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ABSTRACT

The growth of housing in Indonesia has been very significant in recent years. The most found type
of house is type 36. One of the areas with high purchasing power for housing is the Kendal Regency,
which became the object of this study. Often housing projects experience delays caused by internal
and external factors that can interfere with the duration of the initial planning. The effort that can be
made to maintain the level of progress of the project is by acceleration. The optimal cost of the
project due to the reduction in duration can be completed by acceleration techniques (Crashing) as
linear programming models. In this study, Crashing and Linear Programming methods were chosen
to optimize the value of adding costs to accelerate three samples of housing. Housing A, Housing
B, and Housing C. The data collected is in the form of RAB, scheduling, and other supporting
documents. Linear programming in this study using LINDO software. The plan to accelerate the
construction of type 36 housing is carried out using alternative overtime working hours, adding 1, 2
and 4 working hours on critical activities of each project. The optimum time is selected based on the
smallest cost slope value from the program crashing calculation. The result is shown that in housing
A the most optimal addition was 2 hours of overtime with a total extra cost of Rp. 54,643,600 and
a total acceleration of 15 days. In housing B, the optimum value of time and cost is by adding 4
hours of overtime with a total additional cost of Rp. 21,644,140 with a 27-day acceleration. In
housing C, the development optimizes by adding 4 hours of overtime at an additional cost of Rp.
74,587,900 with a 29-day acceleration.

Key word: optimization; project acceleration; crashing method; linear programming method;
housing.

INTRODUCTION

Home is a basic human need (basic needs) in the form of a place to live. Indonesia’s housing sector
has great potential to grow if the land is still available. Cost is a major factor for consumers in
considering a home purchase. Statistics for 2018-2021 show that home purchases tend to be
influenced by the COVID-19 pandemic, licensing/bureaucracy, rising prices of building materials,
taxation, and the proportion of down payments in mortgage applications in banks (Khalishah, 2021).
Houses with type 36 are the most common type found in the community because they are considered
to have a price that tends to be affordable and suitable for families of few people.

A survey by the Central Statistics Agency shows that several provinces have the affordability to own
decent houses, one of which is Central Java. Central Java Province, with a population of 36,742,501,
has more than 65% purchasing power of livable houses (Statistik, 2021), The focus of the research
is the area in this Province. Kendal Regency is included in the Kedungsapur Metropolitan area, the
fourth largest Metropolitan area after Jabodetabek, Gerbangkertosusila, and Bandung Raya. This
area has significant population growth in Central Java became the basic consideration of choosing
the location as the research object.

Often housing projects experience delays caused by internal and external factors that can interfere
with the duration of the initial planning (Messah et al., 2013). Acceleration is one way to ensure that
the project keeps moving forward at its current rate. If ignored, this step will, nevertheless, result in
significant issues. The project's optimal cost, using acceleration techniques (Crashing) and linear
programming models, can be overcome due to the reduction in duration. (Giri Aspia Ningrum &
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Hartono, 2017). These two techniques can be combined to find mathematical models to get several
combinations of alternative solutions. Mathematical modeling takes encouragement a linear
function, providing recommendations to solve real problems in life (Rahmawati et al., 2018).

For a long time, the literature has focused on analyzing time and cost as the two most important
criteria used to determine project performance. The results in many models can be classified
according to optimization goals (El-Rayes & Kandil, 2005) : (1) Reducing project time and
increasing resources; (2) Minimizing time and costs for non-recurring construction using time cost
trade-off analysis; (3): Minimizing the time and cost for repeated construction. The results of this
modeling can estimate the minimum cost with various appropriate alternatives (Aboelmagd, 2018).
LINDO was chosen for this study because of its ease of use and reliable results (Haryati et al., 2021).
The calculated optimization equation can be a reference in a similar project with adjustments.
Therefore, the calculation of cost and duration optimization is important to plan so that construction
can be carried out to the maximum without compromising quality (Elsina et al., 2013). Delay is the
most common problem in housing problems (Durdyev et al., 2017), So it is necessary to accelerate
using the proper solution. Finally, it is expected to be a solution for the housing sector, especially to
accelerate the fulfillment of the need for housing and become a reference for similar developments.

