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ABSTRACT

In this paper, researchers have employed various methods and experimental ways to
investigate the behavior of the soil-anchors system under the influence of varying load
conditions. Also to focus on studying this system with improving the soil under loading with
the anchor as a system. Therefore, the effect of soil geogrid improves the vertical anchor
plates performance, and the test results show that the size, location, height, position, water
content of the improved mass, and the variation of pullout load angle (0,25.45.60,90)
degrees affect the resistance of the vertical anchor plate. But the improving the soil-anchors
system with compaction the soil surrounding the anchor, adding the cement to soil, and
improving with lime, that showed when the ratio of the improvement soil to the anchor-plate
diameter be (D/d=1, D/d=1.5) with adding cement to soil and lime in other test in a percent
less than 3%, the compaction test was the best in the evaluate the pull out of the soil-anchor
system. If the percentage of the added cement to the soil is 6%, this will be more efficient in
the strengthening process than compaction and lime. clayey layers above anchor plate, when
loading the anchor plate by pull out in the physical model, the vertical displacement is
increasing when increase the water content of the clay layer, also if the clayey layer in the
solid state is above the sandy layer gives more displacement than the sandy layer above the
clayey layer.

Keywords: Anchors, Mechanism of loading, Sandy soil, Failure mechanism.

1. INTRODUCTION

The anchors acutely mean a forming almost from a steel material used to stabilize any
structure in any space. So, an anchor is a device normally made of metal used to secure a
vessel to the bed of a body of water to prevent the craft from drifting due to wind or current.
The word derives from Latin ancora, which itself comes from the Greek &yxvpa /ankyra/ in
Oxford dictionaries in general. But geotechnical engineering is used to stabilize walls, cracks,
etc. Ground anchors have become an important component in modern construction modes.
Large development plans are invested inbridges ando the use of anchors is beneficial with
the construction of structures such as bridges and tunnels for supporting the structures and
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to prevent sudden failure. In the development of some special lightweight structures like
towers and marine structures, it was remarkable to design, construct and analysis a special
tension soil-anchors system, because of the wind loads causing reactions larger than the
weight of the self-structure, Anchor plates are also used for avoiding the overturning of the
structures (laterally, or uplift) loads. Anchor plates can be applied in many applications, like
the stabilization systems in tunnels, aircraft mooring foundations to support the ships near
the seaport, and to give the desired tension capacity for the retaining walls, sea walls. The
tension capacity for the soil-anchor system is mainly derived from the passive force of the
soil in front of the anchor plate (Mors, 1959). Even if the soil manner is stable, there will be
some movement in the soil-anchor system. The anchor-plate system must be buried in
undisturbed stable soil to withstand the required tension capacity. The pullout capacity of
the vertical, horizontal, or inclined anchor-pile depends on the soil conditions. If the anchor
is buried in loose soil, it will not give the required tension. The soil doesn’t give any reliable
tensile strength; therefore, it should be improved to avoid any sudden failure.

This paper has presented the principles of the mechanism for the anchors and the previous
studies of the soil-anchors system. The objectives of this paper are to give a scope on the
anchor-plate embedded within the soil layers under loading. Also, the improvement of the
soil layer to overcome external loading, be increasing the weight of the soil layers or
enhancing the contraction between the particles and the layers of the soil by using a chemical
or physical precept. The understanding of the mechanism by which the load from the anchor
plate to the soil depends upon the type of improvement of the soil, the shape of the anchor
plate and whether the anchor is deep or shallow depth, according to the previous
experimental studies.

2. SOIL-ANCHOR SYSTEM

Many studies have been carried out about the soil-anchor system until these days and all of
them are trying to strengthen the capacity of the anchor to resist the pull-out forces due to
external loading or via the structure itself through improving the soil that embeds the
anchor. because the anchor is almost made from a material that has adequate resistance
against tension (pull out), but the media that embrace the anchors is often soil, as we know
it’s brittle against pull out from it. In this way, the researchers investigated and tried to
improve the soil.

2.1 The Theories of Failure for the Soil-anchors System

Many theories have been established to describe the failure of the plate anchor under pullout
loading. In the present time period is a need to use the anchors in construction. Models
studied the behavior of anchors.

2.1.1 Soil Cone Theory

The earliest theory that discussed the failure of plate anchor (Downs and Chieurzzi, 1966)
described the failure in plate anchor by discussing the failure of shallow anchors, as a
truncated cone with Angle 6 =90 + @/2, as shown in Fig. 1.
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Figure 1. Soil Cone theory (Downs and Chieurzzi, 1966).

Then, the ultimate pull-out resistance of the plate anchor is assumed and equal to the volume
of soil (v) above the anchor plate. That can be converted to the weight of the soil (Qu) will
be as in Eq. (1):

Qu=y*V (1)

Where the (Y) is the unit weight of the soil that’s lying above the plate anchor (Downs and
Chieurzzi, 1966). After several years, they developed the same above theory and assumed
(8) to be (60 degrees) as illustrated in Fig. 2. These theories neglected the frictional shearing
resistance between the particles of the soil along the failure surface.

4

Figure 2. Developed Soil Cone Theory (Downs and Chieurzzi, 1966).
2.1.2 Friction Theory

One of the frictional theories for estimating the failure surface in plate anchors. The theory
considers the failure envelope as a cylinder and the friction resistance along the perimeter
as Eq. (2). This theory assumes the shape plate anchor is a circle (Shukla and Das, 2013) as
shown in Fig. 3.

Q=CEYHY) + [ 00 tan @ dz 2)

Which (00) is the effective stress, and (@) the friction angle, as in Eq. (3)
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Q=) + I (YhH2K°tan®) (3)

Which is (Ko) the effective earth pressure assumed (Ko= 0.5) for granular soil and (Ko= 0.4)

or cohesion soil. Also, assumed (@) is equal to (30°) for granular soil and (20°) for cohesion
soil.

. " e
> at

Unit weight =y

I-— h = diameter —o{
Figure 3. Friction Theory (Shukla and Das, 2013).

2.1.3 Balla’s Theory

(Balla, 1961) has developed an approach based on trials, by assuming the failure surface
for shallow anchor plate to be a circle arc of the radius (r = H /sin(45+@/2)] Fig. 4. As a
result, the resistance of pull-out loading was equal to the shear friction along the slip surface
in addition to the weight of the soil in the failure surface.

\
A ) ou(c) /
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ar’N ; . o
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"y oo eeet L T T e .
XS ISR AR I Sl B AR N S

Sand
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Friction angle » ¢
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. .
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Figure 4. Balla’s theory (Balla, 1961).

r |

The ultimate uplift pressure can be predicted as explained in Eq. (4)
Qu=H3QA [F1 (W Hh)+Fs3(0,Hh)] (4)

For the embedment ratio (H/h) and friction angle(@), the F1(@, H/h) and F3(@, H/h) are
plotted in Fig. 5. At a ratio of embedment of (H/h < 5), Balla's theory is consistent well with
the pull out resistance of anchors embedded in dense sand. While overestimated values of
uplift for anchors in loose and medium sand, Balla's theory overestimates the net pull-out
capacity for (H/h > 5) even in dense sand.
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Figure 5. (F1 + F3) Variation Based on (Balla, 1961).

2.1.4 Baker’s and Kondner’s Theory

Baker and Kondners have used a number of tests as a dimensional analysis. (Baker and
Konder, 1966) proved Bella theory and proposed a formula for the research carried out for
shallow and deep anchors. For shallow circular plate anchor as Eq. (5).

Qu=C/ LDY+C. D’y (5)
Deep circular plate anchor as Eq. (6).
Qu=170D3 Y+C3 tD? Y+ C+L D (6)

Where(t): the thickness of plate anchor.

(C1, C2, C3, and C4): constants depending on the soil friction angle and the relative density of
compaction.

(L): Impeded length.

(D): width of the anchor plate.

2.1.5 Mariupol’skii’s Theory

(Mariupol’skii, 1965) suggested a mathematical calculation to describe the behavior of a
circular plate anchor under pull out effect. The study has been carried out for the shallow
and deep soil-anchors systems. Initial forces depended on the weight of the plate anchor and
also on the weight of the soil above the plate anchor. The soil volume is a column with (D)
diameter of plate anchor and (H) height of the soil or the depth of the embedded plate
anchor. Friction and the cohesion of the soil has been affected along with the circumference
of the plate. For a shallow circular plate anchor as described in Eq. (7) to calculate the
ultimate uplift.
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2
¥(1-(5 Ltang)+ac(E
Qu=" (D +d) (-() +2f(zp)an)+4 &
1_(5) —2n(p)

(Ko) lateral earth pressure coefficient,
(C) cohesion of the soil,

(n) 0.0254 for frictional soil,

(d) diameter of anchor rod.

