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ABSTRACT: Among the puH-out behaviors of geogrids, it is important to note that pu li-out resistance tends 
to increase along with increases in confinement pressure. For semi-rigid geogrids covered by cohesiveless 
particulate soils, most ofthe puH-out resistance ofthe geogrid is provided by passive soil resistance, while the 
greater portion of the pull-out resistance for geogrids covered by cohesive particulate soils is provided by 
friction. Using numerical analysis to simulate the conditions of the reinforced soil slope, it was found that 
sand backfill materials provided excellent results, while a relatively greater amount of weathered mudstone 
was needed for the same amount of reinforcement. When considering the use of fine grained soil as backfill, if 
undrainage is present, attention must be given to the grid's anchorage strength as force is exerted on the the 
soil structure. 

Introduction 

The main function of reinforcement material is to 
limit the level of displacement of the soil structure. 
The interactive frictional effect ofthe grains of soil in 
the reinforcement structure coming in contract with 
the surface of the reinforcement material limits the 
deformation of the soi! structure. Thus, 
reinforcement overcomes the deficiencies of the 
tensile strength in the soi!. Geogrids provide two 
sources of resistance to the pull-out fai!ure 
mechanism in the soil structure which are: (1) The 
friction in the contact plane between the soil and 
geogrid. (2) Passive earth resistance of the soil 
coming in contact with the transverse ribs. To meet 
economical design criteria, it is desirous that 
materials available on scene be used as backfilI. The 
route of Taiwan Second National Freeway passes 
through a primarily mudstone area. To understand 
the suitability of reinforment materials, a 
demonstration retaining wall was constructed in 
Tienliau Village, Kaohsiung. Focusing on 
interactive pull-out behaviors for comparative 
discussion, this study used weathered mudstone and 
sandy soil as backfill material, and two types of 
geogrid to conduct as series of geogrid pu li-out tests . 
At the same time the results of laboratory tests were 
used to establish parameters of a numerical analysis 
system, which could be used to analyze the suitability 
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of the two above mentioned soils as backfill 
materials in reinforced structures. 

Frictional resistance is produced by the 
interaction between the surface of the geogrid and 
the soi!. Due to the grid-shaped construction, the 
transverse ribs of the geogrid interlock tightly with 
the intervening soil, and pull-out causes the geogrid 
to move in relation with the soil, producing passive 
resistance between the transverse ribs and the soil it 
surrounds [l]. 

Bauer [2]et al. pointed out that the effect the 
special properties of the soil and the geogrid had on 
pull-out resistance behaviors were two factors that 
must be considered. There are two methods for 
evaluating the pull-out resistance of soil/geogrid in 
the laboratory [3]which are: (1) The geogrid 
produces pull-out resistance during the pu li-out test, 
which is a combination of the two aforementioned 
types. (2) The test uses the maximum pull-out force 
to calculate average pull-out resistance. The results 
of these two methods are used for design and 
analysis. 

Contents and Methods ofExperiment 

Specimen Preparation 

Two types of unidirectional geogrids--Iabeled A and 
B--manufactured from HDPE( detailed measurements 



and related properties are listed in Table 1). To 
reduce the influence of the boundary effect, an 8-
grid-square wide and 3-grid-square long sampie of 
both A and B were buried at a fixed length of39 cm. 
Additionally, to better und erstand the net frictional 
properties between the soil and grid, pull-out tests 
were performed on geogrids with the transverse ribs 
removed. With the effective contact area of the 
modified geogrid, the total surface plane of the 
unmodified grid along with the frictional resistance 
of the soil can be determined. Moreover, passive 
earth resistance between the transverse ribs and the 
soil can be compared using this method. 

Of the sandy soils used in this test pro gram, 
one was collected from the bacldill used for the test 
wall in Tienliao, Kaohsiung County, and its relative 
density was controlled at 80 %. The fine soils used 
were obtained from the in-situ mudstone. Water 
content controlled at OMC + 2 %, and compaction 
was maintained at 95 %. Basic properties of these 
soils are listed in Table 2. 