RESEARCH METHODS
Materials

This research is a quantitative descriptive study. In the early stages of the study, secondary data
collection was carried out related to type 36 housing development projects in the Kendal Regency
area in the form of:

1. Cost budget plan
2. Duration of project implementation
3. Other supporting project data.

In addition, to provide data collection, interviews were also conducted to supplement the research
data. The case study is housing around Kendal Regency, namely Bancar Regency, Home Forest, and
Griya Jati Indah, from now on referred to as housing A, B, and C. House types are similar types 36.
The difference is in housing A where the land is more exclusive interiors, luxury, strategic location,
premium materials, and wide land area, so the price of construction tends to be more expensive than
housing B and C. Housing B has slightly higher specifications than C when viewed from the choice
of materials and housing locations. Housing C is the simplest type compared to types A and B.

Methods

The first step in this study is to prepare network planning and determine critical paths using the
Microsoft Project application. The identified critical paths were then analyzed by increasing
working hours for 1,2,4 hours of overtime work for each housing. Chosen, thus referring to UUK
13/2003, more precisely in Article 78, then adjusted in the Ciptaker Law, states that the time of
working overtime is no longer than 4 hours a day and 18 hours a week. (Constitutional Court, 2020).
One hour is selected as the smallest value, 2 hours as the median value, and 4 hours as the maximum
value. Furthermore, the total acceleration time, the total acceleration cost, and the total acceleration
cost per unit of time (cost slope) can be determined. Analysis using the Crashing method
requires crash duration and crash costto get the optimum value of construction execution
(Fachrurrazi & Husin, 2021). The calculation formula of this method is as follows:

Total Acceleration Cost =NT -CT (D)

Total Acceleration Time =CC-NC 2
CC-NC

Cost Slope = NT_CVT l ?3)

Daily Productivity = ome - (@)
Nolgm?l gurgtlotn v

roauctivi

Productivity/hours =— : Y ®)
Normal Working Hours

Productivity after a crash = Daily productivity + (Overtime x Productivity/hour x %) (6)
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The equation will be used to identify the duration of project completion after it has been accelerated
(crash duration) (Citra et al., 2018) with the following equation:

Crash Duration - Producti:;)tl;/l;nfeter Crash (7)
Crash Cost = Normal Cost + Over Working Time Cost (8)
Description:

NT : Normal Time

CT : Crash Time

NC : Normal Cost

CcC : Crash Cost

Optimum crash activity is the activity that has the lowest cost slope value. The value will be tested
for validity by optimizing the linear integer method, which is considered more reliable (Citra et al.,
2018). Mathematical model analysis of LINDO linear program is carried out by analysis steps such
asin Fig.1.

Determination of
the Objective
Function in the
form of Cost and
Time

Modeling the
Determination of problem into a Analysis using
decision linear program the LINDO
variables mathematical program
model

Figure 1. Flow analysis using LINDO software

Linear programming models are generally described in the following equation:

Maximum or minimum value (Z) =ciX1+ CoXo + ... +¢iX; 9)
Constraints of some variables

Xy +apXe + ... taXj = < bi..... (10)
QX1+ axnXo t ... FagX;j > < by ... (11)
X1,X2,X3, e e egevvgenvngennnnnns Xi>0..... (12)
Description,

ci : Cost per unit of activity

xi : The abundance of activities of the i-th

aij : The number of resources i necessary to generate each unit of activity

Data Analysis

The result of the analysis of the crashing program is to add the duration to each work that is a critical
activity. Every activity on the critical path needs to be carried out on time, so these activities need
to be monitored more specifically and even accelerated for optimal projects (Laksana et al., 2014).
Critical path are activities that are critical task in project which should not be late because it can
affect the overall performance of the project (Sahid et al., 2020) obtain by network planning analysis.
Network Planning obtained using the Microsoft Project application reveals a critical path in each
housing development that will be added over time. Table 1 will show critical tasks in every housing
development

