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14. Amsrraet

| A parametric study was undertaken to investigate the effects of material properties,
geceynthetic configurations, underlying foundatiomns, and facings on the performance
of gecsynthetic reinforced retaining walls. The parametric study was conducted by
using a finite element program SSCOMP. The program had been validated through
comparisons with field measurement of many different sarth structuresa. The effecte
of the following parameters on the performance of geosynthetic-relnforced retaining
walls were investigated: the backfill stiffness and strength; the gecsynthetlic
stiffness, the geosynthetic length; the geosynthetic layer spacing; the foundation
stiffnees and strength; the foundation depth; the surcharge pressure; and the facing
rigidity.

In view of the complexity of the performance of the walls as affected by the factors
investigated, and increasing availability of computers to design engineers, a
computer-based design procedure is proposed. The design method involves execution of
two computer programs, GSWALL and SSCOMP. The program GSWALL is used to obtain a
trial design. The program SSCOMP, which is vapable of accommodating all of the
above-mentioned factors, Ls used subsequently to calculate the detailed response of
the wall, including wall movements and tenaile forcee induced in the geosynthetic.
The trial design should be modified, using the findings of the parametric study as &
guide, until an acceptable design is secured.
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Chapter 1

In actual construction, geosynthetic-reinforced retaining

walls

have repeatedly demonstrated excellent performance

characteristics. They have exhibited many distinct advantages

over conventional retaining walls (and, to a lesser extent, over

other MSE walls). Among the advantages are:

1)

2)

Geosynthetic walls are j.nharnntiy flexible; therefore,
are capable of withstanding large foundation
settlement. In the Glenwood Canyon geofabric test
wall, for example, little distress can be detected
although up to 3 ft of settlement, primarily occurs in
its foundation soil, has occurred. This superior
feature makes geofabric walls suitable for any
foundation soils including soft clay foundations.

If properly constructed, geosynthetic walls &are
remarkably stable. In spite of many attempts by
practicing engineers and researchers to load
geosynthetic walls to failure (in order to examine
their ultimate load carrying capacities and safety
margins), no one has succeeded in bringing about a

"major" failure of any geosynthetic walls, even for



those designed with a safety factor less than one.

3) Geosynthetic walls, especially geofabric walls, are low
in total cost. Typically the total cost of geofabric
walls, when granular soils are readily available, is

between 1/2 to 1/3 of that of comparable conventional

retaining walls.
4) Construction of geosynthetic walls is rapid and

requires minimum excavation and no heavy equipment.

5) Geofabric walls have no drainage problems. In fact,
the geofabric sheets can facilitate drainage and
accelerate soil consolidation when backfills of low
permeabilities are used.

6) Geosynthetic reinforcements have strong resistance tc
corrosion and bacterial action, compared with metallic

reinforcements.

The basic design criteria for geosynthetic-reinforced
retaining walls involve satisfying external stability and
internal stability. The external stability is generally
evaluated by considering the reinforced soil mass as a semi-rigid
gravity retaining wall with active pressure acting behind the
wall. The wall is then checked, using methods similar to those
for conventional stability analysis of earth retaining
structures, for the stability criteria of (1) overturning, (2)

sliding, (3) foundation bearing capacity, and (4) overall slope

failure.



The internal stability criteria for geosynthetic-reinforced
retaining walls regquire an evaluation of adeguate stability
against (1) tensile rupture fallure, (2) pullout failure, and (3)
long~term creep failure. Various methods have been proposed for
designing geosynthetic walls against internal failure. A
comparison of the existing design methods presented in Volume I
of this report has revealed that, while there are significant
differences in the design concept of the methods, the greatest
discrepancy among the varjious design methods stems from the
safety factors assigned in each method. In a typical wall
examined in that study, the combined factor of safety (in terms
of the quantity of geosynthetic needed) ranged from 3 to 21
depending on the method used. Apparently the safety factors used
in the existing design methods are somewhat arbitrarily assigned
and not based on experiences learned from years of actual

construction.

The principal investigator is convinced that a rational
design method for geosynthetic-reinforced retaining walls should
be based on deformation criteria for internal stability
evaluation, i.e., based on specified deformation limits. This
is necessary because the deformation (strain) associated with
tensile rupture and creep failure of geosynthetics is often
greater than 100% and because geosynthetics of similar rupture

strengths may have very different tensile stiffnesses.



Moreover, none of the existing design methods address the
effect of the foundation settlement. They simply assume that the
walls are to be constructed over a rigid foundation. However,
geosynthetic walls are at times constructed over a soft
foundation and the effect of the foundation has been known to be
important. In fact, one of the most important advantages of
geosynthetic walls is that they are capable of withstanding large
deformation (redistributing the resulting stresses) due to

foundation settlement.

In this report, the result of a parametric study is
presented. The parametric study was conducted by using a finite
element program SSCOMP. The program had been validated through
comparisons with field measurement of many earth structures. The
program is capable of accommodating various wall/foundation
geometries (including soft foundations of different depths), soil
and geosynthetic properties, construction operations, &and
external loading conditions. Using the program SSCOMP, the
effects of the following parameters on the performance of
geosynthetic-reinforced retaining walls were investigated: the
backfill stiffness and strength, the geosynthetic stiffness, the
geosynthetic 1length, the geosynthetic layer spacing; the
foundation stiffness and strength, the foundation depth, the

magnitude of surcharge, and the rigidity of facing.
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In addition, a preliminary design method for geosynthetic-
reinforced retaining walls is also presented. The design method
invelves execution of two computer programs;: GSWALL and SSCOMP.
The program GSWALL is based on the Geoservice design method and
is used to obtain a "trial design.” The program SSCOMP
calculates the stresses, strains and displacements of the
backfill and the foundation, and the internal forces and
displacements in the geosynthetic layers. The trial design
should be modified until a satisfactory design, verified by the
result of the program SSCOMP, is obtained.



Chapter 2

THE ANALYTICAL MODEL~-SSCOMP

The design approach of geosynthetic-reinforced retaining
walls that has been used for actual construction uses a simple
limiting eguilibrium type of analysis (see Volume 1 of this
Report). 1In this approach, the classical earth pressure theory
is assumed to be applicable and the presence of the geosynthetic
reinforcement protruding beyond an assumed failure plane 1ie
eimply considered to provide additional horizontal forces that

increase the stability of the earth mass.

A number of theoretical difficulties exist with analyzing
geosynthetic-reinforced retaining walls using such a limiting
equilibrium method. For one thing, the method assumes rigid-
plastic stress-strain behavior for the soil and ignores the
changes in geosynthetic extensibility (and strength) resulting
from socil-geosynthetic interaction. Another difficulty is that
the method does not consider any redistribution of stresses in
the earth mass due to the presence of the geosynthetic
reinforcement, although it has been well recognized that the
stress distribution in the backfill and the failure surface may

be very different from those derived from the classical earth



pressure theory.

In addition, field construction of geosynthetic-reinforced
retaining walls has clearly shown that construction sequence
affects the performance of the walls significantly. The
construction segquence effect, however, cannot be properly

accounted for in limiting equilibrius methods.

It is to be noted that the ultimate state of geosynthetic-
reinforced retaining wall is typically associated with very large
deformation. When a 1limiting equilibrium method is wused in
design, factors of safety are employed toc limit the deformation
to an acceptable amount. However, unlike conventional earth
structure, there is not adegquate practical experience with
geosynthetic walls; conseguently, the factors of safety are
somewhat arbitrary. This is evidenced by the wide disparity in
the factors of safety suggested by various design methods (see
Vel. 1 of this Report).

