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textile-sol 

The effects of fabric properties on performance and 
design of aggregate-fabrie-soil (AFS) systems are dis­
eussed anu quantified \oIhere possible. Primary emphasis 
i5 plaeed on examining the effect of meehanieal proper­
ti es on performance and design using da ta obtained from 
tne pertinent literature and a study eondueted at Georgia 
Teeh. In general, it \oIas found that the fabrie modulus 
\oIUS the single most important fabrie property governing 
the beilavior of the AFS system. The use of a geotextile 
in an aggregate soil systen, leads to improved system 
performance (e.g. longer service, reduced rutting) or 
alternately, a 25-40 percent reduction in the amount of 
required aggregate. 

Quantitatively, the amount of this performance im­
provement (aggregate reduction) resulting from the use of 
a particular fabric earrelates \oIell \oIith the modulus 
(resistance to stretch) of the fabrie used. Hi3h modulus 
fabrics result in less rutting or better system 
performance than those \oIith lower modulus. 

INTROi)UCTWN 

The use of geotextiles or fabrics in high deforma­
tion, low volume road construction has become increas­
ingly popular over the last t\olO decades. In this 
applieation the fabrie is used in eonjunetion with a 
loeally dvailable aggregate such as erushed stone, quarry 
"shot rock ll

, sand, sea shells, etc. to develop 
structural support layer. 

The benefi toffered by the fabric is attributed to 
reinforcement and separation and is most often cneasured 
in terms of improved system performance or, alternately, 
in terms of redueed aggregate thiekness requirements (1). 
figure 1 shows the effeet of fabr ie on aggregate road 
performance. For low strength support conditions \oIhere 
fabries "ppear most benefieial, a reduction in aggre,ate 
thiekness in the ran~e of 25 to 40% ean be made normally 
\oIhen fabric is installed between the aggregate and soil 
(J) . 

Seleetion of fabries and establishment of use 
speeifications for particular field applieations is often 
difficult for the potential fabrie user due to a general 
lack of knowledge relative to the impact of fabrie 
properties on potential performance. Since many existing 
design methods for aggregat~ r()ad.~ are (a) fabrie 
sV~df.i<.!, Cu) unel~Ar "~ t.n basic assumptlons, (e) 
empirical and (d) unable to predict performance, the 
impact of various fabric types (and henee properties) On 
performance and economies of the fabric reinforced 
aggregate road Is not readily apparent. 

Les influenees des proprietes textiles sur la 
verformanee et sur l'etude des systemes agregat-tissu-sol 
(AFS) sont discutes. et, dans la mesure du possible, 
quantifies. On soullsne l'examen de l'influence des 
proprH~tes mecaniques sur le fonctionnement et sur 
l' etude, en employant les donnees obtenues de la 
biblioiSraphie et d' une etude fai te ii Georgia Teeh. On a 
conclu I en generale I que le module du tissu est la 
propriete la plus importante pour le fonctionnement du 
systeme AFS. L' emploi d'un geotextile dans un systeme 
agregat-sol mene ii un fonctionnement ameliore (e.~. 
fonctionnt"ment prolon~e), moins d'ornieres, ou, com!ne 
al ternative, une di,ninution de 25 Ei ~O poureent de la 
quantite requise d'agr"gat. L'amelioration qu'apporte 
l'emp10i du tissu speeifique au fonetionnement du systeme 
(diminution d'"gregat) presente une bonne eorrelation 
avee le module d'elasticite (risistanee ii la tractlon) du 
tissu employi. L'emplol du tissu D module eleve, compari 
a celUl d'un module moios eleve, donne une reduction d ' 
ornieres et un for.ctionnement meilleur du systeme. 
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Fig. 1 Rut Depth as a Function of Vehicle 
Passes (From Ref. 5). 
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The primary purpose of this paper is to quantify 
\oIhere possible, based on current literature and the 
results of arecent study, the effect of fabric proper­
ties on the performance and desi;>,n of fabrio reinforeed 
Dggregate roa<ts 0" dllilregate-rabric-soil C AFS) ~yst.ems. 
Sourec:! of dllta ,lud ll1fonn~t.lon Vsed to develop this 
paper Include pertlnent llberature and the results of a 
study being oonducted in the School of Civil Engineering 
at the Ceorgia Instltllte o f 'fechnology , Atlanta, Georgia, 
U.S.A. 
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GEOrEXTILES 

