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Reinforcement of Transportation Support Systems Through 

Fabric Prestressing 

LUTFI RAAD 

This paper investigates the mechanism of fabric reinforcement of transporta
tion support systems in which significant rutting during the service life of the 
system is unacceptable, in particular, the concept of fabric prestressing. An 
analysis is used that incorporates the finite-element method, the nonlinear 
stress-strain properties of granular and subgrade soils, and stiffness (i.e., tension 
modulus), creep, and frictional properties of the fabric. Results of such an 
analysis performed on a two-layer system that consists of a granular base over 
a soft-clay subgrade indicate that prestressed fabrics would reduce resilient de
formations or vertical stresses in the subgrade. Fabric prestressing can be ap
plied to improve the shear strength and load-deformation behavior of granular 
layers in transportation support systems. The allowable prestressing tension 
in the fabric is limited by fabric slippage relative to adjacent soil layers or pas
sive failure in the granular layer. Although more experimental work is required 
to verify analytical predictions of the beneficial effects of fabric prestressing, it 
appears that this concept will improve the performance of transportation sup
port systems under applied traffic loads. 

Engineering fabrics (i.e., geotextiles) have been used to 
improve the performance of transportation support systems 
under repeated traffic loads. Although a fabric could act as 
a separation medium between the subgrade soil and the 
granular layer, it could also improve the load-bearing 
capacity of the systems. The reinforcing effect of fabrics 
in high-deformation systems, such as haul roads and 
temporary-access roads, where significant rutting is 
acceptable has been demonstrated by many investigators 
(1,2). 
- -In low-deformation systems such as pavements and 

railroads, where significant rutting during the service life of 
the system is unacceptable, fabric prestressing can be 
applied to enhance structural capacity and improve 
performance under applied traffic loads. Here the fabric is 
placed over the subgrade, stretched, and then released after 
construction of the granular base so that the tension in the 
fabric helps increase the confinement of the base. Model 
tests performed by Barvashov and others (~) show that 
fabric prestressing could reduce surface deflections by as 
much as 40 percent. 

In this paper the mechanisms of fabric reinforcement in 
low-deformation systems through prestressing will be 
studied. Analysis that incorporates the finite-element 
method, the nonlinear stress-strain behavior of subgrade and 
granular soils, and stiffness, creep, and frictional properties 
of the fabric will be used. 

METHOD OF ANALYSIS 

The analytical procedure summarized in the following can 
be used to investigate the prestressing reinforcement of 
fabrics in low-deformation systems. 

A two-layer system that consists of a granular base over 
a subgrade is considered in this case. The fabric, which is 
assumed to have been stretched before placement of the 
base, is placed at the interface of the subgrade and the 
granular layers. After construction of the granular base, 
the applied tension is released and transferred to the soil 
layers adjacent to the fabric as shear stresses. This 
mechanism is illustrated in Figure l. 

Consider the forces that act on an element of fabric (dx) 
of unit width at equilibrium (Figure 2a); then 

(T + dT)-T = -(ru + rL)dx (I) 

dT/dx = -(ru +rd= -r, (2) 

where 

Tu =shear stress at upper interface of fabric, 
TL= shear stress at lower interface of fabric, and 
T =tension in fabric due to prestressing. 

If we assume that Tr varies linearly from zero at the 
center of the section (because of symmetry) to a maximum 
of Tf at the ends of the fabric, as shown in Figure 2b, 
then for O.;x ".L, 

T = -fr,dx = - frr(x/L)dx 

lfT=Oatx=L, 

If T p is equal to the applied pres tressing force, 

Tp = TrL/2 

(3) 

(4) 

(5) 

(6) 

(7) 

The finite-element analysis is used to predict the 
response of the system that uses prestressed fabric- In the 
analysis, the prestressing effect for a given prestressing 
force (T p) is determined before applicat ion of traffi c 
loads. Shear stresses transmitted by the rabric to adjacen t 
soil layers are replaced by equivalent nodal forces that act 
at the interface of these layers. The magnitude of each 
nodal force is determined by using Equation 7. The 
hyperbolic stress-strain model suggested by Duncan and 
Chang (4) is used to define the constitutive relation for the 
granular- and subgrade layers. The load is applied in 
increments, and a ta ngential modulus (Et) and Poisson's 
ratio (vt) for each increment are given by 

Et= KP(a3/P)P [ l - l [Rr(l - sin¢)(a1 - a 3 )] /(2c cos¢+ 2a3 sin¢) f ] 2 (8) 

(9) 

where 

fl, K, G, Rf, F, d =material constants, 
c,q. =total stress parameters corresponding to cohesion 

anungle of friction, respectiv,ely, 
p =atmospheric pressure, and 
01, a3 =major and minor principal stresses, 

respectively. 

Stresses induced by fabric prestressing are then used as 
initial stresses to predict the response of the system under 
repeated loads. The stress-deformation characteristics of 
base and subgrade in this case are expressed in terms of the 
resilient modulus (MR), which is defined as the ratio of 
repeated deviator stress (a1 - a3) to the recoverable 
strain. 

For granular soils (_~), 

(10) 
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Figure 1. Mechanism of fabric prestressing. 
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Figure 2. Shear and tensile forces that act on 
prestressed fabric. 
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where 

k, n =material constants, 
a =a1 +a2 +a3, and 
al, a2, a3 = principal stresses. 

