coulomb. In 1905, in Germany, Muller-Breslau
-tried to check experimentallv Coulomb's &qsumptions.' He concluded that

he point of application of the resultant was somewhere ‘between 0.33 and

v.



0.36 of the height of the wall, .if there was no surcharge.

Since 1910, the dev%ldpment of the different theories of Plasticity

. . ] -
was emphasized by Saint Venant (1871), Von Mises (1913), Prandtl (1920,
. ;
1927), Nadai (1929) and Odquist (1934). These theories were generally.
developed for metals but were modified to extend to problems of earth

-

pressures,

[
-

In~1927. Felleﬂtus, assumingea circdular rupture 1ine‘was able to
make a simple analysisufor fricti;nless soil because fhe unknown
stresses do not enter intoithe m;ment equation about the center of the
éircie. In:1935 aﬁd 1940, Rendulic sucéeeded'in aetermining the generalv

relatien between the magnitude of the earth pressures on a smooth

vertical wall and.the location of the pressure center. Ohde in 1938 and

1948 derived the di§tribution of earth pressure on a retaining wall. In

i943, Peck found thgt for cohesive soil; the diétfigution of the
pressu;e was non-h&d;ostatié.l In {953 B. Hansen proﬁoséd a new method
fon>c?1cu1at{on of earth pressdfgé which is apglica&}e tg mos;,préblbmsu
in practical engineering. It was based on the equilibrium prinéiple by

which the unknown forces are determined by the statical equilibrium
o c . S .
. [ '

" conditions of the structure and the soil mass.

/

Recently, many scientists and engineers have turned to monitoring:

actual field cbndition; and. developing theories or amendments to

» . Coe .
existing theories based on the data-collected. \

Y e
L]
4

A more'indepth-look at the'm@in theoriés follows:

)
- 3
> .
-
?



°

1.3.3 Coulomb's Theory ~ .

-~

[y

ﬁgr the calculation of ﬁhe earth pressures acting on a retaining - )

éEructure. He based his anélys&s on the following assumptions:

“x

. ' ' - that the failure surface was a plane and,
. . . '.\ Al & N

'~ that the thrust on the wall acted in some known direction. .
‘After the above two assumptions are pade,'the resultant.thrusf on

the wall could be determined by statics..

+
-

Y

Coulomb's mathematical relation: T = c+0tand

, . '

is alqo‘ﬁnown as the law pf shearing resistance.

S : . . . o A
IThe principle behind his method consists: of considering an e th
ne

" wedge bounded‘By the surface; the wall and 3 straight rupture
. T kY ‘,/

through the foot of the wall., By projecting all forces (actiﬁg upon

4> N .

.this wedge) onto a line making an angle @ with the rupture line, he was
able to obtain the critical failure plane, which yielded “the minimum

.value of PP (see Figure 1. 2)

i

v A ’ /s

1.3:4  Rankine's Theory

. : K

: v Iﬂ 1857, Rankine approached the earth pressure p blem from an
entirely different point of view. He considered th ase of a
semi-infinite cohesionless earth mass-with a s}oping'surface and assumed

thé;whole earth mass to be in a state of féilure. Thereupon, he showed

L4

. that the'two systems of straight parallel lines, intersecting at angleé\’

J i . Vo ’ ‘ Co . N ’

In 1776 Coulomb sufblied\for the first time a mathematical solution '

1

W
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'oﬁ 90+@. formed the ripture line. (see Figure 1.3).‘ . R 4.

On a smooth retaining wall, Rankine's passive earth preeeure is
" . 2
P = (1/2) k_ YH"

2

' wherer K - tan? (45 + /2)

P

Y = Initial unit weight of the soil .

'+ H = Height of the wall ' . . "

-

P, = Passive force on the retaining wall

1.3.5 - Terzaghi's Theory

M “

"f In 1§41 Terzaéhi adopted an élternatelmethod for predictiné the *
passive earth pressure using Rendulic's logarithmic spiral as the
surface of sliding. A moment equilibrium condition for the soil wedge
_1n front of a wall was studied by taking the moment of all forces about
the center of the logarithmic spiral Utilizing a trial and error
procedure, the rupture surface giving the minimum passive resistance was
' 6btained (see Figure 114)y : ' ‘ V'J. | L, |

.
3

1,3.6 Recent Work - L
. e

~In the previously digcussed earthtpressure.theories; the

relationship between the ditection of wall movement and the éhéhgé in,

~ .
ta

wail.friction angles is rarely discussed.

. N . “
. ) - A
" . o .
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-

Caquot and Kerisel derived in’ 1948 solutions for™ th,e passive f
4 | BN

pressure acting on the face of a wall,.showing that the wall friction

angle é depends on the direction of vall movement relative ‘to the soil.
L 2% ”—4 ’
The value‘k!-%f the ‘passive earth pressure were obtainéd by integrating

the diffet?e-ntial equations governing the conditions of iimiting

) equilibrium in a soil mass.

\‘

. In 1975 C}'\én*dev‘eloped tables'for passive pressure, reaults by uaing

[y 3

' limit analysis. By developing slip cone and velocitv fieldq, the ,

coefficients of passive pressure were’ calculated by equating the rate "of

« N

work done (by extemal forces) to the rate of. internal -energy. e

&
[

*
T

.In spite of the common occurrence of the condition of layered soil, -
the subject was not really debated until «late seventies'. However no
attempts were made to analyze a gravity retaining structuré on. layered
soil. . ‘ : o S |

‘o X . e

The purpoae of the present'th‘esis s to present exper.ineneal and
0 . . . [y

theoretical studies on' the p;oblem rs"tated above.

. ' 0
. . . .
. > ‘ +
ro . , \
. . , .
. o
.
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°  CHAPTIR 7 —
. EXPERIMENTAL INVESTIGATION S

’ ’ H . > N -

2.1 General 'De'séripf:ion

\ —
.

o » o B .
Theé gxper,imeni:al set-up, as pi‘esentéd in Figure.Z.‘la,)was installed

. / in the structural laboratory of ‘Concordia University. The hi:g;h ceiling

KA.

\ medjum of sand. The purposes of these tests were: . ,
+ 1] . . .

Ll K L Lo S ot : : Co
vas. 1deal .for permitting the extension of the sand spreading support in .

theair above the holding tank in order to gain extra height. The
entire apperatﬁs_was self sixpporte'd' and could be easilv mov%d €rom one

laboratory room to another. - ,

"Theﬂ,nmier tests were -carried out with a duraluminum plate in a .
C. 4 . ' .

- B
P
A

- [

- R

' ' P . S

" (1) 7 to verify the accuracy of .the proposéd theérv for
‘ oL . - .

‘predicting passive. earth pressires in layered’

. . - coﬁesionles‘g soils behind retaining walls. . R

-~

(11). " to study the pressure’ distributions in the qo&el Y

-

.. retéining wnvall.h

. ' 1 }‘ ‘ ¢
(1if) to study the effect of the layered sand on the passive . -
.. ‘earth pressure exerted.on ‘the rétaining wall,
, 0 }."? ' ! o
' T r :
\ o T M
B ("
' t M anml . ‘ .
——— . o
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/

7 2.2 Experimenta et-up )

v N
.,/) . | 2.2.1 Testing Tank~ -

The apparatus 1is composed of a holding tank with sides made of °

plexiglass and ends and frame of steel (see Figure 2.Ib). The
~ o

plexiglass skdes were reinforced with longitudin51 metal angles after a

o~

N\ . .
N first experiment showed that they deflect under the sand pressure.

