
 

 

413 | Page 

Scientica 

 

3021-8209 (2026), 4 (1): 413-426 

Jurnal Ilmiah Sain dan Teknologi 

EVALUATION OF PASSIVE FIRE PROTECTION SYSTEM IN DENSE 

RESIDENTIAL AREAS  

(CASE STUDY: NELAYAN INDAH DISTRICT, MEDAN LABUHAN) 

 

M. Salman Ihsan 1, N.Vinky Rahman 2 

1Architecture Departement, Faculty of Engineering, Universitas Sumatera Utara, Medan, 

20155, Indonesia 

*Corresponding Author:salmanihsan1707@gmail.com; vinkyrahman@gmail.com  

 

Abstract  

This study aims to analyze and provide recommendations regarding the 

passive fire evacuation system in the Nelayan Indah area. Fire is something 

that cannot be avoided and is estimated by the time and place of occurrence 

in human life, including in residential areas. Fire can cause losses to both 

property and life. Fire disasters can be caused by various factors. Among 

them are the lack of public awareness and readiness for the dangers and 

handling of fires and the lack of available fire protection system facilities and 

infrastructure. This study aims to analyze and provide recommendations 

regarding the passive fire evacuation system in the Nelayan Indah area. To 

overcome fires, there are two types of protection systems, namely active fire 

protection systems and passive fire protection systems. In this study, the 

passive fire protection system used is preferred to overcome fires. This study 

took place in the densely populated settlement of Nelayan Indah. The location 

has the potential for fires because many buildings use flammable materials, 

the distance between buildings is close together and strong wind conditions 

because it is located in the coastal area. Medan Labuan. The research method 

used is AHP. Based on the results of the study, the Nelayan Indah area has a 

low reliability of the fire protection system because many factors are not in 

accordance with the provisions related to the fire protection system. So that 

appropriate recommendations are given to be implemented in the Nelayan 

Indah area, such as improving firefighting facilities and infrastructure, 

increasing community discipline and knowledge regarding fires, and making 

better use of existing facilities and infrastructure. 
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1. Introduction 

      There are many countries that are prone to various types of disasters, both natural 

disasters and disasters caused by humans, one of which is Indonesia. One of them is a fire 

disaster [1]. One of the problems that cannot be separated from humans is fire. [2][3]. That is 

because many fires occur due to human negligence, but there are other aspects that cause fires, 

namely technical factors [8]. Fire disasters are disasters that cannot be predicted in terms of 

time and place of occurrence so that they can cause many losses to society and nature [4]. 

Losses that can be caused by fires include property losses, business disruptions, and loss of life 

[5].  

Triggers for fire disasters are low public understanding and awareness of the dangers 

of fire, minimal public readiness in experiencing and overcoming the dangers of fire, a fire 

response system that has not been realized and integrated, lack of adequate infrastructure and 

facilities for building fire protection systems [3]. Other things that cause the easy spread of 

fire during a fire are the lack of availability and implementation of an optimal fire protection 

system and in accordance with building technical requirements regulations, the existence of 

a response system that has not been properly integrated, the level of public understanding of 

the dangers of fire which is still relatively low and readiness in dealing with and overcoming 

the dangers of fire [9].The level of public dependence on related technical institutions, 

namely the Fire Department, is still very high. This should be reduced considering that 
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Firefighters need time to get to the location of the fire. Meanwhile, the process of spreading 

the fire very quickly requires extinguishing to be carried out as soon as possible by the 

community [6]. The unavailability of evacuation locations when a fire occurs, limited access 

for fire engines, and increasing environmental growth that is not equipped with proper 

protection systems, both passive and passive, can worsen the occurrence of fires [7]. 

The Medan City Fire Department recorded that in 2021 there were 208 fire cases in the 

city of Medan. This incident resulted in 2 deaths and 27 injuries, while material losses 

reached 30 billion. In 2017, a fire broke out in two semi-permanent houses on Jalan Khaidir 

Blok AA, Nelayan Indah sub-district. At the time of the incident, residents tried to put out 

the fire, but the wooden material of the house caused the fire to quickly spread to the house 

next door. This research took place in a densely populated settlement in Medan city, Medan 

Labuhan, Nelayan Indah. This settlement is one of the densely populated settlements located 

on the coast, Nelayan Indah Village, Medan Labuhan. When discussing the Nelayan Indah 

settlement, the general view that emerges is a densely populated settlement, semi-permanent 

buildings, and narrow road access. 

