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Fire is a major problem that causes loss of life and property. Fire incidents

eventually occur with old community neighborhoods that have landmarks within or
around. Small communities and slums in the inner area of Bangkok, Thailand’s capital
city, are risk because they are also historical and cultural sites. Important government
agencies of Bangkok are sometime also built in such area. In contrast, most Bangkok
slums still lack measures or guidelines for managing the accessibility and fire safety. To
prevent fire damage and redundant accidents that may occur after the fire, this research
has three objectives including 1) to find the potential of accessibility within the slum
area 2) to find the relationship between ‘space syntax model’ and the pedestrian
movement rates within the selected area and 3) to plan for the fire-evacuation route to
evacuate victims from the area in case of fire incident. The research findings are useful
for security planning agencies, fire mitigation agencies, local people and public to help
reduce loss of life and property of people in slum communities with similar characters.
They help increase public safety. This research concludes that few highlighted streets
are suitable for evacuating fire victims particularly by small vehicles. Most of such
street segments are the connections between main exit and other buildings. Intelligibility
coefficient in space syntax model showed that Devarajkunchorn temple community has
hight intelligibility value (R2 =0.73). The results of the analysis are consistent with
visual accessibility. The relationship between space syntax model and the pedestrian
movement rates within Devarajkunchorn Temple Community shows a stronger relation
in terms of ‘visual connectivity’, rather than a strong relation between integration
values and walking pattern. It was found that people in the community use shortdistance connections to their residences, whereas people from outside travel on main
routes that visible from outside. The analysis results are consistent with visual
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accessibility and relate to the results of depthmap analysis. Finally, recommendations
for physical and environmental adaptations are proposed.
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INTRODUCTION

1.1 Statement and Significance of The Study
Fire is one of the major problems that can cause fatality, property damage, as
well as the loss of the overall national economy. According to the fire statistics from
1989-2011, there were 50,413 fires reported in Thailand with the estimated total
damage for over 30,000 million baht (Disaster Prevention and Mitigation Center,
2011). Furthermore, according to the cumulative statistics of the fire reported in
Bangkok during 2016, there were 4,707 fire incidents (Disaster Prevention and
Mitigation Operations Command, 2016). Most fire sites are the habitat, densely
populated communities, or the areas with a high density of population, the tall
buildings, the industrial plants, the shopping centers, and the theaters (Bangkok Fire
Prevention and Mitigation Action Plan, 2017).
There are 2,009 communities in the 50 districts of Bangkok. The communities
are divided into 5 following categories: 750 slum communities, 399 housing-estate
communities, 404 suburban communities, 350 urban communities, and 106 housing
communities. The major type of community in this case is the slum community. Slum
means a densely populated type of community with packed, inorganized, and
dilapidated buildings. The environment is barely livable and often hazardous to the
health and safety of the residents. The criterion used to determine whether a
community is a slum is its density of at least 15 households per rai (1 Rai = 1,600
square metres) (Policy and Planning Division, 2005).
Currently, many agencies have paid more attention to the fire problem.
Bangkok, especially, had issued the Bangkok Ordinance on Building Control BE
2544 (2001) signed the Bangkok Bylaws. Building Controls 2001 (Bangkok
Ordinance, 2001) which concerns the fire protection, the installation of fire
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extinguishers, building and materials specifications, etc. Furthermore, the Bureau of
Disaster Prevention and Mitigation has created the Bangkok Fire Prevention and
Mitigation Action Plan 2017(Bangkok Fire Prevention and Mitigation Action Plan,
2017) purposely to be used as a guideline and preparation for integrated collaborative
operations in case of an incident. This includes: 1) Preparation of resources, system of
operation for both the main responding unit and the support unit so that they can
respond quickly and effectively, prevent, and mitigate the fire in a timely manner. 2)
Establish an implementation framework to facilitate the relevant operational agencies
so they can systematically coordinate and carry out the fire prevention and mitigation.
3) Prevent and mitigate the impact to life and property due to the fire. The process of
accessing emergency areas to rescue during the fire may require migrating people to
the assembly point and transporting them out of the area, installing or carrying rescue
equipment which comprises of water distribution point from the water source or fire
apparatus, bringing firefighting equipment into narrow and congested areas as well as
transporting equipment which helps evacuate the victims, etc. But the knowledge on
traffic mobility potential and area accessibility of people, small and large vehicles
which are related to the physical environment, which becomes one of the essential
factors to use in the analysis of collaborative operation planning in people, resource,
and spatial management, is still lacking. Finding the traffic mobility potential and area
accessibility is a key element contributing to the more efficient rescue operation
according to Bangkok Fire Prevention and Mitigation Action Plan 2017 (Bureau of
Disaster Prevention and Mitigation, Bangkok Fire Prevention and Mitigation Action
Plan 2017, 2017). Moreover, it can help identify geographic coordinates in risk
management associated with road network systems at the community, zone and city
levels.
Route map analysis for fire evacuation planning in a slum community in
Bangkok is one way to gain intelligence on how local people access the physical
environment. This study emphasizes on the searching of traffic mobility potential
from physical factors in the community for walkway, small vehicle access, and large
vehicle access in Bangkok slums in case of a fire emergency. To reduce the risk of
damage to life and property because some areas contain harmful social environment
that may cause accidents and damage to life and property.

3

This study will employ morphology in examining the analysis of route map
analysis for fire evacuation planning in a slum community in Bangkok. Finding traffic
mobility potential focuses primarily on the mobility of human, small vehicles, and
large vehicles in Bangkok. This study supports the 12th National Economic and Social
Development, A.D. 2017-2021. Section 4: National Development Strategy 4:
Environmentally Friendly Growth for Sustainable Development Goal 5: Enhance the
effectiveness of management to reduce the risk of life-threatening disasters and
property damage caused by natural disasters (Thai Government Gazette, 2016).
Based on the above findings, the researcher conducted a study of the route
map analysis for fire evacuation planning in a slum community in Bangkok. The
research findings are expected to be useful for security planning agencies regarding
slum area, the fire prevention and mitigation agencies, as well as people in the area,
and the public. The research hopes that the ultimate benefits would be to reduce the
loss of lives, and property of people living in the slums as well as in neighboring
communities. This should also increase the public safety. A spatial knowledge on
physical-environment risk management in case of an emergency disaster in the slum
area of Bangkok. Without knowledge for fire evacuation planning for Bangkok’s
slum, lives and property of the slum inhabitant and nearby communities are in risk.
Most importantly, the knowledge should raise their self-care ability.

1.2 Research Questions
The research questions consist of three following items: 1) What are traffic
potential and accessibility into the slum? 2) What are the morphological structures
and walking behavior within these slum areas? 3) What the guidelines to evacuate the
victims in the fire event of this slum should be?
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1.3 Research Objectives
This research has 3 objectives:
1) To find the potential of accessibility within the slum area.
2) To find the relationship between the ‘space syntax model’ and the
pedestrian movement rates within the selected area.
3) To plan for the fire evacuation route to evacuate victims from the area in
case of fire incident.

1.4 Expected Benefits
Major disasters in slum communities of Thailand is caused by fire. Previous
studies have been focused on the use of state fire safety management measures on
monitoring, rescuing operation, community involvement in evacuation drills.
However, there is a lack of spatial knowledge in finding patterns and potential in
mobilizing walkway, and vehicle access for fire evacuation that interact with traffic
network at zone and city levels. The study results would help gain the better
understanding in the relationship between the mobilization of the walkway, small and
large vehicle access, and the physical characteristics of the slum communities in
Bangkok which affects the risk of fire. Additionally, the results would lead to increase
in public safety in terms of life and property of those living in the slum and its
neighbor. It would lead to problem-solving regarding damages to life and property
caused by the fire which emphasizes on supportive data in decision making, planning
and risk management which eventually increases public security. The benefits are
listed out as follows:
1) Reduce the risk harmful to life and property of people in the community in
case of fire.
2) Bangkok slum communities gain access to decision-making facilitation to
resolve fire emergencies.
3) Bangkok slum communities gain access to the Urban Design Guidelines for
spatial preparation to encounter the fire emergency.
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1.5 Scope of The Research
The study titled “Route map analysis for fire evacuation planning in a slum
community in Bangkok” has the following scope:

Content
Focus on finding traffic mobility potential and area accessibility using Space
Syntax as well as finding the relationship between traffic mobilization and area access
in case of fire to analysis for fire evacuation planning of the slum community in
Bangkok.

Area............
Focus on traffic data covering walkway, small vehicle access, and large
vehicle access in the slum communities in Bangkok. The researcher selected the
community area based on the density of households per rai. Dusit and Phra Nakhon
districts fit well to the criterion since they are the inner cities with historical and
cultural values. Moreover, they are housing multiple religious landmarks, monarchical
institutions, and many important government offices which are essential in fostering
the development of Bangkok.
Furthermore, they also house many important cultural attractions of Bangkok.
Nonetheless, there are many slums in the districts and there has been a lack of
measures or guidelines for disaster risk management in terms of area access to avoid
the damage to the surrounding areas, the researcher selected the physical
characteristics that could represent the slum communities with the differences in area
ownerships and legal jurisdictions detailed as follows:
1) Devarajkunchorn Temple Community Land owned by the Department of
Religious Affairs 88 households/rai.
2) Sukhothai Soi 9 community Land owned by the Crown Property Bureau 55
households/rai.
3) Ratchapatubtimruamjai community Land owned by the Marine Department
45 households/rai.
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The researcher employed Devarajkunchorn Temple Community to represent
the study area.

Figure 1.1 Study Area
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Time............
Focus on traffic data covering walkway, small vehicle access, and large
vehicle access in accessing slum communities in Bangkok at community, zone and
district levels during 2016 – 2017 (January 1, 2016 - March 31, 2017).

