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Abstract: The growth of the manufacturing industry is quite 

high, The manufacturing industry is growing rapidly demanding 

more availability of factory buildings. The trend of using steel 

structures at this time is reasonable considering that WF steel can 

be a reliable support for the structure. The annual steel 

construction growth is predicted to reach reaches 5.5%, until 

2025. Unfortunately, the number of lateness of steel construction 

projects reached 20-30% and it's waste reached  9.6%. Based on 

the delay problems mentioned above, the researchers implemented 

M-PERT to reduce the amount of delay and at the same time 

providing accurate scheduling that has an accuracy of up to 99%, 

while applying Lean Construction application could reduce waste 

down to 8%. The results of statistical analysis using SPSS 

obtained twelve influential factors, namely: building planning, 

scheduling, preparation, delivery methods, location optimization, 

work methods, activity duration distribution, network time 

determination, managing uncertainty supply, merging project 

activities, network similarities, timely scheduling.  As a general 

illustration, the Lean Construction application could reduce the 

waste down to 7.78%.  As for scheduling in steel construction, the 

application of M-PERT produced an accuracy of 98.89% or an 

error of 1.1%, interesting amount to be further study.  

Index Terms: Steel construction, Lean construction, M-PERT, 

Accurate schedule, Reduce Waste   

I. INTRODUCTION 

  The progress of a nation can be seen from the progress of 

its industry. The more advanced the manufacturing industry, 

the demand for the supply of factory buildings, especially 

warehouses, will be even higher. Along with the rapid growth 

of the industry, the land used has become increasingly 

limited. Nonetheless, the demand for a room that is large 

enough is a must. Therefore, a popular warehouse design is a 

gable frame, because there is no middle support of the 
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warehouse building.  

This type of warehouse construction type is sometimes 

referred to as clear span, as seen in figure 1. For example: if it 

is called clear span 23, clear span 30, or clear span 50, then 

we can immediately assume a building with a stretch of 23 m, 

without support in the middle of the building. If it is called 

clear span 30, it means the building with a span of 30 m 

without support in the middle. When large clear-span areas 

are required for special industrial and commercial projects, 

the gable frame type is typically the economical choice 

special in industrial building [1].  

The reasons are quite strong in Indonesia for using steel as 

the mainframe, in this case, the factory building is: 

1)   Indonesia is known as the Ring of Fire [2]. In addition 

to the hazards posed by the numerous volcanoes that resulted 

in the ‘Ring of Fire’ appellation, communities situated 

around the Pacific Rim also have to contend with 

earthquakes, tsunami, storms, cyclones/typhoons, flood and 

bushfire [3], so that the strength of the building becomes very 

important. Because at any time an earthquake can occur. If 

the main building framework is not strong enough to support 

the allowance, it is feared that the building can collapse.  

2)  Structural steel market volume was estimated at nearly 

125 million tons in 2015 and projected to grow at a CAGR of 

over 4,0% from 2016 to 2015 according to International 

Conference of Steel Structural. One country that has good 

growth (about 4%) according to structural steel international 

conferences is Indonesia. As industrial production increases, 

it will spur the industrial sector to increase factory expansion 

in order to increase production capacity [4], it is easy to 

repair. Compared to concrete, which is very difficult to 

repress. The tendency was dismantled in the damaged part 

and rebuilt. And, The concrete structural-frame construction 

has more associated energy use, CO2, CO, NO2, particulate 

matter, SO2, and hydrocarbon emissions due to more 

formwork used, larger transportation impacts due to a larger 

mass of materials, and longer equipment use due to the longer 

installation process [5]. It’s must be carefully considered.  

1)   The Indonesian government, in this case, PUPR has the 

want to make steel construction a "mother of industry". 

This is in accordance with the potential that exists in 

Indonesia, that steel construction practitioners, that steel 

construction practitioners in Indonesia are very familiar 

with steel structures, whether fabrication and erection.  