This location has the potential for fire, with the condition of the building using 

flammable materials allowing fire can spread to other houses, added to the strong wind 

conditions and high levels of solar heat because it is located in a coastal area. So with this, it 

is very important to research the evaluation of passive fire protection systems in settlements 

in Nelayan Indah, Belawan. Fire will not occur if the protection system is in accordance with 

the established standards [13]. the number of fires can be reduced if appropriate safety 

standards have been implemented [14][13]. 

There are two types of fire protection systems, namely passive fire protection systems 

and active fire protection systems. The passive fire protection system is a system used to protect 

everyone in a location by making construction components and designs in such a way [15]. 

Protection against building collapse during a fire, preventing flashover, providing an 

opportunity for occupants to evacuate, providing the building with the ability to function safely, 

and providing an opportunity for firefighters to save themselves [16]. The component of the 

passive fire protection are water supply, environmental roads,rescue facilities and buildings 

from Table 1. 

Table 1. Passive Fire Protection System Components 

Refrence 
Passive Fire Protection 

System Component 
Conclusion 

(Deliana, 2015) 

-Building Quality 

-Building Density 

-Facilities and Infrastructure 

-Environmental Roads 

-Buildings 

-Water Supply 

-Rescue Facilitie 

(Kementerian PUPR, 2016) 

-Buildings 

-Environmental Roads 

-Drinking Water Provision 

-Environmental Drainage 

-Waste Water Management 

-Waste Management 

-Fire Protection 

(Zulkarnaini et al.,2019) 

-Roads 

-Drainage 

-Drinking Water Provision 

-Waste Management 

-Waste Water Management 

-Fire Safety 

-Public Open Space 
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Based on the results of the conclusions from the three comparative studies above, the 

references that will be used for analysis are obtained from the variables and sub-variables in 

the Nelayan Indah environment from Table 2. 

 

Table 2. Passive Fire Protection System Variabel 

Aspect Component 

Environmental Roads -Pavement Layer 

-Pavement Layer Road Width 

-ObstacleFree Roads 

Buildings -Safe Distance Between Buildings 

-FireResistant Construction and Building 

Materials 

Water Supply -Water Source 

-Distance to Water Source 

-Accessibility of Water Source 

-Distance of BPBD to Research Location 

Rescue Facilities -Evacuation Room for Occupants and 

Goods After a Fire 

-Evacuation Barriers 

-Accessibility of Occupants and 

Firefighters for Rescue and Evacuation 

 

Fire protection system for buildings has a distance between buildings and building 

construction. Fire-resistant construction is a construction whose structure is resistant to fire and 

is able to withstand loads. Fire-resistant construction in the form of fire barriers, fire walls, 

outer walls that are associated with the location of the protected building. Environmental 

planning includes providing water sources such as hydrants or reservoirs. To facilitate 

firefighting agencies[17]. The water supply to the passive fire protection system is influenced 

by the water source, the distance of the water source and the distance of the BPBD. In one 

environment, if there is no reliable water distribution system, it is permissible to install or 

provide a water source such as a reservoir, pressure tank, elevation tank, or subscribe to water 

from the fire department or other approved systems and in accordance with applicable 

standards and regulations. The water supply for what is needed must be at least 2400 liters / 

minute and be able to flow water for at least 45 minutes during the firefighting process. The 

distance in question is the minimum distance required from the fire department to reach the 

location of the fire. Firefighters must be at the scene within a maximum of 15 minutes after a 

fire occurs. 

To prevent accidents or injuries during evacuation during an emergency, each building 

must be equipped with a means of exit for the building occupants, so that they have enough 

time to safely escape. Consists of evacuation space, evacuation barriers, and accessibility. The 

minimum distance between the assembly point area and the fire location is 20 m which aims 

to protect users from debris or other hazards. Evacuation routes must not obstruct access and 

maneuvering of fire engines.  

