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Abstract — Green building materials are building material that consumes fewer resources, improve the quality of human life, and 
are coordinated with the environment. Green degree is the degree of green building materials, and it is an index of quantitative 
evaluation of eco-friendly construction materials. Based on the improved Analytic Hierarchy Process, AHP, evaluation index 
system, this paper provides support for evaluation of green degree of building material. First, a preliminary evaluation index 
system is established, which includes a hierarchical analysis structure model and index description. Second, the AHP model is 
studied, including the construction of judgment matrix, the order of the hierarchy, the ranking and the consistency check. Then, 
the AHP mathematical model is improved, including the basic principle and calculation steps. Finally, we take two indicators of the 
first level indicators the "raw material acquisition" for an example, according to the calculation steps, make weight calculation, 
and give all the indicators their weight in a list. The results show that the use of the improved AHP, directly brings to the weight 
value, and there is no need to carry out the consistency test. The calculation process is simple and has a strong scientific nature. 
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I. INTRODUCTION 

Sustainable development not only meets the needs of the 
contemporary people, but also do not pose a hazard for the 
future generations to use their ability to meet their needs. It is 
necessary to achieve the purpose of economic development, 
but also protect the good survival of the atmosphere, fresh 
water, oceans, land and forest and other natural resources 
and the environment, and enable future generations to live 
and work in peace, make sustainable development [1-2]. 
Environmental protection is an important aspect of 
sustainable development. Because environmental protection 
not only can create many direct or indirect economic benefits 
for the development, and escort for the development, but also 
provide a suitable environment and resources; Sustainable 
development to environmental protection as one of the 
objective standards to measure the development quality, the 
development level and the level of development, because the 
modern development and the reality increasingly rely on the 
support of environment and resources. Before have a full 
understanding of sustainable development, people focus only 
on immediate interests. The environment and resources is in 
rapid decline, support for development is increasingly 
limited. The more rapid development, the more important the 
environment and resources. Environmental protection can 
ensure the ultimate goal of sustainable development, because 
the development of the modern is not only full of material 
and spiritual consumption, but also for the construction of 
comfortable, safe, clean, beautiful environment as an 
important indicator. Building materials as the world's most 
used materials, in the production, construction, use and scrap 
of the entire life cycle will cause a lot of environmental load, 

therefore, green building materials has become an important 
topic in the research of building materials [3]. 

Under the background of the green wave, the concept of 
"green building materials" is put forward. Green building 
materials refers to the materials that has less resources, 
energy consumption, benefits to human health, can improve 
the quality of human life and can be coordinated with the 
environment [4]. With the concept of life cycle, green 
building materials can also be defined as: it is a kind of 
building materials that has small environmental load for the 
earth, and conducive to human health in the raw material 
collection, product manufacturing, use or recycling and 
waste disposal and other aspects of sectors. First of all, is its 
environmental characteristics, throughout the life cycle of 
green building materials, generate as little impact on the 
environment, extensive use of waste production as much as 
possible and minimize the use of natural resources, and the 
use of low-energy and non-manufacturing industries 
environmental pollution production technology and 
equipment. Second, building materials not only have a 
reliable use, but also have excellent functional properties. 
The design of green building materials should be to improve 
the ecological environment, improve the quality of life for 
the purpose, that does not damage human health, should also 
have the multiple function of sterilization, anti-virus, 
conditioning, thermal insulation and anti-static etc.; Finally, 
it is also called for building materials with life cycle 
characteristics, that is, the green building materials can be 
recycled or recycled. 

