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ABSTRACT

For improving the dynamic management performance of construction cost, the dynamic con-
trol model of cost of construction based on fuzzy neural network is studied. Consider the effect
of resource allocation, construction progress and construction quality on the cost of project in
construction stage, and build the cost control index for the project in stage of construction. The
fuzzy logic model is used in selecting the main cost related indicators from project cost control
index system at the construction stage as input neurons of the BP NN, and the BP neural network
is employed to output the results of prediction of cost at the construction stage. The project cost
prediction results are set as the data basis for the dynamic control of the project cost, determine
the most optimistic cost, the most probable cost and the most pessimistic cost of project cost in
stage of construction through key chain method, and set buffers to realize dynamic control of
project cost in stages of construction. The evaluation results prove that the developed method
will be able to accurately predict the project cost in stages of construction, and the cost saved in
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the construction phase of the project is more than 300000 yuan.

1. Introduction

The scale of China’s construction industry continues
to expand and the cost is getting increased. On the
one hand, its efficient development means that China’s
construction operations are high-tech, on the other
hand, it also shows that China’s construction industry’s
demand for the control and management of project cost
continues to increase [1]. Generally speaking, because
the construction project itself has the attribute of high
investment, and the cost management in specific oper-
ations is of extremely obvious importance, the dynamic
control of cost often follows the project. Construction
projects basically has the phase of long construction,
large investment funds and easy to be affected by other
external factors [2]. Therefore, in the construction pro-
cess of the project, first of all, reasonably arrange the
required resources in the project, and to establish and
improve a good management system [3] in the sub-
sequent construction process, to control various prob-
lems affecting the cost the process of construction. At
the same time, it is also necessary to set up a moni-
toring system to avoid related problems and effectively
enhance the efficiency of the process of construction.
To a certain extent, the project cost refers to the
price built in the whole construction process. However,
from different perspectives, the corresponding project
cost also has other definitions. Cost control is gen-
erally divided into three stages in the actual process:
cost control before construction [4], cost control dur-
ing construction and cost control after construction.

Among them, the most important is the cost control
in the stages of construction. A certain cost control in
the construction phase [5] is of great significance for
the follow-up project construction. At the same time,
it can save funds for the whole enterprise and improve
the follow-up construction observation, which has an
extremely significant role in encouraging the enterprise
[6]. At the same time, the cost control in the con-
struction stage is also of much practical importance
for enterprises to realize the economic and reasonable
investment in the project. However, since the project
itself has the characteristics of high construction dif-
ficulty [7], long period and complex situation in the
construction process, difficulty of control of cost in the
construction process has also increased a lot. In general,
in today’s construction projects, the cost of construc-
tion projects is mainly composed of costs, taxes and
profits, and the most common manifestation of project
cost is the contract price of the project [8]. That is, the
price jointly recognized by investors and contractors,
which cannot be unified to a certain extent, because
a series of cost problems will occur in the subsequent
construction process, therefore, it is necessary to con-
trol the cost and ensure the stability of the funds of
whole construction project [9]. Cost control in con-
struction process is to use professional skills and control
measures to work, carry out reasonable system and
staff arrangement, and cost control in phase of con-
struction directly affects a series of cost control after
construction.
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At present, there are many studies on the cost of engi-
neering projects. Reference [10] studies the cost control
of post-earthquake building group restoration projects.
This method fully considers that the dynamic control of
engineering cost in the post-earthquake building group
restoration construction stage is more variable than that
in other stages. An improved genetic algorithm is used
to build the cost model of post-earthquake building
group restoration projects and complete the dynamic
control of the cost of post-earthquake building group
restoration projects; Reference [11] applies BIM Tech-
nology to the cost control of highway engineering. The
present situation of management of cost is analyzed in
this method in various stages of highway engineering.
Combined with the core content of BIM Technology;, it
deeply analyses the importance of using BIM in the cost
control and management of Highway Engineering in
4 stages: bidding, designing, constructing and delivery.
Through experiments, it is verified that this method can
work synchronously with each link to effectively con-
trol the cost of highway projects. Through project cost
control, it can ensure that cost management can tend to
flow, refinement and standardization;Shi et al. Applied
SD technology to expressway project cost control [12].
This method uses SD theory to draw the causal rela-
tionship diagram of the factors affecting project cost,
reveal the logical relationship and action mechanism of
the factors affecting project cost, draw the stock flow
diagram of the project cost control index system, build
the expressway project cost control model based on SD,
and quantitatively study the structure of the cost con-
trol index system; Finally, the JT expressway project is
taken as a case project to evaluate the progressiveness
and model’s efficiency. Although the above three meth-
ods can achieve dynamic control of project cost, they
ignore the importance of construction stage for project
cost control and have poor application performance.
For enhancing the application of dynamic control of
cost of construction, this work studies the dynamic con-
trol model of cost of construction based on fuzzy neural
network, and discusses the dynamic control of con-
struction cost, so as to offer a feasible theoretical basis
for the cost work of construction projects in China.

