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 6 
Abstruct: The group anchor effect of recoverable anchor cable directly affects the overall bearing capacity of foundation pit 7 

supporting structure, but there is no systematic quantitative analysis method at present. In this paper, the calculation model of bearing 8 

capacity of single recoverable anchor cable is constructed, and the calculation formula of bearing capacity is derived. Then, based on 9 

the actual arrangement of group anchors, the calculation model of additional force transfer of adjacent anchor cables in the upper, 10 

lower, left and right layers is established, and the formulas of additional force in each direction are derived, and the group anchor 11 

effect coefficient is used as the quantitative index. By comparing the theoretical calculation results of this paper with the theoretical 12 

and numerical simulation results of the existing literature, the rationality of the calculation method is verified. The results show that 13 

the group anchor effect coefficient increases with the increase of soil cohesion and anchor cable arrangement spacing, and decreases 14 

with the increase of anchor cable arrangement inclination, calculation of anchor cable anchorage section length and transmission 15 

anchor cable anchorage section length. The research results can provide theoretical support and quantitative basis for the design of 16 

recyclable anchor cable group. 17 

Key words: Retrievable anchor cables; group anchoring effect; excavation engineering; additional force; group anchoring effect 18 

coefficient 19 

 20 

1   Introduction 21 

With the development of urban underground space in China to larger, deeper and more complex conditions, 22 

the scale and difficulty of deep foundation pit engineering continue to increase, and higher requirements are put 23 

forward for the anchorage bearing capacity, stability and economy of the support system [1-6]. Recyclable anchor 24 

cable [7-10] has been gradually popularized and applied in major projects such as foundation pit of large-scale 25 

high-rise building, underground pipe gallery and rail transit hub by virtue of its advantages of recyclable 26 

utilization, no underground residual pollution and adaptability to green construction concept. The ultimate pullout 27 

resistance and failure mechanism of single anchor cable have been preliminarily clarified [11-13]. However, in 28 

practical engineering, the bearing capacity of single anchor cable is often difficult to meet the anchoring 29 

requirements of large and complex deep foundation pit, and the anchor cables usually need to be densely arranged 30 

in the form of group anchors, which provide sufficient support resistance through the cooperation of multiple 31 

anchor cables, and the group anchor arrangement has become the mainstream form of recoverable anchor cable 32 

engineering application，The technical challenges arising from the group anchor effect are becoming increasingly 33 

prominent. For example: When multiple cables are densely arranged, the stress fields of adjacent cables overlap 34 

each other and the deformation of rock and soil coordinate with each other, which leads to uneven load 35 



    

 

distribution in the cable group, early failure of some cables due to overload, and significant reduction of overall 36 

anchoring efficiency. At present, scholars have made certain research progress and fruitful achievements in the 37 

research of anchor group effect. Pei Yajian [14] gave a calculation method of anchor group effect coefficient on 38 

the basis of improving the shear stress of central anchor cable and considering the stress superposition of 39 

surrounding anchor cables; Lu Ruina [15] deduced the pull-out bearing capacity of single anchor rod and anchor 40 

group effect coefficient on the basis of anchor group failure mechanism and pile group method, and proposed 41 

increasing burial depth to reduce anchor group effect. Both of them aim at quantifying group anchor action and 42 

improve anchor structure calculation system. Chen Chen et al.[16] found through group anchor pull-up model test 43 

of continuous spherical enlarged anchor that the influence range of soil displacement in elastic stage is the largest 44 

when shallow buried, and the influence range of displacement in elastoplastic stage is the largest when deep buried, 45 

and the incremental displacement first expands and then contracts. Pang Youshi et al.[17] showed that group 46 

anchor effect is significantly affected by rock and soil properties, and the influence of anchor spacing in rock mass 47 

is small, and the influence in soil layer is large. Ghaly[18] and Hanna[19] obtained from the screw anchor test in 48 

sand that the pullout performance of the group anchor depends on the diameter, burial depth, spacing, sand 49 

strength and embedding process. Huang Hongyang [20] combined the group anchor pullout test and numerical 50 

simulation to analyze the influence of burial depth and anchor spacing on the anchor body. Qiao Jiangang et al.[21] 51 

established the pullout bearing capacity model and discrete element model of the anti-floating anchor, and found 52 

that when the anchor pile spacing is 4D, 6D, and 8D, the axial and shear stresses first increase and then decrease 53 

and tend to be stable. In order to quantitatively analyze the anchor group effect of recoverable anchor cables, a 54 

bearing capacity calculation model of single recoverable anchor cable is established and its bearing capacity 55 

calculation formula is deduced. Based on the calculation model of cable bearing capacity and the actual 56 

arrangement of group anchors in foundation pit engineering, the calculation models of additional force transfer 57 

between upper layer, lower layer, left side and right side adjacent cables are established respectively, and the 58 

calculation formulas of additional force in each direction are deduced, and the group anchor effect coefficient is 59 

taken as the quantitative index of group anchor effect. Finally, the influence of soil cohesion, cable spacing, cable 60 

inclination and cable anchorage length on the group anchor effect coefficient is discussed. 61 

