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Abstract — To improve the accuracy for risk evaluation result of slope treatment works, a risk evaluation method of judgment 
matrix based on the aggregated AHP is put forward. Firstly, we research the index system of risk evaluation on the slope treatment 
works, and construct the problem model of risk evaluation on the works construction for the expressway slope according to the 
transmission path for safe management fault of the construction. Secondly, we design a single hierarchical arrangement of 
constructed judgment matrix and criterion layer relative to the target layer and the hierarchical ranking of the index level relative 
to the criterion layer, and construct the judgment matrix method of aggregated AHP to realize the risk evaluation of slope 
treatment works. Finally, we verify the effectiveness of the proposed method through simulation experiments. 
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I. INTRODUCTION 

In recent years, the road construction in China has rapidly 
developed, as the high-grade roads, especially the 
expressway, increases day by day. Because of the high 
technical standard for the expressway, to guarantee the 
requirements of line, it is often to excavate the mountain 
under the relatively complex geological conditions, which 
forms a large amount of the high slopes. The high slopes of 
expressway have the features of large amount, complex 
geological conditions, insufficient investigation accuracy and 
rapid soil construction speed, etc., with the frequency of 
deformation damage and other accidents in the soil 
construction period, as well as the high safety risk of soil 
construction. Influenced by the late starting of expressway 
construction in China, large differences of topographical and 
geological condition and other factors, the risk control and 
management during the soil construction for the high slopes 
of the expressway has still not formed the uniform 
specification and standard. How to ensure the safety for the 
construction process of high slope works and strengthen the 
identification, evaluation and control to the dangerous 
resources appear to be extremely important. 

This paper mainly carries out the research on the risk 
evaluation problem for the works construction of expressway 
slopes and puts forward a kind of risk evaluation method for 
the slope treatment works of judgment matrix based on the 
aggregated AHP. 

II. INDEX SYSTEM FOR RISK EVALUATION ON 

SLOPE TREATMENT WORKS 

A. Transmission Path for Construction Safety Risk 

The overall risk evaluation refers to, before the 
construction, the evaluation on the overall risk of the work 
and estimation on its safety risk grade in accordance with the 
environment creating the dangers and factors causing the 
dangers. For the evaluation of “predictability”, namely, the 

quantification determination carried out to the risk degree 
which may cause some kinds of typical accidents during the 
soil construction process, according to the inherent risks of 
high slope works. According to the accident causation theory, 
the accident is caused by the danger; but, that the danger 
develops to become the accidents, there shall be the certain 
conditions, while an evolution process shall be experienced 
to form the transmission path for safety management fault of 
soil construction, which is shown as Fig.1. 
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Figure 1. Transmission path for safety management fault of construction. 

 

For the overall risks of high slope, from the initial root 
cause, immediate cause and danger to the accident 
consequence, the risk is transmitted from the end of cause to 
the end of consequence, with the representation way 
differentiating from the determinate management defects to 
the several different danger forms, and finally the 
consequence (injury, property loss and environmental 
disruption) is created. Such risk transmission from the defect 
to the injury is consistent to the process of danger evolution. 

B. Construction of Index System 

Based on the method of risk transmission path, the 
identification and analysis is carried out on the risk source in 
the soil construction for the high slope to found the index 
system for overall risk evaluation on the construction safety 
of high slope works, which mainly considers four evaluation 
indexes of the geological condition, climatic condition, site 
environment and slope height of the soil works, and see the 
Table 1 for the concrete classification and determined 
standard of the index. 
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TABLE 1. INDEX SYSTEM OF RISK EVALUATION 

Project phase Target risk Construction 
method 

Risk factor or risk 
event

Construction 
phase 

Safety, 
construction 
period and 

environment 

Mining method 

Collapse, cracking &
deformation, failure 

of construction 
machinery, slumping 

and vegetation 
deterioration

Cut and cover 
method 

Slope slumping, 
cracking & 

deformation, weather 
change and others

C. Hierarchical Model of Risk Evaluation Index 

The construction risk of high slope is the target risk D , 
including the safety risk 1B , construction period 2B , 
environment risk 3B  and the third party risk 4B , etc., which 
are represented with risk of criterion layer in the hierarchical 
model. The factors causing the risk of criterion layer are 
represented with the risk of index layer, denoted as ijC , of 
which , 1,2, ,i j n  . The index risks include the collapse, 
mountain cracking & deformation and slope slumping, etc. 
There is the complex coupling relation among the target risk, 
risk of criterion layer and risk of index layer, which is 
simplified and represented with the risk hierarchical model, 
shown as the Fig.2. 
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Figure 2. Hierarchical model for risk analysis. 

