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INTRODUCTION

Inrecent years, with the high-speed devel opment of the na-
tional economy and the accelerated industrialization and ur-
banization, highway - a modern construction project at the
cost of damaging the ecological environment isin the pe-
riod of high-speed industrial development (Wang 2006,
Zhang 2003). Amid the construction of highway, the dump-
ing siteasatemporary area (agricultural lands occupied for
parts of the dreg site), isthe key place of occurring soil and
water loss in the highway construction (Xie 2010, Wang
2006). Mogt of the placesare |oose heaped body. Itssurface
exposed and it hasstrong hydraulic permeability and severe
uneven settlement, which easily resultsin landdide and de-
brisflow under the combined effectsof hydraulic power and
gravity and hasadirect threat to the safety of the production
and living along the highway (Zeng 2004).

In order to better ensure the construction finished and
reclaimed dumping sitesto restoretheir original ecological
functions, it requires analysi sand the evaluation for the rec-
lamation of soil physical properties, chemical propertiesand
climate conditions and so on. Nowadays, the existing re-
claimed land suitability comprehens ve eval uation methods
are: The comprehensive index method, the expert evalua-
tion method, the extreme conditions of method, the exten-
sion method, etc. Su Haimin & Chen Jianfel (Su & Chen
2005) used the model of matter-element for land suitability
assessment. LiuJing and Li Janxue (Liu & Li 2007) adopted
the index pulsing method for land reclamation suitability

Because the highway temporarily covers large areas, this article proposes fuzzy comprehensive evaluation
method to evaluate the suitability of the reclamation soil in the highway dumping site. According to the impact
factors of the land reclamation and the field survey, combining with the principle of fuzzy mathematics, we
chose eleven influence factors, including weather conditions, soil physical properties, and soil chemical
properties as evaluation factors. In this paper, we regarded nine dumping sites in Chengdu-Chongqing
Expressway double-track (Chongging section) project as samples to make the fuzzy comprehensive
evaluation. Theresults indicate that the reclamation soil suitability in Chengdu-Chongging Expressway double-
track (Chongqing section) dumping sites is relatively good. It provides a useful reference value for the
reclamation soil suitability evaluation of the national highway dumping sites.

evaluation on the land consolidation project of Qian County,
Xianyang City, Shanxi Province, Xuelu town, Pan Qingyuan,
LiuXiaoli, etc. (Pan et al. 2007) based on extension method,
evaluated the land reclamation suitability on the soil which
was damaged from the reclamation lands to the cultivated
lands in Jawang, Xuzhou. However, using the currently
exigting indicators to quantify whether the soil is suitable
for reclamationisgtill very difficult, so thispaper introduces
the fuzzy comprehensive evaluation method. The study
adoptsfuzzy mathematicstheory to alter qualitative evalua-
tioninto quantitative evaluation. Thismethod can makethe
results clear and systematic, and can better solve the prob-
lemswhich are vague and difficult to quantify. It issuitable
for solving avariety of non-deterministic problems. There-
fore, thisarticleintroducesthe fuzzy comprehensive evalu-
ation method to evaluate reclamation soil suitability of the
dumping site of the Chengdu-Chongqing Expressway dou-
ble-track (Chongging section). Theresearch results can pro-
vide guidance and be used for reference for reclamation work
of the lands of dumping site of highway.

OVERVIEW OF THE STUDY AREA

The study siteisthe Chengdu-Chongqing Expressway dou-
ble-track (Chongging section), of which the specific choices
of site are the Bishan County, Tongliang, Dazu County in
Chongging Municipality.