2 Group anchor effect of recoverable anchor cable 62 

The anchor group effect is that multiple recyclable anchor cables are arranged at a certain spacing. After 63 

being tensioned, the stress fields of the individual anchor cables overlap and affect each other, making the stress 64 



                                                 

 

state of the soil in the anchorage zone significantly different from that of the individual anchor cables acting 65 

independently. Figure 1 (a-b) is a schematic diagram of the anchor group effect of recyclable anchor cables. 66 

 67 

（a）elevation 68 

 69 

（b）profile map 70 

Fig. 1 Schematic diagram of anchor group effect of recoverable anchor cable 71 

In Figure 1 (a-b), ΔP1、ΔP2 and ΔP3 are the partial weakening of the upper, lower, left and right transfer 72 

cables to the calculated cable capacity, respectively. Taking three rows of recoverable anchor cables as an example, 73 

if one recoverable anchor cable is selected as the research object (calculation anchor cable), other recoverable 74 

anchor cables (transfer anchor cable) will be arranged horizontally and vertically, and the mechanical action of the 75 

transfer anchor cable will weaken the bearing capacity of the calculation anchor cable.The total weakening amount 76 

is the superposition value of the partial weakening amounts ΔP1、ΔP2 and 2ΔP3. In order to calculate the effective 77 

bearing capacity of recoverable anchor cable under the influence of anchor group effect, it is necessary to consider 78 

the additional forces transmitted by adjacent cables on the upper side, lower side, left side and right side of the 79 

anchor cable, and carry out classified discussion. 80 



    

 

3 Calculation model of group anchor effect of recoverable anchor cable 81 

3.1 Calculation model of bearing capacity of single recoverable anchor cable 82 

Before calculating the bearing capacity of recoverable anchor cable under the effect of anchor group, the 83 

force analysis of single anchor cable shall be done： 84 

(1) Assuming that the angle between the fracture line of homogeneous soil layer and the horizontal line of 85 

ground is 45°+φ/2, the soil resistance and tensile strength outside the fracture plane are not considered; 86 

(2) Because there is a certain inclination angle in the layout of recoverable anchor cable, the fracture plane 87 

shape of recoverable anchor cable is assumed to be irregular awl shape; 88 

(3) Ignoring the influence of anchor body diameter of recoverable anchor cable; 89 

(4) Assuming that the lateral pressure coefficient of soil is 1, the recoverable anchor cable is in hydrostatic 90 

pressure state; 91 

(5) Assuming that the fracture angle is θ, according to relevant data [15, 22], θ is between 30° and 40 °.  92 

The calculation model of bearing capacity of single recoverable anchor cable is shown in Figure 2. where P is 93 

the bearing capacity of the anchor cable, H is the distance from the bottom of the anchor cable to the ground, σ is 94 

the normal stress at the fracture surface, τ is the shear stress at the fracture surface, h1 is the length of the free 95 

section of the anchor cable, h2 is the length of the anchor cable, A is the bottom of the anchor cable, B is the 96 

intersection of the fracture surface at the lower part of the anchor cable and the fracture line, C is the intersection 97 

of the fracture surface at the upper part of the anchor cable and the fracture line, and O is the boundary point 98 

between the anchor cable and the free section. 99 
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 100 

Fig. 2 Calculation Diagram of Failure of Single Anchor Cable 101 

The stress along the recoverable cable axis at the fracture plane is： 102 

                          ( )sin tan cosH H c     = − + +                               (1) 103 

In equation (1), γ is soil weight, c is soil cohesion, φ is soil internal friction angle. 104 



                                                 

 

The fracture plane shape of the cable is developed laterally and configured as a regular fan, as shown in 105 

Figure 3, where L1 is the length of AB, L2 is the length of AC, δ is the angle of the fan, and l is the chord length of 106 

the fan. 107 
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Fig. 3 Schematic Diagram of Regular Sector of Fracture Surface Structure 109 

