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The limiting values of shape factors are an important parameter for vertically loaded anchors (VLAs) at the deep-embedded depth,
which influence the ultimate embedded depth and the maximum load-bearing capacity. The limiting values of load-bearing
coefficients of VLAs which have different aspect ratios and different areas of fluke are obtained using the finite-element method.
Furthermore, based on the expression of shape factors, the limiting values of shape factors of VLAs with different aspect ratios and
different areas of a fluke are calculated. The influence of the aspect ratios and areas of fluke of VLAs on the shape factors is
investigated. In addition, the effect of the shape factors of VLAs on the ultimate embedded depth and the maximum load-bearing
capacity at the ultimate embedded depth is also studied. The results show that when the area of a fluke of VLAs is the same,
decreasing the aspect ratio of a fluke can decrease the limiting value of shape factors; when the length of the fluke is constant, the area
of the fluke has little influence on the limiting values of shape factors of VLAs. When the area of the fluke of VLAs is the same, the
normalized ultimate embedded depth increases almost linearly with increasing the limiting value of shape factors and the maximum
load-bearing capacity increases with increasing the limiting value of shape factors. The results can contribute to the design of the

shape of a fluke of VLAs in soft clay.

1. Introduction

Drag anchors can be used as foundations in the mooring
system [1], as shown in Figure 1. In general, the size and
the shape of drag anchors influence the loading capacity and
the capacity to penetrate into the soil, respectively [2]. It is
very important to fully understand the loading capacity of
drag anchors; therefore, some scholars have conducted the
research on the loading capacity, such as O’Neill et al. [3],
Merifield et al. [4], Merifield and Sloan [5], Song et al. [6],
Aubeny and Chi [7], Tian et al. [8], Han et al. [9], Cheng
et al. [10], Peccin da Silva et al. [11], and so on. The results
obtained from the research on loading capacity of drag
anchors show that, at the same embedded depth, the bigger
the fluke of the drag anchor is, the larger the maximum load-
bearing capacity; when the drag anchors have the same size
of fluke, the deeper the drag anchor embeds into the soil, the
larger the maximum load-bearing capacity is.

The reasonable shape of drag anchors can facilitate the
penetration into the soil deeper and therefore it has a great
influence on the embedded depth [12—-14]. The development
of the shape of drag anchors experiences three stages [15]. In
the first stage, Stevin anchors, as shown in Figure 2(a), were
used in the mooring system; however, because the shape of
Stevin anchors was not conducive to penetrating into the soil
[16], therefore they are not used in the mooring system up to
now. In the second stage, Stevin anchors were replaced by
Stevpris anchors shown in Figure 2(b), which can penetrate
into the soil deeper compared to Stevin anchors; therefore,
with the same bearing area of fluke, the maximum load-
bearing capacity of Stevpris anchors is greater than Stevin
anchors [15]. In the third stage, Stevmanta anchors, as
shown in Figure 2(c), that is, vertically loaded anchors
(VLAs), were extensively applied to mooring systems, attrib-
uting to lower cost, reusability, and high-bearing capacity;
VLAs can withstand not only horizontal load but also verti-
cal load [17]; therefore. it is widely applicable to the taut
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Marine platform

FIGURE 1: Mooring systems used in the marine platform.

mooring system in the deep sea [7]. In this paper, we only
discuss the Stevmanta anchors, that is, the VLAs.

For the VLAs, it is essentially a plate [18]. To reveal the
influence of the shape of the VLAs, that is, aspect ratio, on
the maximum load-bearing capacity, Das et al. [19] has put
forward the shape factor of the VLAs, which can be
expressed as

Ne

f=% (1)

N

where N, represents the load-bearing coefficient of VLAs
with an aspect ratio not equal to 1.0; N.* represents the
reference load-bearing coefficient of VLAs with an aspect
ratio equal to 1.0, that is, square plate anchor. As can be
noted from Equation (1) that the shape factor, f, actually
represents the ratio of the maximum load-bearing capacity
of the plate anchor with an aspect ratio not equal to 1.0 to the
maximum load-bearing capacity of plate anchor with an
aspect ratio equal to 1.0, which actually represents the change
of bearing capacity of anchors.

