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1. Introduction 
 

In a suspension bridge, the deck hangs below 

suspension cables with both ends fixed, supporting the 

weight imparted to the bridge with the tensile force of the 

cables. Due to its significant benefits in terms of material 

qualities and the height-spans ratio of the stiffening girder, 

it is a commonly utilized long-span bridge construction. 

(Lekidis et al. 2005, Gwon and Choi 2018, Han et al. 2019). 

Suspension bridges can be earth-anchored or self-

anchored, depending on the method employed to attach the 

main cable (Deng et al. 2018). In contrast to earth-anchored 

suspension bridges, which fix the main cable by deploying 

anchorages at both ends of the bridge, self-anchored 

suspension bridges attach the main cable by installing 

anchorages on the pier at the end of the bridge. Because a 

significant load is exerted when fastening the main cables, 

the anchorage of earth-anchored suspension bridges is 

essential for preserving the stability of the entire structure. 

Gravity-type, tunnel-type, and rock-anchored anchorages 

are the three main categories of anchorages (Li and Li 2006, 

Han et al. 2019, Lim et al. 2020, 2021, 2022, Seo et al. 

2021). 

Because the anchorage's self-weight supports the cable 

load, gravity-type anchorages may be employed regardless  
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of the condition of the ground. These anchorages also 
require a lot of concrete and a lot of construction space. The 
ground must be dug up, and a tunnel filled with steel and 
concrete must be filled in order to support the cable weight 
of the bridge (ASCE 1979, Dakeuchi and Yoshida 1984, 
Hong et al. 2014,). Tunnel-type anchorages have a good 
performance-cost ratio and rarely cause environmental 
disruption (Fig. 1). From the perspective of space and 
environmental issues, the tunnel-type anchorage may be 
preferred. Tunnel-type anchorages should be taken into 
consideration when site circumstances are acceptable, 
according to the Design Specifications for Highway 
Suspension Bridges (Lei et al. 2012). The primary cable 
tension and supporting load of the anchorage grow as the 
suspended span length of cable supported bridges rises. 
Consequently, the volume of the anchoring also grows. If 
the ground conditions, such as hard rock or soft rock, are 
met, tunnel-type anchorage should be used utilizing solid 
ground. Under stiff ground conditions, the tunnel-type 
anchorage can hold a weight that is 20–25 percent more 
than the gravity-type anchorage (Zhang et al. 2015, Han et 
al. 2019).  

Tunnel-type anchorages are more subject to the 
condition of the ground than gravity-type anchorages are. 
The geometry of the cross-section of the anchorage and the 
characteristics of the surrounding rock, in particular, affect 
the mechanism of collapse. Throughout the design phase, 
the failure mechanism is evaluated and the pull-out 
resistance and stability are examined at in relation to the 
characteristics of the surrounding rock mass and the cross-
sectional shape of the anchorage. Conservative failure 
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Abstract.  This study analyzes the pull-out behavior of tunnel-type anchorage under various joint conditions, including joint 

direction, spacing, and position, using a finite element analysis. The validity of the numerical model was evaluated by 

comparing the results with a small-scaled model test, and the results of the numerical analysis and the small-scaled model test 

agree very well. The parametric study evaluated the quantitative effects of each influencing factor, such as joint direction, 

spacing, and position, on the behavior of tunnel-type anchorage using pull-out resistance-displacement curves. The study found 

that joint direction had a significant effect on the behavior of tunnel-type anchorage, and the pull-out resistance decreased as the 

displacement level increased from 0.002L to 0.006L (L: anchorage length). It was confirmed that the reduction in pull-out 

resistance increased as the number of joints in contact with the anchorage body increased and the spacing between the joints 

decreased. The pull-out behavior of tunnel-type anchorage was thus shown to be significantly influenced by the position and 

spacing of the rock joints. In addition, it is found that the number of joints through which the anchorage passes, the wider the 

area where the plastic point occurs, which leads to a decrease in the resistance of the anchorage. 
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scenarios have been used to design tunnel-type anchorages 

in common applications (Park et al. 2009). Collapse 

mechanisms are frequently observed to happen along the 

boundary surface of the surrounding rock mass parallel to 

the direction of the anchor force rather than emerging as a 

spread or wedge failure (Park et al. 2013, Park et al. 2014). 

