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Abstract

The use of geosynthetic reinforcement to enhance the ultimate load-bearing capacity and
reduce the anticipated settlement of the shallow foundation has gained sufficient attention
in the geotechnical field. The improved performance of the shallow foundation is achieved
by providing one or more layers of geosynthetics below the foundation. The full
wraparound technique proved to be efficient for the confinement of soil mass and
reduction in settlement of foundation however lacks the literature to ascertain the
performances of such footing under dynamic loading. In view of the above, the present
study examines the effect of geosynthetic layers having a finite length with full
wraparound ends as a reinforcement layer, placed horizontally at a suitable depth below
the foundation using the finite element modeling (FEM) and evaluates the ultimate load-
bearing capacity of a strip footing resting on loose and dense coarse-grained earth beds
under seismic loading and further compared to those of footing resting on unreinforced
earth bed. Moreover, the effect of horizontal seismic acceleration coefficient (ki) on the
ultimate load-bearing capacity has been investigated by varying ki, from 0.1 to 0.6 at an
interval of 0.1, for both reinforced and unreinforced earth bed having loose and dense soil
strata. Furthermore, this study demonstrates that by adopting the new practice of using the
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geosynthetic reinforcement with the full wraparound ends in foundations, it is possible to
support relatively heavier structures under static as well as dynamic loading without
allowing large footing settlements. From the outcomes of the present study, it is noted that
the ultimate load-bearing capacity of footing resting on loose and dense sand bed found to
be improved by 60% and 18% for soils having friction angle of 25° and 40°, respectively
compared to respective unreinforced earth beds under static condition.

Keywords:  reinforced earth bed, bearing capacity, strip footing, finite element method,
pseudo-static analysis

1. INTRODUCTION

Soil reinforcement is a method to enhance the stability of the overall structure
(e.g., bridge abutment, mechanically stabilized earth walls, etc.) by adopting the
practices of the high tensile member below the foundation in the form of
geosynthetics [27, 34]. Over the past few decades, there are several innovative
ground modification techniques such as reinforcing soils using geosynthetics that
have been developed and widely adopted in the field. The construction of a
reinforced earth bed to support a shallow foundation has significant potential as
an inexpensive alternative to traditional ground modification methods. Through
the various available literature, it is noted that the various materials such as metal
strips [ 10, 12], rope fibers [2], and geogrid [11] have been used for reinforcing the
carth bed to demonstrate that the inclusion of reinforcing material in the
foundation bed can readily improve the ultimate load-bearing capacity and the
settlement characteristics of the foundation soil. However, out of many
alternatives to reinforce the earth bed, reinforcement using geosynthetics material
is found best due to its cost-effectiveness, and speedy construction. In this
technique, reinforcing material having a definite length is placed in one or many
layers at a predetermined gap between successive reinforcing layer beneath the
footing to enhance the bearing capacity of the footing.

From the findings of the past investigation carried out using numerous
experimental and numerical studies, it is found that the ultimate load-bearing
capacity of a shallow footing resting on sand reinforced with layers of geogrid and
subjected to a centric vertical load can be enhanced significantly [1, 2, 4, 11, 12,
28, 39]. Furthermore, these studies reported that the performance of the footing
can be improved by the introduction of reinforcement materials only when the
reinforcement is placed within a certified depth beyond which no significant
improvement will occur in the stiffness characteristics of the soil. Khing et al.
[21], and Aria et al. [3] suggested that reinforcement material used as a single or
multiple layer (3 to 4 layers) of geosynthetics, rested horizontally within the earth
bed having the length of the reinforcing layers 4 to 6 times the footing width,
provides sufficient stiffness and confinement to the underlying soil. In a study,
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Bera et al. [6], reported that the optimum length of reinforcement is 5 to 7 times
the width of the footing for a square footing on reinforced pond ash.