- fnéide the tank, a motor driven piston pushes a plate that simulates a
~ - e S . , ) :
§ . . vertical wall (see Figure 2.2). The piston-.was developed from an old

compression test machine, taken apart and placed sideways in order to

. provide the driving force‘behind the plate. A moltityde of gears was

. avéilable\that provided a wide selection of "speeds ;for the piston, : 9

) . : howevér only the slowest bpeed was uged.
' . . “ N

' ‘ l\ ‘ “ ’ !
’ / e : i
' v : - P -
T L. e s ‘ -

4

L ~ In order to meésuf?’the force by which the piston pushed the plate

\

- " a‘proofing ring was installed between the piston and the plate. The
vt . N [ * N

L] -

p}éte, which‘%s installed in the upper part of the tank is assuming the
: K . . ] ~

1
- \\~" role of a retaining wall, The plate (see Figure 2.2), which 1s. within .
« b . ' . . ' .
the holding tank, is held horizontally and is fixed (would not rotate).

The plate is. installed at the.end of a rod that is supporteﬂ'by two sets
. . ~ . . . ' ‘ , .

- - A

43>z ~ oft roller bearings in order to minimiie friction and to provide perfect .

A Y
¢ L]
0.

*_ Horizontality,

M ‘e ) ' -
¢ - { * ,

N

Five pressure_cdntrbl points were ¢hosen and pressure transducers .
‘< ’ were installed at those locations (seevFigure 2.3), in érder to monitor

the pressure on the plate.’ ‘ : <

Ny .
. J ) 1'

[
- .
f —_
.
. . >

_J 'h



Figure 2.1b: Photographs: show.the experimental set
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~ The transducers were connected to a power supply gource and to;a

Q »

voltmeter'through a set of control buttons that permitted recalibration

.

O - .
and indiv{dual readings for each transducer (see Figure 2.4).,

-~

" .2.2.2  sand ‘Spreading Svstem

»

“The sand spreading system, independent of the above described tank

r v

was composed of a plastic bucket with a plastic tube exiting from its

bottom (see Figure 2.5). The tube ends with-a copper "T" head which has-

. an opening to .allow- the sand to flow through withont crewding. The , -

-

opening width was twice the diameter of the lnrgest grain size,
. o ! . e

3,
_—
' .
LY

_The capacitv of the bucket allbwed the spreading of a layer of . sand

1 1/2" (inch) thick before refilling. ‘After one such spreading the
T'

. ‘bucket was refilled and lifted an additional 1-1/2" Yinch)“to prbvide‘

!

dense 'sand requirements to the loose dand ones. For dense sand the

the same height of drop fe//ﬂhe -sand .as for the previous layer (this is

the case fnr homogeneous layer) Due ‘to the contrDISfavailable on the

sand spreading'system, the height of drop céuld be changed from zero- to
three feet in increments of 1-1/2% (inch) A counterweight provided

the stability necessary for the-bucket not to overturn the sys;em when

s

"

held yp high and_full.

. .

’ . . .
- <

"

2,2.3 The Sand Spreading fechnique :

‘ . R ‘. . . g' . y
The sand was spread in 1 to 1-1/2" (inch) layers depending on the

height that it was dropped from. The height ‘of drop varied from the .-

- ' @
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-

B

height of drop was 24" (1nches), for medium sand, the heigh; of drop vas

6" (inches) and for loose sand the height of drop was '1- 1/2" (inches\

L . R ’ [N

) 4

After éach layer was pidced (when the bucket vas'empty);a spray of

ink and water mixture was used to markhqn.horfzqntal'line which would -

make observation of the‘hehavioq; of- the sgil mass easier. -After each L
i spfeading the bucket hqd:to,be raised by 1-1/2" }inch) to keep the ‘

heighh of droé copstént:fbriihe next laver. When the,tihh was full, h

'tradsﬁarent sheeh of plastic wa; applied to thg‘iihe of ‘the ‘tank.’ On

it, the horizontal lines were traced and initialed,. At the end-of the

pést. the final position‘of the lines plus the failure lines were marked

1~ . - . . ’
-

R - on paper.

t

-

This way, lifésize failure and behaviour;lines were accurately
.1'.obiained'from the test.”  ° '

. 2,2.4 ' :Test Procedure . . o ;l s

e -

o

Before starting the experimental work and prior té final assembly’
7T e . - ' . N ) . /‘. .,'0 .

of the apparatus, the five pressure transducers and the load cell had to

A e

be calibrated. : . : o | .

g 1
e ~ @

-~ L}

/ N ‘ . . .
The calibration of the transducers.ﬁﬁs conducted using.the

. . . N
'

1 P '

+

. apparatus seen in Figure 2.6.

|

A description of the calibration procedure follows:
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¢
- * .

. One transducer at a tine was introduced at the bottom of the tube.

A column of sand of 6" was placed over the transducér;' A piston with a

N\

plate at the other end was introduced in the tybe,over the sand column.
, A load of known weight was placed on the plate at the’ end of the piston

. and a reading was recorded bv the. transducer.' With the help of the

‘ control buttons on the control panel (see Figure 2. A),,a reading equal 4”(

"to the actual weight of the 1oad was obtained The procelure was
,repeated for, different weights and all readings vere recorded iThe.
. "transducers were calibrated for a range fron.d'to 35 psi.

1

[N v

‘ . ~ .
- L N ’ ’ r

After removing the sand from ‘the tlbe the transducer should read

zero.. The procedure was repeated a few times for different loads for.

. L )
Y 1 : .

RV each transducer and after they were all calibrated thev were placed in. ‘ i

their final positions in the plate anﬁ secured tightlv. , o ¥
— ) ' -7 N

..
N v

Calibration curves were obtained for. excitation versus pressure

¢

SV ' (see Figure 2 7). . ’ SR e &4' :” . .
{' “' ,' i K I . . . BEEE ) ) ‘ "' v '

S '
‘

. . . ‘ .
Voo In order to perform the calibration, the power source and the . -

A - ‘ A
i' - voltmeter were left on during the previous 24 hrs. A resistor of known won
' velue was installed for :tr \sducer in order to Verify the

- + calibration of the tranéducers;after every test and prior to starting a
. " new one. ' - .‘ T " IR G
,a) o ! L ’ ~:The load.cell'in the preeent,aXperpnental’ihvestigation'served'tﬁe

'

folloving'purposes:
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w

(1) to monitor for possible malfunctioning of the transducers and

[ . .
e [ . . 9

\

(ii) to determine the frictional resistance produced - in everv test.”
B [ » . -~ e
' Q

\

The calibration of-the load cell\yas carried out by means of. the
stress centrol précedure. The curve obtained plots excitation versus
load %see fighre 2.8), - . ‘ ‘ : Y (

L]

S

.
; ~
S ~ ' > .
Before Spreading the sand the transducers initial reading was
L , .
taken to make sure that-they were u changed and did not need ¢

recalibration. | ‘ .