General 

For the purpose of this paper, the term geotextile or 
fabrie will be used interehangeably and will adhere to 
tne definition establ ished by ASTI~ whieh says a 
"geotextile is any permeable textile used in eonjunetion 
wi th goeteehnieal materials as an integral part of a 
ffiBomade project, structure, or system'l. 

rhe geotextile market has inereased dramatieally in 
recent years as a result of new uses and new manufac­
turers. Available eommereially is a wide range of 
man-mad~, synthetie fabries ranging in type (woven and 
nonwoven) , fiber composi tion (mainly polyester and 
polypropylene) , basis weight and inherent properties. 
Undoubtedly more fabries will beeome available in the 
future. Spaee limitations do not permit a detailed 
description and/or identifieation of all the geotextiles 
available eommereially. 

Fabrie Properties 

Tho degre. of benefit offered by a fabrie to the AFS 
system for its service life depends to a large extent on 
the inherent, properties of the fabrie used. Other fae­
tors such as subgrade strength, loading environment, and 
aggregate properties also have an important influenee on 
tlJe behavior and per formanee (rutting resi stanee) of the 
AFS system (2). 

Speeifie properties of signifieanee relative to the 
optimum use of fabries in aggregate surfaeed roads are 
numeraus, althou6h the exact contribution of each 1s 
lar.;ely unknown. Bell, et a1. (2) have listed and 
diseussed in Jetail a large number of fabrie properties 
01' apparent signi fieanee in the broad sense of geoteeh­
nieal applieations whieh inelude the following: 
11eehanieal Properties -- strength, elongation, mOdulus, 
creep, stress relaxation, fatigue, tear resistance, 
cutting and abrdsion resistance, friction; Hydraulic 
Properties -- permeabili ty, fil tering ability, clogging 
and blinding resistanee, ~y __ sJphoninJ?~ Durability 
Properties -- thermal, biologieal, I chemieal, and 
ultraviolet libht stability. 

l . 
Ilie previous list of fabrie properties is formid­

able. In a qualitative sense all may appear signifieant. 
However, the minimum, maximum er optimum level ef each 
and the eombined or interaetive effeet of these 
properties are yet to be fullY understood and quantified. 
Even test methods to evaluate speeifie properties have 
not yet been universally aeeepted. As an exa,nple, 
Ineehanieal properties of fabr ies are often determined 
from meehanieal tests on the fabrie in isolation. When a 
fabrie is plaeed in the AFS system, the fabrie may behave 
in a substantially different manner beeause of the 
presenee of aggregate and soil. Holtz (3) and MeGown, 
et. al (21) report that the modulus of fabries in soil 
may be 2-3 times the value in isolation. Complieating 
the situation even more is the fact that most fabries are 
anisotropie, i.e. they have properties whieh depend upon 
orientation. 

fjell, et al. (2) su"gest that meehanieal properties 
of fabries may be the most signifieant for ground stabi­
lization applieations. Hydraulie properties probably 
have seeondary importanee. Dissipation of pore pressure 
ereated due to loading and settlement ean be aeeommodated 
by most geotextiles. Furthermore, for typieal AFS system 
applieations, most geotextiles have adequate durability 
(e.g., thermal, biolo!\ieal, chemieal, ~nd ultraviolet 
stabil i ty). 

BENEFIT MECHAIHSMS 

I~eehanisms by whieh a fabrie improves the struetural 
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performance of the AFS system under repetitive vehieular 
loading have been diseussed by several investigators and 
inelude basieally two eategorie" reinforeement and 
separation. 

Speeific meehanisms that have been identified are: 

A. Restraint Effeet 

Two types of restraint effeet Inay oeeur in the AFS 
systems. The first, often referred to as subgrade 
restraint , i s related to the reverse curvature of the 
fabrie that develops o~tside the wheel path and the 
resultant induced ; d·ewn~iiCd pressure or apparent "sur -
charge" applied to the soil, Figure 2. Such an effeet 
inereases the bear ing capacity or resistanee to shear 
flow of the soil froln the wheel path. A seeond type of 
restraint , ealled aggregate restraint , oeeurs when the 
aggre~ate partieles at the soil-aggregate interface tend 
to move [rom under the loaded area but are restrained or 
confined due to the presenee of the fabrie (4). MOdulus, 
strength, frietion, ereep (stress relaxation) and 
abrasion or puneture resistanee of the fabrie may be very 
important to this mechanism. 

