
Session 4C: Siopes and Embankments " 

INGOLD, T. S. 

Second International Conference of Geotextiles, 
Las Vegas, U.S.A. 

Geotextile Consultants Ud., Boreham Wood, U.K. and 
Queens University, Belfast, U.K. 

An Analytical Study of Geotextile Reinforced Embankments 

Une IHude analytique de remblais renforces au geotextile 

In recent years great interest has been shown in the use 
of reinforcement in embankments. Various methods of 
analysis have been proposed these mainly being 
adaptations of slip eirele analysis including the effecte 
of discrete layers of continuQus horizontal reinforcement 
Ta be effective such reinforcernent should be aligned in 
the principal tensile strain directions. Since these 
directions are not always horizontal the blind applica
tion of horizontal reinforcement could lead to instabil -
ity. This tendency ean be minimised if the soil at the 
free face of the embankment slope 18 encapsulated by the 
reinforcement. Assuming such a reinforcement geornetry 
two methods of analysis are presented. The first, based 
on the weIl established "Infinite Slope" analysis, may 
be employed to assess the stability of superficial 
planar slips. The second, based on the Bishop Routine 
method, may be applied to superficial and more deep 
seated circular slips. In both cases tentative graphs 
are presented which subj~ct to verification through 
field trials, might form the basis of a simple design 
method. 

INTRODUCTION 

In the last five years interest in reinforced fill 
embankments has been renewed, this interest being 
bolstered by the potentially enormous savings to be made . 
Various methods of analysis have been proposed, these 
mainly involving an adaptation of slip circle analysis 
with the reinforcement modelied as a strong cohesive 
layer, Volman et al (1), or an equivalent tensile force 
developing an additional restoring moment, Christie & 
EI-Hadi (2), Phan et al (3), Ingold (4). In executing 
these analyses the reinforeement is invariably assumed 
to be arranged in horizontal layers. This eonfiguration 
is eminently suited to standard embankment construction 
teehniques where the fill is also placed in horizontal 
layers. However, it must be remembered that the rein
forcement should be installed to efficiently res ist 
tension and as such needs to be oriented along or elose 
to the lines of principal tensile strain, Bassett & Last 
(5). This assertion has been borne out by laboratory 
tests reported by Snaith et al (6) and McGown et al (7). 
These findings are of significance to the designer of 
extensively reinforced embankments. Studies by Bassett 
and Horner (8) and Jones and Edwards (9), reported by 
Sims and Jones (10), show that whilst principal tensile 
strain direetions are substantially horizontal in the 
main body of the embankrnent they tend to fan-out about 
the toe of the embankment in the embankment foundation. 
As a corollary to this potential failure surfacEs also 
exhibit horizontal sections in the embankment foundation ~ 

It follows that if horizontal reinforcement is blindly 
applied, especially ne ar the toe itcould weIl induce, 
rather than prevent, a potential failure (McGown (11). 

Au cours des dernieres annees on a marque un tres vif in
teret a l'egard de l'utilisation du renforcementpour leB 
remblais. Diverses methodes d'analyse ont ete proposees 
ces dernieres etant principalement des adaptations de I' 
analyse de bande circulaire Oll figurent les effets de 
couches discretes de renforcement horizontal continuPour 
~tre efficace un tel renforcement doit etre aligne sur 
les principales directions de deformation due a la trac
tion. Comme ces directions ne sont pas toujours horizon
tales l'application aveugle du renforcement horizontal 
pourrait conduire a l'instabilite.Cette tendance peut 
etre minimisee si le sol sur le parement libre de la pen
te du remblai est enveloppe par le renforcement.En supp
osant une teIle geometrie du renforcement realisee deux 
methodes d'analyse se presentent.La premiere,basee Burl' 
analyse bien etablie de la "Pente Infinie" ,peut etre uti
lisee pour juger de la stabilit' des bandes planes s~per
ficielles.La seconde,basee sur la methode de la Routine 
Bishop,peut s'appliquer a des bandes circulaires super
ficielles et a des plus profondes. 

