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Abstract 
One of the most important elements of the performance in planning, at the 
field of planning engineering, is to identify the resources and then distribute 
the resources on activities, and before establishing the time schedule for activ-
ities. The planning in project management, was not merely limited to the 
making schedule for the range of activities, or the development of the rela-
tions for those activities through Microsoft or Primavera (P6), so it can be 
through two identical projects for the same logical sequence of the activities 
network to both of them and have the same start time with identical activities 
and both in same location. But both the ends of the actual time will be different 
to both of them. The reason for this is back to the difference at the quality of the 
planning performance between each of the two projects. Accordingly, that paper 
designed a model to estimate the perform of tools from field data using conclu-
sion fuzzy system to determine the impact of higher produce between this 
supply in light of the location and conditions of work. 
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1. Introduction 

A number of studies and researches about construction projects management 
have focused predominantly on problem control of time and cost saving by us-
ing many of the traditional cognitive methods. 
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One of those methods is control of the supplies’ distribution on activities 
while maintaining the important role played by the planning network in the 
management of supplies, it proposes a method for the division of supplies based 
upon the time criterion. This method depends on a matrix expressing short 
times [1]. Other studies try to find out the ideal critical path for projects net-
works, with design and application of genetic algorithms to find out a critical 
path in an attempt to achieve the many objectives and determine the real time 
for project’s execution [2]. Another research worked on simulating construction 
operations with the application of dynamic simulation system in order to accu-
rately obtain the cycle time of the process [3]. But some studies have not neg-
lected to study the effect of subjective variables on construction process [4]. 

2. Problem Statement 

Many of these studies have neglected the effect of determining the supplies se-
lection. There are plentiful supplies that can be used within the same work, cer-
tainly, there will be a different effect for each of them to determine the age of ac-
tivity, and uncertainty is an entrenched characteristic of most construction 
projects. Hence, the problem arises.  

Bauer et al. [5] was able to prove that the fuzzy logic was a good way to reach 
a specific result of knowing information, or blurry (fuzzy data). 

In contrast to traditional logic that requires a deep understanding of the 
problem and the solution of accurate algorithms of the data, fuzzy logic embo-
dies thinking by the other way, which allows model complex data systems and 
finds their solution, despite that this type of data in their entirety consists of sys-
tems and that it can change from static or continuous form, which is usually 
hard to apply in the conventional mathematics formats [6]. 

This occurs through the use of the thoughts and the accumulated information 
and experience. Figure 1 shows the fuzzy logic steps configuration that is ac-
cording to numerous studies such as the study [7] [8]. 

So through this study, we can make full use of performance data rates for con-
struction in drawing conclusions that are compatible with the self-variables in 
the construction site and that have usually been difficult to achieve good results 
according to these variables. Therefore the design of the fuzzy model approach 
facilitates the extraction of these results depending on the data rates that are ex-
tracted from analysis base standard.  
 

 
Figure 1. Schematic diagram of a fuzzy inference system. 
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3. Scope 

In burrowing event log and when known work registration, we find that more 
than supples of tools registration can be used for complete the work, and at the 
same time, we should make the decision to choose the best from those tools to 
complete the work. Particularly, those tools are the most efficient, and could also 
lead to the production of many work types.  

Now, it is necessary for the planning engineer to find a technique to ease him 
to make the best decision in choosing the right supply. This can be achieved 
through finding a way to help us predict tool rendering, and also provide work 
epoch in order to complete the project. This is, in addition to our dependence on 
both the number and type of supply tools, supposed to do the task. Moreover, 
the circumstances could facilitate or hinder the completion of the work due to 
the choice of tools supply.  

The aim of the designed model is to estimate the performance of tools from 
field data using conclusion fuzzy system and to determine the impact of higher 
performance between this tool in light of the location and conditions of work 
and then to choose from the most appropriate one. 

4. Modeling Resources Conditions 

In order to reach this solution, we need to use the supplies to construct activities 
[8], which contain three major elements: First, perform data rates for each re-
source; Secondly, Model Analytical to such data; Finally, model fuzzy sets mul-
ti-system in accordance with the foregoing, gathering data rates of yield to every 
supplier for every work equally. Then, convert these data that has been gathered to 
an analytical model, which is used to classify and analyze the data that is collected to 
obtain effectiveness of other supplies performance within each work.  

Taking into consideration the factors affecting the performance of supplies, 
these recourses are one of the items that help the accuracy of a result of the se-
lection. The impact of supplies on the project can be divided into two parts: di-
rect and indirect.  

Direct effect: it means the total or partial disruption of business due to ma-
chinery breakdown, obstruction of work, or lack of employees. 

Indirect effect: it means the decrease of the work performance due to the in-
efficiency of the tools, lack of maintenance, inefficiency of labors, or the atmos-
phere circumstance in the location project [9]. 