Green degree is the degree of green building materials, 
and it is index about quantitative evaluation of eco-friendly 
construction materials. At present, the green building 
materials gradually become a major selling point of the 
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market, a variety of green building materials products have 
emerged. Due to the lack of the green degree evaluation 
system for scientific and unified, the green building materials 
products actually is mixed, and on a commercial hype 
majority. Therefore, to the healthy development of the green 
building materials, the contents of scientific, simple, easy to 
operate the building materials, green evaluation system 
should be established [5]. At present, green building 
materials evaluation mainly uses single factor assessment 
and life cycle evaluation of two methods, sometimes use 
energy evaluation, environmental impact factor assessment 
method, ecological index, environment entropy method, 
ecological factor method and the other evaluation methods. 
Single factor evaluation method is based on a single factor to 
determine the size of green, such as measurement of the 
production process of building materials in the waste gas 
emissions or waste water discharge, evaluation of building 
materials on the environment pollution, single factor 
evaluation cannot reflect the comprehensive impact of 
building materials on the environment; Life cycle assessment 
method is a kind of environmental impact assessment 
method, which can quantitatively evaluate the environmental 
load of building materials from raw materials to the whole 
life cycle of its waste. 

In this paper, the evaluation index system is built 
according to the life cycle of building materials "Raw 
material collection, production, engineering application, 
waste disposal", and provide support for the life cycle 
assessment method of building materials. this paper 
establishes the evaluation index system of building materials, 
calculates the weight of the index system, and finds out the 
main factors that affect the green degree of building 
materials. At the same time, through the control of the main 
impact indicators, solve the potential problems caused by the 
main indicators in the raw material acquisition stage, and it 
has important significance for improving the construction 
material green degree. 

II. INITIAL ESTABLISHMENT ON EVALUATION 

INDICATOR SYSTEM 

The general method for constructing index system is to 
summarize the collected data, and then to measure it 
according to the scale. It is not only to use the method of 
logical reasoning, but also to analyze and evaluate the 
subjective and objective factors. There is no unified 
evaluation index system of building materials, and the 
special research on green degree of building materials is 
relatively small. Therefore, there is need to follow the 
general principles of the index system, and take into account 
various factors to build a multiple level structure of the 
index set. 

A.    Structure Model 

When constructing index system, it is usually divided 
into a number of factors. According to different attributes, 
the factors are divided into several groups. The hierarchical 
structure can be divided into the top, middle and bottom 
layers. The top layer is also called the top layer or the target 

layer, only one element, which represents the system's 
overall goal; the middle layer is also called the criterion layer, 
which represents the middle part of the system. According to 
the description of the above indicators, the building material 
green degree evaluation index hierarchy analysis structure 
model is shown in Figure 1. 

B.   Indicator Description 

In Figure 1, the building materials green evaluation index 
system includes 4 first level indicators, each level index 
contains two 6 indicators, a brief description of the indicators 
are as follows: [6-7]: 

 (1) Raw material acquisition. Raw material sampling 
process is mainly used to evaluate the product the use of 
waste or low grade materials, the use of local raw materials 
and the collection of environmental pollution in the raw 
material acquisition phase. There are requirements, the main 
raw materials used in the one-time resources at least, in the 
process of the acquisition of raw materials not to cause 
damage to the environment or ecology. Mainly set up 
resource consumption, pollution control, raw material 
acquisition and localization and other indicators. Resource 
consumption generally refers to the comprehensive 
utilization of mineral resources, reflecting the use of low 
grade or waste resources in the production of raw materials; 
Environmental pollution control mainly refers to the raw 
materials in the mining and professional chemical plant 
processing process may produce pollution to the surrounding 
environment. The method of obtaining raw materials mainly 
refers to the standardization of raw materials, the supply of 
raw materials, the stability of raw materials, the 
comprehensive utilization of resources and the pollution of 
the environment. 

(2) Manufacturing. Production and manufacturing process 
is mainly the evaluation of energy consumption, 
environmental pollution and the advanced nature of the 
process and so on. Mainly set up energy consumption, clean 
production, waste utilization, environmental pollution, 
production process equipment and other indicators. Energy 
consumption is indicators about fuel consumption, electricity 
consumption and other things in the production process of 
the product; Cleaner production mainly refers to the 
industrial hygiene requirements, such as dust, poisonous gas, 
noise and other indicators, such as dust, poisonous gas, noise 
and so on; Waste utilization mainly refers to the use of waste 
in production; environmental pollution is an important 
indicator in the evaluation system, the production process to 
the factory outside the waste gas, waste water, waste residue 
and noise, etc., to test whether to meet or less than the state 
regulations, equivalent to the amount of emissions per unit of 
product. Production technology and equipment for the 
construction material industry in our country is reflected by 
the uneven quality of product quality differences, and 
advanced or not in fact related to resource consumption, 
energy consumption, clean production, environmental 
pollution and other indicators. Production technology and 
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equipment directly affect the degree of green building 
materials products. 

