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The solution of many foundations - engineering problems requires
knowledge of the lateral pressure which may be exerted by the earth or
surcharge loads.

The lateral earth pressure is a significant design parameter in many of the
foundation engineering problems subjected to lateral pressures commonly
used as parts of many civil engineering projects. Some examples of these
structures are, retaining walls, sheet-pile walls, both braced and unbraced
excavations, trench excavations, grain pressures on silo walls, cofferdams,
caissons, embedded shells and other types of underground structures
requiring an estimation of the lateral pressure for design or stability
analysis.

The different formulae such as Jaky , Hendron , Brooker and Ireland,
Vierzbiczky , Saglamer , Wenkow , Robert Szepeshazi , Matsuoka et al,
Bolton , and others were used to determine the factor K,.

The main aim of this research is to estimate the coefficient of earth
pressure at rest equation depending on the theoretical relationship
between the active, passive earth pressures and the lateral strain of soil.
The important result fromthisresearchis:

K, =@-sin® @) /(L+sin’ ¢)
The research included other important results.
KEYWORDS: Earth pressure,, coefficient of earth pressure at rest.

INTRODUCTION

The internationally most recognized achievementsoil mechanics research in
Hungary has been the formula for the earth pressumest. Jaky[3]
K,=1—sing (2)

The earth pressure at - rest represented by itiagent K,, has first been
interpreted by Donath [1], while Terzaghi [2] wae first to publish measurement data
for K,. The first theoretical approach to the problerdus to Jaky [3], and subsequent
modifications of his theory formulated at that tinesulted in Eq. (1).

In up—to—date computerized F.E.M geotechnical aegigpcedures, thé,
factor is usually required as an input, and contputa show this value to have a
significant effect on the safety factor of slopabslity (Lo and Lee [4]), or slurry
trench wall behavior (Fourie and Potts [5]).
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NOTATION
E modulus of elasticity of soll v poisson s ratio.
Ex horlzo_ntal modulus of elasticity of g, vertical pressure.
the soll.
E, vertlcal modulus of elasticity of o5 lateral pressure.
the soil.
ka  coefficient of active earth pressuregy, horizontal earth pressure.
K, coefficient of lateral earth pressureg, vertical earth pressure.
at — rest
K, coefficient of passive earth 0] the angle of internal friction of
pressure. soil.
P, active earth pressure. Ge the e_lngle of shear strength
mobilized at — rest.
Po lateral earth pressure at — rest. ¥mob m.o?""zed angle of internal
friction of soil.
P,  passive earth pressure. €3 the lateral strain.

The coefficient of lateral earth pressure underddmn of no lateral
deformation,K, has been of interest to soil engineers for over ¥€ars.K, is an
essential parameter in the design or analysis afyn@nventional problems. For
example, K, is commonly used to compute lateral thrusts agaasth — retaining
structures where the lateral movement is too stoatiobilize the active state of stress.
The coefficientK, has also been used in the computation of laterellisg pressures
against friction piles in expansive soils.

Donath [1] was the first to introduce the term 'ffio&ent of earth pressure at-
rest" K,, referring to the condition where no yielding ocuHe defined this
coefficient as the ratio of the horizontat,) to the vertical €.) earth pressure

resulting in soil due to the application of vertidaad with constrained lateral
deformation K, = g/ ).
Terzaghi [2] reported results of a comprehensiudyson the evaluation &

for a variety of soils, and studied the effect ofmpaction on the value of,KHe found
that the value oK, for coarse sand was 0.42, and when the sand wapaoted in
layers with a hand compactd, increased to a value between 0.6 and 0.7.

Kjellman [6] developed a complicated triaxial apparatus, ictv the three
principal stresses could be reported and valudg, ohry between 0.5 and 1.5 for the
tested sand. He concluded tKatwas a function of the stress history of the sand.
Jaky[7] conducted a theoretical study &g and introduced the following theoretical
expression to calculate the valuekgf as:

K, = :L—iasimp”%] (2)

Whereg = the angle of shearing resistance of the sail.

