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Abstract Keywords:
The soil in Irag has a low load carrying or bearing capacity and high Finite element;
deflections or settlement because of the applied loads. The use of Strip footing;
strip footing as a foundation to support different kinds of heavy Geogrid,
structures has become necessary nowadays through solving such Response;
problems by using geogrid. This soil improvement technique is widely Soil.

used all over the world. In this paper, the bearing capacity and
settlements were calculated using finite elements and analytical
models for strip footing resting on different kinds of soil. The study
parameters are footing rigidity, the number of layers in a geogrid, the
dimension of geogrid, and spacing of geogrid layers. According to the
findings, the geogrid improved the bearing ability of the footing and
reduced settlement. The optimum geogrid dimension was three times
the footing width, and three geogrid layers were optimum. The
changing in footing rigidity also affects the stress and settlement
behavior.

1 Introduction

In recent years, the concept of reinforcing soil underneath foundations has become
more interesting [1-6]. As the number of appropriate construction sites becomes scarcer, and the
demand for poor soil as a base material grows, the use of geogrid reinforcement has become broadly
acknowledged [7-9]. The word “reinforced soil” refers to any soil mass whose shear strength has been
increased by the addition of resisting parts, such as bars, strips, tubes, grids, or sheets [10]. Different
geotechnical engineering applications required reinforcement to increase the performance of the soils.
Some scientists have investigated the advantages of soil strengthening in both experimental and
theoretical studies [1-6, 11, 12]. During the last decades, several studies have used laboratory model
experiments to assess the geogrid-reinforced soil behavior beneath the load of footing [5, 8, 13-17],
numerical simulation [16-18], and field experiments [19].

To enhance bearing capacity and minimize expected shallow foundations settlement, both
horizontal and vertical reinforcements are included [20]. Geogrids can be an appropriate and low-cost
method of increasing bearing or load carrying capacity and decreasing settlements in soils. The
increase in soil shear strength which is usually observed with reinforced soil represents a result of
displacement of the corresponding soil- strengthening.

Yahia et al. (2016) assess the bearing or load carrying capacity and the deflection of a strip
footing lying on sand has poorly graded particles with geogrid reinforcement [20]. This study found that
the geogrids improved the curve of the load-settlement for the footing by up to three times the strains
at the failure of un-reinforcement sand; in this manner the footing may undergo more elastic
settlements before failing with geogrids. In experiments on geogrid strengthened foundations, Abu-
Farsakh et al. (2008) and Gill et al. (2013) found that to enhance the bearing capacity ratio, the
optimum number of strengthened strata was 3 or 4, and the actual strengthening depth was 1.25 — 2.5
times the width of the foundation [19, 21].

Several scientists have investigated the load carrying or bearing capacity of foundations on
strengthened sandy soils in the laboratory [14]. Many aspects, like soil geogrid interface interaction,
the number of strengthened strata, strengthening spacing, and the depth of the first strengthening
stratum, may impact the behavior of geo-synthetic-reinforced foundations [22].
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The bearing capacity of soft soils which have a sand-mat structure was investigated by Park et
al. (2013) and discovered that the bearing capacity ratio might be raised by up to 29.4 times based on
the configuration of the foundation and the soft soil’s initial carrying capacity [23]. The majority of
current research focuses on strip foundations or planar-strengthened footings [4]. Makkar et al. (2017)
compared bearing capacity enhancement variables using three-dimensional geogrids with rectangular
and triangular openings [24]. The improvement in bearing capacity factor was 3.05 for a rectangular
opening and 2.7 for a triangular opening.

Das and Omar (1994) investigated the impact of footing breadth, and the findings presented
that the ratio of bearing capacity of the geogrid-sand structure decreases as footing width increases
[25]. California Bearing Ratio achieved a constant value once the footing width was higher than 130
mm to 140 mm.

Chen et al. (2021) presented the outcomes of stress experiments of the scale plate in laboratory
on sand strengthened with geogrid [9]. By altering the length of strengthening geogrid strata and their
number, each 25 percent of the foundation width apart, the effects of strengthening length and
strengthening number of strata on the load-settlement relation of the strengthened soil footing were
examined. Laser sources (to highlight the geogrid strengthening) and a digital camera were used to
examine the distortions of the strengthening strata and soil beneath strip loading. The geogrid part
beneath strip loading was studied using two-dimensional finite difference software that took into
account the shape and the dimension of the experimental simulated tests. The load carrying capacity
of the strengthened soil footing and its toughness have developed as the strengthening layers length
and number have risen, although this situation is more pronounced as the number of strengthening
strata has increased.