2. Material method

2.1. Project cost control index in construction
stage

The project cost control index in the phase of construc-
tion is affected by many factors, and the factors affecting
the project cost control in the phase of construction are
mainly as follows:

2.1.1. Impact of construction progress on project
cost at construction stage

The reasons for deviation of project cost caused by
construction progress are shown in Figure 1.
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Figure 1. The reasons for the deviation of the project cost
caused by the progress.
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Figure 2. Reasons for the deviation of engineering cost caused
by quality.

Analyze the reasons for the project cost deviation
caused by the project progress in Figure 1, mainly
including the following reasons: (1) The schedule is
unclear and the supply of resources is delayed. (2) The
construction technology is wrong, and the on-site orga-
nization and management are not effective. Errors in
engineering geology, hydrology and other surveys affect
the total construction period [14]. (3) Construction
progress control is insufficient and tracking feedback is
not timely. The plan is not coordinated with the imple-
mentation and lacks adjustment measures, resulting in
disorderly construction.

2.1.2. Impact of construction quality on project cost
at construction stage

The reasons for deviation of project cost caused by
construction quality are shown in Figure 2.

Analyze the reasons for the project cost deviation
caused by the project quality in Figure 2, mainly includ-
ing the following reasons: (1) The construction man-
agement is chaotic and lacks a sound quality control
system. There are relatively few management person-
nel, and the subjective sense of responsibility is not
strong, which leads to inadequate management of con-
struction operations on the site, such as disorderly



stacking and random damage of finished and semi-
finished products, resulting in serious damage to the
overall quality of the project; There is a lack of strict
handover measures between various processes and
types of work in the construction process, improper
handling of hidden dangers between processes, and
inadequate quality control system. (2) The construc-
tion process is wrong, the material selection is not
standardized, and the project cost is too low. Reinforce-
ment ratio, vibration technology, concrete curing con-
ditions, etc. will affect the project quality [15], result-
ing in increased secondary rework cost; Construction
enterprises overemphasize project cost, neglect project
quality, purchase substandard main materials, cut cor-
ners on work and materials, and form a situation of
“low price and low quality”. (3) The project progress
is unreasonable. Whether the project can be completed
on schedule or ahead of schedule is closely related to
the cost and benefit of the project. Builders shorten the
construction period, omit the process and shorten the
process, so as to complete the sales of products ahead of
schedule and recover the funds. Therefore, unreason-
able reduction of the construction period leads to an
increase in quality cost.

Based on the above analysis, the construction cost
control index system at the construction stage is dis-
played in Table 1.

The selected indexes in the construction stage
project cost control index system are used to obtain the
prediction results through fuzzy control, and the pre-
diction results of the construction stage project cost are
used as the basis of dynamic control.

2.2. Project cost prediction method in
construction stage based on Fuzzy Neural Network

2.2.1. Impact of resource allocation on project cost
in construction stage

The reasons for the deviation of project cost in the con-
struction stage caused by resource allocation are shown
in Figure 3.

Analyze the reasons for the deviation of project
cost caused by resource allocation in Figure 3, mainly
including the following reasons: (1) lack of reason-
able human resource allocation. The ability and quality
of some construction personnel do not match their
posts, and there are relatively too many non produc-
tion workers; The basic work is not perfect, the talent
evaluation and work analysis are not properly carried
out, the operation discipline is poor, the phenomenon
of idling workers occurs from time to time, and the
human resource allocation has not been dynamically
optimized and adjusted. (2) Lack of scientific material
procurement and use planning. There are grey areas in
the bidding for important material procurement, the
procurement method is single, and the optimal pro-
curement approach is neglected; Lack of warehouse
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Table 1. Project cost control index system in construction
stage.

