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ABSTRACT 

Designing a fire prevention inspection system in buildings is very necessary, to determine the level of 
reliability. The fire prevention management system uses the following criteria: precautionary measures 
and preventive supervision against fire hazards. The assessment of the system design is carried out by 
means of a questionnaire for respondents who understand / are experts in fire problems, and the 
application of the system design uses direct surveys and questionnaires to the building manager. The 
assessment is carried out at the smallest level. Analysis of the building reliability inspection system in 
fire prevention using the Analytical Hierarchy Process (AHP) method, the criteria used are: prevention, 
limitation and extinguishing against fire. The fire prevention management system uses the following 
criteria: precautionary measures and preventive supervision against fire hazards. The results of the 
reliability inspection of the Ki Hadjar Dewantara Mako Kodiklatal building in Surabaya with a value of 
94.06% indicated that the reliability system was in the "Less Reliable" category for fire hazard 
prevention.  
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1. INTRODUCTION 

 Building construction requires 
developers and building owners to pay attention 
to safety aspects, one of which is fire safety. A 
fire incident has occurred in a building owned by 
the Indonesian Navy, the last incident in 2020 
was a fire at the Headquarters building. 
Research on the reliability system of the 
Indonesian Navy building for fire prevention has 
never been carried out until now. The 
Indonesian Navy has many buildings which on 
average have been established for more than 
10 years, from several buildings in the 
Indonesian Navy, including the building at the 
Indonesian Naval Education Institute in the 
Surabaya area, namely the Ki Hadjar 
Dewantara Doctrine Command building. and the 
Indonesian Navy Training and Education 
(Kodiklatal), where many of the main officials 
have offices inside the building. In the building 
there are also many military activities both in 
terms of administration and important items or 
archives, this is the basis for research on fire to 
ensure safety and disaster prevention for the 
building itself and its contents.   

 In multi-storey buildings there is a high 
risk of fire hazard, therefore a reliable fire 
protection system is needed. A reliable fire 
protection system is a means of fire 
prevention. For fire prevention, the Ki Hadjar 
Dewantara Mako Kodiklatal Building is 
equipped with a reliable fire protection system. 
To find out the existing protection system in 
the Ki Hadjar Dewantara Mako Kodiklatal 
Building, further research is needed. This 
research refers to the "Regulation of the 
Minister of Public Works Number 26 of 2008. 

To determine the weighting of buildings, 
one method that is widely used is the Analytic 
Hierarchy Process (AHP) method developed 
by Thomas L. Saaty. AHP is a theory of 
measurement through pairwise comparisons 
and relies on expert judgment to obtain 
weighting. Decision making in the AHP 
method that needs to be known is the 
problems, needs and objectives of the 
decision, decision criteria, sub-criteria, 
stakeholders, affected groups and alternatives 
taken. 

Central office buildings are generally 
built vertically, so that in the event of a fire it 
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will cause the fire to develop rapidly and have 
a high heat release value, besides that, the 
interior arrangement of the space / seating 
layout and the exit that does not meet the exit 
requirements will interfere with the evacuation 
process. To provide safety and mental safety 
from fire hazards, it is necessary to comply 
with fire evacuation system design standards 
in the form of fire doors, fire ladders, temporary 
rescue rooms and escape routes. Assessment 
of building safety against fire hazards based 
on SNI standards and Kepmen PU using the 
AHP method by comparing parts of the active 
protection system, passive protection system, 
means of evacuation and fire extinguisher 
access and fire safety management. Each 
system is weighted. 

 

2. LITERATURE REVIEW 

2.1 Reliability 
The definition of reliability according to 

Kapur and Lamberson is "the probability that 
when the operation is in certain environmental 
conditions, the system will show its ability to 
match the expected function within a certain 
time interval". Reliability is a probability that is 
always associated with the accumulated time 
over which a tool operates without experiencing 
damage under certain environmental 
conditions. Damage occurs when the tool does 
not function as intended. The definition of 
reliability is a clear criterion for determining 
damage to a system, that is, if the system does 
not function as it should. 

 
2.2 Building Reliability 

A building is a physical form of the 
result of a construction work integrated with its 
domicile, partly or wholly above and / or in land 
and / or water, which functions as a place for 
humans to carry out activities, whether for 
shelter or residence, religious activities, 
business activities, social activities, culture, and 
special activities. To carry out the functions and 
uses of buildings that have complementary 
features, either directly or indirectly, these 
facilities are divided into mutually supporting 
systems for the smoothness and comfort of the 
building. Building is a system; the system is 
defined as an arrangement of parts that are 
interconnected or dependent on one another 
that form a complex unit and apply to one 
function. 
 Building reliability is the level of 
perfection in the condition of protective 
equipment that ensures the safety, function and 
comfort of a building and its environment during 
the life of the building. Reliability requirements 
include requirements for safety, health, comfort 

and convenience which are determined based 
on the function of the building. Meanwhile, 
building safety requirements include the 
building capacity requirements to support load 
loads, as well as the building's ability to prevent 
and cope with fire and lightning hazards. 
 