SUBGRADE FABRIC FABRIC-INDUCED 
NORMAL STRESS 

Fig. 2 Schematie of Aggregate-Fabrie-Soil System. 

il. Membrane Effeet , 
( 

As the roadway/undergoes large deformation, Figure 2, 
the fabrie is s_t,retehed and develops in-plane tensile 
stress, the mag~itude of whieh depends on fabrie s_~ra!n IN' Je 
and fabrie modulus. A stress perpendieular to the plane 
of the fabrie is indueed, the magnitude of whieh at any 
point equals the in-plane stress divided by the radius of 
curvature of the fabrie at that point. The net effeet is 
a change in the magnitude of stress imposed on the 
subgrade (a reduetion under the wheel load and an 
inerease outside of the wheel path) and an inereased 
eonfinement of the aggregate. 

In order to develop fabrie-indueed stress, substan­
tial vertical deformations, plus proper geometry, fabrie 
anehorage and proper fabrie meehanieal properties are 
generally required. Fabrie properties of modulus, 
stren~th, ereep (stress relaxation), elongation-to-break 
and frietion are important to this meehanism. 

C. Frietion and Boundary Layer Effeet 

Frietion developed along the interface between 
aggregate-fabrie and frietion/adhesion at the fabries~oil 
interf~ce areate a "boundary-layer" or compesite material 
of aggregate and soil immediately adjaeent to the fabrie. 
The eomposite material ereated should possess more 
f~vorable properties of ductility and tensile strength. 
Fabries eapable of developing high frietion/adhesion 
appear to be desirable. 

IJ. Lucdl R..,inforcement 

Coneentrated stresses due to imposed vehieular 
loading ean eause a punehing or loeal bearing eapaei ty 
failure at the points of eontaet between the aggregate 
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the aggregate and 
the load , red ue e 
provlde nereased 

and subgrade . Use of fabrio: between 
50ft soil w111 serve to distrtbute 
loealized stresses sna In general 
resistance to vertieal displacement . 
erties of modulus, strength, and 
oppear i,npo r tant. for thi8 meellanlsm. 

Mechanleal prop­
punet.urc res.istanee 

1::. Separation 

In the separation funetion, the fabrie serves to 
prevent the fine-grained subgrade soil from pumping and 
intermixing with the eoarse-grained aggregate material 
and thereby redueing its shear strength and stability. 
Depending on aggregate gradation, 10 to 20 percent 
additonal plastic fines ean eause a substantial reduction 
in shear resistanee (2'2,). 

8ell, et al. (2) have discussed extensively the 
funetion of separation provided by fabrie. Basieally two 
phenomena have been identified whieh must be mitigated if 
the separation funetion is maintained; these are subgrade 
pumping and subgrade intrusion. Pumping requires 
relatively high stress at the subgrade-fabrie interface, 
free water, pumpable subgrade and a granular material 
open enaugh to allow entry of the fine material (if the 
fabric were not at the interface). In regard to the 
pumping phenomenon, Bell, et al. (2) eonclude that "the 
theories of pumping and fabrie influences (on pumping) 
are not well developed. They (theor ies) do not even show 
elearly the fabrie properties whieh are important to 
prevent pumping". Bell, et al. (2) also state "There are 
however, numerous installations of fabries .. whieh 
indieate that many 01' the fabries on the rnarket today do 
effeetively prevent pumping of subgr~des". 

With respeet to the intrusion phenomena, the fabrie 
serves to physieally prevent the intermixing of the 
granular and subgrade material. Bell, et al. (2) state 
that in order to prevent intrusion, the fabrie ;;;ust not 
be punetured by the aggregate "nd must not fail by 
loealized rupture. Furthermore, they state that fabries 
will tend to prevent intrusion or pumping of the subgrade 
"nd that important fabrie properties (although not 
quantified) include pore eharaeteristies, frietion, 
strength, punclure resistance and abrasion resistance. 