 

 

 

 

M-PERT and Lean Construction Integration on 

Steel Construction Works of Warehouse 

Buildings 

Albert Eddy Husin, Fuad Fahmi, Sugeng Rahardjo, Ikhsan Pangalitan Siregar, Bernadette Detty 

Kussumardianadewi  

http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

M-PERT and Lean Construction Integration on Steel Construction Works of Warehouse Buildings 
 

697 

 

Published By: 
Blue Eyes Intelligence Engineering  

& Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number D6225048419/19©BEIESP 
Journal Website: www.ijeat.org 

2)   Pull strength and compressive strength of steel have. 

almost the same value. If compared to concrete, the 

concrete is strongly pressed but it is not strong enough to 

resist the pull. 

 

CLEAR SPAN

 
 

Figure 1. Clearspan 

 

II. M-PERT AND LEAN CONSTRUCTION 

A. Objectives and Theory 

The objectives of this research are to study how optimizing 

the time and accuracy of scheduling with M-PERT, and how 

efficient the application of Lean Construction is on the Steel 

Construction project in factory buildings.  

B. Program Evaluation Review Technique (PERT)  

PERT Theory (Project Evaluation and Review Technique). 

It was noted in 1957 that the US Navy launched a Polaris type 

of missile project, to ensure the project was on time PERT. 

The scope was to develop and deploy fleet submarines 

carrying intercontinental nuclear missiles as fast as possible. 

The project was huge, extremely complex, and had to be 

executed under harsh time pressure. However, when the first 

missile was successfully launched in 1960 – several years 

ahead of the original schedule – it became regarded as an 

outstanding success [5]. By applying the PERT method can 

optimize project time to 4.85% from the time the original 

plan [6]. 

C. Critical Path Methode (CPM) 

The classic Critical Path Method (CPM) has been widely 

used for network analysis and project planning in industry 

and in academe ever since its invention in 1950 [7]. The total 

duration of construction projects can be estimated by using 

deterministic Critical Path Method (CPM) or Probabilistic 

Evaluation and Review Technique (PERT)] scheduling 

techniques  [8]. Although PERT and CPM differ to some 

extent in terminology and in the construction of the network, 

their objectives are the same [9]. 

D. Manual Program Evaluation Review Technique  

(M-PERT) 

The theory of M- PERT (Manual PERT), this method is a 

development of PERT. Not done computerized, but manually 

as stated by the inventor of this theory. M-PERT allows 

manual calculation through a recursive merging procedure 

that downsizes the network until the last standing activity 

represents the whole project duration [10]. 

E.  Lean Construction 

Lean construction is a method used to design a product that 

minimizes waste, shortens its duration, and attempts to reach 

the maximum values. Lean construction refers to the 

application of lean production principles to construction [11]. 

In fact, the current conditions, waste in the construction 

sector is still higher than waste in the manufacturing sector.  

 

 
 

Figure 2. Waste Comparison 

(Source: John Willey and Sons, 2009 ) 

 

This is seen in the graph above, that's figure 2. Seen in 

figure 2 that the construction waste sector is far greater than 

the manufacturing sector. but the value adding of the 

construction sector has not been as expected. And for the 

support activity in the sector construction greater than the 

manufacturing sector. This is not as expected by construction 

practitioners. The calculation of waste simply is:  

 

 % Waste = ( buy volume – installed volume ) ………  (1) 

                                   buy volume 

 

From equation (1), it can be seen, if fewer installed 

volumes, the percentage of waste increases. That is to say, the 

more material installed means the waste is smaller conversely 

if the less material installed means the more waste.  

III. DATA PROCESSING AND METHOD 

This research begins by starting some literature study. And 

Then go through the steps as illustrated in the flowchart 

below figure 3. This flowchart is a standard guideline for the 

author to facilitate checks and progress to be achieved. 
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Figure 3. Research Flowchart 

IV. DATA PROCESSING  

The planning stage for office space construction is 

reflected in the organization structure and working technique 

that has to be determined from the early design phases [12]. 

SPSS is a powerful program which provides many ways to 

rapidly examine data and test scientific hunches. The SPSS 

implementation flowchart is as follows in Figure 4. From the 

processing of SPSS data, Cronbach's Alpha data was 

obtained between Steel Construction (X1),  PERT / M-PERT 

(X2), Lean Construction (X3), Cost (Y1) and Time (Y2). 

