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Abstract: The paper firstly introduced distribution and adaptability of the debris flow control work in Sichuan.And then 
it evaluate vulnerability of the Interception Dam according to development and distribution characteristics of debris 
flow channel, and scope and purpose of engineering measures. On the basis of generation characteristics of debris flow, 
systematically analyzed the dam location, its condition, characteristics of debris flow, rainfall and earthquake, the overall 
five first-level factors and the corresponding eight second-level factors, formed a vulnerability assessment system of the 
Interception Dam project and evaluated the vulnerability by using analytic hierarchy process and fuzzy comprehensive 
evaluation method to control project, the result showed that the vulnerability of the control project is low, among them, 
very low vulnerability has 5, low vulnerability has 18, moderate vulnerability has 4. The result shows that the overall 
operation of the control project is good, with strong protection. Research results provide certain guiding significance for 
similar engineering vulnerability assessment area.
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1. Introduction

China is a mountainous country, with 2/3 of total land 

areas are mountainous regions and  plateaus. Besides,there 

are intense neo-tectonic movements, complexgeological 

conditions and frequent earthquakesin China.Therefore, 

debris flow disasters are very seriously destructive in 

China[1]. 

Before the project construction, a large debris flow 

broke out on August 14th, 2010 , pushing out of the total 

volume of solid substance source up to 0.5*104m3, in 

which about 40*104m3 source ran into the Min River and 

blocked off the River [2]. The debris flow caused up lifting 

of the river water level, and rapidly submergedjust-built 

new district in Yingxiu Townand buried  400m of 213 

National Road highway.It also buried Yingxiu-Wenchuan 

(Sichuan) Expressway Subgrade (in the construction) and 

a plurality of bride piers, causing 17 people missing and 

serious economic loss.The debris flow disaster drew high 

attention of the central government. Sichuan Provincial 

Government, Ministry of Water Resources, Ministry of 

Communications, and Ministry of Land and Resources 

actively deal with the debris flow, and carried out project 
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exploration, design, construction, finally completedthe 

debris flow treatment project in May, 2011. It has been 

more than three years, and the engineering withstands 

most of verification.

There are several frequent applied debris flow 

vulnerability assessment methods, which are Analytic 

Hierarchy Process (AHP), The common way is the organic 

combination of Fuzzy-AHP. The way is to establish the 

evaluation model of the Analysis hierarchy process and 

Fuzzy comprehensive evaluation (Fuzzy-AHP) and realize 

the semi-quantitative and be easy to obtain of vulnerability 

assessment index, reduce investigation cost, reflect the 

fuzziness of the evaluation factors and evaluation process, 

be more practical than the experts scoring method in 

general and avoid subjective affection. The method is 

theoretically desirable and be widely verification on 

practical using [3]. 

Fuzzy-AHP comprehensive evaluation method for 

the single debris flow vulnerability assessment, mostly be 

used before control engineering implementation, and there 

are many examples prove the practicability and feasibility 

of this method[3]. But for the vulnerability assessment of 

the control engineering after running a period of time is 

very few people involved in research. In this paper, the 

Analytic Hierarchy Process (AHP) method combined 

with the Fuzzy Comprehensive Method was adopted to 

establish vulnerability assessment index and evaluated the 

vulnerability of the control engineering.

2. Engineering measurement of the targeted 
area

Building debris flow control engineering is to reduce 

the intensity of debris flows, preventing surrounding 

objects from harms and damages, and ultimately transform 

the debris flow into sand flow to the river [4].

On the basis of existing construction report of the 

debris flow in the research area, the service life of control 

project is 50 years [5]. The layout of the project is shown 

in Figure 1.The upstream is slope stabilization and source 

immobilization engineering.The middle streamis debris 

flow interception. The downstream is drainagechannel 

engineering. Slope stabilization and source immobilization 

engineering project aims to stabilize the source, and to 

prevent formation of material sources, with the main 

subprojects of Landslide Dams, Check Dams and Foot 

Walls.Debris flow interception aims to prevent the 

discharged materials from upstream, at the same time, to 

stabilize surrounding source, with the main subprojects 

of Grid Dam, etc.Drainage channel engineering is to 

discharge the sand mixed with water from the middle 

stream smoothly into the Min River. The main subprojects 

for drainagechannel engineering are drainage channels, 

etc.