At the surface of the anchorage body, the failure surface 

develops in an axial direction. However, it should really be 

predicted that a wedge-shaped collapse will take place when 

a load is exerted to the ground in the axial and radial 

directions of the enlarged section, pressing the surrounding 

ground together (Kanemitsu et al. 1980). 

Tunnel-type anchorages are rarely utilized in design, and 

it is yet unknown how they will react to a pull-out load. The 

mechanical aspects of tunnel-type anchorages are close to 

those of uplift piles and rock anchors (Han et al. 2019). The 

mechanical behavior of uplift piles has been studied using a 

variety of model experiments and numerical simulations 

(Aydan et al. 1993, Alawneh et al. 1999, Ilamparuthi et al. 

2002, Shanker et al. 2007, Han et al. 2019). However, it is 

challenging to correlate the failure mode of the uplift pile to 

the failure mode of anchorage since the structures differ in 

shape, size, and material. Additionally, the failure 

mechanism of tunnel-type anchorages is affected by the 

presence of discontinuities, such as joints and artificial and 

naturally occurring faults (Han et al. 2019). However, there 

hasn't been much research on the shape and characteristics 

of rock joints in connection to tunnel-type anchorages. 

In this study, pull-out behavior of tunnel-type anchorage 

investigated according to rock joint characteristics using 3D 

finite element analysis. Numerical solutions were verified 

against data from small-scaled model test conducted in 

previous studies (Seo et al. 2018, 2021). The major 

influencing factors, i.e., joint direction, spacing, and 

position on the tunnel-type anchorage response are 

analyzed. 

 

 

2. Problem definition 
 

In the tunnel-type anchorage for suspension bridge, the 

anchorage sphere is formed by excavating a tunnel in the 

ground, embedding a steel frame to fix the main cable in the 

excavation, and then pouring concrete. That is, it is 

supported by the self-weight of the concrete sphere inside 

the tunnel and the friction and adhesion resistance of the 

original ground in contact with the concrete sphere. 

For the optimal design of tunnel-type anchorages, it 

should analyze the strength of the supported rock, the 

characteristics of discontinuities, the shape of the 

anchorage, etc., and calculates the pull-out resistance based 

on the failure angle reasonably assumed. Although the 

design of tunnel-type anchorage in Korea assumes that the 

failure surface is linearly distributed along the axial outer 

surface of the anchorage sphere, the criteria for this method 

are not clear. In addition, the range of relaxation and 

damage to the rock and its strength due to tunnel excavation 

are not clearly established as criteria. Because the tunnel-

type anchorage is a structure significantly affected by the 

rock characteristics such as strengths and discontinuities 

(i.e., rock joints), therefore, it is necessary to analyze the 

anchorage behavior and failure patterns according to those. 

In particular, the quantitative results on the behavior of 

tunnel-type anchorages according to the influence of the 

joint characteristics are required at the design stage, and it 

will be practically helpful in the design. 

In this study, a series of 3D finite element analyses were 

performed to analyze the pull-out behavior of tunnel-type 

anchorages according to the direction, spacing and position 

of the joints in the rock which the anchorage was installed. 

Fig. 2 shows the definition and key parameters of the 

problem. Fig. 2(a) illustrates a schematic diagram for 

analyzing the effect of the direction of the rock joint. It is 

assumed that the x-axis and y-axis exist on the surface of 

the joint, and the direction is defined as the angles between 

the direction of the applied load on anchorage and x- and y-

axis, respectively. In other words, it is defined as the angle 

iy between the load direction and y-axis on the joint, and 

angle ix between the load direction and x-axis on the joint, 

respectively. To investigate the anchorage behavior 

according to directions of rock joints, cases 1 - 4 were fixed 

as iy = 90° with varying ix = 0°, 30°, 60°, and 90° and cases 

5 - 9 were fixed as ix = 90° with varying iy = 30°, 60°, 90°, 

120°, 150°, and 180°. 

