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ABSTRACT

Normal evacuation and emergency evacuation are the two methods used in the evacuation analysis of
buildings. Normal evacuatiorfocuses on the evacuation efficiency of the building by eliminating the
emergency conditions and the panic atmosphere that occurs in the buldiaggency evacuation, on the

other hand, studgehow the building evacuation will take place in a certairesgancy situation. In this

study, the normal evacuation of higlke buildings was studied. The effect of the elevator in shortening the
long evacuation times, which is the biggest problem encountered in the evacuationrifentghildings, has

been invatigated.Thefraction of elevators/stairsise for the most efficient evacuatiand therelateddesign
parameters were investigated. I n t hi Towerand Marsint |, si mul
Metropol Building, which are among the tallelstildings in Turkey's recent history. The scanned plans of

both buildings, which were published publicly on the internet, were redrawn by the author in the CAD
environment and used in the modeling of the buildings in the Pathfthgeogram. Pathfindersi an
evacuation analysis program that is frequently used in the academic literature for the evacuation analysis of
buildings. Within the scope of the study, five different scenddo®oth buildingsvere modeled on the use

of stairs and elevators at difentfractions It has been observedTowehist t he e
shortened by approximately 18% with tbembineduse of elevators and stairs (scenard®2% elevator,

75% stairg27 min) compared to using only stairs (scenaritQD% stairgd33 min)). It has been observed

that the evacuation time of Mersin Metropol Building is shortened by approximately 40% witbntieéned

use of elevator and stairs (scenari®®6 elevator, 50% stair®9 min) compared to using only stairs
(scenario 1100% stairs(49)) . Al s dqwer, fusing onk istairs (scenario (B3 min)) provided faster
evacuation than using only elevators (scenari®2 min). In Mersin Metropol Building, using only the
elevator (scenario 89 min) provided fasteevacuation than using only stairs (scenari@d9 min)). It has

been observed that the desighthe elevator lobby separately from the strridor in Mersin Metropol

Building allows the elevators to be used more effectivlgo, the corridors providig access to the building

stairs have a direct effect on the capacity of the stairsig evacuationMost highrise buildings are divided

into vertical sections and these sections are accessed by separate el¢veerbeen observed thahile

planning these section®ccupantload of thee sectionsand the roundtrip time of the elevator should be
consideredotherwise the elevators will not be able to operate at maximum efficienagidition, it has been
observed that placing tH®ors with high occupantoads in on the loweparts ofthe building is among the

factors that facilitate evacuation.
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1.INTRODUCTION

Thesis topic

Buildings need to be evacuated urgently in cases such as fire, flood, tsunami, earthquake,
and terrorist attacks. Safe evacuation of building is related to the design of the building.
Ensuring safe evacuation is possible by evacuating the building widamgerous and
unbearable situations arise for building occupaNistmal evacuation and emergency
evacuation are two methods used in the evacuation analysis of buildings. Normal
evacuation focuses on the evacuation efficiency of the building by elimingimg
emergency conditions and the panic atmosphere that occurs in the building. In emergency
evacuation, on the other hand, it is studied how the building evacuation will take place in a
certain emergency situatiohe desired situation in both emergeneyacuation and
normal evacuation is that the building to be emptied in the most effective way. Therefore,
it is imperative that the building to be evacuated as soon as possible. While rapid
evacuation of the building may be possible for small buildings iore difficult for

higher buildings with bigger occupant loads. The reasons whyrtgghbuildings are
difficult to evacuate quickly can be listed as follows, incegadistance to the exit in
parallel with the increase in the height of the buildipig, occupant loads, people getting

tired when descending from higher floors, and inardaserging effect.

Focus andcope

The main focus of this thesis is the use of elevators in normal evacuation aiseigh
buildings. In this context, an analysisltag en made on t he Kk Tower
Building, which were the tallest buildings in Turkey in the recent past. The effects of the
difficulties encountered in the evacuation of higge buildings and the use of elevators for
evacuation, which hasecome widespread with both regulations and practices in recent
year s, have been investigated. The reason
were chosen within the scope of the thesis is that both buildings have similar number of
elevators and havapproximately the same number of floors and height. In addition, the

fact that these buildings were the tallest buildings in Turkey in recent past is another factor.



Research problem and research guestions

After the stairs, the first element thadmes to mind to decrease the evacuation time of
high-rise buildings is the elevator. However, the use of elevators for evacuation purposes
was not recommended or even prohibited by the authorities because it is not considered
safe. Nonetheless, this stetgpical thought gradually loses its effect with the developing
technology. Nowadays, elevators can be equipped with measures such as air tightness and
uninterrupted power supply. Also, building regulations all around the world have begun to
recognize eleators for evacuation purposes. In this context, research has been started with
the following research questions on the evacuation ofigghbuildings by elevators.