The projection radius can be expressed as L1sinθ, δ can be expressed as  sinθ, l can be obtained by cosine 110 

theorem： 111 

                              ( )2 2

1 2 1 22 cos / 2l L L L L = + −                               (2) 112 

From the sine theorem： 113 

( ) ( ) ( )
1 2

sin / 2 sin 90 / 2 sin 90 / 2 / 2

L Ll

   
= =

− + −
                          (3) 114 

( )
2 3

sin cos / 2

L Ll

 
+

=                                    (4) 115 

From equations (3) and (4), equations (5) and (6) can be obtained： 116 

       ( )1 sin / 2
2arccos

L

l




 
=  

 
                                (5) 117 

         
( )3 2

2sin / 2

l
L L

 
= −                                   (6) 118 

Sector area S is： 119 

    ( ) ( )2 2

2 3 3 2 3 sinS L L L L L = + − +                             (7) 120 

In this case, the bearing capacity of the recoverable anchor cable can be obtained from Equation (8)： 121 

( )

( ) ( )2 2

2 3 3 2 3

sin tan cos

sin

P H H c

L L L L L

    

 

= − + +  
  + − + 

                           (8) 122 

3.2 Calculation model of additional force transmitted by recoverable anchor cable in upper layer 123 

If adjacent retrievable cables are used to calculate the distance H1 above the cable, the calculation model is 124 

shown in Figure 4 below. where P is the bearing capacity of the anchor cable, the anchor cable layout inclination 125 

angle is α, the fracture surface angle is θ, H is the distance from the bottom end point of the anchor cable 126 



    

 

anchoring section to the ground, h1 is the length of the free section of the anchor cable, h2 is the length of the 127 

anchor cable anchoring section, A is the bottom end point of the anchor cable, B is the intersection point of the 128 

fracture surface and the fracture line at the lower part of the anchor cable, C is the intersection point of the fracture 129 

surface and the fracture line at the upper part of the anchor cable, and O is the boundary point between the anchor 130 

cable anchoring section and the free section., p1 is the average stress transmitted from the upper anchor cable to 131 

the fracture plane of the calculation anchor cable, l0 is the distance from the overlapping area I constructed to the 132 

fracture line, h3 is the length of the free section of the upper transmission anchor cable, h4 is the length of the 133 

anchoring section of the upper transmission anchor cable, D is the bottom point of the transmission anchor cable, 134 

E is the intersection point of the fracture plane and the fracture line at the upper transmission anchor cable, H is 135 

the intersection point of the fracture plane and the fracture line at the lower part of the upper transmission anchor 136 

cable, F is the boundary point between the anchoring section and the free section of the upper transmission anchor 137 

cable, I, C, H is the intersection of two fracture planes.。 138 
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 139 

Figure 4 Calculation model of load transfer of upper layer anchor cable 140 

Assuming that the fracture range of each cable is similar, there is： 141 

      45 / 2EFD COA   =  = + +  142 

45 / 2FHD OBA    =  = + + −  143 

      135 / 2HFD BOA   =  = − −  144 

135 / 2FED OCA    =  = − − −  145 

In △COA and △EFD the sine theorem gives： 146 

( ) ( )

( ) ( )

2

4

sinsin 135 / 2 sin 45 / 2

sinsin 135 / 2 sin 45 / 2

h OC AC

h FE DE

    

    

 = = − − − + +

 = =
 − − − + +





                    （9）  147 

From equation（9）we obtain： 148 



                                                 

 

  

( )
( )

( )
( )

( )
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
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                     （10） 149 

The same can be said： 150 

( )
( )

( )
( )

( )
( )

2

2

4

4

sin / sin 45 / 2

sin 135 / 2

sin 45 / 2
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h
AB

FH h

h
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 
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
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

− −
=

+ + −










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                        （11） 151 

Figure 3.3 shows： 152 

  

( )
( )
( )
( )
( )

1

2

2

4
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（12） 153 

CHI for the overlapping part of the two fracture planes, i.e., the transmission part of the calculation cable, the 154 

calculation idea is the same as that of single cable calculation，Let IH length be L4，IC length be L5，In △CHI，155 

we can obtain by sine theorem： 156 

54

sin 2
sin 135 sin 45

2 2

LLCH

     
= =

   − − − + + −   
   



                     （13） 157 

In equation (13)，CH=OC+FH-OF，all lengths have been derived. From equation (13), we can obtain： 158 

( )

( )
4

5

sin 135 / 2

sin 2

sin 45 / 2

sin 2

CH
L

CH
L

  


  



 − − − 
 =



+ + − 
=




                             （14） 159 

The following results are obtained by applying the same regular sector structure to the overlapping part： 160 

            
( )4 1

1

1

sin / 2
2arccos

L

l




 
=  

 
                                （15） 161 



    

 

 ( )
1

6 5

1 12sin / 2

l
L L

 
= −                                  （16） 162 

The overlapping sector area S1 is： 163 

 ( ) ( )2 2

1 1 5 6 6 5 6 1sinS L L L L L = + − +                             （17） 164 

Assuming that the forces transmitted by the upper cable to the calculated cable are uniformly distributed, the 165 

average stress p1 is： 166 

 