Testing Device and Experimental Procedures 

This study employed a pu li-out box, with internal 
dimensions of both top and bottom boxes measuring 
40 cm long by 50 cm wide by 15 cm deep, with a 1 

mm opening between the two boxes remaining to 
perform confined pull-out testing. Normal stress 
was applied by a rubber membrane. The pulling 
system used a fixed speed motor system which 
applied a stable rate of strain. An L VDT accurate to 
10-3 mm, along with an amplifier and a 5-ton load 
cell attached were used to measure the amount of 
pull-out. 

Burying the geogrid at a fixed length 
controlled at 39 cm, confining pressure is applied at 
0.5 kg I cm2, 1.0 kg / cm2, and 1.5 kg I cm2 

respectively, with pulling speed set at 1 mm Imin [4]. 
Soil is compacted into the top and bottom boxes in 5 
uniform layers, with the geogrid sandwiched in the 
middle. The grid along with the clamps are adjusted 
to maintain the specimen in a level position, so that 
force is evenly applied. Static pressure is then 
supplied in the required amount to the upper 
membrane. When pull-out force is applied, the value 
is read by data logger until force values begin to 
decrease. 

Numerical Analysis Model 

This study utilized the explicit finite difference code 
of the Fast Lagrangian Analysis of Continua (FLAC) 
to establish a numerical analysis model. This model 
was used to simulate the pull-out behaviors of the 

Table 1: Geogrid dimensional measurements and results of 
tension tests 

Geogrid A B 
Shape of apertures oblong oblong 
Thickness oflongitudinal ribs, mm 1.4 0.95 
Length oflongitudinal ribs, mm 144 144 
Width of transverse ribs, mm 16 16 
Thickness of transverse ribs, mm 3.9 2.7 
Tensile strength, kN/m 87 60 
Elongation, % 10.8 8.8 
Young' s Modulus, E N/m2 9.286X 108 1.053 X 108 

Yield Strength N/m 8.7X104 6.0X 104 

Table 2: Soil Properties tested and parameter selection values 

Property BackfiJJ sand Weathered mudstone 

Dry unit weight, r (kglm3) 1791 1865 

Angle ofinternal friction , f 45 • 29 · 

Cohesion, C (N/m2) ... _-........ 3.565x104 

Shear Modulus S (N/m2/m) 6x107 6.4x107 

Bulk Modulus B(N/m2/m) 1 x 108[**] 1.07 x 108 

Note: [**] are suggested deSIgn values 
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Figure I--Numerical simulation ofboundary conditions ofreinforced slope. 

soil specimens, and the conditions of the reinforced 
soil body system. In this model, cable was selected 
as the simulation element for the geogrid. Pulling at 
a fixed rate, the FISH function was used to calculate 
the total resistance and displacement of the cable 
during pull-out tests. These results were then 
compared with actual puJ1-out test results of 
soil/geogrid specimens. 

Related soil parameters that must be entered 
in the FLAC program include the soil unit weight, 
cohesion, frictional angle, shear modulus, and bulk 
modulus. The initial three parameters can be directly 
determined from laboratory tests. The shear modulus 
utilizes the slope determined from the shear stress­
strain chart of the direct shear test. The bulk 
modulus adopts the value suggested by Cundall [5], 
author of the FLAC program (See Table 2 for soil 
selection parameter values). Reinforcement element 
parameters include Young's modulus, yield strength, 
and the cross areas. The former two can be 
determined from tensile testing. The geogrid is 
assumed as uniform. (See Table 1). 