Generally, Cronbach's alpha or also known as coefficient 

alpha is the main requirement in the reliability test. the tested 

data meets the requirements. Cronbach's alpha reliability 

coefficient normally ranges between 0 and 1. Cronbach's 

Alpha above 0.6 means all variables are declared consistent 

shown at Tables 1 to 5 that alpha coefficients close to 1.  

 

 
Figure -3. SPSS Implementation flowchart. 

 

 

 

Table 1. Cronbach’s Alpha X1 

 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha 

Based on Standardized 

Items 

N of Items 

0.987 0.987 14 

Table 2. Cronbach’s Alpha X2 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based 

on Standardized Items 

N of Items 

0.985 0.985 15 

 

Table 3. Cronbach’s Alpha X3 

 

Table 4. Cronbach’s Alpha Y1 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based 

on Standardized Items 

N of Items 

0.969 0.969 4 

 

Table 5. Cronbach’s Alpha Y2 

 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based 

on Standardized Items 

N of Items 

0.977 0.977 7 

 

  

 The coefficients between independent and dependent 

variables can be seen as table 6 below.  

 

Table 6. Coefisien X1, X2, X3, Y1 

 

 
Lines of regression: There are two lines of regression first 

Y on X and second X on Y. The line of regression of Y on X 

is given by Y = α + β X where α and β are unknown constants 

known as intercept and slope of the equation [13]. That is 

used most often is the Pearson product – moment correlation 

coefficient, hereafter referred to as correlation in this article.  

 

 

 

 

 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based 

on Standardized Items 

N of Items 

0.959 0.959 7 
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This statistic describes the size and direction of the linear 

relationship between two continuous variables (generically 

represented by X and Y), and ranges in value from –1.0 

(perfect negative relationship) to +1.0 (perfect positive 

relationship); if no relationship exists between the two 

variables, the value of the correlation is zero [14]. From table 

6 above, we can get a clue that X3 (lean construction) has a 

close relationship with Y1 (cost), although it is in the 

opposite direction. That is, if X3 is increasingly optimized, 

Y1 will drop. Conversely, if X3 is not optimal then Y1 will 

rise. The regression model formed is as :  

 

 
Figure 5. Critical Path 

 

Based on the application of the two equations, the 

following results are obtained (table 9): 

 

To calculate the duration the following equation is used : 

                          𝝁p    =  Σ 𝝁𝒊  ………………………… (4)                                        

To calculate the variance the following equation is used  

                       σp   = √Σv …………………………... (5) 

 

Table 8. Duration & variance line 1,2,3,4 & 5 

 
 

Y1 = 0.212 + 0.279 X1 + 0.136 X2 - 0.297 X3 …………. (2) 

Y2 = -0.221 + 0.320 X1 + 0.350 X2 - 0.406 X3  ………… (3) 

 

Table 7. Coefisien X1, X2, X3,Y2 

 

 

I. MPERT CALCULATION 
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Table 9. Duration & variance ( left & right ) 

 

A. Merger Step 

Based on table 9 and table 10, the next step is to do a serial 

merger as shown below : 

 

 

 

 

 Furthermore, for parallel mergers, the equation is used  

𝝁𝒌    = 𝝁𝒊𝝓(𝜹)+ 𝝁 𝒋(𝟏−𝝓(𝜹))+ 𝜽𝝓(𝜹)  …………..... (6) 

 

𝝈𝒌𝟐 = (𝝈i𝟐+𝝁𝒊𝟐)𝝓(𝜹) + (𝝈𝒋𝟐+𝝁𝒋𝟐) (𝟏−𝝓(𝜹)) +  

(𝝁𝒊+𝝁𝒋)𝜽𝝓(𝜹) − 𝝁𝒌𝟐        ………………... (7) 

 

 

 

 

S
(2.4 , 0.04)

3 + 8 + 13

4 + 9 + 14

5 + 10 + 15

6+11+16+18+20+22

7+12+17+19+21

1 +2 23+24+25+26+27+28+29 F

(9.7 ,0.37)

(9.9 ,0.52)

(14.9 ,0.52)

(26.7 ,0.60)

(23.9 ,0.79)

(40.2 ,0.77)