For deep circular plate anchor as Eq. (8).

Q=L (228 + [(nd) (L - (D — ) (8)

tand

(7)

(qo) radial pressure under which the cavity is expanded
() unit skin friction along the stem of the anchor plate.
As shown in Figs. 6 and 7, respectively.

Diameter = d

LA LOETR ERPY A
ia¥ '..........

Unit weight = ¢
Friction angle = ¢
Cohesion = ¢

i
= Gameter
Figure 6. Mariupol failure theory shape for shallow anchor (Mariupol’skii, 1965).
OU(Q)

R
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v
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Figure 7. Mariupol failure theory shape for deep anchor (Mariupol’skii,1965).
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2.1.6 Vesic’s Theory

(Vesic, 1965) been studied uplift loading as an explosion point appears to the surface as a
spherical shape near the surface of the soil, homogeneous and isotropic as shown in Fig. 8.

Suggested the pull-out as a vertical force in the cavity(Py), also the internal force for the
failure line surface (F\). All forces have vertical components as Eq. (9) and Eq. (10).

A= NoyH (9)
Ng=(1+A1(H/0.5*h1)+A2(H/0.5*h1)) (10)
where:-

Ai: Area of the left as shown in Fig. 8

Az: Area of the right as shown in Fig. 8

H: Embedded length to the center of the cavity.
h1/2: The radius of the sphere.

Figure 8. Vesic’s theory of expansion of cavities (Vesic, 1965).
2.1.7 Veesaert and Clemence’s Theory.

(Veesaert and Clemence, 1977) suggested a list of laboratory tests for shallow circular
anchor plates in order to estimate the failure surface. It has been assumed that the failure
surface shape is formed as a cone with a cut tip and apex angle as shown in Fig. 9.

“g)
Sand

Unit weight = y
Friction angle = ¢

o/2 o/2

Figure 9. Failure surface for Veesaert and Clemence’s theory (Veesaert and Clemence,
1977).
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The ultimate pullout resistance is given by as Eq. (11):

H"2h H"3+tan(9)

) (11)

Qu=YV+mnYKtan @ (Cos? g}(

Where: V : The truncated cone volume above the anchor; K : The lateral earth pressure
coefficient.
2.1.8 The Break-out Factor for Cohesionless Soil, Merifeild

(Veesaert and Clemence, 1977) showed that the uplift capacity for the anchors that are
embedded in cohesionless soil is a function of the unit weight of the soil(Y¥) and the
embedded length(H) of the anchor as expressed in Eq. (12) and viewed in Fig. 10.

Qu Qu
Fo=— = —% 12
YA T Y (12)

Where, (Fq) or (Ny): Refer to the break out factor of the soil and represent the influence of
the internal friction of the soil(@) and the embedded ratio of the anchor on the uplift capacity
of the anchor. (H) is Embedded depth and (h) is Width of the plate.

The theories that derive and discuss the failure surface of the anchor plate are different from
each other with the factor of safety and the dimensions of the physical model one of it is
more conservative than the other, beside that a theory is a less reservation and it appears to
me by taking a mathematical example to compare between the theories.

100
eﬁ/
50 / 40°

=
|
l

v

3
1 2

=

6 8 9
Hlh

Figure 10. Variations of (Fq) for shallow circular anchor (Veesaert and Clemence, 1977).

The theories that derive and discuss the failure surface of the anchor plate are different from
each other, with the factor of safety and the dimensions of the physical model one of it is
more conservative than the other as a Soil Cone Theory, beside that a theory is a less
reservation as a Friction Theory.

3. ANCHORS IN GEOTECHNICAL

Many types of anchors depend on the geometrical shape and the path direction of the loading
for the anchor elements that are used to support the structure to provide stabilization. The
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anchor elements are considered more economical to increase the efficiency of foundation
resistance (Kovacs and Blouin, 1975). The anchor provides a resistance for the structure
to be stable against pull-out load (Sabatini and Bachus, 1999). The overturning load and
the pull-out load effect on structure because of external loads such as winds, earthquakes
and inclined loads, that effect stability of the foundation and structure (Hanna, 1982).
Anchors represent one of the light elements supporting foundations by enhancing the
resistance (Catapult and ARUP, 2024). The field tests are most reliable for estimating load
capacity (Littlejohn and Mothersille, 2008; Ruggeri et al., 2013).

3.1 Using Anchors in Practice

It’s been used in structural facilities like as radar towers and energy towers transmission,
ships moorings, submerged pipelines, tunnels, tieback earth retaining wall structures,
waterfront structures, bends of pressure pipelines, and it is necessary to control thermal
stress (Niroumand and Kassim, 2016). And it seems to me that the classification of the
anchor is based on many divisions, so the principle of the anchors mechanism by the load
transferring from the structure toward the soil in fact every shape and type subjected to
uplift loading is assumed to be anchors. Depending on the realization of the load transfer the
strip footing with a column, if the column subjected to tension load the strip footing will be
treated as anchor plate, also the buried pipes will have the same behavior. Depending on the
above paragraph the resistance of the anchor plates against uplift loading derived from the
weight of the anchor itself plus the weight of material-perhaps a soil above the anchor plate
and the internal friction between the particles of the material _perhaps a soil_in cohesionless
soil. The usage of anchors has been developed for difficult soil conditions, such as the
variation of the soil volume under different watering and drying phases, also in soft soil
when the foundation is inside it to reduce the negative skin friction that can develop in the
pile foundation (FEMA, 2016). The structures that stabilize by using anchors whose own
weight is less than the external loads to produce overturning or uplift pressure, the anchors
provided a stabilization to such structures (Sabatini et al., 1999). The cavities presence in
the soil can cause problems affecting anchor capacity (Al-Taie, 2004). Many reasons for
cavities formation in the soil could be naturally or artificially (Al-Mosawe and Al-Taie,
2007). Problematic soils such as Gypsum's soil change the properties of it. And the ability to
cause collapses (Seleam, 2006).

3.2 Classification of The Anchors

Some classifications depend on the material that is made from steel or wood anchors
(Niroumand and Kassim, 2010). Anchors can also be classified into three types depending
on the embedded depth to shallow, medium and deep anchors. Every type depends on the
soil capacity and the loading path that affects it (Shahriar and Jadid, 2020). Other
categories, (Niroumand and Kassim, 2016; Shukla and Das, 2013), depending on the
simple anchor, direct embedment anchor, helical Anchor, grouted anchor, anchor pile,
drilled shift, suction caisson, drag anchors, and geo-anchors, the path of the loading may be
vertical, horizontal and inclined loads as shown in Fig. 12.
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(a) honizontal plate anchor (b) inclined plate anchor ~ (c ) vertical plate anchor

Figure 12. Different path loading (Shukla and Das, 2013).

3.2.1 Helical Anchors

Considering the first types of anchors and widely used because of ease in installing via its
shape like screw (Tsuha et al., 2019) helical plate connected to shift rod may be multiple
as shown in Fig. 13.

(a) single helical plate

T

Spacing

1

(b} double helical plate anchor
Figure13. Helical plate anchor (Shukla and Das, 2013).

3.2.2 Grouted Anchors

Made from a rod drilled and embedded in the soil or cable and then filling the gaps around
the rod by a grouting material such as cement this type is suitable for supporting sheet piles,
and the structures that suffer overturning stresses. Fig. 14 shows that (Abdalftah and
Omar, 2022). Depending upon the 500 tests that were carried out on the grouted anchors,
which increased the strength of concrete in the strand (10%) every 7 MPa (Stocker and
Sozen, 1969). (Littlejohn, 1979) suggested that the minimum strength of the grouted
material is 40 MPa to provide enough bonding and shear strength. In the presence of
confined pressure with this type increases the pull-out capacity by using expansive cement
(Jarred and Haberfield, 1997; Benmokrane et al., 1995). The applied load transfers from
the grouted material to the ground by shear stresses (Barley and Windsor, 2000). While
the distribution of stress along the grout-ground system was non-uniform along the bonding
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path (Mastrantuono and Tomiolo, 1977; Sousa et al., 2021; Iten and Puzrin, 2010). The
failure surface of this anchor is a cylinder shape near the grouted mass (Hobst and Zajic,
1983; Su and Fragaszy, 1988). The system has been stimulated numerically by using two
dimensional symmetrical about an axis finite element model by software PLAXIS and
ABAQUS (Kim et al., 2006; Seo et al., 2019; Fabris et al., 2021). For simplicity and for
short time analyzing (Seo and Pelecanos, 2017; Smet et al.,2019; Al-Baghdadi et al.,,
2022) using a one-dimensional finite element model.