However, sometimes due to the presence of nearby structures on the site or another
property line, does not permit the provision of the required length of the
reinforcement. To provide a solution to such problems, Kazi et al. [17-20] and
Shukla [33] have proposed the reinforcing layer with wraparound ends, which
requires a much lower width of land for the placement of the reinforcing layer
with an additional increase in the load-bearing capacity, compared with
reinforcement layers placed horizontally without wraparound ends within the
same sand bed system. Not only the material requirement, but the expansion of
land excavation along the length of reinforcement also may not be possible due to
the unavailability of land space or due to the presence of a property line or any
existing structure nearby, which may limit the placement of adequate length of the
reinforcement.

Such need-based demand raised the concept of full wraparound ends of
geosynthetics reinforcement is presented in this study to improve the bearing
capacity of cohesionless foundation soil below strip footing to avoid deep
excavation and provide savings in the land space to form a reinforced earth bed
system, which helps in minimizing the overall cost of the project.

The available literature for the reinforcement of cohesionless soil mass has
focused only on the static loading and unfortunately, only a few studies are
available on the dynamic response of reinforced soil mass. The reason for this may
be the unavailability of suitable instrumentation for analyzing the internal stress
and strain while performing the seismic analysis in the laboratory. Numerical
modeling is a fast, better, and accurate approach to investigate the model under
static and dynamic conditions in a very short period. Kumar and Chakraborty [24],
recently studied the seismic bearing capacity of rough strip footing resting on
geogrid reinforced earth bed by using lower bound limit theorem and
demonstrated that inserting a single layer of reinforcement beneath the footing can
improve the ultimate load-bearing capacity of weak soil strata.

The seismic forces induced due to earthquake events can affect the bearing
capacity of the foundation soil which may eventually cause structural failure. In
the present study, an attempt has been made to study the load-settlement response
of a strip footing resting on a reinforced earth bed with full wraparound ends of
the geosynthetics under the action of horizontal seismic forces.

Fig. 1 shows the footing resting over the reinforced with a detailed layout of the
placement of geosynthetic layers considered in the study, where B, b, and d are
footing width, length of the reinforcement layer, and vertical length of the full
wraparound end respectively. Moreover, 1 and u represent the lap length and the
burial depth of the topmost layer from the bottom of the footing and h is the
vertical spacing between the successive reinforcement layers. From the literature,
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it had been noted that the magnitude of the load-bearing capacity for a given strip
foundation resting over the reinforcement earth bed with geogrid having full
wraparound ends is the function of the number of parameters namely the
normalized length of reinforcement (b/B), the normalized vertical length of
wraparound ends (d/B), normalized lap length (1/B), normalized burial depth of
the first layer (u/B) and the normalized vertical spacing (h/B). Based on the
literature review, it is found that the researchers recommended the range of the
above-discussed parameters for efficient utilization of reinforcement technique to
be applied on the footing under static loading:

b/B=4 [17]; /B=0.2-0.4 [28]; d/B=0.2 [19]; w/B=0.3 [20, 28].
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Fig. 1. Geometry of full wraparound ends of geosynthetics and boundary conditions

In practical situations, after placement of the first layer, the soil is compacted and
then the second layer is introduced and again compaction is done, which helps in
attaining dense strata of soil foundation. Sometimes due to negligence, it is also
possible that the stratum could not be compacted efficiently resulting in loose soil
strata. Given the above, a comprehensive numerical study based on the finite
element method has been carried out to evaluate the load-bearing capacity of a
shallow foundation under the seismic condition for a wide spectrum of friction
angles, ¢ of 25° and 40°, as the difference between the angle of internal friction
of given sand in the densest and the loosest state may be as high as 15° [37].

Furthermore, to investigate the effects of horizontal seismic acceleration
coefficient, ki, on the bearing capacity of the footing resting on loose and dense
reinforced soil, numerical investigations have been carried out to investigate the
load-settlement response of the footing, under static loading (kx = 0) and various
seismic loading corresponds to the horizontal seismic acceleration coefficient (kp)
ranging from 0.1 to 0.6 at an interval of 0.1. The pseudo-static analysis is adopted
in the present study by considering only the horizontal seismic acceleration
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coefficient (ki) [22]. Moreover, the load versus settlement curve for the footing
resting on a reinforced earth bed is studied and compared with the unreinforced
one.