On the basis of the concept of the shape factor, Das et al.
[19] have carried out experiments with scaled models to
investigate the shape factors of anchors. The results indicated
that for the scaled models, the shape factors increased with
increasing the embedment ratio; in addition, when the
embedment ratio was the same, the aspect ratio of scaled
models also influenced the shape factors. However, the limit
values of shape factors for plate anchors, which have differ-
ent aspect ratios are not investigated in experiments with
scaled models.

In Det Norske Veritas (DNV) [20], for the plate anchor
with an aspect ratio equal to 0.5, the shape factor fis consid-
ered as 1.1; in addition, the shape factor also reflects the
transition from the strip anchor to the rectangular anchor
under the plain strain condition. However, the shape factor
in DNV [20] does not consider the embedded depth, and
therefore, we cannot conclude whether the shape factor is a
limiting value for plate anchors.

Based on the three-dimensional numerical modeling, Liu
et al. [21] also investigated the shape factor of horizontally
and vertically attached anchors and horizontally and verti-
cally vented anchors. The results showed that the shape fac-
tor was related to the aspect ratio and embedded depth of
plate anchors. However, the limit value of the shape factors
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for plate anchors which have different aspect ratios and dif-
ferent embedded depths at the deep-embedded depth in clay
are not investigated.

Except that the shape factor can be obtained from the
method defined above, the shape factor can be obtained
through complex model tests [22]; however, some studies
[1, 23] showed significant deviations from measured values,
which indicate that it still remains difficulties to obtain the
accurate shape factor by complex model tests.

Das et al. [19] considered that the maximum load-
bearing capacity of plate anchors was related to the shape
factor; therefore, the expression of the maximum load-
bearing capacity of plate anchors was proposed as

P, =f.N.A.S,. (2)

where P, represents the maximum load-bearing capacity of the
plate anchor; A is the effective area of the plate anchors; S, is the
undrained shear strength of the soil at the embedded anchor. As
can be seen from Equation (2), the shape factor fhas a significant
influence on the maximum load-bearing capacity.

According to the theoretical analysis methods, the
expression of the ultimate embedded depth of the drag
anchor was derived by Neubecker and Randolph [24], Neu-
becker and Randolph [25]) as

e (N N

Zugp = —
VED 2.b.cos 0,

w

where b is the effective width of the embedded dragline; 6,, is
the drag angle to the fluke at the shackle of the weightless
anchor; A, is the projected anchor area (in the direction of
travel); and n,, = T,/ W is the efficiency factor, where W is the
submerged anchor weight and T, is the drag force at the
shackle of the weightless anchor; and ¢ is the exponent. As
illustrated in Equation (3), the shape factors also have a
notable influence on the ultimate embedded depth of drag
anchors. However, the influence of shape factors of plate
anchors on the ultimate embedded depth of drag anchors
has not been investigated up to now.

In this paper, the limiting values of the shape factor of
plate anchors which have different aspect ratios and different
areas of fluke at the deep-embedded depth in clay are
obtained and the influence of the aspect ratios and the area
of plate anchor on the limiting values of the shape factor of
plate anchors at the deep-embedded depth is also investi-
gated; in addition, the limiting values of shape factors of plate
anchors are applied to investigating the influence on the
maximum load-bearing capacity and the ultimate embedded
depth at the deep-embedded depth.

2. Shape Factors of VLs in Clay at the Deep-
Embedded Depth

Mackenzie [26] proposed the expression of the load-bearing
coefficient of VLAs as
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FIGURE 2: Drag anchors used in mooring system: (a) stevin; (b) stevpris; and (c) stevmanta anchors.

TAS, (4)

where P, is the maximum load-bearing capacity of anchors;
A is the area of the anchor; and S, is the undrained shear
strength of clay. As can be seen from Equation (4),
N, increases with increasing the maximum load-bearing
capacity of VLAs, P,; however, the maximum load-bearing
capacity is not always increasing with the embedded depth of
VLAs when it is at the deep-embedded condition [27].
Therefore, there is a limiting value of the load-bearing coef-
ficient for VLs. In this paper, we only investigate the limiting
value of the load-bearing coefficient of VLAs at the deep-
embedded depth. Furthermore, based on the equation for the
shape factor as shown in Equation (1), the shape factor of
VLAs can be obtained. Because N, and N,* in Equation (1)
are limiting values of the load-bearing coefficient; therefore,
the shape factor obtained from Equation (1) is called the
limiting value of shape factors of VLAs in this paper.