From the previous discussion, it can be aS5urned that 
as long as a geotextile remains intaet, few problems will 
be eneountered relative to pumping and intrusion. 

EFFECT 01:' FASRIC PROPERTIES ON SYSTEM PERfORMANCE 

In the previous section I various mechanisms respon­
sible for the benefits aeeruing from the use of fabrie 
have been diseussed. Possible meehanieal proper ti es 
neeessary for the benefit meehanism have been suggested. 
However, quantifieation of properties was not presented. 
'In thi s seetion, the influenee of fabric properties on 
AF~ system performance will be discussed. 

An examination of the literature to determine doeu­
menten evidenee of the influenee 01' fabrie properties on 
performance does not reveal many sources where speeifie 
eomparisons and/or quantifieation have been presented. 
Following is a general summary 01' the signifieant 
literature • 

WES Study 

The results of a full-seale traffie test eondueted by 
the Waterways Experiment Station, Vieksburg, Mississippi, 
have been published (7). Two test seetions, eaeh 
eontaining a fabrie and-one test seetion without fabrie 
were eonstrueted. The subgrade was plaeed to have a CBR 
of about 1 in the upper ~5 cm (10 in"hOO5) and d eBR 
ranglng from 1.0 to ;<.3 in the next 35 em (14 inches). A 
crushed limestone layer, 35 em (14 inches) thiek was 
plaeed above this subgrade with the respeetive fabrie in 
eaeh of the two test seetions. The two fabries used were 
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Ilidim" C-3B spunbonded polyester 
neoprene-coated, one ply, woven, nylon). 
properties were (1): 

and T-16 
The fabrie 

"Bidim" C-38 T-16 

Elong"tion e Failure: 58~ 3H 
Breaking Strength: 76 kN/m 

(a 

110dul us: 
(ealeulated by authors) 

49 kN/m 
(2bO Ib/in) 
67 kN/m 
UtiO Ib/in) 

(435 Ib/in) 
300 kN/m 
(1720 Ib/in) 

Tlle performance of these three test seetions sub­
jeeted to traffie by a tandem axle, dual wheel, military 
dump truck is depicted in Figure 1. 

The T-16 fabrie had a mueh higher modulus than the 
C-38 and thus, the influenee of the higher modulus fabrie 
is evident. For 900 vehiele passes the T-16 fabrie 
seetion had about 5 em (2 inChes) of rutting while the 
"Bidilll" C-j~ seetion had about 18 em <7 inches) of 
rutting. The seetion without fabrie sustained only 200 
vehiele passes to 15 cm (6 inches) of rutting. 

Kinney and Ilarenberg 

Kinney and Barenberg (8) have publ1Shed perfor,aanoe 
dilta from 510311-so .. 1c repear.ed load te"Sts on AFS systems 
containln& two fabries designated M-l an~ 1/-2. They 
report.ed a ,nodulus for these fabr-ies 01' 53 kilim <300 
lb/ln) and 193 kUlm (1100 lb/in) . respectlve1.y ( 8) end 
concluded tllat tl1e l'ligher modulus fabrie lmproved 
performanoe as a resl.l.lt 01' greater cOnrtnement 1n the 
aggregate and resultant greater "load spreading ability" 
01' tlle aggregate. Barenberg (g) has developed a design 
method for these two fabries. -Using this method, it can 
be shown that an "" 101 reduetion in aggregate thiekness 
ean be made if the high modulus fabrie i5 used in lieu of 
the low modulus one. 

Giroud and Noiray 

Giroud and tlolray (15) have developed a design method 
whieh requircs fabrie moou1us and. faUure clong-at1on as 
design inputs. for the design eonditions of CBR=O.S , rut 
depth = ~O gm (12 inChes) and N=1000 , Chis design method 
HLlo~s a reduetton In aggre~at.e th.ickness ranging from 25 
1.0 ~O peroent ror fabrio modulus values rangtng from 10 
to ~OO kN/m (60 to 1200 lb/in) (see Figure 3) . Again It 
15 seen that high modulus fabries reduce the required 
amount of aggregate thiekness. 