2.1 The upstream slop stabilization and source 
immobilization engineering

The upper stream of target area develops three major 

tributaries, which are, from left to right respectively, Gan 

Xi Pu Tributary, Da Shui Gou Tributary and Xin Dian Zi 

Gou Tributary. The project layout of the three tributaries 

is shown as Figure 1.

(1) Gan Xi Pu Tributary is with poor engineering 

geological condition for dangerous steeps, large slope, 

and abundant material sources. The project is mainly 

to control channel source and prevent landslide. And 

the same time, it controls right-bank slumping and 

disperses the source, so as to relieve the congestion on 

the downstream channel. The distribution of the project is 

shown as following photos: two Landslide Dams (Photo 

1), two groups of Check Dams (Photo 2) and a section of 

supporting Foot Walls. 

Figure 1: The surface chart of distribution of the control project

(2) Da Shui Gou: the tributaries with rich material 

source, the upstream of sub-tributaries with dangerous 
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steeps, rapid flow velocity, relatively poor geological 

conditions. The down stream of the sub-tributary is with 

relatively slow flow velocity, exposed bedrock at the gully 

bottom, therefore, the engineering geological condition is 

relatively good. The control project is distributed as two 

Landslide Dams on the down stream (Photo 3), with the 

objective of slowing the flow and relieving the congestion.

(3) The upper section of Xin Dian Zi Gou Tributary is 

with dangerous steeps, rapid flow velocity, and abundant 

material sources, mainly avalanche deposits. The slope 

of middle section is smaller, and the main source is the 

channel deposits. The downstream is with loose deposits, 

and deformation of right bank slump. The project is 

distributed as groups of Check Dams at the middle section 

(Photo 4) and Enhanced Bottom Groove at the lower 

section. 

2.2 The middle stream debris flow interception

No.1 dam and No. 2 dam are at the middle and down 

section of main channel (Photo 5, 6).Due to its large 

capacity, hey are set to retain debris flow material from 

the upstream, at the same time, stabilize surrounding 

slumping source, and excrete harmless sand flow or debris 

flows. No.3 dam and No. 4dam are located at the entrance 

of downstream of Gan Xi Pu Gou and Da Shui Gou (Figure 

1).The role of No.3 dam is to control blocking, while No.4 

dam is to slow the flow and alleviate the blocking.

2 . 3  T h e  d ow n s t r e a m  d r a i n a ge  c h a n n e l 
engineering

The downstream drainage channel project connects 

upstream with No.1 dam, down stream with G213 national 

highway, and Du-wen Expressway with the Min River. 

And ultimately, it achieves that sandy flows or turbulent 

debris flows pass through No.1 Grille dam and flow 

smoothly into the Minjiang, without blocking or causing 

startup of new debris flow source in surrounding area. 

Drainage channel is with 805mlength, 19-35mwidth, and 

2.0-2.5m height (Photo 7).

Photo 7 The downstream, drainage channel 

3. The system of vulnerability assessment 
index

According to actual condition of the project, the 

research too kvulnerability assessment of the interception 

dam as an example.

3.1 Selection of factors

Fuzzy-AHP refers to the combination of Fuzzy 

Comprehensive Analysis Method and Analytic Hierarchy 

Process Method. Based onAnalytic Hierarchy Process, 

which is applied for calculation of Weight Vector, and 

Fuzzy Comprehensive Method, which is a relative 

membership degree theory, the research established 

Fuzzy-AHP vulnerability evaluation model for the 

project[6].

In the target area, because vulnerability of the 

Interception Dam reflects different understanding of 

some potential hazards due to different engineering 

geological environment and its own structure. The study 

selected the dam location factorU1, the Interception Dam 
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self condition factor U2, characteristics of debris flow 

factorU3, rainfall factor U4 and earthquake factor U5 as 

first-level evaluation factors (index) (Table 1).

In the column U1, basic indicators, C1 and C2, 

mainly consider impact of geological condition of the 

Interception Dam and condition of debris flow on space 

of debris flow. In the column U2, basic indicators, C3 and 

C4, mainly reveal the effect of engineering specifications 

and strength on vulnerability. In the column U3,basic 

indicators, C5 and C6 mainly consider impacts of debris 

flow’s scale and frequency on vulnerability.In the column 

U4, basic indicator, C7 mainly analyzes the influence of 

rainfall on engineering vulnerability. The basic indicator 

of U5, C8, is to study the effect of earthquakes on 

engineering vulnerability.
Table 1 Value scope of the interception project vulnerability 

assessment index

3.2 Construction of assessment index system

According to the assessment index, the study built the 

hierarchical structure [7], which is divided into three levels: 

the goal layer E (the ultimate vulnerability index), the 

category index layer Ui (i.e. the first-level index), and the 

basic index layer Ci (i.e. The second-level index) (Figure 

2).

