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Abstract: Parking lots are one of the most important elements of transportation infrastructure. Parking lots with good design
and the selection of suitable parking angles will provide optimal vehicle capacity. In this article, we will discuss the parking lot
in the form of a Parallelogram with a broad concept of area, for parking a private car vehicle. In this paper, the land in the form
of a jug is formed of two right and rectangular triangles. The method used is a linear program method that is formed from the
broad concept of the area with the help of lindo software. The results obtained from this article are the forms of Parallelogram
which are formed from two right triangles which are used divided into two parts, namely a right triangle with a base and a
height of half a rectangle resulting in a total parking area of 873,600 square meters, with the number of car vehicles that can be
parked on the inside of a parking lot with a 90 degree angle is as much as 520 car vehicles. So it can be concluded that the
numbers formed from two right triangles and rectangles produce the optimal number of vehicles with a 90 degree parking
angle.
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triangles.

In this article the author is interested in discussing the
optimization model for parking lots with different forms, namely
the shape of the parking lot and vehicle in a straight line or
usually referred to as parking with a 90 degree angle and parking
illegally or called parking 30, 45, 60, and 75 degrees.

In 2019, Ihda Hasbiyati has begun research on
transportation. Furthermore, Abdel Fatah and Taha in 2014
discussed the discussion with the broad concept of the area.
The shape of the barn is divided into two parts, namely
parallelogram formed from two right triangles with
rectangles, and the length of a triangle formed from two right
triangles with a square. Right triangle used is also divided
into two parts, namely right triangle with base side and
height is half of rectangle and right triangle with base side
and height is half of square. So, this discussion is called
optimization of long-distance parking lots with the concept of
square area, rectangle and right triangle.

1. Introduction

Parking is a place to stop vehicles in the short and long
term. Parking lots are one of the most important elements of
transportation infrastructure. A good parking lot is a parking
lot that has an optimal capacity. Factors that affect the
optimal capacity in parking lots include the design of parking
lots, parking angles, types of vehicles, and parking area.
These factors provide a separate impact on parking lots,
because if the design of parking lots with the right parking
angle on a large parking area, will provide the capacity of
certain types of vehicles optimally. Types of vehicles such as
passenger cars, motorcycles, trucks, buses provide different
sizes. Usually the parked vehicles will be separated
according to the type of each vehicle. The way to park
vehicles is different, there are those who park the parking
capacity with a linear program, with parking spaces
rectangular in 3 cases. Furthermore, Intan Syahrini and
friends in 2018 discussed the mathematical model of parking
lots for parking lots in the form of triangles, with the triangle
shapes being discussed are equilateral triangles and isosceles

2. Theoretical Background
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2.1. Parking Area

Parking lots are land used to park vehicles of certain types
in the short and long term. Parking lots are not always in the
land or on the road. There is a parking lot built in the
building area such as under a building or inside a building.
Each placement of parking lots or the selection of parking
lots, each gives a good impact and also a bad impact, such as
the ease of vehicles to get out or enter and the adverse effects
that cause an accident. Parking lots made with the right land
planning will provide more optimal capacity.

Parking lots have various forms such as square, rectangle,

triangle, circle, rhombus, to irregular shape. The form of
parking lot adjusts to the available land.

2.2. Parking Design

Parking design is a design of vehicle placement on parking
lots. The design of the parking lot is very influential, because
if the design is made improperly it will have a bad impact on
the circulation of vehicles that are on the parking lot. A good
design will produce an efficient, safe and optimal parking lot.
Next is the general design of a rectangular parking lot.
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Figure 1. General design of a parking lot.

Description of Figure 1:

Al = vehicle width

A2 = vehicle width when attacki ng

B1 = vehicle length

B2 = the length of the vehicle when it is attacking

C1 = vehicle length from wall to end of the vehicle

C2 = the length of the vehicle from the roadside to the end of the vehicle
D = length of road in the parking lot (entrance and exit of the vehicle)
L = land width

L'y = the width of the first inner land

L', = the width of the second inner land

W = length of land

E1 = the length of the outer land

E2 = full length of the outer land

E3 = length of land inside

XEG® = the number of outer rows which are full of angles 6

X6 = number of rows inside with angle 6

N6 = number of vehicles inside with angle 6

NEB = the number of outer vehicles that are full of angles 6

2.3. Parking Angle

Parking angle is a way of placing vehicles on parking lots.
The methods used are usually of two types, namely straight
and crooked. Parking by means of parking is a way of
parking using angles of 30, 45, 60 and 75 degrees. While
parking the vehicle in a straight way is by using a 90 degree
angle.