The literature review that is performed on geogrids soil reinforcement, reveals that the majority
of laboratory/numerical studies focused on soil parameters, variations in geogrids content, and
variations in footing sizes. Therefore, further study must be carried to study other parameters that may
affect the response of rigid or flexible strip foundation setting on reinforced soil with geogrid which is
the objective of the existing study.

2 Materials and methods

PLAXIS software is confidently used for simulating every geotechnical problem. By using this
software, it can be designing and performing an advanced finite element or soil limit equilibrium
analyses and the distortion of rock and stability, as well as the interaction of soil-structure,
groundwater, and heat transport. Also, it may demonstrate the non-linear and time-dependent attitude
of soils via an advanced constitutive model which incorporated in this software. In this software, typical
structure and its interaction with the soil, pore pressures of hydrostatic and non-hydrostatic, and work
on a variety of projects as well as foundations, excavations, and embankments, mines, tunnels, and
dredging can be implemented.

The nonlinear performance of the soil was simulated by the soil model of Mohr-Coulomb, which
is a stress-strain relationship of the elastoplastic model. The foundation was considered as elastic
plate components with considerable normal stiffness EA and flexural rigidity El varied for rigid and
flexible response. Interface parts or elements were implemented to show the relation of the base with
the soil and the relation of the soil with geogrid. The coarseness of the interface is demonstrated by
selecting an appropriate value for the interface strength decreasing factor Rinner. This parameter
connects the interface strength to the soil strength parameters (cohesion and angle of friction). A
typical value of Rinner = 0.85 is employed as an interface component between the geogrid and the
soil. This component connects the interface resistance to the soil strength. The soil-plate footing
interface element was chosen to be rigid (Rinner = 1). The soil factors employed in this study are listed
in Table 1, the footing and geogrid characteristics are reported in Table 2 which is taken from [9] for
verifications.
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Table 1: Soil parameters [9].

Unit weight y [kN/m ] 15.6
Elasticity modulus  Eqer [kN/m?] 8000
Poisson's ratio v 0.3
Cohesion Cref [kKN/m?] 2
Internal friction angle ¢ 44°
Dilatancy angle g 14°

Table 2: Footing and geogrid parameters.

Geogrid

Parameter Rigid footing (assumed) Flexible footing (assumed) [Chen et al (2021)] [9]
Flexural rigidity EI [kN m*/m] 4% 108 4000 -
Axial rigidity EA [KN /m] 400000 400 200

The behavior of the footing in a flexible or rigid fashion can be assessed using a dimensionless
parameter Kg that incorporates a representative Young’s modulus for the soil Es combined with terms
representing the stiffness of the footing in order to determine an equivalent system stiffness. The
stiffness parameter K is calculated using Equation 1 by Arnold et al (2010) [26]. The stiffness of the
system can be classified based on the ranges for Ks given in Table 3.

k=2 @)

where K is the system stiffness, E; is the footing Young's modulus, Es is the soil modulus, t is the
footing depth and B is the footing width

Table 3: Stiffness limits for foundation system [26].

Ks range System stiffness
0 Absolutely flexible
0-0.01 Semi-flexible
0.01-0.1 Semi- rigid
0.1-infnity Rigid

Triangle plane stress elements for soil automatically generated (15 nodes), plate elements for
the foundation, and elastic membrane elements to model the geogrid. Fig. 1 illustrates the solved
problem geometry. As illustrated in Fig. 1, the boundary conditions of modeled are that the
perpendicular borders are free in vertical direction but confined horizontal direction, whereas the
horizontal boundary in the lowest part is fixed.
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Fig. 1: Soil geogrid simulation with interface.
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After the model, geometry has been specified and all clusters and structural objects have been
assigned material attributes, the geometry inputs must be separated into finite elements in order to
perform the simulation of the problems. The mesh generation of the simulation is presented in Fig. 2.