2. NUMERICAL MODELING

A two-dimensional finite element program, Optum G2, has been used to model a
strip footing under vertical loading and seismic horizontal acceleration, resting on
a sand bed reinforced with full wraparound ends of geosynthetics reinforcement
[29]. The reinforcement configurations as shown in Fig. 1, considered in this study
are normalized with the footing width (2m) such as b/B=4, h/B=0.2, d/B=0.2,
u/B=0.3. The reinforcement layers are modeled using a structural geogrid element
with elastic stiffness, EA (where E=Young’s modulus and A=area of the cross-
section of geosynthetics) (Table 1).

Table 1. Material properties used in the present analysis

Parameter Loose soil Dense soil  Geosynthetics
Friction angle, ¢ (°) ? 25° 40° -

Dry unit weight, yq4 (kN/m?) 2 15 17.65 -

Bulk modulus, K (MPa) * 27 100 -

Shear modulus, G (MPa) ? 9 38 -

Cohesion, ¢ (kPa) 0 0 -

Axial stiffness, EA (kN/m) ° - - 1000

2 (Chugh and Labuz [9]); ® (Benmebarek et al. [5])

As shown in Fig. 1, a rigid strip footing (concrete) is considered having a width
(B) of 2 m, resting on the surface of the reinforcement earth bed. The sand bed is
assumed to follow the Mohr-Coulomb failure criterion, which requires the
parameters namely, the friction angle (¢), shear modulus (G), and bulk modulus
(K) (as shown in Table 1) to model the soil behavior [5, 9]. Moreover, the
interaction between the geosynthetic material and the surrounding soil was
simulated by interface elements located at the common surface between soil and
reinforcement surface, having an interface parameter, namely strength reduction
factor Rin, which is assumed to be 2/3 [13, 18].

For the present numerical model, six-node triangular elements with a three-point
Gaussian integration rule are preferred and used in the present study. A plane
strain condition is considered in the analysis, in which the strain associated with
the third direction (perpendicular to the x-y plane) is zero, which provides
numerical advantages to treat the problem as two dimensional [31]. The boundary
conditions of the model are applied in a manner such that the movement of vertical
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boundaries are constrained in the horizontal direction, while the bottom horizontal
boundary was constrained to move vertically as well as laterally. To minimize the
effects of the boundary condition on the response of the strip footing under vertical
load, the boundaries of the model is considered such that, vertical is located at 5B
in both directions from the central vertical line of the footing and the bottom
horizontal end is located at 12B from the footing, as shown in Fig. 1. The boundary
conditions adopted were far away, such that the plastic movement and the failure
plane obtained in the analysis were not being intercepted.

To obtain accurate results from the numerical model, the selection of an
appropriate number of elements in the mesh is the primary essential requirement
in numerical simulation [16, 30]. A sensitivity analysis was performed by varying
the number of total elements in the mesh from 1000 to 10000 and it is found that
6000 elements were good enough for the considered mesh in the present study
based on an observed outcome by varying the number of elements in the mesh
(Fig. 2) [14, 15, 34-36].
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Fig. 2. Finite element model considered for strip footing resting on foundation soil
reinforced with full wraparound ends of geosynthetics

An incremental vertical uniformly distributed surcharge on the footing and a
seismic horizontal acceleration on the body of the considered mesh is applied to
investigate the behavior of footing under the effect of seismic loading. Based on
the above simulations, the load-settlement response has been plotted by
considering various parameters of the geosynthetics reinforcement using the full
wraparound technique discussed in the previous section.
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3. VALIDATION OF THE NUMERICAL MODEL