Figure 2 The vulnerability assessment system of the Interception 

Project 

3.3 Determination of  Weight Vector

The study applied analytic hierarchy process (AHP) 

to determine Weight Vector of assessment indexes. The 

characteristic of Analytic Hierarchy Process is that it 

combines qualitative and quantitative analysis, so as to 

quantitatively measure decision maker's experience and 

judgment. The study used 1-9 scale method (Table 2) to 

mark for the assessment factors, and established judgment 

matrix of the index (Table 3)[8].When consistency of the 

judgment matrix is reasonable, Weight Vector will be get 

as Table 4.

Table 2 Scale and implication in factors comparison

Scale value implications

1
Implicate that two factors compare, and both value 

the same

3
Implicate that two factors compare, the former is 

more important than the latter

5
Implicate that two factors compare, the former is 

more important than the latter

7
Implicate that two factors compare, the former is 

much more important than the latter

9
Implicate that two factors compare, the former is 

extremely most important than the latter

2,4,6,8 Implicate the average value of the above judgment.

inverse
Considering value of factor i and factor j as aij，then 

the ratio of actor i and factor j can be aji=1/aij

Table 3 First-level index judgment matrix

Indexes U1 U2 U3 U4 U5

U1 1 3 1/5 1/3 1/4

U2 1/3 1 1/6 1/4 1/5

U3 5 6 1 3 2
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U4 3 4 1/3 1 1/2

U5 4 5 1/2 2 1

To check the consistency of the judgment matrix, 

it accords with the principle of consistency. So we can 

get the eigenvectors associated with λmax.And then after 

normalization, the result is that W = (0.1227, 0.0436, 

0.3494, 0.2079, 0.2764), namely, the index Weight Vector.

Similarly, we can get the Weight Vector of the second-

level index (Table 4), so the Weight Vector of each index 

is shown as follows after calculation:

Table 4  Weight Vector of each index

4. Fuzzy Comprehensive Method determines 
the grade of vulnerability

4.1 Establishment of the assessment set

Assessment set is a collection of various evaluation 

results of the object, i.e.:

V={V1,V2, … ,Vi}

In the formula, Vi implicates possible evaluation 

results of each factor. Judging from Fuzzy Comprehensive 

Evaluation Method, the best evaluation results are selected 

from the collection. According to the actual situation, the 

study choose 5 levels of results, i.e.:

V={extremely high vulnerability, high vulnerability, 

moderate vulnerability, low vulnerability, extremely low 

vulnerability}

4.2 Establishment of membership function

Because  the  fac tors  of  cont ro l  engineer ing 

vulnerability include quantitative factors and qualitative 

factors, the membership function is also divided into 

quantitative and qualitative membership function [9]. 

I. Quantitative membership function

According to principle of determining membership 

function, it is suitable for ridge-type distribution function.

Ⅱ Qualitative membership function

Because qualitative indexes could not be numerically 

distinguished from each other, it can not refer to 

quantitative function. For the qualitative index, it can be 

judged by the grading methods, that is, quantify these 

indicators firstly. Qualitative indexes can be divided into 

bad, poor, moderate, good and excellent, with the given 

value, 0.9, 0.7, 0.5, 0.3 and 0.1. Therefore, according to 

the principle of determining membership function, here 

ladder function is applied:
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In all these formulas, χ represents actual value of 

index, a1 represents limits of evaluation index level.

4.3 Determination of initial value of evaluation 
index

Take No. 1 Railings Dam on the middle reach as an 

example. The dam is located in the flowing area, with 

small amount of source involved, 20m designed height, 

2m depth of overflow port , 18meffective dam height , 

C25 concrete structure. In this section, channel width is 

62m.Channel average longitudinal gradientis140 ‰.The 

dam foundation in the channel is mainly accumulation 

of debris flow source, which is structure-loosed, being 

composed of gravelly soil mixed with gravel and sand. 