Fig. 2: Finite element mesh.
3 Results and discussions

3.1 Model verifications

The present study verification example is depended on an already performed study by Chen et
al. (2021) [9]. Chen et al. (2021) [9] used a soil tank, a digital camera, a mechanism of loading, and
two sources of laser in their experiment. The inside measurements of the tank are 800 x 200 x 590 all
dimensions in millimetres (length, breadth, and height). The test box is framed with L-shaped steel
beams and has a thickness of 19 mm of toughened glass. Through the glass wall, the soil distortion
and reinforcing strata under loading may be seen. A strip footing is modeled using apparatus of a
universal testing device and a plate made of steel with 80 mm width and 198 mm length. The footing
length was 2 mm smaller than the interior tank breadth that was for minimizing the interaction between
the tank and the foundation. The images of the full model foundation were taken using a Canon 550D
digital camera has 2592 x 1728 pixels resolution. Light sheets can be generated by laser transmitters
to highlight the cross-section target of reinforcements and transparent soils. The sketch of the model
test system is presented in Fig. 3.
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Loading
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Fig. 3: Testing device [9].

Figs. 4 and 5 show a schematic depiction of the footing model of the geogrid-strengthened. The
earth foundation's width was 800 mm and the height was 480 mm. When the height and width of the
model are larger than 10 and 6 times the breadth of the foundations, the boundary impact becomes
minimal. The influence of the reinforcement length L = B, 3B, and 7B and the strengthening layers
number N = 2, 4, and 6 on the collapse type of strengthened soil footing and the bearing capacity was
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investigated in [9] with constant arrangement of geogrid h/B = 0.25 and using of 6 plate load tests (1 is
non-strengthened and 5 of them were strengthened geogrid cases).
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Fig. 4: Graphic view of the strengthened soil footing (consider: the distance in the vertical direction
between strengthening strata is h, the length of the strengthening is L, the number of strengthening
strata is N, and the overall strengthening depth is d,) [9].

820 mm

Fig. 5: An image presenting a footing model of a geogrid-reinforced during model preparation [9].

Two cases were selected from the work [9] to make the verification. The first case was rigid
footing resting on unreinforced soil. Fig. 6 presents the load-settlement relationship for the existing
study finite element and the experimental work [9]. The outcomes reveal good agreement between the
two curves.
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Fig. 6: The curves of the load-settlement for the unreinforced sample.
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Meyerhof (1963) [27] presented a way to predict the strip foundation ultimate bearing capacity
gy with the factor of depth d; as:

Gy =CN.d.+gqN,d, + 0.5ByN,d, , 2)

where N, = €™ tan? (45 +5) , N, = (Ny — 1)cot@, N, = (N, — 1)tan(1.40), ®)

and d, dg, d, are the depth factor which equals to 1.

The soil bearing capacity is equal to 380 kN/m?® according to Meyerhof's (1963) equation which
is analogous to [9] experimental outcomes and present study finite element outcomes.

Figs. 7, 8, and 9 show the deformed shape, settlement contours, and vertical total stress
contours for the present finite element study.
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Fig. 7: Deformed shape for rigid strip footing on unreinforced soil.
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Fig. 8: Settlement contours for rigid strip footing on unreinforced soil.
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The second verification case was rigid foundation above reinforced soil sample with two geogrid
layers. Fig. 10 presents the load settlement relationship for the existing study finite element and the
experimental work [9]. The outcomes reveal good agreement between the two curves.
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Fig. 10: Load settlement curves for two-layer geogrid reinforced soil.

Figs. 11, 12, and 13 show the deformed shape, settlement contours, and vertical total stress
contours for the present finite element study.
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Fig. 13: Vertical stress contours for rigid strip foundation on two layers geogrid reinforced soil.

Fig. 14 shows the comparison between the load settlement curves for rigid strip foundation on
un-strengthened and two layers of geogrid reinforced soil. The figure reveals the adequacy of two

layers to enhance the soil bearing capacity. The numerical values from Figure 6 and 10 are given in
Table 4
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Fig. 14: Load settlement curves for the two layers geogrid reinforced soil.

Table 4: numerical values from Figure 6 and 10.

Maximum bearing pressure [kKN/m 7] Maximum bearing pressure [kKN/m 7]
Present study Chen et al. (2021) [9]
Unreinforced soil 443 340
Reinforced with two geogrids 769 690

3.2 Parametric study

Several parameters are to be considered in this study:
1) Dimension of geogrid layer,

2) Number of geogrid layers,

3) Distance between geogrid layers,

4) Footing rigidity.

