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Abstract. Value engineering is a kind of technical and economic thinking and
technology that seeks to build products at the lowest cost under the premise of
satisfying the use function. The highway construction project is a huge linear
system project, involving many disciplines, long mileage, large scale, and span-
ning different natural areas. Due to various factors, it is impossible to fully un-
derstand the geological conditions along the line during the project survey stage,
and it is impossible to fully conform to the actual conditions in the design process.
Therefore, design changes are inevitable in actual construction. Based on the
basic principle of value engineering, combined with the characteristics of change
scheme and engineering requirements, this paper determines the weight coeffi-
cient of comparison selection index, calculates the value coefficient according to
the function coefficient and cost coefficient, and determines the recommended
scheme. The research results of this paper have been applied to the selection of
expressway scheme in Yunnan mountainous area. The selection factors are com-
prehensive and the method is simple and easy.

Keywords: value engineering, design change, function coefficient, cost coeffi-
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1 Introduction

1.1  The Concept and Workflow of Value Engineering

Value engineering (VE) is a commonly used method in engineering economic analysis.
It originated after the Second World War and was founded by Myers of General Electric
Company. At that time, Myers believed that the purpose of purchasing materials was
to obtain a certain function rather than the material itself. Therefore, as long as the
function meets the requirements, we can seek to buy other materials that can realize the
same function to replace them, reduce the product cost under the premise of ensuring
the function, and then summarize a whole set of analysis methods, called value analy-
sis[1-2]. After that, the method of value analysis was gradually accepted and
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popularized by the industry, and was finally called value engineering by the Bureau of
Ships of the United States Navy in the process of use.
Value engineering can be calculated by the following equation:

V=FC ()

Where V is the value of the research object, F is the function of the research object, and
C is the cost of the research object.

Value engineering fully considers both function and cost in the process of analysis
to effectively combine technology and economy[3-4]. Value engineering is a system-
atic work in highway engineering project management. In the application process, the
main flow includes confirming the target, functional analysis and function, value eval-
uation, program formulation and program implementation[5].

1.2 The concept of highway design change

Design change of highway engineering refers to the modification and improvement of
approved preliminary design documents, technical design documents or construction
drawing design documents from the date of approval of preliminary design of highway
engineering to the period of completion acceptance and formal delivery for use .High-
ways are huge linear system projects, and its construction has a long mileage, a wide
range of spans, and many constraints. Highway construction must strictly comply with
the relevant provisions of the State capital construction procedures, so as to survey first,
design second and construct last. However, due to the limitations of topography, geol-
ogy, construction period, funds, technical level, and geographical environment of the
construction area, it is difficult to comprehensively consider various factors that may
occur during the construction period (especially the highway in mountainous and hilly
areas) in the design stage, resulting in inevitable design changes during the construc-
tion.

The function of highway transportation can be realized by a variety of schemes, such
as subgrade, bridge, tunnel and so on. The cost required by each scheme is different.
The scheme adopted not only has technical and economic constraints, but also national
and local policies, laws and regulations and other constraints. Considering all kinds of
factors comprehensively and using the method of value engineering to reasonably de-
termine the construction scheme is conducive to saving resources and investment[6].

2 The Working Method of Value Engineering

2.1  The Working Procedure of Value Engineering

Value engineering is carried out in accordance with the procedures of problem analysis,
comprehensive research and program evaluation. In the stage of problem analysis, the
main work is to select value engineering objects, collect information, analyze and eval-
uate functions. Comprehensive research focuses on solution creation and mainly
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answers whether there are other ways to achieve the same function. In the program
evaluation stage, the program is mainly evaluated and selected for each program 7-8].

2.2 Scheme Evaluation Method of Value Engineering

The scheme evaluation of value engineering uses the value coefficient method for
scheme comparison, so as to select the scheme that meets the functional requirements
and has the highest value coefficient. Therefore, it is necessary to determine the respec-
tive function coefficient and cost coefficient according to the characteristics of the pro-
posed scheme[9-10]. The function coefficient and cost coefficient are calculated ac-
cording to the following equation:

The weighted total score of the program

Function coefficient(F)= 2
unction coetheie ( ) The sum of the weighted total scores for each scheme ( )
The cost of the scheme
cost coefficient(C) =
( ) The sum of the cost of each scheme (3)
N4 Function coefficient(F
Value coefficient(V) = G 4

cost coefficient(C)

In the actual scheme comparison selection, the value coefficient of each scheme is
calculated respectively, and then the scheme with higher value coefficient is selected
as the recommendation scheme.

3 The Engineering Case

3.1  Project Overview

The highway in a mountainous area of Yunnan province is designed with 4 lanes in
both directions, the design speed is 80km/h, the roadbed is designed with a width of
25.5m. The first plan, with a bridge across the ravine, would have required the aban-
donment of 180,000 square metres of land. However, the capacity of the soil dump site
is insufficient due to the fact that all the land around the route is basic farmland. The
nearest dump site is about 9Km away from the bridge. The second scheme uses the
ravine-filling scheme, which will consume about 110,000 square meters and help re-
duce the expropriation of abandoned land. The bearing capacity of the ravine founda-
tion is high and can meet the requirements of soil filling. But in order to meet the needs
of the drainage ditch, a 4x4m culvert must be installed.

3.2  Determination of Evaluation Index and Weight Coefficient

The Evaluation Index.

. Two schemes are drawn up for this project. The first scheme uses bridge to cross
the ravine, and the second scheme uses roadbed + culvert to cross the ravine. In order
to ensure adequate selection of schemes, five indicators including progress (F1), project
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land (F2), project quality (F3), construction safety (F4) and environmental impact (F5)
were drawn up for comparison in terms of functions.