Fig. 2(b) shows analysis cases for analyzing the effect of 

the spacing and location of the joint on the anchorage 

behavior, and the influencing factors are expressed as 

dimensionless coefficients; i.e., spacing of rock joints (α) 

defined as the ratio of the joint spacing to the anchorage 

diameter (D) and position of rock joints (β) defined as the 

ratio of the position of the first joint among the joint set to 

the anchorage length (L). In the case of analysis on the joint 

spacing, β was fixed and the analyses were performed with  

 

 
Fig. 1 Typical shape of tunnel-type anchorage: (a) 

schematic diagram and (b) plan view and side view 

(Yooshin Co., Ltd. 2009) 
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changing α = 0.5D, 1.0D, 1.5D, 2.0D, and 2.5D. In 

addition, to investigate the effect of the position of the joint 

on the anchorage behavior, α was fixed and the analyses 

was conducted with varying β = 0L, 0.5L, and 1.0L. 

The range of coefficient values was appropriately 

analyzed by using conditions from the examples of several 

suspension bridges in Korea, and those were summarized in 

Table 1. 

 

 

3. Finite element analysis 
 

3.1 Finite element model 
 

In this study, the pull-out behavior of tunnel-type 

anchorages according to the joint direction, joint spacing 

and position is analyzed using Plaxis 3D program (2022). 

Fig. 3 shows a typical model for parametric studies. The 

spacing between two anchorages is B, and the anchorage 

diameter is D. The shape of the anchorage consists of a 

standard part, a changing part, and a wide part. The design 

of the tunnel-type anchorage is rarely done in practice, thus  

 

 

 

the geometries of the tunnel-type anchorage refer to a 

design case of Ulsan Bridge constructed in Korea. In order 

to minimize the possible boundary effect of the modeling, a 

boundary composed of 10B in a width, 10B in a length, and 

4B in a height was determined. 

The soil was modeled with 10-node wedge elements 

while the tunnel-type anchorage was composed of 10-node 

tetrahedrons. The soft rock surrounding the anchorage was 

modeled as the Mohr Coulomb failure criteria, whereas the 

anchorage was modeled with linear elastic. One of the most 

commonly employed models in geotechnical engineering is 

the Mohr-Coulomb model (Jaiswal and Rakesh 2022, Das 

et al. 2022, Karira et al. 2022). The total number of 

elements in this model was from 48,765 to 137,762, 

depending on parameters. Table 2 shows the properties 

applied to numerical analyses. The model in this study 

consists of soft rock, joints and tunnel-type anchorage, and 

the properties of soft rock and anchorage refer to that of the 

geotechnical investigation report for Ulsan Bridge. The 

analysis process consisted of a total of two steps, and after 

implementing the geostatic stress as the first step, an 

external force was applied to the head of the anchorage 

using the load control method. At the anchorage-soft rock 

interface, the strength reduction factor (Rint) was applied to 

0.67 for the soil layer and 1.0 for the soft rock to consider  

 

 

Fig. 2 Definition and key parameters: (a) effect of the 

direction of joints and (b) position and spacing of joints 

Table 1 Cases for parametric studies 

Influencing 

factor 
Factor values Fixed conditions 

Direction  

of joints 

ix 0°, 30°, 60°, 90° iy = 90° 

iy 30°, 60°, 90°, 120°, 150° ix = 90° 

Spacing of 

joints  
α 

0.5D, 1.0D, 1.5D, 2.0D, 

2.5D 
β = 0L, 0.5L, 1.0L 

Position of 

joints 
β 0L, 0.5L, 1.0L 

α = 0.5D, 1.0D, 1.5D, 

2.0D, 2.5D 

 

 
Fig. 3 Typical finite element mesh and boundary 

conditions: (a) front view and (b) cross section 

Table 2 Properties for the numerical studies  

Material 

type 

Unit 

weight 

(kN/m3) 

Elastic 

modulus 

(MPa) 

Internal 

friction 

angle (°) 

Cohesion 

(kPa) 

Poisson’s 

ratio 

Soft rock 23 1300 37.5 100 0.25 

Anchorage 17.8 28000 - - 0.2 
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the strength reduction. In addition, the rock joint was 

modeled as the interface. Elastic interface normal and shear 

stiffness values were 13.32 and 0.89 MPa, respectively. And 

cohesion was set to 23.5 kN/m2, and the internal friction 

angle was 30.5º, based on the geotechnical investigation 

report for Ulsan Bridge. 