In this section, the numerical analysis is carried out using
Z_SOIL [28] to determine the load-bearing coefficient of
VLAs in clay.

To determine more accurately the maximum load-bearing
capacity of VLAs, three-dimensional numerical modeling along
with meshes is built, as indicated in Figure 3. To avoid the
boundary effects in the finite-element model, the calculation

range for soil should be large enough. Merifield and Sloan [4]
considered that in the plane strain condition, the length and
width of the calculation range for soil should be within about
16.0 B and the depth of the calculation range for soil should be
not less than 5.0 B, where B was the length of the fluke of
VLAs. In the three-dimensional numerical modeling as illus-
trated in Figure 3, the calculation range for soil in length and
width direction are all set 21.0 B, and the distance from the
VLA to the bottom of the calculation range is set 8.0 B. More-
over, considering the high plastic strain of soil near the VLAs,
the dimensions of meshes for the soil near the VLAs are
smaller compared with other regions, as shown in Figure 3.
For soil and VLAs, eight-node continuum brick elements are
used in the three-dimensional numerical modeling.

In addition, in Figure 3, the horizontal displacements at
the lateral boundary of the calculation range for soil are
constrained and the displacements at the bottom boundary
in the x, y, and z directions are all constrained. However, the
boundary at the top of the calculation range for soil is not
constrained, which is in accordance with the actual stress of
the pullout process. In addition, the load is applied to the
centroid of the fluke of VLAs and it is perpendicular to the
surface of the fluke, as indicated in Figure 3.

2.1. Constitutive Model and Parameters. The elastic-perfectly
plastic model obeying Von Mises’ yield criterion is often
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FiGURE 3: Finite-element model along with meshes.

applied to clay [29]. The mechanical parameters for clay in
the three-dimensional finite model are from the soft clay of
the Gulf of Mexico [35]. The untrained shear strength of soft
clay is S, = 1.41H, where H is the embedded depth below the
seabed in meters, as shown in Figure 3. The elastic modulus
of clay E is E=1,000S,, and the Poisson’s ratio of clay is
v=0.49. In addition, the yield stresses for soft clay is /3,
and the submerged unit weight of clay is 6.3 kN/m”.

For the VLAs used in the field tests carried out by Ruinen
[30], the linear elastic constitutive model is applied to them
in the three-dimensional numerical modeling. The modulus
of elasticity E and Poisson’s ratio v of VLAs are 2.06 GPa and
0.3, respectively. In addition, the submerged unit weight of
the anchor is 68.0 kN/m>.

In the three-dimensional numerical modeling, the sur-
face of the VLAs is assumed smooth, that is, the friction
between soil and anchor is not considered. In addition, in
the pullout process of the VLA, it is assumed that there is no
suction force at the anchor base, that is, the vented anchors.
In addition, considering that the coefficient of the lateral earth
pressure K is in the range of 0.8-1.85 [31]; therefore, the
coefficient of the lateral earth pressure in numerical simula-
tion calculations is assumed Ky = 1.0 to obtain the initial geo-
static stress for the three-dimensional numerical modeling.

In the numerical calculations, the first step is to determine
the initial stress state with the coefficient of the lateral earth
pressure Ky, which accounts for the effects of VLAs and clay.
The second step is to exert the vertical load to the surface of the
anchor fluke to obtain the maximum load-bearing capacity.

2.2. Validation of Finite-Element Model. To validate the cred-
ibility of the parameters of clay and VLAs as well as the
meshes in the three-dimensional numerical modeling, the
maximum load-bearing capacity of VLAs obtained from
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FIGURE 4: Schematic of field tests.

the three-dimensional numerical modeling should be com-
pared with that from the field tests.