To validate the numerical model used in the present study, a strip footing resting
on the unreinforced earth bed is analyzed using the Mohr-Coulomb model (c-¢
soil) and the values of the bearing capacity factor due to the cohesion component
of soil (N¢) and bearing capacity factor from the component of unit weight (Ny)
are obtained by lower bound limit analysis using FEM and compared with values
obtained by various researchers and discussed below.
The magnitude of the collapse load (qu) per unit length of the footing caused by
the cohesion component of soil can be determined with the use of the bearing
capacity expression:

gu=cN.+0.5yBN, (3.1
where N. and N, are the bearing capacity factor due to the cohesion component of
soil unit weight respectively, qu, ¢, and y are the ultimate load-bearing capacity,
cohesion, and unit weight of the earth bed respectively. The values of N.and N,
were calculated by a back-calculation using Terzaghi’s bearing capacity equation
for a surface strip footing by applying the superposition principle (Eq. 3.1) and
compared with the results obtained by various researchers and shown in Figs. 3
and 4 [37].
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Fig. 3. Comparison of bearing capacity factor, N, obtained in the present analysis with
various available literature for unreinforced earth bed with the angle of internal friction

()



124 Sagar JAISWAL, Vinay Bhushan CHAUHAN

200 —— Present analysis
---®-- Chakraborty and Kumar (2014)
---&--- Kumar and Khatri (2008) . -
-~ Ukritchon (2003)
150 H :
«_ 100 -
50 A
0 -
. T . T r I : T ,
25 30 35 40 45 50

Angle of internal friction, ¢ (°)

Fig. 4. Comparison of bearing capacity factor, N, obtained in present analysis with
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The values of Ncand N, increase continuously with an increase in the value of ¢.
The values of bearing capacity factor N, were compared with the results of
Meyerhof [26] obtained using the limit equilibrium analysis, Bolton, and Lau [7]
achieved by the method of the stress characteristics approaches, and Chakraborty
and Kumar [8] using the lower bound limit analysis with finite elements and linear
programming (as shown in Fig. 3). The value N obtained from the present
analysis is marginally lower than the values reported by the researchers, however,
with the increase in the value of ¢, the deviation in the results converges and
coincides with the value reported by the lower bound limit analysis for ¢ = 30°.
Similarly, the values of N, were compared with the results of Kumar and Khatri
[23] obtained by linear programming, and Ukritchon et al. [38] and Chakraborty
and Kumar [8] obtained with lower bound limit analysis (as shown in Fig. 4). It
can be seen that for different values of the angle of internal friction of soil (¢), the
results obtained from the present analysis are quite favorable with the exiting
reckoning results of Kumar and Khatri [23], and Chakraborty and Kumar [8].
Moreover, the current numerical model is well validated with the results reported
by Saha and Ghosh [32] for seismic bearing capacity factor (Ny.) obtained for ¢ =
20° at ky, = 0.1, 0.15 and 0.2 with a variation of around 3% for the first two cases
and 8% for the latter one.
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Concerning the above, the result obtained in the present analysis are quite
favorable with most of the reported results, and this model is found to be a well-
validated model to use for further analysis.

4. RESULTS AND DISCUSSIONS

This section demonstrates and discusses the findings of the study based on the
numerical simulations carried out with the various geometrical configurations of
geosynthetics reinforcement (i.e., b/B=4, h/B=0.2, d/B=0.2, u/B=0.3). Moreover,
the load-settlement responses of the footing under seismic loading and vertical
loading on the footing resting on the earth bed surface has been presented
graphically.

In the design of any foundation, one must consider the safety against the bearing
capacity failure as well as against excessive settlement of the footing. Concerning
this, the load-settlement response of unreinforced and reinforced earth bed is
obtained from the detailed parametric studies mentioned in the previous section
and compared suitably. The primary purpose of this numerical study is to evaluate
the effect of full wraparound ends of geosynthetics reinforced loose and dense
earth beds, on the settlement behavior under the influence of horizontal seismic
acceleration coefficient (k).

