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Abstract 
The discovery of oil and gas in Uganda has attracted many investors, leading 
to increase in fuel/gas distributing companies and fueling stations creating 
rapid demand for land to locate the stations compared to available open ur-
ban land. Because of the explosive and combustion characteristics of fuel 
stored and dispensed at stations, several studies have been conducted on dif-
ferent fires at fueling stations such as static fire, jet fire, vapor cloud explo-
sions, open fires, etc. but there was need to assess spatially the risk of fire 
from stations, its consequences and sovereignty on buildings surrounding 
them. This was done basing on seven parameters—proximity of buildings to 
stations, building materials, distance between buildings, wind speed, temper-
ature, slope and vegetation. Analytical hierarchy process and pairwise com-
parison were used to weight the parameters based on their relative impor-
tance. Weighted sum tool was applied to generate the fire risk maps for the 
quarters—December to February, March to May, June to August, and Sep-
tember to November from 2008 to 2013. The parameters were overlaid with 
the buildings in each risk zone for all the four quarters and their influences 
determined. The highest contributors were proximity of the buildings to sta-
tions, building materials and separation between buildings. Most of the affected 
buildings were made of rusted corrugated iron sheets and wood; the separation 
distance from one building to another ranged from 0 - 4 m. Most of buildings 
located within 100 m from stations were at moderate risk level and within 50 m 
were at highest risk level. The period of December to February and June to 
August had the highest risk. The findings can be used to guide planners and 
policy makers on building location vs. material vs. separation. It can also 
guide developers on where, when and how to carry out their developments. 
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1. Introduction 

East Africa’s oil and gas sector is increasingly becoming the focus of many in-
vestors. By 2012, over 2.5 billion barrels of crude oil had been discovered in 
Uganda’s Albertine region [1]. Uganda’s emerging oil and gas industry is creat-
ing new opportunities as anticipated even though the oil and gas industry is still 
in its infancy. Many downstream distribution channels are springing up and one 
of the main offshoots of the industry is the emergence of fueling stations. Ugan-
da had only six fuel distributing companies in 1994 [2]—Total, Shell, GAPCO, 
Caltex, UPET and AGIP, but currently there are more than 30 companies. Con-
sidering the high risks and dangers associated with oil; its exploration, transpor-
tation, offloading, storing, sale points and facilities should be taken with a lot of 
care. Currently there is a fast growth in urban areas from small market centers to 
megacities thus the increase in development increases the potentiality of fire oc-
currences due to interactions among different activities. 

Fire and explosions are the major hazards caused by locating fuel stations in 
urban areas due to explosive and combustible characteristics of fuels stored and 
dispensed at fueling stations as fires inflict direct material damages to buildings 
[3]. It has been suggested that dense construction and more closely built struc-
tures are issues to be looked at regarding the rate of fire spread [4]. However, 
several studies have concentrated on different fires at fueling stations, for exam-
ple static electricity, jet fires, vapor cloud explosions, open fires, electrical sparks 
etc. Studies on static electricity fire at fuel stations [5] as being caused by friction 
between the person’s body and the seat during refueling which leads to the per-
son and the vehicle to be electrically charged have been done. It is suggested that 
during refueling the following should be done: switch off the engine when refu-
eling, do not smoke, do not get in and out of your car when refueling as dis-
charge static build-up, do not use any object to jam the refueling trigger on the 
nozzle in order to keep it open. A study on the different fires at fuel stations [6] 
stated the following as sources of fuel station fires static electricity, open fire, 
thunder strike, high temperature, impact friction, and electrical sparks. He sug-
gested that, the stations must be equipped with firewater systems, firefighting 
equipment should be well configured and refueling technology and facilities 
should be of good quality and well laid in appropriate manner. According to [7], 
fuel station fires are caused by loss of control of vehicles that hit fuel station 
equipment, presence of cigarette in the vicinity of fuel stations, welding activities 
in fuel stations, repair work on pipes connected to underground tanks being ig-
nited by spark from an electrical tool, multiple accessory defects such as nozzle 
loosening, breakage in the distribution hose, porosity of pump points, joint de-
fects, etc. lead to leaks which are initiating factors for fire outbreak due to flam-
mability and volatility of the fuels. However, the studies do not show spatially 
the risk and consequences of fire on the neighboring buildings. 

