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Abstra 

Population growth, city expansion and the limitation of space is shifting construction 

into a vertical direction. Residential or public constructions as well as office buildings 

are growing vertically, especially in big cities. Along with the verticality, evacuation 

problems popped up. The higher buildings are rising the longer it takes to get people 

safely to the nearest exit. The primary concern for emergency response and rescue is the 

time needed to evacuate. Evacuation processes are highly contingent to building 

structure as built and not necessarily as designed. Throughout construction minor 

modifications are made and in evacuation planning it is eminent that the most accurate 

and up to date information is used.  

In this dissertation the focus is laid on the evacuation capability of the Munin building 

of the Hogkolan I Gävle. This research uses network analysis and network routing in an 

indoor three dimensional (3D) geographic information system. Exitability is defined as 

the ease to get to the nearest exit. This is a crucial factor in evacuation modelling and 

planning. In order to calculate the exitability a three dimensional model of the building 

is created along with a network dataset. The building model is analyzed based on three 

different scenarios, for different paces on the five different floor levels resulting into a 

matrix of evacuation paths. The easiest way out from each room in the building to the 

nearest exit is calculated and listed. By representing the exitability, the evacuation plan 

of the building can be revised and if needed adjusted. The created model can be used as 

a tool in decision making considering the time needed to get to the nearest exit.  

The importance of the implementation of network routing in GIS to improve evacuation 

plans can be found in development phase as well as whilst emergencies. During 

emergencies the shortest path for search and rescue can be found considering blocked 

paths. Throughout development the placement of exits and the amount of exits can be 

tested using the system. By simulating emergencies, bottlenecks and hazardous 

situations can be reconciled and doing so improve the evacuation plans. The influence 

of different scenarios on the exitability can be reduced to influence the scenarios have 

on the covered distance to the nearest exit. The different scenarios show a translation of 

linearity. The different scenarios give an insight in the congestion of the exits, which 

can be used for emergency planning. Future-minded it is preferable this theoretical 

model is compared to real-time results.  
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1 Introduction 

This thesis uses three dimensional modelling to represent, analyze and calculate the 

correlation between the internal building location and its travel time to get to the closest 

exit. It attempts to give an insight in how network routing can improve evacuation 

plans, in how different scenarios influence the exitability of buildings and how the use 

of exitability is useful for emergency planning. A crucial element during emergency 

situations is the ease to find the nearest exit. By evaluating rooms and the accessibility 

of the closest exits, buildings can be graded considering their evacuation qualities. 

1.1 Background 

Limited space, city expansion and population growth shifted the horizontal train of 

thoughts in construction into a vertical direction. Tall high rise buildings are defining 

the city scene. Office buildings as well as buildings with residential functions or 

buildings with use for public services started growing vertically. Along with the 

verticality, evacuation problems popped up. The primary concerns of governments, 

municipalities, building developers, emergency rescuers and occupants are the 

evacuation strategies and the time needed to evacuate. The evacuation process in high-

rise buildings is substantially different than the evacuation of traditional buildings (Atila 

et al., 2013). High rise buildings are more complex as more criteria such as number of 

floors, evacuation time and evacuation strategy have to be considered (Ma et al., 2012).  

Micro-spaced, multileveled structures are often the scene of natural and human-induced 

catastrophes. Ever since the terrorist attacks on New York, Madrid, London and more 

recently on Brussels the interest in three dimensional evacuation models are on the rise 

(Lee & Zlatanova, 2008). A three dimensional framework is needed to conduct proper 

spatial analysis in three dimensions (Lee, 2007). The time needed to get out of indoor 

hazardous situations is a key factor in emergency response and rescue. As shown in 

previous tragedies, the evacuation efficiency is influenced by shortcomings in building 

design such as the lack of efficient escape routes and poorly designed exits (Tang & 

Ren, 2012). The ease for occupants to get out of a building is defined as the exitability 

(Vanclooster et al., 2012).  

Using a model it is ought to be possible to create a symbiosis in evacuation strategies 

between development and construction phase. Modelling the building in development 

phase gives an insight in whether the designed exits are sufficient for the expected 

amount of occupants and if one or more exits are saturated during evacuation. Building 

layout should be compared to the evacuation results in order to define a logical room 

layout. Highly occupied rooms are to be evacuated quickly. In construction minor 

adjustments are often made. Modelling the building using its as-built features shows the 

influence of the adjustments, using this as a decisive tool whether the evacuation plan 

has to be revised.  

Traditional geography focused more on horizontal spatial analysis, but along with 

construction the attention is shifting to vertical analysis and visualization. The 

exitability gives owners, developers, rescuers, etc. a clearer view into the evacuation 

abilities or disabilities of a specific building. Exitability is expressed in time values, 

mostly seconds. It depends on several factors such as crowd density, pace and the 

direction of the displacement (horizontal or vertical). In earlier research (Vanclooster et 
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al., 2012) the exitability was calculated starting from the central node in each room for a 

three storage high building. (Ma et al., 2012) suggested that new methods for 

calculating evacuation procedures should be tested. Exitability was introduced as a new 

perspective on indoor accessibility and had only been cross-examined on one case 

study.  

1.2 Motivation of the study 

The rise of multileveled building structures and their corresponding complexities lead to 

new requirements in emergency rescue and coordination. Spatial distribution and people 

interaction has been extensively researched in two dimensions, however research 

suggests to focus on the city as a three dimensional complex (Vanclooster et al., 2012). 

By creating higher and more complex buildings, the need for well-balanced evacuation 

paths rises.  

It is argued that the concept of space needs to be adjusted according to complexities of 

indoor environments. The complexity of indoor environments differs from outdoor 

environments for following reasons. Firstly, space is highly divergent by itself. Where 

outdoor environment mostly is non-built, not enclosed and large scaled. Indoor is 

always built, enclosed and on a very small scale. Secondly, the scale of analysis for 

outdoor environments shows fewer restrictions than it does for indoor environments. 

Thirdly, the ease to find your way out of indoor environments is more difficult than it is 

for indoor environments. Disorientation and the lack of visual aid (the need of 

landmarks) complex the wayfinding.  

Previous work (Vanclooster et al., 2012) urged for research of exitability in non-

emergency situations and with different destination points in order to define exitability 

closer to traditional accessibility measures. The case study used in this research was a 

four storied building with 4 exits. The building is composed of 4 main lecture halls, 

three computer rooms, two smaller lecture rooms and a lot of offices. The building 

structure as well as lay-out of the building in this case study and the munin building are 

similar. This along with the availability of construction plans made the munin building a 

suitable match for the research.  

The need for more research on similar constructions and the availability of the variables 

gave form to this dissertation. This is an attempt to widen the research on exitability in 

combination with a thorough analysis of the exits and their accessibility. Apart from the 

contribution in the field of spatial analysis, this research can give an immediate score on 

the quality of exits in the specific building of the hogskolan I Gavle.  

1.3 Aims of the study 

As the industry is looking for new ways to calculate and evaluate evacuation plans, 

Exitability was defined as a new perspective. This research will use network analysis 

and network routing in an indoor three dimensional geographic information system 

(3DGIS) to define the exitability of buildings. In order to calculate the exitability, 

different objectives must be achieved. This research will focus on the exitability of the 

Munin building of the Hogskolan i Gävle. It’s crucial that the study area is represented 

as a three dimensional model. In this research the exitability will be calculated relating 
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to different scenarios, paces and floor levels. Finally the easiest way out must be 

visualized in order to improve the exitability.  

The first goal focusses on the creation of a three dimensional model of the study area. 

The floor plans are provided by the university, by measuring the room heights the two 

dimensional model will evolve into a three dimensional model. This data will be 

distilled into usable 3Dpolygons, 3Dpolylines and 3Dpoints. These features are 

necessary to conduct proper three dimensional analyses. The second goal will 

encompass the analysis of the exitability of the Munin building. To do this of a matrix 

of different scenarios for different paces and coming down from the different floors will 

be used. The final goal is to create a virtual environment to visualize evacuation paths 

and obstacles. This is considered essential in further analysis and improvement of 

evacuation schemes.  

