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Abstract

Public multi-storey residential buildings in Malaysia are dependent on the passive design approach to ensure maximum safety during an emergency.
Elements of escape route design include corridors, exits and staircases. This paper evaluates the escape route distance and duration for the elderly to
evacuate the building to safety using Pathfinder simulations. The results show that the staircase has a significant contribution towards providing fast
evacuation. Meanwhile, varying the width of the exit doors and corridors had minimal impact on evacuation. On average, the elderlies took longer to
evacuate due to their slow speed of movement and limited physical capability.
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1.0 Introduction
The design on public multi-storey housing in Malaysia is to meet the housing needs of those from the low-income group. The housing
policy has been drafted based on the issues that came to light with the assurance that the planning does not deviate within the 30 years
of Malaysian development (Nur & Ku Hassan, 2015). The low-income housing initiative is viewed as successful, but many discontents
have been heard primarily on the safety factor of the building (Hashim, Samikon, & Nasir, 2012; Husin, Nawawi, Ismail, & Khalil, 2012,
2015; Husin & Nawawi, 2014; Karim, 2012; Ramli, Akasah, & Masirin, 2014). Other issues that have arisen over the years besides
safety factor are poor management and maintenance, which could also contribute to the poor performance of safety features in buildings
(Aini, Abdullah, Zubedy, Ulyani, & Najib, 2012; Hashim, Samikon, Ismail, & Ismail, 2015; Sulaiman, Hasan, & Jamaluddin, 2016).
Safety issues become a concern if it hampers the maximum performance of the building during an evacuation process. Issues that
arise during an evacuation are poor building performance and increased occupancy, which in turn could lead to stagnation and prolonged
evacuation process. In the past five years, many evacuation studies are focused on multi-storey housing. The devastating fire that
engulfed the Shanghai Residential Tower in 2010 that killed and injured many residents may have sparked the interest of research into
building evacuation safety since then, as these four that are published in 2012 (Haitao et al., 2012; Liu, Zhang, & Zhu, 2012; Ma & Guo,
2012; Xing & Tang, 2012).
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In 2014, a study based in Indonesia proposed a suitable fire protection system for residential areas (Sujatmiko, Dipojono, Soelami,
& Soegijanto, 2014). However, the fire protection system could not be applied to the public multi-storey residential area due to cost
constraint. The latest research trend for multi-storey buildings proposed the lift as an alternative means of vertical transportation, but
again, this approach did not suit the development of public housing due to the cost constraint (Chen, Wang, & Fang, 2016; Zhang,
2017). The most relevant study area for multi-storey buildings that does not involve an active fire protection approach is the study in the
staircase area. The study area can include a study on the flow rate, merging effect, and stack effect due to the smoke movement (Hu,
You, Zhang, Wei, & Guo, 2018; Kuligowski, Peacock, Wiess, & Hoskins, 2013; Li et al., 2017; Shi et al., 2014; Wang, Ban, Liu, & Zhao,
2013). It is the most common study as people rely on the staircase during a multi-storey evacuation. However, there is still minimal
consideration given on the corridor and exit designs in the multi-storey evacuation. The study on the effect of fire and smoke is hard to
perform since there is no prediction on the location of fire ignition and the level of fire and smoke spreading. Since this study emphasis
on the effectiveness of building design layout, the fire propagation seems insignificant for this study.

As for the public housing in Malaysia, the evacuation process relies on the performance of passive design, which is the escape route
design that will help to transport the building occupants to safety. However, building design performance for evacuation safety has not
been thoroughly tested. Thus, this paper aims to evaluate the capability of escape route design in a typical public multi-storey building
through a simulation study. The study scope is to keep the physical design of the housing intact for the next 30 years. Hence, the study
did not make any changes to the overall planning of the building except for varying the width of the escape route pathways to find which
element contributes to fast evacuation time.

2.0 Method

This paper is a part of a broader study on the emergency evacuation of a typical public multi-storey building in Malaysia. The study
focuses on the movement of the evacuees, including the elderly residents during an emergency evacuation. The public multi-storey
building is chosen due to the availability of the typical layout that becomes the guideline for the developer, where improving the existing
design will give significant benefits for future developments. Figure 1 shows the three-dimensional (3D) view of the building used as a
simulation model for the study where the building is shown as semi-transparent which allows better observation of the evacuees’
movements in the building. The building model consists of 17 levels with 20 units of housing at every level, totalling 340 units in one
building mode. The floor to floor height is 2700mm, which creates a total height of 43.2 meter vertically. Each unit is assigned to have
either 4, 5, or 6 occupants per household, which has been randomly placed throughout the building. As a result, three values are chosen
to represent lower occupancy (1478), medium occupancy (1700) and high occupancy (2100) as shown in Table 1.
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Fig.1: Three-dimensional view of the 17-storey building model used in the simulation study.