LOCATION OF REINFORCEMENT 

The strain components in any two dimensional strain 
regime can be conveniently represented by a Mohr circle 
of strain. Figure 1 shows a regime with a compressive 
vertical strain Ez and a compressive horizontal strain 
Ex. From knowledge of the shear straln !Yxz associated 
with the normalstrain Ex it 1s possible to construct 
the Mohr circle of strain. Sinee the strains Ex,!y xz 
are associated with a vertical plane it is found that a 
vertical line drawn through the point (Ex,!yxz) on the 
Mohr circle will cut the upper part of the circle at a 
point Op which defines the origin of planes. A line 
drawn through Op and a second point on the strain circle 
will define the inclination of the plane on which the 

EI direction 

Fig. 1. The Mohr Strain Circle 
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E 

Fig. 2. The a and B Characteristics 

stresses I defined by the co-ordlnates of the second point, 
are deemed to act. Thus a line joining Op and c

3 
will 

define the plane on which ca will act, the direction cf 
Ca being normal to this direction. Similarly the 1n
clination of the EI plane 1s defined by a 1ine joining 
Op and E

3
• This demonatrates, as shown in Figure 1 

that a vertical plane subjected to a compressive horizon
tal strain Ex and a shear strain 'Yxz ean lead to a neg
ative, or tensile, minor principal strain E

3 
which will 

be incline d to the horizontal. This construction ean be 
extended to define ares b e tween which normal strains will 
be ne gative. Details of the construction ean be followed 
fram Figure 2 where lines are drawn to conneet Op with 
the two points, a & b, where the strain eircle cuts the 
ordinate axis. The se two lines represent planes on whieh 
the normalstrains are zero. Consequently, the z e ro 
normal strain direetions are at right angles to these two 
lines whieh are termed the a and ß zero extension 
characteristics. The physical importance of these lines 
i5 that within the are s e gment containing the minor 
principal strain direction all normal strains are tensile 
Bassett and Last (5) . Several research workers have 
concluded that the a and ß zero extensioncharacteristics 
also repre sent the potential slip or failure plane, 
Shields (12). Bransby (13). Lord (14). Milligan (15). 
The significance of these charaeteristics to reinforced 
fill i5, quite simply, that tensile reinforcement must,to 
be effective, be placed in the direction of tensile nor
malstrains, ideally_ in the direction, and along the line 
o f action, of the minor principal tensil e strain E ~. 

The next logical step in applying this theory to 
reinforeed embankment design i5 to determine the likely 
principal tensile strain directions in embankments with
out reinforcement. Taking principal stress and principal 
strain axe s to be coincident thi s e an be a c hieved by 
r eference to stres s and ~train di s tributions publi s hed by 
C10u g h & Wo odward (16) and Valer" '" Chen (17). The re
sulting idealized r e inforcement l ayout is s hown i n Figure 
3. As ean be see n although hori zontal layers of re in
fo rcement would be e orrectly aligne d under the crest of 

'---------
~---

'-'----~--
Fig. 3. Idealized Reinforcement Orientations 

684 

Second International Conference of Geotextiles, 
Las Vegas, U.S.A. 

~t F = ton 11>' / lon/3 

tt: =11' Z cosß sinß 
O"n= II Z cos 2ß 

-i 

Fig. 4 . The Infinite Slope Analysis 

the embankment they would have inappropriate inc11na
tions under the batter, especially at the toe . A simi
lar conclusion has been drawn by McGown (11) who has 
also pointed out the dan gers of reinforcing outside the 
tensile zones where the reinforcement may have a weaken
ing effe ct. McGown et al (7) . The problem ofdetermining 
appropriate reinforcement inclinations is exacerbated 
when the slope angle ß is greater than the effective 
internal angle of shearing resistanee which would gener
ally be the case. This problem can be crudely illustr
ated by application of infinite slope analysis,Haefeli 
(18). Reference to Figure 4 shows the Mohr stresscirc1e 
relating to this condition where a slip surface at depth 
z runs parallel to a glope inclined at B to the horizon
tal. For a purely frictional soil the normal stress and 
shear stress aeting on the failure plane are yzcos 2 ß and 

yz cosßsinB respectively . This leads to an origin of 
planes Op, as shown in Figure 4 whlch is associated with 
the minor principal stress direction rotating a from the 
horizontal. This rotation is related to the slope angle 
by equation (1) 

2 
2tanBsec2a 

tan a =-
(Kp-l) 

+ (sec2a -l)tanß 
(1) 

It can be deduced from equation (1) that as the slope 
angle increases , and the factor of safety drops,the 
rotation of the minor principal stress increases. This 
has been confirmed by Charles (19) who measured an in
cresse in a for decreasing faetar of safety in soil ele
ments in the upper reaches of an earth darn slope. Analy
sis becomes meaningless when ß ) ~' since, as ean be seen 
from Figure 4 the proble m falls outside the normally 
accepted Mohr-Coulomb failure f!nvelope. The problem be
comes eve n more intractable once reinforcement is added 
since this causes a further rotation of principal 
stresses. Even though an ideal reinforcement layoutmight 
be determined it would be impractical if it took theform 
of that shown in Figure 3 . Consequently the layout 5hown 
in Figure 5 has been adopted. 