Among various analytical methods, the finite element method
is best suited for analysis of the performance of geosynthetic
walls. This is because (1) it is capable of simulating non-
linear, stress-dependent behavior of the backfill and the
foundation soil, (2) it can accommodate the stress-strain-
strength properties of geosynthetics and the interactive behavior
between the geosynthetic and the confining soil, (3) it permits
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description of practically any geometric configuration of
geosynthetic walls, and (4) it is well suited for simulating
incremental construction procedure.

2.1 Description of SSCOMP Program
The finite element analyses performed in this study were

conducted by the computer program SSCOMP. The program is a
general, plane strain soil-structure program for static analysis
of earth structures including the consideration of compaction
induced stresses and deformations. It calculates stresses,
strains, and displacements in soil elements and internal forces
and displacements in structural elements., The original program
containing only soil analysis was coded by Ozawa in 1973 and wvas
named ISBILD. Dicken added structural elements in the program to
allow for inclusion of structures in the analysis and changed the
name to SSTIP. In 1980, Wong implemented interface elements and
a new soil model (the modified Duncan model--using bulk modulus
formulation) and renamed it SSTIPN. The program SSCOMP improved
on SSTIPN by incorporating a bilinear model for analyzing
compaction induced stresses. The finite element programs SSCOMP
and its predecessors have been successfully applied to several
soil engineering problems including calculation of stresses and
movements in embankments and slopes, buried culverts, various
earth retaining structures, and mechanically stabilized earth

structures.
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Detail descriptions of SSCOMP program are given by Seed and
Duncan (1984). A brief summary of its main features is presented

herein.

Element Types. SSCOMP program has five types of elements as

follows:

{a) 8So0il Elements - BScoil elements are four node, two-
dimensional, iscparametric elements with compatikle
modes of displacement.

(b) Bar Elements - Bar elements are two node elements with
axial stiffness only (i.e., can only resist axial
forces).

(c¢) Beam-Column Elements - Straight beam-column elements
are two node elements with axial, shear and bending
stiffness.

(d) Nodal Links - The nodal link is made up of two linear
elastic springs (a normal and a shear spring) that
control the relative displacements between two nodes.

(e) Interface Elements - The interface element is made ur
of two nodal links. It is used to model soil-structure

interface movement or shear plane within a soil mass.

Soil Model., SSCOMP program employs two soil behavior models.
The first soil model is a nonlinear (hyperbolic) stress-strain
and bulk moduli model, which is used to calculate soil element

material properties during any soluticn increment. The second
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soil behavior model is a hysteretic loading-unloading model for

stresses resulting from soil compaction.

Structural Model, The stress-strain relationship of bar and

beam~-column elements is assumed to be linear alastic.

Eenlinear Solution Technigue. SSCOMP program adopts a "two-

iteration" solution procedure for each increment of analysis,
which may be placement of a soil layer, compaction of a soil
layer, placement of a structure, or application of an external
load. Each increment is analyzed twice; the first time using
s0il moduli values based on the strésses before the increment,
and the second time using soil moduli values based on the average

stresses during the increment.

2.2 Characteristics of the Finite Element Analysis Procedure

The principal characteristics of the finite element analysis

of the performance of gecsynthetic walls are:

(1) Both the soil (backfill, retained soil, and foundation)
and the geosynthetic are divided into a number of two-
dimensional elements for purposes of analysis. Any
configuration of gecsynthetic arrangement and any
backfill condition may be represented.

(2) The analyses are conducted step-by-step, each step
representing a construction lift (placement of fill and
compaction) or application of a live load. Stresses
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and displacements in the soil (backfill and foundation)
and forces and displacements along the geosynthetic
layers are determined at each step of the analysis,
thus providing a complete picture of the wall
performance during construction and under operative
condition.

(3) The nonlinear stress-dependent stress-strain behavior
of the soil is simulated in the analyses, using the
most widely used wmodified Duncan hyperbolic model
(Duncan, et al., 1980). The instantanecus value of
Young's modulus and the secant value of bulk modulus
are related to the stresses in each element by means of
empirical parameters, which may be determined from the
results of laboratory triaxial tests.

(4) The deformations of the geosynthetic and the soil are
calculated in an integrated manner by incorporating the
combined stiffness of both the geosynthetic and the
contacting =soil. Therefore, the soil=-geocsynthetic
interaction effect is fully accounted for in the

analysis.

2.3 Modified Hyperbolic Duncan Soil Model

The nonlinear, stress-dependent soil behavior model employed
in the program SSCOMP is the modified hyperbolic Duncan model.
The model assumes that the stress-strain curves for soils can be
approximated as hyperbolas shown in Figure 2.1. The
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instantaneous slope of the hyperbolic stress-strain curve is the
Young's modulus, Ey, which is a function of confining stress and

shear stress level, and can be expressed as:

I (1-sing) {ﬂ’ - J
by fcnult't-Zﬂ lint "P( )

in which the friction angle typically decreases in proportior
with the logarithm of the confining stress in the form of

¢= ’c - A¢ h'lﬂ'(;f)

This Young's modulus is used in soil elements subject to
primary loading, where primary loading is defined as all loading
occurring at a shear stress level equal to or higher than all
previous shear stress levels. When the shear stress level is
less than the previous maximum shear stress level, the model
assumes the soil to be in an unloading-reloading state. The
unloading-reloading is modelled as linear and elastic as shown in
Figure 2.2. The unloading-reloading modulus is a function only

of confining stress as:

SN ’)



Figure 2.2
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The model also assumes that the bulk modulus of soil is

dependent on the confining stress as:

8 s kyro(52)

There are nine material parameters involved in the modified
hyperbolic Duncan model. Table 2.1 summarizes the role of each
of these parameters. Detail descriptions of the model and the

procedure for determining the material parameters are given by

Duncan, et al. (1980).

It should be noted that Duncan, et al. (1980) has compiled
the values of the material parameters for more than one hundred
different soils tested under drained and undrained conditions.
This wide data base can be used to estimate reasonable values of
the parameters in cases where the available information on the
soil is restricted to descriptive classification. The data base
is also useful for assessing whether parameter values derived
from laboratory test results with past experience.
Representative parameter values for soils tested under drained

conditions are presented in Table 2.2.