2.3  Fire Hazard 

A fire occurs when a chain reaction 
occurs between combustible materials (fuel), 
oxygen and heat (heat) which is often called the 
fire triangle. When this process occurs in a 
residential unit, the heat will continue to 
increase, if sufficient fuel is available and 
oxygen continues to flow until the temperature 
reaches the flashover point, which is when the 
temperature of the hot gas layer in the room 
exceeds 500 ◦C and the heat flux to the floor 
exceeding 20 KW / m2. Furthermore, the fire 
process is increasingly becoming with the 
burning of household furniture and building 
elements in the residential unit either by 
convection, induction or radiation.  

 
Figure 1. Triangle of Fire 

 
 
There are four things that need to be 

considered in relation to the danger of fire, 
namely: occupants (humans), the contents of 
the building (property), the structure of buildings 
and buildings that are located close to the 
burning building. While the fire hazard includes 
two things, namely: thermal (temperature and 
flame) and non-thermal (smoke and poisonous 
gases). The main danger to humans is smoke 
poisoning, about 75% of deaths in building fires 
(tall buildings) are due to this, while 25% of 
deaths are caused by high temperatures in the 
building. 

 
2.4 Fire Prevention in Buildings 

All buildings other than houses must be 
equipped with passive and active protection 
systems. Fire regulations also exist on 
Safeguarding against Fire Hazards in Buildings 
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and the Environment, as well as on Urban Fire 
Management. 

Prevention of fire hazards in buildings 
and the environment is all efforts related to the 
technical provisions and requirements needed 
in regulating and controlling the implementation 
of building construction, including in the 
framework of the licensing process, 
implementation and utilization / maintenance of 
buildings, as well as inspection of the feasibility 
and reliability of the building against fire hazard. 

 

2.5 Analytical   Hierarchy Process (AHP) 
concept 

The Analytic Hierarchy Process (AHP) is 
a theory developed by Thomas Saaty for 
measuring intangible factors through paired 
comparisons using judgments from a 1 to 9 
fundamental scale and resulting in priorities for 
the factors. It can be applied to both tangibles 
and intangibles and is used for decision making 
by structuring a hierarchical model with a goal, 
criteria (sub-criteria), and alternatives then 
making pairwise comparison judgments about 
the dominance of groups of elements in a level 
below with respect to the element from which 
they are connected in the level above. In the 
end the priorities of all the elements are 
synthesized to rank the alternatives. These 
simple hierarchies can be extended to multi-
level decision models with hierarchies of 
benefits, opportunities, costs and risks.  

 The AHP has been applied in many 
areas including resource allocation and conflict 
resolution. There are numerous intangibles that 
have great impact that we must first measure 
before we can include them as variables. What 
is most significant is that intangibles can only be 
measured through expert judgment and only 
relative to the goals of concern in a particular 
situation. In this study, AHP is used to measure 
the intensity or weight of each main aspect of 
each technology component by analyzing using 
pairwise comparisons of each criteria. 

 

3. RESULT AND DISCUSSIONS  

3.1 Analysis of the Reliability of the 

Building Safety System (KSKB) 

Assessment of Building Security 
System Components (KSKB) against fire 
hazards in the Ki Hadjar Dewantara Kodiklatal 
building was carried out using 2 methods, 
namely the Analytical Hierarchy Process (AHP) 
method and the checklist method based on the 
Regulation of the Minister of Public Works No. 
26 of 2008. Components of fire protection 
systems in buildings: site equipment, rescue 

facilities, passive protection systems, and 
active protection systems. 

 
3.2 Reliability System Analysis with 
variable fire prevention and management 
systems using the Analytical Hierarchy 
Process (AHP) Method. 

The paired comparison components 
with the fire prevention reference are then 
assessed in the form of a matrix as follows: 

a. Fire Prevention Weight Criteria 

Calculate the eigenvalues of the vector by 
multiplying the matrix elements in a row and the 
power of n as shown in the formula below: 

 

 

Calculate the normalized eigenvectors 
for each component, with the following formula: 

 

 

Calculate the max Lamda with the 

following equation: 

Perform a consistency test with the 

following equation: 

CI = (λmaks - n) / (n-1) 
CI = (2,000 - 2) / (2-1) = 0.000 

With the size of the matrix n = 2 from 

the RI table, the value of RI = 0.00 is obtained, 

so that the CR value can be calculated by using 

Equation 2.8: 

CR = CI / RI 
CR = 0.000 / 0.00 = 0.000 

The terms of the comparison matrix can be 
accepted if the CR value is <0.1, so the results 
of the above assessment are acceptable CR = 
0,000 <0.1 (Ok). 
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b. Perform the steps above according to 
the weight of the following criteria, namely fire 
restrictions and fire suppression. 
c. Repeat the above calculations 
according to the number of respondents. 
d. Then do the weighting against the 

criteria. 