Size of stone commonly is 0.3-0.6m, and some individual 

is bigger than 1.5m.The underlying bedrock is moderate-

weakly weathered diorite, with high rock strength. The 

debris flow scale is considered as 8.14 in debris flow 

evaluation index, including Gan Xi Pu Gou sourcing out 

the quantity of 21.4×104m3, Da Shui Gou6.6×104m3, 

and Xin Dian Zi Gou 5.2×104m3. The upper section of 

the main channel accounted for 4.0×104m3, the middle 

section 40.8×104m3, and the lower section 2.5×104m3.

In addition, due to occurrence frequency of debris flow 

on the basis of the actual situation in recent years, the 

study took 1 times / year. The average annual rainfall is 

1253.1m. Earthquake intensity in this area is Ⅷ degree. 

Based on above data, initial index value is shown as Table 

5. 
Table 5 Initial value of vulnerability assessment for No. 1.Railings 

Dam on the middle reach

4.4 Determination of the membership degree

(1)  Determination membership of secondary factors

With reference to the above qualitative membership 

function, as well as the basic conditions of No. 1 Railings 

Dam on the middle reach and A section of downstream 

drainage channel, it can be drawn out the initial value 

of the two projects and membership degree of two-level 

index ( as shown in Table 6).

Table 6 Membership degree of second-level index for No. 1 Railing 

Dam on the middle reach

Primary index Secondary index
Index fuzzy 

membership degree

Location of the dam
C1 （0，0，0.9，0.1，0）

C2 （0，0，0，0，1）

The self-condition 

of the dam

C3 （0，0，0，0，1）

C4 （0，0，0，05，0.5）

Debris flow
C5 （0，1，0，0，0）

C6 （1，0，0，0，0）

Rainfall C7 （1，0，0，0，0）

Earthquake C8 （0，0，1，0，0）

(2)  Determination of primary fuzzy vector

Two-level evaluation index membership degree 

has been determined as illustrated as above. The study 

constructed a two-level evaluation fuzzy matrix, and then 

calculated fuzzy vector of each first-level index by using a 

fuzzy calculation formula.The results are shown in table 7. 
Table 7  The first-level fuzzy calculation results of the control project

4.5 Results of vulnerability assessment of the 
control project

(1) Classification of index

According to hazard classification of the debris flow 

done by [10] and other scholars, and Bradford law [11], 

the study classify the vulnerability of the control project 

into five grades, between [0,1], with 0.2 as the tolerances. 

Finally vulnerability classification can be shown as Table 

8.

Table 8 Vulnerability classification of the control project

Vulnerability 

level

Extremely 

high

high moderate low Extremely 

low

Vulnerability 

index

0.8 ～ 1.0 0.6 ～ 0.8 0.4 ～ 0.6 0.2 ～ 0.4 0 ～ 0.2

(2) Vulnerability assessment index

According to above first-level fuzzy vector, the fuzzy 

comprehensive evaluation vector can be obtained as 
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shown in Table 9.

Table 9  Results of fuzzy comprehensive evaluation vector

Table 9 shows the vectors of fuzzy comprehensive 

evaluation of No. 1.Railings Dam on the middle 

reachas0.183, 0.2096, 0.1684, 0.0248, and 0.0496.

According to maximum principle of membership vector, 

it is drawn out that vulnerability index of No. 1.Railings 

Dam on the middle reach is 0.2096. Judging from Table 

8, No.1.Railings Dam on the middle reach is with low 

vulnerability.

Based on this method, vulnerability index can be 

obtained for other projects. And finally the study obtained 

level of vulnerability of each project (Table 10).

Table 10 Level of vulnerability of each project

5. Conclusion

(1) Based on growth characteristics of the debris flow, 

the whole control project was designed as the upstream 

slopestabilization and source immobilization engineering, 

the middle stream debris flow interception, and the 

downstream drainage channel project.

(2)Based on characteristics of the control project, a 

vulnerability assessment system has been constructed. 

The study firstly selected location of the project, condition 

of project itself, characteristics of debris flow, rainfall, 
and earthquake, overall 5 factors as first-level indicators, 

which are specified into 8 secondary-level indexes. Then 

with the help of the Analytic Hierarchy Process and Fuzzy 

Comprehensive Method, vulnerability of the dam was 

classified.

(3) Applying the Analytic Hierarchy Process 

and Fuzzy Comprehensive Method for vulnerability 

assessment of control project, the evaluation revealed 

result as low vulnerability, including five moderate 

low vulnerability, 18 low vulnerability , 4 moderate 

vulnerability (Table 10). The results showed that the 

overall running situation of the project is good with its 

protective ability.
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