When stretching the cable element to 
simulate the behavior ofthe grid, the chief parameter 
for the mechanical transfer between the soil and 
geogrid originates from the shear stiffness of grout 
(Kbond)' and the slider cohesiveness of grout (Sbond)' 
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The parameters needed for this simulation must be 
simil ar to the interactive behaviors of the pu li-out 
test. Therefore, this simulation utilizes the Kbond 
and Sbond results of the pull-out test. 

A 25 m high, 60 0 gradient slope with 
vertical reinforcement spaced at 2.5 m intervals 
buried to a depth of 20 m was used to evaluate the 
puJ1-out behavior of the total body of reinforced 
slope (See Figure 1). The purpose of designing such 
a tall waJ1 with such a steep slope is to emphasize the 
significance of stress-strain behaviors for 
reinforcement. To simplifY analysis procedures, this 
model used some idealized conditions which are lised 
in Figure I . 

Moreover, Sbond is a function of restrain 

stress, with strength increasing in direct proportion 
to the increase in normal stress. In the numerical 
simulation of the pull-out test, the parameters 
depend on the fimctional relationship of differing 
confinement conditions. The foundation elements 
are assumed as the mass without sl iding and 
settlement. The mechanical properties of stiffness 
and strength differ between lower-Ievel 
reinforcement and the foundation elements, which 
could cause non-convergence between soil and 
geogrid . As a result, this study adds the interface to 
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Figure 3--Comparison ofpull-out resistance in grid B 
with and without transverse ribs 
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Table 3: Kbond AND Sbond vaules se1eeted for pu li-out test 

Geogrid A Geogrid B 
Kbond (N/m/m) 4.121 x 107 Kbond (N/m/m) 3.228x107 

a c=O.5 kg/cm' 3.846xl04 

a c=1.0 kg/cm' 4.651 X 104 

a c = 1.5 kg/cm' 5.131x104 

integrate the foundation and the reinforeement 
materials, henee preventing their separation. 

Analysis and Diseussion ofLaboratory Test Results 

To better und erstand the frietional resistanee of the 
geogrid and the interaetive relationship of passive 
resistanee in the pull-out test, this study removed the 
transverse ribs of the A and B grids to perform the 
pull-out test. By thus modifYing the eontaet area of 
the geogrid, the frietional resistanee ofthe entire grid 
ean be ealeulated and ean be eompared to the pull­
out resistanee of the unmodified grid. Refereneing 
the data in Figure 2 eoneerning the pull-out 
resistanee of geogrids eonfined in sandy soils, 
frietional resistanee eomprises nearly 30 % of total 
pull-out resistanee, and passive soil resistanee makes 
up the remaining roughly 70 %. This data elearly 
demonstrates that passive soil resistance is much 
greater than frietional resistance. This same chart 
also shows that the pull-out resistanee of geogrid A 
is higher than that of geogrid B. This is due to the 
thiekness of A exceeding that of B by 1.2 mm; 
making the carrying capacity of A greater. From this 
it is evident that the carrying eapaeity of transverse 
ribs influences the utilization of passive resistance. 

As is show in Figure 3, most of the pull-out 
resistance of the mudstone/geogrid is provided by 
frictional resistance. This figure also shows that for 
elayey soils, the function of frietional resistanee is 
greater than that of passive resistanee. Moreover, in 
the initial stage of pull-out--when displacement is 
less than 2 mm--total pull-out resistanee is equal to 
frietional resistance. After pull-out exceeds 2 mm, 
pull-out resistance gradually becomes greater than 
frietional resistanee. This phenomenon is due to the 
lack of relative displacement between soil and grid in 
the initial stage of pull-out, whieh sterns from the 
elongation of the anterior portion of the geogrid 
specimen, and the main resistance to tension 
originating from the statie frietion between soil and 
geogrid. As for the passive soil mass, only partial 
plastic strain is produced, and failure of the soil mass 
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a c=0.5 kg/cm' 3.159x104 

