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Abstract: Based on features of indoor rock mechanics test, the in situ test and rock mass classification result, through 

established numerical analysis model of the tunnel anchor model drawing test, using the model observed values of surrounding 

rock deformation, using intelligent inversion method to inverting the displacement creep and mechanical parameters and 

provides more accurate and reasonable rock mass mechanics parameters to analyze the stability of surrounding rock tunnel 

anchorage of Dadu River bridge from Yaan to Kangding expressway in Lu Ding. This paper uses LSSVM and PSO analysis 

model and FLAC
3D

 numerical methods to realize the intelligent displacement inversion. Through the anchor parameters 

inversion of the model, and establish the solid bridge anchor numerical model, analysis of anchor tunnel excavation, load and 

overload condition of deformation and internal force, and then analyze the stability of tunnel anchor. Under the design load, 

anchorage roof and side wall stress relaxation zone in the plastic zone, floor rock mass basic in flexible working condition. 

Increase the force of main cable and 7P, shear failure and anchor rock contact area, increase the displacement of anchorage is 

nonlinear. Under the overload condition, the anchor rock rupture increased significantly and produce compression, the plastic 

zone to the development of deep surrounding rock anchorage above, failure mode for compressive shear failure. The conclusion 

to provide technical support for tunnel anchor design, at the same time, provide reference for similar projects.  
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1. Introduction 

Yaan to Kangding expressway is located in the transition 

from the western Sichuan basin to Qinghai-Tibet plateau, it is 

one of the four Tibetan expressway planning in Sichuan 

province. The altitude is from less than 600 meters to more 

than 3600 meters. Due to the extremely climate, the mountain 

route is very long. The under construction Ya Kang highway 

passes through the gorges region with extremely complex 

geomorphology and geology in the high intensity area for 

earthquake. The way has the characteristics of "very 

complicated terrain, extremely complex geological conditions, 

extremely complex climate and extremely vulnerable 

ecological conditions and extremely complex difficult 

conditions of construction" and the characteristics of 

"mountain, plateau and high speed". 

Luding Dadu River bridge located in Tianba village of 

Luding County, the bridge cross the Dadu River in Luding 

hydroelectric power station in Zanli village. It is a main span 

of 1100 meters single span suspension bridge, the steel 

composite bridge system, main girder for steel truss beam, 

27.0 meters wide and 8.2 meters high. The foundation of Yaan 

shore is tunnel anchorage and Kangding shore is gravity 

anchorage(JTG/T D65-05-2015).  

Through the engineering geological investigation and 

validation of Luding tunnel excavation, alliterated adamellite 

is broken, class for Ⅳ3, secondary faults developed in rock 

mass and affect the deformation and stability of anchorage. 

The bridge was carried out by geological survey, indoor and 

field mechanics test, 1:10 scale tunnel anchorage model test 

etc, based on preliminary researches, this paper using the 

inversion method analyzing of the stability of tunnel anchor 

for rock mass parameters. 
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Based on the rockmass parameters from tests, the 

three-dimensional elastoplastic analysis has been performed 

to simulate the complete sequence of construction including 

highway tunnel excavation, tunnel-type anchorage excavation, 

concrete in-situ casting, prestressed concrete anchorage, main 

cable installation, etc. for Siduhe suspension bridge. The 

failure pattern is that two anchorage bodies are pulled out 

which decline outsides (Zhu, 2005). According to bearing 

capacity problem of a tunnel anchorage at Yichang side for 

Siduhe suspension bridge, to study systematically the 

deformation and failure mechanism, the rheological 

characteristics and overloading capacities of the tunnel 

anchorage and its surrounding rock mass by a comprehensive 

rock mechanics research method are proposed. The total 

deformation of the actual tunnel anchorage is in the grade of 

mm with the designing load which will be supplied by the 

suspension bridge and untimate tensile bearing capacity is 

greater than 7.6 times of the design load (Wu, 2010). The 

numerical analysis and grey model to predict the anchorage 

stability for Chongqing Egongyan bridge, gray predict the 

ultimate bearing capacity of wall rock is 6.09~6.15 times of its 

design load(Xiao, 2005; Wu, 2003). Analyze the anchorage 

rock masses stability use the FLAC
3D

 numerical analysis. 

