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Localized mobilization of geotextile reinforcement force at failure surface 

Mobilisation localisee de la force de renforcement du geotextile en surface de rupture

P.V. Long, D.T. Bergado & A. S. Balasubramaniam -  S chool o i C iv il E ngine e ring, A sia n Institute  o f T e chnology (AIT ), Ba ngkok, T ha ila nd

P. Delmas -  Bidim , F ra nce

ABSTRACT: The orientation and magnitude of geotextile reinforcement force associated with slip failure are the key parameters 

affecting on the stability analyses o f reinforced embankments. Presently, these parameters have been selected arbitrarily and even 

independently. The large direct shear tests with inclined geotextile reinforcements as well as the finite element modelling for reinforced- 

soil mass that simulate the actual conditions of slip failure in the field have been conducted for investigating the relationship between the 

inclination factor, the reinforcement stiffness, and the localized mobilization of reinforcement strain during shear. The orientation and 

magnitude of reinforcement force can then be estimated from this relation.

1 INTRODUCTION

Limit equilibrium analyses with circular slip surfaces have 

been commonly used in conventional design of geotextile 

reinforced embankments on soft ground. In this method, two 

important factors have to be considered, namely: (i) the mobilized 

tensile strain (or limiting strain) in the geotextile near the vicinity 

of the shear surface at the limit equilibrium state which will 

dictate the magnitude o f the mobilized tensile force, and (ii) the 

orientation o f the geotextile tensile force which is represented by 

the inclination factor, If. In practical design, however, these 

factors have often been selected arbitrarily. The limiting strain, 

Elm, may compose o f two main components: the mobilized strain 

prior to slip failure, ec, that is mainly caused by the undrained 

lateral displacement o f foundation soil during embankment 

construction and the localized strain associated with slip failure, 

e]c, that is caused by the local bending of reinforcement at the 

vicinity of shear surface at onset o f failure. The value of E lm may 

be taken from 2 to 10 % depending on the behavior of foundation 

soil as suggested by Bonaparte & Christopher (1987). The values 

of If is usually selected independently and in the ranges from 0 to

1 corresponding to horizontal and tangential direction of the 

reinforcement force, respectively. The reinforcement force has 

been considered to act horizontally by Fowler (1982) and Jewell 

(1982), tangentially by Quast (1983) and Delmas et al. (1992) as 

well as between tangential and horizontal (bisector) direction 

(Rowe & Soderman, 1984; Low & Duncan, 1985; Bonaparte & 

Christopher, 1987; Huisman, 1987; Rowe, 1992). Because the 

localized strain, elc, is caused by the local bending of the 

reinforcement near the vicinity of the slip surface, thus, the value 

of Elc must be related with the inclination factor, If. The values 

of £[c and Ir during shear and the relation between these factors 

were investigated in this study by means of large direct shear tests 

across geotextile reinforcement and finite element method (FEM).

2 LARGE DIRECT SHEAR TEST

2.1 Test setup and instrumentation

This study involves the use of low-strength, nonwoven needle- 

punched geotextile reinforcement (TS700) having the nominal 

mass of 280 g/m2 and ultimate tensile strength of 18 kN/m. The 

silty sand that has been widely used in construction of highway 

embankments on Bangkok area was employed as backfill material. 

The tests were conducted in large direct shear box having the

inside dimensions o f 930 mm in length by 580 mm in width and 

560 mm in height. The compaction was done with 150 mm lift 

at moisture content o f 13 % and dry density o f 17 kN/m3 

corresponding to 95 % standard Proctor. Then, the compacted 

backfill soil was cut to the desired inclination angle o f 60° from 

the horizontal surface. Subsequently, the geotextile specimen 

having dimensions o f 580 mm in width by 1000 mm in length 

was located in place as seen in Fig. 1. Finally, the geotextile was 

covered with soil compacted in 150 mm lifts. Lead wires were 

also placed in between soil and geotextile for directly measuring 

the deformed shape of interface surface after testing. The normal 

stress was applied by pressurized air bag. The shear force was 

applied by a 225 kN capacity electro-hydraulic controlled jack 

and was measured by an electrical load cell. The rate o f shearing 

was kept at 2 mm per minute throughout the tests. The 

displacements were measured by means of LVDT. The locations 

o f displacement measurements are schematically shown in Fig. 2. 