The calculation of exitability had only been used on one case study and further research 

was desirable. Several questions are still unanswered and this thesis will address the 

following:   

 How do different scenarios influence the exitability of buildings? 

 How can exitability improve evacuation plans? 

 In which way can the implementation of network routing in GIS improve 

evacuation plans? 

1.4 Structure of the thesis 

This dissertation is subdivided in six chapters. This first chapter briefly introduces the 

background and necessity towards the study of exitability. It presents the motivation and 

goals of the essay. The second chapter shows a more thorough insight in exitability, it 

gives information about different three dimensional models and the route calculations 

that goes along with it. Finally four case studies are reviewed and compared to the case 

study of the munin building. The third chapter focusses the used methods and 

algorithms to calculate the exitability and evaluate the use of it in evacuation 

proceedings and accessibility research. The Munin building at the University of Gävle 

will serve as a test case in evaluating the exitability using route analysis with different 

paces and different scenarios.  

The fourth chapter shows the results for the case study. It summarizes the time to get 

out of each room on each floor for three different scenarios. The results gave an insight 

in the evacuation capability of the building. This can be used as base for a revision of 

the exits and the paths leading to the exits. The fifth chapter widens the scope of the 

study from a case study to a general use of the exitability and the analysis of buildings 

based on the exitability. The final chapter gives a general conclusion of the research and 

provides suggestions for further work.  
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2 The use of exitability (literature review) 

The present chapter gives a more thorough definition of exitability and how it is 

composed. It tells the story about how it was introduced in literature and why it is useful 

in evacuation research. It introduces different kinds of intelligent building models and 

lists the advantages and disadvantages. The theoretical part of the route calculation is 

elaborated is the next paragraphs. Dijkstra’s shortest path algorithm and its use for the 

calculation are illustrated. Along with Dijkstra’s algorithm an alternative way of 

calculating the path is shown. To complete this chapter, four different cases of indoor 

route calculation are shown. The similarities and differences to this study are listed and 

elaborated.  

2.1 The definition of exitability 

Exitability has been defined as the ease of the occupants to access the nearest exit 

(Vanclooster et al., 2012). Through its calculation, quality of access to exits is shown. 

The quality of the exits can be presented through the time needed to get to the specific 

exit. The different exits of the building can be ranked using the distance to get there 

starting from each room. Doing so the best suitable exits for each room can be 

determined and analyzed. The focus lies within the motion of the buildings’ occupants. 

Building structure is a key factor in the displacement of the persons inside, which is 

related to the number of people per spatial unit, the building geometry, and the 

topological and semantic building structures (Vanclooster et al., 2012). The density of 

the people had a direct influence on the pace. The higher the density, the slower they 

evacuate and the higher the agitation of the evacuees. Density also impacts the waiting 

time at the passing nodes, or the so-called bottlenecks (Aleksandrov et al., 2015).  

Building geometry, on the other hand, is the set of points, lines and shapes that 

represent the building’s internal structure, while building topology is the set of rules 

between the objects internally. Topologies are the geometrical characteristics that are 

independent of the used reference system, and therefore invariable to geometrical 

transformations (Antrop & De Maeyer, 2005). The semantic structure refers to the 

attached information to users about the related object. Its aim within 3D GIS is to enrich 

the model using texture-mapped imagery, captioned photos (social network) and other 

annotated resources (Jones et al., 2014). Vanclooster et al. (2012) introduced exitability 

as a new perspective on the indoor accessibility of buildings. As exitability is a new way 

of measuring accessibility, research on the topic has been desirable.  

The availability of three dimensional (3D) models of public buildings is useful in 

different sectors. These models can be as useful to stakeholders, people who manage 

and facilitate security, as well as the occupants of the building (Zlatanova et al., 2015). 

Whilst performing emergency operations, it is crucial to have up-to-date information. 

For example during firefighting it is vital to have information about renovations, 

lowered ceilings and obstacles. The ability to understand complicated spatial and 

functional relations is improved by a three dimensional representation of indoor and 

outdoor infrastructure (Isikdag, 2013).  

Indoor routing is a booming application within disaster management. The rapid creation 

of evacuation routes is essential during catastrophes. Factors such as number of people 

in the room, type and dimension of exits, ceiling heights and user movement are 
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essential in order calculate the most optimal way out. Two dimensional (2D) models are 

not sufficient for these purposes (Zlatanova et al., 2015). The insufficiencies can be 

overcome by using advanced semantic and geographic information incorporated in 

intelligent building models (Isikdag et al., 2013).  

2.2 Modelling in function of exitability 

For most of the public buildings, two dimensional models are available, whilst 

semantically rich three dimensional models are scarce. Building Information Models 

(BIMs) are only available for newly built constructions (Isikdag et al., 2013). BIMs are, 

in most cases, not a representation of the built construction but of the designated 

construction. For evacuation purposes it is essential that the building is represented in 

its current state, as up-to-date as possible. The model has to show detailed information 

about the geometry, the different functions of the components and their internal 

connections. 

Zlatanova et al. (2013) presented smart indoor models supporting crisis management in 

public buildings. One of those models included new BIM based model researched and 

created by Isikdag et al. (2013). They presented a novel BIM Oriented Modeling 

method, debouching in the definition of BO-IDM, a model devoted to facilitate indoor 

navigation. The reason why this model is ideal for indoor navigation is two-folded. 

First, the model is loaded with highly detailed semantic information for indoor routing. 

Secondly, the non-georeferenced structures and complex geometries are represented 

according to ISO 19107 standards. The advantages of BO-IDM towards standard BIMs 

are the following:  

1. The schematic structure of BO-IDM is less complex than BIM. The connectivity 

of relationships in BO-IDM are explicitly represented, which makes it easier to 

query and reach them in contrast to BIM, where the querying gets more difficult 

when the object tree of the model grows; 

2. BO-IDM provides additional attributes in order to meet indoor navigation 

requirements; 

3. Functional states of building elements (open or closed doors) are represented in 

BO-IDM, where this is not possible in standard BIM; 

4. The attributes, objects and relationships between objects within BO-IDM are 

easily distillated into graph and network models in contrast to BIM.  

2.3 The mathematical approach of exitability 

The calculation of the exitability requires the least cost path from one location to 

another. This section discusses two known algorithms and the case studies they were 

used in. The similarities and differences between the cases and this project are 

elaborated.  

2.2.1 Shortest Path Algorithm 

Dijkstra’s algorithm (Dijkstra, 1959) is widely known and used for connection 

problems. The algorithm is based on a connection of n nodes, which are connected 

through a link with known length. At least one path is assumed to exist between any two 

nodes. Since the 60s the algorithm has been widely discussed and adjusted. The original 
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algorithm searched the shortest path between two nodes. A variation of the algorithm is 

found in the Shortest Path Tree (SPT). Here a source node is allocated and the shortest 

path from the source node to all other nodes is calculated, creating an SPT.  

2.2.2 Single Sink Shortest Path Problem  

In three dimensional routing, the routing graph is variable over time due to specific 

events. Musliman et al. (2006, cited in Musliman et al., 2008) described the two most 

important variations as implementing a new edge in a graph and a change in the cost of 

an edge. Every other change can be based on one of these operations. The insertion of a 

new edge can be seen as a decrease of the cost from ∞ to a value 𝑐. Therefore, by 

deleting an edge, the costs of the edge are increased to ∞. In order to delete a vertex, all 

edges connected to the vertex should be deleted. Inserting a new vertex has no influence 

as long as no edge is connected to the graph. Table 1 is created by Musliman et al. 

(2006, cited in Musliman et al.,2008), this table makes it clear when it is required to 

delete, adjust or insert a vertex or edge according to an event. 

Table 1. Description of dynamic events for routing algorithm, adjusted from Musliman et al. (2008) 

Task Dynamic events 

Deleting an edge An edge might be blocked due to a 

disaster (collapsing ceiling) and cannot be 

used any more.  