Jaky [8] presented a simplified version of the eggion given by:
K,=1-sing (3)
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These expressions were the first attempts to retetecoefficient of earth
pressure at rest with the angle of shearing resistaf the soil. The expression is still
widely used due to its practical significance atithative simplicity.

Bishop [9] stated thakK, is the ratio of the lateral to the vertical effeet
stresses in a soil consolidated under the condatioro lateral deformation.

Hendron [10] proposed the following expressiontietaK, and @

1+¥2 3 3% (sing)
1—%— 3%[5111:::)

He concluded that the values Kf for round sand are lower than for an
angular one at identical values of the angle ohshg resistance, and suggested that
the angle of shearing resistance is not a comgletgue parameter for the value of
Ko.

Saglamer [11proposed the following equation to calculate thieieaf K, for
sands as:

K, =0.97 [1- 0.97 in ¢)] (5)

Wenkow [12] tested the cohesive and non — cohesiile and presented for

case of sand clayey sands the following theoretaation:

KD = “\-'.IKa (6)
Where:
K= the coefficient of active earth pressure.

Tschebotarioff [13] estimated the coefficient ofrthapressure at- rest by
theory of elasticity. The general equation for teral unit straire; within a large
elastic body is as follows:
€3 :?? [o5 —v(g4+03)] (7)

Wheres;= 0 then this equation leads to
S e @

Wherev the Poissors ratio of soil.
Robert Szepeshazi [14] determirléd , omitting details, as:

K, =(1-sing)[l- ] ©)

(1+zing) (sing+3 +,/4.5+4 sing

At 40° = ¢ = 20° this intricated formula may be properly approxieth{with
a maximum error 1%; ) as:
K,=095(1-sing ). (10)
Vierzbiczky [14] applied the Rankine factor, assogna mobilization of two

thirds of the internal friction angle and suggedteat the coefficient of earth pressure
at-rest to be:

K, = tan® (45— 2 (11)

Brooker and Ireland [15] suggested the coefficardarth pressure at-rest to be:
K, =0.95 —sin ¢ (12)
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Matsuoka and Sakakibara [16] suggested the coeftiaf earth pressure at-
rest as:
1

- (1+ 2sing)
Whereg is the angle of internal friction of soils.
Bolton [17] proposed an equation based on theystidands in the form:

K

u ]

(13)

1 — =in
o= o Pmeb (14
1+ sindg,, ..,
Whereg,, ., = @ — 11.5° (15)
Rowe [18] derived the following expression:
K, =tan® (45 -22), (16)
In which ¢, = the angle of shear strength mobilized at — rest
P =115(d —9) 17

Andrawes and El- Sohby{19] concluded that thé<, value depends not only
on the angle of internal frictiog but also on the surface roughness and angularity,
they concluded thatk_, decreases with increasing the angularity and taie gize.

Andrawes and El-Sohby [20] concluded that the iaseein the value of
porosity, crushing, and modulus of elasticity of thineral particles causes the value
of K to increase. Also, they concluded tEatis not solely a function of the angle of

shearing resistanceb], as suggested by Jaky (1944, 1948).
Hanna and Ghalf21] concluded that the coefficient of earth preesat rest
K, is affected by the effective angle of shearingstaace, shape and interlocking of

soil particles, amount of fines in the soil, potgstrushing, Modulus of elasticity of
the mineral particles, compacting method, strestoty, and applied stress level.
Moroto and Muramatsu [22] derived a theoreticalatun to determinek,

based on the anisotropy of an over consolidateg sd. Their equation is based on

the ratio of the horizontal modulus of elasticilg,J of the soil to it's vertically

elasticity E..) as:
|IE .

N Ev

1 — sin“d

Ko = TTem%e )

K (18)

0=

ANALYSIS OF THE PRESENT EQUATION

Referring to Fig. (1), it is noted in the relatibips between lateral strain and
lateral pressure coefficient that the active eaptfessure appeared when the
construction moves away from backfill in this céeseral expansion of the soil occurs.
The passive earth pressure appeared when the wttimtrmoves towards the backfill,
this is analogous to pushing a wall laterally agaihe soil



Lateral pressure coellicient

e

Ko

LK.

