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Fabric Reinforcement of Embankments and Cuttings 

Renforcement des remblais et des deblais a I'aide de textiles 

A method is described for enhancing the stability of 
cutting and embankment slopes employing fabric rein
forcement. A feature of the method is that the load
extension properties of the fabric are linked in the 
design equations ensuring that the factor of safety 
in terms of serviceability is automatically satisfied. 

The equations described have been applied to an 
example of an embankment constructed using a cohesive 
fill and also to the design of a motorway cutting 
reinstatement which recently failed in England. It 
was demonstrated that the repair of the cutting using 
reinforced soil reduced the costs by ab out 40 per cent 
when compared to conventional repair techniques. 

INTROOUCTION 

A major cost factor in the repair of slip failures 
in cuttings and embankments is associated with the 
haulage distances involved in the removal and importa
tion of fill. In this paper a procedure is described 
which involved the re-use of the foundered soil by 
employing fabric layers to act as reinforcement. Such 
an approach can offer considerable savings when haulage 
distances are significant. Moreover. the calculation 
procedures described may also be utilised for designing 
fabric-reinforced embankments with steeper side slopes 
than would be possible for their unreinforced counter
parts. Thus greater economies can be achieved by using 
locally available soils and by reducing the amount of 
fill and land required for constructing the embankment. 

The method of calculation takes account of both 
adherence and tensile resistance of the fabric. The 
tensile resistance is based on a criterion of specified 
deformation rat her than on the ultimate load charac
teristics of the fabric. An estimate of the deforma
tions induced by construction plant can also be made . 

The application of the method to the repair of a 
failed section of motorway cutting in England is briefly 
described. 

Theoretical considerations 

A simple bilineal slip plane is assumed to 
represent the failure surface (Fig 1). It is usually 
possible to make a reasonable representation of an 
actual failure surface by this approach. Two classes 
of problem are considered: 

L'auteur d~crit une m~thod d'amelioration de la 
stabilit~ des talus de d~blai et de remblai par 
renforcement avec des textiles. Un aspect de cette 
method est que les caract~ristiques d'extension du 
textile sous charge sont reli~es entre elles dans les 
~quations de dimensionnement. garantissant que le 
co~fficient de securit~ en termes de duree de service 
est automatiquement satisfait. 

Les ~quations d~crites ont et~ appliqu~es a un 
exemple de remhlai en materiau coherent et au 
dimensionnement de la r~fection d'un deblai d'autoroute 
qui a r~cemment subi une rupture en Angleterre. On a 
demontre que la r~paration du d~blai avec de la terre 
armee r~duit les coats d'environ 40 % par comparaison 
avec les methodes de r~paration classiques. 

(i) 80th failure surfaces emerge on the slope, 
representing most cutting situations. 

(ii) The upper failure surface emerges on a 
horizontal plateau, as frequently occurs 
with embankment failures. 

1n a paper currently in press it was shown that 
resistance (RT) against failure was given by: 

RT = } [I(y z cos2ß (tanß - tans)2 - ru/cos 2S) 

...... (1) 

and that the total disturbance force (OT) was given by: 

0T = fy z sins coss [1 + K cos2ß {tan2ß - 1 + 

i:~: (1 - tan 2s)}] dL - E Tz coss (2) 

The expressions under the integral signs {I] are taken 
along the full length of slip surface while the 
expressions under the summation sign ( E) relates to the 
contributions made by the fabric layers in either 
tension or adherence. Clearly the lesser of these 
two conditions should be employed in the design. (The 
definitions of the symbols are provided in Appendix 1.) 
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Fig. 1 a Geometry of problem when both failure surfaces emerge 
on slope face 
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Fig. 1 b Geometry of problem when one failure surface emerges on 
plateau above slope 

To avoid excessive deformation of a fabric rein
forced slope, it may often be necessary to limit the 
mobilised tensions in the fabric to only a small propor
tion of its ultimate strength . This requirement can 
lead to cumbersome design problems as the tensions 
developed cannot usually be assessed until after an 
initial design has been obtained and several further 
attempts may be necessary before a satisfactory solution 
is achieved. An alternative approach, which overcomes 
these difficulties, introduces the deformation criteria 
directly into the design formula, thus ensuring that the 
tension mobilised will be consistent with the deforma
tion requirement. A further advantage is that the 
solution for both tension and adherence is obtained as 
a single computation. 