The research location is in the Nelayan Indah Block F area. Nelayan Indah is one of the 

sub-districts in Medan Labuhan District, Medan City, North Sumatra. It has a land area of 40 

hectares that stretches from North to South. Previously, Nelayan Indah was a mangrove and 

swamp area. The administrative boundaries of Nelayan Indah sub-district are in the North 

bordering Medan Labuhan East Longitude, in the South bordering Medan Deli Sub-district, in 

the West bordering Medan Marelan, and in the East bordering Deli Serdang Regency. The 

location of this area is at an altitude of 0-150 meters above sea level with a flat topography 
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located on the coast so that the wind speed is quite high. The reason for choosing Nelayan 

Indah as the research location is because Nelayan Indah is one of the densely populated 

residential areas in Medan City with flammable building materials and access to the location 

is quite far from the highway. Thus, an evaluation of the passive protection system in this 

settlement is needed in order to prevent and minimize fires. Block F was chosen based on 

factors, namely that there had been a fire disaster in this block, there was a connecting route in 

the form of a damaged bridge in this block, and block F was the longest block in Nusa Indah, 

which could be a representative for other blocks. 

 

2. Methods 

The type of research that will be used in this study is a mixed method. This is because 

data related to existing conditions will be analyzed using qualitative methods through 

descriptive analysis, while for the analysis of the reliability value of the fire protection system 

using quantitative methods through AHP. Qualitative research is conducted in natural 

conditions, researchers conduct surveys of information sources. In this study, the instrument is 

a person (human instrument), namely the researcher himself and the information analysis is 

inductive. Qualitative research can be tried by conducting a survey or direct observation at the 

research location, namely the Nelayan Indah Medan Labuhan sub-district and conducting direct 

interviews with local residents regarding the condition of the passive protection system at that 

location. The reason for choosing this method is in accordance with the purpose of the study, 

namely to provide an explanation in the form of a clear picture of the phenomenon or indication 

of the condition of fire protection system facilities and infrastructure in the Nelayan Indah 

Medan Labuhan area in the form of a series of words that ultimately want to produce a theory. 

The quantitative method used is AHP. AHP (Analytical Hierarchy Process) is one way that can 

be used to obtain alternative conclusions from a problem. The first step in using the AHP 

method is to determine the sub-variables and variables, then the variables are called sorted 

based on their priority scale, this is necessary when processing data using a initial matrix.The 

criteria used are to see how important one variable is to another variable, create an initial 

matrix. 

After sorting, then fill in the initial matrix columns based on 9 scales of importance, then 

enter the normalization matrix  in Table 3. 

 

Table 3. Scale of Interest 

Value Description 

1 Criterion A is as important as criterion B 

3 A is slightly more important than B 

5 A is clearly more important than B 

7 A is clearly more important than B 

9 A is absolutely more important than B 

2,4,6,8 When in doubt between two adjacent values 

 

After that, the normalization matrix is summed up for each row, then divide the results 

of the normalization matrix by the total number in the sum of the values to determine the 

priority vector and temporary weight by summing the multiplication between the initial cell 

matrix and the priority vector normalization matrix cell. Then create a percentage weight by 

dividing the temporary weight and the total temporary weight multiplied by 100%, so that the 

final weight will be obtained. There are assessment criteria for determining the reliability value 

of an environment's passive protection system. The condition values of the components of the 
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passive environmental fire protection system are divided into four assessment levels, namely 

in Table 4. 

Table 4.Component Availability Rating Scale 

Value Description 

1 There are no components of the environmental 

passive fire protection system. 

2 Some components of environmental passive fire 

protection systems are available but do not meet 

standards. 

3 Several standard-compliant passive environmental 

fire protection system components are available 

4 All components are available and meet standards 

 

3. Results and Analysis 

Each component of the element must be assessed for its reliability. The weight of each 

element is classified according to the relative importance of each component. 