Overall control
index

Primary control Secondary control
index index

The allocation of
resources

Human configuration
Material resources con-
figuration
Comprehensive config-
uration

schedule

Site management
Purchase way

Supply way

Material way
Warehouse
management

The construction tech-
nology

Construction process

Construction stage Manual control

project cost control

Material control

Mechanical control

) Human )
configuration
The Material resources Fluctuation
allocation ——p» . > of project
configuration pro)
of resources cost
N Comprehensive
7 configuration

Figure 3. Resource allocation leads to engineering cost devia-
tion.

management planning; Excessive material requisition is
serious; The material budget plan is not perfect; Lack
of planning and management of purchased materials,
irregular stacking of steel, plates and other main mate-
rials, resulting in increased waste and loss of materials
and substantial increase in cost. (3) Lack of compre-
hensive resource allocation plan. The comprehensive
allocation of labor, materials and machinery resources
has not reached the maximum utilization efficiency
[13], and idle working faces, idle equipment and idle
workers are common; During the operation of mechan-
ical equipment, the lack of necessary maintenance and
neglect of the normal storage of equipment artificially
reduced the service life of equipment and increased the
depreciation expenses of construction projects.

2.2.2. Selection of input neurons of neural network
based on fuzzy logic

Fuzzy logic method is used to select the input neu-
rons of BP neural network from the index system of
project cost control in the construction stage. The pur-
pose of building a fuzzy logic model is to select input
neurons. There are many factors affecting the project
cost in the construction stage, and some of them are
related and redundant. The varying selection of input
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vectors for the same prediction model can lead to dif-
ferences in prediction accuracy and generalization abil-
ity among the resulting models. Therefore, finding the
main factors related to the cost can improve the pre-
diction accuracy [16]. The essence of the fuzzy neural
network to predict the project cost in the construction
stage is to input a plurality of relevant variables related
to the project characteristics, that is, input neurons, into
the model, and then output the predicted value after
calculation in the model. The process of constructing
a fuzzy logic model for selecting input neurons of BP
neural network is as follows:

Establishing intuitionistic fuzzy sets Let S = {si,
s2, .., SpJbe the attribute set or scheme set of the project
cost in the construction stage, and

R = {[(si>5j), R (s> $7)> OR(Si> $7)1 (i ) €S % S}

It be an intuitionistic fuzzy partial order relationship
on S. Where,r(si, s;) represents the degree to which
s is superior (inferior) tos;, and vr(s;, s;)represents the
degree to which s; is not superior (inferior) tos;.

When the membership degree is given, it is a fixed
value. In intuitionistic fuzzy sets [17], non member-
ship and membership are two independent indicators,
and both membership and non membership can be
regarded as fuzzy sets on X. Uncertain indicators are
introduced, which are the most important features of
intuitionistic fuzzy sets [18]. In actual decision-making,
there are factors such as insufficient, missing and inac-
cessible information, and decision makers can not accu-
rately express preference information. It is very appro-
priate to apply intuitionistic fuzzy expression [19].

(1) (2) Determining the algorithm of fuzzy logic
model Let aeX be the three intuitionistic fuzzy num-

bers of the fuzzy logic model, where, 11,€[0, 1], v,€[0, 1],

Lo + vg < land Xare the sets of all intuitionistic fuzzy
numbers, then:

ve = (1= (1= o) (1)

For any intuitionistic fuzzy sets A and B, the subtraction
operation is:

A — B = {(x, ua—p(x), va—p(x)|xeX)} (2)

For arbitrary intuitionistic fuzzy sets A and B, the divi-
sion operation is:
A =+ B = {(x, na1+B(x), vA+B(x)|xeX)} (3)

The score function (S(a)) and exact function expres-
sion (L(a)) of intuitionistic fuzzy number are as follows:

S(a) = pg — Vg (4)
L(a) = ptg + vg (5)

(3) Consistency checking of fuzzy logic model

Consistency is an important research topic in the
theory of project cost decision-making in the construc-
tion stage. The results obtained without the preference
relationship of consistency are unreliable. Therefore,
it is necessary to carry out consistency test. Let R be
intuitive fuzzy preference [20], then R be an acceptable
integral consistent intuitive fuzzy preference. If there
is d(R,R) < 7, where 7 is the consistency threshold,
d(R,R') is the distance measure from intuitive fuzzy
preference R to its corresponding perfect integral con-
sistent intuitive fuzzy preference R, and:

dR,R’—— jl) (6
e T ;;“ﬂ” e
Whenj=i+1,ri;=rU;Whenj<i,riJ_-z(Di;,ﬂi]_');

It is only necessary to calculate the difference of the
upper triangular elements, and the number of upper
triangular elements is (n — 1)(n — 2).