 

 

Figure 1.  Structure model on evaluation indicator system for green degree 
of building materials 

(3) Engineering application. In the process of engineering 
application, the evaluation of the impact of the product in 
the use of the environment, mainly set the indicator of 
environmental impact, localization, safety, clean 
construction, functional and others. Localization refers to 
whether use the qualified products or not, this can be 
determined by the transport distance; safety mainly refers to 
if use toxic and hazardous substances in the process, such as 
the use of indicators. Functional refers to the basic 
requirements of the product under the premise, whether 
there is additional to the human and environmental benefits 
of Green functions, such as environmental protection, health, 
energy saving and other indicators; clean construction is 
mainly the construction process of environmental pollution, 
such as whether the use of the construction of the 
environment has the effect of additives, adhesives, etc.. 

 (4) Waste disposal. The process of waste disposal is 
about when the product is in failure or waste, whether it is 
renewable or are in line with or lower than the national 
standards on the human body, atmosphere, water quality and 
soil. Indicators there are about indicators and other 

indicators that have the environmental impact of the process 
and the use of renewable. The environmental impact index 
of the waste process is reflected by the waste rate, and the 
recycling index is characterized by the recycling rate of the 
residual waste. 

III. MATHEMATICAL MODEL ON AHP 

The Analytic Hierarchy Process (AHP) is a kind of 
complex decision-making system, which is based on the 
importance of various related factors, and provides 
quantitative basis for the analysis and decision making. It is 
especially suitable for complex problems which are difficult 
to be fully used, so it is widely used in the fields of resource 
allocation, selection, policy analysis, conflict solving and 
decision making. In this paper, a mathematical model is 
constructed according to the AHP. 

A.   Constructing Judgment Matrix 

The main information of the level analysis is to judge the 
relative importance of each factor in each level, and form a 
judgment matrix by introducing appropriate scale. 
Represents a factor in the relative level and a comparison of 
relative importance of factors in this level. It is very difficult 
to determine the relative importance of the relevant factors 
directly, so it establishes a judgment matrix By pairwise 
comparison. 

Set the factor n for the factor z, related to the upper layer. 
Use ija the ratio of ix to jx  on z, wherein nji ,,2,1,  , 

Judgment matrix after n factor make two two  comparison 
of z  is that: 
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For easy operation, Satty recommends use the 1-9 and its 
reciprocal of the total number of 17 as the standard to 
determine the value of the ija . Customarily called 9 scale 

method. The relative importance of the values shown in 
Table 1. 

TABLE Ⅰ RELATIVE IMPORTANCE VALUE TABLE OF SCALE METHOD 

Scale value Meaning 

1 ix and jx are equally important 

3 ix is slightly more important than jx  

5 ix is significantly more important than jx  

7 ix is strongly more important than jx  

9 ix is extremely more important than jx  

2,4,6,8 values between the two cases 

Countdown 
shows the opposite case and the importance of 

the ratio of jiij aa 1  

 

Energy consumption u21 

Environmental impact u22 

Cleaner production u23 

Waste utilization u24 

Industry direction u25 

Production equipment u26 

Environmental impact u41 

Recovery rate u42 

Recycling rate u43 

Useful life u44 

Recovery difficulty u45 

Processing cost u46 

Manufacturing U2 Waste disposal U4 

Engineering application U3 

Construction process u31 

Environmental impact u32 

Use localization u33 

Use security u34 

Clean construction u35 

Material function u36 

Evaluation Indicator System for 
Green Degree of Building Materials 

Raw material acquisition U1 

Acquisition method u11 

Acquisition cost u12 

Transportation cost u13 

Resource consumption u14 

Environmental impact u15 

Localization degree u16 
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For any judgment matrix A, there are the following 
properties: 