Table 2.1 Bummary of the Modified Hyperbolic Duncan Model
Boil Paramaters
Farameter Hagme Function
E, Km_ Modulus oumber
Relate Ii and Eur to —::r!
n Modulus exponent
c Cohesion intercept
Relate (51-:3): to O,
$.0¢ Fricrion angle parametars
Re Failure ratie Relates tal-uji ule {ul-crsjt
Il:b Bulk modulus aumbar Value of Ir’?‘ as ua = !l
Chance in y?i for ten=fold
m Sulk modulus axzonent i P 51
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Chapter 3
PARAMETRIC STUDY

In this chapter, a parametric study of the performance of
geosynthetic walls is presented. The parametric study was
conducted by using the finite element program SSCOMP to
investigate the effects of material properties, reinforcement
configuration, surcharge loading, foundation soil, and facing
rigidity on the wall performance. For the purposes of
comparison, twe "control walls" were selected for the analyses.
The first control wall, referred to as Control Wall A, was for a
wall constructed over a rigid foundation. The second wall,
referred to as Control Wall B, was for a wall constructed over a

flexible foundation. The conditions of the two control walls

are:
(A) Control Wall A:

Gepmetry: wall height H = 12 ft
reinforcement spacing § = 1 ft
reinforcement length (Uniform) L = 9 ft
rigid foundation
horizontal crest
vertical facing

Materials: backfill:

a uniform, medium~-dense GP soil
compacted to 95% standard Proctor, with
the modified hyperbolic Duncan model
parameters shown in Table 3.1.
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geosynthetic:
linear elastic, E = 1.2 x 10° psf/ft
A = 0,0125 ft2/ft

no slippage at the soil-geosynthetic
interface

Loadinag: uniform surcharge g
g = 0.2 x (so0il unit weight) x H
(B) Control Wall B:
The same as the Control Wall A, except
Foundation: a soft clay with its parameters for the
modified hyperbolic Duncan soil model
shown in Table 3.1.
foundation depth D = 14 ft
Figure 3.1 shows the configuration of the Control Wall B.
The same configuration applies to the Control Wall A except that
the foundation is rigid. 1In the parametric study, two categories
of analyses were performed: one on a rigid foundation (associated
with the Control Wall A), the other on a soft foundation
(associated with the Control Wall B). While a certain factor
(e.g., the effect of geosynthetic stiffness) is being examined,
all the conditions were kept the same as the respective control

wall except for the particular factor under investigation.

3.1 Finite Element Discretization

The basic finite element mesh used in this parametric study
is shown in Figure 3.2. For the analyses associated with the
Control Wall A, the backfill was simulated by 144 soil elements,
the geosynthetic layers by 72 bar elements, and the facing by 12

bar elements, For the analyses associated with the Control Wall
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B, the foundation was modelled by an additional 56 soil elements.
When the geometry was varied in the parametric study, the element
numbers were kept the same as those of the control walls and the
material properties were adjusted to yield an eqgquivalent
analysis. For example, in the analysis of geosynthetic length
equals 6 ft, the young's modulus of the geosynthetic bar elements
beyond 6 ft length was reduced to 2zero; conseguently, the
analysis could be sffectively regarded as for geosynthetic layers

of 6 £t in length.

The erection of the walls was simulated in 12 construction
l1ifts of soil placement, each of 1 ft thick, and 12 compaction
increments. Each construction lift was followed by a compaction

increment.

3.2 Geosynthetic Walls Constructed over a Rigid Foundation
For walls constructed over a rigid foundation, namely, those

associated with the Control Wall A, the effects of five factors
on the wall performance were investigated, including:

(a) the effect of backfill stiffness/strength,

(b) the effect of geosynthetic stiffness,

(c) the effect of geosynthetic length,

(d) the effect of geosynthetic layer spacing, and

(e) the effect of surcharge.

The following sections present the results of the analyses
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and discussions of the results.

3.2.1 Effect of Backfill Stiffness/Strength
The effect of using backfills of different stress-strain-

strength behavior were examined. The model parameters of three
different backfills, designated as Backfills A, B, and C are
listed in Table 3.2, It is to be noted that Backfills A, B, and
C were selected to represent granular backfills of wedium,

medium-dense, and dense densities, respectively.

Figures 3.3, 3.4, and 3.5 depict the horizontal wall
displacements, the tensile force distribution in the geosynthetic
layers at depths of 2 ft, 6 ft, and 10 ft, and the lateral earth
pressures on the facing for the three backfills. It is seen that
the backfill stress-strain-strength behavior has significant
effects on the wall movement and the forces induced in the
geosynthetic reinforcement, The stiffer the backfill give rise
to smaller wall movement and geosynthetic forces. The maximum
lateral movement of the wall occurs approximately at the mid-

height of the wall for all three backfills.

The tensile forces in the geosynthetic reinforcement are
very different, both in terms of the magnitude and the shape of
distribution, at different depth. Near the top surface,; the
forces are fairly uniform and are relatively small. At the mid-

height, the forces assume a distribution resembles what is
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assumed in the Geoservice design method, i.e., a triangular
distribution, with the largest forces occurring about 2 ft behind
the facing. Near the base of the wall, the maximum forces occur at

the facing and decrease rapidly to small magnitude about 5 ft

behind the facing.

The lateral earth pressure is not significantly affected by
the backfill stiffness, except near the wall base, where the softer

soil yvields a larger earth pressure.

3.2.2 Effect of Geosynthetic Btiffneas

The axial stiffness of the geosynthetic in the Control Wall A
was varied as 0.5 EA, EA, 2 EA, 5 EA and 10 EA. The horizontal
displacements, the tensile force distribution in the geosynthetic
layers at 2 ft, &€ ft, and 10 ft deep, and the lateral earth
pressures on the facing for the five different geosynthetic
stiffnesses are shown in Figures 3.6, 3.7, and 3.8, respectively.
It is seen that, similar to the effects of the backfill stiffness,
the geosynthetic stiffness has pronounced effects on the wall
movement and tensile forces in the geosynthetic reinforcement. A
larger wall movement and smaller tensile forces are associated with

a smaller geosynthetic stiffness.

The effect of geosynthetic stiffness on the lateral earth
pressure is modest. The larger the geosynthetic stiffness, the

larger the lateral earth pressure.
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3.2.3 Effect of Geosynthetic Length

The geosynthetic length in the Control Wall A was varied
from 9 ft to 3 ft, 4.5 ft, & ft, 12 ft and 18 ft. The change in
the horizontal wall displacements, the tensile force distribution
in the geosynthetic layers at depths of 2 ft, 6 ft, and 10 ft,
and the lateral earth pressures on the facing are illustrated in
Figures 3.9, 3.10, and 3.11, respectively. Except for 3 ft long
geosynthetic reinforcement (which gives unstable output for wall
movement and lateral earth pressure, indicating the reinforcement
length is “toc short™), the effect of gecsynthetic length on the
wall displacement is seen to be minor. As the geosynthetic
length increases beyond 9 ft, the effect on the wall movement

becomes very small.

The effects on geosynthetic length on the tensile forces in

the geosynthetic layers and on the lateral earth pressure, other

than for 3 ft long geosynthetic, is negligible

3.2.4 Effect of Geosynthetic Laver Spacing

The Spacing of geosynthetic reinforcement layers in the
Contrecl Wall A was changed from 1 ft to 2 ft. The resulting wall
displacements, the tensile force distribution in the geosynthetic
at different depths, and the lateral earth pressure on the facing
are shown in Figures 3.12, 3.13, and 3.14, respectively. The
output of wall movement for 2-ft spacing suffers from numerical

ingtability in the bottom half of the Wall, indicating that 2-ft
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wall spacing is too large.

The tensile forces in the geosynthetic are larger for 2-ft
spacing than for 1-ft spacing. The effect on the tensile forces
is more significant at smaller depths. Near the top surface, the
maximum tensile force occurs at about the mid-length for 2-ft
spacing, as compared to a more or less uniform distribution for
1-ft spacing. At the mid-depth of the wall, the maximum tensile
force for 2-ft spacing is developed at a location about 2 ft

behind that for 1-ft spacing of the reinforcement.