The study on the loose and dense unreinforced earth bed is conducted in static and
dynamic conditions and for better understanding, the variation of load versus
normalized settlement of the footing is thus plotted and shown in Figs. 5 and 6.
For loose cohesionless soil (i.e. ¢ = 25°) it is observed that the ultimate load-
bearing capacity (qu:) decreases with the increment in horizontal seismic
acceleration coefficient (ky), and also the ground was found unstable beyond ki =
0.5 (as shown in Fig. 5). Also, it is seen that as ki changes from 0 to 0.4, the peaks
of the normalized settlement of the footing (s/B %) changes from 10.72% to
4.07%. This may be attributed to the fact that the soil with a lower friction angle
may not be stable under high seismic loads and unable to support the footing up
to a greater extent. Similarly, for dense cohesionless soil (i.e. ¢ =40°), it is found
that the value of qui is greater than the loose one, at the same s/B % (Fig. 6), this
may be due to the closeness of the soil particles in its dense state. The s/B % at ki,
=0 and 0.6 was found to be 30.58% and 14.30% with the qu: = 2836.65 kPa and
1835.25 kPa respectively. For both states of the denseness of the soil mass, the
value of qur decreases as the ki amplifies beyond 0.
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Fig. 5. Load-settlement response for strip footing resting on unreinforced earth bed with
loose cohesionless soil for varying ks
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A similar study resembling the above is conducted with the inclusion of
geosynthetics material with full wraparound technique and the results from the
numerical analysis are shown in the form of curves outlined between the load-
bearing pressure (qr) and normalized settlement ratio (s/B %) for loose and dense
cohesionless soil respectively, as shown in Figs. 7 and 8. It can be inferred from
the obtained curves that for any corresponding s/B %, the load-bearing pressure is
higher for the reinforced earth bed than the unreinforced one. However, the
improvement in the case of loose soil is found to be more significant with respect
to the dense soil. The ultimate load-bearing pressure of reinforced earth bed (qur,
r) at ks = 0 and 0.4 are found to be 383.80 kPa and 222.14 kPa respectively for
loose soil, whereas for dense soil it is observed to be 3332.10 kPa and 2490.10
kPa at kn = 0 and 0.6 respectively. The variation trend of load versus normalized
settlement response at static conditions is found very close to the results of Adams
and Collin [1] and Kazi et al. [17].

Table 2. Ultimate load-bearing capacity for unreinforced (qui) and reinforced (qui, r) earth
bed for loose and dense cohesionless soil under varying horizontal seismic acceleration
coefficient (ky)

l Loose soil Dense soil

kn Qui(kPa)  quer(kPa)  qui(kPa)  quir(kPa)
0 239.09 383.80 2836.7 3332.1
0.1 219.23 373.18 2737.9 3271.6
0.2 191.07 344.10 2570.5 3145.9
0.3 158.88 301.02 2400.6 2998
0.4 119.05 222.14 2222.1 2840.8
0.5 - - 2034.3 2673.3
0.6 - - 1835.2 2490.1

In this study, the double tangent method is used to estimate the ultimate load-
bearing capacity for the case of unreinforced (qur) and reinforced earth beds (qu,
r). The ultimate load-bearing capacity which can be supported without failure is
defined as the load corresponding to the intersection of the two tangents, one at
the early part of the load-settlement plot and the other at the latter part [15, 25]. A
summary of the qui and qui, r s0 obtained for loose and dense cohesionless soil
under static and varying seismic loading is presented in Table 2. It is noticed that
qui, r at kn = 0 improves by 60% and 18% for ¢ = 25° and 40° than the qu:
respectively. Also, the enhancement in the qui, r With respect to the quit is noted for
both loose and dense cohesionless soil corresponding to various horizontal
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seismic acceleration coefficient (k). The result indicated that an increment in qur,
r 0f 70%, 80%, and 89% than qui is observed at kn = 0.1, 0.2, and 0.3 respectively,
whereas, for dense one, the noticeable improvement in qui, r is found at ky, = 0.5
and 0.6 which is approximately 31.5% and 36%.