A total of five LVDTs have been used: one for displacement of 

shear box, two for geotextile displacements (points G, and G2) 

and two for soil at soil-geotextile interface surface (point O and 

point B). The LVDTs were connected to the measured points in 

the geotextile by high-strength wires with rivets. The connection 

to the measured points in the soil is done by means of an 

L-shaped aluminum anchor. Both load cell and LVDTs were 

connected to an Automatic Data Acquisition (ADA) system using 

the 2 IX Micro Datalogger. After each test, the orientation of 

geotextile was determined by digging out the backfill soil and 

plotting the new position of the interface surface between 

geotextile and backfill soil.

2.2 Method o f  interpretation

The mobilized strain in geotextile reinforcement near the shear 

surface can be calculated from the displacement o f the 

reinforcement measured at locations G, and G2 in Fig. 1 as 

follows:

where d h d2 are the measured displacements of geotextile at 

points G, and G2, respectively, and 1,2 is the original distance 

between these points. The value of 1,2 o f 50 mm was set for all 

tests.
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Fig. 1 Instrumentation for large direct shear tests

Fig. 2 Schematic diagram for calculating the inclination factor

In Eq. 6, AA1, BB' and 0 0 ' are horizontal displacements o f points 

A, B and O, respectively, that are measured by LVDTs as 

described previously. The values of a  obtained from Eq. 3 have 

also been verified by the direct measurements of the interface 

surface after digging out the soil at the end of each test.

2.3 Interpretation o f  test results

The shear force per unit width o f shear box versus shear 

displacement curves for geotextile reinforced sand are presented 

in Fig. 3. The results o f the corresponding tests without 

reinforcement are also plotted in this figure as dotted lines for 

comparison. The test results indicated the peak load carrying 

capacity of geotextile reinforced soil. The local strains mobilized 

in geotextile at the location near the shear surface are plotted as 

functions o f shear displacement in Fig. 4. Corresponding to the 

shear displacement at peak strength o f unreinforced soil, the 

mobilized strains in geotextile reinforcement were in the order of

3 % to 8 %.

The deformed shapes of the interface surface between soil and 

geotextile measured at the end of each test (after excavating the 

backfill soil) are presented in Fig. 5. From these figures the 

inclination factors at the end of testing can be calculated and 

plotted as the fill markers in Fig. 6 . The values of inclination 

factor, If, interpreted by Eq. 3 are also presented in this figure as 

functions o f shear displacement (empty makers). The test results 

indicated that the orientation o f geotextile reinforcement cannot 

reach the tangential direction of shear surface even at shear 

displacement as large as 80 mm. At shear displacement of 60 to 

70 mm when the backfill soil has fully reached the critical slate 

strength (as referred from Fig. 3), the value of inclination factor 

is in the order o f 0.50 or bisectional direction. Moreover, the 

inclination factor seemed not much dependent on the applied 

vertical stresses.

The inclination factor, If, o f geotextile reinforcement is

expressed by following equation:

L = 1 -  — (2)

where a 0 and a , respectively, are the original and current 

inclination angles o f the geotextile as seen in Fig. 2. From this 

figure, under shear displacement u, the interface surface between 

geotextile and backfill soil OBA moved to O'B'A'. For estimating 

the value of a  corresponding to current shear displacement, u, the 

following assumptions have been made: i) the current interface 

surface O'B'A' is approximated by a parabola, y = ax2 + bx + c, 

and ii) the vertical displacements of points O, B, and A were 

neglected. For the purpose of estimating the curvature at point O, 

the first assumption may be reliable if point B is located in the 

highly deformed zone. The second assumption is acceptable 

because the vertical displacement is small comparing to the 

horizontal displacement. From these assumptions, the following 

expressions can be derived:

2 2

yAXi
tana =

x .,x n

-yBxA

-x„,xA
(3)

where yA and yB are the vertical coordinates o f points A and B as 

illustrated in Fig. 2. The others are given as follows:

xA =  u a  -  “ o  +  y Ac o t  a 0 (4)

xB = uB - Uo + yBcot a 0 (5)

uA = AA', uB = BB' and Uq = 0 0 ' (6)
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3 FINITE ELEMENT MODELLING

program can be used successfully in modelling the direct shear 

mechanism across geotextile reinforcement.