Figure 1.2 Devarajkunchorn Temple Community Fire Accident in 2017
(CHANNEL8, 2017)
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Figure 1.3 After The Fire Accident in 2017
(MGR ONLINE, 2017)

1.6 Operational Definition
“Space syntax” is a theory, a research methodology and a set of computer
programs using for analyse the relationship between spatial morphology and realsituation spatial use patterns. It is a research tool for the social, economic or cultural
impacts of spatial and architectural morphology. In another word, space syntax
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specifically studies the spatial relationship among spaces to clearly understand the
morphology of cities and buildings.
"Walkway" means a path which people can walk through, either in normal or
emergency condition such as in case of fire. The walkway is necessary to transport the
victims out of the area and to access the area for helping people and disaster relief.
"Small vehicle access" means a route that small vehicles, i.e. bicycle,
motorcycle, small cart, small rickshaw, etc., can pass into and out of the area, either in
normal or emergency condition. Small vehicle access is necessary to bring the victims
out of the area.
“Large vehicle access” means a route that large vehicles, i.e. fire trucks,
ambulances and all types of cars, can pass into and out of the area, either in normal or
emergency condition. Large vehicle access is necessary both to transport the victims
out of the area and to provide disaster relief.

1.7 Action Plan
Table 1.1 Action Plan

Action Plan

Duration of Research,
2017-2019

2017

1. Address the research issues to develop the
research topic and draft the research
project. Present the ideas to the thesis
lecturer of the first 6 credits.

2. Gather data from the documents, prepare relevant

2018

2019
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Action Plan

Duration of Research,
2017-2019

2017
documents, and literature review. (Thesis
Examination)

3. Organize a meeting to announce the action plan
and data collection.

4. Coordinate with the communities and all
stakeholder agencies, collect the data
from documents, prepare documents
required for field trips, and examine the
areas with communities.

5. Co-plan with local people in the areas and work
with all stakeholders.

6. Study the traffic behaviors of the people in slum
communities under normal circumstance
and simulate the mobilization, area
access, and access to disaster relief
agencies in case of fire.

2018

2019
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Action Plan

Duration of Research,
2017-2019

2017

7. Find the relationship between traffic mobilization
and area access in case of fire in slum
communities in Bangkok as well as
analyze the mobility potential and area
access which affect the level of security to
life and property of people in slum
communities in Bangkok.

8. Perform the route map analysis for fire evacuation
planning in a slum community in
Bangkok.

9. Complete the final report paper.

2018

2019

LITERATURE REVIEW AND RELATED STUDIES

Route map analysis for fire evacuation planning in a slum community in
Bangkok requires knowledge of fire safety measures, community fire risk
management, traffic mobility potential and area accessibility analysis, as well as
related studies on the following topics:
2.1 Fire Safety Measures
2.2 Community Area Fire Risk Management
2.3 Analyzing Traffic Mobility Potential and Area Accessibility
2.4 The Analytic Hierarchy Process (AHP)
2.5 Related Studies
2.6 Conceptual Framework

2.1 Fire Safety Measures
Definition of Safety
Safety is about learning from the past and valuing the importance of
experience to prevent further accident and loss (Simachokedee, 1995). Consistently
with (Homsanit, 2003), safety concerns that has been used for a long time, for
example, injury prevention in the workplace and other related issues, while Aim-utcha
(Wattanaburanon, 2005) stated that safety or welfare do not only mean being free
from the accident but also living happily both physically and mentally and free from
risk, having the confidence in doing activities, as well as being prepared to properly
and regularly prevent future threats.
Safety, means to learn from the past lessons and experiences and make use of
them to prevent and minimize the potential loss to life and property. It also values
mentally and physically safe, to live happily with confidence for daily routine tasks
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that prevent the future threats. Therefore, it is crucial to study and value fire
prevention and suppression.

Fire Prevention and Suppression
The ministerial regulations issued the Standard Requirements for Safety
Management and Conduct, Occupational Health, and Work Environment Related to
Fire Prevention and Suppression (Thai Government Gazette, 2012), which established
the definition of levels of fire risk and types of fire as follows:
“Place with low risk of fire” means the site with the majority of objects being
non-combustible or low combustible objects or low flammable objects with tightly
secure containment.
“Place with high risk of fire” means the site with the majority of objects being
combustible or flammable.
"Type A Fire" means fire from ordinary fuels, such as wood, cloth, paper,
rubber, plastics, as well as anything else of the same nature.
"Type B Fire" means fire from grease or flammable liquids, gases and oils.
" Type C Fire " means fire from device or object with electric current.
" Type D Fire " means fire from flammable metals such as magnesium,
zirconium, titanium, and other metals of the same nature.
Moreover, it also provides the means to suppress the fire as follows:
"Portable fire extinguisher" means fire extinguisher that is easy to move and
can be operated manually. Inside contains the fire extinguishing chemicals which can
be discharged by pressure. Examples of portable fire extinguishers are handheld fire
extinguishers, wheeled cart fire extinguishers, or others with similar traits.
"Reach distance" means the distance from which a worker can access the
portable fire extinguisher to extinguish the fire at that point.
The fire extinguisher ratings, also categorizes the fire extinguishers into four
categories: A B C D, following international standards (Typepad, 2008). with the
following details:
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Class A Extinguishers will put out the fire from ordinary combustibles, such
as wood and paper. The numerical rating for this class of fire extinguisher refers to the
amount of water the fire extinguisher holds and the amount of fire it will extinguish.
Class B Extinguishers should be used on fires involving flammable liquids,
such as grease, gasoline, oil, etc. The numerical rating for this class of fire
extinguisher states the approximate number of square feet of a flammable liquid fire
that a non-expert person can expect to extinguish.
Class C Extinguishers are suitable to use on electrically energized fires. This
class of fire extinguishers does not have a numerical rating. The presence of the letter
‘C’ indicates that the extinguishing agent is non-conductive.
Class D Extinguishers are designed to use on flammable metals and some
specific type of metal in question. There is no picture designator for Class D
extinguishers. These extinguishers generally have no rating but have been given a
multi-purpose rating to use on other types of fires.
The Building Control Act also gives priority to fire protection as stated in
Section 1: General Chapter Section 8: For the purposes of stability, safety, fire
protection, public health, environmental quality preservation, urban planning,
architecture, and traffic facilitation, as well as any other actions necessary to comply
with this Act (Section 8 For the sake of stability, security, fire protection, public
health, environmental quality, urban planning, architecture and accessibility and
traffic, 1979), there are 16 items issued. Five of them are related to this study.
(1) Type, trait, pattern, shape, size, proportion, area, and location of the
building
(7) Elevation, area of the empty space outside or around the building
(8) Distance or level between buildings or land territory of others or between
buildings and streets, alleys, sidewalks, roads, or public places
(9) Space or facilities built for parking, entrance, and exit for some types of
building as well as characteristics and size of the built space.
(10) Forbidden

areas

for

construction,

mobilization and use or change of the building type.

modification,

demolishment,
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Furthermore, Bangkok Ordinance on Building Control 2 0 0 1 (Bangkok
Ordinance, 2001) enacted provisions relating to fire protection. The concerned part
relevant to the research on fire prevention in slum communities in Section 8 dealing
with fire protection on the installation of fire extinguishers for shophouses,
townhouses, and twin houses with no more than floors height, a specified type and
size of fire extinguisher is required to be installed one per building. Additionally,
Section 3 on building characteristics as specified in Article 22 of the ordinance stated
that kitchens in the buildings that are not constructed with mostly permanent or
refractory materials, must be built separately outside the building. If the kitchen is to
build inside the building, there must be floors and walls made of flame retardants. If
the openning and ceiling are not constructed with a permanent refractory material,
fire-retardant materials must be used as insulation. This also includes Article 2 3
which stated that buildings that are not majorly constructed with permanent or
refractory materials, shall not have more than two floors.
Fire Prevention and Mitigation Action Plan
Preparation for fire prevention and mitigation requires an action plan so that
all relevant agencies may use as an operational guideline in preparation for integrated
coordination during the incident. This can help reduce the loss due to fire. Bangkok
has created Bangkok Fire Prevention and Mitigation Action Plan 2017 (Bangkok Fire
Prevention and Mitigation Action Plan, 2017). In detail, the plan includes the
following measures: 1) Preparation of resources, system of operation for both the
main responding unit and the support unit so they can quickly and effectively respond,
prevent, and mitigate the fire in a timely manner. 2) Establish an implementation
framework to facilitate relevant operational agencies so they can systematically
coordinate and carry out fire prevention and mitigation. 3) Prevent and mitigate the
impact to life and property by classifying the level of intensity and managing the
disaster accordingly to reduce operational redundancy and delay. More on details
below.
Tier 1 Intensity means low-level disaster. The person responsible to take
charge of the incident is Bangkok District Directors. The responsible organization is
the District Division of Disaster Prevention and Mitigation Bureau.
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Tier 2 Intensity means mid-level disaster. The person responsible to take
charge of the incident is the Governor of Bangkok. The responsible organization is
Bangkok Disaster Prevention and Mitigation Bureau.
Tier 3 Intensity means high-level disaster. The person responsible to take
charge of the incident is the Commander of the National Department of Disaster
Prevention and Mitigation. The responsible organization is the National Department
of Disaster Prevention and Mitigation (Disaster Prevention and Mitigation Center,
2011).
Tier 4 Intensity means extreme-level disaster. The person responsible to take
charge of the incident is the Prime Minister. The responsible organization is the
National Department of Disaster Prevention and Mitigation.