Anchor head
Bearing plate

Figure 14. Grouted anchor (Abdalftah and Omar, 2022).
3.2.3 Pile Anchor

There is another type of anchor that is used like a pile foundation via using an anchor plate
and then filling it with concrete, and it will resist both tension and compression load exactly
as a foundation (O'Kelly et al., 2014) or as a granular pile, Fig. 15 explain that.

Pile Anchor Footing

T Tt
EE

L Heave Upift Pressure
Pile Uplift
Resiles;nce_.l % Granular Pile
Expansive Soil J b
Anchor Plate

Figure 15. Pile Anchor (Ismail, 2011).
3.2.4 Suction Caisson and Drag Anchors

(Abdalftah and Omar, 2022) Suction caisson and drag anchor commonly used in
supporting the platform in sea as offshore. Consist from a wire or chain made from steel in
usual connect to plate anchor which embedded to the seabed or connect buoyant platform.

3.2.5 Geo Anchors

It is type of anchors used to support the stability of ground slopes, reduce the lateral
pressure on the retaining wall or to support the embankment on soft soil. It consists of
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geotextile material covering coarse sand or crushed stones. It’s used in areas with high level
water tables.

Wind

Water level

Wave direction

Anchorage Wave direction

Figure16. Suction caisson anchor (Abdalftah and Omar, 2022),
4. SOIL-ANCHORS SYSTEM IN A MULTI-LAYER

(Stewart, 1985) used two layers clay and sand of soil to enhance the capacity of the uplifting
for the anchor-plate, in the test the overlaying a layer of the sand over a clayey layer enhance
the capacity of the soil-anchors system, also the results were founded that the comparing
loose sand overlying the clayey layer with a dense sandy layer show up a higher resistance
for the pull out. In the other hand (Bouazza and Finlay, 1990), used likewise two
layers(cohesion-less) dense sand with loose or medium sand by installing a circular anchor
plate in the layers of (37.5 mm) in diameter embedded in a depth (D) as shown in the Fig.
17.

P, 4

7R R,

Loose/medium sand

Dense sand

i | Anchor plate
[* B "]

Figure 17. Experimental analysis of soil layered structure (Bouazza and Finlay, 1990).

Throughout the tests there is no significant change in the pull-out capacity from using
medium-dense sandy layers to using loose-sandy layers in the upper-layer thickness ratio
less than (1) as the ratio(D/B). A significant effect was shown when using loose-dense layers
have a little higher value in the pull out in the beginning of the curve (begin of the loading of
the system) than the medium-dense layers but if the loading continuing for a few steps the
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=

two modes will equal together in the uplift then the medium-dense layers mode be higher
resistance than other mode as illustrated in the Fig.18.

150
Bottom layer dense sand

ULMS: Upper Layer Medium Sand
ULLS: Upper Layer Loose Sand
D/B-Embedment ratio

D/B =5 (ULMS)

i /8 = 5 (ULLS)
50 —

- /8 =4 (ULMS)

}\ D/B = 4 (ULLS)

Ultimate wplift load (N)

= /B =3 (ULMS)

7 /B =3 (ULLS)

0 rTrrr[rr et et
0 1 2 3 < 5
Upper layer thickness ratio (D/B)
Figure 18. [llustrates the Ultimate capacity of uplift against the ratio (Bouazza and Finlay,

1990).

Analytical programming by using finite difference (two-dimensional) with (FLAC 2D) to
analyze an anchor-soil system behavior embedded in two-layered sandy soil. The model has
been used as a strain hardening/softening Mohr-Coulomb material. The anchor plate was
constructed in a geotechnical feature that depends on the compaction procedures. In these
types of non- homogenous cohesion-less stratum conditions. As illustrated in Fig.19, the
study of the soil (layered) in two stratifications: a loosely sandy layer above a densely sandy
layer and a densely sandy layer above a loosely sandy layer. The soil used was taken from
the "Chattahoochee River "The width of the anchor plate used was equal to (1m) while the
embedment ratio was from 2 to 8. And the thickness of the upper layer ranged from (B) to
(2B +D) values.

P&IA
GL
i A\Y
o Loose/dense
D
Loose/dense
\
< >
B

Figure 19. Analysis of the anchor plate (Krishna, 2000).

The anchor plate's material properties were constant; the analysis found that when the
bottom layer is dense sand and the top layer is loose sand, that will be an increment in the
resistance of the anchor (Krishna, 2000). (Ali and Aziz, 2022) the testing of the work of
thirty-two tests are shown in Fig. 20. The curriculum has been subdivided into two aspects:
The first part was with a layer of clay above a layer of sand when the properties of the clay
layer is different in four states (solid, semi-solid, plastic and liquid) and then loading the
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=

system with and without adding the geogrid. The second way in the work concerned a layer
of sand over a layer of Clay also loading the system with and without adding the geogrid. The
samples of the soil were taken from An-Najaf (Iraq). The experimental work has been carried
out by the cubic steel container model with dimension (70 cm x 70 cm x70cm). A circular
steel plate anchor of (10cm) in a diameter was embedded at a constant depth of (30cm) from
the surface of the soil. The relative density of sand is a constant at (60%).

1200

—8—solid state
1000 —i—semi solid state
—— plastic state

800 liquid state

600
400

200 /D/?//’D/’D
"

o
o]

Pullout load(N)

10 20 30 40 50 60

Displacement{mm)

Figure 20. clay consistency for sand over clay layer (Ali and Aziz, 2022).

But the clay layers were prepared in four cases (solid-state, semi-solid state, plastic state,
and Liquid state) with densities of (14.8,14.6,11.6 and 9.8 kN/m3) and water content of (11,
26.5,46.65 and 62%) respectively. Tables 1 and 2 show the failure load is maximum at solid
state, and the treated soil results of clay over sand with geogrid at mid sand.

Table 1. Failure load for untreated soil when sand layer over the clay (Ali and Aziz, 2022).

Untreated Soil

Clay in solid- Clay in semi- Clay in plastic Clay in liquid-
state state solid state state state
Failure load (N) 1030 740 360 170

Table 2. Failure load values for treated soil (Ali and Aziz, 2022).

Clay over sand layer (clay in plastic state)

Location of geogrid

Failure load

Percentage of improvement

Untreated soil (N) 540 %
Geogrid at mid sand (N) 845 56.48
Geogrid at mid clay (N) 577.8 7

Geogrid between layered soil (N) 654 21.11

Clay over sand layer (clay in liquid state)

Location of geogrid

Failure load

Percentage of improvement

Untreated soil (N) 320 %
Geogrid at mid sand (N) 380 18.75
Geogrid at mid clay (N) 303 -5.31

Geogrid between layered soil (N) 348 8.75

The effects of the geogrid are clear when the sandy layer is above the clayey layer that when

the solid state. On the other hand, the effect of laying one layer of geogrid is small when using

a clayey soil at a plastic or liquid state for a clayey layer over the sandy layer. In the test of

one layer of the geogrid, clayey soil with (semi-solid, plastic and liquid states) above sandy
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soil has a high magnitude of the anchor plate capacities and a low magnitude of the vertical
displacements from the mode of sandy layer over clayey layer. As it appears when the sand
layer is below the clay layer it gives a low capacity so the optimum location of the geogrid in
the weaker layer and it is sand layer because it nears the plate.

5. SOIL-ANCHORS SYSTEM IN A MONOLAYER

The improvement of soil in horizontal anchor plate by using different mods (compaction,
cement, and lime techniques), a physical model tests were carried out, percent of cement
and lime material (1, 3, and 6%) were used in a different enhancement diameter, the ratio of
the treated soil diameter to the anchor plate diameter be (1.0, 1.5 and 3.0) have been tested.
The treated soil is placed into a steel model as shown in Fig. 21. Also, the anchor plate is
embedded into the soil at a different depth ratio (h/T= 0.1, 0.2 and 0.3). Generally, the
increase in ratio of the diameter of the soil treated to the anchor plate diameter (D/d)
improves the capacity of the anchor plate (Ali and Aziz, 2020). The pull-out resistance of
the anchor plate increases with increasing embedded depth for the anchor plate. The result
of the tests is shown in the curves below Fig. 22 (Mahdi and Aziz, 2023).
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Figure 21. Tests program (Ali and Aziz,2020).
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Figure 22. Effect of the improving of soil on the anchor pate capacity (Ali and Aziz, 2020).