In the Gulf of Mexico, Ruinen [30] carried out field tests
to determine the maximum load-bearing capacity of VLAs.
In field tests, the VLAs were the Stevmanta anchors. The
simplified dimension of the Stevmanta anchors was that
the length and thickness of the anchor are 3.0 and 0.2 m,
respectively, as shown in Figure 4; the width of the simplified
dimension of the Stevmanta anchors is 1.0 and 3.0 m, respec-
tively. The embedded depth of the anchors is 18.0m. In
addition, the undrained shear strength of soft clay of the
Gulf of Mexico is represented as S, = 1.41H. The mechanical
parameters of the soft clay of the Gulf of Mexico and the
Stevmanta anchor are the same as that in Section 2.1.

In field tests, the maximum load-bearing capacity of the
Stevmanta anchor with the width of 1.0 and 3.0 m are 913.7
and 2741.1 kN, respectively.

Based on the three-dimensional numerical modeling as
shown in Figure 3 and the mechanical parameters of soft clay
of the Gulf of Mexico and the Stevmanta anchor in field tests,
the displacement-load curve of the Stevmanta anchor can be
determined, as shown in Figures 5(a) and 5(b). It is indicated
from Figures 5(a) and 5(b) that, the maximum load-bearing
capacity of the Stevmanta anchor with the width of 1.0 and
3.0m are 896.1 and 2705.0 kN, respectively.

Compared with the results from the field tests, the error of
the maximum load-bearing capacity of the Stevmanta anchor
obtained from the three-dimensional numerical modeling is
very small and the maximum error is only 1.93%. Therefore,
the results obtained from the three-dimensional numerical
modeling are credible.

2.3. Influence of Aspect Ratio of a VLA in Clay on the Limiting
Value of Shape Factors. A VLA essentially is a plate anchor,
thus it is important to discuss the influence of the aspect ratio
and area of the VLAs on the limiting value of shape factors.
To obtain the limiting value of shape factors of a VLA in clay,
the limiting value of load-bearing coefficients should be first
obtained. In this section, the area of VLAs is set 4.0, 9.0, 16.0,
and 25.0m’, which are the commonly used area of VLAs
[32]. When the area of the VLAs is equal, changing the
aspect ratio of the VLAs in clay can investigate the influence
of the aspect ratio on the shape factor. When the area of
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FiGURe 5: The curve of load versus displacement from the finite-element method. (a) Width=1.0m, and (b) width =3.0 m.

VLAs is 4.0 m>, the lengths of VLAs are set 4.0, 3.5, 3.0, 2.5,
and 2.0 m; therefore, the aspect ratios of VLAs are 4:1,
49:16,9:4, 25:16, and 1:1. When the area of the VLAs is
9.0 m? the lengths of VLAs are set to 6.0, 5.0, 4.5, 4.0, and
3.0 m; therefore, the aspect ratios of VLAs are 4:1, 25:9,
9:4,16:9, and 1:1. When the area of VLAs is 16.0 m’, the
lengths of VLAs are 6.0, 5.5, 5.0, 4.5, and 4.0 m; therefore, the
aspect ratios of VLAs are 9:4, 121:64, 25:16, 81:64, and
1:1. When the area of VLAs is 25.0 m?, the lengths of VLAs
are set to 8.0, 7.5, 7.0, 6.5, 6.0, 5.5, and 5.0 m; therefore, the
aspect ratios of VLAs are 64:25, 9:4, 49:25, 169:100,
36:25, 121:100, and 1:1. In addition, the thickness of
VLAs in the three-dimensional numerical modeling is all
set 0.2 mm. For VLAs, the critical embedded depth is about
3.0-4.5 times the length of the fluke in clay [20, 33]. In the
three-dimensional numerical modeling, the embedded depth
of VLAs H, as shown in Figure 3, is all set 5.0B (B represents
the length of the fluke), which is greater than the critical
embedded depth (4.5B). Therefore, all the anchors studied
in this paper are deep-embedded VLAs and the limiting value
of the load-bearing coefficients of VLAs can be obtained.