'pushing the plate against the sand.

.

’

At the same displacement intervals (thédge. 18 "another gauge

.installed bn the tank that measures‘the disblace ent sof the wall)
‘ readlngs are taken for the total force applied to the wall, and the

) pressure indicated by each xransducer.‘ It takes thre persons to

conduct the test:efficientlv. Loading continues as long as t

gauge measures additional increments. When the‘férce gauge readiqgs

P

“'start to decrease, fatlure is occurring and rﬁis is backed up by ‘visual

fdbservations of the sand in the box. The faillure lines are recorded as
«

‘'they occur on sheets of plastic placed‘over the side of the tank.‘, P

i
[

~ ‘

- At the end of the test, after uni?ading. the transducers are
‘checked td see 1f they read the same values ‘as the initial values they ' :

N .
. AT : ’ . Lot . .
- . . N N . \
. ¢ . ‘ ", [ g
. N
’ .
‘ -
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were reading before the test, and if evervthing is in order, the test is

cclassffied as successful.

2.3 Soil Properties

A

—

I3

J
P

The sénd used in this investigation is called "Morie Sand" and is

imported from the U.S.A.. sA detailed study of the physical properties

of the sand used for the ;est% was given by Afram (1984).
sum@a}y degcription of some-aspects of these properties will be, riven

here.

uniformify"coeff;cient of 1.45,

The grain size distribution indicated a medium, unifo

. o o

-

L4 -

-

Ty .

¢

o

-~

-»

Only a

gand

The' measured minimum and maxi

k-1

»

L3S

- densities are 91.5 percent and leiS pencent'qespectiﬁély:

}

th a

-

!

R J

The average value of/Ehe specific gravity of this sand was"2.6€??

.-The test results sﬁbwing the variation oghthe angle of friction. .

with ‘the relgtive density are shown in Figure 2.9.

.
o

. -

2.4 Determination of Unit Weight

~

- <

&

A good method fgr obtaining, the density at any location in the test

&

- P

~?

tank was to use small' metal ‘pots‘and place them at different levels in

0

the sand.

density calgulated.

R

s

4

-

.1t was defermined that:

P

-

[

After each'fest the pdfs were removed then weighed and the

-

¢
\

F

<
I/

o

)
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)K\"‘ Table 2.1 ﬁ}esents the relative densities for loose, medidhqand<
dense homogqnéous sande.
¥ ' o '
; Using thé‘relative'densities from‘ Table 2.1 we obtain from Figure
- 2.9 the cprfeéppnding angles of friction (direct shear tests):
; : . 7
:‘l ." . ’ - - .
. R.Di = 31.3%7 for loose sand .
g = 37.5% L
» ) I B ) ) ‘ :, £
{ . . ¢ C el S .
. " R.D. = 50% for medium sand By
¢ = 390 // “
' v / » :
R.D. = 64.62 for dense sand
“\ ¢ - 420 ' . y . .
4 ) ‘ - - - :
~ . ’ h '
1 g Lo
“‘}‘ - -
. " ’ ° o -
'} o ¢
~J .

Y Ly
T) - loose homogeneous ;8and

v

= 95.2.1bs/ft?,

p—

LU t
-
Q 1\ - o o
’

; " ' 3
Ympdium homogeneous sand 97.7 1bs/ft” and

» ¢ O "" -]
Ydense homogeneouys sand 99'? ;bs(ft :
- .

-

. 2.5 Relaiive Density \

7

P T
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31.3% .815 .590 95.2 2.662
homog. ‘ n '
Medium * | f
homog. 50.0% |..815 <590 97.7. 2.@?2
'+ — ‘
’ Dené’e T . L l ‘ *’. i B o v
homog. §4.6% »;815 .590 99.6 2.6@@§
, d i
[w) : S
2 { t ’) .
. : ! -,
Table 2.1: Relative densities for Joésé;
medium and dense homogeneous sand
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" CHAPTER ‘3

t
’

EXPERTMENTAL RESULTS' = ° N

-

’
-

he tegts were_div}ged in three'groups dependinﬁ on the condition.

of the soil behifd the piate: ’ ) . B

A(1)- homogeneous soil (loose, medium and dense)
(i1) week 1ayer overlying strong layer of sand (loose/dense.

loose/medium and medium/dense)

~ ¥ -
0 - . .
" \ - : s , : -
. ' . R .
, s
t

(111), ‘strong layer-ovetiying weak layet of sand

(dense/ﬁedium; dense/ldose and medium/loose)
* S u

N *

.The curves for the ultimate load on -the retaining wall are shown in

'Figures 3.1 to 3. 9 In addition to these. ‘the transducer readings made

- -

feasible the drawing of curves which show the ultimate load per

transducer with respect to the displacement of-the plate (model
: ' - [ ' ; : :
. ‘rétaining wall). Figures 3.10 to 3.18 represent the above mentioned

\

L v :
curves. - . ERR ’ ’

L4
v
*

The failure planes were traced off the glaee side of the. testing

tank and are shown at a reduced scale in Figured’S 19 to 3. 27
:{:’ E . N
. - , * " . 7

.- The failure planes observed show that for the homogeneous '

.- conditions the presept theory of cqlcuiatiﬁg the passive earth pressure

-
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holds true (see Figures 3.19 to 3.21). However, once the soil behind the
‘retaining wali is changed tb a layéréﬂ'soil, the 8?}1 behaviour.changesi
For the case of éhe weak ;ayer of soil over the stroﬁg layer of‘soil;,
tﬁe fajlure line fowlows the plane of separatioﬁ'of the two 1a6h§s for a
certain length after which it follows the kn;wn pattern of an oblique
failure line towards the surface (see Figures 3. 22 to 3.24). This 1is

LY

due to the lateral compaction of the weaker soil which reacts first.

¢ . N

For- the case of the strong laver of soil over the weak layver of

soil, it was obse‘veQAthat a certain part of the lowqr laver gets

. mobilized before én-oblique failu:é'plaﬁe starts .to appear (see Figures
3.25 to 3 7). This.is due to the vertical compaction of the weaker

soll wﬁi h reacts first,

. 1] . . ' /
‘In this present éxﬁe;imental investigation the value .of the total
passive earth pressuré was calculated by integréfing the pressure.
transducer readings on the face 6f the plate (model retaining wall).

The integration was done byﬁépproximating the area bélow thé pressure

" distribution curve with a summation of trapezoids.:

. The difference obtained between the load cell value and the total.
passive load equals the frictional resistance value of the apparatus,

namely soil friction against the walls and that of the shaft through the

¢ ©

ball bearings (see Table 3.1).