The Weight Coefficient of the Evaluation Index

. The function coefficient of each scheme should be calculated when comparing and
selecting each scheme. There are many factors affecting the functions of each scheme,
so select several more important functions and score the importance of each function
according to the actual situation of the project, so as to determine the weight coefficient
of each function. By calculating the weighted score of the corresponding selected func-
tion in each scheme, the function coefficient is finally determined. Combined with the
actual situation of the project, the 0-4 scoring method is used to calculate the weight
coefficient of each index as follows:

Table 1. The weight coefficient of each function

Functions F1 F2 F3 F4 F5 Score Weight coefficient
F1 X 1 1 1 2 5 0.125
F2 3 X 1 1 2 7 0.175
F3 3 3 X 3 2 11 0.275
F4 3 3 1 x 1 8 0.200
F5 2 2 2 3 x 0.225
Total 40 1

As can be seen from the table, the functional evaluation coefficient of engineering
quality (F3) of this project is 0.275, which is the key function considered, followed by
environmental impact (F5), which is 0.225. When calculating the functional score of
each scheme, the above coefficients will be used as weight coefficients to calculate the
weighted score.

33 Determination of Functional Coefficients

The calculation of the function coefficient can be calculated by the compulsory deter-
mination method. The specific scoring system has 10 and 100 points, and this paper is
calculated according to the 10 point system. The specific operation method is as fol-
lows:

Randomly select the relevant five experts in the industry, each expert independently
analyzes according to the provided scheme and independently scores the evaluation
indicators of all alternatives, and then calculates the evaluation score of each evaluation
indicator corresponding to all alternatives according to the weight coefficient calculated
in Section 3.2, and the weighted score is calculated according to equation (5) and equa-
tion (6):

A weighted score for an indicator=Weight coefficients x Expert scoring 5)

Expert scoring = >7_,(a; + a, + -+ a,) /n (6)
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Where n is the number of experts who participated in the rating, a,, is the score of each
expert on a certain indicator.

The scoring results and calculation process of function coefficients are shown in
Table 2 below:

Table 2. Score results and functional coefficient calculation table

. . Roadbed + culvert cross-
. Bridge crossing scheme .
Indicators Weight coef- ing scheme
ficient Weighted Weighted
score Score
score score
F1 0.125 8 1.00 10 1.25
F2 0.175 10 1.75 5 0.875
F3 0.275 10 2.75 8 2.2
F4 0.200 8 1.60 10 2
F5 0.225 10 2.25 7 1.575
Total score 46 9.35 40 7.9
Function coefficient 0.542 0.458

It can be obtained from the above table that the functional coefficient of the bridge
crossing scheme is 0.542, and the functional coefficient of the "roadbed + culvert"
crossing scheme is 0.458. After the cost coefficient is determined, the two function
coefficients will be used to calculate the value coefficient.

34 Determination of Cost Coefficient

To determine the cost coefficient, we must first calculate the project cost of each pro-
gram, and then determine the cost coefficient of each scheme. According to the calcu-
lation, the project cost of the bridge crossing scheme is 33.67 million yuan, and the
project cost of the "roadbed + culvert" crossing scheme is 18.83 million yuan, which
saves 14.84 million yuan compared with the former one. The cost coefficients of the
two schemes calculated according to Equation (3) are shown in Table 3 below:

Table 3. Cost coefficients of the two schemes

Scheme Cost(CNY)
Bridge crossing scheme 33,670,000
Roadbed + culvert crossing scheme 18,830,000
Total 52,500,000

Bridge crossing 0.6413

Cost coefficient
Roadbed + culvert 03587
crossing
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3.5 Comparison and Selection of Schemes

According to the calculation results, the function coefficient of the scheme using bridge
crossing is higher than that using "roadbed + culvert" crossing, but the cost coefficient
is also higher than that using "roadbed + culvert" crossing. To get the best scheme, we
can compare the ratio of functionality to cost, which is called the value coefficient.

Table 4. Value coefficient calculation results

Schemes Bridge crossing Roadbed + culvert crossing
Function coefficient 0.5420 0.4580
Cost coefficient 0.6413 0.3587
Value coefficient 0.8452 1.277

Through comparative analysis, it can be seen that the value coefficient of the "road-
bed + culvert" crossing scheme is higher than that of the bridge crossing scheme. There-
fore, from the perspective of value engineering, this project should choose the "roadbed
+ culvert" crossing scheme.

3.6 Scheme Evaluation

After the scheme is selected and implemented, the implementation effect of the pro-
gram should be evaluated in order to continuously improve the evaluation method. In
this example, because the bridge site has less basic farmland, in order not to occupy the
basic farmland, it is changed to fill. Although part of the land is increased, but the aban-
doned area is reduced. In general, the land use area increases less, and under the geo-
logical and topographic conditions, the fill height and roadbed construction quality are
also easy to control. After expert review, it was finally implemented according to the
changed scheme, which greatly reduced the investment in the project.

4 Conclusion

This paper introduces how to use value engineering method to make design change and
optimize design scheme comparison. By using the value engineering method to deter-
mine the recommendation scheme, the index which is difficult to quantify can be fur-
ther converted into quantifiable numerical index for comparison. In addition, the nu-
merical index can simultaneously synthesize the weight of various factors and the opin-
ions of experts within the industry. The comparison factors are comprehensive, the
method is simple and easy, and the compared conclusion is more intuitive. The tech-
nical personnel can use the thought and method of value engineering to determine the
recommended scheme when determining the design change scheme or selecting the
scheme in the design stage, so that the determined scheme is more reasonable.
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