Chengdu-Chongging Expressway double-track
(Chongging section) islocatedin the central tectonic parallel
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Ridge (low mountains) Valley (hills) district, Western Hills
district of Chongqing, asubtropical humid monsoon climate
zone; mean annual rainfall rangesfrom 1004mm to 1231mm.
The place has subtropical vegetation type, that is, humid
evergreen broad-leaved forest. Plant species are mainly
masson pine, fir, cedar and so on. Soil typesare mainly paddy
soil, purple soil and yellow soil. The highway starts in
Chongqging Ring Road, connects planned city trunk road
eastward, and traverses Jinyun pulse to the west. Crossing
Bayue Mountains, through the place 4km from Bishan
County in the north and 5km from the Dazu county in the
south, stoping at Guanyingiao, the junction of Sichuan and
Chongging and connecting with the Chengdu-Chongging
Expressway double-track (Sichuan section), thewholeline
islocated in the key national supervision region and thekey
national rehabilitation region for the soil and water loss of
Chongging. The length of the line is about 79.880km,
covering an area of 642.97 hm?, which permanently covers
an areaof 570.90 hm? and temporary land of 72.07hm?. The
full range of excavation is 17.49 million m® and the fill is
16.21 million mé. The abandon party is 4.10 million m®
(permanently abandoned party 3.23 million m®, planning
26.50 hm?#12 dumping sites, temporary disposable party
86.8500 km®). The debit is 2.83 million m3(planning 19.60
hm?#nine earth fields).

Thegeographical coordinatesof Bishan County are 106°
02'-106°20'E, 29°17'-29°53'N, and the average tempera-
tureis 17.9°C. Over the years the extreme maximum tem-
perature is 40.6°C and the minimum temperature is -3°C.
Theaverage annual frost-free period is337d. The geographi-
cal coordinates of Tongliang county are 105°46’-106°16'E,
29°31’-30°06' N. The average temperature is 17.8°C. The
annual averagerelative air humidity is82% and the average
annual frost-free period is 225d. The geographical coordi-
nates of Dazu county are 105°28'-106°02'E, 29°23'-
29°52'N. The average annual temperature of 17.20°C over
the years and the average annual frost-free period is323d.

MATERIALS AND METHODS

Sample collection: Along the route selected of the dump-
ing sites, we selected a point respectively inthe upper, cen-
tre and lower, excavated the soil profile (0-30 cm selected)
and use soil sample collector to collect the soil at 0-10cm
(layer A) 10-20cm (layer B) and 20-30cm (layer C). If the
dumpingislarge enough, we can select multiple pointsalong
thelength, and select the corresponding pointsto collect soil
in the centre and lower parts. Then, the taken soil samples
on the same height and same profil e heightswere uniformly
mixed. One kg mixed soil samples were taken back to the
laboratory for indoor testing. Altogether, 27 soil samples
werecollected.

Analytical methods: Soil moisture content was measured
by the drying method. Soil compaction was measured by a
SC-900 soil compaction. The content of the soil organic
matter (SOM) was measured by the potassium dichromate
method, and total nitrogen (TN) content by sulphuric acid
digest diffusion method. The content of total phosphorus
(TP) was measured by NaOH melt-molybdenum antimony
anti-colorimetric determination, content of total potassium
(TK) using NaOH melting-flame photometri c determination,
and content of available nitrogen (AN) by alkaline solution
diffusion method. Determination of available phosphorus
(AP) was made by NaHCO,-molybdenum antimony anti-
colorimetric method, and the content of available K (AK)
by NH,Ac-flame photometry (Y ang 2008).

Data processing: The experimental datawere analyzed by
MATLAB mathematica analys ssoftware and Excel datis-
tical software.

FUZZY COMPREHENSIVE EVALUATION
Fuzzy Comprehensive Evaluation M ethod

Fuzzy comprehend ve eval uation method isbased on the prin-
cipleof fuzzy mathematics, using the fuzzy atistical meth-
ods through considering a combination of relative factors
for eval uation and the subj ective assignment method to de-
terminethe weight of variousfactorsto make the evaluation
of the pros and cons of the research abjects. It isnot only a
guantitative evaluation, but also a qualitative assessment.
What is more important isthat it can combine quantitative
and qualitative factors to evaluate comprehensively (Yu
2004), which can better reflect the impact under the com-
bined effects of various factors. Specific evaluations have
the following steps:

To determine the set of factorsof the eval uation object
To determine the factorsthe weight set