It has been demonstrated (1) that the load
deformation characteristics of rabrics are often of 
hyperbolic form. The simplest hyperbolic expression 
relating load (T) to extension (e) is of the following 
form: 

T e 
me + c (3a) 

e cT 
(1 - mT ). (3b) 

These expressions imply that a linear relation will be 
obtained if e/T is plotted against e. 

708 

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

The analysis has been carried out on the basis of 
average values and no account has been taken of time
dependant creep strains. The horizontal stress (ox) 
acting on an element of soil adjacent to a slip surface 
(Fig 2) is given by: 
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Fig. 2 Forces on element of reinforced soil immediately above 
failure surface 

"x .... .. (4) 

where K for active earth pressure conditions is equal to: 
Ka + ru (1 - Ka ) 

(cos2
ß - Kasin2

ß) 
K (5) 

On the basis of a vertical spacing for the fabric 
layers of Sv' the maximum force developed in the fabric 
is given by: 

2 TM = Sv K y Z cos ß ...... (6) 

The tension distribution in the fabric layer will 
probably vary from a maximum value near the potential 
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failure surface to zero at the edge furthest from the 
slope. Assuming a linear variation of tension then the 
average value (T) will be about half of that given by 
Equation (6). Substituting f in Equation (3a) enables 
the average vertical spacing (Sv) to be determined 
consistent with the specified extension (e), 

TABLE 1 
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2e 1 
ie Sv (me + cl x - 2 ...... (7) 

K.y,Z. cos 8 
Integration of Equations (1) and (2) employing the above 
deformation criteria produces the equations, in terms of 
effective stress, shown in Table 1. The coefficients 
associated with these equations are defined in Table 2. 

Equations employed in assessing stability 

Reslstanee Equation 
See tor 

Contribution from soil Contribution from fabrie 

1 R1S = [A, X/ , J ----z- (Mß - M,) + c, x, /eose, R'F 
8,N, [(N,+,) (Mß-M,) J 

· -z M, SV, + MßL, 

2 RZS = 
(XZ-X,) [AZ ~ 
eose

Z 
T {XZ (Mß - MZ) + X, (Mß + MZ - ZM,)) + Cz RZF · 8ZNZ CNZ+' )(Mß-M2) J -z M

Z 
SvZ + ZX, (Mß - M,) + MßL Z 

3 RJS = 
(XJ-XZ) [ 
eosß

Z 
A3 {MßXZ + X, (MZ - M,) M

Z 'J - T (X3+XZ)} + CJ RJF · 8JN3 [ (N3 + ') J -z 2{Xz(Mß -MX) +X, (MZ-M,)) - ---z- SvJ 

Disturbance Equation 
Sector 

Contri but i on from soil Contribution from fabrie 

Z 
G,N, [(N,+')(Mß-M,) J 

I D,S 
E, X, (Mß - M,) 

D'F = = 2 COS6, - -z M, \, + MßL, 

2 °zs = 
EZ (XZ-X,) ~ J 

2 cose
Z 

Mß(XZ+X,) + X,(M2-ZM,) - M2X2 °ZF · GZN Z [(NZ+')(Mß-Mz) J 
- -Z M

2 
\Z + 2X, (I"ß-M,) + MßL 

EJ (X3-X2) 
hxz + X, (MZ-M,) - ~ (XJ+X 2)] DJF 

GJNJ [ (NJ+') J 
J °JS = = - -Z 2{X 2(Mß-M2) + X, (M2-M,)} -~ SvJ cose 2 

TABLE 2 

Coefficients employed in stability equations 

Resistance Equation 
Secter 

Contribution fram 50il Contribution fram fabric 

, A, = Y, ,tan~~ ,cos2e, [, + K,Cos2e(tane - tan",)Z - ru,/cos 2",] 8, · Zu,L,y, sine, t.n~~ (' + K, sin2e - ru,/sins, tan~~) 

