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What is an unpaved road?
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An unpaved road is a layer of aggregate (the base)

resting on subgrade soil 

Subgrade

Base

and subjected to traffic. 
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The subgrade 

carries the load.

The aggregate base 

distributes the load.
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Therefore, 

improvement 

of unpaved roads 

consists in 

improving load distribution 

and 

improving the subgrade 

bearing capacity.
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We will discuss 

unpaved road improvement 

with geosynthetics.

GEOTEXTILES GEOGRIDS 



6

Subgrade

Base

UNPAVED ROAD 

WITHOUT 

GEOSYNTHETIC
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Subgrade

Base

UNPAVED ROAD 

WITH GEOSYNTHETIC



The two symptoms 

of dysfunction 

of an unpaved road:

ÅComplete collapse

ÅExcessive rutting
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The most typical 

symptom of dysfunction 

is excessive rutting.

Complete 

collapse is rare.
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There are many causes 

of rutting.

They can be organized 

in three categories.
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CAUSES OF RUTTING
ÅDeformation of base
ïCompaction of aggregate under repeated traffic loading

ïLateral spreading of aggregate

ïBearing capacity failure of base

Å Interaction base/subgrade
ïLoss of aggregate into the subgrade

ï Intrusion of fine subgrade particles into the base, 
which makes the base material more likely to deform

ÅDeformation of subgrade
ïAccumulation of subgrade deformation due to repeated 

traffic loading

ïBearing capacity failure of subgrade (possibly due to 
improper load distribution resulting from base deterioration)
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CAUSES OF RUTTING
Bearing capacity 

failure of base
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CAUSES OF RUTTING
Compaction 

under the wheel



Lateral spreading

of aggregate 

CAUSES OF RUTTING



Loss of aggregate

into subgrade

CAUSES OF RUTTING



Intrusion of 

subgrade particles

CAUSES OF RUTTING



Progressive 

deformation of 

subgrade

CAUSES OF RUTTING



and subgrade 

bearing capacity 

failure

CAUSES OF RUTTING
Progressive 

deformation of 

subgrade
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Geosynthetics improve unpaved roads

ÅDeformation of base

ÅInteraction base/subgrade

ÅDeformation of subgrade

by addressing the three causes of rutting

REINFORCEMENT OF AGGREGATE

REINFORCEMENT OF SUBGRADE

SEPARATION

Two geosynthetic functions are involved.



Two geosynthetic 

functions are involved:

ÅSeparation

ÅReinforcement

20

The separation function 

will be discussed first.



By separating the base 

and the subgrade, 

a geosynthetic:

Åprevents the loss of aggregate 

into the subgrade;  and

Åprevents intrusion 

of fine subgrade particles 

into the base.
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WITH 

SEPARATION
WITHOUT 

SEPARATION

TYPICAL ILLUSTRATION 

OF THE SEPARATION FUNCTION 



Which type of geosynthetic 

provides separation?

ÅThe obvious answer is: a geotextile.

ÅIndeed, a geotextile with adequate 

puncture and tear strength 

prevents the loss of aggregate 

into the subgrade

and, with adequate opening size, 

prevents intrusion of fine particles 

from subgrade into the base.
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Geotextile used as separator



SEPARATION WITH GEOTEXTILE

Section without geotextile: dark color

Section with geotextile: light color

Photo taken after intensive traffic



Which type of geosynthetic 

provides separation?
ÅBut a geogrid can also provide 

some degree of separation.

ÅA geogrid with adequate aperture size 

prevents the loss of aggregate 

into the subgrade.

ÅA geogrid that keeps the aggregate 

together reduces the opportunities 

for intrusion of the base 

by fine particles from the subgrade.
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Åa geotextile performing the 

separation function; and 

Åa geogrid performing the 

reinforcement function.
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Sometimes, the functions of 

separation and reinforcement 

are performed by 

two different geosynthetics. 



SEPARATION & REINFORCEMENT
A geotextile

is 

associated 

with 

a geogrid.
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When is it necessary to add a geotextile 

to a geogrid for separation ?

A geotextile separator should be added 

when filter criteria between 

the subgrade soil and the aggregate 

are not satisfied.

This is typically the case 

if the aggregate is open graded

and there is a significant amount 

of fines in subgrade.



From now on, 

the reinforcement function 

will be discussed.
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As mentioned earlier, 

two ways an unpaved road 

can be improved are:

Åby improving load distribution

Åby improving 

subgrade bearing capacity  
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This is done very effectively 

by geosynthetic reinforcement.