3.1 Enviromental Roads 

The environmental road conditions for fire engine access in the Nelayan Indah sub-

district consist of two types of roads. The first type of road is a concrete road with a width of 6 

m which functions as the main road connecting between blocks and between the Nelayan Indah 

sub-district and the YosSudarso arterial road. The second road is a block environmental road 

that has a width of 1.9-3 m made of concrete. At the case study location, namely Environment 

1 block F, the condition of the block road has a size of only 1.9-2 m in Figure 1. 

 

 
Figure 1 Road conditions in Block F of the Nelayan Indah area 
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The first type of road made of concrete has a width of 6 m. The second road is a block 

environment road that has a width of 1.9-3 m. At the case study location, namely Environment 

1 block F, the condition of the block road has a size of only 1.9-2 m. 

 

.  

Figure 2 Block Road Condition 

 

In Figure 2 we see on the main road, the road conditions based on the survey are free 

from obstacles or barriers to be easily passed by firefighters. However, when it rains, several 

block roads can be covered by high tide and several connecting bridges between alleys are 

known to still have many holes or are not available so that they can be an obstacle when fire 

protection occurs. The following is an analysis of the roads in the Nelayan Indah area, 

especially in Block F in Table 5. 

 

Table 5. Environmental Road Analysis 

Teory Source Data Analysis Point 

The pavement should 

be made of metal, 

paving blocks or 

reinforced layers. 

Permen PU, 

2008 

The road material on 

site is cast concrete 

Because it is 

covered by a 

layer of 

pavement, it 

is suitable for 

fire trucks to 

pass through. 

4 

Should be as flat as 

possible with a slope 

not exceeding 1:8.3 

The road is relatively 

flat 

Suitable for 

fire trucks to 

pass through 

Minimum 

width3.5m, minimum 

length 15m 

Permen PU, 

2008 

The main road of 

Nelayan Indah is 6m 

wide, while the block 

roads are only 1.9-

2m. 

Based on the 

data, it is 

known that 

the road 

width is not 

up to 

standard. Fire 

trucks cannot 

enter the 

block road, 

but only the 

main road. 

2 

Public road for 

traffic with full entry 

UU No.2 tahun 

2022 

There are several 

speed bumps on the 

The road is 

relatively 

2 
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control without 

anything in the way 

of the road. 

main road, while on 

the block road there 

are potholes 

passable but 

at low speed. 

The pavement layer 

must always be free 

from obstructions 

from other parts of 

the building, trees, 

plants or other things 

and must not obstruct 

the path between the 

pavement and non-

access areas. 

Permen PU, 

2008 

There are several 

shade trees with a 

height of 2-4 m 

whose branches reach 

the road. In addition, 

there are still several 

holes in the road. 

This may 

obstruct 

firefighter 

access routes. 

The minimum height 

of the free space or 

car entrance is 4.5 m 

to allow fire 

extinguishing 

equipment to pass 

through. 

At the location, there 

is nothing that 

disturbs the height of 

the free space, there 

are only a few shade 

trees on the side of 

the main road and the 

block. 

Clearance 

height 

according to 

regulations 

 

3.2 Building 

The building distance in question is the minimum distance required by a building as a 

safe distance during a fire. In fire protection efforts, the building's equidistant line is useful for 

preventing the spread of fire to surrounding buildings Figure 3. 

 

 
Figure 3 Top view of block F, Nelayan Indah 

 

Based on the survey, it can be seen that the distance between buildings varies. Based on 

this, the distance between buildings is predominantly below 3 m, so it does not comply with 

applicable fire protection standards. The initial condition of the building in Nelayan Indah was 

a wooden stilt house with a couple model. It has an area of 20-30 m² for each house. However, 

population growth has caused the size of the original house to be insufficient to live in. This 

has caused many Nelayan Indah residents to renovate by adding brick buildings to the stilt 

house.Nelayan Indah area has an average building height of around 3-8 meters so that it has a 

minimum distance between buildings of 3 meters Figure 4. 
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Figure 4 The original house of the Nelayan Indah area 

 

In UU No. 28 of 2002 concerning Buildings, fire-resistant construction is a construction 

whose structural elements are fire-resistant and are able to withstand structural loads as stated 

in the Fire Resistance Level (TKA) of building elements, which includes resistance to load, 

fire spread (integrity) and heat spread (insulation).From the results of observations made, the 

fire resistance level (TKA) of housing in the Nelayan Indah area is included in type C. Type C 

fire resistance level is a construction whose building structure components are made of 

combustible materials and are not intended to be able to withstand structurally against fire. Plan 

original house in Nelayan Indah Figure 5. 