2.4. Type of Vehicle

Along with the development of the times, the type of
vehicle is increasing and the forms vary. In general, the types
of vehicles in Indonesia that are usually parked are
motorbikes, passenger cars, buses, trucks and others. The
following is a measure of the parking space requirements for
this type of car, which was taken from the Indonesian
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Ministry of Transportation.

Table 1. Optimization coefficient of parking lots for car vehicles.

. . Angle

Dimension (meter) Symbol 30 45 60 75 20

Car width Al 2.50 2.50 2.50 2.50 2.50

Line width when tilting A2 5.00 3.54 2.89 2.59 2.50

Car length B1 5.00 5.00 5.00 5.00 5.00

Line length when tilting B2 9.33 7.50 6.44 5.67 5.00

Park.lng 1.1ne width from the wall to the c1 467 530 558 548 5.00

parking line boundary

Middle parking line width C2 3.58 4.42 4.96 5.15 5.00

The width of the alley D 3.50 3.75 4.50 6.00 5.00

Full exterior width El 11.75 13.47 15.04 16.63 17.00

Exterior width 127 8.17 9.05 10.08 11.48 12.00

Interior width ES 7.08 8.17 9.46 11.15 12.00

elimination technique with an iterative calculation. In

3. Materials addition to these two methods, quick completion can be done

3.1. Linear Program

A linear program is a mathematical method used to
allocate resources with given limits to achieve a goal that is
maximizing profits and minimizing costs. Mathematical
programs are widely applied in daily life as applied in
economic, industrial, military, social and other problems. The
linear program consists of a mathematical model with an
objective function and several linear constraints. Linear
programs have several characteristics including linearity,
proportionality, additive, visibility and certainty. Formulation
of problems in linear programs is to study problems by
describing statements such as goals, limiting resources,
alternative possible decisions, time limits for decision-
making, relationships between the parts studied and others.
Setting goals is the most important aspect, because the goal is
a form that aims to optimize.

Completion of linear programs can be done using several
ways, namely by using graphics and simplistic methods. The
graph method is a very simple method because the existing
problems will be graphically illustrated. The graph method
has a weakness, because it can only be used when the
variable is not large than two. Next is the simplistic method,
the method of completion by using the Gauss Jordan

using computer software. Software that is often used is
LINDO, LINGO, Excel Solver.

3.2. Lindo

LINDO or can be called Linear Interactive Discrete
Optimizer is a software to solve linear programming
problems with the working principle of entering data,
completing and estimating the truth and feasibility of data
based on its completion. Calculations on LINDO use the
simplex method and to solve zero-integer linear
programming problems with one software using the Branch
and Bound method (Linus E. Schrage, 1986). There are some
resistance to using LINDO, namely determining
mathematical models according to the problem, determining
the formulation and reading the results of reports that have
been produced by LINDO (Mark Wiley, 2010).

4. Result

The mathematical model produced from this article is
divided into 2 parts, namely:
1. The mathematical model of the shape of a parking lot is
formed of rectangles and right triangles, where a right
triangle with a base and a height is half of a rectangle.

55

Xy

Figure 2. Design of parking spaces for parallelograms with right triangles (rectangles) and rectangles.

From Figure 1 and Figure 2, the area of the rectangular
area is obtained as follows:

(L-1)-E1 (1)

(L-E2) @)

(L-E3) 3)
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and the area of a right triangle as follows: 1 (L-E3) (6)
2
1 ,
> (L-L)-E1 “) Equations (1) to equation (6) are then summed according
1 to the corresponding size so that an equation is formed which
5 (L-E2) (5) s called the objective function as follows:
Max Z = Z 2(((L—L)-E1)NE@ + (L-E2)NO + (L - E3)NEEO)

6=30,45,60,75,90

. . 1
Constraint: E(AZNEEH —LE®) <0
E1XEG +E2X0 + E3EO <P

E1XEO +E2X0 +E3EO <P
A2NG —2L'X0 <0

1
A2NE® — (L — L') XEO <0 5 (A2N6 —2L'X8) < 0
A2NEEO —LE6 <0 1
5 (A2NE6 — (L — L') XE6) <0
XEO + EQ < 2
1
E1XEO +E2X6 +E3EQ<P E(AZNEEH—LEH)SO
l(A21\/9 -2L'X0)<0 XE®0,X0,E0,NEO, N6, NEEO > 0
> <

1 2. The mathematical model of the form of parking lots is
—(A2NE6 — (L—-L)XEB) <0 formed of rectangles and right triangles, where a right
2 triangle with a base and a height is half of a square.

BEE

Figure 3. Design of parking spaces for parallelograms with right (square) and rectangular triangles.