2.2 Community Area Fire Risk Management
Operational Guidelines
Bangkok Metropolitan Administration has implemented the Bangkok Fire
Prevention and Mitigation Action Plan 2017 (Bangkok Fire Prevention and Mitigation
Action Plan, 2017). Following the action plan, sets of activities to be carried out are
divided into three parts; pre-incident, during the operation, and post-incident. The
concept of activity divisions is consistent with disaster risk management (Ministry of
the Interior, 2013) with following details:
2.2.1.1 Pre-Incident
1) Prevention and Impact Mitigation: a) Create the risk assessment
forms, b) create the databases of staff, equipment, vehicles, victims and
locations of the incident, etc., c) produce media for public relations to offer
the knowledge of fire protection, d) recruit the volunteer or network to
continuously monitor and mitigate fire hazards, and e) learn from previous
lessons of the fire incident.
2) Preparation: Prepare the emergency alert system, communication and
coordination among agencies, create a list of standby staff available to be
called upon during the rescue mission, allocate funding and items for the
victim relief, organizing the development training sessions, practice and drill
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according to the plan, enhance the skills and experience of the staff, schedule
firefighters and rescue personnel to perform their standby duty 24 hours a day,
and ensure that the materials, as well as the equipments, are prepared and
ready for the operation.
2.2.1.2 During The Operation
1) Fire Operations: Gather information on the incident location, verify the
fact, and analyze the incident to execute the rescue mission.
2) In case of a severe incident, alert the nearby fire station and request for
firefighting supports with the aim to quickly take control or put an end to the
situation. Set up a crisis response center to ensure the onsite operations are
proceeded according to the correct protocol. Set up the tents for public
relations and hearing in order to provide aid and relief.
3) Once the incident is resolved, set up a command center acting
according to the command structure of the crisis response center.
2.2.1.3 Post-Incident
1) Post-Incident Operations: Collaborate with district offices creating a
list of affected victims, documenting the list of things and funding that aided
for restoration purposes as well as report the impact assessment caused by fire
and building collapses.

Documenting such Information as part of the risk management of fire disaster
in Bangkok Fire Prevention and Mitigation Action Plan 2017 (Bangkok Fire
Prevention and Mitigation Action Plan, 2017), the researcher found that there is a lack
of analysis concerning traffic mobility potential and area accessibility in case of fire,
for example, mobility, and accessibility analysis of fire-prone areas. This would help
to enhance the preparation for fire impact prevention and mitigation. Creating the
database of mobility potential and area accessibility in case of fire can help minimize
the risk in the fire-prone zone.

Area Categorization Plan for Firefighting
At present, Bangkok employs the area categorization plan in response to fire
according to Bangkok Fire Prevention and Mitigation Action Plan 2017 (Bangkok
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Fire Prevention and Mitigation Action Plan, 2017). See Figure 2.1, Figure 2.2, Figure
2.3, and Figure 2.4 for different types of areas:

Figure 2.1 Area Categorization for Firefighting in Slum Communities
(Bangkok Fire Prevention and Mitigation Action Plan, 2017)

Figure 2.2 Area Categorization for Firefighting in Buildings Close to The Blind Alley
(Bangkok Fire Prevention and Mitigation Action Plan, 2017)
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Figure 2.3 Area Categorization for Firefighting in Buildings with Connected Alleys
(Bangkok Fire Prevention and Mitigation Action Plan, 2017)

Figure 2.4 Area Categorization for Firefighting in Buildings Connected Main Streets
(Bangkok Fire Prevention and Mitigation Action Plan, 2017)
Based on such information, it was discovered that area categorization for
firefighting according to the nature of access and mobility of the area in Bangkok Fire
Prevention and Mitigation Action Plan 2017 (Bangkok Fire Prevention and Mitigation
Action Plan, 2017) still lacks supportive information regarding the detailed analysis of
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traffic mobility potential and area accessibility under normal circumstances and in
case of a fire emergency. Specifically, physical characteristics of some slum
communities or smaller communities in the city where the traffic network does not
route following the street hierarchical levels, for example, having narrow alleys
directly connected to main roads. It is important to know the tools used for analysing
the traffic mobility potential and area accessibility. The tools could be used in better
decision making on fire risk management in slum communities.

2.3 Analyzing Traffic Mobility Potential and Area Accessibility
Route map analysis for fire evacuation planning required a geographic
information system (GIS) to analyze traffic mobility potential and area accessibility.
GIS is a system that can select and analyze the geographic information precisely. In
addition to spatial analysis, it can also refer to earth coordinates usage requires
planning and setup in terms of quality and characteristics of the data for the analysis.
For instance, data scale can be specified, and data can always be updated. Moreover,
multiple sets of data can be integrated or merged (Esri, 2012). This study will write
the Axial line using ArcGIS software since it can import the current roadmap data
which can be used to support the axial line drawing and analyze together with the
natural movement as exhibited in Figure 2.5: Drawing of the axial line, Dusit District,
Bangkok on ArcGIS program.
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Figure 2.5 Drawing of The Axial Line, Dusit District, Bangkok on ArcGIS Software

Theory of Natural Movement
Theory of Natural Movement (Hillier, 1993) studied a set of computer theories
and techniques that can demonstrate the relationship between "Space Syntax" and "the
nature and level of popularity of space usage". Space Syntax is a specific analytical
technique of architecture and city (Hillier & Hanson, 1984). In a sense, it is the
science of architecture’s and city planning’s morphology that focuses on physical and
spatial studies (Paksukcharern, 2005). By analyzing the natural movement, the
calculated relational values are expressed in numbers and lines’ colors. If a line is
highly associated with other lines, then its ‘integration value’ is also high and the line
appears in hot color. Therefore, the highest value is red. The lines with lower relation
to all the other lines, in the same Axial Map, are in orange, yellow, and decreasing to
a cooler color tone from green to the least related line in deep blue, respectively
(Figure 2.6). In short, Axial map represents the connection of the traffic network and
it will show which roads are likely to be the center of that area. In Figure 2.6, the
central lines are colored in red (Hillier & Hanson, 1984).
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Figure 2.6 The Axial Lines of Gassin Town

The tool has the following key functionality:
Total Depth measures the average minimum step(s) that make a line can
connect to all other lines.
Connectivity measures the total number(s) of other lines that directly connect
to the original line.
Local Integration measures how much a line connects to others with direct
connection (One-step) and secondary connection (Two-step) on average. This reveals
a set of central lines by concerning two-step away lines from each line.
Global Integration is used to measure how well a line connects to the rest of
the lines in the system on average. This reveals the route or location that serves as the
center of the system. It provides the shortest depth-based distance from any line to all
the other lines in the system.

Visibility Graph Analysis (VGA)
Visibility graphs analyse the extent to which any point in a spatial network is
visible from any other. Where the points are not directly visible, graph measures of a
matrix of points can be calculated to test how many intervening points are needed for
one point to see others. Visibility Graphs were first used by Braaksma in a study of
the airports to identify the visual and spatial relationship between various facilities
that a passenger must find (Braaksma, 1980).
Visibility Graphs were calculated using the 'Fathom' visibility graph analysis
software created by 'Intelligent Space' in London, UK. This software implements the
automated spatial sampling technique used in VGA to generate a regular grid of
points within the entire study area. Automated sampling resolves the issue of
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reliability that was discussed with the axial map methodology, which makes the
whole analysis methodology a lot more open to scrutiny (Jake Desyllas and Elspeth
Duxbury, 2001).
There are 6 steps in the operation as follows
1) Creating the Depthmap file
2) Creating the visibility graph
3) Filling the grid
4) Analysing the visibility graph
5) Review the results
6) Export the figures

Figure 2.7 Example of Filling The Grid
(Beatrix Emo, n.d.)
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Figure 2.8 Example of The Visual Step Depth
(Beatrix Emo, n.d.)

2.4 The Analytic Hierarchy Process (AHP)
AHP stands for the analytic hierarchy process, which belongs to the multicriteria decision-making methods (MCDM). In AHP, values like price, weight, area,
or even subjective opinions such as feelings, preferences, or satisfaction, can be
translated into measurable numeric relations. The core of AHP is the comparison of
pairs instead of sorting (ranking), voting (e.g. assigning points) or the free assignment
of priorities (Klaus D. Goepel, 2013).
The Analytic Hierarchy Process (AHP) is a general theory of measurement. It
has been used to derive the ratio scales from both discrete and continuous paired
comparisons. These comparisons may be taken from actual measurements or from a
fundamental scale which reflects the relative strength of preferences and feelings
(Saaty, 1987).
The Analytic Hierarchy Process (Saaty, 1986) is a decision-making procedure
for establishing the priorities in multi-criteria decision making. Underlying the AHP is
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the theory of ratio-scale measures developed by psychophysicist Stanley S. Stevens
(1951) in the middle of the last century.