 

3.2 Validation 
 

The validity of the three-dimensional finite-element 

model was evaluated by comparing the results of the 

existing study (Seo et al. 2018, 2021). The study was 

conducted to analyze the failure characteristics of the 

tunnel-type anchorage through a small-scaled model test, 

and a mixture of gypsum, sand, and water was used as the 

material of the model ground used in the model test. The 

mixing ratio of the mixed materials was determined through 

physical property tests, and the relative strength of the 

actual anchorage and the surrounding ground, which 

reflected the similitude law, was described. Fig. 4 shows the 

tunnel-type anchorage two-dimensional model experiment 

apparatus. The model ground used in the small-scaled 

model test was manufactured in the size of 1,800 mm 

(width) × 700 mm (height) × 50mm (thickness), which 

corresponds to about 1/100 of the real one according to the 

law of physical similarity. For detailed information about 

the small-scaled model test, Seo et al. (2018, 2021) can be 

referred to. 

Fig. 5 shows the typical mesh used in this study. The 

anchorage was considered as a rigid body at all times in 

order to prevent the local failure of the anchorage due to the  

 

 

cable load. For the surrounding model rock layer, the Mohr-

Coulomb non-associated flow rule was adopted. The 

interface element modeled by the bilinear Mohr-Coulomb 

model was employed to simulate the anchorage-soil 

interface. The material properties of the model anchorage 

and model rock are listed in Table 2. Fig. 6 shows a 

comparison of the three-dimensional numerical analysis 

results and the load-displacement curve calculated from the 

test results of Seo et al. (2018, 2021). As shown in Fig. 6, it 

can be seen that the results of the 3D numerical analysis and 

the results of the small-scaled model test agree very well. 

 

 

4. Results and discussion 
 

In order to analyze the behavior of tunnel-type 

anchorage according to the conditions of rock joints, 

parametric studies were conducted based on variables such 

as the direction of joints, spacing of joints and the position 

of joints. The pull-out resistance-displacement curves for all 

influencing factors were plotted for each case to 

quantitatively evaluate their effects. To analyze the 

quantitative effect of each influencing factor on the 

behavior of the tunnel-type anchorage, the ratio of the pull-

out resistance of each case to that of the reference case (no 

joint case) was defined when a displacement of 0.004L 

(0.4% of the anchorage length) occurred on the pull-out 

resistance-displacement curve, as shown in Fig. 7. In other 

words, the maximum value of the pull-out resistance 

 

 
Fig. 4 2D small-scaled model test: (a) sectional view of 

2D model test and (b) experimental set up (Seo et al. 

2018, 2021) 

 

Fig. 5 Typical mesh of numerical analysis for validation 

 

Fig. 6 Pullout load-displacement curve 
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corresponding to a certain level of displacement in the case 

of no joints was determined as Rmax, and the ratio of the 

pull-out resistance corresponding to the same displacement 

level in each case was calculated. Therefore, the effect of 

reduced resistance according to the joint conditions was 

analyzed, and the quantitative effect of each joint condition 

on the behavior of the tunnel-type anchorage was evaluated.  

 

 
 
4.1 Effect of direction of joints 

 

To analyze the effect of joint direction on the behavior 

of tunnel-type anchorage, a total of nine cases were 

analyzed (refer to Fig. 8). Cases 1 to 4 had a fixed iy value 

of 90 degrees while the ix value varied at 90, 60, 30, and 0 

degrees (Figs 8(a) - (d)). Cases 5 to 9 had a fixed 

 

Fig. 7 Quantification of analysis results 

   
(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h) (i) 

Fig. 8 Analysis cases for the direction of joints: (a) Case 1 (ix=90°, iy=90°), (b) Case 2 (ix=60°, iy=90°), (c) Case 3 (ix=30°, 

iy=90°), (d) Case 4 (ix=0°, iy=90°), (e) Case 5 (ix=90°, iy=60°), (f) Case 6 (ix=90°, iy=30°), (g) Case 7 (ix=90°, iy=120°), (h) 

Case 8 (ix=90°, iy=150°) and (i) Case 9 (ix=90°, iy=180°) 
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ix value of 90 degrees while the iy value varied at 60, 30, 

120, 150, and 180 degrees (Figs. 8(e)-8(i)). 