5. Perform Data 

It is a standard performance data crisp number for each supply—in this tool 
study—collection rates according to each activity, and often passes such rates 
depending on the performance rate of each company.  

6. Analytical Model Data Performance Rates 

A— Collecting performance rates data of the supplies. 
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B—The classification and analysis of supplies according to type project and 
nature of the work environment. 

C—The classification and analysis of shared supplies in the same activities, 
according to its production capacity. 

D—Dividing data performance rates of supplies in each activity to groups. 
E—From a data set should be created for the relation between quantitative 

and qualitative. 

7. A Fuzzy Model Design for Prediction the Quantitative  
to Determine the Equipment 

Notwithstanding the possible existence of several supplies be shared with each 
other in terms of the nature of work within the same activity, but each has a dif-
ferent effect is different in terms of the productivity of the work required, Lead-
ing to create a difference between the deadline and accomplish of work between 
each supplier and last [10]. 

On this basis, we can use fuzzy logic to find a relationship between the type of 
shared supplies in the same nature of activity work [11], and the amount of 
output for each of them, what makes it a proportional on impact to the deadline 
for completion of work Activity. 

The following content discuss our model in detail we introduce some basic 
concepts related to intuitionistic fuzzy sets (IFS) and Interval-valued intuitionis-
tic fuzzy sets [12]:  

Definition 1. Let X be a universe of discourse, then a fuzzy set is defined as:  

( ) ( ){ },A x A X x Xµ= ∈                       (1) 

which is characterized by a membership function  

[ ]: 0,1A Xµ →  

where μA(x) 

( ) { } { }; , , 0 for , 1 forf x a b c x a x b= < =  

Definition 2. An IFS A in X is given by 

( ) ( ) ( ){ }, ,A x A X Va x x Xµ= ∈                    (2) 

where [ ]: 0,1A Xµ →  and [ ]: 0,1A Xν → , with the condition 

( ) ( )0 1,a x Va x x Xµ≤ + ≤ ∀ ∈  

The numbers μA(x) and νA(x) represent, respectively, the membership degree 
and nonmember ship degree of the element x to the set A  

Definition 3. For each IFS A in X, if:  

( ) ( ) ( )1 ,A x a x va x x Xπ µ= − − ∀ ∈                (3) 

Then πA(x) is called the degree of indeterminacy of x to A. 
A fuzzy subset A with an element x has a membership function of ( )A xµ . 

When the universe discourse X is discrete and finite, this mapping can be ex-
pressed as  

https://doi.org/10.4236/jbcpr.2017.54011


M. M. S. Mekhail 
 

 

DOI: 10.4236/jbcpr.2017.54011 150 Journal of Building Construction and Planning Research 
 

( ) ( ) ( )1 2

1 1

iA xA x A x
i

i

A
x x x

µµ µ
= + + =∑                 (4) 

when the universe X is continuous and infinite, the fuzzy set A can be repented 
as: 

( )

1

A xA
x

µ
= ∫                           (5) 

In this paper inference fuzzy system has been used through the emerging in-
formation and experience. And configuration steps fuzzy logic are shown in 
Figure 1 [13]. 

8. A Numerical Example 

In this section, we present a numerical example to illustrate proposed method 
presented in this paper and show that the method is an effective method for de-
termining supplies selection from multiple productivities [14].  

We first make the following assumptions:  
1) Determining supplies selection should be in bowering event. 
2) In the type case normal soil dry flat, where yield varies rate and nature of the 

Tool, according to the Work type.  
3) Which rate performance of supply in this soil type according to the data 

available will be to the: Track Bulldozer, track loader, wheeled loader.  
4) The mission of this paper is to propose a method of decision-making to select 

of them is best in activity performance.  
5) The productivity of each the Tool is inversely proportional to the displace-

ment distance for each of them. 
6) Displacement distance for each our Tool in the site of implementation is not 

a requirement to be identical with the rates of performance data which given. 
7) Because of this, productivity in the site of implementation is unknown ac-

cording to the data in performance rates. 
Case 1: the value of the decision for example of the normal dry soil at the 

track bulldozer  
Table 1 collected data (crisp value) for performance at horsepower & distance 

of track bulldozer. 
 
Table 1. Data collection. 

Performance at distance/d 
Horsepower 

30 m 60 m 90 m 120 m 

450 205 100 70 75 (D4) 

680 315 180 135 105 (D5) 

840 450 275 190 140 (D6) 

1270 580 450 315 180 (D7) 

1810 995 680 520 270 (D8) 

2490 1445 1015 795 385 (D9) 
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9. Fuzzy Relation 

In this section, we illustrate the relation between the fuzzy input and the re-
quired out-put. This section describes the fuzzy inference process and uses the 
example of the two-input, one-output, Fuzzy inference is the process of formu-
lating the mapping from a given input to an output using fuzzy logic [14]. 