According to the overload test, the failure does not simply 

happen on the boundary of the anchorage and rock masses, but 

holding the surrounding rock appears as plug style 

tensile-shear complex failure (Hu, 2009). Under the action of 

excavation and design load, the rockmass stability of tunnel 

anchorage system of Aizhai Bridge was calculated by using 

FLAC
3D

. It was found that, for the anchoring, the tower-base 

and the highway tunnel are centrally located, so the influence 

with each other is distinct. Furthermore, the tunnel anchorage 

system isn’t stable under the action of treble design load 

(Dong, 2005). 

2. Model Test of Inversion Analysis 

The anchorage of surrounding rock mainly undertake the 

tensile force. In order to better reflect the stability of wall rock 

tunnel anchor, based on the indoor mechanics test and in situ 

test and rock mass classification result, through established 

numerical analysis model of the tunnel anchor model drawing 

test, using the model observed values of surrounding rock 

deformation, adopted the intelligent inversion method to 

inverting the displacement creep parameters and mechanical 

parameters and provided more accurate and reasonable rock 

mass mechanics parameters to analyze the stability of 

surrounding rock tunnel anchorage. To obtain the inversion 

parameters and LSSVM model of rock mass displacement 

In this paper, based on LSSVM established the nonlinear 

mapping relation between inversion parameters and the 

displacement of rock mass. 

PSO produced the first group of random particles, and then 

find the optimal solution through iteration. In each iteration, 

the particles by tracking the two extreme value to update 

themselves. One is the optimal solution each particle to 

achieve in search of all, be individual extreme value bestP , the 

other is the optimal solution whole group of all particles 

achieved in search of all, known as the global extremum bestg . 

The i the particle in groups, in n dimension is expressed as

1 2( , ......, )i i i inx x x x= , for its speed 1 2( , ......, )i i i inv v v v= , 

individual extremum for the ith a particle 

1, 2( ......, )best i i inP P P P=  and the particle swarm global extrema

1 2( , ......, )best ng g g g= . When find the two extreme value, use 

the type to update their speed and position: 

1 1

2 2

( 1) ( ) (

( )) ( ( ))

i i best

i best i

v k wv k c rand P

x k c rand g x k

+ = + −
+ −

       (1) 

( 1) ( ) ( 1)i i ix k x k v k+ = + +               (2) 

Among them, 1 2,c c showed study factor, usually between 

the (0, 2). Then 1rand and 2rand as a random number 

between (0, 1), w as the momentum coefficient, its value can 

change along with the iteration algorithm. 

Assume that k group training sample data { },i ix y ,

( 1,2,......, )i k= ,
n

ix R∈  as inversion parameters, iy R∈ as 

displacement value of the gauge point. To establish the 

following relationship: 

: nf R R→                   (3) 

( )i iy f x= ( 1,2,......, )i k=             (4) 

The process of modeling is the process of looking for the 

above relations, according to the theory of least squares 

support vector machine (SVM), the corresponding inverse 

analysis model for: 

1

( ) ( , )

k

i i

i

f x a K x x b

=

= +∑             (5) 

a and b can be obtained through solution system of linear 

equations 1 to 5. 

Through analysis and comparison, this paper chooses radial 

basis kernel function inversion model is set up, and by using 

the particle swarm algorithm to search the optimal kernel 

function parameters 2σ  and the penalty factor C. the 

displacement back analysis of the objective function. 

Intelligent displacement back analysis is established by the 

method of mapping relationship, the use of intelligent 

algorithm with inversion parameters on the global space 

search, looking for a set of parameters for inversion of the 

predicted values and the corresponding displacement value 

closest to the measured displacement. For practical 

engineering design and construction, often take a number of 

monitoring displacement value analysis. So you can put the 

error sum of squares of the minimum displacement of 

monitoring points predicted and the measured values as a 

basis for the choice for inversion parameters, the objective 

function desirable for: 
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n
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=

= −∑             (6) 

1 2( , ,......, )kX x x x=  is a group of inversion of rock mass 

mechanics parameters, ( ),i if X y are respectively calculated 

values and measured values. 

3. Rock Elastic-Plastic Parameters 

Inversion of Model of Anchor 

3.1. Calculation Condition 

According to the actual terrain model built with tunnel is 

excavated geological data, because of the anchorage of rock 

mass near mainly altered monzonitic granite, therefore only 

consider a kind of lithology, unilateral anchorage numerical 

calculation model is established, as shown in Figure 1, 

through Y to the displacement constraint boundaries, 

simulation two anchor symmetry conditions. Calculating 

coordinates x axis along the bridge axis direction (along the 

horizontal tensile direction of anchorage), y axis vertical axis 

of the bridge, a positive z axis vertical upward. 