Figure 2.9 The Analytic Hierarchy Process (AHP)

To use the AHP to model a problem one needs a hierarchic or a network
structure to represent that problem and pairwise comparisons to establish relations
within the structure.
Analytic hierarchy process (Klaus D. Goepel, 2013).
The basic steps in the solution of a decision problem using AHP are quite
simple:
1) Define the goal of the decision – what to decide? for what purpose, and
what are the alternatives?
2) Structuring the decision problem in a hierarchy – what are the categories
and criteria that figure into the decision?
3) Pairing the comparison of the criteria in each category – e.g. blue or
green? Which one is preferred? and by how much?
4) Calculate the priorities and a consistency index – were the comparisons
logical and consistent?
Evaluate the alternatives according to the priorities identified – what alternative
optimum solution is there to the decision problem?
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2.5 Related Studies
After conducting a literature review of the relevant studies, there were five
research projects and studies related to fire evacuation planning and traffic analysis
and area access with following titles: Firstly, A GIS-based decision support system
for determining the shortest and safest route to forest fires: a case study in
Mediterranean Region of Turkey. Secondly, Study of Evacuation Plan using
Simulations of Fire Dynamics and Evacuation. Thirdly, GIS Based Decision Support
System for Access Management. Fourthly, Accessibility Analysis of Urban
Emergency Shelters: Comparing Gravity Model and Space Syntax. Lastly,
Emergency response after 9/11: the potential of real-time 3D GIS for quick
emergency response in micro-spatial environments. Details of the studies can be
briefly concluded as follows:
A GIS-based decision support system for determining the shortest and safest
route to forest fires: a case study in Mediterranean Region of Turkey ( Akay, Wing,
Sivrikaya, & Sakar, 2012) is a study related to creating a decision support system to
determine the shortest and safest route in case of wildfire. The case study was based
in the Mediterranean region, Turkey. Geographic Information System (GIS) was
employed in the study. The finding indicated that the studied area needed a regional
firefighting headquarters to properly respond to the fire and roads should be built and
designed to speed up the accessibility so that wildfires can be dealt with in a timely
and secure manner.
The study found that Geographic Information System (GIS) was used to find a
suitable location and distance to construct the regional firefighting headquarters.
Somkiat Wetchapuckpitak conducted research on migration plan using simulations of
fire dynamics and evacuation simulation (Wetchapuckpitak, 2006). The study
examined measures and management to evacuate people from high-rise buildings
using fire dynamics simulation together with evacuation simulation. These software
are tools to find the results of fire in high-rise buildings caused by the burning of
furniture. Simulations started with the smoke were generated from the fire source and
the smoke spread during each sequence of time. The simulation result would indicate
how long it would take to evacuate the people from that area. The research findings
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revealed that it is necessary to promote a better understanding of safety in the building
to ensure that the workers are properly trained to minimize the loss. The simulation of
the event from the time of the fire to the evacuation of the entire office personnel took
2 . 1 7 minutes. After some renovation by removing some finished walls and office
supplies out of the main evacuation route as proposed by the program, it appeared that
the evacuation only took 1 minute to evacuate 7 3 people from the office to the fire
escape. However, the study only focused on indoor vertical evacuation and did not
mention the knowledge of migration, accessibility, and mobility out of the building
territory especially when it comes to the slum’s physical environment.
Sakshi Mehta has conducted a study on horizontal access management to areas
along the road network titled, “GIS Based Decision Support System for Access
Management” and discovered that the GIS was a reliable geospatial technology that
can support the decision making on transportation planning. This tool could
accurately calculate the distance, locations of landmarks, and the connected points to
various levels of the road network using global positioning (Mehta, 2010). Recently,
there is an extension tool, Axwoman, which can be used to analyze the natural
movement from Space Syntax on ArcGIS which also supports analysis of city Space
Syntax (B.Jiang, 1999). Space Syntax has been used in the analysis on multiple
dimensions, such as analyzing access to refugee shelters in the study titled,
Accessibility Analysis of Urban Emergency Shelters: Comparing Gravity Model and
Space Syntax (Kaili Dou, 2011) which made a comparison between two measures of
access from gravity model and Space Syntax. The study concluded that both methods
should be used together to confirms the accuracy of one another. Based on the Space
Syntax data between local integration and global integration, this study discovered
that gravity mode supported the analysis of Space Syntax in the sub-system of
Wuhan, China, which was the local integration because the analysis results were
significantly supportive.
Besides, finding the accessibility and traffic mobility for victim relief can be
analyzed using 3D GIS as it can be seen in the study titled Emergency Response After
9/11: The Potential of Real-Time 3D GIS for Quick Emergency Response in MicroSpatial Environments (Mei-Po Kwan, 2005). This strategy helps to determine the
range of distance possible to be affected by building collapse, proper traffic roadblock
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locations, and suitable access route for the rescue mission. The fastest, shortest, and
safest route to access the area and evacuate people from the scene is shown in Figure
2.10 : The shortest route between the fire station and the building under disaster.

Figure 2.10 The Shortest Route Between The Fire Station and The Building Under
Disaster
(Mei-Po Kwan, 2005)

Nevertheless, fire evacuation planning still need knowledge of area
accessibility related to the physical environment. This is one of the factors to identify
the risk of disaster within a community especially slums. A study should discover the
potential access to promptly reach the area in case of an emergency disaster.
Accessibility to emergency area includes migrating people to the assembly point and
transporting them out of the area, installing or carrying rescue equipment, water
distribution point from the water source or fire apparatus, bringing firefighting
equipment into narrow and congested areas as well as transporting equipment which
help evacuate the victims. This research tries to reduce the risk and enhance the
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physical environment safety to those living in the slums and their neighboring
communities.
The literature review and related studies can be summarized by issues in the
following table:
Table 2.1 A Summary of Literature Review and Related Studies by Issues
Related
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Table 2.2 Related Literature and Research
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2.6 Summary of Literary Review and Related Studies by Issues
From the summary table of literature reviews and related research, In the past,
there was a research studies on fire evacuation within buildings. But still lacking
knowledge and study on fire evacuation in slum communities. It was found that lack
of knowledge on traffic mobility potential and area accessibility of walkway, small
vehicle access, and large vehicle access which is related to the physical environment,
becomes one of the essential factors used in the analysis of collaborative operation
planning in people, resource, and spatial management. Since the process of accessing
emergency areas to rescue during the fire may require migrating people to the
assembly point and transporting them out of the area, installing or carrying rescue
equipment which comprises of water distribution point from the water source or fire
apparatus, bringing the firefighting equipment into narrow and congested areas as
well as transporting equipment which help evacuate the victims, etc., finding route
map analysis for fire evacuation planning in a slum community in Bangkok is a key
element contributing to a more efficient rescue operation according to Bangkok Fire
Prevention and Mitigation Action Plan 2017 (Bureau of Disaster Prevention and
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Mitigation, 2017). Moreover, it can identify geographic coordinates in risk
management associated with road network systems at community, zone and city
levels.

2.7 Research Conceptual Framework

Figure 2.11 Concept Framework

The conceptual framework for the research was to analyze urban morphology
and physical characteristics of slum communities. Using the space syntax model for
analyzing the traffic patterns (Walkway/small vehicle access/large vehicle access) to
potential traveling and access area slum communities. The result is an area plan for
management fire route and evacuates victims in case of the fire that occurred in slum
communities. This rational relationship structure is just a hypothetical structure to
prove based on research questions and may be flexible when faced with data
collection in the field.

RESEARCH METHODOLOGY

The study titled “Route map analysis for fire evacuation planning in a slum
community in Bangkok” comprises both quantitative and qualitative studies. The
quantitative part will use survey data, numerical statistics, and results from the Space
Syntax analysis to discove the relationship between Space Syntax and popularity of
space usage. For fire evacuation planning in slum community areas, this study uses
the derived data to find correlation with physical characteristics of the area as the
analytical result.
The qualitative data is derived from note-taking and the interviews that have
been conducted with local people and relevant experts. Both quantitative and
qualitative data will be used together in the analysis to draw the conclusion for the
study. The research methodology consists of research methods, population and
sample, research instruments, data collection, and data analysis as listed out in details
below.

3.1 Research Methods
Research question 1: What are the traffic potential and the accessibility into
the slum?
Research question 2: What are the morphological structures and the walking
behavior within the areas in this slum?
Research question 3: What are the guidelines to evacuate the victims in the
fire event of this slum should be?
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Figure 3.1 Research Process Framework

From this research process framework, the research process by objective can
be described as follows.
Objective 1: To find the potential of accessibility within the slum area.
From the purpose of item 1 consists of secondary data collection, base
mapping, set of data imported into program ArcGIS, draw axial line, processor space
syntax model and qualified inspectors axial line drawing. After completing the
process, the result is traffic potential and access the area with the morphological
structure model in the study area.
Objective 2: To find the relationship between space syntax model and the
pedestrian movement rates within the selected area.
From the purpose of item 2 consists of Survey of the traffic behavior of
insiders and non-residents in the study area, survey and observation in-depth
interview and analyzed by computer system. After that classify traffic patterns and the
physical conditions of each road type in slum communities.
Objective 3: To plan for the fire evacuation route to evacuate victims from the
area in case of fire incident for the area.
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From the purpose of item 3 consists of assessing fire risk areas with the
ArcGIS system, Study prevention action and fire mitigation from Bangkok
information from: Bureau of Disaster Prevention and Mitigation. Finally, the research
results will be fire risk management plan in slum area Bangkok.

Research methods comprise of two processes:
Process 1: Research methods to answer research questions 1 and 2.
From research question number 1: What are traffic potential and accessibility
into the slum?
From research question number 2: What are the morphological structures and
the walking behavior within the areas in this slum.

The procedures go as following:
1) Collecting data on the physical environment of the slums.
2) Communicate with communities and all stakeholders, Organize a meeting
to work together with all stakeholders, Explore the area together with the community
3) Analyze the physical characteristics with secondary data about building
utilization, land use, building shapes, traffic routes and locations which contains
information in the form of GIS in conjunction with observations
4) Study the traveling behavior of people in slum communities from the depthmap software and field observation
5) Analyze the traffic and accessibility using Space Syntax models
6) Collect the traffic data from observations in the research area
7) Analyze the spatial and statistical data by working through 10 following
steps.

41

Step 1: Open ArcGIS or ArcView GIS with the Axwoman plugin installed. Click
‘Add Base map’ as shown in Figure 3.2: Step 1 Opening Base Map.