 

 
Figure 5 Layout The Original House 
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Analysis of existing data related to buildings in the Nelayan Indah area in the Table 6. 

Table 6. Building Analysis 

Teory Source Data Analysis Point 

Minimum house 

spacing of 3 m 

Permen PU, 

2008 

There are 15 out of 43 

houses that have a 

distance between 

buildings that 

complies with the 

regulations. 

Based on this, 

it can be seen 

that the 

distance 

between 

buildings in 

block F still 

does not meet 

the minimum 

requirements 

for a fire 

protection 

system. 

2 

Construction whose 

forming structure is 

fireproof and 

structurally capable 

of withstanding loads 

Permen PU, 

2008 

The building 

materials used by 

houses in Nelayan 

Indah predominantly 

use wood and boards. 

But there are also 

those with concrete 

materials. 

Therefore, 

the houses in 

Nelayan are 

categorized 

as flammable. 

2 

 

3.3 Water Supply 

The water source in the research area comes from PDAM's drilled wells. The community 

also uses brackish canal water to water the plants Figure 6. 

 

 
Figure 6 Water Source Nelayan Indah 

 

The closest water source for the community that can be used as a water source during a 

fire is water from the canal. The distance from the canal to the community's house is 2-6 m 

depending on the position of the house. The nearest fire extinguishing unit from the Nelayan 

Indah area is the Medan Belawan unit. Based on the survey, it can be seen that the distance 

from the Belawan fire extinguishing unit to Nelayan Indah is 7.1 km with a travel time of 16 

minutes in smooth road conditions. The water analysis in Table 7. 
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Table 7. Water Analysis 

Teory Source Data Analysis Point 

For natural water 

sources, it must be 

equipped with 

piping/drafting 

equipment (drafting 

point) 

Ibmpkp.pu.go.id The water source 

used for daily needs 

in Nelayan Indah is a 

water source owned 

by PDAM. There is 

also a natural water 

source in the form of 

canal water that can 

be used. 

The absence 

of a suction / 

pump for the 

use of canal 

water means 

that the 

available 

water cannot 

be used 

optimally. 

2 

The maximum 

distance of the water 

source is 50 m 

Ibmpkp.pu.go.id The water source is in 

front of the house 

which is bordered by 

the road. Meanwhile, 

the PDAM water 

source is at two 

points. 

The water 

source is not 

too far away 

and easy to 

reach. 

4 

The maximum time 

for firefighters to 

reach the fire 

location is 15 

minutes. 

dindamkar.go.id It is known that the 

distance between 

BPBD and Nelayan 

Indah is 7.1 km with a 

travel time of 16 

minutes in smooth 

road conditions 

The time 

needed to 

reach the 

research 

location 

exceeds the 

maximum 

time for 

firefighters, 

which is 15 

minutes. 

Sothis is not 

in accordance 

2 

 

3.4 Means Rescue 

During the rescue process, open land is a facility that can change function from empty 

land to an evacuation site during a fire. During the rescue process, the field is a facility that can 

change function from an open field to an evacuation site during a fire. Open space as an 

evacuation site must be on the same plot except for roads, rivers or public places adjacent to 

the plot, but no more than 6 meters away. There was no proper evacuation space available at 

the research location. The available yards did not reach the minimum number because the 

houses were close together and did not have a boundary line. 
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Based on the survey, it can be seen that the evacuation route is free from obstacles except 

on the bridge section. Due to the unavailability of standard evacuation space in the area around 

block F, the community must take an evacuation route to the main road in Table 8. 