Table 1. Critical task in housing A, B, and C

Housing A Housing B Housing C
Preparatory activity Preparatory activity Prepatory activity
Foundation And Concrete Excavation and Landfill Foundation
Masonry And Plastering Foundation Concrete

Floor And Wall Masonry Masonry
Housetop Sanitation Housetop

225


http://dx.doi.org/10.32832/astonjadro.v12i1

Tsulis Iq’bal Khairul Amar, Adi Nurcahyo, Gilang Jenar Bagaskara, Arif Safta Wijaya

Optimization with crashing method and linear programming application on type 36 housing projects

Wall Painting Electrical Carpentry
Finishing Miscellaneous Jobs Wall Painting

After knowing the critical task of each development, the next step is to determine the completion
time if adding overtime is 1, 2, and 4 hours.

Crashing Program

Microsoft Project, as a project management application, in addition to defining critical paths, can
also provide an estimate of the completion time when working hours are added (overtime). An
example of manual calculation of housing "preparatory activity" Housing A with additional 2 hours
overtime:

_76M2
14
_54

Productivity/hours == =07

Daily Productivity = 5,4 M2/day

Productivity after crashing =5,4+(2x0,7x0,8%) =6,5

_76M2

o =11,7 ~ 12 days

Crash Duration

Calculations are performed for each job on the critical path, resulting in a crash duration in Table 2
to Table 10.

Table 2. Recapitulation of housing A completion time plus 1 hour of overtime

Task Normal Duration Crashing Duration
Prepatory activity 14 days 13 days
Foundation and Concrete 7 days 7 days
Masonry 21 days 20 days
House floors and walls 21 days 19 days
Housetop 7 days 7 days
Ceiling 7 days 7 days
Carpentry 7 days 7 days
Windows and Doors 7 days 7 days
Sanitary 7 days 7 days
Water installation 14 days 13 days
Electricity installation 14 days 14 days
Wall Painting 14 days 13 days
Finishing 2 days 2 days

The original time to develop housing A was 142 days. After a crashing the completion time was 136
days.

Table 3. Recapitulation of housing B completion time plus 1 hour of overtime

Task Normal Duration Crashing Duration
Prepatory activity 13 days 13 days
Excavation and Landfill 7 days 7 days
Foundation 21 days 20 days
Masonry 19 days 17 days
Concrete 21 days 21 days
Carpentry 7 days 7 days
Roof and Ceiling 7 days 7 days
House Floors and Walls 7 days 7 days
Doors and Windows 2 days 2 days
Sanitation 7 days 6 days
Walls Painting 14 days 14 days
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Electrical 12 days 11 days
Water Installation 14 days 14 days
Miscellaneous Jobs 7 days 6 days

The original time to develop housing B was 158 days. After crashing the time of 1 hour overtime

the completion was 152 days.

Table 4. Recapitulation of housing C completion time plus 1 hour of overtime

Task Normal Duration Crashing Duration
Prepatory activity 7 days 6 days
Foundation 14 days 13 days
Concrete 21 days 19 days
Mansory 21 days 19 days
House floors 10 days 10 days
Housetop and Ceiling 11 days 10 days
Carpentry 7 days 7 days
Walls Painting 12 days 11 days
Miscellaneous Jobs 3 days 3 days

The original completion time of housing C was 122 days. After a crashing the overtime time of 1

hour of completion became 116 days.

Table 5. Recapitulation of housing A completion time plus 2 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 14 days 12 days
Foundation and Concrete 7 days 6 days
Masonry 21 days 17 days
House floors and walls 21 days 17 days
Housetop 7 days 6 days
Ceiling 7 days 7 days
Carpentry 7 days 7 days
Windows and Doors 7 days 7 days
Sanitary 7 days 7 days
Water installation 14 days 13 days
Electricity installation 14 days 14 days
Wall Painting 14 days 12 days
Finishing 2 days 2 days

The original time to develop housing A was 142 days. After crashing overtime 2 hours the

completion time was 127 days.