(4) The priority vector of fuzzy logic model is
derived

After establishing a reasonable intuitive fuzzy pref-
erence relationship, it is necessary to derive the priority
weight of the dynamic control indicators of project cost
at each evaluated construction stage from the intu-
itive fuzzy preference relationship and then sort the
factors [21]. The priority is a group of # dimension
weight vectors w = (w1, wa, - - - ,wn)T obtained from
the preference relationship.

Calculate the priority vector with the indirect calcu-
lation method of the normalized sequential summation
method: Converting the intuitionistic fuzzy preference
relationship into the corresponding interval fuzzy pref-
erence relationship R= ([#45> 1 = vij])nxns Then, the
priority expression of the interval fuzzy preference rela-
tionship R is calculated as follows:

(7)

(5) Ranking scheme of influence degree coefficient

Compare the intuitionistic fuzzy numbers a; =
(4g;0q;) and o = (,ua] va]) of the dynamic control
index of project cost in the two construction stages: if
S(a;) < S(a)), then a; < a;. If S(a;) = S(a;), there are
two situations as follows: if L(a;) = L(a;), then a; = a3
if L(a;) < L(a;), then a; < a;j. The sequence obtained
by the above process is a complete sequence but the
scalar product is not closed. On the basis of this scheme,
the scheme of comparing any two intuitionistic fuzzy
numbers is adopted.

A scheme for comparing the sizes of two intuition-
istic fuzzy numbers a; = (u4;04;) and a; = (,uaj vaj)
is obtained by using the similarity function H(a) =

1— . e e .
1 +71;,; of the intuitionistic fuzzy number a = (uq, v4):




If H(a;) < H(aj), a; < a. If H(a;) = H(a;), there are
two situations as follows: if L(a;) < L(a)), thena; < ajs
if L(a;) = L(j), then a; = ;. Using the above process,
we can not only ensure that the results obtained are still
consistent with people’s intuition when the parameters
of intuitionistic fuzzy numbers change slightly, but also
obtain the total order of intuitionistic fuzzy numbers.
The fuzzy logic analysis model constructed through the
above process is used to calculate the influence degree
coeflicient of the project cost control index in the con-
struction stage, and select the input neuron of the BP
neural network in the fuzzy neural network according
to the obtained influence degree coefficient.

2.2.3. Prediction of construction cost based on BP
neural network

After the input neuron of BP neural network is deter-
mined by the fuzzy logic model, the project cost in the
construction stage is predicted by the BP neural net-
work method. Neural network simulates the thinking
mode of human brain to process relevant information
quickly and effectively. At present, there are BP neural
network and cerebellar model neural network in prac-
tical use, and the most frequently used are BP neural
network and other variations. BP neural network is a
forward multi-layer neural network learning algorithm
with backward error transmission [22-25]. It is com-
posed of input layer, hidden layer and output layer.
Nodes between layers are fully interconnected, and
nodes in the same layer are not connected. Theory and
practice have proved that the neural network with only
one hidden layer can approach any continuous function
at will [26-28], which is more conducive to problem
processing and solution. Therefore, the three-layer BP
neural network system is adopted as the prediction
model of the fuzzy neural network.

The input neuron of the neural network determined
by the fuzzy logic network is selected as the input
vector of the BP neural network, and the connection
weights and thresholds of each layer are given initial
values. Through the forward transmission of informa-
tion, sample errors often occur, and the errors are trans-
mitted in the reverse direction. In the process of reverse
transmission [29], the error is allocated to each node.
By calculating the node error, each weight and thresh-
old are adjusted, and so on until the set desired error is
reached.

Let the input vector of the input layer of BP neural
network to predict the project cost in the construc-
tionstagebe X = (x1,x2, - - - ,x2) T, the output vector of
the hidden layer be T = (1,13, - -, tm)T, and the out-
put vector of the output layer be Y = (y1, 32, - - ,yp)T.
Ix and yx are used to represent the weight matrix of
input layer hidden layer and hidden layer output layer
respectively. The expected value of each node of the
output layer and the actual output of each node of the
output layer of the BP neural network are represented
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by and respectively. When the BP neural network pre-
dicts the project cost at the construction stage, the error
expression of the output layer is defined as follows:

1< ,
E= EZ(lk — %) (8)

k=1

When BP neural network is used to predict the project
cost in the construction stage, the error calculation for-
mulas of the hidden layer and the input layer can be
expanded accordingly.U(n) and W (n) respectively rep-
resent the node weights of the output layer and the
hidden layer of the BP neural network, x; and y; respec-
tively represent the input and output of the BP neural
network, # and J respectively represent the adjustment
factor and the learning factor. The modified expression
of the node weights of the output layer and the hid-
den layer of the BP neural network for the project cost
prediction in the construction stage is as follows:

U(n+ 1) = U(n) + ndy: )
W(n+1) = W(n) + ndx; (10)

The node threshold 6 (u) correction expression of BP
neural network for project cost prediction in the con-
struction stage is as follows:

O(n+1) = 0(n) + 5o (11)

In the above formula, p is the number of samples and »n
is the number of iterations.