 

Table 8. Means Rescue 

Teory Source Data Analysis Point 

The standard 

gathering point is an 

area with a minimum 

area of 30m² and a 

minimum height of 2 

m.. 

NFPA, 2000 The distance 

between houses 

is only 1-3 m and 

does not have a 

proper boundary 

line 

Because the 

distance between 

houses is close 

together, there is 

no proper 

gathering point, so 

residents can only 

gather on the road. 

1 

The route must be 

free from obstacles 

NFPA, 2000 On the 

evacuation route 

there are 

obstacles in the 

form of holes in 

the road 

Holes in the road 

hinder evacuation 

in the event of a 

fire 
1 

Evacuation routes 

must not block the 

access and 

maneuvering of 

firefighting vehicles. 

NFPA, 2000 The evacuation 

path at the site 

only has a size of 

1.5-2 m fire. 

Because there is 

no adequate 

evacuation route, 

the fire vehicle 

access is on one 

lane. This can 

make it difficult 

for both the 

community and 

fire officers. 1 

The minimum 

distance of the 

gathering point area 

to the fire location is 

20m which aims to 

protect users from 

debris or other 

hazards.  

NFPA, 2000 There are no 

adequate 

gathering points 

so that the 

community 

gathering 

location is only 

on the road area. 

Because the 

community 

gathering location 

is on the road area, 

this does not meet 

the minimum 

distance of the 

gathering point to 

protect users 
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After the value of each component is known, then the weight of each component is 

calculated using Microsoft Excel software. After the weight of each sub variable has been 

known using Microsoft Excel, then the next stage of assessment is carried out on each research 

variable using the component availability assessment scale. Then the calculation of the sum of 

component values is carried out in Table 9. 

 

Table 9. Total Reliability Value ofNelayan Indah's Passive Protection System 

Component 
Weight 

Reliability 

Value 
Amount Total Value 

Pavement Layer 0,37 4 1,48   

Road Width 0,70 2 1,40   

Freeway 0,35 2 0,70 3,59 0,90 

Distance Between  0,4 2 0,79   

BuildingsConstruction 0,22 2 0,45 1,24 0,31 

Water Source 0,28 2 0,56   

Distance of Water Source 0,29 4 1,15   

Achievement 0,22 4 0,87   

Distance of BPBD 0,34 2 0,67 3,25 0,81 

Evacuation Room 0,18 1 0,18   

Evacuation Barrier 0,22 1 0,22   

Accessibility 0,21 1 0,21 0,60 0,15 

Reliability Value 2,17 

 

Based on the table above, the results of the total value of the reliability of the passive fire 

protection system at Nelayan Indah are not good, with a reliability value of  2,17 out of a total 

value of 4. 

 

4. Conclusions 

Evaluation of the reliability of the passive fire protection system in Nelayan Indah was 

carried out by giving values to the components of the passive fire protection system using 

Microsoft Excel software. After the evaluation, it was found that the condition of the passive 

fire protection system in Nelayan Indah was incomplete and did not meet the standards in 

accordance with the theory and requirements. The existing problems tend to be numerous, so 

that improvement efforts are needed to improve safety against fire disasters that can occur at 

any time. 

The results of the evaluation using Microsoft Excel were not good, with a reliability value 

of 2,17; meaning Nelayan Indah does not have components of the passive fire protection system 

in accordance with the standards and references. This causes the passive fire protection system 

in the research location to be improved. The following are the conclusions from the results of 

the analysis of the passive fire protection system elements in the Nelayan Indah environment: 

1. The environmental road received a value of 3,59 (Very Good), although it is said to be 

very good, there are several components whose quality must be maintained. 

2. The building received a score of 1,24 (Poor), this is because the distance between 

buildings has not reached the minimum building distance in the passive protection system 

standard. In addition, there are still many buildings that use flammable materials such as 

wood. 

3. Water supply received a score of 3,25 (Good), although it received a good score, there 

are still components that still need to be repaired. 

4. Rescue facilities received a score of 0,6 (Poor), because there is no adequate space and 

evacuation routes in the environment. 
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