Table 6. Recapitulation of housing B completion time plus 2 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 13 days 11 days
Excavation and Landfill 7 days 6 days
Foundation 21 days 17 days
Masonry 19 days 16 days
Concrete 21 days 21 days
Carpentry 7 days 7 days
Roof and Ceiling 7 days 7 days
House Floors and Walls 7 days 7 days
Doors and Windows 2 days 2 days
Sanitation 7 days 6 days
Walls Painting 14 days 14 days
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Electrical 12 days 10 days
Water Installation 14 days 14 days
Miscellaneous Jobs 7 days 6 days

The original completion time to develop housing B was 158 days. After a crashing the overtime time
of 2 hours of completion became 144 days.

Table 7. Recapitulation of housing C completion time plus 2 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 7 days 6 days
Foundation 14 days 12 days
Concrete 21 days 17 days
Mansory 21 days 17 days
House floors 10 days 10 days
Housetop and Ceiling 11 days 9 days
Carpentry 7 days 6 days
Walls Painting 12 days 10 days
Miscellaneous Jobs 3 days 3 days

The original time to develop housing C was 122 days. After a crashing the overtime time of 2 hours
of completion became 106 days.

Table 8. Recapitulation of housing A completion time plus 4 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 14 days 10 days
Foundation and Concrete 7 days 5 days
Masonry 21 days 15 days
House floors and walls 21 days 15 days
Housetop 7 days 5 days
Ceiling 7 days 7 days
Carpentry 7 days 7 days
Windows and Doors 7 days 7 days
Sanitary 7 days 7 days
Water installation 14 days 13 days
Electricity installation 14 days 14 days
Wall Painting 14 days 11 days
Finishing 2 days 2 days

The original time to develop housing A was 142 days. After crashing overtime 2 hours the
completion time was 118 days.

Table 9. Recapitulation of housing B completion time plus 4 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 13 days 9 days
Excavation and Landfill 7 days 5 days
Foundation 21 days 14 days
Masonry 19 days 13 days
Concrete 21 days 21 days
Carpentry 7 days 7 days
Roof and Ceiling 7 days 7 days
House Floors and Walls 7 days 7 days
Doors and Windows 2 days 2 days
Sanitation 7 days 5 days
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Walls Painting 14 days 14 days
Electrical 12 days 8 days
Water Installation 14 days 14 days
Miscellaneous Jobs 7 days 5 days

The original completion time to develop housing B was 158 days. After a crashing the 4-hour
overtime time of completion became 131 days.

Table 10. Recapitulation of housing C completion time plus 4 hours of overtime

Task Normal Duration Crashing Duration
Prepatory activity 7 days 5 days
Foundation 14 days 10 days
Concrete 21 days 14 days
Mansory 21 days 14 days
House floors 10 days 10 days
Housetop and Ceiling 11 days 8 days
Carpentry 7 days 5 days
Walls Painting 12 days 8 days
Miscellaneous Jobs 3 days 3 days

The original completion time to develop housing C was 122 days. After a crashing of 4 hours of
completion overtime time became 93 days.

Linear Program

The optimization's purpose is to obtain the optimum combination of the right shortest duration and
the minimum cost of an addition. In formulating the problem, data from Tables 11,12 and 13 are
made into the LP equation after going through data modeling from crashing program calculations.
The empty data on some slopes are empty because the duration does not decrease even though
overtime has been added, so the value is not changed from the initial cost. The calculation of crashing
method will be recalculated using the Linear Program.

Table 11. Cost Slope of Housing A (Rupiah)

Decision Cost Slope Cost Slope  Cost Slope
Variables  Task 1 hour 2 hours 4 hours
X1 Preparatory activity 2.404.100 2.090.521  1.463.365
X2 Foundation And Concrete - 15.071.105 10.549.774
X3 Masonry And Plastering 13.184.198 2.846.588  4.194.972
X4 Floor And Wall 543.848 413.324 609.109
X5 Housetop - 10.052.400  7.036.680
X6 Wall Painting 1.496.351 4.033.643  9.108.225
X7 Finishing 4.752.813 4.132.881  5.786.033
Table 12. Cost Slope of Housing B (Rupiah)