] . LI
* - E
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Load Integration Frictional
Test Test - Cell of . re§istance
) Reading transducers value
No. description  (1bs) (1bs) (1bs)
Peotal Pp Pg
. .1 dense I 425 . 390 35
. - homogeneous v
“2 medium, 380 340 @
homogenebus '
g 3 loose 5245 220 25
: homogeneous |% ' ’
A} s
4 dense 390 350 40
medium ' .
o '
s b p)
N ' 5 dense 335 300 35 g
loose ‘
-
6 medium T 330 , 290 40
’ loose
- o
‘ 7 " medium " 380 345 *35
~ : dense
\ \
L _ 8
‘ 8 «loose‘ 290 250 40
\ . dense , !
9 loose Q 260 © 230" 30
! medium
. N y
\ Py
Table 3.1: Calculation of frictional

resistance value

P
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" . . CHAPTER 4

s

ANALYSIS OF RESULTS-

, 4.1 General- .. ) ..

&
u

The analysis was geared towards developing a techni‘ﬂﬂuko evaluate

the passive "earth pre;sure behind a retaining‘wall for 1ayered

' ' ' e \ ;
cohesionless soil. N : o . -

2

E3

" The experimental results for homogeneous sand were eompared-with
a'I’the present theories for homogeneous'coheéipnless goil, .The:
N & * LY . . .
experimental results for ‘lavered soils were compared with the proposed'

theory and with present theories modified'to spit~levéred solls,

- >

h)

4.2 Analysis of Test Results Using the Logarithmic Spiral Method
" T ;

[ N

rd

In order to analyze thle test results by the logarithnic spiral -
ma2thod, Terzaghi's approach to.the problem was used. For‘the

nomogeneous case the original method was used without any changes. For -

G

the weak overlying strong sand and strong overlying'weak sand cases, the
\ :
method was modified in order to accommodate the layered soil condition.

Figure 4.1 represents a section through the retaining wall face (ab) in

the case of homogeneous soil.

L3

ANy !

The location of point "d" is not known, The surface of sliding

. X . NI
consists of a curved part "bd" and a plane pgrt "de''. Within the mass
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of soil represented by the triangle "ade" the state-of gtress is the
same ag’ that in a seﬁi-infinfté erosit in a-passive Rankine state:?

.
a
prs

* The shearing stresses along vertical sections are equal s zero,

—~

i.e. the passive earth pressure Pd is acting horizbntal on the vertical

face "dc" at-a depth of 2Ha¢[3 and is equal to:

1
.

=(1/2) ¥ H®, = tan?- (45+8/2) . A 4,1
.\. -: :' , ',. - .. . . s _"

]
¢ . X v -~ . ]

"The curve "bd" 'is part of a spiral whose center "0' is on the line -

' ‘"ad" and whose equation is: -

¥ P , . '

r=roee tan¢ 2- 4.2

. v L N
Any vector passing through the center "o" of the spiral intersects
the corresponding tangent to the spiral at an angle 90—0. o
corresponds to the reegtion R. The point of application of -the paésive
earth pressure Pp on the face "ab"'is~located at a oeight of H/3 ebove
poiot "b", and the force'makes gn'angle "§ " with the horizontal. e

body of soil "abdc" is acted upon by .the weight "W", the horizont

force "Pd", the- passive earth pressure "Pp" and the"reaction "R" For

a

the equilibrium condition to be satisfied tlhe polygon of forces created

o™

" by the above named vectors should close. In order ;o achieve this, the

forces "W" and "P

4 are plotted ‘fn value and direction. .

v

-

Afterwards, parallel lines to the reaction “R" and “Pp" are drswn and
’ , s CarE et e

the polygon of forces.is closed, resulting in a value for "P ". This 1s '

P
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s

considered ene trial and the value Pp is{recorded. e e

1 ~ s

A neﬁ positien-for paint "d".1is'chosen and a new spiral wiil pass -
] 4 \~

.thr0ugh points "b" and "d". The whole operation described above is
repeated arid the .new value of "Pp" ‘1s recorded After a few trials, ‘the
lowest recorded value for "Pp" is determined and that is the value of

the passive earth pressure acting on the wall. .

)

" Figure 4.2 (a, b and ¢) shows the actual diagrams obtained for the

4

three homogeneous tests carried out during the experimental work. For

the-case of layered soil, F.igure£4.3 represents a section through ‘the

retaining wall face (4b).
: - Q

The curve "bd" in this case is part of a spiral whose equation is:

B . - ,

r=foe°ta“¢2 ' ' ; 4,3

. ‘. N
» @ - P \

. € . , . s
The reaction R is acting at an ‘angle of 90-f, tq the tangent to the - _.
. » R . , L . ) v

eéiral.

. r

-

T Otherwise,’'all the fdrgee.remain-thé same as in the homdgeneous‘

case, . . ’ ' . '
. . s ‘ . . - . . " N ’ [ . N \'

¢
1 -

For the equilibrium condition to be satisfiedﬂ;he-momeﬁt ef all the

forces about the center "O" must be equal to zero.
> . q .
. , o

i . . . . . - .

EN Y
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. Figure 4.2a: Pb]ygon_of'forcgs.

B )

~

g.l!

v=99.6 1bs/ft>
¢=‘Q?ov N
§=39°

for dense homogeneous sand

e \
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"y dense = 99.6 15/£t> .  H =71 ft

Therefore: ) ST .
. o N ¥ e "" L0
I’p Lp+w--L +Pd Lcl 0" . . . 4.4
v and ' : ' " Co ,
D R = (L)L AR LY) B N
where ) .
kY - ’ * -:-
v Pp = pass‘iye.‘eart,h pressure - ! R 7
"W = weight of soil
Pd = .passiverea;th‘pressu;e, according to Rankine’
, ‘A L = rm of thé assive éarth force | - ¥
s L Fam passiv oTee |
AT ‘Lw = arm of the weight force .

L; = amm of the passive earth force ,aqco‘r&ing‘con}hryine

, o~
)
(|

, . : L. :
value of.P_.. o .= s
o P -

"

1Y
o . A

An example is explained below for a strong/geak case.of layered

<

soil and tables for the other cases follow.

¢ Q ' .

Choosing the depse/loos’ test we have: i
3 A ° ’ s /‘ . " .‘ R B *

n

¢ dense'= 42° width =.64 ft - ¢ loose = 37,5°

A fev trials have to be ‘executed-in order to determine the loyest:

'Y loose = 95,2 lblft“_~

7 ' )
, ol —
.
.



N l ' - 2¢an2 313“_33 = . .\ . i a
| , . Py (l/2)yden L tan® (45¢ ——) | . ;
= (.5)(99.6) (. 71)2tan2(45+21) = 126 1bs/ft o _wall @ st
.: v \‘! ‘.\\0, r. & ral

. .= 126'w1dth =126+ (., 64} =80 1bs Lo

N

> . ¢ > R
First trial A .
o . o . ’ " /. J— e
R ¢ .. ~ " ©L ( -
o S Estaylis‘hi?g the ﬁiral': /’ !

3

i ,//) . <t r_ =0.67 ft . 6=85°70.46\nrad ER
. , K s lO . " ‘ y - “a . . ,
) S ’ e : # .. . ‘ . o .
. e, v . - 4
-~ - .cWiAfea_, .. » Widthe -Areay > Widthe | ' - : '
. 1 ’ r

'ghd,c dense bdb-

) "" . - te ‘ . ¢ -
‘ = —\a ~ o X R ¢ f
- . 'ﬁﬁ‘e?abﬂc Aregaob'l-l\;ea@dcﬂ‘\reaobd : . Sy s .

