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Abstract. Bearing capacity of anchor cables are influenced by numerous factors,
with the proportion of fixed anchor length playing a critical role in both bearing
performance and construction cost. However, previous studies have often over-
looked the significance of this parameter. In this paper, numerical simulations are
employed to explore the effect of the fixed anchor length proportion on the bear-
ing capacity and failure modes of anchor cables. Simulations were conducted for
anchor cables with fixed anchor length ratios of 1, 0.9, 0.85, 0.8, 0.75, 0.7, 0.65,
0.6, 0.55, and 0.5 under identical burial depth conditions. The results reveal that
when the fixed anchor length proportion exceeds 0.75, the bearing capacity ini-
tially increases and then stabilizes with further increases in the ratio. This trend
is consistent with the behavior observed when the ratio is below 0.75. However,
the failure patterns differ between the two cases. For fixed anchor length propor-
tions greater than 0.75, the failure pattern manifests as an "inverted cone" extend-
ing to the ground surface, whereas for proportions less than 0.75, the failure pat-
tern is "ellipsoidal," without surface extension.
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1 Introduction

Rock anchoring techniques are widely used in dams, cableways, transmission lines, and
bridges [1,2]. In recent years, many researchers have investigated the mechanical be-
havior of systematic anchors and their installation problems through numerical analy-
sis, similar model tests, and field monitoring, which has greatly improved our under-
standing of their bearing characteristics [3,4].

Numerous researchers have explored various factors influencing anchoring perfor-
mance [5,6]. It was observed that as burial depth increased, the damage mode of the
anchor cable underwent a transition from rock shear damage to a composite mode com-
prising upper rock shear damage and lower mortar-rock interface bond damage [7].
Wang et al. (2015) observed through pullout tests of anchors with different diameters
and burial depths that the failure mode evolved from interfacial failure to shear failure
in the surrounding rock as the diameter of the anchors increased [8]. Su et al. (2021)
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found that the maximum shear stress of the anchors occurs at a distance from the anchor
head of approximately 25 times the diameter of the anchor. It decreases to zero at a
distance of more than 110 times the anchor diameter from the anchor head [9]. Mo-
hyeddin et al. (2020) conducted tensile tests on six different thread shapes of anchor
cables, revealing a significant relationship between the bearing capacity of the anchor
cable and its thread design [10]. Optimization of the installation angle proved to be a
more efficacious approach than the augmentation of the surrounding rock strength [11].

The influence of anchor diameter, surrounding rock strength, burial depth, grouting
material, and other factors on anchor bearing capacity has been more clearly understood
[12-14]. However, the mechanism by which the proportion of anchored sections affects
the bearing capacity of anchor rods remains unclear. This study, therefore, aims to in-
vestigate the influence of the ratio of fixed anchor length on the bearing capacity of
anchor rods under identical conditions of burial depth through the use of numerical
simulation.

2 Numerical Simulation

2.1 Model Establishment

A numerical model was developed, where the anchoring interfaces within the rock mass
were represented using interface elements, while the contact interfaces responsible for
force transfer were modeled with contact elements. The simulations were conducted
using interface elements based on the Mohr-Coulomb model. Cable units were utilized
for the anchors. The Taoyuan coal mine sandstone in Anhui Province, China, was se-
lected as the rock body, and its mechanical parameters were illustrated in Table 1.

Table 1. Mechanical parameters[14]

Cohe- Internal

Performance Tensile Yield Shear mod- Bulk mod- . L
sion friction an-
parameters strength/MPa strength/MPa ulus/GPa ulus/GPa 3

/MPa gle/

Surrounding
32 0.96 33 5.1 4.6 38
rocks

2.2 Simulation Scheme

The simulation program was developed according to the anchor design criteria. The
anchor depth was set to 5 m, the anchor diameter to 200 mm and the hole diameter to
250 mm. The specific scenarios are given in Table 2.

Table 2. Simulation schemes

proportion of the fixed anchor Burial Fixed anchor Free anchor
length depth/m length/m length/m
1 5.0 10.0 10.0

0.9 5.0 8.2 9.1
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proportion of the fixed anchor Burial Fixed anchor Free anchor
length depth/m length/m length/m
0.85 5.0 7.4 8.7
0.8 5.0 6.7 8.3
0.75 5.0 6.0 8.0
0.7 5.0 5.4 7.7
0.65 5.0 4.8 7.4
0.6 5.0 43 7.1
0.55 5.0 3.8 6.9
0.5 5.0 33 6.7
3 Results

According to the results shown in Fig. 1, in the initial loading stage, the cables are in
the linear elasticity stage and the tensile deformation of the cables increases proportion-
ally to the load, showing good linear elasticity characteristics. As the load increases,
the cable enters the yielding stage. At this stage, the cable begins to show plastic defor-
mation. As the load continues to increase, the deformation rate of the rebar accelerates.
After continuous loading, the rebar enters the hardening stage. The rate of deformation

increases significantly until the anchor fails.
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Fig. 1. Load-displacement curve

As shown in Fig. 2, the bearing capacity of the anchor cable shows an overall in-
creasing trend as the proportion of fixed anchor length increases. It can be divided into
two stages. Taking 0.75 as the boundary, the proportion of anchored length greater than
0.75 or less than 0.75 is divided into two different stages. The load capacity of the
anchor cable with a proportion of fixed anchor length less than 0.75 is less than that of
the anchor cable with a proportion of anchorage greater than 0.75. In both stages, the
bearing capacity of the anchor cable increases as the proportion of fixed anchor length
increases, eventually stabilizing to a certain level. It is not better to have a higher pro-
portion of fixed anchor length.

The failure mode of the anchor cables differs for the two different stages of appeal,
as shown in Fig. When the ratio of fixed anchor length is exceeds 0.75, the failure mode
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of the anchor cable is an 'inverted cone' rock shear failure extending to the surface, as
shown in Fig. 3(a). If the ratio of the anchored section is less than 0.75, it is a closed
‘ellipsoidal' rock body local shear damage, as shown in Fig. 3(b). For both types of
failure modes, the bearing capacity of the anchor cable increases and then remains un-
changed as the anchorage ratio increases. This is because the shear stress increases log-
arithmically as the proportion of fixed anchor length increases, i.e. the incremental in-
crease in the resistance of the anchor gradually decreases as the proportion of anchored
sections increases until it reaches 0.
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Fig. 2. Relationship between the proportion of the fixed anchor length and the bearing capacity
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Fig. 3. Failure mode of the two different stages: (a) the proportion of fixed anchor length is less
than 0.75;(b) the proportion of fixed anchor length is more than 0.75.
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4 Conclusion

The following conclusions were drawn from the numerical simulation study of anchor
cables with different fixed anchor length proportions at the same burial depth:

(1) As the proportion of fixed anchor length increases, there are two different dam-
age modes of anchor cables. When the proportion of fixed anchor length is less than
0.75, the damage mode of the anchor cable is local shear damage of the surrounding
rock and the damage surface is represented as an 'ellipsoid'. Conversely, when the fixed
anchor length is greater than 0.75, the damage mode of the anchor cable is peripheral
rock shear damage extending to the surface, and the failure surface is represented as an
'inverted cone'.

(2) The bearing capacity of the anchor cable increases with the proportion of fixed
anchor length and then stabilizes when the proportion of fixed anchor length is greater
than 0.75. This corresponds to the change in bearing capacity when the fixed anchor
length is less than 0.75.

(3)By increasing the fixed anchor length, the bearing capacity of the anchor cable
can be significantly increased.
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