Fire risk is known to fuel station workers [8] as being catastrophic and sug-
gested that fire risk information and guidelines should be formulated and disse-
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minated to workers before they agree to work at fuel stations as a hazardous 
premise. They also stated that, there is need for more studies assessing spatially 
the risk of fire from fuel stations, their consequences and sovereignty on build-
ings surrounding them. Thus, there is a need for this study to assess spatially the 
risk of fire from fuel stations on buildings which was achieved by determining 
parameters for assessing spatially the risk of fire from fuel stations, spatially 
quantifying the buildings at risk in different risk levels and determining the in-
fluence of parameters in each risk level/zone. Seven parameters—proximity of 
buildings to stations, building materials, distance between buildings, wind speed, 
temperature, slope and vegetation were identified. The study also suggested 
measures which can be put in place to guide planners and policy makers on 
building location vs. material vs. separation vs. fuel station locations. It can also 
guide developers on where, when and how to carry out their developments in 
areas neighboring fueling stations. 

2. Literature Review 

Risk [9] is the outcome of interaction between hazard phenomenon and the 
elements at risk (people, buildings and infrastructures) within the community. 
Fire risk is defined [10] as “the possibility of an unwanted fire hazard in an un-
certain situation, where loss or harm may be induced to the valued, typically life, 
property, business continuity, heritage, and/or environment”. Fire risk at fuel-
ing/gas stations is caused by electric spark, static electricity, high temperatures, 
open fire, smoking, thunder strikes, welding, impact friction, and many others 
[11]. In addition, improper operation or behavior e.g. fault operation, ignorance 
and facilities failure are also important factors of fire hazard. For instance, the 
potential failure of fire systems will significantly contribute to fire hazard in case 
of fire [12]. To reduce fire risk at fueling stations, several considerations include 
well configuration of firefighting equipment, good quality of refueling facilities 
and the manner in which they are laid should be appropriate, the seating of the 
fuel station [6]. Natural factors that influence the rate of fire spread include the 
following; topography (slope, aspect and elevation), climate (air temperature, 
relative humidity, rainfall, changes in direction and velocity of urban wind), ve-
getation, etc. [13]. The artificial factors include separation distance between 
buildings, distance to hazardous materials, building materials, etc. 

Studies [9] have defined risk = Hazard × Elements at Risk × Vulnerability. 
Hazard refers to a phenomenon or human activity that may cause property 
damage, social and economic disruption, loss of life or injury, or environmental 
degradation. Vulnerability refers to the degree of loss resulting from the occur-
rence of a phenomenon. Elements at risk refer to the population, properties, 
economic activities, including public services, or any other defined values ex-
posed to hazards in a given area. According to [14], risk assessment is the 
process of estimating the impact the hazard would have on the people, structures 
and facilities in a community. Fire risk assessment is a management tool, which 
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helps the managers in their decision-making process. Fire risk assessment is 
considered the foundation of fire safety measures of all buildings in use. In order 
to create a risk map, qualitative hazard map is generated by combining several 
factor maps. A vulnerability map is then created. A combination of vulnerability 
map and hazard map is called a risk map. 

As per [10] definition of fire risk; use of suitable construction materials is one 
of the means of reducing fire risk [15]. The characteristics of building materials 
in relation to fire are: -Stone is a bad conductor of heat. Sand stones with fire 
grains have moderate fire resistance. Granite disintegrates under fire. Limestone 
crumbles easily. Bricks resist heat up to 1200˚C. At the time of construction, if 
good quality mortar is used, fire resistance is extremely good. Any structure 
made of timbers can be rapidly destroyed by fire. Concrete is a very good fire re-
sistance. Steel bars lose tensile strength. Steel columns become unsafe during 
fire. Aluminum is a good conductor of heat. It has higher resistance to fire. As-
bestos Cement is non-combustible material as it possesses high fire resistance. 

To reduce fire risk at fuel stations, the following should be considered; well 
configuration of firefighting equipment, good quality of refueling facilities and 
the manner in which they are laid should be appropriate, the seating of the fuel 
station, [6]. Several studies on fire hazards and explosions at fuel storage facili-
ties have been carried include [16], who noticed that fire and vapor clouds ex-
plosions are because of spillage of flammable liquids or fuels materials from 
above ground storage tanks. The factors responsible for the spillage include 
overfilling, leaking from worn out and corroded containment, loss of contain-
ment due to pipeline raptures etc. Vapor cloud explosions are catastrophic and 
destructive since the vapors released can disperse to other locations and any 
contact with ignition source, leads to a major explosion followed by a large fire. 
According to [17], the parameters used in their study of fire risk in fuel stations 
included; distance from the nearest fire station, automatic fire extinguishing 
systems, existence-extinguishing valve close to the gas stations, suitability of 
manual firefighting systems, the location of the stations, the state of earth system 
and fuel tanks. In the case of fire detection, parameters such as alarm systems, 
suitability of alarming systems, monitoring systems for testing concentration of 
inflammable materials linking of the filling station to the fire brigades via intra-
net were considered. 