Figure 2 shows the structure of the proposed solution consisting of inputs, 
reasoning rules and outputs is performance, two inputs they displacement dis-
tance and powerhouse as described. 

Related to configuration in Figure 1, the configuration Simulink mat lab 
toolbox steps fuzzy logic are shown in the Figure 2. 

The two inputs are denoted as: 
( )DAµ  where 

{ }D ST,MD, F,TF=                        (6) 

( )PHBµ  where  

{ }PH VF,FB,MD,SG,SR,PF=                   (7) 

10. Membership Function 

Table 2 is specified for two input and one output performance; few of them are 
presented as below. 

Figure 3 provides the fuzzification of distance on Simulink related to Table 3 
for input one. 
 

 
Figure 2. Fuzzy inference system. 
 

 
Figure 3. Fuzzy member ship function of distance-input (1). 
 
Table 2. Input one of distance fuzzification. 

Distance fuzzification linguistic qualifier 
0, 30, 40 short 

40, 60, 80 Medium 
80, 90, 100 Far 

100, 120, 160 Too far 
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Table 3. Input tow of H.P fuzzification. 

H.P fuzzification linguistic qualifier 

0, 75, 77 Very feeble 

66, 105, 154 feeble 

77, 140, 231 Medium 

154, 180, 308 Strong 

231, 270, 385 Stronger 

308, 385, 462 powerful 

 
Distance Fuzzification for input one, by Taking input and determine the de-

gree to which belong to each set of the appropriate fuzzy sets via membership 
functions.  

Figure 4 provides the fuzzification of H.P on Simulink, related to Table 4 for 
input n. tow. 

Table 4 provides Membership function of performance, the inference rules 
relate these input to the output perform consisting of six membership functions 
i.e. as: VERY LOW (VL), LOW (LW), MEDIUM (MD), HIGH (HG), VERY 
HIGH (VH), and EXCELLENT (EX). 

In this paper, we use Mamdani type Fuzzy Inference Rules. As noted by [5], 
every rule represents a fuzzy relation. In our case, every rule represents the rela-
tion between the two inputs to an output. 

Figure 5 shows, the complete membership Functions of performance which is 
denoted as: 

µO (performance) where O = {VL, LW, MD, HG VH, EX} 

11. Rule Base 

A fuzzy rule base contains a set of fuzzy rules R. A single if-then rule assumes the 
form “if x is Tx then y is Ty.” An example of a rule might be “if service is high 
and experience is high, then salary is very high.” For a multiinput, multioutput 
system, 

( )1, 2, ,R R R Rn=   

Ri: if (x1 is Tx1, ∙∙∙∙, xp is Txp) then  

( )1in 1, , 4 in 4y Ty y Ty                      (8) 

Let us denote by R the fuzzy relation between D, PH, and performance. As 
denoted in Teodorovic and Pavkoviv (1996), membership function µR(x,y) of 
this fuzzy relation equals:  

( ) ( ) ( ){ }, min , ,R x y A x B y x yµ µ µ= ∀                (9) 

In this paper, we denote the fuzzy relation as:  

( ) ( ) ( )( ) ( ){ }, min min D , HP ,PO productivity ,R x y A B x yµ µ µ= ∀   (10) 
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Figure 4. Fuzzy member ship function of P.H—input (2). 
 

 
Figure 5. Fuzzy member ship function of Tool performance—output. 
 
Table 4. Membership function of output performance. 

P.fuzzification Linguistic qualifier 

0, 450, 500 Very low (1) 

450, 680, 1000 Low (2) 

680, 840, 1500 Medium (3) 

1000, 1270, 2000 High (4) 

1500, 1810, 2500 Very high (5) 

2000, 2490, 3000 Excellent (6) 

 
where x is input and y is output. 

R1: if distance ST and horsepower VF then performance is VL 
R2: if distance ST and horsepower FB then performance is LW 
R3: if distance ST and horsepower MD then performance is MD 
R4: if distance ST and horsepower SG then performance is HG 
R5: if distance ST and horsepower SR then performance is VH 
R6: if distance ST and horsepower EX then performance is EX  
Ri: if X1 is Txi and X2 is T2 then y is Ty 
The fuzzy relations of those rules are shown as follow:  

( ) ( ) ( )( ) ( ){ }, min min ST D , VF HP , VL prodR x yµ µ µ µ=   

( ) ( ) ( )( ) ( ){ }, min min ST D , FB HP , LW prodR x yµ µ µ µ=  

( ) ( ) ( )( ) ( ){ }, min min ST D , MD HP , M prodR x yµ µ µ µ=  
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Figure 6 provides the Mamdani type Fuzzy Inference Rules. In this paper [16] 
as will work on the production of the output as. 