The geosynthetic:

Åimproves the ability of the base 

to distribute loads

Åcarries out load transfer through 

the ñtensioned membrane effectò 

32

First:

IMPROVEMENT OF 

LOAD DISTRIBUTION
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First, we discuss 

load distribution 

by the base.

The famous 

ñtensioned membrane effectò 

will be discussed later.



A geosynthetic 

(in particular, a geogrid) 

provides 

tensile strength

and, more importantly,  

tensile stiffness

at the bottom of the base. 
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As a result the geosynthetic 

has two beneficial effects. 



Two beneficial effects:
Åit minimizes deterioration of the base 

by preventing

shear failure of the base

(thanks to tensile strength)

lateral spreading of aggregate

(thanks to tensile stiffness)

Åit increases the modulus of the base

(thanks to tensile stiffness)
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INCREASE OF BASE MODULUS

It is known from 

the theory of elasticity 

that, in a two-layer system, 

the stress distribution

on the lower layer 

depends on the modulus

of the upper layer. 
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TWO-LAYER 

SYSTEM
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E1 > E2

E2

Stress

Stress 

in uniform soil

DISTRIBUTION 

OF NORMAL 

STRESS

Stress 

in two-layer 

system 
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E1 > E2

E2

Stress

Stress 

in uniform soil

Stress 

in two-layer 

system 

There is a significant 

stress distribution 

difference between 

a two-layer system 

and a uniform soil.

A base 

with a high modulus 

reduces drastically 

the stress 

on the subgrade 

under the wheel.

REDUCTION
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STRESS DISTRIBUTION

It is known from the theory of elasticity that, 

in a two-layer system, 

the stress distribution on the lower layer 

depends on the modulus of the upper layer. 

It is also known from the theory of elasticity 

that there are tensile stresses

at the bottom of the upper layer, 

which weakens the upper layer and reduces 

the stress distribution effectiveness. 



41

Tensile stresses at the 

bottom of the upper layer

With its high modulus, 

the upper layer is acting as a beam, 

which explains the tensile stresses.



STRESS DISTRIBUTION

(continued)

Therefore, the stress distribution effectiveness  

of the upper layer 

can be increased 

by adding tensile stiffness

at the bottom of the upper layer.

Hence the use of reinforcement

at the bottom of the upper layer.



To impart tensile stiffness

to the aggregate 

at the bottom of the base, 

there are two mechanisms: 

Åinterface friction between 

geotextile and aggregate

Åinterlocking of 

geogrid and aggregate
43



HIGH-STRENGTH WOVEN GEOTEXTILE

Interface friction 

between geotextile 

and aggregate 

is limited.

Interlocking is a 

more effective 

form of interaction.
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Interlocking exists only 

with geogrids,

and only if there is 

adequate relationship

between the 

geogrid opening size 

and the aggregate size.

INTERLOCKING

Geogrid
Stress



EXAMPLE OF GOOD INTERLOCKING

BETWEEN AGGREGATE AND GEOGRID 
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ÅGeogrid aperture size 

relative to aggregate size.

ÅShape and stiffness

of transverse ribs.

ÅStrength of junction 

between perpendicular ribs.

PARAMETERS OF INTERLOCKING
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The reinforcement function of a geosynthetic 

is more effective 

if there is less relative displacement between 

the geosynthetic and the aggregate.

If there is good interlocking 

between a geogrid and aggregate, 

the relative displacement required to 

mobilize interlocking 

is less than the relative displacement 

required to mobilize interface friction.

Therefore, geogrid-reinforced aggregate bases 

can be expected to deform less 

than geotextile-reinforced aggregate bases. 



QUANTIFICATION 

OF STRESS DISTRIBUTION

ÅIt is generally accepted that 

the best approach 

to determine stress distribution 

is to use the theory of elasticity.

ÅThis is done routinely in 

geotechnical engineering. 
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ÅHowever, the stress distribution 

in two-layered systems 

from the theory of elasticity 

is too complex 

to be incorporated 

in the equation 

for base thickness.
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QUANTIFICATION 

OF STRESS DISTRIBUTION



ÅIt is generally accepted that 

an approximation

of the elastic stress distribution 

is provided by 

a stress distribution angle.
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QUANTIFICATION 

OF STRESS DISTRIBUTION
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ILLUSTRATION OF STRESS DISTRIBUTION ANGLE



Selection of the 

stress distribution angle

ÅClearly, the stress distribution angle is 

a conventional way to quantify what is 

more accurately quantified by the 

theory of elasticity.

ÅTherefore, the stress distribution angle 

should be calibrated

using the theory of elasticity. 
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We have just 

discussed 

stress distribution 

by the base.