Inserting an edge In case of fire, more time is taken when 

rescuer uses ladder to rescue people from 

first floor, etc.  

Modifying costs of an edge More difficult or more easy to take this 

way out 

Delete vertex Elevator are not allowed to be used in case 

of fire 

So in order to find the shortest way out during an evacuation from a known location, the 

Single Sink Shortest Path (SSSP) has to be solved for the dynamic graph. The main 

difference with Dijkstra’s algorithm of adjusted forms of Dijkstra’s algorithm lies with 

the recalculation of the graph. In most cases when a graph suffers from changes, the 

whole graph is subject to recalculation of the route or path. SSSP suggests an 

incremental approach for solving changes in the structure of the graph. Once the SSSP 

is solved for a given input, only a part is subject of recalculation due to changes. This 

approach is said to be more efficient (Musliman et al., 2008).  

2.4 Comparable case studies 

Evacuation simulation has been the subject of research for many buildings, however lots 

of different approaches have been used in the past. The following section will show 

some past projects, how the evacuation was simulated and how the results were 

presented. The case study performed on the Munin building can be seen as a 

combination of previous as case studies. However the study of the S9 building shows a 

great deal of similarities as in this study results are shown and analyzed in function of 

(the calculation) exitability.   
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 McEntire Building – University of North Carolina 

Lee (2007) represented pedestrian access by developing a three dimensional Navigable 

Data Model (3D NDM) based on a three dimensional Geometric Network Data Model. 

In this research a geospatial database was presented for managing physical and 

environmental factors in evacuation procedures. Apart from the database, the research 

focused on three main subjects. Firstly, a geo-coded method was developed to locate 

rescuers and disaster sites within the georeferenced data. Secondly, a three dimensional 

representation of the correlation of bottlenecks and their nearest location on the 3D 

NDM was defined. Lastly, an indoor navigation model was used to identify the most 

optimal route measuring pedestrian accessibility. The model used Dijkstra’s shortest 

path algorithm. The different components were constructed in Visual Basic environment 

with Graphical User Interface (GUI) to acquire the locations. The McEntire building at 

the Charlotte campus of the University of North Carolina was subject to this research. 

The most efficient route was calculated using two traffic cost variables: the traffic time 

and the length of the route. The routes were calculated for different situations and 

different paces. The pace was variable to horizontal and vertical movement as well as 

the implementation of bottlenecks. The research resulted in an optimal route rather than 

the ease to get out.  

 Hancock Stadium – Illinois State University 

Modeling and Simulation of Evacuation Plans (MSEP) was used to support 

management to execute proper evacuation in case of emergency in the Hancock 

Stadium of the Illinois State University (Weerasekara, 2015). The evacuation was 

calculated for a different number of evacuees, respectively 1000, 2500 and 7500 people. 

In this case, two different algorithms were applied: Dijkstra’s shortest path calculation 

on the one hand, and the open-cleared-path-first algorithm on the other hand. The last 

one calculates the path with the least amount of bottlenecks. The research defines a 

combination of both as the shortest path with the shortest travel time, the shortest 

cleared path (SCP). The global aim was to calculate the Total Evacuation Time (TET), 

and thus, similar to the exitability as defined in this study. The research compared five 

different software: Massive Prime, An(i)®axyz, CrowdFX, Pedestrian Dynamics and 

Legion. The results were presented as time needed to get to the nearest exit. 

 Appleton Hall – University of Redlands 

Makdoom (2015) created an indoor routing tool for the Appleton Hall building at the 

University of Redlands. The project comprised of two parts: determining the optimal 

exit routes and visualizing the routes. ArcGIS was used to perform the three 

dimensional analysis. The optimal route was calculated using Dijkstra’s shortest path 

algorithm. The data was acquired in AutoCAD (.dwg) format and converted into feature 

classes. In order to implement a correct analysis, the feature classes had to be enriched 

with attributes and features. LiDaR information was used to get additional data. After 

importing an orthophoto, topology rules were added in order to conduct the spatial 

analysis. The analysis was conducted for different scenarios including a scenario were 

the occupants were physically disabled. The routes were visualized, but not expressed in 

time units. Finally, the model was published using 3D Web Scene, making it usable for 

the visitors of the site.  
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 Building S9 – Ghent University 

Building S9 in Campus ‘De Sterre’ of Ghent University was subject of an exitability-

study (Vanclooster et al., 2012). The research focused on two major subjects. Firstly, a 

basic scenario was analyzed regarding the exitability, and secondly different 

environmental parameters such as corridor width and obstacles were added and 

compared. The basic scenario presents the buildings as if each room is filled to its 

maximum capacity. All exits are accessible and no obstacles occur during the 

evacuation. The evacuation path is calculated using Dijkstra’s shortest path algorithm 

and the results are presented per room per floor in time units.  
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3 Calculation of the exitability 

This chapter will describe the data and software, as well as explain the methods in order 

to calculate the exitability, divided in different subchapters. The dissertation is based on 

results found in calculating the exitability of a specific chosen building. The first part 

will discuss the available data and how it was retrieved. The following parts can all be 

seen as steps towards the calculation of the actual exitability of the building. The 

research questions will be answered with the mining building as base model. Previous 

research (Vanclooser et al, 2012) used a specific building in order to form a new 

perspective on the evacuation capacity of buildings called the exitability.   

Prior to the calculation of the exitability is the creation of a three dimensional model. 

How the three dimensional model is created can be found in the second part. Starting 

from the three dimensional model a geometric network model is constructed, as is 

explained in subchapter 3.3. The geometric network model is the backbone for the route 

analysis. Next the route analysis layer must be composed along with the determination 

of the parameters, this can be seen in subchapter 3.4. Lastly the exitability is calculated 

using the route analysis layer. Subchapter 3.5 gives a description of exitability and how 

it is determined, followed by an explanation of the different scenarios which were used 

for the simulations. 

The Munin building, a part of the University of Gävle is used as case study to model 

and calculate the exitability. The university has around 15 000 students organized in 

three academies and nine departments. The Munin building, also referred to as building 

11 is located at the eastern part of the university campus. Figure 1 shows an overview of 

the University of Gävle and the Munin building is located in the right top corner. The 

building used to house the Swedish infantry, but was inaugurated as the new university 

campus in 1997. It is a five storied building and consists of lecture halls, computer 

rooms and offices. The building has four exits, which are thoroughly described in 

section 4.3.2 and are shown in figure 12. The reason why this building was chosen has 

already been explained in subchapter 1.2.     

3.1 Data-extrusion and data processing 

In order to do the analysis, a three dimensional model has to be created. As the Munin 

building never has been subject to similar research, available data is scarce. The outside 

of the building had been subject of a three dimensional scanning project, but cannot be 

used for the interior routing. The data was retrieved from two dimensional plans and 

hand-measured heights. Two dimensional plans of the Munin building were drawn as 

part of earlier projects and available in .dwg format. The analyses were performed on a 

desktop using a 64-bit operating system and an x64-based Intel ® Xeon ® 2,30 GHz 

processor with 256 Mb available RAM. 

The next sections will briefly describe the different software used. AutoCAD is 

commercial software application developed by Autodesk. It is a Computer-Aided 

Design (CAD) software for two and three dimensional drafting, commonly used by 

architects, project managers, engineers, designers and professionals across a wide range 

of industries. ArcMAP is seen as the central application within ArcGIS. ArcMAP is 

mostly used for displaying and exploring GIS datasets for the study area, the creation of 

map layouts and for editing and creating datasets. In this dissertation, ArcMAP was 
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primarily used for the network analysis. ArcSCENE was used for displaying the data, as 

it is three dimensional data.  

Within ArcGIS, two 3D visualization environments are provided. ArcSCENE and 

ArcGLOBE allow the user to display, animate and analyze three dimensional data in a 

three dimensional space. ArcSCENE is OpenGL based and thus, supports complex 3D 

line symbology and texture mapping, additionally display of Triangulated Irregular 

Networks (TIN’s) and surface creation are also possible. Vector features are rendered as 

vectors and raster is either configured into a fixed number of rows/columns set by the 

user or down sampled. The analysis was performed in ArcSCENE. 

