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Abstract—Controlling is a crucial stage in achieving a project
target, covering aspects of cost, quality, and time. In the
construction industry, the cost aspect is often the main focus. The
project of Duta Mall 2 (DM 2) is the development of an existing
building and the cost aspect is a major concern to the owner.
Dynamic internal and external factors of the DM 2 project cause
the project control to be quite difficult, with the materials
becoming the most dominant factor in construction cost. Cost
control starts from reinforced concrete work materials,
consisting of ready mixed concrete, concrete steel, wire, plywood,
timber, and nails. Bad control of material purchasing can lead to
cost escalation, degradation of material quality, and impact on
the execution schedule of works. This research was conducted to
obtain quantitative correlations between material components
based on reinforced concrete works material supply data. From
these data, some linear regression models can be designed to
obtain a more accurate and effective prediction of material
volume needs in the future. Model equations can be applied to
control material demand, measure waste, reference of material
volume in arranging the project cost budget, in addition to the
process in the control procedure of the request for goods
(materials and equipment).
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1. INTRODUCTION

On all construction projects, cost, quality and time are
parameters that need to be optimized. Cost is a very important
project parameter. It stands as a single aspect and is also
influenced by the quality and completion time of works. Poor
quality works will lead to complaints and can potentially create
a construction claim or at least a demand of reworks/repairs
which will lead to cost overrun. Delay in project completion
will cause cost overrun or even a fine. Cost management is a
completion of three constraints covering cost, schedules, and
scope. Each must be completed in order to complete the project
on time and budget and meet all customer expectations.
Projects must be settled on an approved budget. It is therefore
very clear that the quality problem and the work schedule will
also affect the cost [1]. Duta Mall 2 (DM 2) is a building
construction project. It is the expansion of Duta Mall 1 (DM 1)
which is already in operation. In this dynamic DM 2 project,
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there are several factors that cause difficulty in material
control. Material management, especially for reinforced
concrete works in the DM 2 project, is done by the contractor
but its purchase system is controlled by a management team
from the owner to minimize cost. Besides the cost aspect, the
material management system also touches integrated
environmental and social aspects [2]. Material control of
reinforced concrete works is very important, because the
material cost is a significant part of the overall cost of the
project, representing anything from 40% to 60% of the final
cost, so tight control is essential [3]. Based on the historical
data on material supply of reinforced concrete works in DM 2,
there are some regression models of volume supply of the
materials. Material components of reinforced concrete works
consist of ready mixed concrete, concrete steel, wire, plywood,
timber and nails. The aims of the current research are:

e To find the various causes of difficulty in material control
of reinforced concrete works on the development of DM 2
based on the existing procedure.

e To develop a relationship model of volume supply between
materials on the construction of DM 2.

e To improve material planning procedures and control on
reinforced concrete works in DM 2 project.

II.  THEORITICAL BASIS

A. Project Management and Project Control

A project is defined as a temporary effort made to create
unique products, services or results [4]. It is defined by
PMBOK (Project Management Body of Knowledge). Project
management aims to plan, to organize, to lead, and to control
company resources to achieve a predetermined short-term goal
[5]. Control of construction project includes cost, quality, and
time. The concept of controlling the project in the lean
construction method has a principle in downsizing or
reducing/eliminating waste. Construction waste is anything
generated as a result of construction and is then abandoned,
regardless weather it has been processed or stockpiled [6].

B. Material Control on Construction Projects
In the production system, especially in the construction

www.etasr.com

Daslim & Mursadin: A Control Model for Reinforced Concrete Work Materials on the Construction ...



Engineering, Technology & Applied Science Research

Vol. 10, No. 2, 2020, 5483-5486 5484

industries related to supply chain management, there are two
methods, ie. push system and pull system. The DM 2
construction project utilizes a combination of both methods.
Controlling of reinforced concrete work materials to optimize
construction project cost can be achieved by the following
process:

e Fulfillment of demand or submission of materials.

e Estimation of inventory according to the job stage or work
schedule that has been planned some time ahead.

e Supervision of material acceptance to fit the demand.
e Storage and protection of materials.

o Efficiency of material use in the project through appropriate
supervision and working methods.

e Evaluation of progressive material usage.

The ability to control reinforced concrete work materials
certainly increases the effectiveness of the contractor. In
addition to economic reasons, effective material control also
reduces material waste. Material cost, delay of material arrival
and inaccurate estimates are examples of causes of cost overrun
[7]. The objective is to assure that the right materials in the
right quantities and at the right locations are provided at the
right time to the construction crews on the project. Most
construction site layout planning for construction sites is based
upon contractors’ prior experience and it is designed only once
before construction starts without consideration of the dynamic
nature of the supply problems, such as dynamic changes of
requirements and available site information in consecutive
construction project phases [8]. Material procurements on
several projects also have constraints on the availability of
location in the field. Adequate supply of materials in
accordance with the planned job site will help the
implementation of construction effectively and efficiently.
However, in some projects the stages of construction activities
may differ from the initial planning, due to the dynamic
implementation of construction. Consequently, there is a
distortion between the material supplies previously proposed
based on estimates and the new areas of the work.

