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Pullout Tests on the Nonwoven Geotextile

Field Pullout Tests

Only field pullout tests were performed on the norwoven geotextile. Geotextile specimens of
3 ft. and 4 ft. lengths were tested at various confining pressure from 3 psi to 11 psi. A list of
the pullout tests is shown in table 18. Figures 66 and 67 show the test results of the 3 ft. and 4
ft. lengths, respectively.

Table 18
Field pullout test results on the nonwoven geotextile
Pullout
No. of Overburden Length _
Test _ Resistance Failure Mode
blocks Pressure (psi) (f) .
(Kipg/ft)

NonWov-A3 20 115 3 2 Pullout
NonWov-A4 18 105 4 2.5 Pullout
NonWovw-B3 14 8 3 17 Pullout
NonWov-B4 12 7 4 1.8 Pullout
NonWov-C3 115 6.6 3 13 Pullout
NonWov-D4 55 3.2 4 2.2 Pullout
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Figure 66
Field pullout tests of the nonwoven of length 3 ft.
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Figure 67
Field pullout testsof the nonwoven of length 4 ft.
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Analysis of Pullout Test Results

Evaluation of Pullout Coefficients

The pullout resistance of geosynthetics reinforcement equals the amount of shear strength
along the length of the reinforcement and it is expressed in the form:

P,=2t,Le (3)
where P, isthe pullout resistance for unit width of the geosynthetics, t, isthe apparent shear
strength at the interface, and L. is the developed length of the reinforcement resisting the
pullout force. Figure 68 shows a schematic of the forces in the geogrid gecimen during

pullout. The shear strength at the interface is calculated from the relationship:
t.=sytand, + C, (4)
where s, is the normal stress at the reinforcement level, d, isthe apparent soil-reinforcement

interface friction angle, and C; is the goparent soil cohesion at the interface. Equations 3 and

4 result in an equation of the pullout resistance per unit widthin the form:
P.=2(s,tand,+ C) L, (5)

Equation 5 can be written in terms of the soil shear strength parametersj and C in the form:
Pr=2G (sytanj +C) L. (6)
where ] issoil friction angle, C is soil cohesion, and the C; term is the pullout coefficient of
interaction:

s, Xand +C,

Ci= .
s, xanj +C

()

The coefficient of interaction C; is adso known as the Interaction Factor and it is obtained
from laboratory and field pullout tests. It usually ranges from 0.6 to 1.0 for geosynthetic

reinforcement.
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Figure 68
The mechanism of pullout in geogrid specimen

The mgjor concern of using equation 6 in the calculation of the geosynthetic pullout
resistance pertains to the effect of the reinforcement extensibility on the pullout parameters.
Inextensible reinforcement (such as meta strips) moves as arigid member in the soil and
develops a uniform shear strength distribution along its length. Meanwhile, the interface
shear strength is not uniformly mobilized aong the length of extensible geosynthetics.
Accordingly, pullout resistance becomes a function of the specimen’s length and
extensibility. A correction factor, a, is introduced to account for such effect and the pullout
equation is written in the form [6, 7]:

P,=2F s’,a L. 6)
where F’ = the pullout resistance factor. It is commonly taken as [6]:

F =2/3tanj for geotextile reinforcement in granular soil

F' =0.8tan] for geogrid reinforcement in granular soil

And a = scaleeffect correction factor.

The scale effect correction factor a is a function of the nonlinearity of the pullout load along
the length of the geosynthetic as shown in figure 68. For inextensible reinforcement, a is
approximately 1.0 and it can be in the range of 0.6 to 0.8 for extensible reinforcement. In
order to determine the scale effect, pullout resistance needs to be evauated in tests with

various reinforcement lengths.
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Equation 8 can be used to estimate the pullout resistance of the geosynthetics providing that
the coefficients F~ and a are determined. Several enrpirical and theoretical methods have
been proposed in order to determine these coefficients from pullout tests [25, 26].