ArcCATALOG was used to create and manage the geodatabase. The application 

provides a catalog window used to organize various types of geographic information. 

Apart from geodatabases, ArcCATALOG can be used to manage: raster files; map 

documents, Globe documents, 3D Scene documents and layer files; geoprocessing 

toolboxes, models and python scripts; GIS services; and, standard-based metadata 

(ESRI, 2016d). Lastly SkectchUp was used to model and visualize the building. 

SketchUp is a three dimensional modelling computer program. It is used in a wide range 

of applications such as interior design, architectural applications, mechanical and civil 

engineering and video game design.  The model was drawn in SketchUp pro.  

3.2 Creation of the 3D-Model 

This part gives an insight on the creation of the three dimensional model of Munin 

building. It is built up from a given two dimensional model and extruded to a three 

dimensional model in the software SketchUp. Through exporting the model into a GIS 

environment, a Geographic Network Model (GNM) could be created.  

3.2.1 Two dimensional model 

Data was provided in two dimensions in several CAD drawings, one for each of the six 

floors of the Munin building. Apart from the two dimensional representation, the data 

also contained the room numbers and usage. Extra information about the room heights, 

dimension of the windows and doors were given through the CAD files. The original 

.dwg files contained other buildings of the university. However, only the information for 

the Munin building (building 11) is required for this study. Using AutoCAD, the needed 

data was extracted. 

As SketchUp supports .dwg datasets, the drawings were directly imported. But some 

additional work was needed to get the final result. The original files contained several 

layers, which were also imported in SkecthUp. This made the data too complicated for 

later use in the GIS environment. New layers were created, separating the six floor 

levels. Additionally, SketchUp recognized the lines but failed to draw the walls, which 

was needed for the extrusion to ensure the third dimension of the drawing. The stairs 

had to be drawn manually, as well as the extrusion of the rooms, placement of windows, 

doors and extra external features. The correct geo-location was added to the model as 

well as a view of the surroundings, solely for orientation purpose. As mentioned earlier, 

the drawings also had information about the rooms such as the room number and usage. 

The information was used to build the attribute table, which will be explained more 

thoroughly in section 3.4.1.  
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3.2.2 Three dimensional model 

All the building floors were drawn in separate SketchUp files (.skp) and finally merged 

into one.  Although the two dimensional import was successful in SketchUp, manual 

drawings (e.g. windows and doors) were needed to get the desired result. Despite the 

interoperability of AutoCAD and SketchUp, the imported walls had to be drawn as lines 

and not as surfaces, to make it necessary to redraw the walls prior to vertically extruding 

the surface. This was an essential step in the conversion from two dimensions into 3D.  

In order to visualize doors and windows, available library components were used. These 

components also had to be imported manually in order to give the model a realistic 

representation. However, this was not possible for the stairs. In order to visualize these, 

new components were made and added by hand. The building consists out of two types 

of stairs, u-shaped stairs and winding staircases. Finally to make the model more 

realistic, materials were applied to the buildings’ walls, roof and stairs. It is also 

possible to add a location to the drawing in SketchUp. This location comes as part of the 

exported data. Additional georeferencing in the GIS is therefore not necessary. 

Once the model was finished in SketchUp, it had to be implemented in a GIS 

environment. The SketchUp software supports the collada export. Collada stands for 

COLLAborative Design Activity and can be recognized through the .dae extension. It is 

based on an Extensible Markup Language (XML) schema in order to exchange three 

dimensional data between applications. XML defines a set of encoding rules that is both 

readable for machines and humans. The collada language is able to provide encoding 

for visual scenery such as: geometry, effects and shades, physics, animations, 

kinematics and different kinds of representations for the same asset (Khronos Group, 

2016). Apart from the stated advantage, the collada exchange format has also some 

shortcomings. When exporting, SketchUp features such as coordinate lines, dimensions, 

guide lines, matched photos, material pushpin locations, rendering options, scenes, 

section planes, section cuts, shadows and cuts are lost (Trimble navigation unlimited, 

2016).  

 

3.3 Geometric Network Model 

In order to simulate the movement and infrastructure of the building, a GNM has to be 

built. The creation of a GNM has several advantages, but for this thesis, the ability to 

calculate the shortest path between two points is the most important one. The node-edge 

structure in the GNM is also important for the calculation of the exitability. A geometric 

network consists of connected edges and junctions as shown in figure 1. Connectivity 

rules are used to model the real circumstances and geodatabase feature classes are used 

to define the network. The influence of the different features and rules are defined by 

the researcher (ESRI, 2016a). Geometric networks are based on two types of features: 

edges and junctions. They can be seen as point and line features with extra behavior, 

specific for the geometric network. Different edges must connect with each other 

through junctions, where the flow is transferred from one edge to another. 
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Figure 1. Design of the 'Geometric Network Model' (Source: Lee, 2004) 

Geometric network was created by integrating the .skp drawing into ArcSCENE 

through the Collada (.dae) export. This also resulted to the loss of all the stored 

information such as points, lines and surfaces, making it not useful for further analysis. 

The only functionality that it could provide was as representation of the building. The 

six different multipatch feature classes that were created from exporting the floor plans 

were used as underlay for creating the polygons, which represented the rooms.  

 

Five new shapefiles were created to store the information of the rooms. They were 

drawn manually using the multipatch feature classes as underlay. The resulting 

floorplans and attribute table can be found in figures 4 and 5. Each room is assigned the 

according room number, usage and capacity. The information added in the attribute 

table is further discussed in Section 3.4.1.  Apart from the different rooms, the hallway, 

the stairs and elevator shafts also had to be digitalized in order to conduct the routing 

analysis (figure 2).  

 
Figure 2. The resulting plan of hallway, staircases and elevator shaft 

 

Note that ArcSCENE is used more for navigating through the plans but has no feature to 

create maps. For the reader it is opportune to navigate through the digital model in order 

to have a better insight.  

3.3.1 Database creation 

As mentioned in 3.3.1, the original plans contained additional information such as room 

number, floor and usage. This was stored in a manually created attribute table. In order 

to calculate the exitability, the capacity of each room is required. Capacity is defined as 
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the maximum number of people that can be seated, according to the University. This 

information could be found using the room reservation tool of the University of Gävle 

(i.e. Kronox.hig.se). By adding this extra information to the attribute table, the room 

capacity could be linked to the centroid of the polygon.  

The floors were divided in separate shapefiles (.shp). The attribute table of each 

shapefile consisted of several fields and their contents are explained in Table 2.  

Table 2. Created attribute table for the rooms, fields and content 

Field Content 

FID Field ID, which was an automatically generated ID number by 

ArcScene 

Shape The object’s geometry type 

ObjectID Object ID number that can be used for relating or joining databases 

in future work 

Shape_Length The shape length of the room 

Shape_Area The surface area of the room 

RoomNR The room number as used in the .dwg files 

Usage The room usage as used in the .dwg files 

Floor The floor number 

Capacity The capacity of the room according to kronox.hig.se
1
 

 

3.4 3D route analysis 

The route analysis was executed using ArcScene. The following sections will describe 

the workflow used. Firstly, the 3D network analysis is explained, followed by the 

elaboration of the route creation.  Lastly, route calculation is elucidated.  

3.4.1 Generation of 3D network dataset 

In order to calculate routes with ArcGIS, some feature layers had to be created. First 

and most important of all is the creation of the layer files of the rooms, hallway and 

staircase. Together, they formed the input network dataset, which is the core of the 

analysis. Along with the input network dataset, the restrictions within the route had to 

be clear. For outdoor routes, these can be seen as forbidden U-turns or one-way streets. 

Within the indoor route calculation this feature can be used for blocked paths or non-

usable elevators. Lastly the impedance attribute had to be assigned. This is the attribute 

that was used to calculate the least cost path from. In this case, the fastest way out. Once 

all of these feature layers were available, the route layer was created, which can further 

be enriched by adding stops. The workflow is reprensented in figure 3.  