Decision Cost Slope Cost Cost
Variables  Task 1 hour Slope Slope 4

2 hours hours
X1 Preparatory activity - 329.264 235.188
X2 Excavation and Landfill - 614.401 460.800
X3 Foundation 2.061.288 579.737 515.322
X4 Masonry 1.918.315 2.841.948  1.989.364
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X5 Sanitation 191.198 764.790 573.597
X6 Electrical 613.594 525.938 350.625
X7 Miscellaneous Jobs 281.443 1.125.771 844.329

Table 13. Cost Slope of Housing C (Rupiah)
Decision Cost Slope Cost Cost Slope 4
Variables  Task 1 hour Slope hours

2 hours

X1 Prepatory activity 128.571 514.286 385.714
X2 Foundation 1.435.066 1.669.363 995.760
X3 Concrete 1.515.019 1.899.785 1.154.300
X4 Masonry 3.242.412 4.065.882 2.470.409
X5 Housetop 7.761.505 9.587.741 8.522.436
X6 Carpentry - 12.850.000 6.241.429
X7 Wall Painting 2.604.184 3.138.376 1.602.575

Acceleration on housing A by using a crashing program for 1, 2, and 4 consecutive hours of overtime
is 6, 15, and 24 days from the normal duration of 142 days. Acceleration on housing B by using the
crashing program for 1, 2, and 4 hours respectively, is 6, 13, and 27 days from the normal duration
of 158 days. Acceleration in housing C by using a crashing program for 1, 2, and 4 consecutive
overtime hours is 7, 16, and 29 days from the normal duration of 106 days. The data is then modeled
as the objective and constraint functions according to the data obtained. The destination function is
illustrated in table 14. Constraint functions are defined against the limits of maximum time
shortening (duration of acceleration per activity), subtraction of overall time (total duration of
acceleration), and non-negativity (variable value greater than 0). The constraint functions of each
activity are shown in Table 15.

Table 14. Objective function Linear programming modeling

Objective Function

Development

1 hour 2 hours 4 hours
Housing A Min Z = 2404100X1+ Min Z = 2090521 X1+ Min Z = 1463365X1+
13184198X2+543848X3 15071105X2+ 2846588X3+  10549774X2+4194972X3
+1496351X4+4752813X5 413324X4+10052400X5+ 609109X4 +7036680X5
4033643X6+4132881X7 9108225X6+5786033X7
Housing B Min Z =2061288X1+ Min Z = 329264+ Min Z = 235188X1+
1918315X2+191198X3 614401 X2+579737X3+ 460800X2+515322X3
+613594X4+281443X5 2841948X4+764790X5+ 1989364 X4+573597X5
525938X6+1125771X7 350625X6+844329X7
Housing C Min Z = 128571X1+ Min Z = 514286X1 Min Z = 385714X1
1435066X2+1515019X3 +1669363X2+1899785X3 +995760X2+1154300X3
+3242412X4+7761505X5 +4065882X4 +9587741X5  +2470409X4 + 8522436X5
+2604184X6 +12850000X6 +3138376X7 + 6241429X6+ 1602575X7