: o | .
." e ™ - " Ar‘eabn Area Sod- -Area obd { p ' N P\ ) Pq-zg’ R
;o ' ) PR B o . T
. L\ . ..Area ob = 0.14 fﬂ . ‘ 5 - : . K . o E
; - T ) . - . S, . : . !
-« s ) : ;. - . -,
é Arears, = Fol(e2RM2o1) [ i < / tooe ;
» . ': = bhd . 4t§n¢>2 ‘ ' 7 .. o \ ) ’
f,o ' - Cooe T B . ” s -7 ‘ ‘,’,,..: . ", ) ;‘n' . ¢
DI SE
. ‘ , . cLol .

L S . "”“abd" 0.14+0. 5541, 33, =72.02 ft2 s Co

//. ’ Y w2 92) (Width) (99.6)- -(i. 33-0 as) (Width)(95 2) = 95 1bs

) cao By "(I/L')(WL P b(,--(m. )(95:L +B0sL) . .-

R . - B 2 ) ) N .
RIS L L T R 1S
o 'L L =0.67ft " , N ,

hY
=~

- ‘,-.‘ ~l/‘ fw . N ’ i . , 5 . - \
- ’ Ao ’ ‘ - e . . oo . .
‘ : ' i = 0.42 ft . ’ w o b .o ‘ - .
. ‘ . - . . o ' . . R N “ *
. . - + . v .. . . B
. .~ ‘ to .

v i O 0 B = =(1/0.29)(95¢0.67+8000.42) = 333.27 1bs ,
e P ' ) - ' ' — o9
T4 , ’ - n‘ * .
N ‘ ] S " L ’ a; .



Ay

ey

-Second tria

—r_ = 0,75 ft
o -
. , \r‘- e
—

\ o7 ¢

8 =u90°.= T /2 rad

The whole‘sequenés of operations is repeated and another

Pp is obtained. Speciéﬁcélly Pp = 518.8 1bs,
. . I .

AN

.
\ -
\\\\lgble 4.1 shows the mat Xatical approach to: obtaining the minimum

‘value faor P .
R )

i
t

‘\.I; compares favourably to:-the fést value of 300 lhs., at 11% érrorx.

N

£

t

N

s

The value of the 10We§t passi@giearth pressure is P

= 333.27 1bs..

) . ' r )
I tHe tables 4.2 and 4.3 the values of passive earth pressures in the-

- . . .
* remaining combination of strong/weak Tavered soils were determined,

o T

o

4.3 = Analysis of Test Results Using Method of.Slices)

*

- 2 ’ ‘ te
B . .
L4 Al

4

‘§li‘c't-s suggested by Shields ‘in 1973. \\
. Y 4 !

. )

-

~— . &

K . . ;"_ ' Y . - -
N ,

“;\a

)

4

The test results were also analyzed by means of-the'méthod of

— “For the case of slice 2 in Figute 4.4, the sumpatioﬁ of the forces

in the horizontal X direction will yield:

4(

E+dE-E-Rsin(u+4>) =0 '.

T where' o N '/11' \

Q"\

;o : . c = u‘ = { , s\ . .~ A ’ N
’ E‘andfi:zgiz*horigbntal forces
3 ' . . ' g
" o
RN Tl . ) R
— !\' ' » \ ‘_" - "’

\/.

»

v

}

B -
L
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8 : .
' R = rgsultant of tangential and normal Forles . .. @
' ¥ on thejplane of failure - . . ! B '
. . a = inclination-of the plane of failure to the = . v
. - horizontal - = ‘ Lo
, ) . ¢ =.internal friction angle -« :
Hence, ) '
<0 aemsineseo e oo wr
\ I > . , .
. <
For the vertical, Y, direction: )

- o W+X+dX-X-Rcos (a+¢) = b_, : ., 4.8 .
@“\’) X ' . ’ . . . o ' 4 ' . * : .
L. | i k ‘

where: W = weight of. ther slice
X

- T \ and X+dX = shear fogces on the sides - o R '
i L of the slice ' S -
. 7 .
. \ ' . . s . <. d , - )
v+ s - - <Therefore, : * ‘ T A ' ‘
\ . “. \ . & . ) . .
.Y . o ,  WHX = Rcos(a*$). . C 6.9 '
T . A L . : : ’
: Y ) . - . . oo i
o -~ * For layered sand conditions the valué‘of the weight W is a pro-
’ '. ~ 'q a . . L] . * ‘.
, portionate 9omb1naplon of the weights of the respective layers within
. - the slice. ' - ' : . . . . .
. N . . i ° " . .
) * 3" . N hd ' '
» . - P -
- B . : -~ , y
S R 4 ' S
A ‘4 4 - . ’
‘ . ,0 g ) 0l N ,' } oo
- . > a . '
- ) "‘4. ' a " ‘
1 C
. 4. - \ : ¢ '
] ‘ s A, » .\ .“\
4 o R . :’ ’
. i , . ' ' ' . R
. . . ; ) ' :‘ . . . , :
' v ’ ‘ ! e ‘ . “ ' ' v,
& “ - . b
‘ v - . L. : ‘
' : B . o .
- " ) L4 . ) ",. S '
*+ ' ©
s L4 .




R

- Therefore, S ‘ s
N L o
. ° .o s 1
: 'W‘+3dx ‘ e - o S
dE = cos(a;ET‘ sin(a+d)= w+ex tan(a+d) . - 4. 10

The new term that Shields brings in,‘diffeiént,from T.erzaghi is

the angle.at which the logarithmic spiral will leave the bottom of the

wall, That angle, oy 1s .;

\ .

a,, =(1/2) (arccos(cos($-6)~ sin(¢—6)/tan¢)-¢—6)l ,, R 4.11

~

Therefore, knowing the‘angle of internal friction ¢" and .the

’roughness-of the wall § » the failure surface can be precisely

establighed., - ‘ . : Q\\

" The soil edge cde i1s in a passive Rankine state and the value of

the p;ssive force Pk acting at height HR is:

.

Py = (1/2)yHZ ran®(45+4/2) . SRR AT
and - :fr.
' ’ .9'._ " 1 . ,"“ ' : ﬁ‘; |
' dE = I(W+dx) (tan(a+$)) SRR S 18 &
. 7 e
. ;. )
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%ﬂgvra' . -
Sy N
2N

. P %<P_ '+.I(W+dX).-tan(a+$) where X=o at CD

and

at the. wall a=a and dx
. s W,

L]

Therefore o ..\

P R

» ~

K: ) ! b ' . \
and X+dX Pptan 6 at the~ wa]:1 " . | -

P, = P lWtan(a+d) +dXtan(a+d) . .

Pptan ) E .

L -

~

Hence' L ’ . , ¥ o b 1.
"

Pp = P+l (Wtan.(u:hﬁ)

R J

Ppta?§tan(aw+¢)' . | _ ’ 4.14

and

v

- @

.
. ’

Pp(l-.tanﬁtan(aw+¢) = PR+Z(Wtan(a+¢)‘) I - . ©4,15 .