The beneficial effects of reinforcement to increase the ultimate load-bearing
capacity can be expressed in terms of a non-dimensional parameter called the
bearing capacity ratio (BCR). The BCR can be expressed as the ratio of the
ultimate load-bearing capacity of the reinforced (que, ) and unreinforced (qui)
carth bed at the same settlement level of the foundation. The variation of bearing
capacity ratio (BCR) versus horizontal seismic acceleration coefficient (ky) for
footing resting on loose and dense cohesionless soil is shown in Figs. 9 and 10.
From the present analysis, it is found that the BCR for footing resting on loose
cohesionless soil is more than 1.6 at ky, = 0, which is comparable to the findings
of Aria et al. [3]. Furthermore, for footing resting on loose earth bed, the BCR
increases from 1.61 to 1.89 with the change in kx from 0 to 0.3, but at ky, = 0.4 it
reduces marginally and attains a value of 1.86 as shown in Fig. 9. Also, due to
seismic excitation level, beyond ki = 0.5 the foundation soil fails abruptly with
the movement of soil in the direction of applied seismic load. For footing resting
on dense cohesionless soil, the improvement in BCR is linear with the horizontal
seismic acceleration coefficient (k). Initially, at kn = O the improvement of the
BCR is observed 1.17, but at ky, = 0.6 it is found to be 1.36. From the curve
obtained in Fig. 10, it is inferred that the enhancement in BCR is more significant
with the increase in seismic loading up to a certain extent.
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Fig. 9. Variation of bearing capacity ratio (BCR) with horizontal seismic acceleration
coefficient (ky) for loose cohesionless soil
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Moreover, the shear failure planes obtained in the present study are also analyzed
and shown in Figs. 11 (a)-(c) and 12 (a)-(d) for loose and dense soil respectively,
as the noticeable failure planes are observed for these cases of unreinforced earth
bed. At static condition, it is seen that the failure pattern is symmetrical about the
central vertical axis of the footing and similar to that proposed by Terzaghi [37]
for the unreinforced earth bed (Figs. 11 (a) and 12(a)). An elastic wedge zone is
located immediately below the footing which pushes away the soil in two
symmetrical zones. For seismic conditions, the failure of the footing and soil mass
is shown in Figs. 11(b)-(c) and 12 (b)-(d). A well-defined failure zone is visible
in all the cases and also, the augmented failure zone develops in the direction of
the applied seismic horizontal load. It can be attributed to the fact that the extent
of the failure of the footing and the soil mass depends upon the magnitude of the
seismic loading.



ASSESSMENT OF SEISMIC BEARING CAPACITY OF A STRIP FOOTING RESTING 131
ON REINFORCED EARTH BED USING PSEUDO-STATIC ANALYSIS

Fig. 11. Failure pattern of loose cohesionless soil for unreinforced earth bed at (a) ky=
0; (b) kn=0.2 and (c) kn= 0.4; and reinforced earth bed at (d) kn= 0; (e) kn=
0.2 and (f) kn= 0.4 respectively

For the reinforced earth bed, the failure planes are presented in Figs. 11 (d)-(f) and
12 (e)-(h), for ¢ = 25° and 40°, respectively. In the case of loose sand at k, = 0,
the shear failure of the foundation soil is found to be unsymmetrical, a possible
reason for this may be the rearrangement of soil particles or the load transfer
mechanism on the application of surcharge, but the failure zone is restricted by
the reinforcement to a limited depth (Fig. 11 (d)).

For the different cases of seismic loading, it is seen that the extents of failure
surface in vertical and horizontal directions in the reinforced earth bed is less as
compared to the unreinforced condition for both the cases of soil, this may be due
to the presence of high tensile load-bearing member below the footing. In case of
loose soil at ky = 0.4, for unreinforced earth bed (Fig. 11 (c)) the vicinity of shear
failure is visible near the boundary, in contrast, the movement of soil in reinforced
earth bed (Fig. 11 (f)) is limited under the applied seismic loading and the failure
zone of foundation soil is reduced.
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Fig. 12. Failure pattern of dense cohesionless soil for unreinforced earth bed at (a) kn= 0;
(b) kn=10.2; (¢) kn= 0.4 and (d) kn= 0.6 and reinforced earth bed at (¢) kn= 0; (f) kn=
0.2; (g) kn= 0.4 and (h) kn= 0.6 respectively

For the dense sand, a well-developed symmetrical failure plane at static condition
is observed for the footing resting on reinforced earth bed in Fig. 12 (e), and it is
also inspected that the extent of the failure region is constrained. As the amount
of horizontal seismic acceleration coefficient (kn) step up, the movement of soil in
the direction of applied load is observed in the failure plane (Fig. 12 (a)-(d)).
Whereas the introduction of geosynthetics reinforcement has condensed the extent
of the failure zone due to its tensile behavior and also the movement of soil is
limited up to a certain distance, which in turn supports the foundation even at a
greater horizontal acceleration.