( )
01 0

1

2
lp p p= +    

                           
    （18）

 167 

In equation（18）， and  are the stresses transmitted at the beginning of the cable and to the fracture plane, 168 

respectively. 169 

 
( )0 2

4 0 4

0

4

tan / 2

tan / 2

l

P
p

h l HE h

P
p

h HE

 

 

 = − 

 = 

                             （19） 170 

in equation (19) can be obtained from the similarity relation. 171 

Therefore, the shear stress transmitted by the upper cable along the cable axis can be expressed as： 172 

         

( )1 1 1 sin cos tanp   =  −                                 （20） 173 

From equations (20) and (17), the additional force ΔP1 transmitted by the upper anchor cable can be obtained 174 

as: 175 

( )

( ) ( )
1 1 1 1

2 2

1 5 6 6 5 6 1

1 sin cos tan

sin

P S p

L L L L L

   

 

 =  =  −  
  + − + 

                           （21） 176 

3.3 Calculation model of additional force transmitted by recoverable anchor cable in lower layer 177 

When the retrievable anchor cable transmitted is used to calculate the distance of H2 under the anchor cable, 178 

the calculation model is shown in Figure 5 below. 179 
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Fig. 5 Calculation Model of Load Transfer of Lower Anchor Cable 181 



                                                 

 

Where P is the anchor cable bearing capacity, Anchor cable laying inclination is α, The fracture plane angle is 182 

θ, H is the distance from the bottom point of the anchor cable anchoring section to the ground, h1 is the length of 183 

the free section of the anchor cable, h2 is the length of the anchor cable anchoring section, A is the bottom point of 184 

the anchor cable anchoring section, B is the intersection point of the fracture plane and the fracture line at the 185 

lower part of the anchor cable anchoring section, C is the intersection point of the fracture plane and the fracture 186 

line at the upper part of the anchor cable anchoring section, O is the boundary point between the anchor cable 187 

anchoring section and the free section, p2 is the average stress transmitted from the lower anchor cable to the 188 

fracture plane of the calculation anchor cable, l0 is the distance from the overlapping area I1 constructed to the 189 

fracture line, h5 is the length of the free section of the lower transmission anchor cable, h6 is the length of the 190 

anchoring section of the lower transmission anchor cable, D1 is the bottom point of the lower transmission anchor 191 

cable, E1 is the intersection of the fracture plane and the fracture line at the upper part of the lower transmission 192 

anchor cable, H1 is the intersection of the fracture plane and the fracture line at the lower part of the lower 193 

transmission anchor cable, F1 is the boundary point between the anchoring section and the free section of the 194 

lower transmission anchor cable, I1, B, E1 is the intersection of two fracture planes. 195 

Assuming that the fracture range of each cable is similar, there is 196 

     1 1 1 45 / 2E F D COA   = = + +  197 

1 1 1 45 / 2F H D OBA    =  = + + −  198 

     1 1 1 135 / 2H F D BOA   = = − −  199 

1 1 1 135 / 2F E D OCA    = = − − −  200 

OC、AC、AB and BO can be obtained from equations (10) and (11)，E1F1、E1D1、F1H1 and H1D1 can be 201 

derived from sine theorem： 202 

( )
( )
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1 1
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
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

− −
=

+ + −










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（22） 203 

Figure 4 shows the geometric relationship： 204 
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OF H
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

+ − − −




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（23） 205 

BE1I1 is the overlapping part of two fracture planes, i.e. the transmission part of the calculation cable. The 206 

calculation idea is the same as above. Let I1B have length L7 ，I1E1 have length L8. In △BE1I1, the sine theorem 207 

gives： 208 

( )
( )

7 1

8 1

sin 135 / 2 / sin 2

sin 45 / 2 / sin 2

L BE

L BE

   

   

 = − − − 


= + + − 



   
                     

（24）
 209 

In formula（24），BE1=E1F1+BO-OF1，each length has been derived. 210 

The same can be obtained， 211 

           
( )7 2

2

2

sin / 2
2arccos

L

l




 
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 
                                （25） 212 

 ( )
2

9 8

2 22sin / 2

l
L L

 
= −                                   （26） 213 

The overlapping sector area S2 is： 214 

( ) ( )2 2

2 2 8 9 9 8 9 2sinS L L L L L = + − +                           （27） 215 

Average stress p2 is： 216 

 

( )
02 0

1

2
lp p p= +      

                          
  （28）

 217 

In formula （28）： 218 

( )0 2

6 0 1 1 6

0

6 1 1

tan / 2

tan / 2

l

P
p

h l H E h

P
p

h H E

 

 

 = − 

 = 

 219 

Therefore, the shear stress transmitted by the lower cable is： 220 

( )2 2 1 sin cos tanp   =  −                              （29） 221 

From equations (29) and (27), The additional force ΔP₂ transmitted by the upper anchor cable is： 222 