The transformation functions used in BP neural net-
works are usually differentiable monotonically increas-
ing functions, such as purelin linear functions and sig-
moid functions. Combined with the analysis of the
characteristics of purelin function and sigmoid func-
tion, the tangent sigmoid function is used for the trans-
mission of neurons in the hidden layer of BP neural
network, and the purelin function is used for the trans-
mission of neurons in the output layer. The determined
transformation function [30] is introduced to obtain
the hidden layer node output expression of BP neural
network for project cost prediction in the construction
stage as follows:

kj =f(netj —6) (12)

n
Where net; = > Wijx; and 6; are the node thresholds
i=0

i-
of the hidden layer, j = 1,2, -- ,m and f are the non-
linear action functions. The node output expression of
the output layer of BP neural network for project cost
prediction in the construction stage is as follows:

yr = f(nety — 6)) (13)

m
Where, net; = > Ujryj and 6; are node thresholds of
j=0
the output layer, and t = 1,2,--- ,p.
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BP neural network is used to output the project cost
results at the construction stage and complete the cost
prediction.

2.3. Dynamic control of project cost in
construction stage based on critical chain method

According to the idea of the critical chain method, in
order to effectively control the project cost in the con-
struction stage, part of the subdivisional works in the
project cost increased due to conservative estimation
are calculated according to a guarantee rate, and the
cost difference under this guarantee rate is arranged
into the basic reserve in the reserve according to the
cut and paste method or the root variance method,
that is, it is set as a buffer [31]. Since the basic reserve
fund is for unforeseen expenses that may occur dur-
ing the implementation of the project, there will be no
expenses that will not be paid. Therefore, this char-
acteristic is used to arrange the cost difference into
the basic reserve fund and control the project cost
through the reserve fund during the implementation of
the project [32]. By applying the critical chain method,
potential errors in the process of project cost can be
overcome.

Consider all divisional and sub divisional works
in the whole project construction stage as a system,
and establish a network diagram of divisional and sub
divisional works and costs of divisional and sub divi-
sional works. In the network diagram, each construc-
tion period of the construction stage is changed to the
predicted cost of the construction stage project output
by the fuzzy neural network, and the total construc-
tion period is changed to the total predicted cost of
the construction stage project. Find the sub divisional
and sub divisional stages that restrict the total pre-
dicted cost of the project cost in the construction stage
through the network diagram. According to the project
cost prediction cost in the construction stage output
from the fuzzy neural network, the most optimistic
cost, the most probable cost and the most pessimistic
cost of the budget cost of the divisional and subdivi-
sional works in the construction stage are determined
by using the method of dynamic control of project
cost using the key chain. The project buffer and input
buffer are calculated by using the most optimistic cost,
and the uncertainty factors of the whole project are
absorbed.

The specific implementation steps of the dynamic
control method of project cost with the key chain are
as follows:

(1) Find out the divisional and sub divisional works
that restrict the total project cost in the construc-
tion stage, and determine the key chain, that is,
determine the bottleneck of project cost control in
the project construction stage.

The bottleneck of the project cost is the key chain
of the dynamic control of the project cost in the
construction stage. The heuristic operator is used to
find out the key chain, which is the bottleneck of the
project cost in the construction stage.

(2) The item buffer and input buffer are calculated by
the root variance method.

According to the characteristics of the project cost
in the construction stage (people often take a conserva-
tive attitude when estimating the cost), the project cost
risk in the construction stage is integrated, and the cost
of all divisional and sub divisional projects in the con-
struction stage is replaced by the most optimistic cost
among the three estimates of the most optimistic cost,
the most probable cost and the most pessimistic cost
of the budget cost of the divisional and sub divisional
projects in the construction stage, so as to dynamically
control the project cost through the most optimistic
cost. First, two methods are used to estimate the exe-
cution time of each divisional project. The traditional
method is used to estimate the execution cost of the
divisional project j as sj, and the key chain method is
used to estimate the execution cost of the divisional and
subdivisional project j as a; (the most optimistic cost).
The difference between the two is J; = s; — a;. Then the
expressions of the project buffer ¥ and the input buffer
® of the key chain of the dynamic control project cost
in the construction stage are as follows:

Y= > ) (14)
j=c

o= > (5)? (15)
j=1

In the above formula, ¢ is the project set of key chain
parts; I is the set of partial projects in a non critical
chain.