Table 15. Constraint function linear programming modeling

Development

Constraint

1 hour

1 hour 4 jam
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Housing A

Housing B

Housing C

X1 <1; X2<1; X3 22,
X4<1 ; X5<1; X1 + X2 +
X3 + X4 + X5 = 6
X1,X2,X3,X4,X5>0

X1 <1; X2 <£2; X3 <1,
X4<1 ; X5<1; X1 + X2 +
X3 + X4 + X5 = 6;
X1,X2,X3,X4,X5>0

X1 <1; X2 <1; X3 <2;
X4<2 ; X5< 1; X6<1; X1
+ X2 + X3+ X4 + X5+ X6
=8: X1,X2,X3,X4,X5 >0

X1<2;X2<1; X3<4; X4<
4; X5<1; X6<1; X7<2; X1
+X2 +X3 +X4 +X5 +X6+X7
=15; X1 ,X2,X3, X4 ,X5
,X6,X7>0

X1<2;X2<1;X3<4; X4<3
; X5 <I; X6 <2; X7 <I; X1
+X2 +X3 +X4 +X5 +X6+X7
=14 ; X1 ,X2 ,X3, X4 X5
X6 ,X7>0

X1<1;X2<2;X3<4; X4<4
;X5<2; X6<1; X7<2;X1
+X2 +X3 +X4 +X5 +X6+X7
=16 ; X1 ,X2 ,X3, X4 X5
X6 ,X7>0

X1 <4; X2<2; X3<6; X4
<6; X5<2;X6<1;X7<3;
X1 +X2 +X3 +X4 +X5
+X6+X7 = 24; X1 ,X2 ,X3,
X4,X5,X6,X7>0

X1 <4; X2<2; X357, X4
<6; X5<2;X6<4;X7<2;
X1 +X2 +X3 +X4 +X5
+X6+X7 = 27; X1 ,X2 ,X3,
X4,X5,X6,X7>0

X1 <2;X2<4; X3<7;
X4<7 5 X5<3; X6<2; X7
<4; X1 +X2 +X3 +X4 +X5
+X6+X7 =29 ; X1 ,X2,X3,
X4 ,X5 ,X6 , X7>0

The mathematical model above enters the LINDO program formulation to perform calculations by
iterating. Figure 2 displays examples of LINDO program input and output data.

(& unpo

File Edit Solve Reports

D8]

Window Help

E=GE)

File Edit Solve

D= " &

Reports  Window  Help

|nleY|e = A Ol

2w BB 2

|2e[vRe%x(a| Bl6l BAE BED 20

nininize 240410
subject to

Xl <=1

12 ¢=1

¥ Elindo\Perumahan A.

0X1+ 13184198X2+4543848X3+1496351 4+ 4752813X5

2 Reports Window

LP OPTIMUM FOUND AT STEP

OBJECTIVE FUNCTION VALUE

1) 0.2292516E+08
VALUE

4

REDUCED COST

X3 ¢=2

I4 <=1

I5 <=1
E1+H2+E3+044X5 =6
{1 5= 10

X2 »=
13 »=
4 =
X5 »=
end

0
0
0
0

VARIABELE

X1 1.000000
X2 1.000000
X3 2 000000
X4 1.000000
XS 1.000000

ROW SLACK OR SURPLUS
) 0000000
) 0 000000
) 0.000000
) 0. 000000
) 0.000000
) 0.000000
) 1.000000
) 1.000000
10) 2 000000
11) 1. 000000
12) 1.000000

NO. ITERATIONS= 4

DUAL PRICES
10780088 000000

12640350.000000
11687847 000000

8431385.000000
—-13184198.000000

0 000000
0.000000
0.000000
0.000000
0.000000

0.000000

0 000000
0.000000
0.000000
0.000000
0.000000

a. Inputing data in LINDO software

b. Output data from LINDO software

Figure 2. Sample input objective function and constraint (a) iteration calculation result (b)

RESULT AND DISCUSSION

The surcharge for applying overtime is calculated based on the number of hours of overtime for each
task. The calculation is obtained by adding the normal cost to the overtime cost. Table 16 provides
an overview of the number of additional costs due to the program crashing in each housing A, B,

and C.
Table 16. Crashing Cost (Rupiah)
Crash Crash Crash
Development Normal Cost 1 hour 2 hours 4 hours
Housing A 415.507.850 438.433.008 470.151.453 511.825.034
Housing B 200.045.328  207.029.480 215.105.487 221.689.462
Housing C 157.995.055  179.439.240 224.012.966 232.582.952

The crashing process is a way of estimating variable costs in determining the most maximum and
most economical duration reduction of an activity that is still possible to reduce (Ervianto, 2004).
The table values above will be used in the calculation of cost slope as an optimization consideration,
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where the smallest slope value and the fastest duration are the main choices. Table 17 will illustrate
the cost slope in each housing A, B, and C.