Figure 3.2 Step 1 Opening Base Map

Step 2: Select the folder to store the shapefile and create a new shapefile for axial line
drawing as shown in Figure 3.3: Creating a New Shapefile for Axial Lines Drawing.

Figure 3.3 Creating a New Shapefile for Axial Lines Drawing
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Step 3: Click ‘Editor’ and select ‘Start Editing’. The software will start drawing the
axial lines as shown in Figure 3.4: Using The Editor Command.

Figure 3.4 Using The Editor Command

Step 4: Click on the name of a created file to store the axial lines and press continue
as shown in Figure 3.5: Selecting The File Containing The Axial Lines.

Figure 3.5 Selecting The File Containing The Axial Lines
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Step 5: Click on ‘Draw axial lines’ button to use the line-drawing tool as shown in
Figure 3.6: Tool for Axial Lines Drawing.

Figure 3.6 Tool for Axial Lines Drawing

Step 6: Draw a line by clicking on the starting point of the road from one point to
another using a straight line. The lines that converge must be written to intersect.
Draw the line along the road as long and as minimum as possible to represent the road
system as shown in Figure 3.7: Line Drawing to Represent The Road System.

Figure 3.7 Line Drawing to Represent The Road System
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Step 7: Uncheck the ‘Basemap’ layer so that the Basemap is not displayed on the
screen, as shown in Figure 3.8: Displaying Only Axial Lines.

Figure 3.8 Displaying Only Axial Lines
Step 8: Click on the ‘’ sign in the Axwoman plugin to analyze the relationship of
lines drawn in the system. This may create a new layer on the left which is a layer
containing the Axial Lines that were analyzed for all line relationships in the system,
as shown in Figure 3.9: Analyzing Lines Correlation in The System.

Figure 3.9 Analyzing Lines Correlation in The System.
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Step 9: Right-click on the Layers GPL0 that was created in Step 8, then select Layer
Properties, and then select the Value according to the analysis as shown in Figure
3.10: Specifying Value. More in details below:
Local Integration measures how much a line connects to others with direct
connection (One-step) and secondary connection (Two-step) on average. This reveals
a set of central lines by concerning two-step away lines from each line.
Global Integration is used to measure how well a line connects to the rest of
the lines in the system on average. This reveals the route or location that serves as the
center of the system. It provides the shortest depth-based distance from any line to all
the other lines in the system.

Figure 3.10 Specifying Value

Step 10: The colored lines will appear on the screen. This calculated correlation value
is expressed as the number and the color of the line. If a line is associated with many
other lines, then the value is high and, in this case, is represented by a graduated color
with a color temperature set on ArcView GIS program where the highest value is
represented by red. For the lines that are least related to the others the color
temperature representation will also be reduced to orange, yellow, green, and so on to
the lowest correlated lines being blue according to the color shade sequence as shown
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in Figure 3.11: Exhibition of Calculated Correlation Values Represented by Colored
Lines.

Figure 3.11 Exhibition of Calculated Correlation Values Represented by Colored
Lines

After these steps, it would result in finding the potential of accessibility within
the slum area and the relationship between ‘space syntax model’ and the pedestrian
movement rates within the selected area.
Next, research process 2 is used to find the answer to question 3 as follows:
Process 2: Research method to answer research question 3
From the research question 3: What the guidelines to evacuate the victims in
the fire event of this slum should be?
1) Analyze the traveling pattern into the area to increase the security for life
and property
2) Analyze the data using Space Syntax model on ArcGIS software
3) Import data, road map, building utilization, building style and
morphological structure
4) Conduct in-depth interviews with the experts
5) Execute the Analytic Hierarchy Process (Saaty, 1987).
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6) Create the area plan for fire escaping route
7) Held the public hearing to get opinions from all stakeholders

3.2 Population and Sample
The sample is selected by focusing on the physical areas of the slum
communities i.e. areas with at least 15 households per 1 rai. Therefore, the sample of
this study comprises of areas with different morphology at the time specified by the
researcher.
The study area is chosen from the criteria of density. Besides its high density,
Dusit district, as an inner urban area, also has historically valued art and culture with
religious sites. It is an important cultural attraction of Bangkok. Many important
government agencies, driving the development of Bangkok, are also located in this
district. However, it stills lack measure or guideline for managing the fire risk. By
considering its physical characteristics that can represent the slum communities under
the ownership of government agencies, the area of Devarajkunchorn Temple
Community was selected. Since the area is owned by the Department of Religious
Affairs, and the density is 88 houses per rai.

Figure 3.12 Physical Characteristics of Devarajkunchorn Temple Community
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Figure 3.13 Devarajkunchorn Temple Community

3.3 Research Instruments
ArcGIS10 software was using to do the Collect Events creation and city
morphology analysis using Space Syntax of the relationship between city
morphological information and the mobility data of walkway, small vehicle access
and large vehicle access at the community, district and Bangkok city levels.

3.4 Data Collection
The data in this project is collected from various methods as follows:
Coordinating with agencies administrating slum communities in Bangkok and
the land ownership holder of the sample slum areas. Request 2) requesting for
physical data, land use, and transportation network from Bangkok Department of City
Planning database, and contact 3) contacting the community leaders as well as people
in the communities for cooperation to explore and collect data from the areas.
Collecting data to collect data through observations of the physical environment that
may cause the fire in slum areas of Bangkok as well as the movement data of
walkway, small vehicle access, and large vehicle access, etc.
Field data collection for this research project will be conducted in conjunction
with community participation, consisting of the researcher, four survey and notetaking staffs selected from candidates who either have graduated a bachelor’s degree
or being experienced in field data collection, and some local residents in the slum
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areas to work on brainstorming, conducting a public hearing, transcribing lessons
from past fires, or launching a fire drill in the area.

Figure 3.14 Field Survey
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Figure 3.15 Building Use Map
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3.5 Data Analysis
ArcGIS10, Microsoft Access, Microsoft Excel, and Space Syntax are used to
analyze and present an overview of the movement of the walkway, small vehicle
access, and large vehicle access in the studied areas.

Spatial Patterns Analysis
Spatial data analysis is conducted using ArcGIS10 software using Collect
Events creation and city morphological data analysis using Space Syntax.
Morphological analysis of the shape and morphology structure in slum
communities and morphology structure of Bangkok using geographic information
system (GIS) with Space Syntax is a study of the correlation between space and Axial
lines according to road networks as a study representation and analyzing of shapes
and morphological structure of slum communities which correlates with
morphological structure at the city level. Replacing the road system with the Axial
lines through Axwoman computer software which is an extension of ArcView GIS
using the command “draw” to draw the line along the road as long and as minimum as
possible to represents the road system. Using the “Do it” command will use the line
correlations in the system to calculate the average level of the “depth” of a line
connecting to other lines. This calculated correlation value is expressed as the number
and color of the line. If a line is associated with many other lines, then the value is
high and, in this case, is represented by a graduated color with a color temperature set
on ArcView GIS program where the highest value is represented by red. Lines that
are least related to the others the color temperature representation will be reduced to
orange, yellow, green, and so on to the lowest correlated lines being blue according to
the color shade sequence (Saengsawang, 2007). The tool has the following key
functionality:
Total Depth measures the average minimum step(s) that make a line can
connect to all other lines.
Connectivity measures the total number(s) of other lines that directly connect
to the original line.

52

Local Integration measures how much a line connects to others with direct
connection (One-step) and secondary connection (Two-step) on average. This reveals
a set of central lines by concerning two-step away lines from each line.
Global Integration is used to measure how well a line connects to the rest of
the lines in the system on average. This reveals the route or location that serves as the
center of the system. It provides the shortest depth-based distance from any line to all
the other lines in the system.

Spatial analysis, potential factors and fire risk factors
1) Draw A Study Area Boundary

Figure 3.16 Draw A Study Area Boundary

53

2) Open Attribute Table

Figure 3.17 Open Attribute Table

3) Feature to Raster

Figure 3.18 Feature to Raster
The cell size for the output raster dataset. The default cell size is the shortest
of the width or height of the extent of the input feature dataset, in the output spatial
reference.
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4) Output Raster

Figure 3.19 Output Raster

5) Weighted Overlay Table

Figure 3.20 Weighted Overlay Table
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The Analytic Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) is a general theory of measurement. It
has been used to derive the ratio scales from both discrete and continuous paired
comparisons. These comparisons may be taken from actual measurements or from a
fundamental scale which reflects the relative strength of preferences and feelings
(Saaty, 1987).

Figure 3.21 The Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process is a decision-making procedure for
establishing priorities in multi-criteria decision making. Underlying the AHP is the
theory of ratio-scale measures developed by psychophysicist Stanley S. Stevens
(1951) in the middle of the last century.
Selection of important factors made through the use of the analytic hierarchy
process is a technique for decision making in complex environments in which many
variables or criteria are considered in the prioritization and selection of alternatives or
projects. AHP was developed in the 1970s by Thomas L. Saaty and has since been
extensively studied, and is currently used in decision making for complex scenarios.
The application of AHP begins with a problem being decomposed into a hierarchy of
criteria so as to be more easily analyzed and compared in an independent manner.
After this logical hierarchy is constructed, the decision makers can systematically
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assess the alternatives by making pair-wise comparisons for each of the chosen
criteria. This comparison may use concrete data from the alternatives or human
judgments as a way to input subjacent information (Saaty, 2008).
In this research, tools for selecting factors that are significant to ensure the
reliability of the data. As the data on physical factors is abundant Therefore,
appropriate selection tools are needed.
In this research, the meaning is represented by the following details.
Goal: Significant factors, the results obtained from the Pairwise comparison
matrix.
Criteria: Fundamental Scale used to measure the degree of importance of
factors.
Alternatives: factors will be used to analyze the area in order to find potential
evacuation routes for fire victims.