3. Materials and Methods 

To assess the spatial risk of fire, seven parameters were considered—proximity 
of buildings to fuel stations, building materials, separation distances between 
buildings, wind speed, temperature, slope and vegetation. Pairwise comparison 
and analytic hierarchy process were used to rank the seven parameters chosen. 
The study was tested on data set from Lubaga division, Kampala City in Uganda 
(see Figure 1).  

ASTER DEM 30 by 30 m resolution was acquired from USGS. Data for wind  
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Figure 1. Location of Lubaga division in Kampala City, Uganda. 
 

speed and temperature for the period of 2008 to 2013 was downloaded from 
global weather website. The data for building materials was collected from 
ground field survey and included roofing types; rusted corrugated iron sheets 
and wood, non-rusted corrugated iron sheets and wood, tiles and wood, tiles and 
metal, concrete roof. The geo-referenced building polygons were obtained from 
open street map. Fuel station positions were obtained using handheld GPS. Ve-
getation data was generated from Landsat 7 imagery. Then reclassification was 
carried that involved ranking the different classes in each dataset basing on their 
degree of contribution to fire risk. A linear function was used to assign prefe-
rence value from 1 to 10 for each set of sub_criteria for every parameter with 10 
being the most favorable or has greatest influence. The weighted sum tool in 
spatial analyst was used to generate the fire risk maps. The weights were gener-
ated using pairwise comparison and analytical hierarchy process was applied. 

To come up with the number of buildings in each risk zone, the resultant 
weighted sum raster was reclassified based on its values. The reclassified raster 
was converted into polygons to enable vector-based GIS analysis. The polygons 
were then put in different categories as grid code. These categories included very 
high (5), high (4), moderate (3), low (2) and very low (1). Using select by 
attribute, a particular polygon e.g. very high was selected. Select by location was 
used to select buildings which were intersecting the highlighted polygons. Later 
the buildings were exported and saved as very high. This was done also for the 
other four categories. There existed a situation where some buildings were fall-
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ing in two zones (e.g. one side in very high and the other side in high). To han-
dle such a case, that building was taken to be in the zone above the other. Since 
the tool selected the buildings in different zones, the join and relate tool was 
used to eliminate the repeated buildings. Buildings in very high zone were joined 
to buildings in high zone. The layer high zone was then queried to identify those 
buildings which were already in very high zone and were deleted from the 
attribute table of high zone. This was done with all the other zones. The above 
procedure was carried out for all the four quarters for the different years. Having 
quantified the buildings in different risk levels, the different layers of risk le-
vels/zones i.e. very high, high, moderate, low and very low were then overlaid 
with each parameter and the influences of parameters determined. 

4. Results and Discussion 

The seven parameters used were grouped into two: human controlled (artificial) 
parameters and natural parameters: -Artificial parameters included; proximity of 
buildings to fuel stations, building materials and separation distance between 
buildings. These are features that human beings can easily deal with when it 
comes to fire risks. Natural parameters included wind speed, temperature, slope 
and vegetation. These are parameters that their occurrences and changes are 
unpredictable. Since the effect of natural parameters on fire spread depends on 
the human controlled parameters, if the human controlled parameters are taken 
care of then the natural parameters will have little influence on fire spread. 

The buildings at risk were quantified according to five risk levels. The artificial 
parameters were used to describe the different fire risk levels as follows. 
• Very high-risk level: This zone consists of buildings located 0 - 2 m from 

each other, within 0 - 100 m from fuel stations and majority having rusted 
corrugated iron sheets on wood. 

• High risk level: This zone consists of the majority of the buildings with rusted 
corrugated iron sheets on wood, located 0 - 4 m from each other and within 
50 - 250 m from fuel stations. 

• Moderate risk level: The zone consists of few buildings located 0 - 100 m 
from fuel stations with the majority located at 150 - 500 m from fuel stations. 
Very few buildings consisted of rusted corrugated iron sheets on wood. With 
the majority made of concrete roofs and tiles on wood. Majority of reinforced 
concrete roof buildings located at a distance of 0 - 2 m with some few at 4 - 8 
m from other buildings, tiles on wood at 2 - 4 m from other buildings, and 
rusted iron sheets on wood at 4 - 8 m from other buildings. 

• Low risk level: This zone consists of buildings located 300 - 500 m from fuel 
stations, the majority of the buildings are 6 - 10 m from each other with a few 
at 2 - 6 m from each other. Buildings are made of concrete roofs. 