C. Simple Linear Regression Model

In the construction industry, some problems have
relationships that can be predicted through regression models.
The relationship between a variable in a group and other groups
is often very useful in statistical analysis. The relationship
between the independent variable and the matched response is
an equation of regression [9]. Steps or stages that need to be
conducted in order to obtain a good linear regression model
consist of model identification, parameter estimation,
parameter testing, and application of regression models [10].

III. RESEARCH METHOD

In this research, preliminary analysis is applied to the
recapitulation acceptance data of reinforced concrete materials,
ie. ready mixed concrete, concrete steel, wire, plywood,
timber, and nails with the scatter plot method. Parameter
estimation for linear regression models was conducted with the

least squares method and validation followed [11]. The formed
linear regression model was adopted into the pre-existing
model of the DM 2 materials control procedure. The
implementation steps of the research are:

e Preliminary study, in the form of observations in the field
(Project DM 2).

e Literature review.
e Primary and secondary data collection.

e Study of the causes of difficulty in controlling reinforced
concrete work materials by observation of the work
processes and materials used.

e Regression model construction based on the supply data.
e Validation of the linear regression models.

e Model of planning and material volume control.

e Conclusion.

IV. DATA ANALYSIS

A. Initial Data Collection

The materials of reinforced concrete works are exhibited in
Table I along with the periodic data which must be transformed
in cumulative data. The cumulative data of each material have
been tested for normality distribution as shown in Table II.

B. Developing of Linear Regression Models
1) Regression Equations of Reduction Data Constructed with

the Least Squares Method

In developing linear regression models, the research uses
the cumulative data, so the periodic data should be modified or
transformed. Table II shows that models for plywood-timber
and timber-nails do not pass the normality test. The P values
for both data pairs are less than 0.05, which means that the data
have non-normal distribution. Therefore it is necessary to
reduce outlier data. The data that should be eliminated for the
above models are described below.

e Plywood-timber: Data that should be eliminated are
variable no. 12 (December 2017) and no. 15 (March 2018).

e Timber-nails: Data that should be eliminated are only
variable no. 12 (data on December 2017).

After eliminating the outlier data, the normality tests for
both models are fulfilled. Next, the used data are normally
distributed variables that generate the following equations:

e Ready mixed concrete and concrete steel:

Ys =—109.92+ 0.1787 Xc (1)
¢ Concrete steel-wire:

Yw= 1,885.25+ 7.6577 Xs (2)
e Ready mixed concrete-plywood:

Yp = —35895+ 04228 Xc (3)
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TABLE L SUPPLY OF REINFORCED CONCRETE WORK MATERIALS
No. Month Ready mixed concrete (m°) Concrete steel (x1000kg) Wire (kg) Plywood (pcs) Timber (m°) Nails (kg)
1 Jan’17 1,653.5 182.513 2,780 546 56.11 1,125
2 Feb’17 715.0 244.771 200 294 64.03 1,040
3 Mar’17 890.5 44.746 1,500 104 20.01 695
4 Apr’17 815.0 167.096 1,400 448 431 770
5 May’17 896.0 63.952 1,300 240 11.00 695
6 Jun’17 355.5 190.131 800 - 6.11 270
7 Ju’17 211.0 - 110 60 33.00 -
8 Aug’l7 1,067.0 145.029 1,830 583 84.50 860
9 Sep’17 948.5 297.365 1,050 528 65.70 1,040
10 Oct’17 509.5 455.435 1,800 150 4230 520
11 Nov’'17 1,125.0 - 1,550 607 72.45 1,130
12 Dec’17 952.5 112.619 600 304 184.18 510
13 Jan’18 1,764.5 - 3,150 832 136.91 1,650
14 Feb’18 1,587.5 218.068 1,100 900 85.81 1,550
15 Mar’18 1,402.5 415.649 2,100 252 151.30 2,330
16 Apr’18 1,579.5 - 2,150 1,202 101.06 1,205
17 May’18 827.5 177.642 1,500 165 33.11 827
18 Jun’18 346.0 144.040 - - - -
19 Jul’18 599.5 135.359 2,100 150 38.14 1,706
20 Aug’18 1,543.5 - 2,700 391 63.75 1,363
21 Sep’18 969.5 567.687 600 510 12.54 1,200
22 Oct’18 1,297.5 60.561 1,600 820 38.31 170
23 Nov’18 973.0 313.245 1,200 300 19.28 814
24 Dec’18 1,135.5 260.196 1,700 150 31.04 520
25 Jan’19 1,062.5 270.529 1,250 1,118 55.94 955
26 Feb’19 1,255.5 275.682 1,900 551 53.53 1,125
27 Mar’19 2,009.0 75.035 2,100 625 82.49 1,030
28 Apr’19 1,789.5 583.495 1,700 475 95.32 605
29 May’19 1,051.0 367.654 1,200 295 51.57 381
30 Jun’19 247.0 215.986 500 150 6.52 690
31,579.5 5,984.485 43,470 12,750 1,700.32 26,776
TABLE II. VALUE OF NORMALITY TEST IN SAPHIRO WILK METHOD
No. Model Statistic P value Remark
1 Ready mixed concrete-concrete steel 0.974 0.641 normal distribution
2 Concrete steel-wire 0.982 0.875 normal distribution
3 Ready mix concrete-plywood 0.963 0.374 normal distribution
4 Plywood-timber 0.891 0.005* non-normal distribution
5 Timber-nails 0.874 0.002* non-normal distribution
* p value < 0.05
e Plywood-timber: Yw = —1,043.52 4+ 1.3684 Xc (7)
Yt = 39294+ 0.1095Xp (4) e Ready mixed concrete-plywood:
e Timber-nails: Yp = —35895 +0.4228 Xc (8)
Yn= 61376+ 169934 Xt (5) e Ready mixed concrete-timber:
The result of normality retest to the regression of plywood Yt= —297+0.0463Xc (9)
and timber was P=0.369 and the regression of wood and nails
was value P=0.145. ¢ Ready mixed concrete-nails:
2) Heteroscedasticity Test Yn= 56329+ 0.7868 Xc (10)