Now we can discuss 

the ñfamousò 

ñtensioned membrane effectò .
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The tensioned membrane effect 

is ñfamousò because, 

in early attempts at explaining 

the behavior of unpaved roads, 

it was thought that 

the tensioned membrane effect 

was the main mechanism governing 

the performance of unpaved roads.

We will see that it is not the case.
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TENSIONED MEMBRANE EFFECT

Due to the traffic loads, the geotextile is deformed 

and is, therefore, under tension.

Under the wheels, due to rutting,

the geotextile has a concave shape. 



TENSIONED MEMBRANE EFFECT

The geosynthetic tensions on each side 

of the concave shape are shown in green.

The resultants of these tensions are shown in red. 

These resultants contribute to wheel support.



From the analysis just presented, 

the tensioned membrane effect 

requires rutting.

and we will see that, for typical rut depths, 

the tensioned membrane effect is negligible. 



As mentioned earlier, 

the two ways an unpaved road 

can be improved are:

Åby improving load distribution

Åby improving 

subgrade bearing capacity  
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We have discussed 

the two aspects of load distribution: 

load distribution by the base 

and tensioned membrane effect.



As mentioned earlier, 

the two ways an unpaved road 

can be improved are:

Åby improving load distribution

Åby improving 

subgrade bearing capacity  
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Now, we will discuss how 

subgrade bearing capacity is improved 

thanks to subgrade confinement 

by geosynthetic reinforcement.
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The three mechanisms of improvement



Geotextile confining the subgrade soil

Test at WES
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Consider the deflexion, d, 
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Here is the classical bearing capacity curve 
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p uc

( )p+2 uc
ULTIMATE BEARING CAPACITY

ELASTIC 

LIMIT

Very large deformation 

beyond the elastic limit

d

Pressure p

WITHOUT 

SUBGRADE 

CONFINEMENT
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Therefore, unpaved roads 

without geosynthetic 

must be designed

for loads equal to 

the elastic limit.
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Subgrade confinement 

is similar to 

tensioned membrane effect

(upside down). 

This ñinverted tensioned 

membrane effectò

results in a slight increase 

in bearing capacity 

of the subgrade soil.



d

p

p uc

( )p+2 uc
WITHOUT 

SUBGRADE 

CONFINEMENT

WITH SUBGRADE CONFINEMENT

Safe design with no 

excessive deformation 

d

Pressure p

ULTIMATE 

BEARING 

CAPACITY
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WITHOUT SUBGRADE  CONFINEMENT

Elastic limit:     p= up c

Ultimate bearing capacity:

(normal stress)     
( )p= +2 up c

Ultimate bearing capacity:

(inclined stress)     

på õ
= +æ ö
ç ÷

3
1

2
up c

WITH SUBGRADE  CONFINEMENT

GEOGRID 

GEOTEXTILE
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REVIEW 

OF 

DESIGN METHODS 

FOR 

GEOSYNTHETICS-REINFORCED 

UNPAVED ROADS
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Steward et. al. 

Method 

(1977)



72

Steward, Williamson & Mohney (1977) Method

The method published by Steward et al. 

for the US Forest service and adopted by 

the US Corps of Engineers and the FHWA 

is, in fact, the method

developed in 1975 by Barenberg, but 

presented generically for all geotextiles 

(whereas the Barenberg method 

was developed for a specific geotextile).
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Steward et al. Method

The contribution of the base is quantified 

by calculating the pressure on the subgrade

using Boussinesqôsequation 

(which assumes that the base and subgrade 

form a uniform medium).

In other words, the properties

of the base material are ignored: 

only the thickness 

of the base is considered in load distribution.



E1 > E2

E2

Stress

Stress 

in uniform soil

(Boussinesq)

There is a huge 

difference between 

the stress 

distribution in a 

two-layer system 

and the stress 

distribution 

obtained from 

Boussinesqôs

equation.

Stress 

in two-layer 

system 



E1 > E2

E2

Stress

Stress 

in uniform soil

(Boussinesq)

This is a limitation 

of the 

Steward method.

Stress 

in two-layer 

system 

As a result, it will be 

difficult to adapt 

the Steward method 

to geogrids, 

since the main benefit  

of geogrids 

is to improve 

stress distribution.
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Steward et al. adopted

the bearing capacity factors 

proposed by Barenberg et al. 