                                                 

 
1
 Arbetsrum or storage facilitations are not bookable through Kronox and thus no official room capacity is 

available through the online platform. Arbetsrum are offices and are therefore assigned with a capacity of 

1.Storage facilities and corridors are assigned with zero capacity. These assumptions are made by the 

author.  
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Figure 3. Routing analysis workflow  

 

3.4.2 Creation of route analysis layer 

Route creation consisted of finding the fastest or shortest route depending on the chosen 

impedance. The impedance is chosen by user and can be any cost attribute. For example 

when using time as the impedance, the best route will be the quickest one. All results, 

inputs and parameters have to be stored in the route analysis layer. The route analysis 

layer consisted of three components: the stop, barrier and route feature layers. 

Logically the stop feature layer stores the locations that are used as stops in the analysis. 

The barrier feature layer is used to accentuate the points that are not transversable. By 

default, the layer was empty, barriers have to be added. The route feature layer stores 

and represents all resulting routes.  

3.4.3 Finding the route  

Route solving within ArcGIS is based on Dijkstra’s algorithm for finding the shortest 

path. For this application the algorithm was modified to allow additional user settings 

such as: one way restrictions turn restrictions, junction impedance, barriers, etc. Other 

data structures like d-heaps were used to improve the overall performance of the 

algorithm. The algorithm should also be able to model locations anywhere along an 

edge, not solely on junctions (ESRI, 2016c).  

3.5 Determining exitability for different scenarios 

The ease to get to the closest exit is defined as the exitability. This parameter is used to 

determine the time to get out of the building. The first subsection gives an insight into 

the calculations and the second part shows the different scenarios which were used.  
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3.5.1 Calculation 

In order to calculate exitability, a three dimensional representation of the internal 

structure is required. A network model is implemented as a graph in order to subdivide 

regions into smaller sub regions, which are internally connected.  The model is similar 

to the GNM implemented by Lee (2004). The GNM is a simplification of the buildings 

internal connectivity structure with extra geographical information. This enables 

network analysis for indoor routing, using the node-edge structure, similar to road 

network analysis. The exitability was expressed in time units, and therefore variable to 

the covered distance and the obtained speed during the way out. The covered distance 

was calculated based on Dijkstra’s shortest distance algorithm. Apart from the shortest 

path, the most familiar path was also used as it has been urged in previous research 

(Vanclooster et al., 2012). The velocity (𝑉) is variable to the density (𝐷) of the crowd. 

The density was calculated using Equation (1) and the flow model adopted is shown in 

figure 4.  

𝐷 =
𝑁𝑓

𝜕𝑥𝜕𝑦
             (1) 

 
Figure 4. Pedestrian flow model and passing node (modified from Vanclooster et al., 2012) 

In order to calculate the velocity (𝑉) for density values between 0 and 0.92, Equation 

(2) was used. In case of emergency situations, Equation (3) has to be applied (Fahy, 

1994). When calculating the velocity, a distinction had to be made for horizontal and 

vertical displacement. The state of panic that is caused by emergencies, that drives 

people to flee danger, speeds up the movement of the crowd at the same density. The 

relationship between the velocity during state of panic (µ𝑒 ) and the velocity during 

emergency (𝑉𝑒) is defined in Equation 3.  

 

𝑉 = 112 𝐷4 − 380 𝐷3 + 434 𝐷2 − 217𝐷 + 57 [m/min]        (2) 

𝑉𝑒 = µ𝑒𝑉              (3) 

 

µ𝑒 = 1.49 − 0.36𝐷 for horizontal displacement 

µ𝑒 = 1.21   for vertical displacement (stairs)     

 

Ibrahim et al. (2016) researched the density and speed in different situations. Their 

results can be seen in Table 3. The following densities will be used in the calculations.  
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Table 3. The relation between density and walking speed in different situations (Adjusted from Ibrahim et al., 

(2016)) 

Density 

(persons/m²) 

Walking 

speed  

(m/s) 

Behavior  

0.8 1.4 Free walking 

1.8 0.8 Non-contact walking 

4 0.4 Contact walking among people, where 

stagnation occurs 

3.5.2 Simulation of different scenarios 

 

The exitability was calculated from the different levels of the building and using 

different paces. In order to link the exitability to evacuation procedures different 

scenarios were used. The calculations were iterated considering these different 

scenarios. The analysis matrix is visualized in figure 5. The different scenarios are 

defined as followed: 

 Scenario 1: the exitability without encountering troubles or obstacles; 

 Scenario 2: the exitability with dysfunctional elevators;  

 Scenario 3: the exitability considering at least one wheelchair user. 

 

Figure 5. Analysis matrix 

3.5.3 Finding the shortest way out  

 

Using network analysis in ArcMap, an origin-destination cost matrix was determined 

from multiple origins to multiple destinations. The centroids of the polygons of the 

rooms served as the origins and the four exits were defined as the destinations. The 

shortest path was calculated for each origin-destination pair and stored in an attribute 

table. The Exitability is calculated as discussed in section 4.4.2. The densities used are 

found in Table 3. In situation 3, there was only one pace considered. The scenario only 

involved one wheelchair user. The scenario focused more on the extra distance that had 

to be covered, rather than the density or the pace of the user. The pace was considered 

to be the same as a person walking at ease. 
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4 The exitability of the munin building 
 

This chapter shows the obtained results. The creation of the geometric network model 

and how this reflects on to the calculation is briefly explained in the first part. The 

second part shows the results for the route analysis layer and how this reflects on to the 

exitability of the building. This part is subdivided in a part explaining on how the 

capacity influences the exitability, a part that discusses the result of the routing in 

general and a last part that focusses on the shortest way out, from each room, for every 

situation.    

4.1 Geometric Network Model 

Using the information attached in the attribute table, the floorplans were drawn in 

relation to the room capacity. Figure 8 shows the different floor levels, capacity, 

hallway, staircases and elevator shaft combined that were used as the Geometric 

Network Model, in order to perform the analysis of the 3D network.   

 
Figure 6. The resulting floorplans showing the capacity per room, hallway, staircases and elevator shaft 

4.2 Exitability 

This section discusses the exitability, or as stated earlier, the ease to get out of the 

building. Firstly the capacity will be discussed as it has a direct impact on the 

exitability. Secondly the results of the different scenarios, paces and floor levels will be 

presented.  

4.2.1 Capacity 

 

A parameter which is not directly used in the calculation of the exitability, but 

nevertheless utterly important in evacuation proceedings, is the capacity of the rooms of 

the building. By including the capacity in the attribute table, the rooms can be shown in 

relation to the maximum number of people attending the class per floor level. In figure 

6, it can be seen that level 5 has a high capacity, while level 4 has a very low capacity. 

This can easily explained through the usage of the rooms. The rooms on level 4 are used 

as offices, as well as all the rooms in the side wings. Level 5 consist mostly of lecture 

halls with a relatively high capacity. From an evacuation point of view, the rooms could 

be better distributed. Level 5 has a higher number of people who have to come down in 

case of emergency.  
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Figure 7 shows the maximum number of evacuees going to its closest exit in the various 

situations, no limits, and limited to the use of stairs and when people are obliged to the 

use the elevator. In situation 1 the most populated exits are exits 1 and 3. This can be 

explained through the fact that these exits are located in the staircases which have to be 

used to get down. Exit 2 is only easily accessed from level 1 which explains the low 

amount of evacuees. Exit 4 is easily accessed from the rooms close to it on level 2. 

Situation 2 shows a shift in the balance between exits 1 and 3, this is due to the 

maximum capacity of the rooms. Exit 1 gives the shortest way out to more people. In 

situation 3 people are incapable of using exits 1 and 3 because of the stairs. Stairs are 

considered a barrier for wheelchair users. In case of situation 3 almost all of the 

evacuees will go to exit 4 using the shortest path.  