(3) Make other decisions subject to or subordinate to
the above decisions.

In order to make the non critical chain obey the
key chain, input buffer is added between the non crit-
ical chain and the key chain. In the process of project
implementation, pay close attention to the implemen-
tation of each divisional and sub divisional project of
the construction project on the key chain, and use the
use of each buffer to control the project cost at the
construction stage.

3. Results

In order to verify the dynamic control method of
project cost in the construction stage based on fuzzy



Table 2. Details of construction projects.
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Number of Total construction Standard floor

Construction project area /m? area /m? The height/m Layer/layer Structure type
A 8564 567 3.1 1 brick

B 6584 758 33 6 The framework
C 7845 586 33 10 The framework
D 4455 469 33 8 brick

E 6285 786 3.2 6 The framework
F 7054 845 33 8 Frame shear wall
G 9452 2315 3.1 4 brick

H 8526 1352 3.1 5 The framework

Table 3. The weight of the dynamic control index of the project cost in the construction stage.

Primary control index The weight Secondary control index The weight
Manual control 0.35 The allocation of resources 0.22
Human configuration 0.19
Material resources configuration 0.17
Comprehensive configuration 0.25
schedule 0.08
Site management 0.09
Material control 0.29 Purchase way 0.35
Supply way 0.29
Material way 0.08
Warehouse management 0.28
Mechanical control 0.36 The construction technology 0.54
Construction process 0.46

neural network and the effectiveness of dynamic con-
trol of project cost in the construction stage, the project
cost in the construction stage of residential build-
ing construction projects with different construction
projects in a city is selected as the research object,
and the construction projects in the same area are
selected. The geological types, climate conditions and
other external environmental parameters are relatively
similar, so the comparability is high. The construc-
tion of the selected 8 construction projects is shown in
Table 2.

The method in this paper creates control indicators
for the dynamic control of project cost in the con-
struction stage, selects the input neurons of BP neural
network using fuzzy logic method, builds an intuitive
fuzzy judgment matrix according to the steps of fuzzy
logic method, verifies its consistency, derives the pri-
ority vector, and finally calculates the influence degree
coeflicient. According to the importance of each index,
the dynamic control index of project cost in the con-
struction stage is used to construct a comparative con-
struction factor table, a judgment matrix, and the con-
sistency of the constructed judgment matrix is checked.
The weight calculation results of each index are shown
in Table 3.

From table 3, the indexes with index weight higher
than 0.1 are selected as the important indexes for
dynamic control of project cost in the construction
stage and the input neurons of BP neural network.

The dynamic control index of construction cost in
the construction stage is obtained by using fuzzy logic
method as the input of BP neural network. The pre-
diction results of construction cost in the construction
stage predicted by BP neural network are shown in
Figure 4.
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Figure 4. Project cost prediction results in the construction
stage.

It can be seen from the experimental results in
Figure 4 that the project cost results in the construc-
tion stage predicted by the method in this paper using
BP neural network have a high degree of coincidence
with the actual project cost results in the construction
stage, which verifies that the method in this paper can
effectively obtain the project cost prediction results in
the construction stage by using the fuzzy neural net-
work method, and the obtained project cost prediction
results in the construction stage have high prediction
accuracy, It can be used as the basis of project cost
control in the construction stage and improve the per-
formance of project cost control in the construction
stage.

In order to further verify the prediction perfor-
mance of the fuzzy neural network constructed by this
method on the project cost in the construction stage,
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Figure 5. Comparison of project cost prediction accuracy in
construction stage.

the prediction accuracy of the project cost in the con-
struction stage predicted by this method is counted,
and the prediction results of this method are compared
with those of reference [10] and reference [11]. The
comparison results are shown in Figure 5.