Georgia Teeh Study 

A major study eoneerning the use 01' geotextlles in 
AFS systems i5 being condueted in the School 01' Civil 
Engineering at tlle Georgia InstH.ute 01' Technology, 
Atlanta , Geergte . A number of papers based on this study 
have already bcen plaeed in the technleal literature 
(l ,.!!,,g . .!d,..!!!.) • 

In one phase of this study, ascale model test appa­
ratus was used to evaluate relative performance 
eharaeteri5ties of various AFS systems and to evaluate 
the relative signifieanee 01' important parameters on the 
system performance. Details of the testing method have 
been reported elsewhere (13) but the following is abrief 
summary of the equipment and test method: 

..... 
1. 0.9 m <3 ft) diameter ~est pit-) with 38.cm (15 

inches) thiek, 50ft sllty eläy subgrade and 
dense-graded aggregate with layer tbi"knpsses 
ranging from 13 to 33 em (~ to 13 inches). 

2. Subgrade soil prepared and plaeed to have a vane 

-Registered Trademark of Rhone-Poulene-Textile 
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AXLE LOAD=80 kN 
RUT DEPTH =0.3 m 
TlRE PRESSURE=480 kPa Ah 

(m) 
1 +rrr--~--~r---~r---~ 

O.II.JI-f-l-\---+-= oaotaJttlla modu l u . 

0.8 -II++--\--+- K= 300 kN/m 
K= 200 kN/m 
K=100 kN/m 
K= 10 kN/m 

O. 3.w.~~..+--....:::.-.d----.::>j,"","",:::--+ 
N=10,OOO 

o. 2 +--\';-~~k?-?>-.;:--+---="t'--==TN = 1 ,000 

O. 1 .J-"-":~~';::::;:~i..::-~=t===---\ll = 1 0 0 

o l ____ JL-=====t:='-::::~~::::~N~=~10 Cu (kPa) 
30 80 110 120 
1 2 3 4 CBR L-_ _ L-_~L-____ L-____ ~" 

SUBGRADE STRENGTH 

Fig . 3 Aggregate Thiekness h~ (Gase without 
fabrie) and Aggregate Thiekness Reduetion, 
6h (Gase with fabrie) as a Funetion of 
Sub grade Strength (Redrawn from Ref. 15). 

shear strength i 28 kPa (4 psi) and CBR i 0.9. 

3. Fabric placed between soil and aggregate. 

4. Nepeated loading applied on 15 cm (6 inch) 
diameter plate with contact pressure = 480 kPa 
1'70 psi), repeti tion rate = 20 per minute, and 
pulse duration = 0.2 sec. 

5 . During loading, vertieal movement of 10ading 
plate is monitored. 

In order to develop insight as to the mann er in whieh 
a variety of fabrie properties influenee AFS system 
perforrnance I two test series were conducted as part of 
the study. In one series of scale model pit tests, 
different types of commereially available nonwoven 
Cabries, e.g. Typar· spunbonded polypropylene fabrie, 
Terram'· construction membrane, Supac*** nonwoven 
polypropylene fabric, "Bidim", and ] diagnostic membranes 
were tested under appoximately the same conditions (e.g., 
a~gregate thiekness, subgrade strength, and loading). In 
a second series, different basis weights cf "Typar ll were 
similarly tested. Table 1 summarizes pertinent 
characteristies of the fabrics and membran es and general 
test eondi tions for Test Series 1. In all cases, the 
primary measure of performance was surfaee rutting of the 
AFS system. Table 2 summarizes the performance results 
from Test Series 1. 

The resul ts were analyzed in a number of ways. In 
,igure 4, the general effect of initial fabrie modulus on 
the initial rate of rut formation is shown. ,igure 5 
Jepiets the influenee of initial fabric modulus on the 
number of repetitive loads required to cause either 5 or 
10 cm (2 or 4 inches) of rutting in the AFS system. From 
these figures, it i6 obvious that inercascd fabrie 
modulus relates quite signifioantly to inore3sed rutting 
resistance. 

'Registered Trademark of E.I. du Pont de Nemours 
'.Registered Trademark of lCI fibers 

• "Registered Trademark of Phillips Fibers Gorporation 
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Tab1e 1. Fabric and Test Gondition Summary-­
Test Series I. 