 

III. JUDGMENT MATRIX METHOD OF 

AGGREGATED AHP 

A. Construction of Judgment Matrix 

The upper layer of the hierarchical structure model is the 
target layer and the middle one is the criterion layer, while 
the third one is the index layer. In the evaluation example 
system, we define the target layer as the importance of risk 
factors and take the probability, influence degree and 
uncontrollability which influence the size of risk value as the 
factors of criterion layer, while the third layer consists of risk 
factors needed to be considered. 

The judgment matrix represents, for one certain factor at 
the upper layer, the relative importance among the factors 
relevant to the factor at this layer. Its form is as follows: 
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Where: ijb  represents, for the Layer A , the relative 

importance degree of Factor ib  to Factor jb  at the Layer B , 
which usually take 1, 3, 5,7, 9 and their reciprocals, while 2, 
4, 6 and 8 represent that the influence of i th factor relative to 
the j th factor is between the above two adjacent ranks. 

B. Calculation for Single Hierarchical Arrangement of 
Criterion Layer Relative to Target Layer 

The single hierarchical arrangement refers to the 
calculation on the weight for importance order of the factors 
(at this layer) in connection with the factor at the upper layer 
according to the judgment matrix, which represents the 
corresponding feature vector for solving the maximum 
feature value in the matrix operation. Here, the square root 
method is adopted to calculate the single hierarchical 
arrangement of factors at criterion layer relative to the target 
layer. 

The weight vector of each factor is: 
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Carry out the normalization processing on , and get: 
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Calculate the maximum feature root of the matrix: 
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Where,  i
A  represents the i th element of Vector A . 

Calculate the consistency index: 

  
max

1

n
CR

n RI

 


  (5) 

In the formula, is the mean random coincidence index; if 
is satisfied, the consistency of the judgment matrix is thought 
to be able to be accepted; or, the appropriate adjustment shall 
be made on the judgment matrix. 

C. Calculation for Hierarchical Ranking of Index Layer 
Relative to Criterion 

When calculating the single hierarchical arrangement of 
each risk factor in index layer relative to the criterion layer, 
the detailed analysis shall firstly be required to the system to 
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determine the relative importance degree among the risk 
factors. As different people may get the different analysis 
result, to synthesize these differences, here, the method of 
group decision is adopted to judge the weight of each risk 
factor relative to the criterion layer. As each expert 
respectively builds three judgment matrixes in accordance 
with three factors of criterion layer, after the weight of each 
expert is determined according to the similarity among the 
judgment matrixes, then, the weighted geometric mean 
algorithm can be used to aggregate the judgment matrix of 
each expert and form a consensus matrix. Then, after get the 
consensus matrix, the foregoing square root method can be 
used to determine the single hierarchical arrangement of this 
layer relative to the upper layer. 

To get the overall hierarchical arrangement of all factors 
at each layer in the hierarchical structure relative to the 
general target, the appropriate calculation shall be carried out 
again for the calculated single hierarchical arrangement. 
Here, it is assumed that the hierarchical structure model 
consists of target layer, criterion layer and index layer, of 
which the criterion layer has m factors and the index layer 
has n factors. 

If the known single hierarchical arrangement of Layer B 
relative to the Layer A is： 

  1 2 3, , ,
T          (6) 

The single hierarchical arrangement of Layer C relative 
to jB  of the Layer B is: 

  1 2, , ,
T

j j j nj      (7) 

Thereby, the overall hierarchical arrangement of each 
index at Layer C relative to the Layer A is: 

 
1

, 1,2, ,
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      (8) 

Then, the overall hierarchical arrangement of each index 
at Layer C relative to the target layer is: 

  1 2, , ,
T

n       (9) 

D. Steps of Aggregated AHP Algorithm 

Assuming that there are experts, the steps of concrete 
expert weight and aggregated judgment matrix are as 
follows: 

Step 1: Each expert builds a judgment matrix and the 

judgment matrix built by the q th expert is  q ijq n n
A a


 , of 

which ijqa  represents the importance degree of Factor i  
relative to the Factor j  deemed by the q th expert. 