Although the larger reinforcement spacing results in a
smaller lateral earth pressure, the difference is small. Wwhen
compared with the Rankine active pressure and the lateral earth
pressure at-rest, as shown in Figure 3.14, the earth pressures
are slightly smaller than the Rankine active pressure up to about
8 ft from the top surface. At larger depths, the earth pressures
are larger than the active pressure. Near the base of the wall,
the earth pressure is even larger than the at-rest pressure,
which is mostly due to the fact that the base of the wall is

assumed not to slip against the rigid foundation.

3.2.5 Effect of Surcharge
Figures 3.15, 3.16, and 3.17 show, respectively, the

horizental wall displacements, the tensile force distribution in

the geosynthetic layers at 2 ft, 6 ft, and 10 ft deep, and the
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lateral earth pressure distribution on the wall, a= the uniform
surcharge pressure on the wall surface varies from 0 to 0.1 rH, 0.2
rH, 0.2 rH, 0.4 rH, and 0.5 rH, where r is the unit weight of the
backfill ( r = 125 pcf) and H is the wall height (K = 12 ft). As
may be expected, the wall movement, the tensile forces in the

geosynthetic reinforcement, and the lateral earth pressure increase

with increasing surcharge pressure.

The wall movement increases nearly proportional with the
increase of surcharge. As the surcharge increases, the point of
maximum wall movement gradually shifted upward. For zero
surcharge, the maximum wall movement occurs at a little below the
mid-height. For surcharge pressure of 0.5 rH, the maximum wall

movement move up to about 2 to 3 ft from the top surface.

The effect of surcharge on the tensile forces; as expected, is
more pronounced at smaller depths. The output for the lateral
earth pressure suffers from numerical instahility for 0.4 rH and
0.5 rH surcharge pressures in the top half of the wall. In the
bottom half, however, the earth pressure increases somewhat

proportionally with the increase in the surcharge pressure,

3.3 Geosynthetic Walls Comnstructed over Flexible Foundations
For walls constructed over a flexible foundation, namely,
those associated with the Control Wall B, the wall performance as

affected by the following three factors were investigated:
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(a) the effect of geosynthetic stiffness,
(b) the effect of geosynthetic length, and
(c) the effect of foundation depth.

The results of the analyses and discussion of the results

are presented in the following sections.

3.3.1 Effect of Geosynthetic Stiffness

The axial stiffness (EA) of the geosynthetic in the Control
Wall B was varied to 0.5EA, 2EA, SEA, and 10EA. The resulting
horizontal wall displacements, the tensile forces along the
geosynthetic layers at depths of 2 ft, € ft, and 10 ft, and the
lateral earth pressure on the facing are shown in Figures 3.18,
3.19, and 3.20, respectively. The effect of geosynthetic
stiffness on the wall movement is seen to be similar to that
obtained for a rigid foundation (Section 3.2.2), except that the
base of the wall for the Control Wall B deforms with the
underlying foundation and results in significant lateral movement

at the base.

The effect of geosynthetic stiffness on the tensile forces
in the reinforcement is also similar te that for a rigid
foundation, except that the forces in the geosynthetic near the
base do not reduce to as small magnitudes as those for the rigid

foundation.
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The effect of geosynthetic stiffness on the lateral earth
pressure is significant. Larger geosynthetic stiffness yields

larger lateral earth pressure.

3.3.2 Effect of Geosynthetic Length
The horizontal wall displacement, the tensile force

distribution along the geosynthetic layers, and the lateral earth
pressure distribution on the facing for varying the geosynthetic
length in the Control Wall B from 9 ft to 3 ft, 4.5 ft, 6 ft, 12
ft, and 18 ft are presented in Figures 3.21, 3.22, and 3.23,

respectively.

With a geosynthetic length of 3 ft, the wall displacement was
significantly larger than the other lengths and the ocutput for the
lateral earth pressure suffers from numerical stability problem,
indicating that it probably is too short for reinforcement purpose.
Otherwise, the geosynthetic length has little effect on the lateral
earth pressure and the tensile forces in the geosynthetic, although
a slightly larger wall displacement is seen to be associated with
a smaller geosynthetic length. The wall movement is slightly
larger than that associated with a rigid foundation (Figure 3.%).

3.3.3 Effect of Foundation Depth
The depth of the foundation in the Contreol Wall B was
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changed from 14 ft to 6 ft and the results are shown in Figures
3.24, 3.25, and 3.26. For comparison purposes, the results of

the Control Wall A, a wall constructed over a rigid foundsation,

is also plotted in the figures.

It is seen that the wall wmovement did not differ
significantly by changing the foundation depth from 14 £t (about
1.15 x wall height) to & ft (0.5 x wall height). The movement,

however, was larger than the Control Wall A, especially near the

wall base. This is in part because the wall base in the Control
Wall A was assumed not to slip against the foundation. 1In a more
realistic condition, the base of the wall probably will move a
few inches and the difference with a flexible foundation will be
slightly smaller. The difference in the lateral earth pressure
and the geosynthetic tensile force due to the different
foundation condition was very small, except near the base of the

walls.

3.4 Comparison of Performance for Walls Constructed over a
Rigid Foundation and a Flexible Foundation

This section presents comparisons of wall performance for
the Control Wall A (constructed over a rigid foundation) and the
Control Wall B (constructed over a flexible foundation) resulting
from differences in (1) the geosynthetic stiffness and (2) the

geosynthetic length.
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3.4.1 Effect of Geosynthetic Stiffness
The axial stiffness of the geosynthetic in the Control Walls
A and B was varied from 0.5 EA to 10 EA, where EA = 1.607 x .0%
1b/ft. The effects on the following guantities for the two

control walls are plotted:

(a) the horizontal wall displacement, see Figure 3.27,
(b) the tensile forece distribution in the geosynthetic
layars at the depths of 2 ft, 6 £ft, and 10 ft, see

Figure 3.28,
(c) the lateral earth pressure distribution, see

Figure 3.29,
(d) the maximum horizontal wall displacement, see
Figure 3.30,
(e) the maximum tensile force in the geotextile, see
Figure 3.31.

As seen in Figure 3.27, the Control Wall B induced larger
wall movements than the Control Wall A for all the geosynthetic
axial stiffnesses investigated. Both walls show an increase of
wall movement with decreasing axial stiffness of the
geosynthetic. The increases in the horizontal wall movement for
the two contrel walls as shown in Figure 3.27 were similar. The
increase of the axial stiffness from 0.5 EA to EA, hovever, was

more *effective," compared to the increase from EA to 10 EA.

Figure 3.28 indicates that the tensile forces developed 1ir
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the two control walls are not affected by the foundation except
when the axlial stiffness is larger (5EA and 10EA), wherein the
effect was more pronounced at greater depths.

The lateral earth pressure on the facing was almost
independent of the foundation, as seen in Figure 3.29. In both
control walls, the lateral earth pressure tended to increase
somewhat proportionally with the axial stiffness of the

geosynthetic.

The maximum horizontal wall displacements for the Control
Wall B were much higher than those for the Control Wall A, as
depicted in Figure 3.30. The difference in the maximum wall
displacements increased with the axial stiffness of the
geosynthetic. The rate of increase was wuch higher in the range
of 0.5EA to 2EA, and decreased with larger axial stiffness.

Figure 3.31 shows that the maximum tension in the
geosynthetic was not affected by the foundation. As the axial
stiffness of the geosynthetic increased, the maximum tension for
both control walls increased in a nonlinear manner that resembles

a hyperbolic function.