Fabric (a) 
Aggregate Subgrade 

Test or Eo Thickness, Shear Strength, 
Membrao2 kN/m cm kN/m2 

1-1 "Typar" 3401 137 18.4 36 
1-2 "Typar" 3 251 100 18.5 30 
1-3 "Terram" 1000 81 18.2 29 
1-4 "Bidim ll C-22 18 17.8 31 
1-5 "Bidim" G-34 28 19.3 33 
1-6 "Supac" 5P 30 18.7 33 
1-7 Kev1ar*(Aramid 1130 18.3 33 

woven fabric) 
1-8 Dental Dam 0.5 17.3 31 

(sheet rubber) 
1-9 Tef10n*(sheet) 121 17.6 32 
1-10 None 0 17.5 28 

----------------------------------
Footnotes: 

(a) E = initial tangent fabric modu1us (wide 
o width tensi1e test). 

* Registered Trademark of E.I. duPont de 
Nemours. 

Tab1e 2. Se1ected Performance Resu1ts from Test Series 
I AFS System Tests. 

Number of Load App1ications 
Test to Given Rut Depth 

Designation 2.5 5 7.5 10 12.5 
cm em cm cm cm 

1-1 37 72 120 220 385 
1-2 26 51 76 116 170 
1-3 22 38 55 82 130 
1-4 9 14 26 48 90 
1-5 27 50 62 88 140 
1-6 47 66 77 95 126 
1-7 57 205 630 8000 -
1-8 18 22 24 28 32 
1-9 45 63 89 115 120 
1-10 11 29 52 72 102 

--------------
Footnote: 

(a) Initial rate of rut formation = N @ 

" Z 

I­
I-
:::l 
a: 
11. .! 0.2 
o ~ 
w u 

=c E 0.1 
a: U 

..J 
C 

Initial Rate 
of Ru t jorma-
tion (a , cm/ cy 

0.068 
0.096 
0.114 
0.278 
0.093 
0.053 
0.044 
0.139 
0.056 
0.227 -_._--

2.5 cm 
2.5 em rut 

I­

Z 
IN·ITIAL FABRIC MODULUS, kN/m 

Fig. 4 Effect of Fabric Modu1us on Initial Rate of 
Rutting (0.9mTest Pit) . 
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Fig. 5 Effect of Fahric Modulus on Numher of Load 
Applications Required to Cause 5 and 10 cm 
Rut (0.9mTest Pit). 

The seeond test series was condueted wherein onl~ 
various basiszweight fabries ran,ing from 70 to 270 g/m 
(2 to d oz/yd ) of "Typar" spunbonded polypropylene were 
ineluded in the AFS systems. Figure 6 depiets the data 
rel at ing initial IOodulus, E a nd modulus at 10 percent 
elongation E 0 to the numberOof load applieations for 7 .5 
elß (j lnehes) of rutting. Again tfl~ signifieact effeet 
of fabrie modulus on AFS performance and rutting 
resistance is quite obvious. 

0 
I- :z: 
In I-
Q CL 
oe( W 

0 Q 

..I I-
u. ~ 
0 a: 

a:: E 
w u 
m \l) 

~ ,.. 
~ 
Z 

Fig. 6 

2 50 ~ C-

~~0 
411' 

200 ... 0, 
411'c-
.0 

u ~iii 
150 .a ~ 

CO 0 

100 u. ~ 
o 
z 

50 0 /;), 

o o 10 20 30 

FABRIC MODULUS, kN/m (x 1 0) 

Effect of Fabric Modulus of Number of Load Appli­
cations to Cause 7.5 cm Rut Depth (Basis Weight 
Series). 

Other Studies 

Kinney (22) has eoneluded, based on experimental and 
theoretieal analyses, that the "ideal fabrie from the 
standpoint of struetural reinforeement will have a high 
ratio between tension and strain (i.e., high modulus) and 
a low tendeney to ereep to lower loads at eonstant 
strain" (i.e., low stress relaxation). However, exeeed­
ingly high tensile stress in the fabrie ean only be 
dcvclopcd If adequote onchorBge Bceompsnie3 snd for 
typieal AFS systems, anehorage is limited by 
friction/adhesion, the amount of sureharge (aggregate 
thiekness) and the length of embedded fabrie outside the 
loaded area. 
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RaHj (23), in his theoretieal analysis of the effeet 
01' prestressing the fabrie on bellavior also indieates 
that l1iSh tensi on in the fabrie is benefieial but that 
the in-plane stress is limited by frietional eapabili­
ties. He found that fabric prestressing reduced surface 
defleetion and ,o ax irnum shear stress in the subgrade • 