 

Figure 7. Distribution of evacuees over the various exits 

Figure 8 shows the relationship between the rooms and their closest exit for each 

situation. Situation 1 and 2 are more or less similar. This is due to the symmetry of the 

building and the location of exits 1 and 3 within the symmetry. Considering situation 3 

the evacuees are compelled to the use of exits 2 and 4 because of the barriers caused by 

the staircases. Exit 4 is the closest for everybody who is coming down from the higher 

levels. This can be explained throughout the physical location of the exits. Exit 2 is 

located on level 1 whilst exit 4 is located on level 2 physically closer to the rooms on 

the higher floors. 

 

Figure 8. Distribution of the evacuated rooms over the various exits 
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4.2.2 Routing 

Once the routing model had been put in place, the rooms could be analyzed based on 

accessibility, availability and distance to the exits. With the model in place, the shortest 

route between two or more points can be calculated throughout the whole building.  

This thesis focusses on the ease to get out the building. In order to do so the shortest 

distance was calculated for each of the accessible rooms to all four exits. The position of 

the exits can be seen in figure 9. Exit 1 is located on far east side of the building in the 

staircase between level 1 and level 2. This has a direct consequence for the calculation 

of situation 3 as will be discussed in section 4.3.3.3. Exit 2 is located on level 1, in the 

middle of the building leading towards the south. Exit 3 is located on the far west side 

of the building opposite to exit 1, between levels 1 and 2. Exit 4 is located on the west 

side of the building on level 2. Exit 4 is actually the door between building 11 and 

building 10, but as it exits from building 11 is it seen as an exit. 

 

Figure 9. The location of the four exits (red flags) in the Munin building and room 11.519 (green flag) 

By cross-referencing this data, the all-round shortest path can be found. For each room, 

3 different situations are analyzed. The first situation is the standard situation. The 

second situation is one without operational elevators (as in most cases of emergency). 

The third situation considers available routes for people in wheelchairs; in this case 

stairs are inaccessible. A synopsis of the shortest path can be found in table 4, it shows 

for each situation the shortest path.  

 

Figure 10.  The shortest path from room 11.519 to exits 1 (a),  2 (b), 3 (c) and 4 (d) in three situations   
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This analysis was performed for each room on each floor and for each situation. Figure 

10 shows for room 11.519 the way to each in every situation. The lecture hall is 

represented by the green flag and each of the four exits is represented by a red flag. For 

a situation without any obstructions or barriers (i.e. situation 1 or the standard situation) 

exit 3 had the shortest path length from room 11.519, while exit 2 was the exit that was 

farthest away. Exits 1 and 4 are quite similar in distance. Lots of cases of emergency 

include a malfunction of the elevators (situation 2), for example in case of fire or 

electrical problems. Apart from malfunction it is also advisable to discard elevator 

during emergency situations. In this case the closest exit is exit 1, with a distance of 63 

m. The distance to the other exits were more than 20 to 30 m, as can be seen in Table 4, 

which can be an important consideration in the evacuation. In case of disabled people, 

particularly people in a wheelchair, the use of an elevator is essential. Situation 3 

focusses on the exits accessible through the use of the elevator and avoiding stairs. 

Table 4 further shows the collection of shortest paths to get from room 11.519 to the 

different exits in three different scenarios.  

 
Table 4. Synopsis of the shortest paths to the nearest exit in the different situations 

Room Exit Situation 1 

Length (m) 

Situation 2 

Length (m) 

Situation 3 

Length (m) 

11.519 1 63.94 63.94 / 

11.519 2 78.61 108.20 78,.610 

11.519 3 60.78 104.64 / 

11.519 4 64.07 111.29 64.076 

 

  



 

21 

 

 

4.2.3 Shortest way out  

This section is structured per situation, firstly situation 1 is discussed, followed by 

situation 2 and finally the third situation is elucidated. Table 5 to 7 shows the nearest, 

and the farthest rooms, as well as the average distance from each level for each situation 

to the closest exit. Figures 11 to 13 give the synopsis of the exitability considering a 

normal pace within the three situations.  

4.2.3.1 Situation 1 

Figure 11 shows the exitability of each room considering a standard situation. Room 

11.114 is located farthest from an exit on the first floor (basement) (Table 5). The 

distance is 20.53 m. The average distance covered by the nearest exit is 15.17 m. In this 

scenario, no exits were blocked and everything was accessible. Appendix B shows the 

maps on a smaller scale. For the second level, room 11.218 is located farthest from the 

nearest exit. The room is located in the middle of the building. This elucidates why this 

point is the farthest from both exits, which are located at the sides. The average distance 

that has to be covered to the nearest exit is 16.67 m. Room 11.318b on the third floor is 

located farthest from the nearest exit (i.e. exit number two). The average distance to get 

from the third floor to the nearest exit is 30.12 m. Room 11.420 on the fourth floor is 

located at 53.48 m from exit 3 and therefore the least exitable room on the level. 

Logically the rooms located on the fifth floor are located the farthest from the exits. The 

maximum distance to be covered to reach the nearest exit in the entire Munin building is 

60.79 m. Room 11.519 is therefore under standard situation the least exitable room. The 

average distance to get to the nearest from the fifth floor is 46.68 m. 

 
Figure 11. Visualization of the exitability on a normal pace for situation 1 for floors 1 to 3 (top left to top right) 

and floors 4 and 5 (bottom left and bottom right). 
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Table 5. Synopsis of the closest, furthest and average distance to the closest exit considering situation 1 

Level Least 

distance 

(m) 

Room Closest 

exit 

Longest 

distance 

(m) 

Room Closest 

exit 

Average 

distance 

(m) 

1 8.53 11.129a 1 20.53 11.114 3 15.17 

2 7.21 11.215 4 30.20 11.218b 1 16.67 

3 20.56 11.337 1 45.07 11.318b 2 30.12 

4 25.39 11.413 1 57.86 11.445 1 38.85 

5 27.78 11.513 3 60.79 11.519 3 46.68 

 
Figure 12 shows the linear relationship between time and distance for situation 1 

considering respectively a free walking normal pace, a non-contact walking pace and a 

contact walking pace. Floor 1 and 2 overlap, this due to the fact that both floors have 

exits on the floor itself, for higher levels a longer distance has to be covered to reach an 

exit. It can be seen that in case of contact walking pace a very long time is needed. This 

situation is considered not to ever happen because a density of 4 persons per m² will 

never be reached according to the listed capacity. The time and distance show a linear 

correlation for the free walking, non-contact walking and contact walking. In case of 

contact walking a very long time is needed to get down. The contact walking considers 

a density of 4 persons per m². This density will never be reached if the rooms are used 

according to the listed capacity.  

 

 
Figure 12. Comparison between shortest path to exit and exitability - Sit 1 all paces 
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4.2.3.2 Situation 2 

Figure 13 visualizes the exitability on a normal pace for the Munin building. Situation 2 

considers the elevator as inaccessible. In this case the room which is located the furthest 

from the nearest exit on the first floor is room 11.114, note that this is the same as in 

situation 1. Table 6 shows the details of the exitability of situation 2. The average path 

length for the first floor is 14.94 m. Appendix C shows the maps on a smaller scale.  

 
Figure 13. Visualization of the exitability on a normal pace for situation 2 for floors 1 to 3 (top left to top right) 

and floors 4 and 5 (bottom left and bottom right). 