3.5.2.1 Pairwise Comparison Matrix
Fundamental Scale (Row v Column)

Figure 3.22 Fundamental Scale (Row v Column)
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In this research, 8 factors will be used to analyze the area in order to find
potential evacuation routes for fire victims.
1) Fire extinguisher
2) Smoke alarm
3) The ability to tow a fire line about 100 meters long
4) Time used by the fire engine to arrive at the area
5) Roadblock
6) Road width
7) Space syntax
8) Number of house doors connected to the traffic route
Take 8 factors into the excel table to calculate.

Figure 3.23 Pairwise Comparison Matrix

This step records the survey and interviewing of experts in Excel to determine
the consistency of the expert's discretion.
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3.5.2.2 Consistency Check

Figure 3.24 Consistency Check

Figure 3.25 The Results of The Consistency Check

AHP analysis uses a pair comparison where the data obtained should be
consistent across the judgments of each assessor, although AHP does not enforce full
consensus on expert judgments. But in general, the level of consistency at each
discretion should not exceed 10 percent would be acceptable.
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The consistency ratio is used to measure the consistency in a comparison in
pairs. Saaty has established the Consistency Ratio (CR) for different sized matrix
tables (Saaty, 2008).:
Consistency Ratio of 5% for a matrix with size of 3˟3.
Consistency Ratio of 9% for a matrix with size of 4˟4.
Consistency Ratio of 10% for a matrix with size over 5˟5 up to.

RESEARCH RESULTS

From data and space analysis, we can use the computer program to analyze the
characteristics of the city and its traffic network. By generating a representing model
of the street network in axial map analysis, the study displays the resulted
accessibility of the area. The result shows that the roads that lined parallel with the
Chao Phraya River consist of Samsen Road, Nakhon Ratchasima Road, Pichai Road,
Rama 5 Road and Nakhon Chai Si Road, 5 lines. The roads that are perpendicular to
the Chao Phraya River, consist of Phitsanulok Road, Sri Ayutthaya Road, Ratchawithi
Road, Sukhothai Road, Nakhon Chaisi Road, Amnuay Songkhram Road, Thahan
Road, Pradiphat Road and Pracharat Road, 9 lines in total. These are important roads
at the district level and are the main road for traffic when counting the total number of
connections that have occurred in the system.

4.1 Integration Analysis of The Alleys’ Network
Global integration value, called radius n, calculated the overall networked
relationship from every segment of the road to all the other segments of roads within
that Axial Map. The lesser the steps make an axial line, that is a segment of road that
use to connect to all other segments has the higher the global integration value. Figure
4.1 shows that highly integrated streets in Dusit district are in the gridiron street
pattern. In the considered area, some blocks and buildings are gated personal or
official places, whereas, the community spaces are filled with small and dead-ended
alleys. Therefore, the result of the analysis does not show a smooth gradation of
integration pattern, but the jumping values from main streets that directly connected
to local small alleys in the area. In another picture, the ‘integration

radius 3’ or

local integration shows the value of local networking connectivity of a street segment
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to link with a group of segments around it the number 3, the name integration radius
3, is used because the local integration value calculates the 3-step relation from the
concerned street segment in the first step, then the directly connected segment(s) in
the second step, and the segment(s) connected to the second step segment(s) in the
third step. Local integration value, hence, shows the local networking centrality of the
street, whereas global integration shows overall networking centrality in the axial
map. Findings from the analysis, show that most of the important roads in the grid
system both at district and sub-district level are the same roads. There are only
Pracharat Road, Phichai Road, Thahan Road and Pradiphat Road which has a reduced
importance value. As shown in Figure 4.2, space syntax, through appropriate spatial
indicators, can express the intensity and distribution of the traffic volumes inroads of
a town.
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Figure 4.1 Global Integration: Analysis of Independent Traffic Network Dusit District
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Figure 4.2 Local Integration: Analysis of Independent Traffic Network Dusit District
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4.2 Connectivity Analysis of The Alleys’ Network
When analyzing ‘connectivity values’, that show how many roads are directly
connected to the analyzed road, the axial map within Dusit district explains that the
Rama 5 road, with highest connectivity value, connected most directly with the other
roads (Figure 4.3).

Figure 4.3 Connectivity Value Analysis Results
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4.3 Visual Analysis to Improve The Accessibility of The Community
Space
A study on the path dependency in southeast Asian city, Jarkata Indonesia,
addresses the problem of inequality in mobility and accessibility (Isti Hidayati, 2019).
For small communities of Bangkok, we find a similar problem that we need to
improve community accessibility to prevent huge damage from fire accident. In
Devarajkunchorn temple community case, this study analyzes the visual connectivity
of the space by applying depthmapX 0.7.0. By calculating the access of human vision,
the most visible area of this small community is 1) the parking area and 2) the
community entrance that leads to both Devarajkunchorn temple and the golden teak
museum. Shown in Figure 3.13, both are important historical architecture and cultural
places within the community. Figure 4.4-4.5 represents both the visual, the
accessibility, and the morphology of Devarajkunchorn temple community. Some
alleys have limited visual access due to the physical characteristics of the area.
Moreover, the complexity of the traffic route includes very narrow alleys and deadend of streets, where the pedestrians cannot connect to other routes. In an emergency
case of fire, it may cause large damage to life and property, since there is only one
way in and out. In this case, the fire truck would not accessible or difficult to access
the area, and there are many obstacles to evacuate the victims from the area or to get
the assistance from firefighters.
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Figure 4.4 Analysis Results From DepthmapX0.7.0 Software

This study analyzes the visual connectivity of the space by applying
depthmapX 0.7.0. This figure is an analysis of the accessibility of space with the
ability to see the surroundings. The analysis results are represented with the color
temperature. The areas with the best accessibility reach are displayed in red, followed
by orange, yellow, green and blue respectively and can be displayed as a numerical
graph shown in Figure 4.5.
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Figure 4.5 Analysis Results Graph From DepthmapX0.7.0 Software

Furthermore, by using depthmapX 0.7.0, the researchers used the physical
characteristics of the area to analyze pedestrian walking. It is found that people who
are not local people or house owners in the Devarajkunchorn Temple Community
tend to travel on public transport routes that are being able to be accessed by
visibility. Intelligibility coefficient showed that Devarajkunchorn temple community
has hight intelligibility value (𝑅 2 =0.73). As shown in Figure 4.4-4.5, the results of
the analysis are consistent with the visual accessibility.

Figure 4.6 Foot Analysis Results from DetphmapX 0.7.0
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The analysis result of local integration compared with the environment in the
Devarajkunchorn Temple community are shown in Figure 4.7-4.17

Figure 4.7 Analysis of Independent Traffic Network in Dusit District, Route 1, The
Main Path of The Community (Local Integration)

This figure shows the environment of the main road to access the community,
a sub-street which is connected to Samsen Road, the secondary road in Dusit district.
This road has very good accessibility to the area, is represented by a graduated color
with a color temperature set on ArcView GIS program where the highest value is
represented by red.
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Figure 4.8 Analysis of Independent Traffic Network in Dusit District, Route 2 (Local
Integration)

This figure shows the environment of the road within a studied community,
showing this road did not have any sidewalks while there are vehicles parked along
the road. This road has good accessibility to the area, is represented by a graduated
color with a color temperature set on ArcView GIS program where the high value is
represented by yellow.
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Figure 4.9 Analysis of Independent Traffic Network in Dusit District, Route 3 (Local
Integration)

This figure shows the entrance area in the temple territory and inside of the
parking lot of Devarajkunchorn Temple. This road has low accessibility to the area, is
represented by a graduated color with a color temperature set on ArcView GIS
program where the high value is represented by blue.
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Figure 4.10 Analysis of Independent Traffic Network in Dusit District, Route 4 (Local
Integration)
This figure shows the density of the parking lot in front of
Devarajkunchorn Temple. This road has low accessibility to the area, is represented
by a graduated color with a color temperature set on ArcView GIS program where the
high value is represented by blue.
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Figure 4.11 Analysis of Independent Traffic Network in Dusit District, Route 5 (Local
Integration)

This figure shows the density of the parking lot in front of Devarajkunchorn
Temple. This road has low accessibility to the area, is represented by a graduated
color with a color temperature set on ArcView GIS program where the high value is
represented by blue.
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Figure 4.12 Analysis of Independent Traffic Network in Dusit District, Route 6 (Local
Integration)
This figure shows a narrow alleyway that leads to the community
residential area and the pier. This road has low accessibility to the area, is represented
by a graduated color with a color temperature set on ArcView GIS program where the
high value is represented by blue.