Using geogrid in sandy soil to enhance the soil-anchor system (anchor plate d=10cm) with
different locations in various states (un-submerged step, and submerged) with different
levels(h) during the loading by pull out as shown in Fig. 23. When the water levels tested in
loading for untreated soil by geogrid were shown in Fig. 24. As the experimentations
mentioned above, when the plate of the anchor is in a strong layer or in a layer that has a
wide area of improving leads to increment of the resistance.
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h=30cm  «
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dense sand
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T anchor plate
—_—
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Figure 23. The sketch of the testing (Mahdi and Aziz, 2023).
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Figure 24. Effect embedded depth on the pull out (Mahdi and Aziz, 2023).
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(Kumar, 2003) was tested, the uplift resistance of shallow strip circular plate anchors
embedded horizontally in sandy soils have been selected. The component of pull-out
resistance due to the unit weight of the soil in dense sand beneath a loose sandy layer has
been tested to be higher than the anchors embedded in loose sand under dense sandy
stratum. (Sakai and Tanaka, 2007) tested the way of the shear path propagation, the pull-
out resistance, also the scale effect of circular anchor horizontally at shallow depth
embedded in two-layered sand by physical model as shown in Fig. 25. The shear path
propagation direction depends on the sand unit weight density regardless of the location
(upper layer or lower layer). The shear band became steeper with looser density, and the
pull-out resistance increased with the depth of the dense layer over the medium bed.
(Ilamparuthi et al., 2008) Some load tests for anchor plates are also placed in submerged
sand. The first testing was applied in submerged sand, while the second testing was
conducted in submerged sand improved with a mono geogrid layer. Directly the geogrid has
been placed on the anchor plate and the ratio (Br/B = 2, 3, and 4). The anchor embedment
ratio (H/B=2, 3, and 4), the peak pullout load increases with the increasing the sand density
and embedment ratio, and it's higher for the sand reinforced with geogrid than in untreated
conditions regardless of embedment ratio and sand density.

Figure 25. The practical apparatus (Sakai and Tanaka, 2007).

(Emirler et al., 2016) For investigating the pull-out capability of a group anchors in sandy
soil with and without enhancement by geogrid numerically and experimentally. The
parameters that have been changed the number of geogrid layers and the effect of anchor
embedment ratio, while the factors the separation distance among anchors, length of
geogrid, the vertical separation distance of geogrid layers ratio, and the geogrid depth for
the first layer were constant. Plaxis 3D, a finite element software, was used for modeling and
analyzing experimental works. The pull-out capability of the plate increased by up to two-
times of unreinforced sand, based on the reinforcement by geogrid as shown in Fig. 26.
(Choudhary et al., 2019) studied laboratory models tests, the studies have been carried out
on the behavior of horizontally square plates in a sandy layer reinforced with geogrid. The
untreated anchor plate groups showed a certain failure at the displacement ratio around
(5%) from the anchor widths, while the reinforced groups showed a displacement ratio
more than 45 % of the anchor widths, and a multiple improvement in pull out capability. For
groups of two anchors, the optimum geogrid reinforcement width and length have been
ranged to be (5) and (9.4) times the plate width, respectively.
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Figure 26. Test apparatus (Emirler et al., 2016).

The showing of enhancement for solitary plates was shown to be the highest and will
gradually decrease with the number of anchor plates increasing; however, this decrease is
significantly smaller than in two to four. It has been found that in untreated sand, the optimal
spacing between two anchor plates is (3.4) times the anchor plate width.
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6. Screw
| e \'\ 7. Steel rod

Figure 27. Experimental model skimp (Frgic et al., 2004).

(Frgic et al., 2004) discuss the resistance of plate anchors, which suffer from the effect of
pull out. In the models, the pull-out force was increased gradually while the displacement
was measured in two directions perpendicular to each other. The models have taken the
effects of several factors, such as embedment ratio and diameter ratio in the same soil and
some conditions for the field and laboratory test, as shown in Fig. 27.

6. PERFECTION THE CAPACITY FOR SUNDRY SOILS WITH/WITHOUT ANCHOR PLATE

The enhancement of diverse soils with anchor types of foundations can be used the same
manner with usage of the anchor plate. Below are some improvements to different soils and
foundations.

6.1 Shallow Footing and Dune Sand

Fly ash has been used to improve the soft clay (Kaolin) bearing capacity by using a
compacted layer of the fly ash under the footing, then noted a decrease in the settlement and
increase in the bearing capacity, with a good ratio of improvement reached to 130% (Al-
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Mosawe et al,, 2011). (Albusoda and Hessain, 2013) have been tested the gypsum soil
has been tested by replacing the soil with compacted dune sand, and during reinforcement
of the replacing soil with geotextile and geogrid noticed that the bearing capacity increased
(1.5-2) times on concentric load and (2.5-3) times during eccentric load. (Albusoda and
Salem, 2012) has been stabilized the dune sand has been stabilised by using cement kiln
dust CKD by preparing some laboratory tests on the dune sand mixed with the CKD and
showed the results of the tests that the angle of the internal friction and the shear strength
have been decreased and became almost constant after 14 days of curing. Gypsum soil is
considered a problematic soil so in some studies such as (Albusoda and Hessain, 2013)
this soil replaced by dune sand and reinforced the interface with a geotextile to improve the
bearing capacity, so the results showed an increase from 2.5 to 3 times in the bearing
capacity after replacing and reinforced.

Loose sandy soil has been enhancement during laboratory tests by (Al Mosawe and Al
Saidi, 2010) to reinforce this type of soil by geogrid layers the researchers found that the
bearing capacity of the soil reached to (22%) with using one layer of the geogrid and (47.5%)
with no.=2 and depth ratio and vertical spacing between the geogrid layers (0.5B & 0.75B)
respectively. The optimum spacing ratio and the number of the geogrid layers for soil
subjected to inclined loading were studied in (Bachay and Al-Saidi, 2022), The optimum
spacing ratio was (0.5B) and percentage of the decreasing lateral displacement for the
spacing ratio (0.5B, 0.75B,1B,1.25B) were (16%,10%,8%,7%) respectively and the
percentage of the decreasing lateral displacement for the number geogrid layer (1,2,3,4)
were (12%,16%,18%,20%), respectively.

6.2 Poly-Materials in Enhancement

The polymer-fiber has taken the chance to enhance the bearing capacity with length (3cm)
in both directions and thickness (2.5 mm) of the sandy soil subjected loading from a square
footing (5, 7.5, 19) cm, in the testing of the footings in the sand-polymer mixture the
increasing of the bearing capacity were (1.4 to 2.5), (1.7 to 4.9), and (1.8 to 8) of footings (5,
7.5, and 10 cm), respectively (Mekkiyah, 2013). The polyethylene high density when
adding to the sandy soil it will change the characteristics of the soil so the (Jasim et al.,
2021) tested that changes and showed that the adding of high-density from polyethylene
(HDPE) to the soil with percent (0.1, 0.3, 0.6, 1, and 3%) caused reduction in the soil
permeability (18%) and increase in angle of internal friction, the CBR, and shear strength
(27.2%, 180.9%, and 38.6 %) respectively by using( 1%) HDPE.

6.3 Geogrids in Enhancement

(Al-Mosawe and Al-Saidi, 2008) enhance the bearing capacity of the sandy soil by
reinforcing the soil with Geogrid layers and find the optimum embedment depth. The
increase of (z/B) above 1.5 has no effect on the bearing capacity, as shown in Fig. 28. While
the (Al Mosawe and Al Saidi, 2010) improving the loose sandy soil by the same material in
(Al-Mosawe and Al-Saidi, 2008) and the results for the bearing capacity increase by (21%)
at one layer and (47.5%) for two layers as shown in Fig. 29. (El Sawwaf, 2007) used
Geotextile layer as a reinforcement for the soil with anchor plate and showed the uplift
increased significantly until reaching this ratio (L/B= 5.0), and then the increment in the
uplift didn’t show a clear value as illustrated in Fig. 30.
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Figure 28. Geometric parameters of Reinforced Foundation (Al-Mosawe and Al-Saidi,
2008)
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Figure 29. Geometric parameters of reinforced foundation (Al Mosawe and Al Saidi,
2010).
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Figure 30. Geometric parametric of anchor plate reinforced sand slope model (El Sawwaf,
2007).

In the other hand the experimental tests showed the large size anchor plate subjected to
large pressure and had a significant effect of the displacement of the soil and then the force
of anchor plate decreased while the soil force redistributed (Zhang et al., 2022). Besides
that (Naji, 2022) the effect of number and shape for cavities on the capacity of anchor plate,
also the position and the diameter of the cavities. (Yiinkii and Giirbiiz, 2022) the shape of
the failure on the soil surface was mildly curved concave in reinforcement with geocell and
trapezoid failure surface without using of the geocell as shown in Fig. 31.
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Figure 31. Failure surface of the geocell (Yiinkii and Giirbiiz, 2022).