• Very low risk level: This zone consists of buildings located more than 500 m 
from the fuel stations with a separation distance 4 m and above between 
buildings. Buildings are made of tiles on wood, non-rusted corrugated iron 
sheets on wood, with some few rusted corrugated iron sheets on wood. 
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The weights were generated using pairwise comparison and analytical hie-
rarchy process, the consistency of the weights was tested and found to be within 
the acceptable range. CR = CI/RCI, CR = 0.1012325/1.32, CR = 0.077. Using ap-
proach by [18], Table 1 was then drawn showing the influence of different pa-
rameters [19]. 

The value of CR was compared to 0.1 which is the maximum CR value for ac-
ceptable pairwise comparison [20]. The CR value was 0.077 which is within the 
acceptable range. Hence the weights of the above parameters reflect on their rel-
ative importance as far as fire spread is concerned. Proximity of fuel stations to 
buildings had the highest weight since fuel stations in this case were taken as the 
origin of fire outbreak. It was then followed by building materials. This is be-
cause if a building is made of fire-resistant materials however much it is close to 
the fuel stations it will take a longer time to be ignited. The building materials 
determine what distance should be between buildings that is why the separation 
distance between buildings to another was weighted following the building ma-
terials. Of the natural parameters, wind speed had the highest weight followed by 
temperature and slope (see Table 2). 

The weighted seven parameters were used to generate the risk levels for all the 
buildings in study area as presented in Table 3. 

The number of buildings in the different quarters in Table 3 were generated 
using GIS to show their spatial distribution (Figures 2-5) and chart (Figure 6). 

From Figure 2, the majority of the buildings were either at very high risk 
(red) or high risk (yellow) in the months of December to February and only a 
few buildings were at low risk (blue) and very low risk (green) especially in the 
north-western part of the study area. 

From Figure 3, the majority of the buildings were at high risk (yellow) in the 
months of March to May followed by very high risk (red) and moderate (brown) 
that were distributed throughout the study area. 

From Figure 4, the majority of the buildings were at high risk (yellow) in the 
months of June to August followed by very high risk (red) mainly in central part 
of the study area. 

From Figure 5, the majority of the buildings were at high risk (yellow) in the  
 

Table 1. Shows criteria identifier and weight. 

Criteria No Criteria Weight 

C1 Proximity of buildings to fuel stations 0.309 

C2 Building materials 0.237 

C3 Separation distance between buildings 0.174 

C4 Wind speed 0.122 

C5 Temperature 0.080 

C6 Slope 0.049 

C7 Vegetation 0.029 
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Table 2. Shows the influence of parameters in different risk levels. 

Risk assessment 
parameters 

Influence of Parameters in different Risk Levels 

Very high High Moderate Low Very low 

Proximity of buildings 
to fuel stations 

0 - 100 m 50 - 250 m Few buildings at 0 - 100 m 
with majority at 150 - 500 m 

300 - 500 m 500 m 

Building materials Majority with 
non-rusted corrugated 
iron sheets on wood, 
rusted corrugated iron 
sheets on wood 

Majority with rusted 
iron sheets on wood, 
few non-rusted iron 
sheets on wood. 

Few rusted corrugated iron 
sheets on wood. The rest 
reinforced concrete slab and 
tiles on wood 

Reinforced concrete Majority with tiles on 
wood, reinforced 
concrete. 
Few rusted iron 
sheets. 

Separation distance 
between buildings 

0 - 2 m 0 - 4 m Majority of reinforced 
concrete slab buildings 0 - 2 
m with 4 - 8 m separation 
from each other, tiles on 
wood 2 - 4 m and rusted iron 
sheets on wood at 4 - 8 m 

Majority 6 - 10 m 
With some few at 2 - 6 
m 

Majority at a distance 
of 4 m 

Wind speed and 
temperature 

Dec-Feb and Jun-Aug 
had most buildings. 

March-May and Sep 
Nov had many 
buildings. 

March-May, Jun-August, 
Sep-Nov had most buildings. 
Dec-Feb had the least 

March-May, 
Jun-august, Sep-Nov 
had many buildings. 
Dec-Feb had the least. 

Almost equal 
number of buildings 
in all quarters. 

Slope 0˚ - 5˚ and 30˚ - 60˚ 0˚ - 20˚ 0˚ - 30˚ 0 - 20 0˚ - 20˚ 

Vegetation Minimal Minimal Minimal Minimal Minimal 

 
Table 3. Number of buildings in different risk levels for the different periods. 

Risk levels 
Number of Buildings 

Dec-Feb March-May June-Aug Sept-Nov 

Very High 755 413 500 402 

High 777 843 804 876 

Moderate 313 549 518 535 

Low 94 130 114 122 

Very Low 115 119 118 119 

 
months of September to November followed by very high risk (red) that were 
distributed throughout the study area. 