3.4.2 Effect of Geosynthetic Length
The length of the geosynthetic reinforcement in Control

Walls A and B was variled from 3 ft toc 18 ft. The effects on the
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folloving guantities for the two control walls were plotted:

(a) the horizontal wall displacement, see Figure 3.32,

(b) the tensile foroe distribution in the geosynthetic

layers at the depths of 2 ft, 6 ft, and 10 ft, see
Figure 3.33,

(e¢) the lateral earth pressure distribution, see
Figure 3.34,

(d) the maximum horizontal wall displacement, see
Figure 3.35,

(e) the maximum tensile force in the geotextile, see

Figure 3.36.

Figure 3.32 shows that the wall movement was significantly
affected by the foundation for all the geosynthetic lengths.
Longer geosynthetic resulted jin smaller wall movement. The
manner by which the wall mnovement was affected by the

geosynthetic length for the two control walls was similar.

It is seen from Figure 3.33 that the effect of foundation on
the tensile force in the geosynthetic was more apparent at larger

depths. The effect of geosynthetic length was very small.

The lateral earth pressures plotted in Figure 3.34 are seen
to be somewhat independent of the foundation and the geosynthetic
length, except near the base of the wvalls where longer

geosynthetic resulted in smaller earth pressure.



DEPTH (FT)

Figure 3.32

-12

HORIZONTAL DISPLACEMENT (FT)

g. oo 0.08 'ﬂ.: 615§ 0.20
N
N\ N
YN
\ A\ ——
/ .
; —_—
/

’ ———
# —

Effect of Geosynthetic Length on Horiszontal Wall
Displacement

FB.LAS

FB.L1®

FA LS

FALL4S

FALS

FAL18



VENSIL FORCE OF GEOTEXTLE (LBFT)

Pigure 3.33

66

0 1
DEPTH 2FT
150 O FAD2L45
- ® FBD2-L4.S
* FB.D2.l9
+ FAD2-L18
50 q’%-—-—ﬁ- x FBD2.18
ﬂﬂ a [ ] 12 15 18
200 1
" DEPTH 8 FT
150
100
L] ]
0 - | 6 ] 12 15 18
e 1
DEPTH 10 FY
150 |
100
e Aty
S0
o i B - ¥+ = . st *
1] ] -] ] 12 15 18

DISTANCE FROM FACE OF WALL (FT)

Effect of Geosynthetic Leagth on Gecsynthetic
Tensile Force



E7

HORZONTAL STRESS (PSF)

ﬂll:l 200 400 600 Boo 1000 1200
—D— FAAS
. —— FALS
——  FALIB
£ —— FBL4S
z £
ﬁ —— FBLS
—— FBLi8
-8
12

Figure 3.34 Effect of Geosynthetic Length on Lateral Earth
Frassures



0.18
& 0.18
g D.14
2 0.12
:
g 0.10
0.08

Pigure 3.35

I
\
|
\
\

GEOTEXTILE LENGTH (FT)

Effect of Geocsynthetic Length on Maximum
Horizontal Wall Displacement



MAX. TENSILE FORCE OF GEOTEXTLE (LBFT)
8

180

GEOTEXTLE LENGTH (F))

Figure 3.36 Effect of Geosynthetic Length on Maximum Tensile
Foroe in ths Geosynthatic

69



70

Figure 3.35 indicates that the maximum wall displacements

were higher in the Control Wall B than in the Contrel Wall A for
all the geosynthetic lengths. The differences are nearly
constant for all the geosynthetic lengths except for the 31 ft
long reinforcement, which as mentioned earlier, would most likely

be in a unstable condition.

The effect of geosynthetic length on the maximum tensile
force in the geosynthetic, as illustrated in Figure 3.36, was
small for both control walls, again, except when 3 ft long

geosynthetic was used. The difference due to the foundation was

also small.

3.5 Comparison of Wall Performance Due to Different Foundations
In this section, the performances of geosynthetic walls due
to different foundations are compared. A clayey foundation
material softer than that of the Controcl Wall B foundation was
included in the comparisons, and is referred to as Foundation D,
whereas the foundation for the Control Wall B is referred to as
Foundation B, Also included in the comparison was the walls on a
rigid foundation, as in the Control Wwall A. The modified
hyperbolic Duncan model parameters for Foundation D are listed in

Table 3.3.

The comparisons include the effects of the foundations on

the following:
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(a) The horizontal wall displacements under different
surcharge pressures, see Figure 3.37 (a) and (b).
(b) The tensile force distribution in the geosynthetic
layers at different depths, see Figure 3.38.
(c) the lateral earth pressure on the facing, see
Figure 3.39.
(d) the maximum lateral deflection of the wall under
different surcharge pressures, see Figure 3.40.
(e) the maximum tensile force in the geosynthetic as
the wall is subjected to different surcharge

pressures, see Figure 3.41.

Figure 3.37 (a) 4indicates that the softer foundation
(Foundation D) resulted in larger wall movements, especially near
the base of the wall, and the effect was slightly more pronounced
as the surcharge pressure became higher. It is to be noted that
the location at which the maximum movement occurred was also
affected by the foundation material. This is also true when
comparing the wall movements with those of rigid foundation
(Figure 3.37 (b)).

The tensile force distribution shown in Figure 3.38 was
hardly affected by the foundation material except near the base
where the tensile forces were higher for softer foundation
materials. The change in the tensile force is more pronounced

tovard the free end of the geosynthetic.
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It is seen from Figure 3.39 that the lateral earth pressure

wvas not affected by the foundation material except near the wall
base, where the largest earth pressure developed. The softer

foundation gave rise to a smaller pressure near the wall base.

The maximum lateral deflection of the wall shown in Figure
3.40 was significantly affected by the foundation material. At low
surcharge pressures, the maximum wall deflection for Foundation D
was about twice as large as for rigid foundation. Also shown in
Figure 3.40 is the result of using a cohesive backfill, with its
modified hyperbolic Duncan model parameters shown in Table 3.3, in
an otherwise identical condition as the Control Wall B. It is seen
that the cohesive s0ll resulted in the largest maximum wall
deflections. Figures 3.42 and 3.43 show a comparison of wall
movenments for the Control Walls A and B when the cohesive backfill
was used. From the results one can speculate that the effects of
backfill and foundation material on the wall deflection are

comparable.

The maximum tensile forces in the geosynthetic (Figure 3.41)
are hardly affected by the foundation material. However, when the

cohesive backfill was used, the tensile force increased very

significantly.

3.6 Effect of Facing Rigidity
To examine the effect of facing rigidity on the wall
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performance, a geosynthetic wall similar to the Control wall A
was analyzed. The wall was assumed to be constructed over a
rigid foundation. The conditions differ from those of the
Control Wall A are:
Geosynthetic layer spacing = 2 ft

Concrete facing properties:
E= 4.4 x 108 psf

I = 0.018 Et‘fft
A= 0.6 fte/ft

Three wall facings were examined: (1) geosynthetic wrap
around facing, (2) continuous concrete panel, and (3) articulated
concrete panel. Figure 3.44 shows the three types of facings.
It is to be noted that the analysis for the articulated facing
was performed by assuming the panels are 2 ft high each and the

connections of the panels cannot withstand any bending moments.