A RQ 1: In which fractionof pre assumed quartiles the building occupants should use
elevators, to achieve the most effective evacuation?

A RQ 2: What is the effect of using elevators in evacuation of -nigg buildings on
evacuation time?

A RQ 3: Which design factors should be considered for the most effective use of elevators

and stairgluring evacuation of highse buildings?

Objectives

Within the scope of this thesis, it is aimed to measure the possible shortening of the
evacuation time with the use of the elevator during evacuation ofrisighbuildings.
Simulation used asmesear ch met hod and carried out wi
program is widely used in evacuation studies in the academic literature. It has been
investigated at what fraction the building occupants should use the elevators and stairs to

reach the mostfective evacuation.

Anticipatedoutcomesof the research

Within the scope of the thesis, the 2 selected -higgh buildings are modeled in the
Pathfinder program. In order to observe the effect of the elevator in the evacuation of
buildings, 5 different scenarios were modeled. In the 5 scenarios, the useatdrsleand

stairs in different fractions (with 25% increments) by building occupants was modeled. It

is assumed that the evacuation time obtained by using only stairs in the building can be



shortened by the combined use of elevator and stairs. The aira thfetsis is to find this
ratio and determine the design factors that affect this ratio.






2. LITERATURE REVIEW

In the following five subsections, the literature within the scope of the thesis is given.
Definition of high-rise buildings in section 2.1, building evacuation in section 2.2,
approaches to evacuation calculations in section 2.3, evacuation problengh-aténi
buildings in section 2.4, and research on evacuation by elevator in section 2.5 are

presented.

2.1. Definition and Development of Highrise Buildings and Elevators

In the rise of buildings from past to present, social, cultteahnological, and economic
factors can be mentioned. The need for space, which increased with the acceleration of
urbanization in the 20th century, directed people to vertical architecture. The emergence of
different building types and the need for hogsafter the World War | and Il were also
other factors that accelerated the vertical rise of the buildings. Advances in building

materials and the efficient use of steel have made it possible to push the limits.[1]

2.1.1. Development ofhigh-rise buildings

The history of higkrise buildings with masonry walls goes back to the ancient Roman
period [1]. These buildings were up to 10 floors and the wall thickness decreased from the
ground floor to the last floor. In this period, arches, domes, antsu#sed for large spans.

The floors have been made of reinforced concrete since the second half of the 19th
century. Monadnock Building (189Chicago (Figure2.1)), was one of the most iconic
masonry multstory building of 19th century with 1.8 m thiekalls on the ground floor

[ 1] and 46 c¢cm at the top [2]. %15 of the
load bearing walls [3]. This also made the building to be very heavy. The building sank
more than 50 cm in time [4]. Some of other hrgge buildings erected in the 19th century

was Reliance Building (ChicagtB894 (Figure2.1)) [5], Guaranty Building (1908uffalo
(Figure2.1)) [6], Carson Pirie Scott Department Store (22bvdcago) [3].



Figure 2.1. Monadnock Building [2Reliance Building [5] and Guaranty Building [6]

In 19th century, evolution of steel took part in rise of buildings and other structures like
bridges. This evolution took more than 100 years and the race to rise for buildings is still

going on.Crystal Palace (185Ilondra) was the first unique steel framed building [1]. This

building also considered as the first prefabricated steel building [1]. First implementations

of steel frame were with the use ,didghterl oad b
steel buildings were built without load bearing walls. Another factor accelerated the rise of

the buildings and remove limitations of the height was the invention of safe elevator.
Elevators made available to easily use higher floors and thisthwayent of higher floors

increased while the rent of lower floors decreasing [7].

The first skyscraper of the world according to Council on Tall Buildings & Urban Habitat

is Home Insurance Building (188Bhicago (Figure 22)) [8,9]. This building was
constructed with masonry fa-ade with steel b
framed building with no load bearing wall was Il. Leiter Building (1-888cago (Figure

2.2)) [1,10].

Concrete entered the building sector with the invention ofid?al cement [1] by Joseph
Aspdin in 1824 [11]. Joseph Monier, a French gardener used iron to reinforce concrete
[12]. Rue Franklin Apartment (19€Raris) is considered as the first reinforced concrete
framed building [1]. Same year, Ingalls Building whsilt in America as the first
reinforced concrete highse building with 16 story and 64 m height [1].
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Figure 22. Home Insurance Building [9] and Il. Leiter Building [10]

Consequently, 19th century was the first stepirtdustrialization and technological
improvements for highise buildings. At the end of the century, invention of safe elevator,
air conditioning systems and fire protection systems made available to build higher and

safer buildings [13].