To determinethe reviews set

To make the eval uation of the singlefactor
Comprehensive eval uation

grwWNPE

The Choice of Fuzzy Factor

In this paper the choice of fuzzy factor isbased on the com-
bination of theland potential factors and reality. Overall it
includes: (1) weather conditions: the average annual rain-
fall, average annual temperature; (2) soil physical proper-
ties: soil moisture content, soil compactness; (3) soil chemi-
cal properties: soil organic matter content, soil nutrient con-
tent (TP, AP, TK, AK, TN, AN). The data of the abovefac-
tors are easy to be collected or measured, and are strongly
representative. Therefore, it is more conductive to the pro-
motion of fuzzy comprehensive eval uation method.
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Fuzzy Compr ehensive Evaluation Process

1. Establish the factor set: R={r1, r2, ...ri, rm}. Among
them, Ristheinfluencing factorsset, ri isthei®influencing
factors and m is the number of the factors (Zhang 2003).
Now regard the factors from rl to r11 respectively as soil
moisture, soil compaction, soil organic matter content, AP
content, TP content, TK content, AK content, AN content,
TN content, average annual rainfall and the average annual
temperature.

2. Egablish weight set: A =(al, a2, ...ai, am). Among them,
A isthefactor weight set and ai isthe corresponding weight
coefficient of factor ri, requiring ai £0, Sai = 1 (Zhang 2003).
Now, take the weight coefficient of various factors respec-
tively asfollows: soil moisture is 0.25, soil compaction is
0.175, the soil organic matter content is0.175, AP contentis
0.025, TP content is0.025, TK content is0.025, AK content
is0.025, AN content is0.025, TN content is 0.025, average
annual precipitation is 0.175 and average annual tempera-
tureis0.075. Namely, theweight set A = (0.25, 0.175, 0.175,
0.025, 0.025, 0.025, 0.025, 0.025, 0.025, 0.175, 0.075).

3. Establishing an evaluation set: V ={v1, v2, ...vj, vn}.
Amongthem, V isthe evaluation set and vj representsthej™
evaluation result and nisthe total number of evaluation re-
sults (Zhang 2003). Now, taking the set n=5, which can be
divided into five evaluation ranks v1 to v5 separately on
behalf of suitability, lesssuitability, general, lessunsuitabil -
ity, unsuitability (Table 1).

4. Single factor fuzzy evaluation: Ri ={ri1, ri2, ..., rij}.
Among them, Ri is the evaluation set of the single factor
andrij representsthe degree of membershipwhichri isrela
tiveto vj. Make amatrix:

éR1y éu rz L riu
é,-,u é u
eRZL:J §r21 r L rzj@
R=eMU=eM M M MU, (1)
e..u e . u
gRig arii riz L rijg

R isthe snglefactor eval uation matrix (Zhang 2003) as
givenin Table2.

5. Fuzzy compr ehensive evaluation: fuzzy comprehensive
evaluation can beexpressedasB =A . R, That is,

éu rz L rio
2"21 rz L rzjg

(r b2 L b)=(a a2 L an). 8 M M MU0..(2)
gm riz L rin

Among them, b isthe evaluation index, and is the de-
gree of membership whichisevaluation factorsmembership

to evaluation sets considering all the factors (Zhang 2003).
Thesign*®.” representing a synthesis method of A and R,
the composite model hasthe following four:

Model one: M, (the main factors determinetype,
m .
b =J(a Uri).
i=1
Model two: M, the highlight the type of the main factors,

b = (J(ars).

i=1
Model three: M, the weighted average type,
1.8 0
h:mmléam’
T i= %
Model four: M, the weighted averagetype,

4
bi=a axi:
i=1
Finally, according to the maximum membership degree
principle the evaluation results can be estimated (Zhang
Janxiaet al. 2003).