The direct gpproach to determine the value of F* coefficient is from direct shear tests with

the geosynthetic specimen at the interface. The value of F* can then be used with the results

of the pullout test to calculate the coefficient a.

The values of the pullout coefficients F and a depend on the type of geosynthetic and its
geometry, length, and confining pressure. The effect of these parameters is determined from
the results of lab and field pullout tests.

Effect of Confining Pressure

The results of laboratory and field pullout tests were used to calculate the coefficientsF~ and
a for 3-ft-long specimens and at various confining pressures.  Equation 8 was used to
determine the multiplier of the coefficients (F a) since both coefficients are a function of
the reinforcement extensibility and geometry. The effect of confining pressures on the
pullou coefficients is shown in figures 69 to 75 for the various types of geosynthetics in the
testing program. The results show that an increase in confining pressure results in a decrease
in the pullout coefficients. Flexible geogrids and geotextiles had comparable coefficients
from field and lab results. The coefficient multiplier (F'a) ranged from 0.4 to 0.7 for the
flexible geogrids (Tensar UX-750 and Stratagrid-500) and the woven geotextiles. For the
nonwoven geotextile, the coefficient was about 0.25 and was less dependent on the confining
pressure. For the rigid geogrids (Tensar UX-1500 and Tensar UX-1700), the pullout

coefficient multiplier (F"-a) was higher from field pullout results than from lab results.
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Pullout coefficient (Fa) for the Tensar UX-750
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Pullout coefficient (F™a) for the Tensar UX-1500
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Figure 72
Pullout coefficient (Fa) for the Stratagrid-500
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Pullout coefficient (Fa) for the woven Geotex 6x6
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Figure 75
Pullout coefficient (F a) for the nonwoven geotextile

Effect of Specimen Length

The results of field pullout tests at various specimen lengths were used to calculate the
pullout coefficient multiplier (F"-a) from equation 8. The results in figures 76 to 81 show the

pullout coefficients for the various geosynthetic materials. An increase in the specimen
length results in a decrease in the pullout coefficient.
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Pullout coefficient (F"-a) for the UX-1500
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Pullout coefficient (Fa) for the woven Geotx 6x6
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Effect of Reinforcement Extensibility

The confined extension modulus of the geogrid and geotextile specimens can be calculated at
the front element at the early stages of pullout. Figure 82 shows a schematic of the first
element of the geogrid gecimen. Displacements are measured at the front (Displ_0) and at
the first crossrib of the geogrid (Displ_1). The movement at the first cross-rib indicates that
the shear strength is mobilized along the full length of the first element and the confined
modulus is calculated from the equation:

(Fo-F1)/b

Et(conf.) = (Displ_o- Displ 1)/ 1

9)
where Et(conr) is the confined elastic modulus at the first element, Fo and Displ_O are the
pullout load and displacement at the front, respectively, F; and Displ_1 are the load and
displacement at the first crossrib, b is the width of the element, and L; is the length of the
element. The load F; was assumed zero when Digpl-1 is 0.1 in. This value insures that the
shear strength is fully mobilized along the length of the first element.

The calculations of Etony for the various types of geosynthetics are shown in figures 83 to

87. The figures show that the modulus at the first element is dightly higher than the

unconfined modulus of the material and its value increases with increased confining pressure.

l:Fm nt

Figure 82
Schematic of the forces at thefirst element



Confined Modulus (Kips/ft) .

Confined Modulus (Kips/ft)

50

40
30 . .
Fnconfmed Modulus 27 Kips/
20
¢ Lab Tests
10
® Field Tests
0]
0] 2 4 6 8
Confining pressure (psi)
Figure 83
Confined extension modulus of the UX-750
140
o
120
<&
100 S
<4—
80 °
60 ®
O Lab Tests
40
@ Field Tests
20
Unconfined Modulus| 90 Kips/ft
0
0 5 10 15 20

Confining pressure (psi)

Figure 84

Confined extension modulus of the UX-1500
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Confined extension modulus of the Stratagrid-500
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CONCLUSIONS

The report presents the results of laboratory and field pullout tests on various types of
geogrids and geotextiles. Laboratory pullout tests were carried out in a large pullout testing
device. Field pullout tests were performed in atest section of the LTRC full-scale reinforced
test wal. The testing program evaluated the effect of reinforcement type, length, and
confining pressure on the pullout resistance.