High-rise officebuildings came to the fore in this period with invention of elevators and
improvements on fire protection [1]. Woolworth Building (1948w York) [14], Chrysler
Building (193GNew York) [15] and Empire State Building (198lew York) [16] are
some higkrise buildings that was built in this period. Higlse buildings continued to rise

at an increasing rate [1].

Office buildings and residential buildings dominated the building market especially after
the World War Il [1]. In this period, thanks to the deghents in reinforced concrete, it
became possible to construct-&0rey houses with the wall thickness used instoPey
masonry building [1]. Highpoint I, one of the most striking residential buildings of this
period, is seen by many architects antiagias the most successful residential building of
its period [17]. Also in this period, the need to build mstory buildings fast, has
accelerated the construction of prefabricated andiegdace buildings [1].



e

Figure 23. Woolworth Building [14], Chrysler Building [15] and Empire State Building
[16]

The development of highise buildings continued with the demand for open office spaces,
large space requirements and the advantages of reinforced condreteenlLake Shore
Drive Apartments (195Zhicago), which are considered the first examples of modern

framed buildings, are one of the office buildings in this period [18].

After the World War I, construction techniques were developed with the inviesitigzt

the characteristics of reinforced concrete [1]. Thest@iey Marina City Towers (1968
Chicago), which emerged as a result of the effort to createo@d living spaces, are
mixeduse structures that reflect the monolithic structure of concretg B&trand
Goldberg had the opportunity to emphasize the concept of "city within the city" even more
with River City (1986Chicago).

World Trade Center (197Rew York (Figure2.4)) has taken the throne of the Empire
State Building, the tallest buildingi t he worl d since 1931 [20].
last long and within a year, Sears Tower (Figlidg took the title [20].



Figure 24. World Trade Center [20] and Sears Tower [21]

Figure 2.5 shows the tallest 10 buildings in the worldfb\He i ght t o Archit ec
which is the most wi dely accepted ranking
Hi ghest Occupied Flooro and fAHeight to Tipo
lists. Today, although the race of higke buildings is interrupted by the economic effects

of the COVID19 pandemic, there are many tall buildings that are under construction [23]

and are in the design phase [24].

The biggest difference of higise buildings from lowrise buildings is increasing latdr

forces (wind and earthquake forces) as the structure rises. These forces require
differentiation in structural system as the building rises. This requirement has led engineers
to develop structural systems in order to build higher buildings.[1] Staldystems that
ensure the stability of structures have evolved from the traditional masonry system to
frame systems with the effective use of reinforced concrete [1]. Rigid frames system that
consist of beams and columns is the simplest approach to dgesadinbuilding [25]. In

order to increase the resistance of the building to lateral forces, braced frame system is
created with the diagonals added to the building structure [1]. Shear walls have been used
to reduce the shear forces that occur as thigibgirises [25]. Tubular systems have
emerged with the placement of the columns outside the building as a result of the need for
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wide openings in the building and the delicate integration with the facade. Mentioned
systems are illustrated below.
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Figure 25. Highest10 building in the world according CTBUH [22]height to
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Figure 26. Structuralsystems of higirise buildings (graphits prepared by thauthoi
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2.1.2. Definition of high-rise buildings in codes and regulations

Any building that is likely to be affected by lateral forces such as earthquake or wind can
be defined as a highise building [26]. But the definition of highise building varies
between codes in different countries. NFPA 10OlLife Safety Code is one of the most
widely accepted one in terms of evacuation and fire. It definesrlgglas buildings with

an occupiable floor higher than 23 m (75 ft) [27]. Internatidailding Code describes
high-rise as buildings with an occupied floor 23 m (75 ft) higher than the lowest fire
vehicle access [28].

Except these two widely accepted codes, some countries have their own standards like
China which contains %87 of skysceap globally [29]. According to fire code in China,
residential buildings higher than 27 m and other buildings higher than 24 m considered
high-rise [30]. In Australia, buildings exceeding an effective height of 25 m and in India all
buildings higher thad5 m are considered as higke buildings [31,32]. Hong Kong uses

a similar standard. Buildings exceed 30 m are stated agib&hand others under 30 m as
low-rise buildings [33]. Zoning Regulation in Turkey describes 2 types of buildings;
buildings hidher than 21.5 m are higise and ones higher than 51.5 m are dtigh-rise
buildings [34].

Netherland differs from other countries in terms of its frigh definition. Building code

in Netherland (Bouwbesluit) define higlse as buildings higher thaf® m [35]. Japan has

a more specified classification of buildings. As can be seen in Pablall buildings
divided into 4 groups based on their heights: small buildings, medium sized buildings,
large sized buildings, and higlse buildings (above 60 m). While first three of them are
subject of a similar approach (statically), higge buildirgs require special study
according to the code [36]. Singapore prefers a definition for superisgbuildings and

buildings abovel0 story isconsidered supdrigh-rise[37].