_TI2 

__ T/2 

Fig. 5. Encapsulating Reinforcement 
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Fig. 6. Test Results for Encapsulated Sand 

Using this encapsulating technique the soil closeto 
the face of the hatter 18 strengthened by the normal 
stress exerted by the reinforcement in contact with the 
batter face. The mechanism of the strength improvement 

elose to the slope surface defies simple analysis, how
ever, it will almost certainly involve the development 
of a stabilising stress analogous to an increase inminor 
principal stress the effects of which have been demon
strated, Ingold (20). It can be seen fram Figure 5 for 
example that with a sufficiently rigid reinforcement 
with a vertical spacing S the increase in horizontal 
stress 15 appro~imately ~ax~T/S where the reinforcement 
fails in tension and has an ul timate tensile strength of 
T kNjm. This possibi1ity has been confirmed by triaxial 
compression tests carried out on sampes of sand contained 
in cy1indrica1 hags of knitted polyethylene. The bags 
whieh were l50mm in diameter, were filled with Boreham 
Pit sand, d so =425~m, d 60 /d 10 = 2.8, compaeted to a dry 

densi ty of 1. 70Mg/m 3 • Three heights of sampie , namely 
50mm, 75mm and lOOmm, were tested to explore the effeets 
of reinforeement spacing. Compression tests were carried 
out uneonfined. Test results, up to axial strains of 
20%, are given in Figure 6 which indieates that deviator 
stress increases with decreasing sampie height. In 
evaluating these results it should be remembered that 
sinee testing was carried out without the application of 
a cell pressure unreinforced sampies would be associated 
with a near zero strength. 

2 THE REQUIREMENTS OF A REINFORCING SYSTEM 

One purpose of reinforcing an embankment is to en
able the use of much steeper side slopes than those per
taining to unreinforced embankments whilst retaining the 
integrity of the reinforced mass. This entails designirg 
against both superficial and more deep seated failures. 
Limiting considerations to a dry uniform cohesionless 
soil it can be shown that stability reaches a lirniting 
condition as the slope angle approaches the internal 
angle of shearing resistanee. For example infinite slope 
analysis indieates a faetor of safety of unity when 
ß = ~', thus if an unreinforced embankment could be 
constructed with ß>~' there would be failure. If it is 
assumed for the moment that the embankment is constructed 
on a competant foundation then failure would involve a 
series of slips on surfaees passing through the slope or 
toe of the embankment. As the slip debris is repeatedly 
removed there would be more slipping until ultimately a 
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Fig. 7 Modes of Failure 

stable condition is reached. This condition is illustr
ated in Figure 7a whieh shows the aetive zone where in
stability will occur and the rest raint zone in which the 
soil will remain stable. The required funetion of any 
reinforcing system would be to maintain the integrity of 
the aetive zone and effeetively an chor this to the re
straint zone to maintain overall integrity of the em
bankment. In essence this requirement may be achieved 
by the introduction of aseries of horizontal reinforc
ing or restraining rnembers as indicated in Figure 7b. 
This arrangement of reinforcement is associated wi th three 
prime modes of failure, namely, tensile failure of the 
reinforcement, pull-out from the restraint zone or pull
out from the active zone. Using horizontal reinforce
ment that does not encapsulate the soil it would be 
difficult to guard against the latter mode of failure. 
Even ignoring the fact that the reinforeement may not be 
aligned in the appropriate tensile strain arc there is 
the problem of obtaining adequate bond lenghts. This can 
be illustrated by reference to Figure 7b which shows a 
bond length ac for the entire active zone. This bond 
length may be adequate to generate the requiredrestoring 
force for the active zone as a rigid mass, however, the 
active zone contains an infinity of prospeetive failure 
surfaces. Many of these may be elose to the faee of the 
batter as typified by the broken 1ine in Figure 7b where 
the band length wou1d be reduced to 1ength ab and as 
such be inadequate to restrain the more superficial 
slips. This reaffirms the soundness of using encapsul
ating reinforcement where a positive restraining effect 
ean be administered at the very surface of the slope. 
This reiterates the necessity to develop analytical 
teehiques to aS5ess both superficial and more deep 
seated instabi1ity. 