Table 1: Variable for every case
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Percentage of elderly

Number of occupants
occupants

Scenario* Group
1478 1700 2100 7% 10% 15%

Ael X X
Ae2 X X
Ae3 X X

Be1 X

Be2 Elderly X

Be3 X
Cel X

Ce2 X

Ce3 X
Aat X

Aa2 X

Aa3 X
Ba1 X

Ba2 X

Ba3 Adults X
Ca1l X

Ca2 X

Ca3 X

X< X X
X XX X XX X< X
XX X X

X< X< X

This paper considers the movement of the elderly residents since the elderlies’ walking speed is slightly different from the adult
residents according to the speed that has been set by the IMO, where the speed range of elderly is between 0.56 m/s to 1.62 m/s. In
comparison, the range for the adults is 0.71 m/s to 1.85 m/s. For this study, only elderlies with no physical ability were considered, and
their behaviour is only affected by the surrounding factor (building design). No threat factor (fire and smoke) were considered in the
study. The number of elderly residents is calculated based on the percentage of elderlies residing in the building, namely 7%, 10%, and
15%. Variations in the number of households and the elderly residents are made to study their effects on the evacuation process.
Further details on the number of occupants and elderly residents are shown in Table 1.

Based on the variations to the number of occupants and elderly residents, 18 scenarios are designed to suit the study. All of the
scenarios are given a coding where the upper-case letters indicate the percentage of elderly; where A represents 7%, B represents
10%, and C represents 15% of elderly residents. Meanwhile, the lower-case letters represent the elderly (e) and adult (a) occupants. As
for the coding of the number, it indicates the total number of occupants from lower occupancy (1478), medium occupancy (1700) and
high occupancy (2100).

The main objective of this study is to evaluate the escape route design for the public multi-storey building in Malaysia by varying the
escape route width to determine which element contributes more towards fast evacuation. The three elements considered in the escape
route design are staircases, corridors, and exits. Seven cases were designed to suit every element with different width for each element,
namely 1300mm, 1500mm, and 1800mm, as shown in Table 2.

Table 2 : Cases with different scenarios in escape route design

No Element of escape route
Staircase Corridor Exit

Case 1 1300 1300 1300
Case 2 1500 1300 1300
Case 3 1800 1300 1300
Case 4 1300 1500 1300
Case 5 1300 1800 1300
Case 6 1300 1300 1500
Case 7 1300 1300 1800

Pathfinder is the simulation tool selected to simulate the data as it has the flexibility to customise the layout, population and speed
of the evacuees. The software predicts the evacuation duration of each occupant from the unit through the corridor and stairs to safety.
The software allows for tracking and observation of the evacuee movement at every floor level. A total of 126 simulation tests were
made based on the consideration of every scenario and case, as shown in Table 2. Case 1 is the base case or the control model with
the original width of escape route design elements.

4.0 Result and Discussion
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The simulation is run based on the input parameters stated in the previous section. The total and average evacuation duration by the
elderly and the adult residents are tracked and recorded. The test is run multiple times to avoid the uncertainty of the evacuation time.
Then the average value is calculated for each parameter analysed.

Figure 2 shows the total evacuation time needed for both the elderly and the adult occupants. Total evacuation time can be referred
to as the duration taken between the raise of the alarm and the moment the last person is safely exiting the building. As overall, an
increase of width in the staircase design (cases 2 & 3) has a significant contribution towards minimising the total evacuation time. The
data are compared with the control model (case 1), which represents the typical layout of a public multi-storey residential building in
Malaysia. For the corridor (cases 4 & 5) and exit (cases 6 & 7), both elements do not contribute much towards reducing the evacuation
time when compared with the control model (case 1).

The colours in the graph (Figures 2 &3) represent the different percentage of the elderly and adult occupants. In contrast, the different
hues of colour represent the total number of occupancies from low to high. Blue, orange and grey represent the elderly occupant, where
yellow, red and green represent the adult’s occupant. Overall, the increased number of occupancies has a significant contribution to the
total evacuation time, as increased occupancy results in increased total evacuation time. Figure 2 shows that the total evacuation time
taken for both elderly and adult occupants are slightly similar if compared between low and occupancy. The total evacuation time needed
for the elderly in low occupancy (blue) is similar to the total evacuation time needed for the adults in low occupancy (yellow). A similar
result can be found in the medium (orange and red) and high (grey and green) occupancy. It is observed that the last person who exited
the building, both the elderly and adult recorded similar evacuation time due to the location of exit that is near to the staircase area. The
last elderly and adult occupants are queuing in the staircase area. The differences in speed between the elderly and the adult occupants
are not evident due to the slow movement of the evacuees in the staircase area and did not have a significant contribution towards the
evacuation time.