To understand the failure surface in general (Choudhary and Dash, 2018) obtained the
shallow anchor plate (H/h<5) the surface failure reached to the ground surface with general
shear fiacre while deep anchor plate (H/h=7) was localized around the anchor inside the soil
as lined in Fig. 32.

A 7R\

— Anchor plate

H Tie rod

h

I

Figure 32. Diagram of the testing (Choudhary and Dash, 2018).

Depending upon the improvement by geonets, the tests showed that the increase in the
bearing capacity was 1.4 times more than without reinforcement of sandy soil (Akbar and
Parmar, 2021). The ultimate bearing capacity of a shallow horizontal anchor plate depends
upon the summation of reaction force in surface failure (Rv) and the weight of soil above the
anchor plate (Deshmukh et al., 2010; Meyerhof and Adams, 1968; Murray and Geddes,
1987; Saeedy, 1987).

7. THE SHALLOW AND DEEP FAILURE MECHANISM OF THE ANCHORS.

(Guadin et al., 2014) founded from the numerical analysis that the transition embedded
ratio from the shallow (breakaway) to the deep (no breakaway) is (H/D=2.5) for the
dynamic embedded plate anchor (DEPLA) as illustrated in Fig. 33 and Fig. 34 by plotting
the inclination angle of the anchor with the capacity factor (break-out factor).

From the previous studies (Das, 1990; Ilamparuthi et al., 2002; Merifield and Sloan,
2006; Rowe and Davis, 1982; Su and Fragaszy, 1987; Baker and Kondner, 1966)
indicated that the difference between the shallow and depth anchors in a static state, the
depth that the anchors transit from shallow to depth it’s a critical depth with regards to the
embedded ratio(H/B). However, many studies have suggested an approximate (H/B=6) at
which the anchor change from shallow to deep. Another explanation for this phenomenon
from (Merifield et al., 1999) depends on the surface failure with the shape of ground level
when the anchor subjected to loading, so if the surface failure extends to the soil surface will
be a shallow anchor, while the deep anchor will be as a balloon shape and didn’t extend to
the soil surface.
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Figure 33. Anchor failure mechanism under no breakaway (deep) and breakaway
(shallow) conditions (Guadin et al., 2014).
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Figure 34. Variation of DEPLA capacity factor at different embedment depths and plate
inclinations (Guadin et al., 2014).

Whilst (Vesic, 1971) showed that by depending on the relative density of the soil in very
loose sand and very soft clay be the depth (2D), for stiff clay (5D) and (10D) in very dense
sand. Nevertheless (Clemence and Veesaert, 1977) suggested the critical depth (H/B=5)
as a transitional ratio. (Saran et al., 1986) studied the states in a soft clay and depending on
the size, shape of the anchor and the soil parameters in strip anchors (H/B=3), and for
circular anchors (H/B=1.75). So that the critical depth depends on the angle of the internal

friction unit weight and the relative density of the soil.

Table 3. Most of the previous studies

Final Description

the sand over a clayey layer enhances the
capacity of the soil-anchors system.

no significant change in the pull-out capacity
from using medium-dense sandy layers to using
loose-sandy layers in the upper layer thickness
ratio less than (1) as the ratio(D/B). A significant
effect was shown when using loose-dense layers
have a little higher value in the pull out.

Work Type of soil &
NO. . g .
Experimental improving
1 (Stewart, 1985) | Two layers of clayey
and sandy soil.
2 (Bouazza and Two
Finlay, 1990) layers(cohesion-
less) dense sand
with loose or
medium sand.
3 (Krishna, 2000) | Aloosely sandy layer
and a densely sandy
layer.

when the bottom layer is dense sand and the top
layer is a loose sand that will be an increment in
the resistance of the anchor.
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4 (Ali and Aziz, Sandy and clayey | the failure loads it be maximum at solid state,
2022) soil with geogrid. and the treated soil results of clay over sand with
geogrid at mid sand.
5 (Ali and Sandy soil with lime | the increase in ratio of the diameter of the soil
Aziz,2020) and cement percent. | treated to the anchor plate diameter (D/d)
improves the capacity of the anchor plate.
6 (Mahdi and Geogrid in sandy | The pull out resistance of the anchor plate
AZ1Z,2023) soil. increases with the increasing of the embedded
depth for the anchor plate.
7 (Kumar, 2003) | Dense and loose | The component of pull out resistance due to the
sandy soil. unit weight of the soil in dense sand beneath a
loose sandy layer has been tested to be higher
than the anchors embedded in loose sand under
dense sandy stratum.
8 (Sakai and Sandy soil. The shear path propagation direction depends
Tanaka, 2007) on the sand unit weight density regardless of the
location (upper layer or lower layer).
9 (Ilamparuthi et | Submerged sand | the peak pullout load increases with the
al,, 2008) with geogrid. increasing sand density and embedment ratio,
and it's higher for the sand reinforced with
geogrid than in untreated conditions regardless
of embedment ratio and sand density.
10 | (Emirleretal., | Sandy soil with | The pull out capability of the plate increased by
2016) multilayer of geogrid | up to two- times of unreinforced sand, based on
in group anchors. the reinforcement by geogrid.
11 | (Choudharyet | Sandy soil with | sandy layer reinforced with geogrid. The
al, 2019) multilayer of geogrid | untreated anchor plate groups showed a certain
in group anchors. failure at the displacement ratio around (5%)
from the anchor widths, while the reinforced
groups showed a displacement ratio more than
(45 %) from the anchor widths, and a multiple
improvement in pull out capability.
12 | (Frgicetal, Different the pull out force increased gradually.
2004) embedment  ratio
and diameter ratio in
sandy soil.
13 | (Al-Mosawe et | Soft clay (Kaolin) by | the settlement and increase in the bearing
al, 2011) using a compacted | capacity with a good ratio of improvement
layer of the fly ash | reached 130%.
under the footing.
14 | (Albusodaand | Gypsum soil by | the bearing capacity has been increasing (1.5-2)
Hessain, 2013) | replacing the soil by | times on concentric load and (2.5-3) during
compacting dune | eccentric load.
sand and
reinforcement with
geotextile and
geogrid.
15 | (Albusoda and | Stabilizing the dune | the angle of the internal friction and the shear
Salem, 2012) sand by  using | strength have been decreased and became
cement kiln dust | almost constant after (14) day of the curing.
CKD.
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16 | (Al Mosawe and | Loose sandy soil | the bearing capacity of the soil reached (22%)
Al Saidi, 2010) | with geogrid layers. | with using one layer of the geogrid and (47.5%)

with no.=2.

17 | (Al-Mosawe Sandy soil by | The increase of (z/B) above 1.5 has no effect on
and Al-Saidi, reinforcement  the | the bearing capacity.

2008) soil by Geogrid
layers.

18 | (El Sawwaf, Sandy soil  with | the uplift increased significantly until reaching
2007) Geotextile layer. this ratio (L/B= 5.0) and then the increment in

the uplift didn’t show a clear value.

19 | (Zhangetal, Large size of anchor | significant effect of the displacement of the soil
2022) plate with large | and then the force of anchor plate decreased

applied pressure. while the soil force redistributed.

20 | (Yinkii and Sandy soil with | the shape of the failure on the soil surface was
Giirbiiz, 2022) | geocell. mildly curved concave in reinforcement with

geocell and trapezoid failure surface without
using of the geocell.

21 | (Choudhary Shallow and deep | obtained the shallow anchor plate (H/h<5) the
and Dash, anchor. surface failure reached to the ground surface
2018) with general shear fiacre while deep anchor

plate (H/h=>7) was localized around the anchor
inside the soil.

8. CONCLUSIONS

Depending on the previous studies can conclude the following:

1-

Throughout the tests, there is no significant change in the pull out capacity from using
medium-dense sandy layers to using loose-sandy layers in the upper layer thickness ratio
less than 1, as the ratio(D/B).

When the bottom layer is dense sand and the top layer is loose sand, that will be an
increment in the resistance of the anchor.

The effects of the geogrid are clear when the sandy layer is above the clayey layer, that
when the solid state.

In the test of one layer of the geogrid, of clayey soil with (semi-solid, plastic and liquid
states) above sandy soil has a high magnitude of the anchor plate capacities and a low
magnitude of the vertical displacements from the mode of sandy layer over clayey layer.
The component of pull-out resistance due the unit weight of the soil in dense sand
beneath a loose sandy layer has been tested to be higher than the anchors embedded in
loose sand under dense sandy stratum.

The peak pullout load increases with the increasing sand density and embedment ratio,
and it's higher for the sand reinforced with geogrid than in untreated conditions
regardless of embedment ratio and sand density.

The pull-out capability of the plate increased by up to two- times of unreinforced sand,
based on the reinforcement by geogrid.