From the above table, maps and chart, the quarter of December to February 
had the highest number of buildings in very high-risk zone followed by June to 
August. March to May and September to November had almost the same num-
ber of buildings. Basing on those findings and literature, the derivation of dis-
tances for new developments basing on the influence of parameters in different 
risk levels were obtained as summaries in Table 4. 

The above distances were suggested for the different kinds of building roofing 
materials. This gives guidance when constructing a new structure, what distance 
should it be from the neighboring structures to reduce on the fire spread from 
building to another. For buildings in a hilly terrain, the separation distance from 
one building to another may not be constant and we suggested that in addition  
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Figure 2. Fire risk map for months of December to February. 
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Figure 3. Fire risk map for the months of March to May. 
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Figure 4. Fire risk map for the months June to August. 
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Figure 5. Fire risk map for the months of September-November. 
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Figure 6. The different risk levels in different quarters. 

 
Table 4. Shows suggested distances based on the influence of parameters in different risk 
levels. 

Building Roofing Materials Distance between buildings 

Concrete vs. concrete 4 m 

Tiles on wood vs. tiles on wood 6 m 

Iron sheets on wood vs. iron sheets on wood 8 m 

Concrete vs. tiles on wood 5 m 

Concrete vs. iron sheets on wood 6 m 

Tiles on wood vs. iron sheets on wood 7 m 

 
to the above suggested separation distances, they will be increased by the per-
centage increase in slope. According to [21], slope percent influence fire intensi-
ty in such a way that steeper slopes lead to increased rate of spread when fire is 
moving upslope. According to [4], the association between fire severity and 
slope was detected in the univariate analysis for the Big Bar complex where sta-
tions on shallow slopes were more likely to burn with moderate severity, and the 
probability of burning with low and high severity increased as slope increased. 
Hence the need to increase the suggested separation distances from one building 
to another with percentage increase in slope. Because of high level of develop-
ment within the available land, new fuel stations should be located within a dis-
tance of 50 m from buildings made of concrete roof and roof tiles. But if the 
majority of the buildings are made of corrugated iron sheets on wood, they 
should be located at least 50 m from buildings. Buildings made of corrugated 
iron sheets should be located at least 50 m from fuel stations. 

To test the suggested separation distances from one building to another, we 
based on a study by [22] where the spread of fire between buildings is influenced 
by convective heat transfer, radiative heat transfer and the percentage of window 
openings. He concluded that it takes 1 hour for fire spread between buildings 
separated by 4 m, 2 hours for 6 m and 3 hours for 8 m. It shows that the higher 
the distance, the longer the time taken by fire and vice versa. His distances were 
used to test the suggested separation distances of this study. Since he did not 
specify the building materials of the two buildings, we put into consideration 
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that concrete roofs are more fire resistant, followed by tiled roofs and finally 
corrugated iron sheets. 

Testing the suggested distances of buildings from fuel stations, new fuel sta-
tions should be located within a distance of 50 m from buildings made of con-
crete roof and roof tiles and at a distance of at least 50 m from buildings made of 
corrugated iron sheets. This was based on a study conducted by [23] about as-
sessing the impact of fuel stations on their immediate surroundings based on the 
fact that the concentration ratio of n-hexane and benzene found in the air of fuel 
stations is different from that found in the city air. He concluded that the con-
centration of vapor in the air reduces with distance from the fuel stations (see 
Figure 7). 

From the above graph, the maximum concentration of the vapor is approx-
imately 50 m from the fuel station. Above 50 m, the concentration level is mi-
nimal. Since corrugated iron sheets are easily affected by rust which can be 
caused by the condensation of these vapors, they are then suggested to be 50 m 
from the from fuel stations, unlike concrete roofs and tiled roofs. 

5. Conclusions 

• The fire risk from fueling stations was spatially assessed in such a way that 
the buildings were used to indicate the different levels of risks. 

• It was shown that different parameters can be used to assess spatially the risk 
of fire from fueling stations. 

• According to the results, it can be concluded that a building can be near a 
fuel station and it’s less affected in case of fire outbreak because of the influ-
ence of different parameters. E.g. some buildings located within the 100 m 
buffer of the fuel stations were at a moderate level of risk. 

 

 
Figure 7. Movement of fuel vapors from fuel stations adopted from [22]. 
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• Hence no judgment should be made that if a building is closer to a fuel sta-
tion e.g. <50 m it will be destroyed. 

• The study also gave distances according to the different roofing materials 
within new buildings that should be constructed to avoid risk of fire from 
fuel stations. 
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