Serial Merger

Step #1

Line #1

Line #2

Line #3

Line #4

Line #5  
Figure 6. Step #1 Serial Merger 

  

 
Figure 7. Complete Parallel Merger 

 

Based on figure 7 above and using equations 4 and 5, new 

duration and variance are ( 66.74, 1.37 )  

 

Table 10. Accuration PERT & M-PERT 

 

B. Lean Construction Implementation 

Referring to table 6, that between lean construction and costs 

has a close relationship, but is inversely proportional. The 

benefits of lean and sustainability have been considered by 

many authors mainly on improvement of environmental 

quality, reduction in waste and the health and safety [15]. 
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To calculate the duration the following equation is used : 

              𝝁p    =  Σ 𝝁𝒊                                                              (4) 

To calculate the variance the following equation is used  

                      σp   = √Σv                                                 (5) 

 

 Based on the application of the two equations, the 

following results are obtained (table 9) : 

Step by step parallel merger is: 

1. Merger line #1 with line #2 

2. Merger line #1, #2 with line #3 

3. Merger line #1, #2, #3 with line #4 

4. Merger line #1, #2, #3,#4 with line#5 

Waste minimization is a process that avoids, eliminates, or 

reduces waste at its source, enabling the reuse/recycling of 

waste to begin purposes [16]. Toyota production system, 

identified seven activities that failed to create value, as 

follows [17]. 

B. Over Production 

 Create a simple table that can give understanding to the 

operator how much waste is due to overproduction and how 

much profit, as could be seen in table 11.  

Table -11. Control table sample for overproduction  

 

 
C. Over Inventory  

 The cause of over inventory is fear of material 

shortages. So that the stock is carried out efficiently. Even 

though it's not needed. To overcome this problem, material 

data must be accurately collected. 

 With the support of sophisticated IT Technology today, 

good inventory dick is very possible 

D. Waiting Time 

 Waiting time is caused by material or machinery or tools 

that are not ready for production. So the operator has no 

activity. To overcome this, good planning and 

communication are needed 

E. Transportation 

 The main cause of waste in transportation is distance. It's 

Can distance between departments in a workshop plant. Or it 

could be because of the distance between the workshop and 

the supplier. Next, the distance of our workshop with the site. 

To overcome this, a minimum distance must be sought. The 

longer the ring delivery, the greater the waste transportation. 

Furthermore, research suggests that improved logistics will 

reduce the costs incurred in the system by low productivity, 

and save on indirect costs associated with the transportation 

and handling of construction materials [18]. 

PROJECT  SITE

( RING #1 )

S1 = 0 kM

RING #2

S2 > 0 kM

RING #3

S3 > S2

 S = V.t

 S = Distace Delivery

V = Speed

t =Delivery time

 
Fig.8. Ring of delivery 

 

G. Over Processing 

 Over-processing occurs due to waiting time, for 

example, a blasting operator that should have finished the 

blasting process, but because the next material has not 

arrived. So he keeps on doing the blasting process 

continuously 

H. Over Motion 

 The cause of waste because of the many motion or 

activities is the design of the production process that is not 

right, the absence of work standards, poor layout, and 

unorganized. 

I. Defect 

 Definition of the defect is producing goods not 

according to order or designation. This can happen including: 

due to poor equipment, inappropriate material, weak quality 

control. From lean construction implementation our case 

study and compare with study literature about waste in steel 

construction obtained results:  

Table -12. Material price for warehouse steel structural 

 
Table 13. Before & after lean construction 

implementation 
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Table 14. Lean Construction performance 

\  

I. CONCLUSION 

1.      Lean Construction can effectively reduce waste, with a 

lean performance of 7.78 %. 

3) The steel construction project in the case study 63 

days of project planning time. Calculated with 

PERT or a critical path of 69.3 days. And Actual 

length of work 66 days. It means a difference of 3.3 

days compared to the actual time on site or has 

accurate 95,24%. Calculations based on MPERT 

66.74 days. It means a difference of 0.74 days 

compared to the actual time on site or has accurate 

98.89%.  So using M-PERT is more accurate.  

3)      Integration Lean Construction and M-PERT 

successfully to reduce waste and make scheduling more 

accurate like point 1 & 2 above 
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