( )

( ) ( )
2 2 2 2

2 2

2 8 9 9 8 9 2

1 sin cos tan

sin

P S p

L L L L L

   

 

 =  =  −  
  + − + 

                         （30） 223 

3.4 Calculation model of additional force transmitted by left and right recyclable anchor cables 224 

When the distance between the transferred recoverable anchor cable and the left or right side of the calculated 225 



                                                 

 

anchor cable is H3, take the transferred anchor cable arranged on the right side of the calculated anchor cable as an 226 

example, make a section along the plane where the anchor cable is located and only reserve the fracture area of the 227 

anchor cable segment. See Figure 6 for the calculation model diagram.(The vertical profile is the same as Figure 2 228 

since the retrievable cables are arranged at the same height horizontally.) where P is the cable bearing capacity, A 229 

is the bottom point of the cable, G is the intersection of the fracture plane at the left part of the cable and the plane 230 

section, K is the intersection of the fracture plane at the right part of the cable and the plane section, O is the 231 

boundary point between the anchor section and the free section of the cable, p3 is the average stress transmitted 232 

from the right cable to the side of the fracture cone of the cable, A1 is the bottom point of the cable transmitted 233 

from the right side, G1 is the intersection of the fracture plane at the left part of the cable transmitted from the right 234 

side and the fracture line, K1 is the intersection point of fracture plane and fracture line at the lower part of right 235 

transfer anchor cable, O is the boundary point between anchorage section and free section of right transfer anchor 236 

cable, I3, K and G1 are the intersection points of two fracture planes. Generally, the length of anchorage section of 237 

recoverable anchor cable arranged horizontally is the same, so the length of anchorage section of two anchor 238 

cables is h7. 239 
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 240 

Fig. 6 Calculation Model for Load Transfer of Right Anchor Cable 241 

Since the lengths of the anchor segments of recoverable cables arranged horizontally are generally the same, 242 

the approximate radius of the bottom circle of the fracture cone is 7 tanR h = ，the bottom arc length of the stack 243 

is 2

3 32 arccos( / 2 )R H RH 。Since the area S3 of the upper superimposed portion cannot be accurately calculated, the 244 

radius of the expansion sector is 3[(2 ) / 2sin ]R H − 。 245 

 

2

3 3

3

3

2
arccos

2 2sin

H R H
S R

RH 
−

=                                  （31） 246 

Average stress p3 is： 247 

 

( )
03 0

1

2
lp p p= +       

                          
 （32）

 248 



    

 

In formula (32)： 249 
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 250 

Therefore, the shear stress transmitted by the right-hand cable is： 251 

( )3 3 1 sin cos tanp   =  −                                 （33） 252 

From equations (33) and (31), the additional force ΔP3 transmitted by the upper anchor cable can be obtained 253 

as： 254 

( )3 3 3 3

2
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P S p

H R H
R
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   



 =  =  −  
−

 
                      （34） 255 

3.5 Group anchor effect coefficient 256 

At this time, the calculation formula for calculating the actual effective pullout bearing capacity of the anchor 257 

cable should be revised as： 258 

'

1 2 32P P P P P= − − −                                     （35） 259 

In equation (35),P’ is the effective bearing capacity of anchor cable calculated under group anchor 260 

arrangement; P is the bearing capacity of single recoverable anchor cable. 261 

At present, in the current codes of engineering field, the key measure of controlling anchor group effect is 262 

adjusting the interval between adjacent anchor cables, and the related parameters are mostly given based on 263 

engineering experience, and the systematic theoretical derivation of the action mechanism and quantitative method 264 

of anchor group effect has not been carried out, which is difficult to meet the refined design requirements of new 265 

support components such as recoverable anchor cables, and only empirical values are easy to lead to design 266 

redundancy or insufficient safety reserve. Therefore, it is necessary to carry out quantitative analysis and research 267 

on anchor group effect of recoverable anchor cable. In order to directly characterize the influence degree of anchor 268 

group effect on pullout bearing capacity of recoverable anchor cable, anchor group effect coefficient psi is defined 269 

as the ratio of effective pullout bearing capacity 'P of anchor cable calculated under anchor group arrangement to 270 

pullout bearing capacity P of single recoverable anchor cable. The calculation formula is as follows： 271 

'P

P
 =                                       （36） 272 

The calculation result range of group anchor effect coefficient ψ should be [0，1]. The closer the result is to 1, 273 



                                                 