1)  Weighting criteria comparison 

matrix. Then Calculate the eigenvalues of the 

vector by multiplying the matrix elements in a 

row and the power of n as shown in the formula 

below:  

Calculate the normalized eigenvectors for each 

component, with the following formula: 

 
Calculate the max Lamda with the 

following equation: 

Consistency test with the following 

equation: 

CI = (λmaks - n) / (n-1) 
CI = (3,000 - 3) / (3-1) = 0,000 

With the size of the matrix n = 3 from 
the RI table, the value of RI = 0.58 is obtained, 
so that the CR value can be calculated. 

CR = CI / RI 
CR = 0.000 / 0.58 = 0.000 

The terms of the comparison matrix 
can be accepted if the CR value is <0.1, so the 
results of the above assessment are 
acceptable CR = 0,000 <0.1 (Ok). 

4.3 Fire Prevention Management 
System Weighting Analysis 

a. The calculation of the consistency test 

against the weight of the criteria for action and 

supervision. 

 

Table 1. Comparison Matrix Table 

 

  

 

 

 

 

 

 

 

In formulating a strategy using the 
SWOT method. The first step is to analyze 
Internal and External factors in warship 
Mechanical Engineering Study Program are 
continued with the grouping of these factors 
into elements Strength, Weakness, Opportunity 
and Threat. Then weighting of these factors is 
carried out to get the chosen strategy. 

Calculate the eigenvalues of the vector 

by multiplying the matrix elements in a row and 

the power of n as shown in the formula below:

 

 Calculate the normalized 
eigenvectors for each component, with the 
following formula: 

 

 

 Calculate the max Lamda with the 
following equation: 

 

 

 

CRITERIA 
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4. CONCLUSION  

4.1 Conclusions 

a. The conclusions that can be drawn 
regarding the analysis of the fire prevention 
inspection system and its application based on 
the description of data processing are as 
follows:  
a. The steps for the building reliability 
inspection system in preventing fire hazards 
using the AHP (Analitycal Hierarchy Process) 
method are made from the PU Balitbang, 2005. 
The results of the questionnaire were filled in by 
6 (people) who are experts in the field of fire 
protection and prevention  
b. management and a weighting process 
has been carried out so that a building safety 
system reliability design can be made in the 
form of a Fire Hazard Reliability Checklist 
Sheet, which can be used to assess and inspect 
buildings for preventive measures against fire 
hazards in buildings. 
c. The application of the Fire Prevention 
System and Fire Prevention Management in 
determining the reliability level of the Building 
Safety System can be seen from the weight 
obtained, namely 59% for the Fire Prevention 
System and 41% in the Fire Prevention 
Management. Of the two systems the Fire 
Prevention System has a greater weight than 
the Prevention Management system, however, 
both of them are related in assessing the 
reliability of the building safety system by 
meeting the requirements according to the 
standard rules of the Balitbang PU, 2005. 
d. Reliability checks that have been 
carried out by the building management and 
researchers in accordance with the conditions 
in the field show that the reliability value of the 
Ki Hadjar Dewantara Mako Kodiklatal building 
is 94.06%, and is in the LESS ANDAL category. 
According to the rules of Balitbang PU, the Limit 
on the Level of Reliability is Less Reliable, 
namely 75% <94.06% <95%. 

4.2 Suggestions.  

Based on the conclusions of the 
research that the author has carried out; the 
authors can provide the following suggestions: 

a. The results of the user The 
Management of the Kodiklatal Mako Building 
must carry out several recommendations from 
observations and assessments in the field so 
that the reliability system of the Ki Hadjar 
Dewantara building becomes the "ANDAL" 
category. The following table contains several 
recommendations that must be implemented: 
b. The Mako Kodiklatal Building Manager 
can re-weigh the fire prevention system in 

buildings for the sake of perfect building 
reliability systems.  
c. To use a reliability check system in fire 
prevention, it requires experts at the Kodiklatal 
Center who know the fields of fire prevention 
management and fire protection in buildings. 
d. The existing Building Safety System 
Reliability Check System can be used as a 
reference to check the reliability of other 
buildings in the Kodiklatal Center. 
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