Expansion Comopression
t.aterat S urain

Fig. (1) Relation between lateral strain and ldterassure coefficient [23]

If the lateral strain in the soil is zero or vemall in the structure or if earth

pressure acting on motionless retaining wall, treesponding lateral earth pressure is
called the pressure at-rest

™

2 Pressure on wall

Away from backfill Toward backfill
Direction of wall movement

Fig. (2) Relationship between lateral strain and
lateral pressure coefficient.
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By considering the soil as elastic, isotropic, hgamous, and considering the
idealized relationship between lateral strain adrhl pressure (lirfzD).

The geometric shape in Fig. (2) Leads to

F,— F _ a EQG)
Pp — F S A
P
FD - PEI. — _Eﬂl EE l)
F,— P, Ea. 1 P_p
E E
p—-P P
[u} a — a (22)
F,— P, P, +F,
(P, — P)(P.+B,) = B, (B — B,). (23)
KK, + KK, — K — KK, = K,K, — K (24)
KK, + K K, = 2K_K, (25)
KK,
K,= ———— (26)
K, +K,
1 1 —sin
K,= — = —q: (27)
K, L+sindg
Substituting in Eq.(27) into Eq.(26), we obtain
1— sin®
K, = I~ s (28)

° 1+ sin®eg

RESULTS AND DISCUSSION

Jakys equation is often referred to as the base of aasyn in appreciating most of
new theoretical or measurement results [14]. &tsdo to compare all different types of
equation which used to determine the coefficientarth pressure at rest including of
course the current equation to Jakgquation. The relationship between the angle of
internal frictiong» and the coefficient of earth pressure at rkgtfor sandy soils are

plotted in Fig. (3).
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* jaky
0.7
065 | Rcbertl
szepeshazi
0.6 - A Brooker
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s 0.5
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20 25 30 35 40 45

¢

Fig. (3) Relations betweemand different aspects of the formula for the doediht of
earth pressure at rest for cohesionless sails.

The relationships can be represented by straiggs las follows:

K_,=0.96429 - 0.01548  .......ccoooiiiinnnnns for Jaky
K,=1.0544-0.01794% ...................... for Bolton
K_,=0.895-0.014 ... for Robert Szepeshazi
K,=0.8905-0.014%  .......ooeiiiiiinnnn. for Brooker
K,=0.91887 - 0.01139 ..................... for Wenkow

K, =0.64925—-0.009F ......cevvvviiriiieiinnnen, for Hendron
K,=0.8379-0.011% ......ooeviiiiiiiin e for Vierzbicky
K_=0.70925 - 0.0069% ..........c.ceeeninnnnn. for Matsuka
K;=1.16414-0.01884 ............cevevinne for Present equ.

Whereg is in degrees.

From Fig. (3) it can be noticed that for the pressuation, the coefficient of
earth pressure at redf, decreases with the increase of the angle of iatern

friction , @
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Fig. (4 ) Relations between the angle of internal friction, ¢ and % Deviation between
Jaky and Present Equ. ,Others

Figure (4) Shows the Relations between the angietefnal frictiong, and %

of Deviation between Jaky , present equation, d@hers . It can be noticed that, for the
present equ.and Jakggu. The deviation is about 20 % ¢it= 25:30, about 19 % at

¢ = 31:33, about 18 % af =34:36 and about 16.5% &t = 37:4C
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0.7 * Robert
/f szepeshazi
0.65 )K)K M Brooker
R
0.6 \}/ ;
: T A