Model one “the main factors determine type” mainly
operate , and ©. The operationissimple, but for some of the
issuesit may missalot of information. Its evaluation results
depend only on the factorsthat play amajor rolein thetotal
evaluation. Theremaining factorsdid not affect the evalua-
tion results (Chen 2005), thus, the results are somewhat
rough. When the Factors are too many and the weight distri-
bution ismore balanced, according to

m

S ai= .3

i=1

each factor sharesweight ai must bevery low. Only with
the operator _, © getting the low bj (bj £ Vai) isalso des-
tined in the comprehensive eval uation, and then the smaller
weight taken by the _ operator isactually unableto get sat-
isfactory results.

Model two is the main factors highlight type, and it is
more speci fic compared with the model one, which not only
highlights the main factors, but also takes other factorsinto
account (Chen 2005). Although a isrelated totheimportance
of thefactorsx,, it doesn’t have the meaning of weight coeffi-
cient. Therefore, the vector A needn’t be normalized, either.

Model three and four are the “weighted average-type”.
The vector A has the right meaning of weight coefficient
which represents the importance of each factor xi, and
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thereforeit should meet the requirements of -

m

Za!zl

i=1

But the model 1V should be evenly in accordance with
theweights of all factors.

Since each of the four models hasits own distinct char-
acterigtics, thisarticle use the four models at the same time
to make a comprehensive eval uation to ensure the compre-
hensiveness of the eval uation results.

RESULTS AND DISCUSSION

According to the above process step by step evaluation,
availableresults can be concludedinthe Table 3.

Based on the maximum membershi p degree principle of
fuzzy comprehensive evaluation method, it can be ensured
that the results determined by the four model evaluation are
the second grade. The reclamation soil suitability for the
highway dumping siteisrelatively suitable.

Fuzzy comprehensive evaluation method used in this
articleisbased on the principle of fuzzy mathematics(Han
1998) to establish aquantitative evaluation model inafuzzy
environment, considering avariety of factorsto make an over-
all assessment. In the study on suitability of reclamation soil
for highway dumping sites, dueto thefact that the suitability
of the reclaimed soil isaffected by many factors, each of the
factors are not only evaluated separately, but also analyzed
through combining theinfluence of each factorsby the com-
prehensveevaluation. In the process of evaluation of quaita-
tive factors, it can alter qualitative factors into quantitative
evaluation, which adds to the scientificity and reliability of
the evaluation model. Therefore, this study proposes the use
of fuzzy comprehensive eval uation method for reclamation
soil suitability evaluation of highway dumping site.

Huang Yuhan et al.

Inthisstudy, the evaluation model isbuilt in accordance
withthe steps of the fuzzy comprehensi ve eval uation method.
And the fuzzy comprehensive evaluation model is used to
analyze on the Chengdu-Chongqging Expressway double-
track (Chongqing section). Select 9 the dumping sites of the
section, according to thereclamation soil suitability factors,
choose 11 evaluation factorscombining thefactsastheevalu-
ation factor to input the fuzzy comprehensive evaluation
model for the reclamation soil suitability analysis. The con-
clusonsareasfollows:

A. In the reclaimed soil suitability evaluation, due to the
fact that the factors which impact the reclamation soil suit-
ability are too many and each of the factors has different
nature. If it isjust analyzed from a single factor to estimate
the reclamation soil suitability, it is difficult to get a com-
prehensive evaluation results. However, using fuzzy com-
prehensive eval uation method to eval uate the suitability of
the highway dumping sites for reclamation of soil is more
rigoroustheoretically and can take advantage of the limited
datato clearly estimate the soil reclamation, and to get com-
prehensive resultsto accurately reflect the suitability of the
reclamation soil.

B. Using of the existing highway dumping site research data
and the relevant parametersas samplesto establish the fuzzy
comprehensive eval uation model, and the reclamation soil
of Chengdu-Chongqging Expressway double-track
(Chongqing section) dumping Site assamplesto evaluateits
suitability, the data come from engineering practice, which
have certain representativeness. The research can providea
reference for the new highway reclamation soil suitability
research and guidance.