 

the weaker the interaction between group anchors is, and the pullout bearing capacity of recoverable anchor cable 274 

can be fully utilized. Otherwise, the stronger the interaction between group anchors is, and the pullout bearing 275 

capacity of single recoverable anchor cable is obviously weakened. 276 

4  Example Analysis and Verification 277 

4.1 project overview 278 

The recoverable anchor cable groups of the foundation pit engineering are all embedded in the loess layer, 279 

with soil cohesion of 16.2kPa and heavy weight of 16.9kN/m3; the anchor cables are arranged in 3 rows and 3 280 

columns; the horizontal spacing and vertical spacing are both 1.5m; The total length of the first and third rows of 281 

anchor cables is 10m, the anchor section is 5m, and the free section is 5m; the total length of the second row of 282 

anchor cables is 8m, the anchor section is 3m, and the free section is 5m; the anchor cable diameter is 150mm, and 283 

the layout inclination is 15°. The parameters for comparative analysis of various methods are selected from the 284 

project profile data. 285 

4.2 numerical modeling 286 

PLAXIS3D numerical simulation software is used to establish a recoverable anchor cable group anchor 287 

pulling model, and the values of model simulation parameters are shown in Table 1. 288 

Table 1 Model simulation parameters 289 

soil layer 
severe 

kN/m3 

cohesive force 

kPa 

internal friction angle 

° 

elasticity modulus 

Mpa 

loess 16.9 16.2 22.0 7.7 

The anchor cable is calculated to be arranged at an inclination of 15°, with a total length of 8m, in which the 290 

length of the anchor section is 3m and the length of the free section is 5m. The model size is 15m×10m×10m. 291 

Meanwhile, the calculation models of recoverable anchor cables affected by different parts such as upper layer, 292 

lower layer and right side are established respectively to verify the rationality of each calculation model. The 293 

transmission anchor cables are all arranged at an inclination of 15°, with a total length of 10m, wherein the anchor 294 

section is 5m long and the free section is 5m long, which are respectively arranged at the upper layer 1.5 m, the 295 

lower layer 1.5 m and the right side 1.5 m of the calculation anchor cable. The mesh size is divided into fine, 296 

generating 18794 units and 29016 nodes, as shown in Figure 7 (a-d) below. Mohr-Coulomb strength criterion [23] 297 

is adopted for soil constitutive model, point-to-point anchor element is adopted for free section of anchor cable, 298 

embedded beam element is adopted for anchorage section, and boundary conditions of model are as follows: 299 



    

 

bottom surface is completely fixed, side surface is normally fixed, and top surface is free boundary. 300 

 301 

（a）Drawing Diagram of Single Anchor Cable 302 

 303 

（b）Schematic Diagram of Group Anchor Pulling for Lower Anchor Line Transmission 304 

 305 

（c）Schematic diagram of upper layer anchor cable transferring anchor group pulling 306 

 307 

（d）Schematic Diagram of Right Anchor Cable Transfer Group Anchor Pulling 308 

Fig. 7 Grid division diagram 309 

Take the vertical section at 7m in y direction of transfer anchor group model in lower layer and upper layer, 310 

and you can see the displacement nephogram of maximum bearing capacity of anchor cable, as shown in Figure 8 311 

(a-b). Take the transverse section at 5.5m in z direction of transfer anchor group model in right layer, you can see 312 



                                                 

 

the displacement nephogram when calculating maximum bearing capacity of anchor cable, as shown in Figure 8 313 

(c). From the simulation results, it can be seen that the failure mode is basically consistent with the change of 314 

theoretical calculation model, which fully proves the rationality of theoretical calculation model in this paper. The 315 

calculation method of numerical simulation anchor cable bearing capacity is to apply load step by step. When the 316 

load continues to rise, the model solution does not converge, and the displacement continues to develop and 317 

cannot converge to the stable state, so it is judged that the structure reaches the critical state of instability failure. 318 

According to the judgment principle of numerical simulation limit load, the load value calculated stably at the 319 

previous level before instability is taken as the bearing capacity [24]. The anchor cable is arranged in layers 320 

according to this method to calculate the bearing capacity, and the ratio thereof is taken as the group anchor effect 321 

coefficient in numerical simulation. 322 

 323 

（a）Displacements of anchor groups transmitted by lower layer cables 324 

 325 

（b）Displacements of anchor groups transmitted by upper cables 326 

     327 

（c）Right anchor cable transmits displacement nephogram of anchor group 328 

Figure 8 Cloud map of anchor group displacement 329 



    

 

4.3 Comparative analysis 330 

In order to verify the rationality of the calculation method of group anchor effect coefficient in this paper, the 331 

theoretical calculation method in literature [14] and the numerical simulation calculation results in this paper are 332 

used to compare with the calculation method proposed in this paper. See Table 2 for the results. 333 