3 INFINITE SLOPE ANALYSIS 

Infinite slope analysis may be applied to make some 
assessment of the possibility of minor slope instability 
Reference to Figure 8 shows a typical reinforeement 
arrangement with horizontal encapsulating reinforcement 
set at a vertical spaeing S. Consider first a planar 

'7i'---"T----- - T/2 
s 

'--__ .L-____ - T/2 

Fig. 8 Infinite Slope Analysis 
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Fi~. a Infinite Slope Analysis Results 

slip surface parallel to the slope batter at a depth S 
below the slope surface of a dry cohesionless fill. 
Limiting consideration initially to the stability of the 
soi1 mass of weight W contained by tWQ consecutive rein
forcements and the slip surface, the hatched are a in 
Figure 8,the disturbing force i8 Wainß. For a soil o f 
unit weight y then W;YS2 cotß. For deeper slip surfaces 
this weight would increase. Restricting the depths of 
slip surface investigated to multiples of the reinforce
ment spacing S then in general W=nyS2 cotB giving rise to 
a disturbing force nyS2cosß. Restoring forces will be 
generated by the soil, nyS2cotßcosßtan~, and the rein
forcement. The tensile force in the reinforcement may be 
resolved into the components parallel and normal to the 
slope . The former component 1s ignored since to be effec
tive it must be tranmitted through the unstable soilmass 
in the form of a shear stress . Assuming a tensile failure 
mode the normal component, Tsinß,would be mobilised 
provided the reinforcement is sufficiently stiff. Inthis 
case the restoring force is simply Tsinßtan~. Taking 
the faetor of safety to be the ratio of res toring forees 
to disturbing forees, e quation (2) 

+ F = nyS2 cotßcos ßt an~ 

nYS'cosß 

TSinßtanlj! 
(2) 

On rearrangement equation (2) reduces to equation (3) 

F { 1 + T .tan2 ß} 
nyS' 

tan~ 
tanß (3) 

The expression in equation (3) has been evaluated for a 
range of slope angles and is given in the form of a de
sign ehart in Figure 9. As will be seen this, or similar 
charts, would not be used for the main design per se but 
merely to check that there is an adequate factor of 
safety aga1n.t superficial instability. 

4 CIRCULAR SLIP ANALYSIS 

The circular slip analysis developed by Bishop (21) has 
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(4) 
L Wsina 

where 

l / mao =seca / (1 +;:n1" tana) 

Thus to dctermine ßF due allowance must be made for the 
fact that tlie final factor of safety operating in the 
soil will be F as opposed to F. Thi. has the effect of 
reducing the mobilised shear s~rength of the soil and so 
leads to a value of ßF greater than (F-Fo ). It follows 
then from equation (4) that ß F may be represented by 
equation (5) ~here m

a 
relates to the required faetor of 

safety Fand m relates to the factor o f safe~y of the 
unreinforeed e~ankment Fo ' In all cases.the m~ values 
are the average value s for a particular c1rcle . 

ßF (5) 

Having determined a value of ßF for a partieular slip 
eirele the next step i9 to determine what reinforeement 
is neeessary to fulfill this requirement. This might ~e 
assessed on a trial and error basis by a5suming that the 
horizontal reinforeement generates a r e storing moment 
ßM which is the sum of the product of the individual 
ten5ile force developed in eaeh relnforcing layer and it8 
l ever arm about the cent re of the slip cirele under 
consideration . That is ßM;LTRcosaIF8, where FR is the 
faetor of safety against tensile fa1lure of the rein
forcement. The arrangement for a single layer of rein
foreement i5 shown in Figure 10 . Contrary to the assump
tions of Binquet and Lee (22) the mobilised reinforcing 
force, TfFR for each reinforcement, i5 assumed to s e t 
horizontally rather than tangentially. This assumption 
leads to a lower bound solution, however, this i8 not 
thought to be unduly eonservative sinee for T/FR to aet 
tangentially would require significant movement alongthe 
the slip surface and in fact for reinforcement stiff in 
bending the tangential condition may never be aehieve d. 
The effect of the r e inforcement may be quanti f ied by mod
ifying the Bishop analysis as set out in equation (6) 