For fine-grained soils (~, 

( 0) 

MR= K1 - K3 [K1 - (01 - 03)) Ki > (01 - 03) 

MR=K1 +Ki [(oi -03)-KiJ Ki< (01 -03) 

(I Ia) 

(I lb) 

where Kl, K2, KJ, and K4 are material constants. 
KJ and K4 are equal to the rate of change of MR 
with repeated deviator stress. · 

The base and subgrade are divided into sublayers, and the 
system is discretized into a set of elements that are 
connected at their joints or nodal points. A modulus of 
elasticity in compression is determined for each sublayer 
from Equations 10, l la, and l lb. The granular and subgrade 
soils are assumed to be unable to accommodate tensile 
stresses and are therefore assigned low values of modulus in 
tension. The fabric is modeled as a series of truss elements 
that can carry tension but not compression. Plane strain 
conditions are assumed in the analysis. An iterative 
technique is used by which the load is applied in one 
increment and the modulus in compression is used for all 
elements on the first iteration. On successive iterations, 
the state of stress at the center of each sublayer is used to 
calculate a new modulus in compression and the modulus in 
tension is substituted in directions of principal tension. 
Three or four iterations are usually sufficient to attain a 
reasonable degree of convergence. 

LIMITING CRITERIA 

The max imum fabric prestressing for ce (T ) corresponds 
to the tensile force that could be retained by ~he fabr ic i f it 
did not slip relative to the base and subgrade or induce 
passive failure in the granular layer. 

Slippage of fabric is assumed to occur when the 

Subgrode 

L 

Tu = Shear Stress at Upper Interface 

TL= Shear Stress at Lower Interface 

( b) Release of Fabr ic Tension 

( b) 

Subgrode 

maximum shear stress hr) that acts on the fabric 
exceeds the frictional resistance between the fabric and 
adjacent soil layers, i.e., 

Tr > a,, tanll + Ole (12) 

where 

av =overburden pressure on fabric, 
6 =angle of friction between fabric and granular layer, 
a= adhesion factor between fabric and subgrade, and 
c = cohesion of subgrade soil. 

On the other hand, passive failure in the granular base 
would occur when 

Oi = o3 tan2 [45 + (</l/2)] (13) 

where a1 and a3 a re major and minor principal 
stresses, respectively, induced by the prestressed fabric. 

The beneficial effects obtained are maintained as long as 
the fabric is capable of retaining the tensile force applied 
during prestressing. Since fabrics in general exhibit creep 
behavior under sustained loads, it is possible that they 
cannot retain the prestressing force after a certain time. 
Results of creep test published by Kinney (l) show that the 
tested fabrics could retain 67 percent of the initial tension 
for loading periods greater than 30 min. Based on these 
results, a creep factor (Cf) can be defined such that 

(14) 

where Tf =initially applied fabric tension and 
T p = prestressing force retained by fabric. 

The prestressing e ffec t of the fabric is a function of 
Tp. For a given system , higher values of Tp can be 
attained if frictional properties of the fabric rela ti ve to 
adjacent soil layers are improved. However, if the value of 
T p is limited by the passive failure in the granular base, 
further improvement of frictional properties will not 
increase the allowable value of Tp. 



Transportation Research Record 755 

Figure 3. Finite-element representation of sample problem. 
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Table 1. Material properties used In finite-element analysis. 

Soil Properties Under 
Soil Properties Under Static Repeated Loading 
Loading 

Soft-Clay 

Soft-Clay Granular Subgrade Granular Fabric 
Parameter Subgrade Base (MPa) Base Properties 

13 0 0 .30 Ki = 0.04 1 k = 876 tr= 0.63 mm 
K 200 3000 Ki=41.3 n = 0.65 Er "' ~07 MPa 
Rr 0.90 0. 70 K3 = 1170 0 = 45° 
F 0.10 0.10 K4 = -143 C< = 0.40 
G 0.35 0.20 Cr= 0 .67 
d 5.0 6.40 Tp = 13.2 

kN/m 
c (MPa) 0.069 0 
</> (°) 0 45 
I' (MPal 0. 10 0. 10 
')' (kN/ m3 ) 15.8 20.4 
Ko 0.5 0.5 

Notes: 1 MPa = 145 psi; 1 kN/m3 = 6 .37 lbf/ft3; 1 mm = 0.039 in; 1 kN/m = 0.69 lbf/lt, 
)'=density; Ko= coeff icient of at-rest pressure; Et= fabric stiffness; tf =fabric 

thickness. 

SAMPLE PROBLEM 

The analytical procedure that has been presented is applied 
to investigate the reinforc.ing effect of a two-layer system 
that consists or a granular base over a soft-clay subgrade, as 
shown in Figure 3. Material properties are summarized in 
Table 1. 

Results of the analysis (Figure 4) indicate that fabric 
prestressing would reduce resilient surface deflections and 
maximum shear stresses in the subgrade. Consequently, it 
will improve the performance of the system under applied 
traffic loads. 

CONCLUSION 

The mechanism of fabric prestressing in low-deformation 
systems has been studied by using the finite-element method 
of analysis. Fabric prestressing seems to increase the 
confining stresses in granular layers; their shear-strength 
and load-deformation characteristics are thereby improved. 
The maximum allowable prestressing tension is limited by 
fabric slippage relative to adjacent soil layers or passive 
failure in the granular layer. Additional experimental work 
is required to verify analytical predictions of the beneficial 
effects of fabric prestressing. 
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Figure 4. Response of two.fayer system under repeated loads. 
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