74

Figure 4.13 Analysis of Independent Traffic Network in Dusit District, Route 7 (Local
Integration)

This figure shows the one-way road in front of the school where a fire incident
has happened in the past. This road has good accessibility to the area, is represented
by a graduated color with a color temperature set on ArcView GIS program where the
high value is represented by yellow.
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Figure 4.14 Analysis of Independent Traffic Network in Dusit District, Route 8 (Local
Integration)
This figure shows a narrow alleyway leading to the residential area in the
community, which is inaccessible by the cars. This road has very low accessibility to
the area, is represented by a graduated color with a color temperature set on ArcView
GIS program where the high value is represented by blue.
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Figure 4.15 Analysis of Independent Traffic Network in Dusit District, Route 9 (Local
Integration)

This figure shows that the shops, wheelchairs, motorcycles, etc., which could
be the roadblocks in the community. This road has Moderate accessibility to the area,
is represented by a graduated color with a color temperature set on ArcView GIS
program where the high value is represented by green.
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Figure 4.16 Analysis of Independent Traffic Network in Dusit District, Route 10
(Local Integration)
This figure shows the improper use of roads and pavements causing the
obstacle to the sidewalk. This road has Moderate accessibility to the area, is
represented by a graduated color with a color temperature set on ArcView GIS
program where the high value is represented by green.
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Figure 4.17 Analysis of Independent Traffic Network in Dusit District, Route 11
(Local Integration)

This figure shows the obstacles on the road which connects to the main road of
the community. This road has Moderate accessibility to the area, is represented by a
graduated color with a color temperature set on ArcView GIS program where the high
value is represented by green.
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Figure 4.18 Analysis Results of Independent Traffic Network in Dusit District (Local
Integration)
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The researchers have collected the data of pedestrian traveling in the field by
recording the rate of traveling of the people. The method is to count the numbers of
people passing by at the center of selected street segments between the common path
and the intersection within Devarajkunchorn Temple Community area. The 20 points
are observed, collecting from 2 time periods, on Saturday, October 19th 2019, the busy
day when there are a lot of people from outside traveling into the area. In contrast, on
Friday 18 October 2019, the less busy day, the other data collection was performed
during 8.00-8.15, 12.00-12.15 and 16.30-16.45 time periods. Average number of
traffic in each area including classification of passers in the area are shown in Figure
4.19 and 4.20.

Pedestrian Traffic on 18 October 2019
Figure 4.19 Amount of Passers-by within the Devarajkunchorn Temple Community
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Pedestrian Traffic on 19 October 2019
Figure 4.20 Amount of Passers-by Within The Devarajkunchorn Temple Community

The 20 points are observed, collecting from 2 time periods in the busy day
when there are a lot of people outside traveling into the area on Saturday 19 October
2019. In contrast, on Friday 18 October 2019,during 8.00-8.15, 12.00-12.15 and
16.30-16.45 time periods. It is found that the amount of traffic in both time periods
are the same on average. As seen in the following figure.
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Figure 4.21 Pedestrian Traffic on 18 October 2019 (515 people)

Figure 4.22 Pedestrian Traffic on 19 October 2019 (481 people)
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Moreover, the research surveys ‘the pattern of buildings entrances’. The gates
of houses, temples, and buildings used as an entrance to connect with the community
are drawn in Figure 4.23. The entrance gates were crucial to the accessibility of each
space (Noichan, 2018). The pattern shows the hierarchy of physical accessibility into
buildings within the community. From the analysis, there are many routes to enter and
exit the community; narrow alleys and many cul-alleys. This analysis differentiates
the routes that people within the community use more often are the routes that have
direct access to their residences. In contrast, the routes that people from outside of the
area particularly traveling are the routes with good visibility. As shown in Figure
4.24, the internal routes are related to the results of the analysis from depthmapX0.7.0
(Figures 4.4 - 4.6).

Figure 4.23 Gate Layout of Devarajkunchorn Temple Community
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Figure 4.24 The Popularity Routes Within The Devarajkunchorn Temple Community

4.4 Factor Analysis for The Fire Evacuation Route to Evacuate Victims
from The Area in Case of Fire Incident.
From 8 factors that have been analyzed by Statistical method. Theory of the
Analytic Hierarchy Process (Saaty, 1987) to analyze through the Geographic and
Geographic Information System (GIS) software to show the spatial results. The fire
evacuation route to evacuate victims from the area in case of a fire incident.
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Figure 4.25 Zoning Area

Zoning area to divide the study area. Calculating fire risk areas and leading to
finding suitable areas for evacuating people from the area in case of a fire incident.

Figure 4.26 Analysis of The Fire Evacuation Route to Evacuate Victims from The
Area in Case of A Fire Incident
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Analysis of the fire evacuation route to evacuate victims from the area in case
of a fire incident. Through the Geographic and Information System (GIS) software to
show the spatial results. By using the Analytic Hierarchy Process (AHP) analysis
results to be added to calculate the fire risk areas. The result is as shown in figure
4.27.

Figure 4.27 Zoning for Fire Evacuation Route to Evacuate Victims from The Area in
Case of Fire Incident

The analysis results showed that Zoning for fire evacuation route to evacuate
victims from the area in case of fire incident are as follows:
The red area shown on the map represents the area has low fire evacuation
potential.
The orange area shown on the map represents the area has moderate fire
evacuation potential.
The green area shown on the map represents the area has highest fire evacuation
potential.
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4.5 Overall Results
From the overlay of the data analysis, It is found that the roads in
Devarajkunchorn temple community with yellow values in Space syntax model are
suitable for evacuate victims by a small vehicle. Those roads are the connection point
between the main exit and the building which are the very important roads. Roads
with these characteristics can reach and quickly transport the victims. Therefore,
placing obstacles in the area of the yellow axial line should have been avoided, shows
by the space syntax model (Figures 4.28). However, this road is in an area that was
found to be. The orange area shown on the map represents the area has moderate fire
evacuation potential.

Figure 4.28 Overlay of The Data Analysis

Potential of Accessibility within The Slum Area
The potential of traveling and access into Devarajkunchorn Temple
Community is not arranged in order from the main roads to the secondary roads and
alleys. The main road to get into the area connects directly to the alleys within the
community. There are a lot of narrow alleys that can be used for traveling in and out
of the community by pedestrians and motorcycles. Cars, however, can reach only the
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main route which is able to be parked either in the parking lot of the temple or at the
north side of the community.
Relationship between The ‘Space Syntax Model’ and The
Pedestrian Movement Rates within The Selected Area
The relationship between space syntax model and the pedestrian movement
rates within Devarajkunchorn Temple Community shows a stronger relationship in
terms of ‘visual connectivity’ (Figure 4.4-4.20), rather than a strong relationship
between integration values (Figure 4.1 and 4.2) and walking patterns (Figure 4.19 and
4.20). The analysis results are consistent with visual accessibility and relate to the
results of the depth map analysis. It was found that people in the community use
short-distance connections to their residences, whereas people from outside travel on
main routes that are visible from outside.

Fire-Evacuation Route Planning
Area planning to cease fire and evacuate victims from the area in the event of
a fire is necessary for the Devarajkunchorn Temple Community. Because of complex
traffic routes including many alleys and cul de sac, fire may cause vast damages to
life and property since there is only one narrow way in and out of this area. The fire
truck is almost inaccessible. There are many obstacles to evacuate victims from the
area or to get help from firefighters. As Xiaorui Zhang studied (2019), the
accessibility measurement will play a more scientific guiding role in the planning and
construction of urban traffic networks. From the results, the research provides a plan
of firefighting and victims evacuation routes for the Devarajkunchorn Temple
Community as shown in Figure 4.29.
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Figure 4.29 Route Map Plan for Fire Routes and Evacuate Victims From The Area

CONCLUSION, DISCUSSIONS AND RECOMMENDATIONS

5.1 Discussions
The new findings in this research process are a route map analysis process for
fire evacuation planning in a slum community in Bangkok. The process of jointly
analyzing the key factors of the area and the government policy plan on fire fighting.
By giving the weight of each factor in finding risky areas and suitable areas for
finding evacuation routes in case of fire in the area. It was able to analyze large areas
for a limited time from secondary data in conjunction with theory of natural
movement. It consists of depthmapX0.7.0, space syntax model, visibility graph
analysis and analytic hierarchy process. With details as follows:
From the research question 1, What are traffic potential and accessibility into
the slum? The results can be discussed as follows:
Analysis with the depthmapX0.7.0 software, used the physical characteristics
of the area to analyze pedestrian walking. It is found that ones who are not local
people or house owners in the Devarajkunchorn Temple Community tend to travel on
public transport routes that are being able to be accessed by visibility. Intelligibility
coefficient showed that Devarajkunchorn temple community has hight intelligibility
value (𝑅 2 =0.73). The results of the analysis are consistent with the Visibility Graph
Analysis theory (VGA) (Braaksma, 1980).
Besides, the research surveys ‘the pattern of buildings entrances’. The gates of
houses, temples, and buildings used as the entrances to connect with the community.
The results are consistent with the study of Rungpansa Noichan (2018) which found
that the entrance gates were crucial to the accessibility of each space. The pattern
shows the hierarchy of the physical accessibility into buildings within the community.
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From the analysis, there are many routes to enter and exit the community; narrow
alleys and many cul-alleys. This analysis differentiates the routes that people within
the community use more often are the routes that have direct access to their
residences. In contrast, the routes that people from outside of the area particularly
traveling are the routes with good visibility. The internal routes are related to the
results of the analysis from depthmapX0.7.0.
From the research question 2, What are the morphological structures and
walking behavior within these slum areas? The results can be discussed as follows:
The relationship between the space syntax model and the pedestrian
movement rates within Devarajkunchorn Temple Community shows a stronger
relationship in terms of ‘visual connectivity’, rather than a strong relationship between
integration values and walking patterns. It was found that people in the community
use short-distance connections to their residences, whereas people from outside travel
on main routes that are visible from outside. The analysis results are consistent with
visual accessibility and related to the results of the depthmap analysis.
The results of this research are therefore consistent with a apace syntax theory
and

Visibility

Graph

Analysis

theory

(VGA)

and

leading

to

research

recommendations.
From the research question 3, What the guidelines to evacuate the victims in
the fire event of this slum should be? The results can be discussed as follows:
Area planning to cease fire and evacuate victims from the area in the event of
a fire is necessary for the Devarajkunchorn Temple Community. Because of complex
traffic routes including many alleys and cul de sac, fire may cause vast damages to
life and property since there is only one narrow way in and out of this area. The fire
truck is almost inaccessible. There are many obstacles to evacuate victims from the
area or to get help from firefighters. As Xiaorui Zhang studied (2019), the
accessibility measurement will play a more scientific guiding role in the planning and
construction of urban traffic networks. From the results, the research provides a plan
of firefighting and victims evacuation routes for the Devarajkunchorn Temple
Community.
From the overlay of data analysis, it is found that the roads in
Devarajkunchorn temple community with yellow values in Space syntax model are
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suitable for evacuate victims by a small vehicle. Those roads are the connection point
between the main exit and the building which are the very important roads. Roads
with these characteristics can reach and quickly transport the victims. Therefore,
placing obstacles in the area of the yellow axial line should have been avoided, shows
by the space syntax model.