F ; L W(l-ru)tan~' /ma + LTcosalFR 

EWsina 

(6) 

In this analysis it is presupposed that the reinforcement 
fails in tension. This assumption does not lead to any 
eomplication sinee the length of each reinforcement em
bedded in the restraint zone ean be adjusted to resist, 
with an appropriate faetor cf safety, any designed pull-

Fig. 10. Circular Slip Analysis 
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out force. The faetor of safety against pul I-out or 
tensile failure may be set at some arbitrary value~owe
ver, this does not mean that the maximum value of factor 
of safety of the reinforced fil1 embankment per se is 
limited to this same value. Obviously the greater the 
amount of reinforcement wlth a chosen loeal factor of 
safety J the greater the global factar of safety becomes 

5 THE DESIGN METHOD 

The proposed design method is based on the philosoply 
presented in the preceding seetion, namely, to determine 
wh at reinforcement 15 required to obta!n a specified 
factor of safety F for the reinforce d fi11 embankment. 
Some indication of a simple approach was given by an 
initial series of dimensionless analyses which showed 
that, for a slip eirele and slope of given geometry and 
80il properties J the restaring force.ET J for a given 
factar of safety varies in inverse proportion to the 
produet yH2, equation (7) 

Constant (7) 

Using this relationship an extensive dimensionless 
analysis was carried out for aseries of embankment 
slopes reinforced with N layers of reinforcement of 
a110wable tensile strength T /FR = H2 plaeed in the lower 
third of the embankment. Primary reinforcement was 
restricted to the lower reaches of the embankment since 
it i5 in this region that the reinforcement has the 
largest lever arm and i5 therefore the most efficient. 
The material of the embankment was assumed to haveweight 
but no shear strength thus the resulting calculated 
factor of safety eould be attributed to the reinforce
ment alone and is in fact the value 6 F cited earlier. 
Sy running a parallel series of analyses for unrein
forced embankments of the same geometry but with fill 
material having finite strength it was possible to de
fine pairs of values of 6F and critical values of Fo ' 
These partieular values of 6F, for given values ofDjH 
as defined in Figure 11 have been plotted in the nor
malised form of y6F IN against 910/1' angle ß in Figure 11. 
The use of the design ehart ean be illustrated through 
the example shown in Figure 12. The embankment was 
first analysed unreinforced for a range of va1ues of P, 
Q and D/H. This led to the minimum va lues of F and
consequently the 6F values indicated in Table l~ In 
this particular ease the value of ßF has beencalculated 
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Fig . 11 Embankment ~esign Chart 
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assuming a required final faetor of safety, F, of 2 . 

Table 1. Analytieal Results 

D/H P Q Fo 6F y6F/N N F 

0 0 10.0 1.11 1.05 3 . 00 7 . 0 3.61 
0.25 -2.5 12.5 1.00 1.07 1.72 12 . 4 2 . 42 
0 . 50 -2.5 12.5 1.28 0.75 1.04 14 . 4 2 . 12 

For the required value of ß=60o Figure 11 is entered for 
D/H=O whenee a value of y6FIN =3.00 is obtained. This 
is repeated for D/H=O. 25and 0.50 to render values of 1. 72 
and 1.04 respeetively. 

Knowing the required values of 6F, the unit weight of 
5011, y, and remembering that T/FR=H 2 , which in this 
ease is 100kN/m , it is possible to evaluate N from the 
respeetive pairs of values of y6F/N and 6F. Table 1 
shows for example that for D/H=O it requires 7.0 layers 
of reinforcement with an allowable tensile force of 
100kN/m to obtain the required faetor of safety of two. 
Similarly 12.4 and 14.4 layers are required for D/H 
values of 0.25 and 0.50 respeetively. Obviously the em
bankment must be reinforced for the worst case examined 
whieh oeeurs when D/H=0.50. It should be pointed out 
that in final selection of the pr1mary reinforement it is 
the produet NT/FR that must be adhered to. In this ease 
12 layers of reinforcement were adopted with anallowable 
tensile strength of 14.4xl00/l2~120kN/m. Since the 
primary reinforcement i8 to be restrieted to the lower 
third of the embankment the required spaeing is 10~3xll) 
=0.3m. Using this reinforcement the embankment was re
analysed using an adapted Bishop routine method which 
incorporates the effects of the reinforcement. This re
sulted in values of final factor of safety F shown in 
the last eolumn of Table 1. As would be expeeted the 
reinforcement requirement derived from the design chart 
renders high faetors of safety for D/H va lues of zero 
and 0.25, however, for the most eritical ease occuring 
at D/H=0.50 the reealeulated value of 2.12 is very elose 
to the required value of two. 