It can be seen from the experimental results in Figure
5 that the accuracy of this method in predicting the
project cost in the construction stage by using the fuzzy
neural network method is as high as 98%, which is sig-
nificantly higher than the methods in reference [10] and
reference [11]. The prediction accuracy of the reference
[10] method in predicting the project cost in the con-
struction stage is lower than 96%. The reference [10]
method cannot take into account the uncertain factors
that affect the explained variables when determining
the form of functional relationship between the uncer-
tain variables. The fuzzy neural network method used
in this method can approach any form of functional
relationship, especially non-linear functional relation-
ship, because of its self-adaptive learning ability, and
can better adapt to the dynamics and uncertainty of
project cost. The prediction accuracy of the reference
[11] method in predicting the project cost in the con-
struction stage is lower than 97%. The reference [11]
method has the defects of poor generalization ability
and unstable computing performance; The method of
reference [11] has high requirements for sample data.
When there are sensitive points in the data, the network
may fall into local minimum, and the number of data
input vectors is too many, which will lead to overfit-
ting. The fuzzy logic model combined with BP neural
network method used in this method has the highest
prediction accuracy among the three models, which
improves the calculation speed and the generalization
ability of the model.

The project cost control method in the construction
stage of the key chain is used to control the project cost
in the construction stage of the construction project.

Table 4. Construction cost of construction projects.

Number of Most optimistic Most likely Most pessimistic

Construction charge/Ten charge/Ten charge/Ten

project thousand yuan thousand yuan thousand yuan

A 64.8 75.9 185.6

B 75.8 81.5 105.6

C 81.5 76.5 98.5

D 87.5 91.4 108.4

E 58.6 62.4 94.5

F 35.6 428 85.6

G 75.6 58.6 115.6

H 71.5 384 104.8
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Figure 6. Project cost control results.

The output results of the most optimistic cost, the most
probable cost and the most pessimistic cost of the eight
projects are shown in Table 4.

During the implementation of construction projects,
pay close attention to the implementation of each divi-
sional and sub divisional project on the key chain, and
use the use of each buffer to control the project cost,
so as to effectively control the project cost. The key
chain is used to analyze the project cost in the construc-
tion stage, and the optimistic cost, pessimistic cost and
the most likely cost of the project cost in the construc-
tion stage are clarified. During the project implemen-
tation, the implementation of the construction work
of each part on the key chain is closely followed, and
the use of the buffer of the key chain is used to con-
trol the project cost in the construction stage of the
construction project.

In order to verify the project cost control results
of this method, the project cost control results of this
method are compared with the project cost control
results without this method. The comparison results are
shown in Figure 6.

It can be seen from the experimental results in Figure
6 that the method in this paper can effectively control
the project cost in the construction stage of building
projects. After the method in this paper is adopted, the
project cost control effect in the construction stage of
building projects is obvious. Compared with not using



the method in this paper, the construction cost of each
construction stage is saved by more than 300000 yuan.
In this paper, the key chain technology is used, and the
project cost prediction results of the construction stage
output from the fuzzy neural network are used as the
control basis of the buffer set in the key chain, so as to
obtain a good project cost control effect.

4. Discussion

4.1. Project cost control content in construction
stage

In the project cost control in the construction stage of
a construction project, the main work of cost control in
the contract management stage includes controlling the
number of engineering changes and claims.

(1) Cost control of engineering change.

The owner may establish a change application proce-
dure for controlling project changes. Before the design
change is issued to the construction unit for implemen-
tation, the application form must be submitted to the
management of the company to ensure that the man-
agement understands in detail the expected impact of
each design change on the budget and construction
period, and compares the feasibility and cost of differ-
ent schemes. It can be officially issued after approval,
and there must be strict restrictions on major design
changes. Since most of the design changes will con-
stitute the reason for the construction unit to claim
for compensation in terms of construction period and
economy, and may greatly weaken the owner’s con-
trol in all aspects, the number and amount of design
changes have a great relationship with the success or
failure of the construction project. Once the design
change is determined, the owner needs to make a
detailed estimate of the content of the change. Deter-
mine the changed items of the construction project
according to the requirements of the design change, list
the list of changed items, and then calculate the quan-
tities according to the items in the list. When listing
the bill of quantities, it shall be consistent with the list
items in the contract, that is to say, the bill of quanti-
ties shall be determined according to the same project
division standard, single work content and bill of quan-
tities calculation rules. In case of any change caused by
the contractor, the Contractor shall try to adjust the
construction scheme by itself, speed up the construc-
tion progress and return to the construction period, and
bear the corresponding increased costs; In case of any
change caused by the engineer’s instruction, the Con-
tractor shall extend the construction period or negoti-
ate with the contractor to take measures to speed up the
construction and compensate the cost. The construc-
tion period not only involves the claim for construction
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period, but also involves the claim for expenses, rewards
and penalties after the completion of the project. Rea-
sonably handling the change of construction period can
also control the project cost.