 

Room 11.201 is located the furthest from the closest exit on the second floor on a 

distance of 30.84 m. The average distance that has to be covered on this floor is 16.49 

m. This has almost no difference with the first situation. This can be explained through 

the fact that no elevator use is needed to get to the nearest exit from floor level 2. The 

biggest difference between situations 1 and 2 should be seen from floor levels 3 to floor 

level 5 as the elevator use has the biggest influence on these levels. Table 6 shows the 

distance between the rooms and its nearest exit. Room 11.318b is located 48.98 m from 

the nearest exit and therefore considered as the least exitable room on the third floor 

considering situation 2. The average distance that has to be covered is 32.16 m. It takes 

67.27 m to get from room 11.456 to exit 3. The average path length for the fourth floor 

is 48.77 m. Table 6 shows that room 11.514a is the least exitable considering situation 

2. It takes 86.41 m. to get to the nearest exit when the elevators are not working. The 

average distance to get from the fifth floor down with the considered restrictions is 

66.00 m.  
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Table 6 Synopsis of the closest, furthest and average distance to the closest exit considering situation 2 

Level Least 

distance 

(m) 

Room Closest 

exit 

Longest 

distance 

(m) 

Room Closest 

exit 

Average 

distance 

(m) 

1 8.53 11.129 1 20.53 11.114 3 15.17 

2 7.62 11.237 1 32.66 11.218b 1 16.49 

3 20.56 11.337 1 48.98 11.318b 3 32.16 

4 33.51 11.437 1 67.27 11.456 3 48.77 

5 46.46 11.537 1 86.41 11.514 3 66.00 

 

Figure 14 shows the linear relationship between time and distance for situation 2 

considering respectively free walking, non-contact walking and contact walking. At 

both paces we can find an overlap for floor 1 and 2, an exit is located on both floors, for 

higher levels a longer distance has to be covered. Situation 1 and situation 2 show no 

big differences. Specifically for contact walking it can be said that as previously noticed 

floor 1 and 2 overlap according to the exits located on the floor levels, for higher levels 

a greater distance has to be covered, this explains the increase of time. It can be seen 

that a very long time is needed. This situation is considered not to ever happen because 

a density of 4 persons per m² will never be reached according to the listed capacity. 

Situation 1 and situation 2 show no big differences, as could also be seen in figures 13-

14.  

 

 
Figure 14. Comparison between shortest paths - Sit. 2 all paces 
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4.2.3.3 Situation 3 

The third situation does not allow the use of the stairs in order to track the path of 

wheelchair users in the building. Using this restriction, not all exits are accessible. Exit 

1 and 3 require the use of stairs and are therefore unsolvable in the matrix. Note that in 

this scenario the elevators are working, otherwise the routing question cannot be solved. 

Figure 34 shows the synopsis of the exitability considering situation 3.  Table 7 shows 

the relation between the rooms and their distance to the closest exit. Table 7 shows that 

it takes 46.56 m to get from room 11.134 to the nearest exit, making it the least exitable 

room on the first floor. The average distance to the nearest exit on the first floor is 

35.37m. Appendix D shows the maps on a smaller scale.  

 

Figure 15. Visualization of the exitability on a normal pace for situation 3 for floors 1 to 3 (top left to top right) 

and floors 4 and 5 (bottom left and bottom right). 

 

It takes 74.12m to get from room 11.236 to the nearest accessible exit for a wheelchair 

user. This is quite remarkable considering one of the exits is located on the second floor. 

Room 11.236 is one of the offices on the east side of the building. The closest 

accessible exit is exit 4 and is located on the west side. The wheelchair user has to pass 

through the hallway all the way to the other side. The average distance to the nearest 

exit is 36.65 m. Table 7 shows that it takes 86.02 m to get from room 11.336 to exit 4. 

The average distance to get from the third floor to the nearest exit considering situation 

3 is 52.25 m. The average distance to get from each room to the nearest exit is 53.46 m 

for situation 3 on the fourth floor. Room 11.436 is considered the furthest away from an 

exit. It takes 88.43m to get to exit 4.When considering the third situation; room 11.522 

is the least exitable of the entire building. It takes 91.96m to get to exit 4. The average 

length of the path is 62.68 m.  

 



 

26 

 

 

Table 7. Synopsis of the closest, furthest and average distance to the closest exit considering situation 3 

Level Least 

distance 

(m) 

Room Closest 

exit 

Longest 

distance 

(m) 

Room Closest 

exit 

Average 

distance 

(m) 

1 13.94 11.101 2 46.56 11.134 2 35.37 

2 7.21 11.215 4 74.12 11.236 4 36.65 

3 26.28 11.313 4 86.02 11.336 4 52.25 

4 28.26 11.413 4 88.43 11.436 4 53.25 

5 31.08 11.513 4 91.96 11.522 4 62.68 

Figure 16 shows the relationship between time and distance considering the third 

situation, the situation with the wheelchair user. The time and distance show a linear 

correlation. The obliged use of elevator causes the evacuees to flee to exit 2 or 4, 

making the evacuation time longer, especially for the higher levels, comparing to the 

first two situations.  

 

Figure 16. Comparison between shortest path and exitability - Sit. 3 

Figure 17 shows the ratio of evacuees in function of the time needed to get out for each 

situation. Considering the first situation it takes about 12 minutes to get everybody to 

the nearest exit. Without the use of elevators it gets up to about 18 minutes to get 

everybody out and considering situation 3 this gets up to 22 minutes. In situation 3 a 

shift in speed can be seen after 7 minutes. The slope mounts after the first 7 minutes; 

this is due to the distance people have to cover to elevator.  
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Figure 17. Ratio of occupants exited within a certain time 

Figure 18 shows the ratio of rooms in function of the time needed to get out for each 

situation. Considering the first situation it takes about 12 minutes to get everybody to 

the nearest exit. Without the use of elevators it gets up to about 18 minutes to get 

everybody out and considering situation 3 this gets up to 22 minutes. In situation 3 a 

shift in speed can be seen after 7 minutes. The slope mounts after the first 7 minutes; 

this is due to the distance people have to cover to elevator. The graph is similar to the 

ratio of evacuees in function of time; however it contains a more stepwise course. This 

can be explained through the capacity of the rooms. Some rooms like offices and toilets 

have a capacity of 1 and auditoria can have a capacity of 40. When a room with a high 

capacity gets exited it looks like jump in the graph.   

 

Figure 18. Ratio of rooms exited within a certain time 
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5 Discussion 

In this dissertation 3D modelling was used to represent, calculate and analyze the 

correlation between the internal building location and its travel time to get to the closest 

exit of the munin building in the Hogskolan i Gävle. This travel time was defined in 

earlier work as the exitability. The next part discusses the obtained results and puts it in 

the context of previous results. As the thesis was structured in three major parts – 

representation, calculation and analysis –so will be the discussion.  

5.1 3D model 

Evacuation is defined as to remove (someone) from a place of danger to a safer place. 

In this case two things are important: the way out itself and the time it takes.  As 

exitability focuses on the ease to get out, the model used to calculate the exitability is 

utterly important. The level of detail used to build the model has a direct impact on the 

calculation. The level of detail can be found in the way the building is represented (the 

LOD used to represent the rooms, the stairs, the hallway, etc.) as well as in the attributes 

(the LOD used to represent the materials, fire-extinguishers, objects in the room).  

Ever since 3D spatial information has been analyzed and represented it faced 

challenges. There hasn’t been found a common ground on which as well the 

representation as the analysis can be done. The available building models (mostly 

available from the design phase) are in few cases suitable for analysis because of the 

high LOD. This scenario also encountered whilst converting the 3D model. Once the 3D 

model is build it’s essential it can be converted in a way analysis can be done. In order 

to calculate the shortest path from the evacuee to the exit, the 3D representation of the 

building had to be simplified. In this case the COLLADA export format was used.  

The use of representing the shortest path in emergency situations can be found in 

briefing rescuers after a disaster but also before it has taken place. Simulations can be 

useful in emergency planning for the evacuation responsible, the employees and the 

rescue team. Representing the path gives provide insight in bottlenecks and problematic 

situations, which can be useful in development phase as well as in pre –and post 

emergency phase.  

 

5.2 Network model 

The created network model was not created as foreseen in section 4.1.2. Instead of 

creating the three dimensional points, polylines and polygons, the .dae export created a 

multipatch file which could not be used for further analysis. In order to create a model 

that was able to solve analysis problems, the multipatch files were used as underlay and 

the needed polylines, polygons and points of the responding rooms, corridors, 

staircases, elevator shafts and attribute tables were created from scratch. A basic 

attribute table was created.   