3.2.1 Dimension of geogrid layer L

The situation of rigid strip foundation resting on two layers of geogrid strengthened soil tested
previously by [9] was considered. The span of the geogrid stratum was varied from L/B=1, 2, 3, 4 with
leaving all other factors fixed. The ratio of the bearing capacity (BCR) is represented the proportion of
strengthened soil (Qreinforced soil) 10 the bearing capacity of un-strengthened soil (Qeinforced soil) @nd is given
by
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BCR = Areiforced soil ) (4)

Qunreinforced soil

Fig. 15 displays the difference of the ratio of bearing capacity for the rigid strip foundation on
two-layer geogrid strengthened soil with geogrid length L. The figure illustrates that the BCR becomes
higher when the length of the geogrid layer getting longer. As well, this figure illustrates that the
amount of increase in BCR decreases extremely after L/B equal to 3 which indicates the optimal
value.
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3.2.2 Number of geogrid layers N

The case of rigid strip foundation setting on a various number of geogrid layers ranges N =0, 1,
2, 3 and 4. All other parameters are kept constant. Fig. 16 depicts the difference between the rigid
strip footing's bearing capacity ratio and the number of geogrid layers N. The figures show that the
BCR becomes higher when the geogrid layers number become larger. As well as, this figure illustrates
that the percentage of increase in BCR decreases extremely after N equal to 3 which indicates the
optimal value.
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3.2.3 Spacing of geogrid layers h

The case of rigid strip footing setting on three layers of geogrid reinforced soil tested previously
by [9] was considered. The distance between the geogrid layers was ranged from h/B = 0.25 and 0.5
keeping all other parameters constant. Figs. 17 and 18 show that the settlement and bearing pressure
increases with increasing h/B from 0.25 to 0.50 which indicates the h/B = 0.5 is preferred for opening
higher load capacity. Fig. 19 illustrates the difference of the geogrid tensile stress with geogrid spacing
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h. As the geogrid spacing increases from 0.25B to 0.5B the tensile stresses increase and therefore the

geogrid contribution to enhance soil in carrying loads increases.
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3.2.4 Footing rigidity

Geogrid spacing per footing width (h/B)
Fig. 19: Variation of the geogrid tensile stress with geogrid spacing.

The case of rigid or flexible strip footing resting on three layers of geogrid reinforced soil tested
previously by [9] was considered. The spacing of the geogrid layer was varied from h/B = 0.25 to the
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geogrid layer length L/B = 3 keeping all other parameters constant. Figs. 20 and 21 show that the
settlement and bearing pressure increases for the flexible footing with almost constant bearing
capacity. A stress concentration is visualized near the footing for the flexible case. Fig. 22 illustrates
the difference of the geogrid tensile stress with the rigidity of footing, the tensile stresses increase
slightly in the geogrid for flexible footing, and therefore the geogrid contribution to enhance soil in
carrying loads increases.
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4 Conclusions

The outcomes from some model tests and numerical simulation revealed that:

* The finite element simulation of the problem reveals good agreement with previous
experimental tested strip foundation on geogrid soil.

» The soil bearing capacity of unreinforced soil is equal to 380 kN/m? according to Meyerhof's
(1963) [27] equation which is analogous to the Chen et al. (2021) [9] experimental outcomes and
present study finite element outcomes.

» The ratio of bearing capacity (BCR) for the rigid strip foundation on two-layer geogrid
strengthened soil increases when the geogrid layer length becomes larger. The proportion of increase
in BCR is found to reduce extremely after L/B equal to 3 which indicates the optimal value.

* When the number of geogrid layers is increased, the ratio of bearing capacity (BCR) for the
rigid strip footing increases, but the rate of rise in BCR slows significantly once N equals 3, indicating
the optimal value.

« For the rigid strip footing resting on three layers of geogrid with layer, the length equals three
times the footing width, the settlement and bearing pressure increases with increasing geogrid spacing
from 0.25 to 0.50 of footing width which indicates the h/B = 0.5 is preferred for opening higher load
capacity. Also, the variation of the geogrid tensile stress with geogrid spacing h. As the geogrid
spacing increases from 0.25B to 0.5B the tensile stresses increase, and therefore the geogrid
contribution to enhancing soil in carrying loads increases.

« For the rigid strip footing resting on three layers of geogrid with layer, the length equals three
times the footing width and geogrid layer speaking of 0.25 times footing breadth, the settlement and
bearing pressure increases for the flexible footing with almost constant bearing capacity. A stress
concentration is visualized near the footing for the flexible case. The geogrid tensile stress increases
slightly in the geogrid for the flexible footing and therefore the geogrid contribution to enhance soil in
carrying loads increases.
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