Table 2 Calculation results of anchor group effect coefficient of recoverable anchor cable 334 

computing method 

arrangement 
Literature Methods [14] numerical modeling the proposed method 

superstratum 0.873 0.804 0.847 

lower layer 0.846 0.781 0.821 

offside 0.862 0.793 0.835 

It can be seen from Table 2 that the anchor group effect coefficient of recoverable anchor cable calculated by 335 

this method is very close to the calculation results of existing theory and numerical simulation. The anchor group 336 

effect coefficient of upper anchor cable after transmission is 2.6% smaller than that of original method and 4.3% 337 

larger than that of numerical simulation; the anchor group effect coefficient of lower anchor cable after 338 

transmission is 2.5% smaller than that of original method and 4.0% larger than that of numerical simulation; The 339 

group anchor effect coefficient after the right anchor cable transmission is 2.7% smaller than that of the original 340 

method and 4.2% larger than that of numerical simulation, and the reason why the calculation results in this paper 341 

are smaller than those of the original literature is that the parameters considered in the literature are not 342 

comprehensive, so the calculation results of group anchor effect are too conservative, and the group anchor effect 343 

coefficient is larger. The reason why the theoretical calculation results are larger than the numerical simulation 344 

results is that the basic assumptions are made, while the numerical simulation is more reductive to the actual 345 

working conditions and more sufficient to quantify the interference, so the group anchor effect coefficient is 346 

smaller. In summary, the difference between the group anchor effect coefficient calculated in this paper and the 347 

original method and numerical simulation results is small, which proves the rationality of the theoretical 348 

calculation method in this paper. 349 

5  Parameter analysis 350 

Because the anchor group effect coefficient is a parameter reflecting the influence of stress superposition on 351 

anchorage performance in multi-anchor cable anchorage system, and the stress superposition range is different in 352 

different regions, it is necessary to analyze the relevant parameters of anchor group effect coefficient involved in 353 



                                                 

 

the corresponding mechanical models of upper layer, lower layer, left side and right side. 354 

5.1 Parameter analysis of transfer-group anchor effect coefficient of upper layer anchor cable 355 

Figure 9 (a-d) shows the transmission cable layout in the upper layer of the calculation cable, with different 356 

influence parameters (soil cohesion c, arrangement spacing H1, arrangement inclination α, calculated anchor cable 357 

anchoring section length h2), the curve of group anchor effect coefficient ψ varying with the anchor cable 358 

anchoring section length h4 of the transmission anchor cable. From Figure 9 (a-d), it can be seen that the longer the 359 

anchor cable anchoring section length h4 of the transmission anchor cable, the smaller the group anchor effect 360 

coefficient ψ, because the overlapping range is expanding and the mutual interference is increasing; Secondly, the 361 

larger the length of transfer anchor segment h4, the gentler the change of group anchor effect coefficient, which is 362 

due to the fact that the interference degree tends to be stable when the superposition range of group anchors 363 

reaches a certain extent. It can be seen from Figure 9 (a) that when other parameters are fixed, the group anchor 364 

effect coefficient ψ increases significantly with the increase of cohesion c, because the larger c, the stronger the 365 

integrity of soil, the higher the stress transfer efficiency among group anchors, the higher the group anchor effect 366 

coefficient ψ, the smaller the reduction effect on the pullout bearing capacity of single anchor; It can be seen from 367 

Figure 9 (b) that when all parameters are fixed, the larger the upper layer anchor cable spacing H1 is, the larger the 368 

group anchor effect coefficient ψ is, and the influence degree is much greater than other parameters, because the 369 

anchor cable spacing directly determines the superposition range among group anchors. When the spacing 370 

increases to a certain extent, the group anchor effect coefficient ψ gradually approaches 1, and at this time, the 371 

group anchor can achieve the pullout bearing performance of single anchor; Figure 9 (c) shows that when other 372 

parameters are fixed, anchor effect coefficient ψ decreases slightly with the increase of arrangement inclination α, 373 

because vertical stress field superposition effect between adjacent cables is significant, Influence between anchor 374 

groups upgrade，As a result, the group anchor effect coefficient psi will slightly decrease, but the difference will 375 

not be too large; it can be seen from Figure 9 (d) that the calculated anchor cable anchoring section length h2 376 

increases, and the group anchor effect coefficient ψ will decrease, because with the increase of the calculated 377 

anchor cable anchoring section length h2, the overlapping area will be wider, and the influence between the group 378 

anchors will become greater, and the weakening effect on the calculation of the uplift bearing capacity of the 379 

anchor cable will be more obvious, and the group anchor effect coefficient ψ will decrease. 380 
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（a）soil cohesion 382 

 383 

（b）arrangement pitch 384 

  385 

（c）disposition inclination 386 
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 387 

（d）Calculation of anchor length 388 

Fig. 9 Influence of transmission parameters of upper layer anchor cable on group anchor effect coefficient 389 