1

,,2,1,1

0

ii

ijji

ij

a

njiaa

a

               (2) 

B.   Single-level Sorting and Consistency Check 

Single rank order, is the use of linear algebra knowledge 
matrix of the maximum eigenvalue and the corresponding 
feature vector. Normalized feature vector, the result is that 
the level of the evaluation factors on the level of a factor 
affecting the degree of weight. The square root method is 
usually used in this method. 

Root method is to make geometric mean on each row 
vector of the matrix A, and then normalize to give the sort of 
weight vector. Calculated as follows: 

 (1) Calculate the product all the elements in each row of 
broken matrix. The formula is: 

),,2,1(
1
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n

j
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                        (3) 

(2) Calculate the product of the n-th root. The formula is: 
n

ii MW                                       (4) 

(3) Make normalization processing of 
vector },,,{ 21 nWWWW   . The formula is: 
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When make pairwise comparison judgment of matrix 
form, it is impossible to give a precise ratio of two factors of 
objective matters, because of the complexity of things and 
the ambiguity that people differently compare things , 
therefore judgment can only be estimated, and can not 
guarantee that the judgment matrix with full consistency. 
When Satty constructs the analytic hierarchy process, the 
concept of satisfaction consistency is proposed, which is 
used to measure the degree of consistency between max and 
n. The procedure for checking the consistency of the 
judgment matrix is: 

(1) The maximum characteristic value of the judgment 
matrix A. The formula is: 
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In the formula, AWi  is i-th weight of AW. 
(2) Make the C.I. (Consistency Index). When the 

coefficient of the decision matrix is determined, there is a 
consistency between the score of pairwise comparison: 

1
.. max





n
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                            (7) 

Satty uses m=1000 to get the average random 
consistency index, as shown in Table 2. 

Calculate consistency ratio C.R. (Consistency Ratio), 
calculated as follows: 

..

..
..

IR

IC
RC                                  (8) 

 

TABLE Ⅱ MEAN RANDOM CONSISTENCY INDEX 

Order 3 4 5 6 7 8 

R.I. 0.58 0.90 1.12 1.24 1.32 1.41 

Order 9 10 11 12 13  

R.I. 1.45 1.49 1.51 1.54 1.56  

 
When 1.0.. RC , suppose that the judgment matrix A has 

satisfactory consistency. Vice versa, it does not have a 
satisfactory consistency, and there is need to modify. 

C.   Total-level Sorting and Consistency Check 

The total ranking, is the importance of all factors in a 
certain level relative to the top (total goal) of the importance 
weight. By the upper and lower layer by layer, the relative 
importance weight and relative merits of the most important 
factors are calculated by the upper and lower layers [20-22]. 

k layer kn factors, the relative importance of the weight 

vector of the top layer is: 
1 kk

k wWw                                  (9) 

Formula (9) is written in the form of a component: 
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Whether the weight vector obtained by the hierarchical 
ranking can be satisfied, it is necessary to carry out a 
comprehensive consistency test. 

Set the j factors of the 1k  layer as consistency index 

criteria k
jIC .. , mean random consistency index is k

jIR .. , 

1,,2,1  knj  . Then the comprehensive index of k layer is: 
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When 1.0.. )( kRC , suppose that the judgment matrix A 
has satisfactory consistency. The level structure has the 
overall satisfaction above the level of k. Vice versa, it does 
not have a satisfactory consistency, and there is need to 
modify. 

IV.     MATHEMATICAL MODEL ON IMPROVED AHP 

In the actual application process, the judgment matrix 
can be obtained by the expert evaluation, with a certain 
blindness, only after many times to adjust the data to pass 
inspection. The abuse of multiple adjustment data is to 
increase the amount of computation work and to make the 
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estimation data lose objectivity. Therefore, it is necessary to 
improve the AHP method, so that it can meet the 
requirements of the consistency of the nature. The improved 
AHP method is the use of the optimal transfer matrix, so 
that it is natural to meet the requirements of consistency, not 
to carry out the consistency test, directly to the evaluation 
index weight. 