Table 16. Total Cost Slope (Rupiah)

Cost Slope Cost Slope  Cost Slope
Development 1 hour 2 hours 4 hours
Housing A 3.820.860 3.642.907 4.013.216
Housing B 1.164.025 1.075.725 801.635
Housing C 2.680.523 4.126.120 2.571.996

The final stage in crashing the program is determining which acceleration is most worth value. Table
12 shows that Housing A will be optimal by choosing 2 hours of overtime with an acceleration
duration of 15 days and a total cost of Rp. 470.151.453. Housing B will be optimal if you do overtime
for 4 hours with an acceleration duration of 27 days and a total cost of Rp. 221.689.462. Lastly,
housing C will be optimal after overtime for 2 hours with an acceleration duration is 16 days and
requires a fee of Rp. 231.443.325. The acceleration by program crashing resulted in optimizations
made from the project's critical path, with duration and cost slope data formulated by linear program
modeling. Mathematical models validated using the iteration method with LINDO software generate
optimum costs for each acceleration. Table 17 displays the results of iterations of the LINDO
software.

Table 17. Optimization Result using LINDO software (Rupiah)

Extra Cost Cost Extra Cost Cost Extra Cost Slope 4
Development 1 hour Slope 1 2 hours Slope 2 Cost 4 hours
hour hours hours
Housing A 22.925.160 3.820.860 54.643.600 3.642.907 4.013.216 4.013.2156
Housing B 6.984.153  1.164.026 15.060.160 1.075.726 21.644.140 801.635
Housing C 21.444.190 2.680.524 66.017.910 4.126.119 74.587.900 2.571.997

The iteration results of the LINDO application in table 17 show additional costs and cost slopes. The
optimization cost selection is based on the lowest cost slope. Housing A will be optimal by adding
2 hours of overtime with a total additional cost of Rp. 54.643.600 with a total acceleration of 15
days. In housing B, the development will be optimal by adding over time for 4 hours with a total
additional cost of Rp. 21.644.140 with a 27-day acceleration. In housing C, the development will
be optimal if it adds 4 hours of over time at an additional cost of Rp. 74.587.900 with a 29-day
acceleration.

CONCLUSION

To find the optimum time with the best cost, this article offers techniques for resolving the issue of
time and cost optimization in the construction of project housing using a mathematical model that
is an integer linear program. The locations of housing A, B, and C were chosen based on the
population density and level of housing affordability. According to the findings, using mathematical
models to determine the ideal duration and time was valid. The model which displays several
acceleration choices with variable durations, cost slopes, and final costs, is based on the crashing
program depicted in tables (1) through (10). The choice of acceleration to be carried out is an
important step in the crashing program. Table 12 shows choosing 2 hours of overtime with an
acceleration period of 15 days and a total cost of Rp. 470.151.453 will make Housing A the most
practical choice. Housing B will be better if the overpayment for 4 hours for 27 days with a total of
Rp. 221.689.462. After working an additional 2 hours for 16 days, residential C will function
properly at the cost of Rp 231.443.325. Linear Program Modeling is the result of a program crashing
to provide optimization on critical project paths using accelerated data on duration and cost slope.
The surcharge and cost slope are shown in table 17. The LINDO application tests mathematical
models using an iteration method to determine the best price for each acceleration. Input data on a
linear program resulting in a value proportional to the program's crash value. As can be observed,
adding 2 hours of overtime to housing A at an additional cost of Rp 54.643.600 would be ideal. The

232



ASTONJADRO pISSN 2302-4240
elSSN 2655-2086

Volume 12, Issue 1, February 2023, pp.223-234

DOI: http://dx.doi.org/10.32832/astonjadro.v12il http://ejournal.uika-bogor.ac.id/index.php/ASTONJADRO

construction of housing B will be most optimal by add four additional hours of work, with a total
cost of Rp. 21.644.140. If the construction in housing C adds 4 hours of over time at an additional
cost of Rp. 74.587.900, it will be considered optimal. The results show that the application of
mathematical models that are linear integers in this study can be applied effectively. The residential
construction developer can use the optimization, or the project owner will be able to choose the best
solution based on the aspect of construction costs. So that in the future, work that becomes critical
task can be optimized. This study recommends that mathematical model applications can be applied
to other, more complicated problems using linear program applications such as ILOG CPLEX.
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