(based on laboratory tests)

for ruts deeper than 100 mm (4 in.) 

and 100 passes, 

and proposed factors 15% lower 

for ruts less deep than 50 mm (2 in.) 

and 1000 passes.
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NUMBER 

OF PASSES
RUT DEPTH

WITHOUT

GEOTEXTILE 

WITH 

GEOTEXTILE 

100
> 100 mm

(4 in.)
3.3 6.0

1000
< 50 mm

(2 in.)
2.8 5.0

Values of bearing capacity factors 

used in the Steward et al. method

Number of passes is for equivalent 

80 kN axle load (18 kips).
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Steward et al. prepared charts

for a variety of wheel and axle loads.

Due to their simplicity, 

and because they have been adopted 

by several official agencies 

(Forest Service, Corps of Engineers, FHWA), 

Stewardôs charts have been 

extensively used in the USA.
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Charts as 

shown in 

manuals

(FHWA, 

US Army 

COE, 

etc.)



80



81

Recently, Tingle and Webster (2003) 

proposed to extend the use 

of the Steward method to geogrids, 

with a bearing capacity factor of 5.8 

instead of 5.0 for geotextiles.

NUMBER OF 

PASSES

RUT

DEPTH

WITHOUT

GEOTEXTILE 

WITH 

GEOTEXTILE 

WITH 

GEOGRID

100
> 100 mm

(4 in.)
3.3 6.0

1000
< 50 mm

(2 in.)
2.8 5.0 5.8
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Designing an unpaved road with geogrid 

by just increasing 

the bearing capacity factor

is not sufficient.

This neglects the main effect 

of geogrids, 

which is to provide lateral restraint 

to the aggregate in the base, 

thereby improving load distribution.
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Giroud & Noiray

Method 

(1981)
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The Giroud & Noiray method 

was the first method 

using a stress distribution angle. 

However, in the Giroud & Noiray method, 

the stress distribution angle 

was not used to its full extent: 

it was not calibrated 

using the theory of elasticity 

and the same value was used 

for the unreinforced and the reinforced cases. 
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s Assumptions:

Parabolic shape

Constant volume

The Giroud & Noiray method 

is the only method 

where the tensioned membrane effect 

is quantified.
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Plastic limit

( +2) cu
Elastic limit

cu

The Giroud & Noiray method 

was the first method using 

theoretically justified 

bearing capacity factors.
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The Giroud & Noiray method 

was the first method 

accounting for the effect of traffic

based on full-scale tests.

FULL-SCALE TESTS

+ - -
¡=

0.63

119.24 log 470.98 log 279.01 2283.34

EMPIRICAL EQUATION BASED ON FULL-SCALE TESTS

o

u

N P r
h

c
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Due to the numerous parameters, 

the charts are complex.

However, the 

Giroud & Noiray method 

has been used 

world wide.



89

It is important to note that 

the Giroud & Noiray method, 

which was developed with the belief 

that the tensioned membrane effect 

was important, 

has been used to demonstrate 

that the tensioned membrane effect 

is not important.

It is negligible for rut depths 

of 75 mm (3 in.) or less.
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Since it has been shown that 

the tensioned membrane effect 

is negligible, 

it is clear that the tensile properties 

of the geosynthetic 

are not the governing properties.

The focus is now on the ability 

of the geosynthetic 

to provide lateral restraint to the aggregate.
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The Giroud & Noiray method 

(1981) 

led to the development of

the Giroud & Han method 

(2004). 
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Giroud & Han Method (2004)

Published in the 

Journal of 

Geotechnical and 

Geoenvironmental 

Engineering 

of the ASCE 
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The Giroud & Han method 

uses the same equation 

for unreinforced and reinforced unpaved roads.

a p

å õ
² -æ öæ ö

ç ÷
2

1
tan c u

r P
h

r m N c

a

=

=

=

=

required base thickness

load distribution angle

radius of load (equivalent to wheel or dual wheel)

bearing capacity mobilization coefficient

h

r

m
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Giroud & Han Method

a p

å õ
² -æ öæ ö

ç ÷
2

1
tan c u

h
cN

r P

r m

The bearing capacity factor, Nc , is 

theoretically justified and 

depends on the type of reinforcement:

p

p

p

=

= +

= +

 no reinforcement

2  geotextile reinforcement

3
1  geogrid reinforcement

2

c

c

c

N

N

N
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pa

å õ
² -æ öæ ö

ç ÷
2

1
tan c u

r P
h

r m N c

The stress distribution angle,ȧ, depends on:

Ånumber of traffic passes

Åsubgrade and base properties 

Ågeosynthetic properties 

Giroud & Han Method

It was calibrated using the theory of elasticity 

and laboratory and field tests.
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STRESS DISTRIBUTION ANGLE