Based on the numerical analysis method, the maximum
load-bearing capacity of VLAs at the deep-embedded depth
can be obtained. The load-bearing coefficient N. of VLAs
with different aspect ratios in clay, can be further calculated
with Equation (4), the calculation results are indicated in the
Figure 6(a)-6(d). As can be seen from Figure 6(a)-6(d),
when the area of the fluke of VLAs is the same, the limiting
value of load-bearing coefficients all decreases with increas-
ing the length of the fluke, that is, the limiting value of load-
bearing coefficients decreases with decreasing the aspect
ratio of VLAs. In addition, Figure 6(a)-6(d) also shows
that the VLAs with an aspect ratio equal to 1.0, that is, square
anchor, have the maximum load-bearing coefficients com-
pared with that with other aspect ratios.

The limiting value of shape factors of VLAs with differ-
ent aspect ratios can be further calculated with Equation (1).
Liu et al. [22] considered that when the area of the drag
anchor is larger, it cannot conveniently penetrate into the

seabed; therefore, the area of the drag anchor should not be
too large. Gourvenec and Cassidy [32] considered that the
maximum area of VLAs should not be greater than 25.0 m>.
In this section, the reference load-bearing coefficient N.* in
Equation (1) is selected as 7.816, which corresponds to the
limiting value of the load-bearing coefficient of VLAs with an
aspect ratio of 1.0 and an area of 25.0 m”. Figure 7 shows the
influence of the length of the fluke on the limiting value of
the shape factor of VLAs which have different areas of the
fluke. It is indicated from Figure 7 that, when the area of
fluke of VLAs is the same, increasing the length of the fluke
(i.e., decreasing the aspect ratio) can reduce the limiting
value of shape factors of VLAs. In addition, as illustrated
in Figure 7, when the length of the fluke of VLAs is 5.0 m,
all the limiting values of shape factors of anchors with differ-
ent areas of the fluke are equal to 1.0; when the length of the
fluke of VLAs is 4.0 m, all the limiting values of shape factors
of anchors with different areas of the fluke are greater than
1.0; however, when the length of the fluke of VLAs is 6.0 m,
all the limiting values of shape factors of anchors with differ-
ent areas of the fluke are less than 1.0.

On the basis of the results from Figure 7, the influence of
the area of the fluke of VLAs on the limiting value of shape
factors can also be obtained. It is indicated from Figure 7,
the variation of the area of the fluke of VLAs has little influ-
ence on the shape factors when the length of the fluke is the
same. Figure 7 also shows that, when the length of the fluke is
constant, the area of the fluke has almost no effect on the
shape factor of VLAs.

3. Application of Shape Factor to VLAs at the
Deep-Embedded Depth

3.1. Application of Shape Factors to Ultimate Embedded
Depth. For soil with strength proportional to depth, that is,
S. = k.z, where k is the soil strength gradient, Neubecker and
Randolph [25] considered that when the anchor was at the
ultimate embedded depth, the efficiency of anchors 7, in
Equation (3) can be expressed as
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Equation (5) is substituted into Equation (3) and (3) can
be rewritten as

ZUED =

(E+1).f.A,.0, p
2.b.cos O,

2.W.cos0,
v f. Ap. NC' k. ZUED ’

(6)

where £=1 corresponds to the soil with strength propor-
tional to depth.

Based on Equation (6), the ultimate embedded depth
Zygp for anchors in soil with strength proportional to depth
can be calculated as

n+/n*+4.m.p 7)
2.m ’

ZUED =

where m =b. N,. k. cos0,, n =f. N_. k. 0,,. Ay, p=2.W.cos6,.

Dunnavant and Kwan [34] conducted some centrifuge
tests on plate anchors and found that the anchor flukes were
almost horizontal when they were at ultimate embedded
depth. For VLAs with anchor bridles as shanks at the ulti-
mate embedded depth, the drag angle to the fluke at the
shackle of the anchors 6,, in Equation (7) is shown in Figure 8
and it is assumed to be 0.2 in this section. In Equation (7), the
effective width of the bridle b is assumed to be 0.25m; the
density of anchors is 7,800 kg/m’ and the soil strength gra-
dient of soil k is assumed to be 1.41.

To investigate the influence of shape factors on the ulti-
mate embedded depth of VLAs at the deep-embedded depth
in clay with strength proportional to depth based on Equation
(7), the length, width, and thickness of VLAs is selected and
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TasLE 1: Parameters used in Equation (7) for VLAs in clay with strength proportional to the depth.