The different lines in Figure 2 represent the three-varying percentage of occupancies between the elderly and the adult. Based on
the differences, an increase in elderly occupancy will increase the total evacuation time for the elderly. An increase in the elderly
occupant will also affect the total evacuation time of the adult's occupants, due to the increasing number of those with a slow speed,
affecting the overall evacuation process. However, the changes made by increasing the elderly occupancy are minimal.
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Fig.2: Total Evacuation time between elderly and adults

This paper only looks at the total evacuation time but also the average evacuation duration of the elderly and adults’ occupants. The
average is made based on the total summation of the evacuation time for every individual, subdivided by the number of occupancies
during the evacuation time, as shown in Figure 3. The average time in Figure 3 shows a similar pattern as in Figure 2, where staircases
(cases 2 & 3) have the most significant contribution towards minimising the evacuation time. As for the corridor (case 4 & 5) and exit
(case 6 & 7), not much difference is observed when compared with the control model (case 1).

Although the pattern of the graph for the average evacuation time is almost similar to the total evacuation time, the results show a
different value of time between the elderly and adult occupants (compare between coloured lines) (Figure 3). Based on the coloured
lines, the adult occupant could evacuate much faster when compared with the elderly occupant. Figure 3 shows that all the adults in low
occupancy categories (yellow) evacuate much faster than the elderly in low occupancy categories (blue). The similar result also can be
found in medium occupancy (compared between red and orange) and high occupancy (compared between grey and green). The results
showed that the last person leaving the building was either the elderly or the adult as they evacuated using a similar duration. On
average, the adult occupants have more potential in evacuation themselves much faster due to the physical ability and speed of the
adult occupant is much higher than the elderly occupant. Overall, the finding from the average evacuation time is similar to the total
evacuation time. An increase in the number of elderly and occupancy has a significant contribution to the evacuation time.
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Fig.3: Comparison of average evacuation time between elderly and adults

Based on the data gathered from Figures 2 and 3, only the staircase design has a significant contribution to the evacuation time. An
observation study is made through the simulation video in one of the scenarios tested to have a better understanding of why the staircase
contributes to shorter evacuation duration. When the simulation is running, the movement of the evacuee is observed and tracked.
Figure 4 shows the side view of the building during the evacuation process, where the majority of the evacuees are at the staircases,
and only a few evacuees are using the corridor as they move to find an alternative escape route to transport them the fastest. The
simulation predicts that the evacuees spend most of their time in the staircase area. Corridor and exit are used only during the initial
evacuation process and when the evacuee seeks an alternative escape route. The observation can be used to support the finding on
why the staircase contributes to significantly reducing the evacuation time when the width is increased. Staircases are the only means
of vertical transportation that are available during the evacuation. The corridor and exit are the means to transport the evacuee
horizontally. As for the multi-storey building, the only escape to safety is through the exit, which is only available at the ground level,
thus creating a high dependency on the vertical transportation to transport the evacuees to safety. Wider staircase increases the flow
rate and improves the staircase efficiency, which allows a reduction in the evacuation time.

o

wg ,

Fig.4: Side view of the 17-storey building during the evacuation process.

5.0 Conclusion
This paper studies the evacuation process of a typical public multi-storey housing in Malaysia. The main objective is to test the building
layout design by varying the width of the staircases, corridors, and exits in escape route design to find how they affect the evacuation
time. Of the three escape route design elements; the staircases have the most significant contribution towards reducing the evacuation
time (case 2 and 3), as they are the main vertical transportation routes for the multi-storey building. Wider staircase proves to reduce
the total evacuation time, which indicates that the staircase width has a positive correlation towards the evacuation time.

As for the corridor and exit, the contribution is minimal. Although the contribution is minimal towards reducing evacuation time, the
elements are equally important, as they help to transport the evacuees horizontally. The contribution will become more significant for
more complex building layout, which depends more on the horizontal evacuation towards the staircase. As for the number of elderly and
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occupancy, the increase of both factors will prolong the evacuation time and affect all the occupants involved during the evacuation
process. Hence, high-density occupancy will prolong evacuation time and increase the occurrence of stagnation at the exit and staircase
area.

This paper only considers the changes made by one element at a time; future studies could include various changes made to the
escape route element to find the best design that helps to reduce the evacuation time. Only elderly and adult occupants have been
considered in the study due to the consideration of different walking speeds. A future study could consider the differences between the
physical abilities of occupants.
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