 

Figure 1. Model for calculating of model anchorage. 

Surrounding the Mohr - Coulomb elastoplastic model, the 

anchorage body linear elastic constitutive model of concrete 

material used. Parameter inversion analysis mainly is the 

elastic modulus and strength parameters of surrounding rock, 

so there is a part of the rock mass parameters inversion. 

According to the conditions of engineering geology and rock 

mechanics test results, is not used for inversion of the rock 

mass mechanics parameters such as Table 1. 

Table 1. Is not used for inversion calculated with basic mechanical parameters of rock mass and concrete. 

material Serious (kN/m3) modulus of deformation E(GPa) Poisson's ratio µ 

Anchorage of rock mass around 25 － -- 

Anchorage concrete 27 30 0.2 

 

Model test of anchorage is located in the shallow surface, 

using gravity stress field of stress field. The surface as the free 

boundary, model the lateral and underside boundaries are 

fixed constraint. 

Based on the drawing force applied of anchorage in field 

test, the calculation is processing step by step. The location of 

grating sensor and the monitoring data are fixed as target of 

the inversion and contrast. 

3.2. Sample Structure 

According to the test results of elastoplastic parameters and 

the test data of the same rock, comprehensive analysis is given 

for inversion parameters and value range. Using uniform 

design method, the value of interval sample 5 parameters can 

be divided into four levels (Table 2), then design combination 

plan of 15 sets of training sample (Table 3). 

Table 2. Sample level. 

Level figure 
modulus of deformation poisson's ratio cohesion internal friction angle tensile strength 

E/GPa  C/MPa φ/° Rt/MPa 

1 0.5 0.3 0.25 31 0.03 

2 1 0.32 0.4 35 0.06 

3 3 0.34 0.55 39 0.09 

4 6 0.36 0.7 42 0.12 

Table 3. Training Sample. 

Sample number 
modulus of deformation poisson's ratio cohesion internal friction angle tensile strength 

E/GPa  C/MPa φ/° Rt/MPa 

1 0.5 0.3 0.25 31 0.03 

2 0.5 0.32 0.4 35 0.06 

3 0.5 0.34 0.55 39 0.09 

4 0.5 0.36 0.7 42 0.12 

5 1 0.3 0.4 39 0.12 

6 1 0.32 0.25 42 0.09 

7 1 0.34 0.7 31 0.06 

8 1 0.36 0.55 35 0.03 

9 3 0.3 0.55 42 0.06 

10 3 0.32 0.7 39 0.03 

11 3 0.34 0.25 35 0.12 



199 Wen Lina et al.:  Stabilitation Research of the Tunnel Anchorage of Dadu River Bridge in  

Luding in Yaan to Kangding Expressway 

Sample number 
modulus of deformation poisson's ratio cohesion internal friction angle tensile strength 

E/GPa  C/MPa φ/° Rt/MPa 

12 3 0.36 0.4 31 0.09 

13 6 0.3 0.7 35 0.09 

14 6 0.32 0.55 31 0.12 

15 6 0.34 0.4 42 0.03 

16 6 0.36 0.25 39 0.06 

 

3.3. Elastic-Plastic Rock Mass Parameters Inversion Results 

Established the nonlinear mapping relationship between 

input and output of 16 samples in Table 3, based on LSSVM 

and PSO model. On the basis of using particle swarm 

optimization (PSO) algorithm for global optimization, under 

the condition of minimum displacement of the objective 

function of elasto-plastic parameter of the optimal solution, 

the results such as Table 4. Inversion parameter values are less 

than the scope of the experiment suggested, in accordance 

with previous engineering experience. 

The optimal parameters are assigned into to the forward 

calculation model to calculate, load -displacement curve and 

the calculation results contrast figure, as shown in Figure 2.  

Table 4. Anchorage of rock elastic-plastic model parameters inversion results.  

modulus of deformation E/GPa poisson's ratio internal friction angle φ/° cohesion C/MPa tensile strength /MPa 

0.8 0.35 37 0.4 0.05 

By comparison displacements between measured and calculated can be seen, both on the quantity, the deformation trend is 

basically the same, showed that the identified basic anchorage of rock elastic-plastic parameters reasonably, showed in Figure 2. 