The shape of the failure on the soil surface was mildly curved concave in reinforcement
with a geocell and trapezoid failure surface without using the geocell.

The compaction test was the best in evaluating the pull out of the soil-anchor system.
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=

10- To the future studies the improving by adding materials to the soil almost exhausted, it
seems to me to improve the shapes of anchors to be more active.

NOMENCLATURE
Symbol | Description Symbol | Description
0 Angle of the failure surface | Qu Altitude angle, deg.
Y Unit weight of soil H Embedded depth.
\ Volume of the soil h Width of the plate.
) Angle of friction oo Effective stress
Ko effective earth pressure C Cohesion of soil
qo radial pressure Ay Area of the right anchor
A Area of the left anchor K The lateral earth pressure coefficient
R radius of the arc C; and CsConstants depending on the soil type, dimensionless
Cz constants depending on the | Ny break out factor of the soil
soil type, dimensionless
Fq break out factor of the soil
Acknowledgements

The authors are grateful for the academic support and resources provided by the
Department of Civil Engineering, College of Engineering, University of Baghdad.

Credit Authorship Contribution Statement

The authors have read and approved the manuscript. Ali R. Daibil, writing the original draft
of the manuscript, A’amal A. Al-Saidi, reviewed and edited the manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

REFERENCES

Abdalftah, H., and Omar, E.A., 2022. Stability of an anchored screen: anchor length. In the proceedings
of 2022 International Conference on Technical Sciences (ICTS2019). Libya.

Akbar, H., and Parmar, S.P., 2021. Experimental and analytic study of the uplift capacity of a
horizontal plate anchor embedded in geo-reinforced sand. In proceedings of 2021 First Indian
Geotechnical and Geo-environmental Engineering Conference (IGGEC). Jalandhar, India.

Al-Baghdadi, N.H., Ahmed, B.A,, and Al-Jorany, A.N., 2022. One-dimension finite element modeling of
grouted ground anchor. Engineering. Technology & Applied Science Research,12(6), pp. 9752-9759.
https://doi.org/10.48084 /etasr.5325.

Albusoda, B.S., and Hessain, R.S., 2013. Bearing capacity of eccentrically loaded square foundation on
compacted reinforced dune sand over gypseous. Journal of Earth Sciences and Geotechnical
Engineering, 3(4), pp- 47-62.

Albusoda, B.S., and Hessain, R.S., 2013. Bearing capacity of shallow footing on compacted dune sand
underlain Iraqi collapsible soil. Engineering and Technology Journal, 31(19), pp. 13-28,
http://dx.doi.org/10.30684 /etj.31.19A.2.

191



https://doi.org/10.48084/etasr.5325
http://dx.doi.org/10.30684/etj.31.19A.2

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Albusoda, B.S., and Salem, L.A., 2012. Stabilization of dune sand by using cement kiln dust CKD.
Journal of Earth Sciences and Geotechnical Engineering, 2(01), pp. 131-143.

Ali, Z.H., and Aziz, L.]., 2022. Investigation the performance of horizontal anchor plates in improved
layered soil. MSc thesis, Department of Civil Engineering, Faculty of Engineering, University of Kufa,
Iraq.

Ali, Z.S.,, and Aziz, L.J., 2020. Performance improvement of anchor plates in sand. MSc thesis,
Department of Civil Engineering, Faculty of Engineering, University of Kufa, Iraq.

Al-Mosawe, M.]., Al-Shakarchi, Y.]., and Al-Taie, S. M., 2007. Embedded in sandy soils with cavities.
Journal of Engineering, 13(01), pp. 1166-1186. https://doi.org/10.31026/j.eng.2007.01.03.

Al-Mosawe, M.]., Al-Saidi, A.A., and Jawad, F.W., 2008. Improvement of soil using geogrids to resist
eccentric loads. Journal of Engineering, 14(04), pp- 3198-3208.
https://doi.org/10.31026/j.eng.2008.04.25.

Al-Mosawe, M.]., Al Saidi, A.A., and Jawad, F.W., 2010. Bearing capacity of square footing on geogrid-
reinforced loose sand to resist eccentric load. Journal of Engineering, 16(02), pp. 4990-4999.
https://doi.org/10.31026/j.eng.2010.02.17.

Al-Mosawe, M.A., Albusoda, B.S., and Yaseen, A.S., 2011. Bearing capacity of shallow footing on soft
clay improved by compacted fly ash. Journal of Engineering, 17(06), pp. 1473-
1482. https://doi.org/10.31026/j.eng.2011.06.13.

Al-Taie, S.M., 2004. The performance of laterally loaded piles embedded in sandy soils which contains
cavities. MSc thesis, Civil Engineering Department, University of Baghdad. Iragq.

Bachay, H.A.,, and Al-Saidi A.A., 2022. The optimum reinforcement layer number for soil under the
ring footing subjected to inclined load. Journal of Engineering, 28(12),pp. 18-
33. https://doi.org/10.31026/j.eng.2022.12.02.

Baker, W.H. and Konder, R.L., 1966. Pullout load capacity of a circular earth anchor buried in
sand. Highway Research Record, (108). http://onlinepubs.trb.org/Onlinepubs/hrr/1966/108/108-
001.pdf.

Balla, A, 1961. The resistance of breaking-out of mushroom foundations for pylons. In Proceedings
of 1961 5th International Conference on Soil Mechanics and Foundation Engineering. Paris, France. pp.
569-576.

Barley, A.D., and Windsor, C.R, 2000. Recent advances in ground-anchor and reinforcement
technology with reference to the development of the art. In Proceedings of 2000 International
conference on geotechnics and geotechnical engineering. Lancaster, Melbourne, Australia. pp.1157-
1252.

Benmokrane, B., Chekired, M., and Xu, H., 1995. Monitoring behavior of grouted anchors using
vibrating-wire gauges. Journal of Geotechnical Engineering, 121(6), pp. 466-475.
https://doi.org/10.1061/(ASCE)0733-9410(1995)121:6(466).

Bouazza, A., and Finlay, T.W., 1990. Uplift capacity of plate anchors buried in a two-layered sand. Geo-
technique, 40(2), pp. 293-297. https://doi.org/10.1680/ge0t.1990.40.2.293.

Catapult, 0., ARUP., 2024. Floating Offshore Wind Anchor Review: PNO0O0585-RPT-005 - Rev. 01.

192


https://doi.org/10.31026/j.eng.2007.01.03
https://doi.org/10.31026/j.eng.2008.04.25
https://doi.org/10.31026/j.eng.2010.02.17
https://doi.org/10.31026/j.eng.2011.06.13
https://doi.org/10.31026/j.eng.2022.12.02
http://onlinepubs.trb.org/Onlinepubs/hrr/1966/108/108-001.pdf
http://onlinepubs.trb.org/Onlinepubs/hrr/1966/108/108-001.pdf
https://doi.org/10.1061/(ASCE)0733-9410(1995)121:6(466)
https://doi.org/10.1680/geot.1990.40.2.293

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Choudhary, A.K,, and Dash, S.K,, 2018. Pull-out behaviour of vertical plate anchoring granular soil.
ICE Proceedings Geotechnical Engineering, 171(5), pp- 1-12.
http://dx.doi.org/10.1680/jgeen.17.00174.

Choudhary, A.K,, Pandit, B, and Babu, G.S., 2019. Uplift capacity of horizontal anchor plate in geocell
reinforced sand. Geotextiles and Geomembranes, 47(2), pp. 203-216.
http://dx.doi.org/10.1016/j.geotexmem.2018.12.009.

Clemence, S.P., and Veesaert, C.J., 1977. Dynamic pullout resistance of anchors in sand. In Proceedings
of 1977 International Conference Symposium on Soil-Structure Interaction. Roorkee, India. pp. 389-
397.

Das, B.M., 1990. Development in Geotechnical Engineering. Amsterdam, Netherlands.

Deshmukh, V.B., Dewaikar, D.M., and Choudhury, D., 2010. Analysis of rectangular and square
anchors in cohesionless soil. International Journal of Geotechnical Engineering, 4(1), pp. 79-87.
https://doi.org/10.3328/1JGE.2010.04.01.79-87.

Downs, D., and Chieurzzi, R., 1966. Transmission tower foundations. Journal of Power Division, 92(2),
pp. 38-36. https://doi.org/10.1061/JPWEAM.0000518.

ElSawwaf, M.A., 2007. Uplift behavior of horizontal anchor plates buried in geosynthetic reinforced
slope. Geotechnical Testing, 30(5), pp. 418-426. http://dx.doi.org/10.1520/GT]100927.