a c=1.0 kg/cm' 3.779x104 

a c=1.5 kg/cm' 4.000x104 

does not oeeur. At this point, the soil and grid 
produee relative displaeement. As the passive soil 
pressure of the anteirior transverse ribs is utilized, 
the total pull-out resistance gradually rises faster 
than frietional resistance. Figure 4 shows that under 
equivalent confining conditions, the pull-out 
resistanee of geogrid A is greater than that of B. 
Most of the differenee, however, is due to the 
disparity between the frictional resistance values of 
A and B. Therefore, although the thickness of the 
transverse ribs of grid A exceed that ofB by 1.2 mm, 
there is still no significant differenee in passive earth 
resistanee. From this data, it ean be determined that 
the pull-out resistanee of the unidirectional geogrid 
and weathered mudstone, the passive earth pressure 
of the transverse ribs cannot be utilized. Therefore, 
frictional resistance comprises the most essential part 
ofthe tensional force. 

Results and Discussion ofNumerical Simulation 
Analysis 

Based on the pu li-out test results of weathered 
muds tone, the seleeted shear stiffness of grout 
(Kbond) and the slider eohesiveness of grout (Sbond) 

values are listed in Table 3. Using the FISH fimction 
of FLAC to calculate values, the numerieal 
simulation pu li-out test results are listed in Figures 5 
and 6. These figures show that the total resistance 
of the numerical simulation were lower than results 
obtained from actual resistance testing. For pull-out 
stiffness, actual test results were conservative under 
low confining pressure, but overestimated actual 
eondititions under high confining pressure. However, 
the Sbond for the normal stress function depends on 

the funetional relationship of differing confinement 
stress (See Figure 7) . 

Figures 8 and 9 show results for stressed A 
and B geogrids respeetively when eonfined under 
well-graded sand . For both grids, results are nearly 
identical, with the maximum force being 33 kN/m. 
However, due to uneven tension exerted on the grid, 
the posterior section of the grid did not und ergo the 
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effects of stress. So, the over-extended portion 
remained buried. Figures 10 and II show the results 
for stressed A and B grids respectively when 
confined under weathered mudstone. Geogrid A 
approaches its maximum yeild at 80 kN/m. At this 
point, grid B has already failed . These figures also 
show that from the middle to the top layers, stress 
accumulates at the posterior section of the A and B 
grids. This is dlle to the influence of the soil's own 
weight, which gives the grid pu li-out potential, and 
increases the stress ofthe posterior section. 

Basically, the results of this study show that 
selection and installation of reinforcement material is 
critical. Plilling behaviors, safety considerations, 
and failure or near-failure conditions are extremely 
evident, and thus they become the motivation for 
constructing this model simulation. With these 
results, one can better understand rational design 
considerations such as anchorage and geogrid 
strength. 

Conclusions and Suggestions 

Based on the findings of this study, the following 
conclusions can be drawn and suggestions put forth 
regarding the mechanical properties of geogrids and 
the numerical analysis model: 

I. When confined under granular soil, passive earth 
resistance is the main contributor to the pli li-out 
resistance of the geogrid. For confinement under 
cohesive soils, the major portion of pull-out 
resistance is provided by frictional resistance . 
2. In the initial stage (Iess that 2 mm or movement) 
of the test for pu li-out resistance of a geogrid 
confined under cohesive soil, displacement originates 
from the elongation of the anterior section of the 
geogrid specimen. This is caused chiefly by the 
static friction provided by the pulling force between 
the soil and geogrid. When the soil and geogrid 
begin relative displacement, the passive earth 
pressure ofthe transverse ribs begins to be utilized. 
3. Sand backfilJ material provides excellent 
reinforcing results. Due to a the low level of 
anchorage strength, using weathered mudstone as a 
confining material results in higher lateral pressure, 
which causes a great deal of deformation in the 
reinforcement structure and its possible failure. 
Therefore, designers seeking to solve this problem 
should use methods to increase anchorage strength 
These critical installation results are provided to 
bett er illuminate design considerations. 
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