 

Figure 2. According to the test of displacement load curve model compared with calculated value（g3 shows before the anchor surface、g5 shows central pier）. 

 

Figure 3. Whole process overload limit displacement curve. 
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Overload until destruction, get a load-displacement curve as 

shown in Figure 3, the whole process and quasi linear and 

curve. According to Figure 3, main cable load 5.25P is the 

dividing point of cut-off relationship curves of displacement 

and load, the pulling force > 5.5P, maximum displacement of 

anchorage is obviously nonlinear. 

Overload to 5.25P, contact parts destructed of the anchor 

rock before and after, the shear failure zone connected under 

7P overload around and the surrounding rock mainly bearing 

tension damage during the overload. 

4. Real Bridge Tunnel Anchorage and 

Rock Mass Structure Three 

Dimensional Numerical Simulation 

Based on geological generalized model and tunnel anchor 

rock mass parameters, using FLAC
3D

 software to build real 

bridge tunnel anchorage and rock mass structure model of 

continuum mechanics, rock mass of the interaction between 

anchorage and three-dimensional elastoplastic numerical 

simulation and analysis of the anchorage structure and rock 

mass deformation mechanism and possible failure modes, the 

ultimate bearing capacity of anchorage is determined. 

4.1. Tunnel Anchor Design Parameters and the Numerical 

Model 

The anchoring concrete-plug design for the horseshoe, the 

longitudinal length of 39.2m, with the horizontal Angle for 

36 °, maximum depth of about 180m, the anchor body center 

spacing of 27m. The cross section at the top and bottom adopt 

circular arc form, the front anchor facet size is 14.82m* 15.7m, 

radius is 7.41m of the top of the arc, radius is 10.75m of the 

bottom of the arc, the front anchor facet size is 17.7m *18.97m, 

radius is 8.85m of the top of the arc, radius is 12.4m of the 

bottom of the arc. Single cable tension is 267035 kN. 

Geological investigation showed that wall rock of anchor 

tunnel are alteration adamellite granite, granite and grey green 

dike, more rock mass are broken, in Yaan shore. 

Select the center line of the bridge for the X axis, pointing to 

the north is positive. Vertical direction to the Z axis is positive 

upward. Y and X and Z axes right-handed coordinate system. 

Take the center line of the bridge side tunnel anchor Flac
3D

 

analysis model is set up. Model contact area use 1.5m width 

entity unit simulation. Calculation in the bridge centerline 

constraints to the displacement, Y to simulate two anchor 

symmetry conditions. 

4.2. The Calculation Steps and Mechanics Parameters 

In the numerical analysis model, firstly, to simulate the 

excavation of the anchorage of the upper mountain, anchorage 

tunnel construction excavation and construction, secondly, to 

design and simulation of main cable load, finally to overload 

simulate, main cable load imposed by the force surface in 

front of the concrete anchorage. 

Rock mass in the elastic-plastic Mohr - Coulomb 

constitutive model, anchorage concrete materials by using the 

linear elastic model. The calculation parameters are shown in 

Table 5. A 30% reduction is using to The mudstone parameters 

of anchor hole vaults and sidewall excavation damage zone 

reference, not reduction using to plate because considering 

post-processing. 

Due to the tunnel anchorage is located in the shallow, the 

influence of tectonic stress field is not obvious, so only 

consider the effect of gravity stress field calculation and 

analysis. 

Table 5. Calculating the basic mechanical parameters of rock mass and concrete. 

name of rock serious kg/m3 
modulus of 

deformation E/GPa 

poisson's 

ratio 

internal friction 

angle φ/° 
cohesion C/MPa 

tensile strength 

/MPa 

surrounding rock 2500 1 0.35 37 0.4 0.05 

Anchor rock interface    35 0.35  

concrete 2700 30 0.25 -- -- -- 

 

4.3. The Excavation Simulation Results  

After anchorage excavation construction, the springback 

deformation is larger of bottom plate and vault crown 

settlement is obvious of the rock around the anchorage holes, 

the largest deformation is up to 72mm, left and right sides of 

the cave walls to hole deformation generally 40mm, 65mm 

local (Figure 5). 

After anchorage excavation, there is no tension stress zone 

in arch roof and floor of anchor, appearing tensile stress area 

around 1m range of sidewall. Plastic zone appeared at the top 

of the anchorage of the arch, backplane, the lateral and medial 

(central pier side) extended range respectively to 8m, 2m, 4m 

and 6m, plastic zone of surrounding rock is transfixing of 

central pier (Figure 6). 