Fat
o N
.

7

There fore o A
p = PR+EWtan(u+¢) . . ’ ' e . L " 4.16
P l-‘ta'ndtan,(uw+¢) ST Co

. N
v s ] -

and - . S e RN .

-
. :
. 2 2 ' o g
P =( 8 JyH tan” (45+$/2) LT ,
) ’ - . * ‘ N hd ' CL S
- ) ' , '
o , .
TN a .
f; . ‘[ ' ’
. , -, _
! b . v ) '
» ', - * »
3 ‘*’
° ;o - ' ,’
L] ' " ‘

"
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. Hence

P =,LL/ZSyHZtan2(45+¢/2)+2w§an(g+¢) » ;. ) o v
2 . }-tan&tan(aw+¢) .

€ \

.

Tables 4.4 to 4.6 represent the homogeneous cases.

' . .

’

A ~

For the layered soils condition”the equation 4.11 should be "

modified to: ' .
'
ay, = (1/2) (arccos(cos(dyeak—8) | ' , ) \uz
‘ . " .18
- weak=8) /tandyeak) ~dweak=5) .
. * ’ o :_
and equation 4.17 should be modified to: ' - ‘
| : Y PR 4
' C 2 2
C(L/2)Y e i tant (454, o )+ Twean(oatdg, on0)
P = layer ° . 4, layer 4,19
P . - - 1-t ntSt)an(afwwlower) ' 7 ’
. . Layer .
: A
* ” - * u\

8" .
?Tahles 4.7 tq 4.12 show the calculatipns-accofding to the above

changes to the original fqrmuihe. - - '_ ) o -

~

o
~ .

13

L L~ ‘ S
* After analysing the results, the following empirical theory can be .

forﬁhlated. For the case of a layered soil conditibn behind the

. R ) 4 _—
retaining wall the only'iime q.correctioﬁ shou;d‘be‘made‘tb the existing
theory is fowr a strong/weak layers condition. ' .

%

L1
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. . . [ 2 ? o / '
. ) ) ’ . s, g
In-this case; it vap{pbse;beﬁ that. the value of the pasque earth
ﬁressure 18 lower than the value of the passive earth pressufe rA .
< -y . B
determined by means of the existing theories.
) Therefore, o .. S . , o .
¢ ¢ W
’ N ." . . > ’ Py °
<
@ vpp strong Pp~ strong homogeneous -~ ,4‘20 Ty
’ ' -

3
2
N ‘ .
i f
4

~, A constant was introducéd in.order to transform the 'inequality into an

~ ' . . o
‘equality. : ’
4
. i ~ . : ‘ -
' P =2 e p : . 421
) stron " strong homogeneous :

P o prE , P ng g .
Empirically it was determined from the tests that the value of )\
corresponds to: . )

* ,k;“ .A »‘ .. A '
- ) = Xp weak homogeneous ' 4.22
Xp strong homogeneous . : ) - '
where k_ 1is the coefficient of passive earth pressure for the respectiie
. sotl condition. :

’ Y L i

\ ‘\x‘“' A - :
Hence: ~ ‘ 1. C L B

“p - Eﬁ weak homogeneous . PY - 4,23 -
P gtrong Kp strong homogeneous p strong homog. -7 '
- . .
» v ! o
_ \
T : .
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and __ ) //
® ~ "6 ; o
” ) ) #
o T /)vek “pouesk )y w2 o 7
= Y . . ' 2
L PSSR kp strong “p strong
) ’The conclusion is therefore that:: -
-kp gtrong = kp weak homogeneous 4.25

weak a R

» JREH Iy
\' ’/
- . : 4,26
- Pp weak . ‘\Pp weak homogeneous N -
. strong o, \ .
and TR a BN
. ) ir 4 : —_ . LY
2 1 9ven2 , : .27
(l/z)YH kp weak (1/2)yH k, weak homogeneous ) 4,27 .
. strong y
Hence, ) .
- //' -
:' = 4,28
, kp-weak weak homo enegus
. FrYONg *» g ,
~ ./ - !
o Comparing‘eqﬁatiohs 4,25 and /4,28 we have
; kp stron kp weak 4.29 !




|
the passive earth pressure should be ” . ‘ // ‘

~

Kp layered soil - Kp weaker layer

&

In order to verify the theory presented, the computer program
}developed'by Hanna & Foriero (1@85j for the particulat case of an enchpr

i 4 ) ) . ¢ 7
£ plate (when it acts as a retaining wall) .was used. &\\kd
. . : 5 . N 1 .
. /l » . 1 -

»

As an input data, the .angle of internal friction of the weakest'

/,f“‘\.

layer was used in order to determine the value of the coefficient of

passive earth pressure Kp with which to calculate the passive earth

Y

pressures for layered soils conditions.

‘ .- . 3
' { i ' -
Using the computer results of the coefficient of passive earth :
- : « » - . a
pressure thus obtainei and the test results we can prove’ that the

. proposed theory holdéxtrue. ' ~ ¥ - Pome

. .
‘ {

f

: " ° 5 ‘
' The computer program is presented in the appendix of the thesis.
3 ] . s . M * , l‘\,. -
For example, in the case of dense/medium soil which is a. '
‘strong layer overlying a weak layered 'soil condition, the passive earth .

pressyre that resulted from the tests was 350 lbs.

Y




)l M : ‘- -
~ . N .
. . .

“1« ". / )
L. ‘_‘

. Actual theories would have come up with 390 1lbs., the same as for :
. . q .

j the dense homodgeneous case, o . .

.o, .
.
) a. .
a . ‘

Using the formula in equation 4,23, oo ) L .
w _* kp yeak homog. . N ' a
Py strong Kp strong homog D Pp strong homog . " -
. Wea ’ ] T ’ : \
g .
- gives: ,
P, qende Rp medium homog. P g h ' J T
P dense dense homog. ' P demse homog.
T omedlam ¢ B
11 . B k e—
. _ *p wedium homog. . 2
/ ~ kp dense homog. *(1/2) (Ygenge)H” *widths kp gense homog. '
=(21.76) (1/2)(99.6)(8.5/12)%(7.65/12) = 346.6 1bs
+ . . . ) . . . . , .
Actual value forrthis particular test was 350 lbs., a difference of omly
1% but overall much more ~conservative than the value present theories |
would have resulted”in. 4
, . o ' :
. . A summation of all results and cpm‘parisops, is presented in Tahle
[ LN N .. ’ o . N " ‘
' 4.13a and, 4.13b'. ’ ) e q o - ‘ : , "
.:\ __,' A co,tnparis'on of the exﬁgrimentalf values of Kp for 1aye.red

cohesionless soils versus theoretical values 1s presented in Figureé \

’," ; M 4}5&. 8nd:4.‘5b. ’ ' ’ ‘ l \ . . . ' . F-4

N . Co -

N ) s : “,... ¢ - -
bt .
/‘ o - « i ? -
[} “ - '