Figures 3.45, 3.46, and 3.47 show the horizontal wall
displacements, the tensile forces induced in the geosynthetic at
different depths, and the lateral earth pressure distributicns
for the different facings. It is seen that the facing rigidity
(i.e., the capability of the "global" bending resistance) has &
very significant effect on the wall displacement and the
geosynthetic forces. The wall with the continuous concrete
facing experiences much smaller wall movement and geosynthetic
forces than the other two facing types. This finding agrees with
the results of the model tests and full-scale tests conducted by

the University of Tokyo (Tatsuoka, et al., 1987).
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Chapter &
PRELIMINARY DESIGN PROCEDURE

The result of the study presented in Chapter 3 has clearly
demonstrated that the performance of geosynthetic-reinforced
retaining walls is affected significantly by the wall/foundation
geometry, the reinforcement configuration, the material
properties, and the loading conditions. In particular, the
deformation of geosynthetic reinforced retaining walls has been
shown to be dependent on (1) the backfill stiffness/strength, (2)
the reinforcement stiffness, (3) the reinforcement length, (4)
the reinforcement spacing, (5) the surcharge, (6) the foundation
material, (7) the foundation depth, and (8) the facing rigidity.
From field construction experiences, it is learnt that the
construction sequence and the compaction operation also have

strong influence on the wall performance.

A preliminary design procedure for geosynthetic-reinforced
retaining walls is presented in this Chapter. In view of the
complexity of the performance of the walls as affected by the
above-mentioned factors, and increasing availability of computers
to design engineers, the preliminary design procedure is computer
based.



4.1 Preliminary Design Procedure
The preliminary design procedure involves execution of twe

computer programs. The first program, GSWALL, is used to obtain
a trial design for a geosynthetic-reinforced retaining wall, and
should be executed first (Step 1). The second program, SSCOMP,
which is the same computer program employed in the parametric
study, is used to check the wall performance for the trial design
(step 2). If the wall performance is satisfactory, the trial
design can be accepted. Should the wall performance be
unacceptable, the trial design should be modified, and additional
analyses should be performed until a design with satisfactory
performance is obtained (Step 3).

4.1.1 Step 1—Obtain a Trial Design by Executing the Program

The program GSWALL is based on the design method proposed by
the Geoservice Inc. (generally referred to as the Geoservice
method). Detail description of the design method and a design
example are presented in an FHWA report (FHWA-HI-B9-002). B

brief summary of the Geoservice method is given herein.

The Geoservice design method is the only comprehensive
design method for geosynthetic-reinforced retaining walls that
considers both external stability (sliding, overturning, bearing
capacity) and internal stability (pullout and rupture) of the
walls. In addition, the design method has two unique features:
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(1) 4t accounts for the 1limit strain of the geosynthetic
reinforcement in the design, and (2) it calculates the maximum
displacement of the wall. Although the wall displacement and the
maximum geosynthetic force calculated by the method are typically
much larger than the actual values, it is considered a good

nfirst trial™ method.

The Gecservice method has 18 design steps and involves a
trial and error process, The use of the design method can be
cumbersome and error-prone. Therefore, the computer program,
GSWALL, was developed. The program is written using the Lotus
spread sheet. The use of this program regquires fundamental
knowledge of the Lotus spread sheet, otherwise the program is

very "user friendly."

It is to be noted that the method is limited to the
following conditions:

(1) The backfill is cohesionless.

(2) Soil properties are uniform throughout the reinforced
zone.

{(3) The wall face is vertical.

(4) The crest of the wall is horizontal.

(5) The wall is constructed over a very rigid foundation,
although the bearing capacity of the foundation is
evaluated.

(6) The surcharge load on the top surface is uniformly
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distributed.
(7) The surcharge load is less than 20% of the total weight
of the soil fill.
(B) All geosynthetic layers have the same length.

When field conditions deviate from these limitations, it is
suggested that this method be used by simplifying the field
condition to conform to the limitations in order to obtain a
"trial" design. For example, the foundation should be treated as
very rigid in using the program GSWALL even if the foundation is

soft.

4.1.2 Step 2-—Check Wall Performance by Executing the Program
SSCOMP

Upon obtaining the trial design from GSWALL program, it is
suggested that the designer use the trial geometry to perform an
analysis using the program SSCOMP. The program SSCOMP employs
the finite element method. A description of the program is given
in Chapter 2. The use of the program requires a working
knowledge of application of the finite element method in

geotechnical engineering.

The analysis will provide detajled response of the
geosynthetic-reinforced retaining wall with any prescribed

construction sequences (including compaction operation) under any
loading conditions. If the analysis indicates that the wall will
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perform satisfactorily, an adequate design is obtained. If

cthervise, the designer will need to proceed with the step 13

analysis.

4.1.3 Step 3—HNodify the Trial Design to Obtain am Acceptable
Design

If the result of the Step 2 analyeis indicates that the
design is not acceptable, either toc conservative or does not
have adequate safety margin (for examples, the wall displacement
is excessive or the forces in the geosynthetic are too large),
the design should be modified. The findings of the parametric
study presented in Chapter 2 may be used as a guide to modify the
design. The modified design should be checked again, using the

SSCOMP program, until an acceptable design is obtained.

4.2 Inmput and Output of the Program GSWALL
The information required for executing the program GSWALL
include the following:
(A) Geometry:

- the wall height.
- the geosynthetic reinforcement spacing.

(B) Loading:
3 the uniform surcharge pressure.
(C) Material Properties:

the unit weight of the soil.

the angle of internal friction (at peak of stress-
strain curve) of the soil and the corresponding
strain.

- the coefficient of friction at soil-geosynthetic

interface.

- the angle of internal friction (at residual
stress) of the so0il and the cohesion at the



residual stress.

- the bearing capacity coefficient.

- the foundation soil properties (unit weight, angle
of internal friction, and cohesion).

(D) Design Limits:

the design limit strain.

the factor of safety against sliding.

the factor of safety against overturning.

the factor of safety against bearing capacity
failure.

the factor of safety against rupture (and creep)
of the geosynthetic.

Upon executing the program GSWALL, the following information
will be obtained:

- the minimum reinforcemant length and a Table
showing the required reinforcement anchored length
for each layer.

- the maximum horizontal wall displacement and the
maximum allowable wall displacement according to
the prescribed design limit strain.

- the required geosynthetic tension.

A sample example for using the program GSWALL is given in
Appendix A.

4.3 Input and Output of the Program SSCOMP
The information reguired to execute the program SSCOMP

includes the following:

(A) Finite Element Mesh
= the mnodal number and nodal coordinates for each

node.
= the element number and element sequence for each

element and its material number.
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= +the boundary conditions.

(B) Construction Segquence, Compaction Operation, and

Ertnmnl Loads
the sequence of wall construction (i.e., sequence
of placement for socil layers, compaction of soil
layers, and placement of qm:ynth:tiu: layers).

- the loads applied to a partially constructed wall
or a completed wall.

- the peak compaction pressure profile.

(€) ll‘.nt-r.i.ll Properties
the properties of the geosynthetic, namely, its
Young's modulus, cross sectional area, and moment
of inertia (if non-zero).
- the properties of the facing.
- the soil-geosynthetic interface properties.
- the soil parameters for the modified Duncan
hyperbolic model (see Chapter 2).
(D) Preexisting Quantities
- the preexisting stresses, strains, and
displacements in the soil mass.
= the preexisting forces (and moments, if non-zero)
in the geosynthetic layers.