Fig. 9 shows the pull-out resistance-displacement curves 

according to the joint direction. As shown in Fig. 9(a), 

Cases 1 and 4 showed the smallest pull-out resistances at 

the reference displacement value (0.004L = 250 mm), 

indicating the largest reduction in pull-out resistance due to 

joint effect. The results in Fig. 9(b) represent the case where 

ix is fixed and iy is varied. It can be observed that Case 7 has 

the smallest pull-out resistance at the reference 

displacement value (0.004L = 250 mm). This is because the 

direction of the applied load is similar to the direction 

where sliding may occur at the joint. 

To analyze the pull-out resistance at each displacement 

level, the RF/RFmax values were plotted for each case as 

shown in Fig. 10. The results showed that, as shown in Fig. 

10(a), Cases 1 and 4 had the smallest RF/RFmax value as ix 

changed, and at a displacement level of 0.006L for Case 4, a 

decrease in pull-out resistance of approximately 10% 

occurred. In addition, it was found that the pull-out 

resistance decreased as the displacement level increased 

overall. 

Fig. 10(b) shows the results of RF/RFmax as iy changed. 

Unlike Cases 1 - 4, the trend of consistent decrease in 

RF/RFmax values with increasing displacement level was not 

observed. For Cases 5 and 6, the RF/RFmax values remained 

constant despite an increase in displacement level, while for 

Cases 7 - 9, the pull-out resistance decreased as the 

displacement level increased. Furthermore, the decrease in  

 

 

pull-out resistance ratio was highest in Case 7, and the 

reason for this is that the possibility of sliding at the joint 

increases due to the applied load. 

When iy is fixed at 90 degrees and ix varies from 0 to 90 

degrees, the reduction in anchorage resistance due to sliding 

behavior does not occur, because the effect of the slope 

inclination caused by the joint does not affect the direction 

of sliding. Fig. 11 shows the distribution of plastic points 

(failure) for the results of the analysis of the reference case, 

Case 1, Case 4 and Case 7. As shown in Fig. 11(a), in the 

reference case, all plastic points are distributed at the 

interface between the anchorage and the rock. In Case 1, it 

can be observed that plastic points mainly occur on the 

upper part of the joint surface where the anchorage passes 

through due to displacement caused by the applied load. 

This indicates that punching failure occurs depending on the 

direction of the load acting on the anchorage. In Case 4, as 

shown in Fig. 11(c), plastic points are mainly distributed in 

the overlapping area between anchorage and the joint 

surface. It indicates that the joint surface tears apart as the 

displacement occurs. 

Case 7 has a different behavior from Cases 1 and 4. 

Cases 1 and 5-9 occur when ix is fixed at 90 degrees and iy 

varies, and they may have a similar direction of sliding as 

the load direction and the joint surface. Case 7 is the case 

where ix = 90 and iy = 120 degrees, and sliding is most 

likely to occur as the load is applied. As shown in Fig. 

11(d), plastic points are mainly distributed at the lower part 

of the joint surface, indicating that the sliding behavior of 

the joint surface dominates when the load is applied. 

 

4.2 Effect of position and spacing of joints 
 

In order to analyze the effect of the position and spacing  

 

 
Fig. 9 Pull-out resistance-displacement curves according 

to the joint direction: (a) iy = 90º and (b) ix = 90º  

 

 
Fig. 10 RF/RFmax values according to the joint direction: 

(a) iy = 90º and (b) ix = 90º   
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of the rock joint on the behavior of tunnel-type anchorage, a 

total of 15 cases were analyzed (see Fig. 12). The analysis 

focused specifically on the quantitative analysis of the 

behavior of tunnel-type anchorage according to the position 

of the joint. The analysis cases were classified into three 

categories based on the starting position of the joints: when 

the joint set starts at the head of the anchorage and 

completely overlaps with it (0L), when the joint set starts in 

the middle of the anchorage and half of the anchorage 

overlaps with the joint set (0.5L), and when the joint set 

starts at the base of the anchorage and does not overlap with 

the anchorage (1.0L). In addition, in order to analyze the 

behavior of tunnel-type anchorage according to the spacing 

between joints, analysis cases were performed by varying 

the spacing between joints from 0.5D to 2.5D.  