Aspect Length and thickness of ~ Limiting value of shape  Projected area, =~ Submerged weight, Limiting value of load-bearing
ratio anchor (m) factors, f Ap (m?) W (kN) coefficients, N
1:1 2.0,0.2 2.89 4.0 53.3 22.59
25:16 2.5,0.2 2.20 4.0 53.3 17.16
9:4 3.0,0.2 1.76 4.0 53.3 13.75
49:16 35,02 1.51 4.0 53.3 11.77
4:1 4.0,0.2 1.27 4.0 53.3 9.93
1:1 3.0,0.2 1.76 9.0 120.0 13.75
16:9 4.0, 0.2 1.27 9.0 120.0 9.93
9:4 45,0.2 1.11 9.0 120.0 8.71
25:9 5.0, 0.2 1.00 9.0 120.0 7.82
4:1 6.0, 0.2 0.82 9.0 120.0 6.42
1:1 4.0, 0.2 1.27 16.0 213.3 9.93
81:64 4.5,0.2 1.12 16.0 213.3 8.72
25:16 5.0, 0.2 1.0 16.0 213.3 7.82
121:64 55,0.2 0.91 16.0 213.3 7.09
9:4 6.0, 0.2 0.82 16.0 213.3 6.42
1:1 5.0, 0.2 1.00 25.0 333.3 7.82
121:100 5.5,0.2 091 25.0 333.3 7.08
36:25 6.0, 0.2 0.82 25.0 333.3 6.42
169:100 6.5, 0.2 0.74 25.0 333.3 5.80
49:25 7.0, 0.2 0.69 25.0 333.3 541
9:4 7.5,0.2 0.65 25.0 333.3 5.25
64:25 8.0, 0.2 0.60 25.0 3333 5.01

are illustrated in Table 1. The other parameters in Equation
(7) for VLAs are also shown in Table 1. The limiting values of
load-bearing coefficients and the limiting values of shape fac-
tors in Table are from Figure 6(a)—6(d) and Figure 9(a)-9(d).
According to Equation (7) and the parameters shown in
Table 1, the influence of the limiting value of shape factors
of VLAs on the normalized ultimate embedded depth can be
obtained, as shown in Figure 10(a)-10(d).

As illustrated in Figure 10(a)-10(d), when the area of the
fluke of VLAs is the same, the normalized ultimate embed-
ded depth Zygp/B increases almost linearly with increasing
the limiting value of shape factors. In addition, it all indicates
from Figure 10 that the VLAs with an aspect ratio equal to
1.0, that is, square anchor plates, penetrate into the soil dee-
per than rectangular anchor plates when the area of the fluke
of VLAs is the same. For the rectangular anchors, as the area
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of the fluke of VLAs is the same, the larger the length of the
fluke of VLAs is, the smaller the normalized ultimate embed-
ded depth is. Figure 11 indicates the variation of the normal-
ized ultimate embedded depth with the area of fluke of VLAs
as the limiting values of shape factors of VLAs with different
areas of the fluke are the same. It is indicated from Figure 11,
when the limiting values of shape factors are the same for
VLAs, the normalized ultimate embedded depth of VLAs
increases with enlarging the area of the fluke; in addition,
when the shape factor is not greater than 1.00, the normal-
ized ultimate embedded depth of VLAs almost linearly
increases with enlarging the area of the fluke.

3.2. Application of Shape Factors to Ultimate Pullout Capacity
at the Ultimate Embedded Depth. To investigate the influence
of shape factors on the maximum load-bearing capacity of
VLAs based on Equation (2), the length, width, and thickness
of VLAs are selected and they are the same as that in Table 1.
In addition, the parameters used in Equation (2), such as

shape factor f, effective area A, undrained shear strength
S.» and load-bearing coefficient N, for VLAs are the same
as that in Table 1. In the three-dimensional numerical
modeling, the undrained shear strengths of clay used in
Equation (2) are also assumed as S, =1.41.z and VLAs are
also at the deep-embedded depth. Based on Equation (2), the
maximum load-bearing capacity of VLAs with different
shape factors can be obtained and furthermore, the influence
of the shape factor on the maximum load-bearing capacity of
VLAs is investigated, as illustrated in Figure 12.