The model can stand alone and can be enriched as in previous research (Lee, 2007; 

Tang & Ren, 2011; Weerasekeera, 2015). For example the location of fire extinguishers, 

fire alarms, copiers, etc. can be added to the model (Tang & Ren, 2011). The workflow 

discussed in 3.5 was implemented and the route layer is solvable. The model, however, 
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has several limitations. The rooms, for example, do not include the positions of the 

desks, resulting that the model calculates from the centroid of the chosen polygon. In 

real life the evacuation of the people starts from their desk to the door and to the nearest 

exit. In resemblance to previous studies (Vanclooster et al., 2012) the model does not 

take in account that people start evacuating at different times. Also the evacuation path 

does not consider any interruptions caused by decisions of other users. As can be seen 

in figure 10, the model does not consider the inner dynamic of the room, and doing so 

the time-loss in the room. In a same way it affects time, it affects the distance variable.  

‘In which way can the implementation of network routing in GIS improve evacuation 

plans ?’ The use of network routing in evacuation plans is similar to the use of 

exitability in those plans. The use can be found in development phase as well as whilst 

emergencies.  

5.3 Exitability 

A crucial element in rescue coordination and disaster management is the ease to find the 

nearest exit. The time it takes to get to an exit depends on numerous factors such as: 

knowledge of the building blueprint, density of the crowd, visibility, pace, obstacles, 

reaction time, number of exits, width of the corridor, and so on.  

The result of the case study emphasizes the importance of the path and path length to an 

exit. The exitability was calculated and analyzed for different paces and different floor 

levels. Rooms which are located further away from an exit will have a worse exitability 

than rooms close to an exit. Distance and exitability are linearly related, as was also 

shown in previous research (vanlcooster et al, 2012). An answer to the question ‘how do 

different scenarios influence the exitability of buildings’ can be reduced to the influence 

the scenarios have on the distance that has to be covered to reach the nearest exit. The 

different scenarios show a translation of linearity respectively with the extra distance 

covered. The different scenarios give an insight in the congestion of the exits for those 

scenarios. This information can be used for emergency planning.    

‘How can exitability improve evacuation plans?‘ The use of exitability in the 

emergency planning can be found in the development phase as well as during 

emergency situations. By simulating emergencies in development phase, bottlenecks 

and hazardous situations can be reconciled. By calculating the time it takes to get from 

each room to the nearest exit, the amount of exits or the placement of the exits revised. 

During emergency situations the exitability can be used to find the most efficient way 

out considering blocked exits, dense crowds, narrowed corridors or similar situations.  

Also, a lot of people combined with a long evacuation path can cause a being held up 

along the way. Lecture halls with high capacities should be placed as close as possible 

to the exits. Using the same logic, it is preferable to install the offices on higher levels 

and lecture halls on the lower levels, depending on the exit placement. Each building is 

also different, so this has to be analyzed case by case.  
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6 Conclusion and future work  
 

This study aimed to visualize, analyze and calculate the exitability using network 

analysis and network routing in a three dimensional environment for a specific case 

study. The exitability is the result of a three-step plan. The case was studied on different 

scenarios in order to answer the research questions. Chapter 6 consists of two chapters. 

Chapter 6.1 concludes the three-step plan and gives an answer on how these different 

scenarios influence the exitability and how this can be used to improve evacuation 

plans. This also generalized in how network routing in GIS improve evacuation plans. 

Chapter 6.2 makes suggestions for future work, indicates the contribution of this work 

to science and points out the limitations of this study.  

6.1 Conclusion 

A crucial element in rescue coordination and disaster management is the ease to find the 

nearest exit. In this dissertation they focus was laid on calculating the exitability 

throughout indoor routing in three dimensions. The first part encompassed the creation 

of a virtual environment using SketchUP. The software allowed the import of AutoCAD 

drawings and the creation of the school building. However, the interoperability between 

the drawn model and the GIS environment failed. The suggested export format failed in 

its use, forcing the author in finding another way of building the model for three 

dimensional analysis. Nevertheless is the built model standalone and usable. Building 

the model was the first step. The second part focused on the creation of a network 

model. As a consequence of the failing of the export format, the entire model had to be 

manually redrawn in the ArcSCENE environment. Using the network analysis an 

origin-destination cost matrix could be solved giving the relationship between the rooms 

and the available exits. Using this information exitability could be calculated and 

analyzed under different circumstances. The exitability has been calculated considering 

three different scenarios, three different paces and for five floor levels. In doing so the 

third step was accomplished.    

The final part involved the importance of visualizing and representing the results. The 

easiest way out from each point of the building to the nearest exit can be shown. By 

representing the exitability it gives rescuers as well as building administrators an insight 

in inaccessible or hardly accessible rooms of the building. The use of exitability in the 

emergency planning can be found in the development phase as well as during 

emergency situations. By simulating emergencies in development phase, bottlenecks 

and hazardous situations can be reconciled. By calculating the time it takes to get from 

each room to the nearest exit, the amount of exits or the placement of the exits revised. 

During emergency situations the exitability can be used to find the most efficient way 

out considering blocked exits, dense crowds, narrowed corridors or similar situations. 

Exitability is shown as a powerful tool in evacuation analyses and planning. This gives 

perspective for future work, as will be discussed in section 6.2 
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6.2 Future work 

This paragraph focusses on future work. This part is two-folded. Future work based on 

this specific model on the one hand and improvements considering general exitability 

calculations on the other hand. Firstly this specific model and it shortcomings will we 

elucidated. With this model in place, it is preferable that the calculated times are 

compared to real-time results. Apart from the comparison, time factors, speed factors 

and visibility factors have to be implemented in future research. The attribute table can 

be expanded with past, present and future information and the model itself can be drawn 

more detailed.   

Drawing the model more detailed will lead to a precise routing. By modelling the rooms 

as they are installed, with correct information about the placements of the desks, 

windows and doors, it would be possible to model the evacuation on the scale of 

classroom. The combination of a classroom-scaled model and the current one, would 

give a more accurate view of the path and bottlenecks. Also the modelling of human 

behavior is to be improved. Only the density is a factor that is taken into account by 

calculating the exitability while human behavior is very unpredictable, especially in 

panic situations. The model can be used for further analysis regarding indoor routing 

between rooms, towards exits. The more detail that is added, the more accurate the 

results will be. The model is to be used as a tool in further improvement of evacuation 

plans, exit placement, room usage et cetera. The model is not to be seen a as a 

standalone result of some routing problems.  

The use of exitability in literature is still scarce. It was defined to quantify the quality of 

exits and to demonstrate the possibilities of spatially analyzing the buildings in 

hazardous situations. As for future work – more buildings have to be analyzed using this 

method in order to give more general conclusions.  
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Appendix A. Overview of the capacity of the Munin building 

 

Appendix A visualizes the accepted maximum capacity of the munin building as it is organized ad hoc on 

a floor based scale. Using the model the building lay-out can be optimized with regard to the exit load or 

spread per floor level. The highest floor has the largest capacity, which leads to the fact that a high 

percentage of the people present have to take the longest way to reach an exit point. Pre-simulation it was 

expected that the exitability for the fifth floor is high. In case of building lay-out it is wise to design the 

lower floors in a way to hold most of the people and organize offices and low-occupied rooms on the 

highest floors.  
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Appendix B. Exitability considering a normal pace for situation 1  

 

Appendix B visualizes the results of the exitability calculations on a floor based scale given the first 

situation. It shows the most and least exitable rooms.  
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Appendix C. Exitability considering normal pace for situation 2 

 

Appendix C visualizes the results of the exitability calculations on a floor based scale given the second 

situation. It shows the most and least exitable rooms.  
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Appendix D. Exitability considering a normal pace for situation 3  

 

Appendix D visualizes the results of the exitability calculations on a floor based scale given the third 

situation. It shows the most and least exitable rooms.  
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Appendix E. Resulting sketchUp models 

 

Appendix E gives a birds ‘eye view, a cross section of the second floor and a front view of the resulting 

georeferenced model drawn in sketchUp. Besides the visualization the model in sketchUp was of no 

further use.  

 

 
 

 
 

 