Laboratory pullout tests were performed on 3ft.-long x 1-ft.-wide specimens, while field
tests were performed on specimens of 3 ft., 4 ft., and 5 ft. lengths with 1 ft. width. Field and
lab test results were conpared for the 3-ft. specimen length.

Field and lab pullout tests compared well for flexible geogrids and geotextiles (Tensar UX-
750, Stratagrid-500, and Geotex-4x4). However, pullout results in the field were significantly
higher than lab results for rigid geogrids (Tensar UX-1500 and UX-1700). Field test results
on the rigid geogrids aso showed that the strains at the front elements were higher and the

pullout resistance was not fully mobilized along the whole length of the specimens.

Pullout tests were performed a few months after the construction of the wall. The
consolidation of the silty clay soil underneath the wall and soil drying may have resulted in
field density and moisture that are different from the lab values. Becauserigid geogrids get a
high percentage of their pullout resistance from the passive bearing resistance of their thick
cross ribs in conmparison to the thin geogrids, the effect of the changes in soil confinement
and density between the lab and the field are more significant in the rigid geogrids.

Pullout tests in the field showed that longer specimens had higher pullout resistance.
However, the effect of pecimen length is not as significant as confining pressures. The
increase of pullout load resulting from an increase in the specimen length was aso
insgnificant at the early stages of the tests. This is due to the fact that shear strength
progressively develops along the specimen length and the effect of gpecimen length is only

recognized near the peak loads.
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As the interface shear resistance is not uniform along the geosynthetics pullout resistance
becomes a function of gpecimen length and extensibility. The pullout coefficients F* and a
are commonly used with equation 8 in order to account for the uniformity of the shear stress

distribution and the scale effect of the specimen, respectively.

The direct gpproach to determine the value of F* coefficient is from direct shear tests with
the geosynthetic specimen at the interface. The value of F* can then be used with the results
of the pullout test to calculate the coefficient a. However, the use of both parameters in the
pullout equation does not necessitate their separation and the results of lab and field pullout
tests were used to evaluate the combined effect of the (F*a) parameters on the pullout

resistance of the various geosynthetics.

The values of the pullout coefficient multiplier (F*a) depend on the type of geosynthetic and
its geometry, length, and confining pressure. The effect of these parameters was determined
from the results of lab and field pullout tests. The coefficients decreased with the increase of
confining pressure and specimen length and they increased with the increase of
reinforcement extensibility. Figures 69 to 87 can be used to estimate their values at various

confining pressures and specimen lengths.
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RECOMMENDATIONS

Pullout tests can be used to determine the interface parameters of geogrids and geotextiles in
cohesive soils. Laboratory pullout tests should be performed in testing conditions identical to
the ones in the field since the results are highly dependent on soil confining pressure, density,

moisture content, and geosynthetic types.

Laboratory pullout test results compared well with field pullout test results for flexible
geogrids and geotextiles. Results of field tests were higher than lab tests for the rigid
geogrids. This may be due to the effect of changes in soil confinement and density between
the lab and the fidd.

The results can be used to determine the pullout coefficient of interaction F* and the scale
effect correction factor a. These coefficients are used in the internal stability analysis of

reinforced soil structures according to the FHWA design procedures.

The combined multiplier factor &* a ) was used to incorporate the combined effect of
reinforcement geometry and extensibility. The effect of soil confining pressure, geosynthetic
length, and stiffness can be evauated from figures 69 through 87 for the types of geogrids
and geotextiles used in the testing program.
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