The output of the program SSCOMP include the following
results for every construction layer:
= the stresses, strains, of each soil element.
- the forces (and moments, if non-zero) of each bar
element (geosynthetic) and beam elemant (facing).
= the displacements at each nodal point (of the soil
elements, geosynthetic elements, and facing

elements) .

A sample example for illustrating the use of the program
SSCOMP is given in Appendix B.
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Chapter 5
SUMMARY AND CONCLUSIONS

A comparisen of the existing design methods for
geosynthetic-reinforced retaining walls presented in Volume I of
this report has clearly revealed that, while there are
significant differences in the design concept of the methods, the
greatest discrepancy among the various design methods stems from
the internal stability safety factors adopted in the methods. 1In
a typical wall evaluated in that study, the combined safety
factors (in terms of the guantity of geocsynthetic needed) against
internal stability ranged from 3 to 23 depending on the method

used.

The widely varied safety factors adopted in these design
methods indicate that the safety factors are somewhat arbitrary.
This is in part due to the fact that the construction of
geosynthetic-reinforced retaining walls has only gained
popularity in recent years; as a result, the knowledge concerning
the safety margin associated with the design methods is not

founded on reliable empiricism.

The loading test presented in Volume 11 of this report has
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demonstrated that the most commonly used design method, the
Porest Service method, is overly conservative. The test wall wvas
loaded at a surcharge load more than three times the failure load

predicted by the Forest Service method; however, fajilure did not

occur.

The principal investigator is convinced that a rational
design method for internal stability (tensile rupture failure,
pullout fajilure, and long-term creep failure) of geosynthetic-
reinforced retaining walls should be deformation-criteria based,
i.e., based on specified deformation limits. This is necessary
because:

(1) There has not been adeguate case histories
documenting short-term and long-term behavior of
geosynthetic walls; consequently there is not
adequate empiricism based on which proper and
reliable safety factors against intermal failure of
reinforced soil mass can be established.

(2) The deformation (strain) associated with tensile
rupture and creep failure of geosynthetics is often
greater than 100% and geosynthetics of similar
rupture strengths may have very different tensile
stiffnesses.

(3) Methods based on safety factors cannot address the
effect of the foundation settlement and facing
rigidity in a rational manner. However, both factors
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have been known to have important influence on the
performance o©of geosynthetic-reinforced retaining

walls.

In this report, the results of a parametric study are
preserted. The parametric study was conducted by using a finite
element program SSCOMP. The program has been validated through
comparisons with field measurement of many different earth
structures. The program is capable of accommodating wvarious
wall/foundation geometries (including soft foundations of
different depths), soil and geosynthetic properties, construction
operations, facing rigidity, and external loading conditions.
Using the program SSCOMP, the effects of the following parameters
on the performance of geosynthetic-reinforced retaining walls
were investigated:

- the backfill stiffness and strength

= the geosynthetic stiffness

- the geosynthetic length

- the geosynthetic layer spacing

- the foundation stiffness and strength
= the foundation depth

= the surcharge pressure

= the facing rigidity

The parametric study indicated that:
(1) Each of the factors investigated showed significant



(2)

(3)
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effects on the performance of geosynthetic-
reinforced retaining walls.

The geosynthetic wall performance (including the
horizontal wall displacement, the forces induced in
the geosynthetic layers, and the lateral earcth
pressure) as affected by each factor showed a
definite "trend." This trend, together with the
degree to which each factor affects the wall
performance as revealed in this parametric study, can
serve as a very useful guide for refining trial
designs to obtain an acceptable design.

The effects of multiple factors (e.g., due to
different geosynthetic stiffness and foundation
depth) on geosynthetic wall performance are
complicated and the combinations are too many that it
would be very difficult to achieve an exhaustive
rational design method that requires only hand

computations.

In view of the complexity of the performance of the walls as
affected by the factors investigated in the parametric study, and
increasing availability of computers to design engineers, a
computer-based design procedure is proposed. The design metnhod
involves execution of two computer programs, GSWALL and SSCOMP,

and includes the following three steps:
Step 1

- Execute the program GSWALL, which is based on the
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Geoservice design methed, to obtain a “trial
design.”
Perform a finite element analysis of the trial
design using the program SSCOMP, If ths results
of the finite element analysis are satisfactory
(i.e., the wall displacement is acceptable and the
maximum force in the geosynthetic layers is
smaller than the design limit), an adequate design
is obtained.
If the design is found too conservative,
modifications may 'be made before accepting the
design. On the other hand, if the trial design is
found unsafe (e.g., the maximum wall displacement
is excessive or the forces in the geosynthetic are
too large), modifications must be made. 1In either
case, the results of the parametric study can be
used as a guide to obtain the modified trial
design. Analyses using the program SSCOMP should
be conducted until an acceptable design is

secured.
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APPENDIX A

SBample Example for the Program GSWALL



GSWALL =-- Geotextile-Reinforced Retaining Wall Design

Based oa the Geoservice Mathod (Jan. 1989)
Coded by: J.C. Lin & J.T.H. Wu (Feb. 1990)
Modified by: P. Macklin (Sept. 1990)

0B:15 PM
LR s i R R s s i dd s b i d bl A bbbl il bt ad i i abia st aiiatstl]

1(1) MWALL CHARACTERISTICS:

H Height {in feetr)==s==s===================z======3==z:) 0 R !
[ Geosynthetic Spacing {in feet)==ssszz==szzwss=c===) 1! » E
[} ] ]
{2) LOADING CONDITION: H H
! Uniformly Distriduted Surcharge (in paf)sv=s=ss====) 0: q |
[l [] []
[} L] L]
1(3) sSOIL PROPERTIES POR THE REINPORCED AND RETAINED ZOMES: ! i
] Moist Unit Weight (pef)===—===========zs===z====zzz3) 107 I r
H Friction Angle at peak stress (degress)=ss=ss=s===) 37 | a'p |
} Strais st psak stress » 0.1} B |}
H Priction Aagle at residual stress (in deg,)=s=s==s=) 35 ) e'r |
: Cohesion at residual stress (pef)==s==ssss=—===ss==z) 0ie'r)
: Bearing Capaclivy Comffirienr (centar load)sswzs===) 20 Nr |
L ] [ ] ]
(] L} [ ]
i(4) BSaIL PROPERTIES POR THE POUNDATION SOIL: H :
H Moist Unit Weight (in pef) 120 H
| Priction Angle (in “}m'ﬂm} 99 ) e'f |
H Cohegion (in psf) > 0} el
| Coef. of friction of the soil-gecsyn. interaction=) 0.5} w |

LA E L bt b e b a gt i d A b b il add it i aa s st dad i ddad i i T e e ]

= page L of 4 -
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Step 1. Check that the basic assumption is true.

quax = 0.2%"H = 214.0 psf >= q = 0.0 pst
Step 2. What design limit strasin do you wancl=s==s=—===c====p 0.1
Step 3. Tha retained sarth friction angle = the 'residual’ value.
Step 4. Calculste the backfill active earth pressure coef,

Ka = (Tan(4S - 0'/2))"*2 = 0.25
Step 5. Cale. & min. reinforcement length for SLIDING.

What is the depth (z) from the cresat to the
umrmtthmjm) 10

Driviang force
Pa = 0.5"Ka®rb®:"2 ¢ Ka®q®: = 1329.92 1b/ft
Resiating force!