2 AZ = ' 2 [2 Z 2] Y2,t.n~2·cos"2 ' + K2cos s(tane - ,an"2) - ru 2/cos "2 8Z · 2U2L2YZ sin"2 t.n~~ (' + K2 sin
2
e - r u/sins 2 tan"~ 

3 A3 = ' 2 [ 2 2 ] YJ,t.n"3,cos"2 ' - K3 tan "2 - ru3/eos "2 8J · 2U3L3Y3 sin"2,t.n~~ (' - r/sin"2 tan.~) 

Di sturbance Equati on 
Secter 

Contribution from soi' Contribution fram fabric 

1 [, = . [ 2 2 tanS 2 J y,.SlM, COS6, , + K,eos e ( tan e-' + tan6, ('-tan "1)) G, = 2u,L,y, COS", (I + K, Sin
2
e - r/cos6,) 

2 [2 = Y2,sin62 eOS62 [1 + K2COs 2s (tan2e-' tanS 2 ~ + tane
2 

(l-tan 62l) G2 = 2U2L2Y2 COS6 2 (' + K2 Sin2e - r/cos6 2) 

3 [J = YJ sin6 2 COS92 [1 - K3] G3 = 2Ul3Y) cose 2 (' - r/cos9 2) 
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Influence of compaction on deformation 

Constrvction plant is a further sovrce of loading 
which can induce extension of the fabric. The meehanism 
involved may be as shown in Fig 3 where it is assumed 
that an effective bond exists between the fabric and soil 
particles. Compaction stresses induce local extension 
whieh is not fully reeoverable because other particles 
interpose. Although compaction vibrations may t'esult in 
some loss of contatt stress. overall 6 net "locked-in" 
tension \~ill resuH ~/hich prestrains the fabrie and 
prevents further extension until the load induced by the 
fill creates tensions in excess of the "locked-in" 
values. Moreover, the pretension increases effective 
stress and improves the strength of the fi 11. The 
following analysis based on elasticity considerations 
permits fabric extension resulting from plant activity 
to be estimated. 

Before compaction 

L-----I 

Fig. 3a Influence of compaction on pre-strain of soil 

- ------ ---- ---- - - ----- - -~ 

Fig_ 3b Compaction stress inducing deformation at face of slope 

eonsidering the force applied by the compaction 
roller as a surface line load acting normal to the slope 
face then the horizontal stress at a reflected boundary 
(Fig 3b) is obtained as follows (assuming Poisson's ratio 
for the soil is 0.5): 

3 XA 
°h = [~ ~ J ..... (8) 

Xs 
The value of P has to be increased to allow for the 

effect of centrifugal force if vibrating plant is 
employed. A factor of two is normally used to account 
for this effect. Thus the force (Fe) developed at the 
slope face for a compacted layer of thickness t is 
obtained as folIows: 

3 3 
P t (XA XS ) dZ 

Fe = - f 2 2 3'1 - 2 2 31 T ..... ( 9a ) 
1f 0 (X

A 
+ Z ) 2 (XS.+ Z ) 1

2 
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P [XA (XA + (x/ + t 2
) 1/2 

- 1 - 1 n { 1 ) 
1T (X/ + t 2) Y2 

Xs (Xs + (Xs
2 + t

2) '/2 J 
(X

S 
2 + t 2) 1/2 + 1 n { t } . (9b) 

Applying Fe in place of T in Equation (3b) permits 
an estimate of fabric extension at the slope face to be 
made. A similar analysis can be developed for regions 
remote from the slope face to obtain the following 
equation: 

~ 
2 2 1/2 

F = E. 1 n {( w + (W + t ) } - W , J . (9c) 
c 1T t (W2 + t 2)Y2 

An estimate of overall fabric extension induced by 
compaction plant can be obtained by applying the mean 
force determined from Equations (9b) and (9c) in 
Equation (3b). 