The above analysis has only consldered primary rein
foreement , namely that distributad in the lower third of 
the embankment and as such does not guard against more 
superficial failures that ean occur in the upper two
thirds of the embankment. This can obviously be guarded 
against by the introduction of appropriate reinforcement. 
It is useful at this stage to invoke the relationship 
between tensile strength and the effective embankment 
height, H', defined in equation (7). On this basis the 
reinforcement spacing IDay be maintained at 0.3m but the 
strength redueed. Bearing in rnind that the above ease 
need only be analysed for D/H' of zero the strength 
should be reduced from that determined for the original 
D(H value of zero, namely (7xl00)/12=58kN/m. Thus the 
middle third of the embankment where H ' =6.7m is rein
foreed at O.3m eie with reinforcement with an allowable 

.(P,QI 

0'=25°, C'= 0, ~=20kN/m~ ru = 0·25 

Fig. 12 Trial Analysis 

687 



Session 4C: Siopes and Embankments 11 

tensile strength of (6.ß)'j(10)'x58=26kNjm with the 
upper third reinforced at the same spacing with reln
forcement having an allowable tensile strength of 
(3.3)' j (10)'x58=6.5kN j m. When these sections of embank
ment were reanalysed using the modified Bishop routine 
method it was faund that a faetar of safety in excess of 
two was obtained. It 18 useful to make a final check 
on superficial instability using equation (3). This 
indieates that the upper reinforcement, with anallowable 
tensile strength of only 6.5kNjm may be a little light 
sinee a faetar of safety of two on1y prevails for strips 
up to 0.82m deep. If this strength is increased to the 
intermediate value of 26kN j m then the stabiliaed depth 
increases to the more acceptable value of 3.3m, also for 
a faetar of safety of two. 

So far consideration has been limited to tensile failure 
of the reinforcement. Ta prevent bond failure it 18 
necessary to ensure that sufficient length of each 
reinforeement extends into the rest raint zone shown in 
Figura 7. To accomplish this the Bishop routine analysis 
haB been adapted to calculate the total length of rein
forcement in each layer for each circle analysed. This 
total length includes a bond length, with any specifie d 
factor of safety, sufficient to resiat the allowable 
tensile force generated in the reinforcement, in other 
worde a balanced design. Onee the maximum required 
reinforcement lengths have been evaluated using the mod
ified analytical method a final analysis should be made 
of slip circles passing through the free ends of the 
reinforcement. These circles will of course not b e nefit 
fram any reinforcing effect. It is vital that these 
cireles should have an adequate faetor of safetyagainst 
failure without which the reinforced mass might suffer 
a rotatianal block failure. Similarly acheck shouldbe 
made against lateral block failure. Additionally ifthe 
reinforcement is continuous across the width of the 
embankment due allowance must be made for tensile 
loads induced by settlement. 

6. CONCLUSlONS 

The foregoing presents an analytical techique to 
design against rotational embankment failure. Noaccount 
has been taken of settlement induced stress in the rein
forcement, however, provided the reinforcement does not 
run the full width of the embankment these stresses 
might be negligible. It must be emphas ised that this is 
a purely analytical exercise which has yet to be cali
brated by field trials . 