5. CONCLUSIONS

A numerical study using finite element method on the behavior of strip footing
supported on reinforced earth bed is presented under static and various seismic
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loading (i.e., horizontal seismic acceleration coefficients (kn)). The study has been
carried out to evaluate the behavior of strip footing resting on the loose and dense
cohesionless foundation soil to investigate the effect of the ground reinforcement
with full wraparound ends. As the present study is one of a novel kind of study
with consideration of dynamic loading, so the findings of it can serve as a base
study for similar studies using pseudo-static analysis of reinforced earth bed in the
future. The obtained results can also be utilized for the validation of any similar
study as well as producing an analytical method and supplying a generous
database for seismic analysis. Based on the presented study, the following
conclusions can be drawn:

1. The use of geosynthetics layer with full wraparound ends as reinforcement
within the earth bed results in an additional increase in the ultimate load-bearing
capacity (qur, r) and delayed the failure due to settlement. Under the static
condition, the maximum improvement in qug, & of 60%, and 18% is obtained
than that of qu: for loose and dense cohesionless soils, respectively. The
improvement in the case of loose soil is more significant, hence it can be
concluded that the full wraparound technique is more beneficial for
cohesionless soil having a low angle of internal friction (¢).

2. With the application of seismic loading (i.e., horizontal seismic acceleration
coefficient (kn)) on the footing resting over loose soil, the ultimate load-bearing
capacity quy, r at ky = 0.1 and 0.2 is reduced by 3% and 10.2% respectively,
whereas qui is reduced by 8% and 20% respectively. However, the application
of geosynthetics is found more effective up to ky = 0.3 to improve the seismic
bearing capacity of the footing.

3. The bearing capacity ratio (BCR) obtained in the present study is greater than
unity for all the cases studied, which implies that the ultimate load-bearing
capacity has been improved due to reinforcement even under seismic loading.
For loose and dense states of soil, the BCR is obtained at 1.61 and 1.17,
respectively under static loading conditions. Whereas, in the case of dynamic
loading, as the ky, increases, the BCR of the footing over the reinforced bed also
increases. In the case of loose soil, the maximum improvement in BCR is
noticed at kn = 0.3 i.e. 1.89, and after this, a marginal decrease in BCR to 1.86
is observed at k, = 0.4. For dense soil, the BCR increases linearly with ks, and
a maximum improvement of 1.36 in BCR is noticed at k, = 0.6.

4. From the observation of the potential failure envelope obtained in the present
study, it is perceived that the extent of the failure envelope increases for both
unreinforced and reinforced soil with augmentation in ki, attributed to the
higher intensity of seismic loading. However, with the application of
geosynthetics reinforcement, the extent of the developed failure zone is
constrained in both the horizontal and vertical directions. The movement of soil
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below footing is hindered by the presence of a high tensile reinforcement to a
considerable extent, which consequently reduced the chances of the shear
failure of foundation soil beneath the strip footing compared to a footing resting
over an unreinforced earth bed.

ADDITIONAL INFORMATION

qr

Qu
Qult

length of the reinforcement layer (m)

width of strip footing (m)

vertical length of the full wraparound end (m)

vertical spacing in between the two consecutive reinforcement layers (m)
horizontal seismic acceleration coefficient

lap length of the reinforcement layer (m)

bearing capacity factor due to the cohesion component of soil

bearing capacity factor from the component of unit weight

load-bearing pressure for strip footing resting on an unreinforced earth bed
(kPa)

load-bearing pressure for strip footing resting on a reinforced earth bed
(kPa)

collapse load per unit width of the footing (kPa)

ultimate load-bearing capacity for strip footing resting on an unreinforced
earth bed (kPa)

qui, r ultimate load-bearing capacity for strip footing resting on a reinforced earth

bed (kPa)
settlement of the strip footing (m)

u burial depth of the first layer of reinforcement from the bottom of the
footing (m)

() soil friction angle (°)
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