12. Aggregation 

Aggregation is a process whereby the outputs of each rule are unified. Aggrega-
tion occurs only once for each output variable. The input to the aggregation 
process is truncated output fuzzy sets returned by the implication process for 
each rule [18]. The out-put of the aggregation process is the combined output 
fuzzy set. 

Table 5: The Fuzzy associative matrix: Therefore, this category can be facili-
tated through the collection of these fuzzy laws in the table, and the expression 
of each of the six rating categories for output number upward until reaching the 
highest rating (1:very low, ∙∙∙,6: excellent) according to the following: 
 

 
Figure 6. Mamdani inference system [17]. 
 
Table 5. The Fuzzy associative matrix. 

Performance at distance /D 
H.P 

TF F MD ST 

V L V L V L V L VF 

V L V L V L LW FB 

V L V L V L MD MD 

V L V L LW HG SG 

LW LW MD VH SR 

MD MD HG EX PF 
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In the previous phase, has been put each of four categories: distance of the 
supplies and six categories for the Tool’s horsepower, and therefore, the maxi-
mum number of possible cases of 24 cases, and therefore the system needs to a 
maximum of 24 fuzzy law for case n. one, at track bulldozer, but some of these 
laws can sometimes shortcut, it is possible shortcut six laws by ignoring the 
supply’s ability as an example.  

“If the distance is too far then the yield is very low” 
Where the Tool’s ability to ignore given the opportunity to shorten the six 

specifications (combination) and combine all description of the six descriptions 
of the ability of the supply and displacement distance.  

Figure 7 provides the result of an Aggregate according to the Mamdani type 
Fuzzy Inference Rules. 

13. 3D Surface Viewer for FIS 

Figure 8 provides the Surface Viewer is use for presenting the mapping from 
two inputs to one output. This capability allows keeping the calculation time 
reasonable for complex problems three dimension view as. 
 

 
Figure 7. Roles viewer [15]. 
 

 
Figure 8. Surface viewer. 
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14. Defuzzification Methods 

The most common defuzzification methods are presented and compared in this 
paper i.e. Centre of Area. 

Center of Area/Gravity 
It is one of the most commonly used defuzzification Techniques. This method 

determines the center of the area of the combined membership functions [4]. [6] 
calculated the centroid or center of gravity (COG) of The area under the mem-
bership function [19]. In this method, the defuzzifier determines the center of 
area (centroid) of B what is meant here of space is space of decision, along with 
the lines of the center of gravity, and uses that value as the output of the FLS 
[20]. For A continuous aggregated fuzzy set, the centroid is given by: 

( ) ( )
( )

1
d

d
x

x

COG

A x x x
F A

A x x

µ

µ

⋅
= ∫
∫







                   (11) 

where 1F  the defuzzified output and μA(x) is the output fuzzy set after aggre-
gation of individual implication results. 

Another formula 

( ) ( )
( ) ( )1

0
1 1 2 2

2

y Y y y Y

Y
Y

y

Y y y

+

+
= ∫

∫
                  (12) 

when  
Y = Fuzzy set to which it belongs decision 

Y0 = final decision, μ = the degree of organic 
y1 = the first decision, y2 = the second decision 

15. Model Application Method 

After we finished the design Tools unit system, we can through this model Pre-
dictive to the perform of the Tools unit, at soil type, in this case, is normal dry, at 
any transport distance to be determined according to the layout of the general 
site, and at any horsepower which determines according to the project budget, 
within the limits of the data that have been entered into this system. 

In this case, it will make it easier for decision makers to identify selection type 
the supply which should work out through the largest value, Identified in accor-
dance with the highest performance according to the circumstances of the Site, 
and the highest Tool in perform among the rest of the supply is selected.  

16. Conclusions 

The process of allocating supplies is one of the most important planning 
processes, and assists in completing the project and not only just contributes to 
determining activities durations in order to prepare project schedule, but also 
has extended to impact what is far beyond the project scope, and this is what we 
need in all activities. 

As a result, the planning engineer is considered as the designer for the pro- 
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cesses performance on the site before starting the project implementation, which 
is called planning processes. Thus, the planner is not less important than any de-
signer of the project, whether architect designer or construction designer. He 
classifies the supplies that will be used to perform the project. It is done in the 
same pattern by the consultant to obtain the required quality in the short time 
within the budget limit of the project. 

Therefore in all cases, the planning engineer needs a way with a clear metho-
dology to help him to make a decision during designing to implement the 
project before starting the work.  

Then, it would be easier to monitor and follow up the work. Accordingly that, 
the importance of decision making is evident in accordance with this study, and 
this aim can be achieved easily, we should answer the following questions: what 
is the goal of the work? What should be done to reach the desired result? What 
are reasons for deviation? 

The answer to these questions is to make the decision-making be in accor-
dance with what has already been explained. In reality, this has been done ac-
cording to the achieved results and under performance rate data. 
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