3.2 Modelling o f  fie ld  condition

Due to the limitation of shear box dimensions and the direction 

o f applied normal pressure, the direct shear tests presented in 

Section 2 cannot simulate satisfactorily the field condition. Thus, 

the finite element modelling that has been validated as mentioned 

in Section 3.1 was used for investigating the large size sample 

with horizontal reinforcement and inclined shear surface which 

usually occur in the field. The sample dimensions of 6 m length 

by 2 m height were assumed. The angle between shear surface 

and horizontal direction of 60° is adopted. Similar element type, 

the model and model parameters for soil and soil-geotextile 

interface which were used in back-analysis o f the test data were 

employed. The finite element mesh consisting of 1159 nodes 

with boundary condition of prescibed displacements simulating 

the shearing process is illustrated in Fig. 7.

3.3 Results o ffin ite  element analysis

The analyses were conducted with different values of 

reinforcement stiffness, S, o f 200, 1000 and 2000 kN/m. The 

normal stress o f 75 kPa was utilized for all cases of analysis.The 

typical deformed mesh at 0.53 m shear displacement is illustrated 

in Fig. 8 for geotextile stiffness o f 2000 kN/m. The calculated 

values of If plotted in Fig. 9 indicated that the inclination factor 

is dependent on the shear displacement but not on the geotextile 

stiffness. Also seen in this figure is the value o f Ir still far below

1.0 even at the shear displacement as large as 0.8 m. Thus, the 

assumption o f tangential direction of reinforcement force (If = 1) 

in slip analysis seems not reliable. As previously mentioned, only 

the bisectional direction (If = 0.5) can be attained. The values of 

geotextile strain near the intersection of reinforcement and shear 

surface, denoted as localized strain, e]c, are presented in Fig. 10 

as a function of the inclination factor. From this figure, the

3 .1 Validation o f  the finite element modelling

The PLAXIS finite element program (Vermeer & Brinkgreve,

1995) was employed. The finite element modelling of direct shear 

across geotextile reinforcement was validated by conducting the 

back analyses o f the test data. The soil specimen were modelled 

by 15-noded triangular elements. The soil-soil shear surface and 

the soil-geotextile interfaces were considered by using 10-noded 

interface elements. The Mohr-Coulomb's elastic perfectly plastic 

model was used for both backfill soil and soil-geotextile interface. 

The 5-noded bar elements using elastic stress-strain relation were 

employed for the geotextile reinforcement. The shearing process 

was simulated by applying the prescribed displacements at the 

boundaries  of the upper half o f the shear box. The good 

agreement between calculated and measured data that has been 

presented by Bergado et al. (1996) suggested that the PLAXIS
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relations between geotextile localized strain, elc, and inclination 

factor, Ir, can be approximated as straight lines having the slopes 

(eij/lf) o f 27, 14.2 and 10.8 corresponding to the geotextile 

stiffness of 200, 1000 and 2000 kN/m. Plotting the these values 

o f (eij/lf) versus geotextile stiffness (S) and using curve fitting 

method as given in Fig. 11, the following expression can be 

obtained:

ek = 225.1, S "04 (%) (7)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 7 0 8  
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Fig. 10 Localized strain-Inclination factor plots from FEM
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Fig. 11 Curve fitting for (e/If ) ~  S relation
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Fig. 12 Localized strain-normalized inclination factor from FEM

The good agreement between the FEM calculated results and 

the approximated relation given by Eq. 7 can be seen in Fig. 12. 

Therefore, the localized strain associated with slip failure can be 

estimated from the geotextile stiffness and the corresponding 

inclination factor. Moreover, the results o f large direct shear tests 

and finite element modelling implied that the ultimate orientation 

o f reinforcement force should be the bisectional direction. 

Furthermore, for practical application in stability analysis against 

slip failure, the shear strength of confining soil compatible w ith  

this direction should be determined at critical state.

4 CONCLUSIONS

1. The localized strain, elc, in geotextile reinforcement 

associated with slip failure has been found to be a function 

of geotextile stiffness and the corresponding inclination 

factor.

2. The inclination factor, If, seemed independent on both 

normal stress and geotextile stiffness. The ultimate value of 

Ir for practical stability analysis against slip failure should 

not be exceeded 0.5.

3. The strength parameters o f backfill soil compatible with the 

inclination factor o f 0.5 (bisectional direction) should be 

determined at critical state.
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