REFERENCES 

(1) Volman I W. Krekt. L . & Risseeuw 0 "Armature de 
traction en textile,un nouveau procede pour 
ameliorer la stabilite des grands remblais sursols 
maus" Proc.Int.Conf.Use of Fabrics in Geotechnics 
Val.l.55-60.(Paris,1977) 

(2) 

(3) 

Christie I. F. & EI-Hadi K. M. "Some Aspects of the 
Design of Earth Dams Reinforced with Fabric"Proc 
Int.Conf.Use of Fabrics in Geoteehnics"Vol . l. 
99-103. (Paris 1977) 

Phan T.L.Sergrestin P.Schlasser F & Long N.T. 
"Etude de la stabilite interne et externe des 
ouvages en terre armee par deux methodes decercles 
de rupture".Proc. Int.Conf.Soil Reinforcement 
Vol.l. 119-123 (Paris,1979) 

(4) lngold T.S. "Reinforced Earth Embankments-An 
Analytical Study".Internal Report No.167703 j l 
Ground Engineering Limited. (1979) 

(5) Bassett R.H. & Last N.C."Reinforcing EarthBelow 
Footings and Embankments"Proc.ASCE Symp. ,Earth 
Reinforcement,202-231 (Pittsburgh,1978) 

688 

Second International Conference of Geotextiles, 
Las Vegas, U.S.A. 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

Snaith M.S.Bell A.L. & Dubois D.D. "Embankments 
Construction From Marginal Material"Proc.Int.Conf . 
Soil Reinforcement,Vol.l. ,175-180(Paris 1979) 

McGown A.Andrawes K.Z. &: AI-Hasani M.M . "Effe ct 
of Inclusion Properties on the Behaviour of Sand" 
Geot. 28. NO.3. 327-346 . (1978) 

Bassett R.H . & Horner J.N . "Centrifugal Model 
Testing of the Approach Embankment to the M180 
Trent Crossing" N.E.R.C.U.Report.University of 
London (1977) 

Jones C . J . F . P . &: Edwards L.W . "Finite Element 
Analysis of M180 Trent Embankment"N . E.R . C . U. 
Report Yorkshire MCC (1975) 

Sims F.A. & Jones C.J.F.P."The Use of Soil Re in
forcement in Highway Schemes". Proc. Int. Conf. Rein
forcement,Vol.2. 361-366 (Paris 1979) 

McGown A. Contribution to the lCE Informal Dis
cussion "Reinforced Earth" October. See liRe in
forced Earth-Research and Practice ll Ground 
Engineering Col.13,No.4 . 17-27 (1979) 

Shields R. T. "Mixed Boundary Val ue Problems in Soil 
Mechanics" Quart. Jrnl.Appld . Maths. Vol .11.61-75 
(1953) 

Bransby P . L . "Stress and Strain in Sand Caused by 
Rotation of a Model Wall"Ph . D.Thesis University 
of Cambridge (1968) 

Lord J.A.IIStresses and Strains in an Earth 
Pressure Problem"Ph.D.Thesis University of 
Cambridge (1969) 

Milligan G.W . E.IIThe Behaviour of Rigid and 
Flexible Retaining Walls in Sand"Ph.D.Thesis 
University of Cambridge (1974) 

Clough R.W. & Woodward R.H . "Analaysis of Embank
ment stresses and DeformationsllProc.ASCE Con f . 
on Stability and Performance of Slopes and Embank
menta. 583-603 (Berkeley,Calif.1966) 

Valera J.E. &: Chen J.C."Stresses in an Earth Dam 
Due to Construction and Reservoir Filling"Proc . 
ASCE Conf . on Analysis and Design in Geot . Engrg . 
Vol.4. 33-49 (1974) 

Haefeli R. "The Stabili ty of Slopes Acted Upon 
by Parallel Seepage"Proc. 2nd Int.Conf.Soil Mechs. 
& Found.Engrg. Val.l. 57-62 (1948) 

(19) Charles J.A . "The Use of the One-Dimensional 
Compression Tests and Ealstic Theory in Predicting 
Deformation fo Rockfill Embankments"B . R.E . 

(20) 

(21) 

(22) 

Current Paper CP51 j 76 (1976) 

Ingold T.S. "Reinforced Clay" Ph.n.Thesis 
University of Surrey (1980) 

Bishop A.W."The Use of the Slip Circle in the 
Stability Analysis of Slopes"Proc.Euro.Conf. on 
Stability of Earth Slopes, Vol . l . 1-13,See also 
Geot. Vol.5. 7-17 (1955) 

Binquet J. & Lee K.L."Bearing Capacity Analysis 
of Reinforced Earth Slabs" Proc.ASCE Geot. 
Engrg.Div.Vol.101.GT12,1257-1276 (1975) 

,? !r"v I /;/7 -. '·\ 1 

(; (/ ... J. t ' J , 