Fig. 13 shows the pull-out resistance-displacement 

curves for each joint spacing depending on the starting 

position of the joint set in tunnel-type anchorage. The cases 

with joint spacing between 0.5D to 1.5D (Figs. 13(a)-13(c)) 

had the smallest pull-out resistance values at the reference 

displacement (0.004L) with  = 0L, indicating that they had 

the greatest influence. When  = 1L, the pull-out resistance 

values were similar to the reference case and did not affect 

the behavior of the anchorage. For joint spacing of 2.0D 

(Fig. 13(d)), the case with = 0L had the smallest pull-out 

resistance value at the reference displacement, but cases 

with = 0.5L and 1L showed similar results to the reference 

case. Furthermore, for joint spacing of 2.5D (Fig. 13(e)), the 

results were similar to the reference case regardless of the 

starting position of the joint set at the reference 

displacement. This indicate that the effect of joint spacing 

on the behavior of anchorage decreases as the joint spacing 

increases and that the effect of joint spacing can be ignored 

when the joint spacing is 2.5D or more. 

Fig. 14 is presented to quantitatively analyze the 

reduction in pull-out resistance of tunnel-type anchorage 

depending on the starting position and spacing of the joint 

sets. Fig. 14(a) shows the case of  = 0L where the staring 

position of the joint set is located at the head of the 

anchorage, and the entire anchorage overlaps with the joint 

set. As shown in the figure, it is found that the smaller the 

spacing between the joints, the greater the decrease in 

RF/RFmax value, indicating a significant impact on the 

behavior of the tunnel-type anchorage. For   =  0 . 5D, 

RF/RFmax is 87% for 0.002L of displacement level, 

RF/RFmax is 82% for 0.004L of displacement level, and 

RF/RFmax is 79% for 0.006L of displacement level, 

respectively. However, when the spacing of joints is 2.5D 

even with   = 0L, the RF/RFmax value is approximately 

93~96% depending on the displacement levels, indicating 

that the influence of the joints on the anchorage behavior 

decreases as the spacing of joints increases. Fig. 14(b) 

shows the case of  = 0.5L where the starting position of the 

joint set is located at the center of the anchorage and half of 

the anchorage overlaps with the joint set. In this case, the 

RF/RFmax value is relatively small with a value of about 

94% or more compared to the case of  = 0L. Also, as in the 

case of  = 0L, the impact on the behavior of the anchorage 

increases as the spacing between the joints decreases, but 

the degree of impact is not significant. Finally, Fig. 14(c) 

shows the case where the starting position of the joint set is 

located at the base of the anchorage, and the joint set does  

 

 

 

 
Fig. 11 Results of plastic points: (a) Reference case, (b) 

Case 1, (c) Case 4 and (d) Case 7 (continued) 
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not overlap with the anchorage. In this case, the RF/RFmax is 

about 100% for all displacement levels, indicating that the 

joint sets does not affect the behavior of the anchorage. 

Therefore, the degree of influence on the pull-out resistance 

of the anchorage can vary depending on the starting  

 

 

position and spacing of the joints. According to the results, 

the pull-out resistance can be reduced by about 0~21% 

depending on the joint condition, so it is necessary to 

consider this in the design stage.    

Fig. 15 shows the distribution of plastic points for the  

   
(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h) (i) 

   
(j) (k) (l) 

   
(m) (n) (o) 

Fig. 12 Analysis cases for the spacing and position of joints: (a) Case (1) (α=0.5D, β=0L), (b) Case (2) (α=0.5D, β=0.5L), 

(c) Case (3) (α=0.5D, β=1.0L), (d) Case (4) (α=1.0D, β=0L), (e) Case (5) (α=1.0D, β=0.5L), (f) Case (6) (α=1.0D, β=1.0L), 

(g) Case (7) (α=1.5D, β=0L), (h) Case (8) (α=1.5D, β=0.5L), (i) Case (9) (α=1.5D, β=1.0L), (j) Case (10) (α=2.0D, β=0L), 

(k) Case (11) (α=2.0D, β=0.5L), (l) Case (12) (α=2.0D, β=1.0L), (m) Case (13) (α=2.5D, β=0L), (n) Case (14) (α=2.5D, 

β=0.5L) and (o) Case (15) (α=2.5D, β=1.0L) 
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analysis results of Cases (1), (2), (13) and (14). A 

comparison of Case (1) and Case (13), and Case (2) and 

Case (14), it can identify the tendency of anchorage 

behavior according to the joint spacing. In Case (1) and 

Case (13), the joint set starts from the head of the anchorage 

(= 0L), and the joint spacing is 0.5D and 2.5D, 

respectively. Case (1) has 57,085 plastic points, and Case 

(13) has 31,616 plastic points. In addition, in Case (2) and 

Case (14), the joint set starts from the middle of the 

anchorage, and the joint spacing is 0.5D and 2.5D, and the 

number of plastic points is 46,143 and 25,954, respectively. 