4.4. Design Load Simulation Results 

Anchor tunnel excavation and backfill simulation is 

completed, the displacement and plastic zone is reset, 1P main 

cable load imposed by the surface force face in front of the 

concrete anchorage. Get the deformation Figure 7, plastic 

zone in Figure 8. 

By Figure 7, under design load, wall rock is mainly along 

sliding displacement of anchorage force direction, the 

displacement contour approximate anchorage middle wall 

centered elliptic type (or goose egg) distribution, the 

maximum displacement is 5.7mm. Rock mass of anchorage is 

basicly in compressive stress state, the tensile stress area is 

small. Anchorage roof and side wall stress relaxation during 

excavation, the cable's load drawing not before applying 



201 Wen Lina et al.:  Stabilitation Research of the Tunnel Anchorage of Dadu River Bridge in  

Luding in Yaan to Kangding Expressway 

simulation stress recovery relaxation area, so appearing the 

plastic zone, but floor rock mass are basicly in flexible stress 

state.( Figure 8) 

 

Figure 5. Displacement color area diagram and vector diagram of excavation in anchorage centerline straight section. 

 

Figure 6. Plastic zone diagram of excavation in anchorage centerline straight section. 

 

Figure 7. Displacement color area diagram after 1P loading in anchorage centerline straight section. 
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Figure 8. Plastic zone diagram after 1P loading in anchorage centerline straight section. 

4.5. The Simulation Results Overload 

After the 1P loading, step loading is to 13P. Main cable load 

7P is the cut-off point of the relationship between the maximal 

displacement and load curve, over 7P maximum resultant 

displacement has quickened significantly. Anchorage tunnel 

surrounding rock displacement increases with the load 

increase linearly. 

Figure 9 to Figure 10 for 7P, 13P overload of anchorage of 

surrounding rock displacement diagram, Figure 11 to Figure 

12 is the plastic zone distribution map for 7P, 13P when 

overload. By the displacement of the Figure 9 to Figure 10, 

displacement isoline distribution under 7P is similar to 1P, the 

maximal displacement is 34mm. After the overload, 

anchorage along the contact surface faulted, the displacement 

of anchorage increased significantly than surrounding rock. 

By Figure 11 to Figure 12, anchor rock rupture is lesser under 

7P, anchor rock contact areas appeared shear failure. After 

ultimate overload, the plastic zone of deep surrounding rock 

extended, the failure mode of surrounding rock is compressive 

shear failure. This is because the anchor rock rupture 

increased significantly, the surrounding rock by wedge 

anchorage extrusion effect. 

 

Figure 9. Displacement color area diagram after 7P loading in anchorage centerline straight section. 
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Figure 10. Displacement color area diagram after 13P loading in anchorage centerline straight section. 

 

Figure 11. Tensile stress color area diagram after 7P loading in anchorage centerline straight section. 

 

Figure 12. Plastic zone diagram after 13P loading in anchorage centerline straight section. 
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5. Conclusion 

The inversion granite parameters is E = 0.8 GPa, φ= 37 °, c 

= 0.4 MPa, Rt = 0.05 MPa based on 1: 10 model test,the value 

within the scope of the experiment suggested, in accordance 

with previous engineering experience. 

After anchorage excavation construction, the springback 

deformation is larger of bottom plate and vault crown 

settlement is obvious of the rock around the anchorage holes, 

the largest deformation is up to 72mm, left and right sides of 

the cave walls to hole deformation generally 40mm, 65mm 

local. There is no tension stress zone in arch roof and floor of 

anchor, appearing tensile stress area around 1m range of 

sidewall. Plastic zone appeared at the top of the anchorage of 

the arch, backplane, the lateral and medial (central pier side) 

extended range respectively to 8m, 2m, 4m and 6m, plastic 

zone of surrounding rock is transfixing of central pier. 

Under the design load, the tunnel anchor maximum 

displacement is 5.7mm, anchorage roof and side wall stress 

relaxation zone is in the plastic zone, floor rock mass basicly 

in a flexible state. 

Increase the load to 7P, shear failure and anchor rock 

contact area, the displacement of anchorage is nonlinear. 

Under the overload condition, the anchor rock rupture 

increased significantly and produce compression, the plastic 

zone developed to top of deep surrounding rock, failure mode 

is changed to compressive shear failure. 
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