Application of the technique to embankment and cutting 
slopes 

The design caleulations require data on the shear 
strength characteristics of the f;ll and the interface 
friction between soil and fabric. The former tests are 
best carried out in tenns of effective stress using the 
tri axial apparatus. The latter values can be obtained 
from mod if; ed shea r box tests. Load-ex tens i on tes ts 
also need to be carried out on the fabric and although 
several methods are avai lable, McGown et al have pointed 
out the advantages of testing structural fabrics in a 
soil environment (2,3). An assessment of the like1y 
pore pressure eondltTons w; 11 B.l so be needed wlth 
cuttings, and embankments constructed from cohesive 
fi 11. 

An example of the application of the technique to 
the design of a cohesive fill embankment is shown in 
Fig 4, whieh also lists the assumed properties of the 
soi1 and fa br ic. The safety faetor for the slip surface 
shown (Fig 4a) \1aS determined as 0.75. A 5ubsequent 
analysis employing fabrie reinforcement pennitting up to 
one per cent extension produced the arrangement shown 
in Fig 4b. The factor of safety on the previous slip 
surface had been increased to 1.3. The permitted 
extension of the fabric would have produeed deformation 
at the face of the slope of about 4 cm. however . 
assuming a 10 kN/m roller was used to compact the fil1 
in 0.25 m thick layers. 25 per cent of the deformation 
I/ould have been taken up by the compaction plant. The 
analysis nas clearly produced a reasonably satiSfactory 
design wi t h regard to the original s l ip sUrface Ilut it 
would now be necessary to check the stabil i ty of 
potentially deeper-seated fai1ure surfaees behind the 
reinforced section. 

Fol10wing arecent failure of a motorway cutting in 
London c1ay in ßerkshire. England. reinstatement was 
undertaken by re-using the original soil reinforced by 
1ayers of fabric (Netlon CEI3l). Thie technique was 
adopted because of the high haulage eosts ~/hich would 
have been i neurred by the conventional method of removing 
the failed soi l s and replacing them with good quality 
materia 1. 
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FOS = 0.75 
Soil properties I 
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<p'= 30' 
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'Y = 20kN/m 2 
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Fig. 4a Cohesive fill embankment unreinforced 

Fabric properties 
Ultimate tensile strength = 70kN/m 
Hyperbolic relation: slope = 0.01 

intercept = 0.000475 

_ .... ... 

FOS = 1.3 

t Fabric laver 

Fig. 4b Cohesive fill embankment reinforced by high strength fabric 

A cross-section of the failed cutting slope is shown 
in Fig 5. Triaxial tests produced a ~l value for the 
soil of about 250 and a value for ru of 0.3 was obtained 
from standpipe piezometers. The results of the various 
analyses and the associated slip surfaces are presented 
in Table 3 and Fig 6 respectively. These indicate that 
the possibility of failure of the original slip surface 
has been removed as the minimum factor of safety was 
1.3, even without the benefit of drainage measures and 
1 ime trea tment. 

The use of about one per cent by weight of quick
lime at the scheme proved particularly advantageous as 
the construction plant was able to work effectively on 
the reinstated clay, even after wet weather, and further 
increased the safety factor (Table 3). 

The cross-section of the reinstated cutting is 
shown in Fig 7. The vertical spacing of the reinforce
ment was 0.5 m in the bottom region which was increased 
to 1 m at higher levels. 

The cost of the repair was estimated to be about 
40 per cent less than that of the conventional method. 
These savings were related to the high haulage costs at 
the scheme and conditions would not always be as 
favourable. 