A.   Basic Principle on Improved AHP 

Set the evaluation index with n, ni ,,2,1  , nj ,,2,1  , 

nnijaA  )( , nnijbB  )( , nnijcC  )( . 

According to the formula (2), A is the reciprocal matrix. 

If 
jk

ik
ij a

a
a  , A is said to be consistent; If jiij bb  , B is the 

anti-symmetric matrix. If kjikij bbb  , B is transmitted. If 

A is consistent, )lg(lg ijij abAB   is consistent. If B is 

transfer matrix, )10(10 ijb
ij

B aA  is consistent.  

If there is a transfer matrix C, and   
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smallest one, C is the optimal transfer matrix for B. 
If the A is the reciprocal matrix, AB lg , C is the 

optimal transfer matrix of B, then CA 10*  is the quasi 
optimal matrix of  A, satisfying condition that  
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If B is the opposition matrix, the optimal transfer matrix 
C of  B is satisfied. 
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Since C is a transitive, it can be found 0,,, 21 nxxx  , 

make jiij xxc  , according to the nature of the transfer 

matrix: 
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Calculate Jmin , that is 0
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B.   Calculation Steps on Improved AHP 

According to the basic principle of the improved AHP 
method, the calculation flow chart of AHP is shown in Fig. 
(2). 

The calculation process is described as follows: 

The first step: the construction type (1) format of the A 
matrix, that is, the judgment matrix. 

The second step: constructing B matrix. Calculation 
formula: 

ijij ab lg                                (19) 

The third step: constructing C matrix. Calculation 
formula: 
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k
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n
c

1
)(

1
                        (20) 

The fourth step: constructing A* matrix. Calculation 
formula: 

ijc
ija 10*                                  (21) 

The fifth step: calculate the n times. Calculation formula: 

n
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The sixth step: make the normalized processing. 
Calculation formula: 
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The sixth step: make the normalized processing. 
Calculation formula: 
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Figure 2.  Flow chart on improved AHP 
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Ⅴ. WEIGHTS CALCULATION ON EVALUATION 

INDICATOR SYSTEM 

According to the calculation steps of the improved AHP, 
the calculation of the two levels of the "raw material 
acquisition 1U " is as follows: 

The first step: according to the formula (1), construct the 
judgment matrix A. 
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412532

32/11423

2/15/14/113/16

23/12/1314

5/12/13/16/14/11

A               (24) 

 
The second step: according to the formula (19), 

construct the B matrix. 
 





































0602.0477.0301.0301.0699.0

602.00301.0699.0477.0301.0

477.0301.00602.0301.0477.0

301.0699.0602.00477.0778.0

301.0477.0301.0477.00602.0

699.0301.0477.0778.0602.00

B  (25) 

 
The third step: according to the formula (20), construct 

the C matrix. 
 





































0460.0323.0154.0164.0413.0

460.00137.0614.0296.0873.0

323.0137.00476.0159.0576.0

154.0614.0476.00317.0259.0

164.0296.0159.0317.00577.0

413.0873.0576.0259.0577.00

C   (26) 

 
The fourth step, according to the formula (21), construct 

the A* matrix. 
 





























1347.0475.0426.1685.0588.2

884.21371.1111.4977.1464.7

103.2729.01992.2442.1767.0

701.0243.0334.01482.0816.1

459.1506.0693.0075.21776.3

386.0134.0265.0551.0265.01

*A     (27) 

 
The fifth step: according to the formula (22), calculate the 

n times. 
 