7/* A Hendron
0.55 s /K 4

3 + Matsuka
0.5 I b 2

0.45 i A”% * wenkow
0.4 B /(“ ® vierzbicky

Ko.Present Equ, Others

0.35
Plad
M + Bolton
0.3 ak
- present equ.
0.25 . .

025 03 035 04 045 05 055 06 065 07 075
Ko.Jakv

Fig. (5) Relations between,K;ayand results of KPresent equ., Others
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The relationships between, Kfom Jaky and Kfrom present equ. and others
for sand soil are plotted in Fig. (5)% irom present equ. and others relatively with K
from Jaky.
The relationships can be represented as straighth follows:
KoRobert =0.95 Ig\]aky

Kogrooker = 0.98707 Kjay — 0.04353
Konendgron = 0.63736 2y + 0.05881
Ko matsuka = 0.46975 Kyay + 0.266
Kowenkow = 0.7756 Kjay + 0.18984
Ko vierzbicky = 0.78852 Kjay + 0.09639
Kogoton = 1.2165 Kyaxy - 0.08905
Kopresent = 1.2795 Kyay - 0.04044

From Fig. (5) atg = 25: 4G it can be noticed that KeseniinCreases with increase

Ko.Jaky

1.4

# Ko.Bollton/Ko.Jaky

1.3

M Ko.Present/Ko.Jaky

1.2

A Ko.Hendron/KoJaky

’74& < Ko.Vierzbicky/Ko Jaky

e
09 4‘\4* | I Ko.Brooker/KoJaky
A A AAATZ

1.1

Ko.present equ, and Others/Ko.Jak‘_«

08 .L,AJL » Ko.Wenkow/Ka.Jaky
ﬁm—]r—""-
A
0.7 Ko.Matsuka/Ko.Jaky
0.6 Ko.Robert Sepe./Ko.Jaky
20 25 30 35 40 45
¢

Fig. (6) Relations between;kesent equ.and otnéKo sakyaNnd the angle of internal
friction, ¢

The relationship between the angle of internatifiit, ¢ and the coefficient of
earth pressure at resty/K; ;afor sand soil are plotted in Fig. (6)
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The relationships can be represented by straigas las follows:
Korober?Ko saky= 0.95.
Kogottor! Ko saky= 1.1998- 0.005%
KopresediKo Jaky = 1.3011- 0.003%
Ko HendrodKo Jaky = 0.606+ 0.00%p
Ko vierzbicky/Ko saky = 0.0072¢» + 0.76305
Ko grookef Ko saky= 1.00719 - 0.0CE%6 ¢
KowenkoWKo jaky = 0.013¢» +0.758
K omatsukdKo ay= 0.01913 ¢ + 0.43042
Wheregin degree
From Fig.(6) forg = 25 : 4G the relation between theglesedKo jay ande
presented as nearly horizontal straight line up3¥oand equals 1.2 and deceases to
reach 1.16 at 40.

CONCLUSIONS

Due to the great importance of the coefficient aftle pressure at rekl, and through
the wide investigation performed on the availaloleriulae, it was able to introduce a
new equation to compule, for sandy soils.

Such equation depends on: the active, passive pegtisure and the lateral
strain of soil. This formula is found to be in goadreement with the most famous
equations usually used to determine such coefficien

The findings are summarized as follows:-

1. The present equation is:
K, =@-sin® @) /(1+sin’ ¢)

2. The coefficient of earth pressure at rest,pksent equdecreases with increase of
the angle of internal frictior@ and the relationship can be represented as
straight line as
Ko present equ= 1.16414 — 0.01884p

3. The Deviation from present equ.and Jaky equ ab@@b 2t ¢ = 25:30, about
19 % atg =31:33, about 18 % & =34:36 and about 16.5% &t = 37:4G.

The deviation decreases with increase of the asfglgernal friction,g

4. The relationShip betweeno.l'%resent and K Jaky for Sandy soils is:
Kopresen= 1.2795K a1, - 0.04044
For ¢ = 25: 4G it is noticed that KyesendnCreases with the increase af
and the relationship between them is a straighbt lin

5. The relationship between the angle of internaltifsitcg and the relation of
Ko presen Ko 3aky fOr sandy soils can be written as:
Ko preserto jaky = 1.3011 - 0.0037% .
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