Inclinometers installed in the slope for more than 
a year have shown no indication of movement. 
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Fig. 5 Location of bo.reholes formed before remedial measures 
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Fig. 6 Simplified profiles assumed for puposes of stability analysis 
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Fig. 7 Location of boreholes and inclinometers after remedial measures 
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TABLE 3 
Factors of safety for various potential 

failure surfaces and conditions 

Failure Trea tment Sec tor 
~l r Safety factor 

profil e degree u 

1 

1 1°. 3 None 2 25 1.0 
Original 3 

51 i P 
surface Fabri c 1 

1 1°. 3 
, 10 (Adherence 

rein- 2 25 1.6 (Tension at 
sta tement 3 4 per cent strain) 

1 28 

1°. 3 None 2 25 1.3 
3 25 

Drainage 1 28 i 0.2 Excavated 2 25 1.5 
zone measures 

3 25 

Drainage 1 

1 1°.2 measures 
2 35 2. ° and 1 ;me 
3 treatment 

1 28 

1°. 3 None 2 25 1.5 
3 25 

Deeper Drainage 1 28 

1°·2 2 25 1.8 trial measures 
3 25 

zone 

Drainage 1 

1 
measures 

2 35 i 0. 2 2.3 
and lime 

3 treatment 

Conclusion 

A description is provided of an analytical proce
dure for the design of cuttings and enbankments rein
forced with fabric. The equations described are linked 
to deformation criteria so that conditions of service
ability are automatically satisfied. 

An example of the application of the method to the 
design of a cohesive fill embankment is given showing 
how such an embankment may be constructed with steeper 
side slopes than would normally be possible and producing 
savings both in quantity of fill and land take. The 
repair of a failed section of motorway cutting in England 
using the method is also briefly described whereby the 
foundered soil was re-used in conjunction with fabric 
mesh reinforcement. It was estimated that the cost of 
the repair was reduced by 40 per cent when compared to 
the conventional approach of removing the failed soil 
and replacing with good quality granular fill. 
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APPENDIX 1 

List of symbols 

Ai 

Bi 

c 

e 

Ei 

f 

F 

Fc 
Gi 

coefft associated with soil resistance in sector 
i (Table 2) 
coefft associated with fabric resistance in 
sec tor i (Table 2) 
intercept of load-extension relation for fabric 
on hyperbolic plot 
cohesion intercept in terms of effective stress 
total disturbing force 
contribution to disturbance force offered by soil 
in sector i 
contribution to disturbance force offered by 
fabric in sector i 
extension of fabric in load-extension test 
coefficient associated with disturbance force 
offered by soil in sector i (Tab 1 e 2) 
subscript relating to fabric 
factor of safety 
force applied horizontally be compaction plant 
coefft associated with distrubance force offered 
by fabric in sector i (Table 2) 
subscript relating to sector 1, 2 or 3 
active earth pressure coefft 
earth press ure coefft in sector 
length of fabric beyond slip surface in sector 
slope of load-extension relation for fabric on 
hyperbolic plot 
tan (ß) 

tanel 
tane2 
number of fabric layers in sector i 
line load per m applied by compaction roller 

~ in Equation (8) 
total resisting force 
contribution to resisting force offered by soil 
in sector i 
contribution to resisting force offered by fabric 
in sector i 
pore pressure ratio 
thickness of compacted layer 
load in fabric during load-extension test 
resistance at depth Z offered by fabric 
half-width of compaction roller 
distance from slope face to closest edge 
compaction roller 

of 

distance from slope face to further edge of 
compaction roller 

Xl length from origin to end of sector 
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X2 " length from origin te end of seGter 2 
X3 = length from origln te end of sector J 

Z = dept!1 to point under consideration 
Z = average depth in sector being considered 
ß = angle of slope 
y = unH weight of soi1 
~l " internal friction angle of soil in terms of 

effective stress 
ei " angle of slip lane in sector 1, or 2 
ui " interface coefficient of friction between soil 

and fabric in sector i 
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