As shown in Figure 12(a)-12(d), when the area of the
fluke of VLAs is the same, the maximum load-bearing capac-
ity of VLAs increases with increasing the shape factors. In
addition, it also indicated in Figure 12 that when the area of
the fluke of VLAs is the same, the maximum load-bearing
capacity of VLAs with an aspect ratio of 1.0, that is, square
anchor, is greater than that with an aspect ratio not equal to
1.0, that is, rectangular anchor. For the rectangular anchors,
when the area of the fluke of VLAs is the same, the larger the
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length of the fluke of VLAs is, the smaller the maximum
load-bearing capacity is. Figure 13 shows the variation of
the maximum load-bearing capacity with the area of the
fluke of VLAs as the shape factors remain constant. As can
be seen from Figure 13, when the shape factors are the same
for VLAs, the maximum load-bearing capacity of VLAs
increases with enlarging the area of the fluke.

4. Conclusions

Based on the finite-element method, the limiting values of
the maximum load-bearing capacity of VLAs in clay with
strength proportional to the depth are obtained. Further-
more, according to the expression of load-bearing coeffi-
cients, the limiting values of load-bearing coefficients of
VLAs are obtained. Moreover, based on the expression of
the shape factors, the limiting values of the shape factors
of VLAs with different areas of the fluke and different aspect
ratios of the fluke are obtained. The influence of the area of
the fluke and the aspect ratio of the fluke on the shape factors
of VLAs are investigated. In addition, the effect of the shape

factors of VLAs on the ultimate embedded depth and ulti-
mate pullout capacity is also studied in this paper. The fol-
lowing results are drawn from the study.

(1) When the area of the fluke of VLAs is the same, the
limiting value of load-bearing coefficients all decreases
with increasing the length of the fluke, that is, the lim-
iting value of load-bearing coefficients decreases with
decreasing the aspect ratio of VLAs. The VLAs with an
aspect ratio equal to 1.0, that is, square anchor, have the
maximum load-bearing coefficients compared with
that of other aspect ratios.

(2) When the area of the fluke of VLAs is the same,
increasing the length of the fluke (ie., decreasing
the aspect ratio) can reduce the limiting value of
shape factors of VLAs; when the length of the fluke
is constant, the area of the fluke has little influence on
the shape factor of VLAs.

(3) When the area of the fluke of VLAs is the same, the
normalized ultimate embedded depth increases almost
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linearly with increasing the limiting value of shape fac-
tors and the VLAs with aspect ratio equal to 1.0, that is,
square anchor plates, penetrate into the soil deeper
than rectangular anchor plate. For the rectangular
anchors, as the area of the fluke of VLAs is the same,
the larger the length of the fluke of VLAs is, the smaller
the normalized ultimate embedded depth is. When the
limiting values of shape factors are the same for VLAs,
the normalized ultimate embedded depth of VLAs
increases with enlarging the area of the fluke.

(4) When the area of the fluke of VLASs is the same, the
maximum load-bearing capacity of VLAs with an
aspect ratio of 1.0, that is, square anchor, is greater
than that with an aspect ratio not equal to 1.0, that is,
rectangular anchor. For the rectangular anchors,
when the area of the fluke of VLAs is the same, the
larger the length of fluke of VLAs is, the smaller the
maximum load-bearing capacity is. When the shape
factors are same for VLAs, the maximum load-
bearing capacity of VLAs increases with enlarging
the area of the fluke.

The above research results mainly contribute to the
design of the VLAs in single clay with strength proportional
to the depth. Reasonable shape factors, that is, smaller shape
factors, and reasonable area of the fluke, that is, larger area of
the fluke, can make the ultimate embedded depth of VLAs
deeper and the maximum load-bearing capacity larger.

However, the above research results are only applicable
to the vented VLAs, that is, not consider the influence of
the suction force at the anchor base; in addition, the ultimate
embedded depth of VLAs is suitable to the situation where
the fluke of VLAs is in the horizontal when the VLAs do not
continuously penetrate into clay. Moreover, further research

11

should be conducted to investigate whether the above
research results are applicable to layered soil.
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