5.2 Parameter analysis of transfer-group anchor effect coefficient of lower layer anchor cable 390 

Figure 10 (a-d) shows the variation law of anchor group effect coefficient ψ with anchor length h6 of 391 

transmission cable under the influence parameters of soil cohesion c, arrangement spacing H2, arrangement 392 

inclination α and anchor length h2 of calculation cable. Figure 10 (a-d) shows that anchor group effect coefficient 393 

ψ shows a decreasing trend with the increase of anchor length h6 of transmission cable, and the curve gradually 394 

tends to be gentle, which is consistent with the analysis conclusion of upper layer anchor cable transmission in 5.1 395 

of this paper. Comparing Figure 9 (a-d) and Figure 10 (a-d), it can be seen that under the same parameter 396 

conditions, the variation degree of anchor group effect coefficient caused by lower layer transfer anchor cable is 397 

generally greater than that of upper layer transfer anchor cable, which indicates that the weakening effect of lower 398 

layer anchor cable on the calculation of anchor cable pull-out bearing capacity is more obvious. This is mainly 399 

because the lower layer anchor cable is located in the middle and lower part of the calculation anchor cable 400 

fracture cone, and the soil in this area is more likely to reach the shear strength limit, causing local failure, thus 401 

leading to anchor cable failure. According to the influence trend of each parameter, when other parameters are 402 

constant, the anchor group effect coefficient ψ increases with the increase of cohesion c and lower layer anchor 403 

spacing H2, and decreases with the increase of arrangement inclination α and calculated anchor length h2. 404 
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（a）soil cohesion 406 
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（b）arrangement pitch 408 
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 411 

（d）Calculation of anchor length 412 

Fig. 10 Influence of transmission parameters of lower layer anchor cable on group anchor effect coefficient 413 

5.3 Parameter analysis of transfer-group anchor effect coefficient of left and right anchor cables 414 

Figure 11 (a-b) shows the curve of anchor group effect coefficient ψ varying with anchor length h7 of 415 

transmission anchor cable under the influence parameters of soil cohesion c and arrangement spacing H3 when 416 

transmission anchor cable of recoverable anchor cable is arranged on the right side of calculation anchor cable. It 417 

should be noted that in actual engineering, arrangement inclination α of recoverable anchor cable arranged 418 

horizontally is generally consistent with anchor length h2 of calculation anchor cable, so parameter analysis is not 419 

conducted. It can be seen from the overall change trend of Figure 11 (a-b) that the anchor group effect coefficient 420 

ψ shows a downward trend and the curve gradually tends to be gentle with the increase of the anchor length h7 of 421 

the transfer anchor cable. Compared with Figure 11 (a-b), Figure 10 (a-d) and Figure 9 (a-d), it can be seen that 422 

under the same parameter conditions, the change degree of anchor group effect coefficient caused by the right 423 

transfer anchor cable is generally smaller than that of the lower transfer anchor cable and larger than that of the 424 

upper transfer anchor cable. According to the influence trend of each parameter, when other parameters are 425 

constant, the anchor group effect coefficient ψ increases with the increase of cohesion c and the distance H3 426 

between right cables, which is consistent with the analysis law of upper and lower cables, and further confirms 427 

that improving soil strength and reasonable control distance have positive effects on eliminating anchor group 428 

effect. 429 
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 430 

（a）soil cohesion 431 

 432 

（b）arrangement pitch 433 

Fig. 11 Influence of transmission parameters of right anchor cable on group anchor effect coefficient 434 

6  Conclusion 435 

This paper considers the actual layout conditions of recoverable anchor cables in foundation pit engineering, 436 

establishes a group anchor calculation model, and derives the group anchor effect coefficient. The rationality of 437 

the proposed calculation method is verified through case study validation and parametric analysis. The main 438 

conclusions are as follows: 439 

(1) The anchor effect coefficients calculated by this method are in good agreement with PLAXIS3D 440 

numerical simulation and existing theoretical results, and the deviation is between 2.6% and 4.3%. The research 441 

results provide reference for the anchor design of recoverable anchor groups. 442 

(2) The anchor group effect coefficient increases with the increase of soil cohesion and cable spacing, and 443 

decreases with the increase of cable inclination, calculated anchor length and transmitted anchor length. Among all 444 

the influencing factors, the cable spacing has the greatest influence on the anchor group effect. By optimizing 445 
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cable spacing, adjusting anchor length and cable inclination, the mutual interference of anchor group can be 446 

effectively weakened and the anti-pulling bearing efficiency of supporting structure can be improved. 447 

(3) The influence of transmission cables in different directions is obviously different. The interference effect 448 

of transmission cables in lower layers is the strongest, the influence of transmission cables in left and right sides is 449 

the second and tends to be similar, and the influence of transmission cables in upper layers is relatively small. 450 
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