Pr =u * Tan(e’) * (r*z"La + q*Ls)
Ls = length of min. reisforcesear (sliding plane).

What safety facter (eliding) do you want?ezs=====—mc==—=u) 1.2
FSu =Pr / Pa=1.20

The length required to obtain the safaty factor (mliding) at
depch 7 is determined by:

L [sliding) = 4.26 £t
Step 6. Calculate a minimum reinforcemsnt lemgth For OVERTURNING.

Driving Moment

M = (Ka®(H"%2)/6)"(r"Be3%) = 4433.07 1b
What safecy factor (overturning) do you wanc?ssssssssss=c) 1
FSo = Mr / W = 2.00

The langth required to obtain ths factor of safety (overturning)
is determiped by!

L (overturning) = 4.07 £t

= page 2 of 4 =
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Step 7. Calc. a min. reinforcemeat length for BEARING CAPACITY.

What safety factor (bearing capecity) do you wemg?=======> 2

Chack that cthe following is true:

IF : L{sssumed) = &4.66 ft = L{calculsted) = 4.66 ft
T™EN: L (bearing capacity) = 4.66 ft

Step 8. Calculste s minimm reinforcement length for ECCENTRICITY.
L (eccentrieity) >= 4.99 Et

Step 9. Cale. s min. reinforeement length for RANKINE ZONE EXTENSION
L (rankine zone extemsion) = 4.99 fr

Step 10, Select the minimum reinforcemsnt length:

L (aliding) > 4,26
L (overturning) b L.07
L (bearing capacity) 3 4,66
L (eccentricity) » .99
L (rankine zoms extension)——> 6,99

L (selected) sezssezs=zssmassssssss) .99
Step Li. Caleculate the saximm horizontal displacemsnt.
D= 2,99 inches; and should be less than 2.0 jnches!
Step 12. Calculate the maximum vertical stress.
mazimm vertical stress = 1605.0 puf
Step 12. Determine the maximw horizostal stress.
magimem horizontal stress = 434.9 psf
Step 14, Calculsts the required design geosynthatic temsion.

What safety factor (geofabric temsile scrremgch)
do you want?====s=z===zzzzsEzz=z) 1.3

t (required) = 652.4 1b/ft!: et 0,10 strain
for » 1.0 fr spaciag between Fabric layers

Step 15. Susmary of Geosynthetic Requirsments:

At what depth (fr) from the top of the wall doas
the top pecsynthetic layer scourT====mms=mas=s) 0.%

What safety factor (for pullout) do you want?s=ssssmo=z=z=) 1.5

= page J of 4L =
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L (selectsd) =sTse==szze==smrze=m=xx)

L (rankine zone extension)
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Bample Example for the Program BSCOMP

105



106

(anzx

0l ==

il -

an &

-
.

ob @& | ™A
G0 Lg0 | *»
20 20 L

F-_.

"

11

a Ll >
) 8 g

h-.ﬁ h.,n m&
. ro 90 u
" Yol ap @99 A
0 o v
..Qm. Lum nv
o002 0 C«m.._u
qi1 521 C&.‘

wiopune  [)tFeeg | | 105

g 9%P= V3 ‘ouayuiseas)



107

[NPUT FILE =

GEDTEXTILE WalLl
¢ 2 83 3 1

EXANPLE PROBLEM FOR SSCOMP.
% 0 10

1
6

ke ke R ---E--N-R-N-N-R-R-N-R-N-N-F-N-F-R-N-J-N_R-N—
ek R e - -R-E-N-N-N-N-F-N-F-J-N-R-J-§-N-R-N-N-N-N—N-N-
R Rl R R R - - - N-R R -E-N-N-F-R f-R-R-E M- -R-E N-N-0 -

docdddcnrnmrnrisdoocodcaasgSSSnNNY

oMm- .
-4

~gecnan I-unveereosoanzoen=agINAIRLRARR



108

oe N
asoo mu wu
oo Mu_. n.mﬂ.
I_u m. 1 [-N- N -
eoe - =
88 §=
- " . ono
= = m
. . coo + .
82 53 s L
o N. W. -T-%- q
_.__.“1.. ﬂw - T -7- “ .4._' ﬂ_.l..
ee un - |
é 9 9 8 N8R~ A
M - m& Mﬁllllt!!l!!ﬂﬂﬂﬂ ~ MM M&
(=2 o
4 ¢« "77g m ~ZO0ASA4GNANERe B
SnmmmoT gnnt gg g2TNI2RNIRARARRS A 22 S7 S92
SEEEEEFEERES: m NeeanemaNIRReAC Ng-° h
mumuwuummmmu:mm SR~ HARAIAAIIRSN] = BG4 05%¢

m’___ n-‘u
- AN TNO - =M [ Jﬁﬁmuﬂum“mllaluﬁllzzl od



109

== -N -} =e
m L] oy

™ [ ] o

- o =4~ -l

°=8 229 =2.7

“ 28" A8~ R8T

pial-t Dt 1 Lol Tl



EXAMPLE PROBLEM FOR S5COMP. GEOTEXTILE WALL

e s sw—
—e = e s
* LOAD CASE * « 1.
- L
i s
e

LAROEST ELE NO. [N THIS INCREMENT 19
LARGEST N.F. NO. IN THIS INCREMENT 30

VIDADCASE= 1 [TERATION= 1
e et e i e S ik

NP DELTA-X DELTA-Y DELTA-ZZ X-DISP Y-DISF ZZ-ROTAT TOTAL
1 000000 0.00000 000000 000000 O.00000 000000 000000 1
2 000000 0.00000 O0.00000 000000 000000 000000 000000 2
3 0.00000 000000 000000 000000 000000 O00000 O0000D0 3
4 0.00000 ODOODOD 000000 O00000 000000 000000 OODODOO 4
5 000000 000000 000000 000000 000000 000000 000000 5
6 000000 000000 000000 000000 OO00000 000000 OD0000 6
7 000000 -00018 000000 000000 -DODMO Q00000 00040 7
8 -DO20OT 00014 0.00000 -DIR1S 00081 0.00000 ki A
¥ -00291 -DOI7S 000000 -0I818  -D1108 0.00000 1w 9
10 -00232 00248 Q00000 -01417 -01654 000000 L2078 W0
1 -2 -00282 000000 -007T06  -0183)  D.00000 M9ea 11
12 000000 -D0290 000000 Q00000 -DIB4S 0.DOOOD Disas 13
13 -00400 00007 000000  -02341 00119 0.00000 onse 13
4 00428 00133 QODODD  -D23E) 00790 0.0000 02489 14
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BAR ELEMENTS--INTERNAL MEMBER FORCES

ELEMENT NO. AXIAL FORCE
INCREMENTAL VALUES

18842

25180

14m

13,3683
125616

hhbuu-—ghusup—
é

BEAM ELEMENTS-INTERNAL MEMEER FORCES
NODE 1 NODE J
ELEMENT NO, AXIAL FORCE SHEAR FORCE MOMENT SHEAR FORCE MOMENT

INCREMENTAL VALUES
1 53697 0.0000 00000  0.0000 0.0000
2 4953  0.0000 00000  0.0000 0.0000
3 54326  0.00D0 00000  QuDDOO ©.0000
TOTAL VALUES
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