( )a

+
=
+ -

1 0.868 log

tan 1 0.204 1E

C N

R

In particular, the term C was calibrated 

using the aperture stability modulus

for a given geogrid:

( )å õ
= - æ ö

ç ÷

1.5

20.661 1.006
r

C J
h

= Awhere   geogrid aperture stability modulus (m-N/ )J
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ñThe aperture stability modulus 

is a direct measure of 

the in-plane stiffness 

and stability of the ribs and junctions 

of the geogrid.ò

as stated in the FHWA draft manual on 

Geosynthetics Engineering 

Courtesy J. Han 
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SASM@20cm-kg = 3.48 ï2.14*TIF + 0.981*TIF2 (R2 = 0.966)

The aperture stability modulus was used 

because of good correlation with performance 

as shown by Websterôs  full-scale tests (1992).

(US Corps of Engineers)

Courtesy J. Han 
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A more complete calibration could be done.

A more complete calibration 

would probably involve 

other geogrid properties 

in addition to 

the aperture stability modulus, 

e.g. junction strength, 

aperture size and aspect ratio,

rib thickness and profile, etc.
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It is often asked why 

the Giroud & Han method 

has not been calibrated 

using the tensile strength at 5% strain.

Full-scale tests have shown 

no correlation between performance 

of geogrid-reinforced unpaved roads 

and tensile strength at 5% strain.
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No correlation between TBR and T at 5% 
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TBR data from Watts et al. (2004)



DISCUSSION 

ÅIf tensile strength was governing 

the performance of unpaved roads, 

then high-strength woven geotextiles 

would outperform geogrids. 

This is not the case.

ÅClearly properties 

other than tensile strength 

should be used in calibration

and in design.
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DISCUSSION 

ÅSo far, the Giroud-Han method 

has been calibrated with only two geogrids, 

made by the same manufacturer, 

using one manufacturing process. 

ÅBut the method is generic 

and calibration should be done 

for all other types of geosynthetics 

(in particular all other types of geogrids) 

rather than trying to adapt (or even adopt) 

the published calibration.
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COMPARISON OF 

DESIGN METHODS
AND

COMPARISON WITH 

FULL-SCALE TESTS

104
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Full-scale tests by Tingle and Webster, US Army COE (2003)

4000 passes of 73.5 kN (16.5 kips) axle 

with tire pressure of 516 kPa (75 psi), 

Subgrade CBR = 0.7
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Considered 

road test 

section 

Aggregate Thickness (in.)

Measured

Calculated required thickness 

Steward / 

COE

Giroud & 

Noiray

Giroud & 

Han

Unreinforced

Geotextile

Geogrid 

20

15

10

21

14

12

33

26

23

17

10

COMPARISON WITH FULL-SCALE TESTS

Full-scale tests by Tingle and Webster, US Army COE (2003)
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Considered 

road test 

section 

Aggregate Savings (in.)

Measured

Calculated savings

Steward / 

COE

Giroud & 

Noiray

Giroud & 

Han

Geotextile

Geogrid 

5

10

7

9

7 6

13

The Giroud & Han method slightly overestimates 

the benefits from both geotextile and geogrid, 

but it correctly indicates 

that the benefit from the geogrid 

is about twice the benefit from the geotextile. 
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Considered 

road test 

section 

Aggregate Savings (in.)

Measured

Calculated savings

Steward / 

COE

Giroud & 

Noiray

Giroud & 

Han

Geotextile

Geogrid 

5

10

7

9

7 6

13

The Steward/COE method does not show 

a significant difference between the benefits 

from geotextile and geogrid

because it does not account for 

the improved load distribution by the geogrid. 
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The fact that geogrid reinforcement 

saved 10 in. of aggregate 

can be interpreted on the basis of cost.

Cost of aggregate: 0.6 to 1.2 $ / in.-sq.yd

Cost of geogrid:      2.4 to 4.8 $ / sq.yd

Therefore, a geogrid is equivalent to 

2-8 in. of aggregate, typically 4 to 6 in. 

The 10 in. of aggregate savings 

more than justify the cost of geogrid.



CASE HISTORIES 
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Greyton Road

Cleveland, Ohio 

2005

A project of the City of Cleveland
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SR 30 Roadway
Wayne County, Ohio

2005

A Ohio DOT project





Crushed limestone

with large amount of fines

(not ideal, but acceptable)



Crushed limestone,     < 1.5 in.

Geogrid apertures: 1.0 X 1.3 in.

for maximum interlocking

(in spite of large amount of fines)
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South Avenue 

Youngstown
Ohio

2002
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Subgrade 

problems