Step 2:  vec A  represents the vectorization operation for 

the matrix, then,  vec A  is called as the derivation vector of 

Matrix A , of which the expression form of  vec A  is as 
follows: 
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Step 3: Make the derivation vectors of qA  and pA  

respectively as  qvec A  and  pvec A , with the inclined angle 

of  qvec A  and  pvec A  being , denoted as  cosqp qp  , 

then: 
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In the formula, qp  reflects the similarity of  qvec A  and 

 pvec A , also reflects the similarity of qA  and pA ; if and 

only if    q pvec A vec A , 1qp  . 

Step 4: Make 
1,

Q

q qp
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  , then q  reflects the 

similarity of and other judgment matrixes; Make 

 1 2, , ,
T

Q     , the expert weight is subject to the 

normalization result of  : 
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Step 5: Use  ij n n
A a


  to represent the consensus matrix 

aggregated by 1 2, , , QA A A , then the calculation method for 

the Importance Degree ija  of Factor i  in the matrix relative 
to the Factor j  is: 
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Q
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  (13) 

Step 6: Finally, use   to represent the single hierarchical 
arrangement of each factor in the Consensus Matrix A, then, 

get  1 2, , ,
T

n     . 

IV. EXPERIMENTAL ANALYSIS 

Take the excavation slope at the right side of one 
expressway investigated in 2010 (see Fig.3) as the example 
to analyze the reasonability for the risk evaluation method of 
this paper. The length of high slope at the excavation is 
160m, with the mean slope height of 36.0m and gradient of 

o45 . The through-cut parapet of 1.5m high is set at the foot 
of first-grade slope. The facing wall of mortar rubble is 
adopted for the slope protection of the first-grade slope, with 
upper slopes above the first-grade slope in bare, while the 
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rocks at its upper part looses and rocks and chippings are 
scattered at the slope foot. 

 

Figure 3. High slope of rock at somewhere of expressway 

There are 12 high slopes at the whole line, which all are 
cut slope of rock, and see the Table 2 for the concrete 
condition. See Fig.4 for the comparison condition for the 
overall evaluation result of high slopes at the whole line. 

TABLE 2. TABLE FOR HEIGHT OF HIGH SLOPE AT WHOLE LINE 

 Starting and stopping stake No. Height/m 

YYTJ-1 

Left Side of K2+005~K2+159 48.1 

Left Side of K2+488~K2+615 32.16 

Left Side of K16+162~K16+361 36.08 

Left Side of K17+008~K17+135 29.52 

Left Side of K18+120~K18 +265 32.74 

Left Side of K18+330~K18+567 31.28 

Right Side of K18+405~K18+550 30.07 

YYTJ-2 

Right Side of K34+910~K34+930 16.81 

Right Side of K41+200~K41+317 22.03 

Left Side of K48+520~K48+840 33.74 

Left Side of K49+350~K49+650 36.54 

Left Side of K49+660~K50+500 55.27 

Left Side of Qiaonan Interconnected 
EX0+101~EX0+156 38.05 

Q
ua

nt
ity

Comparison for overall 
evaluation result of slope

High risk
Medium risk
Low risk

 

Figure 4. Overall evaluation result of high slope at whole line 

After comparing and analyzing the above evaluation 
results, from the Fig.4, in the 12 slopes of the project which 
are included in the evaluation scope, 3 slopes belong to the 
high risk, which respectively are the Left Side of 
K2+005~K2+159, Left Side of K49+660~K50+500 and Left 
Side of Qiaonan Interconnected EX0+101~EX0+156; 5 

slopes belong to the medium risk and the rest 4 slopes belong 
to the low risk. Of which, the slope quantity of medium-high 
risk and medium risk of YYTJ-2 are more than that of 
YYTJ-1, which shall be the key point for the site safety 
supervision. 

V. CONCLUSION 

This paper puts forward a kind of risk evaluation method 
for slope treatment works of judgment matrix based on the 
aggregated AHP, builds the problem model for the risk 
evaluation of slope work construction at the expressway 
according to the transmission path for the safety management 
fault of construction, and constructs the judgment matrix 
method of aggregated AHP to realize the risk evaluation of 
slope treatment works, while the simulation experiment 
verifies the effectiveness of proposed method. The above 
algorithm carries the performance verification on the 
experimental dataset. However, the concrete application 
system development to the algorithm is still at the starting 
phase. The next step mainly is the research on the systematic 
research and development for the algorithm. 
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