 
 

355.0)386.0134.0265.0551.0265.01(6
1 M  

260.1)459.1506.0693.0075.21776.3(6
2 M  

607.0)701.0243.0334.01482.0816.1(6
3 M  

311.1)103.2729.01992.2442.1767.0(6
4 M  

497.2)884.21371.1111.4997.1464.7(6
5 M  

864.0)1347.0475.0426.1685.0588.2(6
6 M  (28) 

 
The sixth step, according to the formula (23), make the 

normalization process. 
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864.0497.2311.1607.0260.1355.0)(
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051.0894.6
355.0

1 w . similarly, 183.02 w , 088.03 w , 

190.04 w , 362.05 w , 126.06 w            (29) 

 
Using the same calculation steps, calculate the other two 

indicators and the weights of the first level indicators, the 
results are shown in Table 3.From the calculation results of 
the weight in Table 3, it can be seen that the importance of 
the 4 level indicators are: Engineering application ( 3U ), 

Waste disposal ( 4U ), Raw material acquisition ( 1U ) and 

Manufacturing ( 2U ). The weight of “Engineering 

application ( 3U )” reaches 37.7%, so special attention should 

be paid to the features of "Engineering application" when 
the building materials is used in production. Two stage 
index of “Raw material acquisition ( 1U )”, Environmental 

impact ( 15u ), Resource consumption ( 14u ) and Acquisition 

cost ( 12u ), the weight of these three indexes reach 73.5%, 

Therefore, in the process of raw material collection should 
pay attention to these 3 indicators; Two stage index of 
“Manufacturing ( 2U )”, Cleaner production ( 23u ), Industry 

direction ( 25u ), Environmental impact ( 22u ) and Energy 

consumption ( 21u ), the weight of these four indexes reach 

80.84%, therefore, In the manufacturing process, should pay 
attention to these four indicators; Two stage index of 
“Engineering application ( 3U )”, Use localization ( 33u ), 

Environmental impact ( 32u ), Use security ( 34u ) and 

Construction process ( 31u ), and the weight of these three 

indexes reach 71.1%, therefore, In the process of 
engineering application, should pay attention to these four 
indicators; Two stage index of “Waste disposal ( 4U )”, 

Recovery rate ( 42u ), Recycling rate ( 43u ) and 

Environmental impact ( 41u ), the weight of these three 

indexes reach73.8%, therefore, In the process of waste 
disposal, should pay attention to these three indicators. 
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TABLE Ⅲ CALCULATION RESULTS ON WEIGHTS OF EVALUATION 
INDICATOR SYSTEM 

First level 
indicator 

Second level 
indicator 

First level 
indicator 

Second level 
indicator 

Code Weight Code Weight Code Weight Code Weight 

U1 0.212 

u11 0.051 

U3 0.377 

u31 0.153 

u12 0.183 u32 0.197 

u13 0.088 u33 0.201 

u14 0.190 u34 0.170 

u15 0.362 u35 0.132 

u16 0.126 u36 0.147 

U2 0.146 

u21 0.144 

U4 0.265 

u41 0.181 

u22 0.187 u42 0.291 

u23 0.274 u43 0.266 

u24 0.068 u44 0.153 

u25 0.203 u45 0.074 

u26 0.124 u46 0.035 

Ⅵ.     CONCLUSIONS 

With the increasing population and economic growth, the 
scale of building activity is growing, especially the rapid 
development of building materials industry. When building 
materials industry meets the needs of people's material life , 
it also brings a heavy burden to the environment. Evaluation 
on the green degree of building materials has become one of 
the most popular research directions at present. Index 
system is the basic work of system evaluation, this paper 
constructs the evaluation index system of life cycle process 
of building materials, and provides support for the 
construction of green degree evaluation. AHP is a practical 
multiple criteria decision making method. The ranking 
problem is the basis of the analytic hierarchy process, and 
the effective method for quantitative analysis of the non-
quantitative event. In this paper, the improved AHP, without 
the need to carry out the consistency test, directly gets the 
weight value. The calculation process is simple and has 
strong scientific nature. The research content of this paper is 
to solve the key problem of green degree evaluation of 
building materials. According to the actual situation, adjust 
the index and weight value according to the actual situation. 
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