The results of heteroscedasticity test with Glejser method

. TABLEIIl.  HETEROSCEDASTICITY TEST VALUES
are shown in Table IIL.
. . . . . No. Model tvalue | P value Remark
3) Modification of the Regression Equations Model with Ready mixed concrete - N
c. . 1 1.862 | 0.073 [homoscedasticity
Mathematics Substitution Method Shown (5-10) concrete steel
. 2 Concrete steel -wire 1.869 | 0.072 |homoscedasticity
e Ready mixed concrete and concrete steel: Ready mixed conorete -
~ 3 Y Dlywood 1.715 | 0.097 |homoscedasticity
Ys= -109.92+0.1787 Xc  (6) 4 Plywood-timber 0.179 | 0.859 |homoscedasticity
5 Timber-nails 0.917 | 0.368 |homoscedasticity

¢ Ready mixed concrete-wire:
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Note in (1)-(10): s: concrete steel, w: wire, p: plywood, ¢
timber, n: nails, ¢: ready mixed concrete

C. Development of the Material Planning and Controlling
Procedure Model

The obtained regression model of reinforced concrete work
materials will be absorbed by the existing procedure. The
proposed revision procedure is a corrective plan that adds
predictive capabilities based on historically valid information
and thus improving the existing procedure. Although there is a
volume analysis check, the additional process is necessary in
order to minimize the causes of material control difficulties
based on research observation results. The model of the
procedure of material request submission control can be seen in
Figure 1. The additional processes in this revised procedure
include:

e A controlling process of the material volume of reinforced
concrete works by using the equation reference of
regression models. This control uses the regression model
of reinforced concrete works as an independent variable by
relaying the predictive capability to the needs of various
materials of reinforced concrete works.

e An evaluation process of the submission of volume,
inventory, and deviation of material waste.

Acceptance of PRF submission /

PRF & Materials

Analysis (limited) Purchase Request Form (materials |«
& equipment)

List of Materials & Controlling on RMatering
Materials & Equipment materials of reinforced —— eﬁre;sion
Equipment Specification concrete work ode

Specification ‘ Check * ~—
4@ Evaluation on
- . Materials Quantities, Budgeting
Cl\:latelrl?ls \I\,Aal‘enali(};(’d? Available Stock& —{  Plan
culation olume Analysis Level of Materials

Analysis Check Waste ~—

Returning of
the PRF to

Project for
Correction

Submission of PRF to
Purchasing Department

I

Project Director Approval

APPROVED?

Yes

Ordered by Purchasing
Department

To inform to project
about PRF refusing

Fig. 1. Flowchart of the revised standard operating procedure

V. CONCLUSION

Various project problems that occur in the case of Duta
Mall 2 project are caused by material controlling, especially
regarding reinforced concrete works. The control of these
materials becomes a critical point of the construction process of
Duta Mall 2, and aside from its impact to cost it also has impact
to the material quality and the schedule of work completion.
Effective material control methods are required for complex
and dynamic projects such as the construction of Duta Mall 2.
The proposed method considers linear regression equation
models between various material components of reinforced
concrete works based on available historical data. The model
equations that are formed can be modified by referring to one
independent variable, i.e. the volume of ready mixed concrete.
Other material components such as concrete steel, wire,
plywood, timber, and nails can be planned more easily and
according to its needs. The validated model of the equations
can be an analysis tool in the control procedure model for
material requests of reinforced concrete works. The evaluation
of material waste that occurs can also be done during the works
process. Another benefit from the regression model is that it
can be a reference of cost budget calculations.
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