Emirler, B., Tolun, M., and Laman, M., 2016. Investigation of the uplift capacity of group anchor plates
in geogrid-reinforced sand. Journal of the Faculty of Engineering and Architecture, 31(2), pp. 257-267.
http://dx.doi.org/10.21605/cukurovaummfd.310294.

Fabris, C., Schweiger, H.F., Pulko, B., Woschitz, H., and Racansky, V., 2021. Numerical simulation of a
ground anchor pullout test monitored with fiber optic sensors. Journal of Geotechnical and
Geoenvironmental Engineering, 147(2), P. 04020163. https://doi.org/10.1061/(ASCE)GT.1943-
5606.0002442.

Ingargiola, J., 2009. Protecting manufactured homes from floods and other hazards. USA: FEMA. ISBN
08211-1

Frgic, L.M., Pavao, and KreSimir, T. 2004. Pullout capacity of spatial anchors. Engineering
Computations, 21(6), pp. 598-609. https://doi.org/10.1108/02644400410545182.

Guadin, C., O’Loughlin, C.D., Randolph, M.F., Cassidy, M.]., Wang D., Tain, Y., Hambleton, J.P., and
Merifield, R.S., 2014. Advances in offshore and onshore anchoring solutions. Australian
Geomechanics, 49(4), pp. 59-71.

Hanna, T.H., 1982. Foundation in tension ground anchors. Switzerland: Trans Tech Publications.
ISSN 0080-9004.

[lamparuthi, E.A., Dickin, E.A., and Muthukrisnaiah, K., 2002. Experimental investigation of the uplift
behaviour of circle plate anchors embedded in sand. Canadian Geotechnical Journal, 39(3), pp. 648--
664. https://doi.org/10.1139/t02-005.

[lamparuthi, K., Ravichandran, P.T., and Toufeeq, M., 2008. Study on uplift behaviour of plate anchor
in geogrid reinforced sand bed. In proceedings of 2008 Geotechnical Earthquake Engineering and Soil
Dynamics IV. Sacramento, California, USA. (pp. 1-10). http://dx.doi.org/10.1061/40975(318)116.

193


http://dx.doi.org/10.1680/jgeen.17.00174
http://dx.doi.org/10.1016/j.geotexmem.2018.12.009
https://doi.org/10.3328/IJGE.2010.04.01.79-87
https://doi.org/10.1061/JPWEAM.0000518
http://dx.doi.org/10.1520/GTJ100927
http://dx.doi.org/10.21605/cukurovaummfd.310294
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002442
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002442
https://doi.org/10.1108/02644400410545182
https://doi.org/10.1139/t02-005
http://dx.doi.org/10.1061/40975(318)116

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Ismail, M., 2011. Finite element analyses of granular pile anchors as a Foundation option for reactive
soils. In proceedings of 2011 International Conference on Advances in Geotechnical Engineering
(ICAGE), Perth, Australia, (pp. 1047-1052). http://hdlL.handle.net/20.500.11937/37880.

Iten, M., and Puzrin, AM., 2010. Monitoring of stress distribution along a ground anchor using
BOTDA. In Proceedings of 2010 Volume 7647, Sensors and Smart Structures Technologies for Civil,
Mechanical, and Aerospace Systems. San Diego, California, USA. pp. 779-793.
https://doi.org/10.1117/12.847499.

'Jarred, D.J., and Haberfield, C.M., 1997. Tendon grout interface performance in grouted anchors.
Ground anchorages and anchored structures. In Proceedings of 1997 International Conference
organized by the Institution of Civii Engineers. London, UK. pp. 3-12.
https://doi/abs/10.1680/gaaas.26070.0001.

Jasim, N.A,, Shafaqu, Q.S., and Ibrahim, M.A, 2021. The effect of adding high-density polyethylene
polymer on the engineering characteristics for sandy soil. Journal of Engineering, 27(9), pp. 29-37.
https://doi.org/10.31026/j.eng.2021.09.03.

Kim, N.K,, Park, ].S., and Kim, S.K,, 2006. Numerical simulation of ground anchors. Computers and
Geotechnics, 34(6), pp- 498-507. https://doi.org/10.1016/j.compgeo.2006.09.002.

Kovacs, A., Blouin, S., 1975. On the theory of ground anchors. Corps of Engineers. U.S. Army Cold
Regions Research and Engineering Laboratory. https://doi.org/10.21236/ada006582.

Krishna, Y., 2000. Numerical analysis of large size horizontal strip anchors. M.Sc. thesis, Department
of civil Engineering, India Institute of science, India.

Kumar, J., 2003. Uplift resistance of strip and circular anchors in a two layered sand. Soils and
Foundations. 43(1), pp- 101-107. https://doi.org/10.3208/sandf.43.101.

Littlejohn, S., and Mothersille, D., 2008. Maintenance and monitoring of anchorages: Guidelines. In
Proceedings of 2008 Institution of Civil Engineers-Geotechnical Engineering,161(2), pp. 93-106.
https://doi.org/10.1680/geng.2008.161.2.107.

Littlejohn, G.S., 1979. Ground anchors: state-of-the-art. In Symp on Prestressed Ground Anchors Conc
Soc of SA.

Mahdi, H.F.,, and Aziz, L.J, 2023. Influence of water on anchor-plate behavior in sandy soil using
geogrid layer. MSc thesis, Department of civil Engineering, Faculty of Engineering, University of Kufa,
Iraq.

Mariupol’skii, L.G., 1965. The bearing capacity of anchor foundations. Soil Mechanics and Foundation
Engineering, 2(1), pp- 26-32. https://doi.org/10.1007/BF01704424.

Mastrantuono, C., and Tomiolo, A., 1977. First application of a totally protected anchorage. In
Proceedings of 1977 9th International Conference on Soil Mechanics and Foundation Engineering,
Specialty Session, Tokyo, pp. 107-112.

Mekkiyah, H.M., 2013. Improvement of soil by using polymer fiber materials underneath square
footing. Journal of Engineering, 19(07), pp. 873-882. https://doi.org/10.31026/j.eng.2013.07.08.

Merifield, R.S., and Sloan, S.W., 2006. The ultimate pullout capacity of anchors in frictional soils.
Canadian Geotechnical Journal, 43(8), pp. 852-868. http://dx.doi.org/10.1139/T06-052.

194


http://hdl.handle.net/20.500.11937/37880
https://doi.org/10.1117/12.847499
https://doi/abs/10.1680/gaaas.26070.0001
https://doi.org/10.31026/j.eng.2021.09.03
https://doi.org/10.1016/j.compgeo.2006.09.002
https://doi.org/10.21236/ada006582
https://doi.org/10.3208/sandf.43.101
https://doi.org/10.1680/geng.2008.161.2.107
https://doi.org/10.1007/BF01704424
https://doi.org/10.31026/j.eng.2013.07.08
http://dx.doi.org/10.1139/T06-052

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Merifield, R.S., Pearce, A, Yu, H.S, and Sloan, SSW., 1999. Stability of anchor plates, Australian
Geomechanics Journal, 34(2), pp. 55-63.

Meyerhof, G.G., and Adams, ].I, 1968. The ultimate uplift capacity of foundations. Canadian
Geotechnical Journal, 5(4), pp. 225-244. https://doi.org/10.1139/T68-024.

Mors, H., 1959. The behavior of mast foundations subjected to tensile forces. Bautechnik, 36(10), pp.
367-378

Murray, E.J., and Geddes, ].D., 1987. Uplift of anchor plates in sand. Journal of Geotechnical
Engineering,113(3), pp. 202-215. https://doi.org/10.1061/(ASCE)0733-9410(1987)113:3(202).

Naji, A, 2022. Effect of cavities on the behavior of anchors in sandy soil. Modeling in Civil and
Environmental Engineering, 17(1), pp. 34-40. https://doi.org/10.2478 /mcee-2022-0004.

Niroumand, H., and Kassim, K.A., 2016. Design And Construction of Soil Anchor Plate. U.S.A.: Elsevier
Inc. ISBN: 9780124201156.

Niroumand, H., Kassim, K.A., and Nazir, R,, 2010. Analytical and numerical studies of vertical anchor
plates in cohesion less soils. Electronic Journal of Geotechnical Engineering, 15, pp. 1139-1150.

O'Kelly, B.C., Brinkgreve, R.B., and Sivakumar, V., 2014. Pullout resistance of granular anchors in clay
for un-drained condition. Journal Soils and Foundations, 54(6), pp. 1145-1158.
http://dx.doi.org/10.1016/j.sandf.2014.11.009.

Raheem, H.N., and Aziz, L.J., 2021. Performance of vertical plate anchors in cohesion-less soil
subjected to inclined loading. MSc thesis, Department of civil Engineering, Faculty of Engineering,
University of Kufa, Iraq.