{ Present] Logarithmic ‘Method bomputef . R
Test |, Material |[Test 1. $piral fof slicei a:g:'?‘: Proposed
No, Results] Terzaghi~ [Shields |Foriero. | Theory .
{ ' .
1 " dense .. 390 400 341 399.8 | ---- ‘
homogeneous L : '
2 ‘medium | 340 336 280 354.7 | —---
homogeneous | .- L -
B . "0
"3 . loose 220 230 | 207 ©210.1 |, 77T
homogeneous ‘
4 dense 350 | 360.9 345 | —-== | 346.6f N
medium _ o e
5 dense | 300 333.27] - 265 ——— | 230
loose ¥ .
6. | medium | 290 |. 304.5 240 | --—- 215
loose '
, * . a— \
7 | 1oose | 20 |. ---- '226.3] 229.3 | 210.1
medium : ’ ‘ .
8 | medium | - 345 S 338.6] 378.8 | 340
' dense - . - . \
. ) . ‘l ,
» j\_/f
9 | 1loose 250 e ) 256 | 7.7 | 21001
dense . "

et 0T

i3

[Y N

Tabie 4.13a: Passive earth pressures (lbs)
. . .

- . 4
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Present Logarjithmic| Method | Computer )
] Material |Test sli Progran ' .
Test ‘ ‘ Spiral of SIlcesfHanna g Propose
No.. Resultﬁ Terzaghi Shields | Foriero Theotw . E%
1 dense 24,48 25.11 21.4 25,1 -=--
homogeneous .\\ ; -
2 medium 21.76 | -21.5° 17.92 | 22.7° | +---
-homogeneous 3 N
-3 loose 13.8 15.11 13.6 13.8 ----
homo6geneous ' ’
1 ]
N . . °- ' \
4 ,dense 21.97 22.66" 21.66 r—— 21,76"
medium .
5 . dense 18.83 (" 20.92 16.64 ——— 13.8
loose ‘ .
) . +
6 medium 20.95Y  19.49 15.36 | === 13.8
: loose ) :
. 7/ " looge 15.11 —— 14.86 15.06 13.8
S| medtam | ‘
8§ |  medium 22,08 . —-— . | 21.67 | 24.24 ) 21.76 | W
: dense ’ o
.9 loose’ 16042 | ---- 16.81 | 16.27 | 13.8.
o ' dense ° . B T

’_.Q . " - ~ N . .— -
Téblg 4.13b: gCoefficien;s of passive earth-pressures

L —

&

1 4

o
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t - oy h -
4 B - ) 5 - ’ )
N g vt R4 .
“ .‘ * , .
a * 4
N . N ¢ . [y
Y ~ Y
P experimental § - O Oy
A
k w
4
FJ
, . 24.48 .
. Medium — \
/ : 21.76
homog. . '
. ~ .
s X " '
Loose
13.8
R homog. s
\ .
T , '
! B
. s t
. . , k
\ \ oo p theoretical R
+ > :

C - ‘y._o S 1308 21.76 /

. L o -

s

. . .o 8 ' v, .
\ 3 o ( 0
\ TR =
" - U o = . ] -
. — ‘ v o
- E ‘ LN
. . ~ ~ =]
. ; v o a3
. . o o -
. _ o 0 o .-
¢ o . W
. ) . R = '
. ‘ L ) T ‘ .
R . *, { ) a
' ’ ' Y *
. . . L . . . - P ? " '
o ' Figure 4.5a: k L Lve.k . ' ~
. : . P experimental——p theoretical , .
= R A P o
o . . C for weak/strong sand layers
, ’ ' R . "
. R B - < ’ a B ' ’ l = :
t ) ' " ’ ' =
3 . . ) ' AR . ' g
1! . K] » -
% : Ao * ) .
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P experimental - 4 i .
L t: e \1 o
— k ‘ . - .
) PR SN "P jayerdd sand \_" . ,
4 i ' e
Dense 24 Ny . —— -
homog. .
Mediu-ﬂl °2].- -47b i t P R
homog. )
-
, ! ’
Loosé .
homog. .,‘,.13-,8 .
> N . ° , '»
S~ i ,’/ K]
5 - '
o ) - -.-‘\ﬁ"' . {J
. . . Y
. ‘ ) ' ok p theoretical
4 0 . .13.8 & 21.76 ..
. ) ‘o g 5
w 3
v ' ® o ’ -.-cr
- -] o . .
. - by 0
,™ ]
) ~ E ~
4 @ =2 Q
: . - n - o
‘ g o ? <]
. \ : v o -~ o
. ‘Q z . Q
! * \ ‘ .
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‘ ¥ \
» 93( Y
- ! ‘
1 .5b: - ve.k :
Figure 4 3b kp experimental —p theoretical -
: . for. strong/weak sand layers- .
- . ' l°. '
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' 5
n, . . In order to use thggproposed theorv, Tables 4,5a and 4.5b should be

]

//7 . - used for the layered sofls conditians.

+

¢ e ' For a weak layer overlying a strong layer of sand, from Table 4.55,

’ ' . - ‘
’ qnder kp théoretical ™ thi value of kp should be chosen such as to

" of the weak laver.® As an

correspond to the value of k '
P homo}enpjus

, : X . -
example,: for a loose ‘1ayer overlying a dense layertgf sdnd,’ the value of

*

; kp = 13.8 from the k values should be chosen (preséntly in

P tbeoretical

practice the same value of kp = 13 8 would be used).

e L For a strong layer overlying a weak layer of sand, from Table 4.5b,
-, 7 \ . 13

g

\;nder k , the value of kp’ should be chosen such as to .

/

¢ - . " correspond to the value of k of the weak layer. As an,
p homogeneous

p theoretical

N . “ 3 .
v . example, for a dense. 1ayer overlving a medium layer of sand, the value”
[ NG

kp - 21 76 from the k values should be chosen (presently in

*
p theoretica;(

+ practice chhy{l‘ue of k= 24.48rfron{ the k. . o inental V2l0eS would

<

L

o, . ‘4‘ be used). “// ‘,

. ! '

4.4 Discussionh_ . -
—% N
J

- [
.

. . ‘
From Table 4.13a the passive earth pressures exe}rted on the modelg ‘

‘ re;taining.wall can be compared for the same type‘s\of 'sdil configurations
i T . . ’ . é} ' . ‘ N ! , LS \ . “
oo - (1.e. homogeqeous, strong overlying weak sand and weak overlying strong

qénd) dccording to the dif_ferént methods of. analysis used.

-»

‘ K ,
N \ . \ : s v ‘ ~. .
' The reSults show that for the homogeneous. sand the Ioga'rit:ﬁmic
apiral method ard the computer program prov’d the best results while -

) _+ vhe method o'ftslices resulted in lower values.