(2) Control of claims.

The construction project claim refers to the compen-
sation demand that should be borne by the other party
according to the contract for the actual losses suffered
through no fault of the other party during the construc-
tion of the construction project. Due to the complexity
of the construction of the construction project, it is
difficult to avoid the occurrence of claim events, such
as geological reasons and underground structures in
excavation. In most cases, the claims are caused by sub-
jective reasons, such as the engineer’s instructions and
the rework costs caused by design changes. Therefore,
claim is also one of the key links of cost control in
the construction stage. When a claim occurs, as the
owner, we must first identify what the Contractor’s
claim application contains is a reasonable actual loss
due to the needs of the project and what is an unrea-
sonable request made by the contractor for pure profit.
For the former, the actual losses incurred by the con-
tractor should be reviewed and the corresponding claim
funds should be provided in time, which not only meets
the reasonable requirements of the contractor, but also
keeps the project continuous and reduces the risk of
the project. For the latter, the owner should hire profes-
sionals to explain the irrationality of these claims from
a professional perspective and reject their claims. At
the same time, we should strengthen the foresight of
claims and try to avoid claims. For claims, neither the
employer, the contractor nor the engineer want them to
happen, because the handling of claims will involve the
interests of all parties, and the workload of argumenta-
tion and negotiation is large, which requires more time
and energy. It is beneficial for all parties to strengthen
the forward-looking nature of claims and try to avoid
claims. Of course, avoidance is not avoidance. Once
claims occur, they should be taken seriously.

4.2. Cost control strategy in construction stage

The following two aspects can be taken into consider-
ation to strengthen the control of project cost in the
construction stage of construction projects:

(1) Strengthen project cost control and management.

Before the commencement of a project, sufficient
preparations should be made and a correct fund uti-
lization plan should be properly formulated according
to the budget requirements. We should not only ensure
that the project construction has sufficient funds, but
also occupy as little funds as possible. We should also
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make careful arrangements for the number of work-
ers, mechanical equipment, material supply, production
or procurement of accessories, transportation condi-
tions, etc. in combination with the nature and scale
of the project. Determine the construction period of
each sub project according to the actual situation, select
the technically feasible and economically reasonable
construction scheme, and organize the construction in
an orderly manner. Make full use of existing equip-
ment, promote efficient operation, ensure work qual-
ity, improve work efficiency and equipment utilization,
shorten construction period and reduce project cost.

(2) Improve construction site management.

The construction process is changeable, so it is nec-
essary to go deep into the site to obtain first-hand
information, master the project progress, and find out
the investment deviation in time. Take appropriate cor-
rective measures, scientifically predict the unfinished
projects, timely discover potential problems, take the
initiative in cost control, and also provide a strong basis
for completion acceptance. After the completion of the
project, the whole project shall be subject to load or
no-load joint test run according to the quality stan-
dards required by the design before acceptance. Prob-
lems found shall be rectified in time to avoid rework
losses after putting into operation. The construction
unit delays the promised construction period due to
improper measures; In cross operation, if one party
impedes the other party’s normal work procedure due
to untimely site cleaning, or damages the finished prod-
uct of the project due to brutal construction, or uses
new products not designated by the owner, resulting in
increased project cost, the construction unit can make
counterclaim. In order to do a good job of counter-
claim, we need to have sufficient and powerful evidence,
and make use of the role of the supervisor to keep the
original data such as the site project images.

5. Conclusion

In the development of society, construction projects
have gradually become more complex and large-scale,
which also makes the construction cost of construction
projects more difficult. The construction stage of the
construction project is greatly affected by the internal
and external environment, so it is necessary to effec-
tively deal with the changes of the internal and external
environment, so as to make the cost control of the
project truly possible. In the construction stage, the
external environment cost control is relatively impor-
tant, which is of great significance to the cost control
of the project. Therefore, in the construction stage, the
cost analysis and summary should be carried out in
time, the external cost estimate should be defined, and
the unnecessary cost increase should be reduced on the

basis of relevant coordination work, so as to achieve the
cost control and achieve the goal of good benefits for the
enterprise. The fuzzy neural network is used to realize
the dynamic control of the project cost in the construc-
tion stage, and the project cost in the construction stage
is dynamically controlled by the high-efficiency predic-
tion performance of the fuzzy neural network method.
The experiment proves that this method can effectively
control the project cost in the construction stage and
has good application performance.
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