C. Using fuzzy comprehensive evaluation method can more
objectively represent the reclamation soil suitability classi-
fication boundaries of the highway dumping sites by the
membership and the right weight, note that the actual blur-

Table 1: Highway soil and water conservation measures benefit in the evaluation factor classification table.

| Evaluation factor level
Evaluation factors Grade 1 Grade II Grade III Grade 1V Grade V
Soil moisture content (%) Classification range <75 75~115 115~125 125~139 =139
Soil compaction Classification range <4% 4%~5.6% 5.6%~6.5% 6.5%~7% =T%
Soil organic matter content Classification range <7 7~8.2 8.2~9.3 9.3~10 =10
Soil available phosphorus content | Classification range <0.4 0.4~0.48 0.48~0.57 0.57~0.7 =0.7
Total soil phosphorus content Classification range <8 8~8.5 8.5~9.2 9.2~10 =10
Total K content Classification range <15 15~15.8 15.8~16.5 16.5~18 =18
Available potassium Classification range <40 40~45 45~55 55~64 =64
Soil nitrogen content Classification range <55 55~69 69~75 75~91 =91
Total soil nitrogen content Classification range <0.6 0.6~0.68 0.68~0.74 0.74~0.8 =0.8
Average annual precipitation (mm) | Classification range <1005 1005~1066 1066~1142 1142~1200 =1200
Average annual temperature (C) Classification range | <16.2< |16.2<~16.9<]16.9°~17.0°|17.0°~17.7<| =217.7<
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Table 2: Single factor evaluation of the calculation table.
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) Rank membership
Evaluation factors Grade [ [Grade II|Grade IIl |Grade IV| Grade V
Soil moisture content (%) 0.231 0.115 0.115 0.269 0.077
Soil compaction 0.077 0.423 0.154 0.115 0.231
Soil organic matter content 0.385 0.077 0.192 0.154 0.192
Soil available phosphorus content | 0.269 0.269 0.192 0.154 0.115
Total soil phosphorus content 0.077 0.269 0.346 0.115 0.192
Total K content 0.154 0.231 0.346 0.192 0.077
Available potassium 0.192 0.231 0.269 0.192 0.115
Soil nitrogen content 0.077 0.346 0.269 0.231 0.077
Total soil nitrogen content 0.154 0.192 0.115 0.192 0.346
Average annual precipitation (mm) 0.462 0 0.462 0 0.077
Average annual temperature (C) 0 0 0.462 0 0.538
Table 3: Highway soil and water conservation measures.
Evaluation Model Rank Maximum degree of membership [Evaluation results
Grade I |Grade II|Grade IlII|Grade IV|Grade V
Model 1 0.231 0.25 0.231 0.154 0.175 0.25 Grade II
Model 2 0.081 0.101 0.081 0.029 0.04 0.101 Grade II
Model 3 0.243 0.273 0.239 0.103 0.143 0.273 Grade II
Model 4 0.243 0.273 0.239 0.103 0.143 0.273 Grade II
ring of thedistinction, sothat evaluationresultsclosetothe ACKNOWLEDGEMENTS

facts. On the basis of the operation of the existing highway
project, using the Matlab programming language as a plat-
form has a strong scientificity and feasibility for the final
reclamation soil suitability evaluation model established by
the input sample data analysis and the processing and
nonlinear optimization.

D. Fuzzy comprehensive eval uation method applied to the
highway dumping sitesfor the reclamation of soil suitabil-
ity evaluation can scientifically estimate the soil reclama-
tion suitability degree of reclamation soil of dumping sites.
For the dumping site in the same area, the reclamation soil
can be estimated whether it is suitable according to the level
of scores. Thus, the effect of soil reclamation can be pre-
dicted, providing the referencefor the land reclamation work
inthe road construction in the same area.

E. Theactual evaluation resultsfurther validate the feasibil-
ity, accuracy and objectivity of the fuzzy comprehensive
evaluation method. It can be aviable and an effective way
for thereclamation soil suitability analysis, but the calcul a-
tion of fuzzy comprehensive evaluation method for adapt-
ability evaluation of reclamation soil in highway dumping
siteisrelatively more complex and not assimple and quick
asasingle factor evaluation method.
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