5.2 Conclusion
The conclusion on the potential to access into Devarajkunchorn Temple
Community is as follows:
From research objectives 1, to find the potential of accessibility within the
slum area. The potential of traveling and access into Devarajkunchorn Temple
Community is not arranged in the respective order from the main roads to the
secondary roads and alleys. The main road to get into the area connects directly to the
alleys within the community. There are a lot of narrow alleys that can be used for
traveling in and out of the community only by pedestrians and motorcycles. Cars,
however, can reach only the main route and has to be parked either in the parking lot
of the temple or the northern side of the community.
From the findings the potential of accessibility within the slum area, it was
found that The relationship between the space syntax model and the pedestrian
movement rates within Devarajkunchorn Temple Community shows a stronger
relationship in terms of ‘visual connectivity’, rather than a strong relationship
between integration values and walking patterns. It was found that people in the
community use short-distance connections to their residences, whereas people from
outside travel on main routes that are visible from outside. The analysis results are
consistent with visual accessibility and relate to the results of the depth map analysis.
From research objectives 2, to find the relationship between the space syntax
model and the pedestrian movement rates within the selected area. The details are as
follows:
Global integration value, called radius n, is a calculated value of the overall
networked relationship from every segment of the road to all the other segments of the
roads within the same Axial Map. The lesser steps make an axial line, that is a
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segment of the road that use to connect to all other segments, has the higher the global
integration value.
Local integration value, hence, shows the local networking centrality of the
street, whereas the global integration shows overall networking centrality of the axial
map. Findings from the analysis show that most of the important roads in the grid
system both at district and sub-district level are the same roads. There are only
Pracharat Road, Phichai Road, Thahan Road and Pradiphat Road which has a reduced
importance value.
When analyzing ‘connectivity values’, the value that determined how many
roads are directly connected to the analyzed road with the axial map within Dusit
district, the result explains that Rama 5 road has the highest connectivity value, which
means this road is connected most directly with the other roads.
In Devarajkunchorn temple community case, this study analyzes the visual
connectivity of the space by applying the data to depthmapX 0.7.0 application
software. From the access of human vision calculation, the most visible area of this
small community is 1) the parking area and 2) the community entrance that leads to
Devarajkunchorn temple and the golden teak museum. Both are important historical
architecture and cultural places that represents the visual, the accessibility, and the
morphology of Devarajkunchorn temple community. Some alleys have limited visual
access due to the physical characteristics of the area. Moreover, the complexity of the
traffic route includes very narrow alleys and dead-end of streets, made the pedestrians
cannot connect to other routes, may cause large damage to life and property in case of
an emergency fire incident since there is only one way in and out. In this case, the fire
truck would be inaccessible or it would be difficult to access the area, and there are
many obstacles to interrupt the evacuation of the victims from the area or to get the
assistance from the firefighters.
The research findings are useful for security planning agencies, fire mitigation
agencies, local people as well as the public to reduce the loss of life and property in
slum communities with similar characters and to increase public safety. The research
conclusion, shown in Space syntax models that the few highlighted streets are suitable
for evacuating fire victims by small vehicles particularly. Most of such street
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segments created the connections between the main exit and other buildings. Finally,
recommendations for physical and environmental adaptations are proposed.
From the results, the research provides a plan of firefighting and victims
evacuation routes for the Devarajkunchorn Temple Community.

5.3 Recommendations
From research objectives 3, to plan for the fire evacuation route to evacuate
victims from the area in case of fire incident. From the above findings,
Devarajkunchorn Temple Community should be planned for the fire routes.
Firefighting routes and victim evacuation routes could be analyzed by using space
syntax and ground observation. Recommendations for Devarajkunchorn Temple
Community are as follows:

Figure 5.1 Route Map Plan for Fire Routes and Victims Evacuation from The Area,
before The Design
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Figure 5.2 Master Plan of The Route Map Plan for Fire Routes and Victims
Evacuation from The Area
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1) Set up the water pumping station for firefighting at the ‘north dead-end
alley’ of the community next to Chao Phraya River, so that, in the case of fire, the
firefighters can pump water from the river to cease the fire. The alley’s width is
accessible for a fire truck. Moreover, it is connected to the high-integration street and
being visible from the main street.

Figure 5.3 Detail Plan of The Water Pumping Station Area for Firefighting
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2) Set up the specific fire trucks parking lots including 4 places, yellow
colored area in Figure 4.27; 1) the street near the water pumping station 2) the car
parking lot in front of Devarajkunchorn School 3) the car parking lot in front of the
museum and 4) the community’s entrance area.

Figure 5.4 Set The Specific Fire Trucks Parking Lots The Street Near The Water
Pumping Station
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Figure 5.5 Set The Specific Fire Trucks Parking Lot in Front of Devarajkunchorn
School
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Figure 5.6 Set The Specific Fire Trucks Parking Lot in Front of The Museum
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Figure 5.7 Set The Specific Fire Trucks Parking Lot in Front of The Community’s
Entrance Area
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3) According to the visual analysis (Figure 4.4 - 4.5), there are two places with
‘good visibility’ and ‘high passing rates of pedestrians and vehicles’ (route 2 and 4 in
Figure 4.19-4.20), firstly, the car parking in front of the museum and secondly, the
entering corner of the wide north alley, where fire truck could access, both of them
will be planned as assembling places, directing and information centers that would
help the fire victims.

Figure 5.8 Meeting Point and Director’s Point Publicize, Notified Applicant as
Disaster Relief
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4) With the obstructed character of this community’s street plan, filled with
tiny alleys, cul-alleys and cul de sac, the new traffic enabling points that should be
placed at the entrance to the community and the other two junctions are shown in red
circles (Figure 4.29).

Figure 5.9 Traffic Point
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5) The community entrance and walkways within the community should be
obstruction-free. In the fire accident, a clear alley will make the conveyors quickly
evacuating people out of the area and open up the access for firefighters in a timely
manner. Furthermore, there should be a map indicating both the location of this
community’s fire extinguisher and the telephone numbers of the responsible persons.

Figure 5.10 Graphic Paint on The Road for Fire Route and Victims Evacuation to
Leave The Area
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6) For the riskier groups of people, such as the elderly, the disabled persons,
home-based severe patients and small kids there should have special stickers or
symbols attached in front of their houses. They should be evacuated first in a fire
case. For the tiny alleys, particularly where the vehicle cannot enter, the pavement
should be very convenient for people both for a daily walk and for the emergency
case of fire.
7) An ambulance should be prepared at the car parking spot.

Figure 5.11 Ambulance Parking
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In conclusion, the results of this research provide analysis and planning for the
fire evacuation route map of Devarajkunchorn temple community. Stakeholders
should improve physical and environmental conditions of the area. The research result
is useful not only for this community but also for other slum communities in
Bangkok.

5.4 Recommendations for Future Research

1) Future research should cover few other studies; for examples, analysis of
the statistic correlation between the values from Space syntax model and pedestrian
movement rates, the three-dimensional design of streets and urban environment for
the fire evacuation situation and community’s involvement and action that would be
suitable with fire evacuation.
2) Future research should use the 3D axial map for research analysis.
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APPENDIX A

AXIAL LINE VALIDATION FORM FROM EXPERTS

Axial line validation form from experts
By random method ............. line
Assessor ........................................
No.

Line coordinates

Department ...................................................

Illustration

Notice

solution

latitude Longitude
1

This line

Draw a straight

can draw

line along the

only one

road as long as

Axial

possible.

Line.

And the smallest
number.
To represent the
road system in
Soi Sukhothai 7.

2
3
4
5

note
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APPENDIX B

DATA COLLECTION PLAN

Data for research analysis

The

Reference

operation
1. Analyze

1.1) Urban morphology

Researcher

Space Syntax

1.2) Road

conducted

2. Important

2.1) Factors of obstacles in

In-depth

factor

accessing the area in case of fire.

interview

in the research
area.
Field data

2.2) Fire drills
2.3) Road size
2.4) Fire extinguisher position

Survey

Field data

form

2.5) Barricade
2.6) Assembly point
2.7) fire extinguisher
2.8) Fire pump
2.9) Accessibility with a fire hose
of 100 meters
2.10) Smoke Alarm
2.11) Building condition, building
material
3. Assessing

3.1) Most buildings in the

the likelihood

community are shelters. There are

of being

no more than 3 floors high.

Survey
form

1. Field data
2. Fire risk
assessment in
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Data for research analysis

The

Reference

operation
dangerous in

3.2) Building density

the community

the event of a

3.3) Density of residents per house.

(Bureau of

fire.

3.4) Number of houses per rai

Disaster
Prevention and
Mitigation)

4. Data

4.1) The distance between the

analysis with

community and the fire station (Fire

geographic

truck travel from the fire

assessment in

information

department to the community

the community

system (GIS)

within 8 minutes, 8-12 minutes,

(Bureau of

12-15 minutes and within 15

Disaster

minutes).

Prevention and

4.2) The distance between the

Mitigation)

community and the hospital.
4.3) Public water sources within a
radius of 50 meters from the
boundary of the community area

Secondary
data

1. Field data
2. Fire risk
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