EFFECT UF FABRIC PROPERTIES ON SYSTW DESIGN 

llased on the prev10us d scusslons . i t 1 s apparent 
tilat fabrio InodullJs has an irnportant effeet on AFS system 
performance ilnd as such should be oons dered in design. 
The authors a re a~are of U design ~e thod s gene rally 
available at chis t. llne ( 5 , 10 , 15 . 16 . 17,1(1,19,20). Of 
these ei!\ht . :l1 x are fabrlc=speeific.- - - - -

The mo re ;;eneral non-fabr1c-speeifie design method 
developed by Giroud a nd lolray ( 15) considers direetly 
tlle effect of fabrie ",od ulus an:lfailure elongation on 
desi~n of AFS syst"ms. A typie nl thickness design ehart 
for this ,"etho:! ls "holIn in Figure 3. Using thi s ",ethod, 
Fiöure 7 was dcvelope~ and shows the ~eneral influenee of 
fabri e modulus on aggre~ate thiekness requir ements. 

Fig. 7 

100~------------------------------' 

80 

60 

20 

Sub grade CBR = 0.5 
N= 500 

FABRIC MODULUS, kN/m (x 1 0) 

Effeet of Fahric Modulus on Design Thickness of 
Aggregate (From Ref. 15). 

The method by the Uni ted States Forest Service (2.) 
does not take into eonsideration any fabrie properties 
exeept to indicate that "Preliminary information from 
tr ial use projecis show t~at the lightweight nonwoven 
fabries [135 g/lO (4 oZ/Yd )] perform~ as weU aS the 
heavier [270 to 540 glm (8 to 16 oz/yd )] onee they were 
installed". The USFS method does suggest that a grab 
strength of > 530 N (1Z0 Ibs) and an elongation ~ 50~ öt 
failure are fabrie requirements. 

Using the fabrie-specifie design methods, it is 
virtually impossible to determine quantitative effeets of 
fabrie proper ti es on thiekness design due to differences 
in basic desi5n assumptions (performance, number of 
loads, ete.). 

DISGUSSIDU 

~umerous meehanieal properties of the fabrie are 
important LIJ I.t'f> (lprformance and design 01' ,W:; sY"'t~mn. 

nie vr~vluu9 dlscussion has shown the tremendous impor­
t~nee of fabrie modulus. Many other meehanieal proper­
ties may be important, but their speeifie eontribution, 
if any, has not yet been quantified. 11aintenanee of high 
levels of in-plane fabrie stress are important to the 
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performance of ArS systems 
liabilities such as rupture, 
slippage are undesirable. 

and I thus, ,.my fabr ic 
stress relaxation, or 

SUMMARY AND CONCLUSIONS 

The effeets of fabrie properties on performance and 
design of aggregate-fabrie-soil (AFS) systems have been 
diseussed and quantified where possible. Prirnäry empha­
sis has been plaeed on examining the effeet of meehanieal 
properties on performance and design. Data obtained from 
the pertinent literature and a study eondueted at Georgia 
Teeh were used. In general, it was found that the fabrie 
modulus was the single most important fabrie property 
governlng the behavior of the ArS system. 

Speeifie eonelusions apparent from this paper are: 

1. The use of a geotextile in an aggregate soil 
system ean lead to improved system per formanee 
(e.g. longer service, redueed rutting) or 
al ternately, a 25-40 percent reduetion in the 
amount of required aggregate. 

2. Quantitatively, the amount of performance 
improvement (aggregate redue tion) resul ting from 
the use of a partieular fabrie appears to 
eorrelate well with the modulus (resistanee to 
stretch) of the fabrie used. High modulus 
fabries result in less rutting or better system 
performance than those with lower modulus. 

J. Coneeptually, i t seems eertain that other 
rneehanie.l properties of the fabrie are important 
for overall lona-term system performance, 
although their speeifie effeets have not yet been 
quantified. In general, a fabrie with a good 
overall balance of properties is probably 
desired. 
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