Therefore, it is found that the number of joints through 

which the anchorage passes, the wider the area where the 

plastic point occurs, which leads to a decrease in the 

resistance of the anchorage.  

Furthermore, by comparing Case (1) with Case (2) and 

Case (13) with Case (14), the trend of reducing anchorage 

resistance according to the starting position of the joint set 

can be analyzed. Case (1) and Case (2) have joint spacing of  

 

 

 

 

 
Fig. 13 Pull-out resistance-displacement curves according 

to the position and spacing of joints: (a)  = 0.5D, (b)  

= 1.0D, (c)  = 1.5D, (d)  = 2.0D and (e)  = 2.5D 

 

 

 
Fig. 14 RF/RFmax values according to the position and 

spacing of joints: (a)  = 0L, (b)  = 0.5L and (c)  = 1.0

L  
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Fig. 15 Results of plastic points: (a) Case (1), (b) Case 

(2), (c) Case (13) and (d) Case (14) (continued) 

 

 

0.5D, and their joint starting positions are at 0L and 0.5L, 

respectively. Case (13) and Case (14) have joint spacing of 

2.5D, and their joint starting positions are at 0L and 0.5L, 

respectively. Comparing the plastic points of each case 

mentioned above, it can be observed that Case (1) and Case 

(13) has more plastic points than Case (2) and Case (14), 

respectively. It confirms that the larger the number of joint 

surfaces where the anchorage overlaps, the wider the area 

where the plastic point occurs, leading to a decrease in the 

resistance of the anchorage.  

 

 

5. Conclusions 
 

The study aimed to analyze the behavior of tunnel-type 

anchorage under varying conditions of rock joints. The 

direction, spacing and position of the rock joints were 

examined as part of the parametric studies. The emphasis is 

on quantifying the behavior of the tunnel-type anchorage 

embedded in the joint bedrock according to the joint 

characteristics. For the quantitative evaluation, the pull-out 

resistance-displacement curves were plotted for each case, 

and the ratio of the pull-out resistance of each case to that of 

the reference case was defined. The findings derived based 

on this study are as follows. 

1. It was confirmed that the lowest pull-out resistance 

presented in the case where the anchorage body and the 

joint were perpendicular (Cases 1; ix=90°, iy=90°) and 

parallel (Case 4; ix=0°, iy =90°). The trend of consistent 

decrease in RF/RFmax values with increasing displacement 

level was not observed in Cases 5(ix=90°, iy=60°) and 

6(ix=90°, iy=30°). In contrast, the pull-out resistance 

decreased as the displacement level increased in Cases 7-9, 

with Case 7(ix=90°, iy=120°) showing the highest decrease 

in pull-out resistance ratio. 

2. It was found that the pull-out resistance decreased as the 

spacing between joints increased. The pull-out resistance 

decreased as the spacing between the joints increased. The 

RF/RFmax values showed that the reduction in pull-out 

resistance was more significant when the joint was located 

closer to the surface of the anchorage. When the joint was 

located near the surface, the anchorage had lower pull-out 

resistance, and the failure occurred mainly at the interface 

between the anchorage and the rock. However, when the 

joint was located deeper, the anchorage had a higher pull-

out resistance, and the failure occurred mainly on the joint 

surface. 

3. The results of the parametric studies conducted on the 

direction, spacing, and position of the joints can help design 

better anchorage systems that can withstand the challenges 

posed by rock joints. The study emphasizes the importance 

of understanding the quantitative effect of each joint 

condition on the behavior of tunnel-type anchorage to 

design and optimize the anchorage systems. The findings of 

the study can contribute to the development of more 

efficient and reliable anchorage systems in the future. 
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