Rowe, R.K,, and Davis, E.H., 1982. The behavior of anchor plates in sand. Geotechnique, 32(1), pp. 25-
41. https://doi.org/10.1680/geot.1982.32.1.25.

Ruggeri, P., Segato, D., and Scarpelli, G., 2013. Sheet pile quay wall safety: Investigation of post
tensioned anchor failures. Journal of Geotechnical and Geoenvironmental Engineering, 139(9), pp.
1567-1574. https://doi.org/10.1061/(ASCE)GT.1943-5606.0000886.

Sabatini, P.J., Pass, D.G., and Bachus, R.C., 1999. Ground Anchor and Anchored Systems, Atlanta,
Georgia. FHWA-IF-99-015.

Saeedy, H.S., 1987. Stability of circular vertical earth anchors. Canadian Geotechnical Journal, 24(3),
pp. 452-456. https://doi.org/10.1139/t87-056.

Sakai, T., and Tanaka, T., 2007. Experimental and numerical study of uplift behavior of shallow
circular anchor in two-layered sand. Journal of geotechnical and geo-environmental engineering,
133(4), pp- 469-477. https://doi.org/10.1061/(ASCE)1090-0241(2007)133:4(469).

Saran, S., Ranjan, G., and Nene, A.S., 1986. Soil anchors and constitutive laws. Journal of Geotechnical
Engineering Div, ASCE, 112(12), pp. 1084-1100. https://doi.org/10.1061/(ASCE)0733-
9410(1986)112:12(1084).

Seleam, S.N., 2006. Evaluation of collapsibility of gypseous soils in Iraq. Journal of Engineering,
12(03), pp- 712-726. https://doi.org/10.31026/j.eng.2006.03.21.

195


https://doi.org/10.1139/T68-024
https://doi.org/10.1061/(ASCE)0733-9410(1987)113:3(202)
https://doi.org/10.2478/mcee-2022-0004
http://dx.doi.org/10.1016/j.sandf.2014.11.009
https://doi.org/10.1680/geot.1982.32.1.25
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000886
https://doi.org/10.1139/t87-056
https://doi.org/10.1061/(ASCE)1090-0241(2007)133:4(469)
https://doi.org/10.1061/(ASCE)0733-9410(1986)112:12(1084)
https://doi.org/10.1061/(ASCE)0733-9410(1986)112:12(1084)
https://doi.org/10.31026/j.eng.2006.03.21

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Seo, H., and Pelecanos, L., 2017. Load transfer in soil anchors-Finite Element analysis of pull-out
tests. In Proceedings of 2017 8th International Conference on Structural Engineering and Construction
Management. Kandy, Sri Lanka. pp. 1-7.

Seo, H.J., Marketos, G., and Pelecanos, L., 2019. Soil-structure interaction in field pull-out tests of soil
anchors and additional resistance from the reaction plate. In Proceedings of 2019 XVII European
Conference on Soil Mechanics and Geotechnical Engineering, Reykjavik, Iceland. pp. 1-8.
https://doi:10.32075/17ECSMGE-2019-0390.

Shahriar, A.R,, Islam, M.S,, and Jadid, R., 2020. Ultimate pullout capacity of vertical anchors in
frictional soil. ASCE International Journal of Geomechanics, 20(2),
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001576.

Shukla, S.K.,, and Das, B.M., 2013. Earth Anchors. Florida: ]. Ross. ISBN 978-1-60427-077-8.

Smet, ]., Huybrechts, N., Lysebetten, G.V., Verstraelen, |., and Francois, S., 2019. Optical fiber strain
measurements and numerical modeling of load tests on grouted anchors. Journal of Geotechnical and
Geoenvironmental Engineering, 145(12), P. 04019103. https://doi.org/10.1061/(ASCE)GT.1943-
5606.0002167.

Sousa, AM.D.D., Costa, Y.D.J.,, Floréncio, L.A.D.S.,, and Costa, C.M.L., 2021. Load transfer on
instrumented prestressed ground anchors in sandy soil. De Structures Materials, 14(6).
https://doi.org/10.1590/5S1983-41952021000600012.

Stewart, W., 1985. Uplift capacity of circular plate anchors in layered soil. Canadian Geotechnical
Journal, 22(4), pp. 589-592. http://dx.doi.org/10.1139/t85-078.

Stocker, M.F,, and Sozen, M.A., 1969. Investigation of prestressed reinforced concrete for highway
bridges, part vi, bond characteristics of prestressing strand. Civil Engineering Studies SRS-344.

Su, W,, and Fragaszy, R.J., 1988. Uplift testing of model anchors. Journal of Geotechnical Engineering
Division, 114 (9), pp. 961-983. https://doi.org/10.1061/(ASCE)0733-9410(1988)114:9(961).

Su, W., and Fragaszy, ., 1987. Uplift Testing of Model Anchors. Journal of Geotechnical Engineering,
114(9), pp- 961—983. http://worldcat.org/issn/07339410.

Tsuha, C., Schiavon, J.A., and Thorel, L., 2019. Evaluation of the breakout factor for helical anchors in
sand by centrifuge testing. In Proceedings of 2019 XVI Pan-American Conference on Soil Mechanics and
Geotechnical Engineering (XVI PCSMGE) Geotechnical Engineering in the XXI Century. Cancun, Mexico.
pp. 905-912. http://dx.doi.org/10.3233 /STAL190128.

Vesic, A.S., 1965. Cratering by explosives as an earth pressure problem. In Proceedings of 1965 6th
International Conference on Soil Mechanic and Foundation Engineering. Montreal, Canada. pp. 427-431.

Vesic, A.S., 1971. Breakout resistance of objects embedded in ocean bottom. Journal of Soil Mechanics
and Foundation Engineering Division, 97(9), pp- 1183-1205.
https://doi.org/10.1061/]SFEAQ.0001659.

Yinki, K., and Giirbtz, A., 2022. Uplift behavior of shallow horizontal plate anchors reinforced with
geocells in cohesionless soil, European Journal of Environmental and Civil engineering, 26(4), pp.
1243-1266. http://dx.doi.org/10.1080/19648189.2019.1707123.

Zhang, S.,Wan, Y., Li, C, Li, Q.,and Yang, D., 2022. Microscopic bearing behavior of horizontally loaded
vertical plate anchors in sandy soil. Advances in Civil Engineering, pp. 1-14.
http://dx.doi.org/10.1155/2022/7371229.

196


https://doi:10.32075/17ECSMGE-2019-0390
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001576
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002167
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002167
https://doi.org/10.1590/S1983-41952021000600012
http://dx.doi.org/10.1139/t85-078
https://doi.org/10.1061/(ASCE)0733-9410(1988)114:9(961)
http://worldcat.org/issn/07339410
http://dx.doi.org/10.3233/STAL190128
https://doi.org/10.1061/JSFEAQ.0001659
http://dx.doi.org/10.1080/19648189.2019.1707123
http://dx.doi.org/10.1155/2022/7371229

A. R. Daibil and A’. A. H. Al-Saidi Journal of Engineering, 2025, 31(7)

Sl i) e Jul * Juea 2d)) s
Ahall calazy calarn daals cduaigl) I cdnaal) gl (sué

Ll

Dl o slyall—au ) pUas @lsls Al dawpaill by Golall Cabise Gdinll) o aal) andia) Gand) 13 b
O L LAl sleyally Jeall caad Ll et DA (e aldatl 138 Ly e 153 WS il Jasll Cag )l
5inay guasally adsall g lingly ans o JLEAY) il cajelal 285 (aaganl) Blayall sl elaf Cpuns e Ll s il
Ny L gasanl) Bluyall 7ol daglia Ao 55 dnj0 (0¢25.45.60¢90) cnd) Jas dagly sty denal) A L)
asl el ¢ paalls Lgtseantg Al ) i) AiLialy Blospalls Adasmall Aol Jadia DA (pe Blospall—Au il plai st
G ol Ll ) ciedd) dila) ae (D/d=1.5 D/d=1) sloall zof sl ) dienall Ll da (566 Letie
Ao IS 1Y L Bluyall Al AU s i & Jal) g dasall lia) IS /3 e B daay (9AY) LasY)
Gsh ) ikl dilialy )l e Losill Llee 3 8eUS ST (6K @l 8 %6 Ll ) i) dil)
Ao 25 Letie 255 daull AaBY) Ol Sl 235l (8 mlall Gl slall dashia Jiead die 3lujall dasia
aleyl) AR (e ST As))  aes dde )l ARl (358 dabeall Allall 8 Adall Aadall ilS 13) L (pdall A2k 3 oL

bl da.bl) g8

Q) AT el Al ¢ oantl) AT ¢ adal) L likal) Lol

197