- . . s '
B W& - v L
e ' \ . ‘ "»’"

*

{

&




. For the strong overlying weak sand the results are mixed; but agétn

. ghe logarithmic spiral resulted in the closest values to the actual

passive earth pressures measured during the tests, For this type of - .
g ‘

soil configuration, the computer program cg_}d not be used due to a
restrict&on in the value of the angle of friction of sand againet the
wall which should not be greater'than the angle of internal friction of

the sand, - o . ‘ *

’ . -

_For the case of weak overlying strong séhd, the analytical results
-~ . - . ° .
agreed Vvery well with the test results. 1In this case the logaritﬁpic
-, . {!‘, . - B

spiral method could not be used due to the actual failure planes'

-

omsdrved durtig the test énd;which howed that the failure~plane
J ; N
ocgurred at-the intersection of the two -sand, layers and was continué®

with an oblique plane throug&hthe upper layer.

-

.In general the method of slices provided lower values for the
\

“passive earth pressures than the logarithmic spiral method and than the -

v . - o
. » 0

computer p;ogram method. TheireaSOn'should be due to the limitatione

-
-

. - ¢
1mposed on the construction of the spiral that represents the faflure

<

‘‘plane; only one such spiral can be constructed and, in actual conditions’

oo

it is not possible to obtain a perfect spiral Due to pockets of

nonhomogeneity even in homogeneous soil,‘the actual failure plane may.

] .
‘

deviate and the best fitting curve to represent‘the real failure plane

< will be anotﬁer spiral with a larger anélé. .
Although the proposed theo;y seems to be on. the 1 wer side when'

.,‘

compared to the actual test results 1t results in very c105e values to.

»
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the method of ‘slices results which 1s a recognized method for

.

calculating the coefficients of passive earth pressures and
. ! -

- N
earth ‘pressures. . .
+
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CHAPTER 5 -

( CONCLUSIONS
—

'
" 4

The conclusionsidrawn from the pnz%ent test study help eetablish a

formula for obtaining the passive earth pressure behind a retaining wall

when layered soil conditions exist behind the wall. ‘We recommend that

for a layeted soil condit'ion behind the wall the value of the pasnive‘

R, e . , .
earth pressure should be calculated on the basis of (the following

equality: : L0
Kp‘layered soil ’.Kp weaker layer C 5.1

-

‘e e 7

During the experimental work it was observed that for layered shnds ’

theqpassiye”earth pressure exerted on a retaining wallﬁdepends on the

Ny
¥

properties of the weaker layer of sand.

AL

v For the case of a weak layer overl ing a strong 1ayeraof sand, - N
‘ ~
after applving a foree to the retaining all, a phenomenon of horizontal

compaction in the, direction of the applied force occurs in the weaker A
(upper) layer and it ‘was observed that the failure plane occurs at, the —,

interface betwren the weak and tthe strong layer: finishing in an oblique

t . K

plane through the weak (upper) layer. S ' o,

\e ..

N . . -
. . . !
. . . o, ’, - .
Loy . ' ! , - Y

For the case of the strong layer overlying a weak lqyer of sand.
% s t
after applying a force to the retaining wall a phenomenon<of Vertical

r

compaction in a direction perpendicular to‘the direction of the: applied ‘

€ .

‘force’ occurs in the weak (lower). layer and it was observed that the

. S ’
« . ) °
) ;




_ o - PR 101

A
\

»

_ failure ‘plane is similar to the one occurring in homqgeneobs sand.

I
~

\Yl

—

It 1is recpmmendéd that additional work be pFrformed on determining

the passive earth pressures behind retainingxwallé for the condition of .
a strong overlying a weak layer of sand, as the behaviour of ﬁhé weak
layer (vertical éompaction aﬁd'horiéoﬁfal shear at the same time) is

. . . "(.‘ . LY . M [y

" attempted,

very complex ‘and a three-diméngionél analysis of this subject should be

—

v

b

. . i Y 0\
For the homogeneous cased, any of the already existing theorimes of
" mass approval should be used as thev are close in values.
i ol )
. 4 . .
. - - - i
N *
1] .
~ ” }
¥ ;
.!» ¢ Al
, PR X
‘ / z . . ' -
. ° - AJ ' N
- ) . / -
- — ““ ‘ t \
- : —— L] E
- .
v - .
- . . ' - ' '
, ,{,}‘.' -
1 - 1 ¢ .
. - * ‘
, , . . :
prsrey
4 ) . ’ : e ;
SN ! '1 ' v
oo . ' ’ .
o . ) -
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PROSRAS THES , ° .
SYSTEM INTRINSIC mm )
INTESER

REAL X139 .W3: n, F £Le3: n

REAL N3 AULI: A3}

PI=3. 1815027 ’ ’
ALPMA-9¢.¢ . * ' .
DISPLAY *Puy-* | .
ACCEPT PHY . ' ’,
0-9.0 . - o

w-8.5¢ . o .

RISPLAY °*DELTA--

ACCEPT DELTA .

00 78 I8-1,20 -

DO 4 K=~!,3
IF 'Mm-mm'h-.: LY. a(v",so 10 50 d .
60 TO 6@ ) '
LK =Bk !

60 Y065 ~ : .
LIK I=ACK)-NIK } /Foel .
IF ZA(K)IeNIK }/Fee ] ST N(K!) 6D TD 88 J

60 TO 99" : .
AULK 1-NEE =LK \

60 TD 108 '

AUL K I=A(K 14N 3 F oo ]=L 1K) .
CONTINUE . .
0O 187 1¥=) 2008t '

CONTINUE Lo R
222-RANC! . '
YYY-RAND( 222} ) .
XK =L CK IOYYYSAULK) - A

cCoNTINE
RU-ALPHASX(I =X0 1) . *
R2-PHYX(Z 14ALPHA * * . Y,
RI-XCI1020PHYEALPHA-K( 1 L v . :
RA-DH+HeSINIALPNASP]1809.8) . [ i~
RS-HoSINCX {1 )ePT 188, n-stmxmomm n
RE-SINCR1+PI/180.8)

IFCCRA-RE/RS), LE.0.0) 0 T0 3

!F—.((Mu('n LE.(90.8-ALPHAIT §0 Y0 3°

IF (X(2).8E.X(3)) 80 TO 3 . . - !
IF (SIN(RIPL/196.0).06.0.999) 80 10
IF (SIN(R1ePI/188.6).LE.0.081) $0°T0
IF (SIN(R2P1/189.8).66.0.99%) 80 ¥
IF (SIN(R2eP1/188.0).LE.0.0081) 60 T
IF (SIMARIPI18€,01.06.9.999) §0 T oL
IF (SIN(R3+P1/180.0),LE.0.001) 60 10 3

< IF (MS(TM(ELTMMM.. NIYM(IZOMII“ .M.l) LE.0. “U
*§0 Y0 3 .
CALL FON(PT ALPHA PHY.D N,&LTA 'y J)
IF (P.LE.0.8' 60 TO 3

IF P.LT.N} 6CTC 2m ’

60 T0 13 N -
CONTINUE * * .
gg 1 -3 oo

ACTI=x(In) - —

CONT INUE :

CONTINUE ' ! i

CONTINUE ) . *
*MRITE(S, 308! ®_ : Vs
FORMAT( 18 E20.8) . - -

WRITE(E,382) «(n ALY AC3Y - , ‘
FORMAY! IH, IF16.7 . . °
CONTIMUE | . :
sTOP
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3

03 '
c3 )
03
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