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Extended Abstract 

Unpaved roadways are defined as roads constructed by covering the soft subsoil with aggregates (sand or gravel), 

forming the bases of the road surface, without any asphalt layer on top. Such projects are characterized as either 

temporary (construction site use) or permanent (log life) based on the traffic load they are designed to curry. 

Improved mechanical behavior of unpaved roads is encompassed by the use of geotextiles. Soil having negligible 

tensile response is unable to undertake tensile stresses induced by traffic loading. The application of geotextiles in 

roadways as an effective reinforcing technique began in early 70’s aiming to undertake these tensile stresses thus 

favorably influencing the load-carrying capacity of the composite structure. Geotextiles are manufactured from 

polymers and are effectively mobilized in tension when they are placed between a soil of low undrained shear 

strength (i.e., , California Bearing Ration (CBR) in between 1 to 3, note CBR = 1 is approximately equal to cu≈ 

30kPa) and the aggregate base intending to a more rigid response as a result of the uniformly distributed 

reinforcement. In these cases the geotextile also serves as separator, preventing the penetration of fine-grained soil 

particles in the coarse-grained aggregate base. For moderate CBR values (up to 8) these materials are used for 

stabilization (less effective as reinforcement, more effective as separator). Another advantage of the geotextiles is 

the use of aggregates of lower quality
 [1]

. Geotextiles are classified in two basic categories, the woven and non-

woven; the former are stiffer materials (their modulus of elasticity E ranges between 100 to 1000kN/m with an 

ultimate strain in between 10-18%) as compared with the non-woven which have a broader strain capacity (the 

corresponding values are 15 - 100kN/m and 40-70%). 

At the same period, the empirical application of geotextiles in reinforcing unpaved roadways was supported with 

the development of design guidelines
 [1-4]

 for the calculation of the aggregate base thickness as a function of several 

parameters, namely the soil mechanical properties, the traffic load (axle load an number of passes), the rut depth 

induced by the vehicles tires and the mechanical properties of the geotextiles. Through these design methods the 

engineers can improve the function of the roadway either by increasing the traffic load that can be sustained by a 

certain thickness of the base, or by reducing the thickness of the aggregate base for a target traffic load, or a 

combination of both scenarios. 

In this paper, the internationally established methods (Giroud & Noiray; Giroud et. al (1985) 
[3, 4]

; Stewart; 

Williamson & Mohney (1977) 
[2]

; Giroud & Han (2004) 
[1]

) for the design of unpaved roadways reinforced with 

geotextiles are compared aiming to analytically explore their parametric sensitivity and the degree of their 

convergence in the analytical results (i.e., regarding the calculated aggregate base thickness), as show in in Table 1. 

For this purpose spreadsheets with embedded subroutines are developed aiming for the iterative solution of the 

governing equations (equilibrium and kinematics). After confirmation of the analytical results obtained through 

these spreadsheets in comparison with internationally published examples
[5]

, these practical design tools were used 

in performing parametric analyses (Fig. 1, see also reference
[7]

) considering common variables (number of vehicle 

passes, axle load, tire pressure of the vehicle, rut depth due to traffic and the subsoil characteristics based on the 

CBR) as well as a more detailed definition of the geotextile effective tensile strain. The latter can be either a preset 

elastic design limit (i.e. less than the 1/3 of the ultimate strain) or it is calculated from the deformation pattern of the 

geotextile induced both by the rut depth and the distance between vehicle wheels
[6]

 (to be accepted, this strain should 

be in the elastic range of the material tensile response). The difference between these two alternatives of geotextile 

strain definition can be interpreted as follows: when the designer choses a preset, arbitrary limit, this means that the 

material probably is not going to develop such a magnitude thus the resulting aggregate base thickness is actually 
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referred to a reduced performance to a lower number of vehicle passes. This is more critical when designing for 

practically non-deformed roads (the rut depth is minimum) and the material stiffness is high but it moderates for 

lower values of E. Finally, from the analysis it may be concluded that the higher the rut depth and the number of 

vehicle passes are for a given soil of poor-to-moderate shear strength, the stronger the geotextile (i.e. the higher its 

Elastic Modulus) is deemed appropriate for an efficient thickness of the stone-aggregate layer. 

Table 1: Results of the aggregate base thickness of an unpaved reinforced road from the collected methodologies. 

Calculation of 

the aggregate 

base thickness 

Giroud and Noiray
[3] 

and 

Giroud et al.
[4]

 

Holtz and 

Sivakugan
[5]

 
Giroud and Han

[1]
 

Steward, 

Williamson and 

Mahoney
[2]

 

Common parameters for all methods: CBR = 1, axle load P=80kN, Tire inflation pressure pc 

=480kPa, Number is passes N=1000 (and 10.000), Rut depth s=75mm, E=200kN/m 

Note: Values in parenthesis refer to N=10.000 

ho (mm) 313 (313) - - - 

ho
'
 (mm) 570 (760) 555 (740) 465 (510) 475 (475) 

h (mm) 

Calculated strain: 

0.013 (0.014) 
160 (160) 

- - - 

Preset strain 0.1 113 (113) 

h' (mm) 

Calculated strain: 

0.013 (0.014) 
417 (607) 

432 (616) 315 (365) 325 (325) 

Preset strain 0.1 370 (560) 
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N=1000 

N=10.000 

s=150mm 

E=300kN/m 

Figure 1: Required aggregate thickness h’ versus CBR 

values considering the two alternatives in definition of the 

fabric strain for two vehicles passes N and s=150mm.  The 

explicitly defined effective strain of the geotextile ranges 

between 0.045 and 0.07 and the preset limit is 0.1 (values for 

other constants are: pc=550kPa, ao=a=26o, e=2m) 