O

&

Figure 1 and Figure 3, obtained by the area of a rectangle

as follows: %(5 -S)-El (10)
(L-L)-E1 (7) %(5 -E2) (11)
(b-£2) ©) ~(S" E3) (12)

(L-E3) ©)

Equations (9) to equation (12) are then summed according
to the corresponding size so that an equation is formed which
is called the objective function as follows:

and the area of a right triangle as follows:

MaxZ = Z ((((L —L)-E1)+((S-5" -El)) NEO + (L-E2)+ (S-E2)NO + (L-E3) + (S~ E3)NEE6)
6=30,45,60,75,90
Constraint: A2NEEG —LEB <0
E1XEG +E2X0 + E3EOLP XEQ +E0 <2
A2NG —2L' X0 <0 E1XEG+E2X0 +E3EOLS

— (] —1' < 1
A2NEO — (L—-L)XE6 <0 E(AZNG—ZS'X@)SO
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1
5 (A2NEQ — (S~ S') XEQ) < 0

1
E(AZNEEG —SEf) <0
E1XEO +E2X0 +E3EO<S

1
5 (A2N0 — 25" X60) <0

1

5 (A2NEQ — (S~ S') XEG) < 0

1
E(AZNEEG —SEB)<0

XEO,X0,E6, NEO, NG, NEEG = 0

5. Discussion

In this section, we will discuss the calculations using
LINDO software with the mathematical models obtained
previously. The parking land coefficient in Table 1 is
substituted into model 1 and model 2 that have been
obtained. Furthermore, it is calculated using LINDO
software. The following are the results of the LINDO
calculation for both models with a rectangular area
measuring 120 x 70 and a square land of 75 x 75.

1. The mathematical model of the shape of a parking lot is
formed of rectangles and right triangles, where a right
triangle with a base and a height is half of a rectangle.

LP Optimum Found at Step 16

Objective Function Value

VARIABLE VALUE REDUCED COST
X75 0.000000 3127.518799

X90 10.000000 0.000000

E30 0.000000 37665.597656
E45 0.000000 36860.085938
E60 0.000000 36789.910156
E75 0.000000 38982.804688
E90 0.000000 40320.000000

2. The mathematical model of the form of parking lots is
formed of rectangles and right triangles, where a right

triangle with a base and a height is half of a square.
LP Optimum Found at Step 2
Objective Function Value

1) 565500.0
VARIABLE VALUE REDUCED COST
NE30 0.000000 0.000000
NE45 0.000000 0.000000
NE60 0.000000 0.000000
NE75 0.000000 0.000000
NE90 0.000000 0.000000

N30 0.000000 0.000000

N45 0.000000 0.000000

N60 0.000000 0.000000

N75 0.000000 0.000000

N90 320.000000 0.000000
NEE30 0.000000 0.000000
NEE45 0.000000 0.000000
NEE60 0.000000 0.000000
NEE75 0.000000 0.000000
NEE90 0.000000 0.000000
XE30 0.000000 82832.500000
XE45 0.000000 99543.320312
XE60 0.000000 111145.617188
XE75 0.000000 122899.710938
XE90 0.000000 125630.000000
X30 0.000000 30800.900391
X45 0.000000 17882.189453
X60 0.000000 5988.009277
X75 0.000000 0.000000

X90 6.250000 0.000000

E30 0.000000 37984.199219
E45 0.000000 36503.285156
E60 0.000000 35730.652344
E75 0.000000 37253.910156
E90 0.000000 38280.000000

6. Conclusion

1) 873600.0
VARIABLE VALUE REDUCED COST
NE30 0.000000 0.000000
NE45 0.000000 0.000000
NE60 0.000000 0.000000
NE75 0.000000 0.000000
NE90 0.000000 0.000000
N30 0.000000 0.000000
N45 0.000000 0.000000
N60 0.000000 0.000000
N75 0.000000 0.000000
N90 520.000000 0.000000
NEE30 0.000000 0.000000
NEE45 0.000000 0.000000
NEE60 0.000000 0.000000
NEE75 0.000000 0.000000
NEE9S0 0.000000 0.000000
XE30 0.000000 85070.000000
XE45 0.000000 97680.164062
XE60 0.000000 109143.476562
XE75 0.000000 120729.835938
XE90 0.000000 123420.000000
X30 0.000000 32026.400391
X45 0.000000 20844.658203
X60 0.000000 10664.570312

From the results of the calculations obtained, it can be
concluded that the parking area in the form of
parallelogram is formed from two parts, namely
parallelogram formed from two right triangles and
rectangles. The right triangle used is divided into two
parts, namely a right triangle with a base and a height of
half of a rectangle resulting in a total parking area of
873,600 square meters with a number of inner vehicles
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with a 90 degree angle of 520 vehicles. Whereas a right
triangle with a base and height is half of a long rectangle
resulting in a total parking area of 565,500 square meters
with a number of inner vehicles with a 90 degree angle of
320 car vehicles.
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