As indicated above, there is not a consensus on the definition ofribggtbuildings.
Emporis aimed to create global standards with the goal to ease exchange of information.
They defined lowrise, as buildings under 35 m. According to Emporis;186 m
buildings are highkrise and buildings above 100 m are skyscrapers [38]. Information given

above summarized in Tab®l. As can be seen, the general approach to definerisiglins
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by number of floors or building height according to the maximum height d¢gpaica
standard fire fighting vehicle [26].

Table2.1. Definition of high-rise buildings in codesegulationsand standards

Code, Regulation, Low-rise High-rise Ultra- Description
Standard High-rise
NFPA 101(2018)[27] 23 m(75 ft) Section 3.3.37.7
IBC (2018)[28] 23 m(75 ft) Section 403
ChinaNational Standard of 27m Section 2.1.1
the Peopl eds (residential) 24
ChinaCode for Fire m (other)

Protection Design of

Buildings (2014)[29]

Hong KongCodes of Practice <30 m >30m Part 3
for Minimum Fire Service

Installations and Equipment

and Inspection, Testing and

Maintenance of Installations

and Equipment(2012)[33]

Holland Bouwbesluit (2003) 70 m Part 3
[35]
Singaporerire Code (2013) 40 story
[37] (Super

High-rise)
Australia Automatic fire 25m AS 2118.1
sprinkler system§018)[31]
Emporis Standard88] <35m 35100 m >100 m

(Skyscraper)

India National Building Code 15m Volume 1Section
of India (2016)[32] 2.38
TurkeyZoning Regulation 21.5<515m >51.5m First Section:
(2017)[34] aaaaa
JapanThe Building Standard 1-2 floors 60 m
Law Enforcement OrddB6] small buildings

<3 floors (wooden)
13 m (masonry)
<2 floors (other
buildings)
medium sizeduildings

13 m (wooden)
04 floors
20 m (reinforced concrett
or steel reinforced
concrete)

large sized buildings
Council on Tall Buildings <14 story 50- 300-600 m
and Urban HabitgR2] 300 m (Tall (Supertall)

Building) <600 m

(Megatall)
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High-risedefinition criteria inEarthquake Regulation of Turkey[40]

Table 22.
Bina Yiikseklik Siniflan ve Deprem Tasarim Simiflarina Gore
Bina Tanimlanan Bina Yikseklik Araliklari [m]

Tt DTS= 1,13,2,2a DTS=3,3a | DIS=4,4a
BYS= 1 H,>70 H, >91 H, >105
BYS= 2 56<H_ <70 T0<H <91 91<H <105
BYS= 3 42<H, <56 56<H <70 | 56<H, <91
BYS= 4 28<H, <42 42<H, <56
BYS= 5 17.5<H <28 28<H <42
BYS= 6 105<H <175 175<H, <28
BYS= 7 7<Hy <105 10.5<H, <175
BYS= § H, <7 H, <105

According to the regulations and standards of different countries, theiségbuilding

definitions are given above. It is expected that thiefanitions differ between countries.

However, in some cases, more than one-higg building definition can be seen within the

country. An example of this is seen in Turkey. The definition of Jniggn building is seen

in the zoning regulation [34], fireegulation [39] and earthquake regulation [40]. While

there are definitions of highse and ultrehigh-rise buildings in the zoning regulation, only

high-rise buildings are defined in the fire regulation. In addition, the definition ofisgh

buildings in the earthquake regulation (given in Tab® & different from zoning and fire

regulations (21.5 m is the limit). Having more than one definition of-hagh buildings

cause confusion.

2.1.3. Development ofelevators

El

evators

(ALiftso

n

British

Engl i sh

[41])

especially for higfrise buildings. Although various simple types of elevators have been

used since ancient times, safe elevators widely used today developed inEliShb4.

Graves Otis promoted his invention of safe elevators at the Exhibition of the Industry of

All Nations in New York City [42]. In 1857, the first passenger elevator was installed in a

building by Otis. Steam powered passenger or freight elevatorsalveaely in use, but the

innovation Otis brought was the safety. The invention of him made available the lift car to

stop

n the

event

i f

t he

rope

br oke

[42] .

started tobe established in Europe and in 1870ukgble Life Building was the first

multistory office building with an elevator [42].
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In 1880, the first electric elevator was built by a German electrical engineer Werner von

Si emens and Schuyler Wheelerds el elftiric el e
1867 Paris World Fair, hydraulic elevator wpesentedand this system has widely
accepted in Europe rather than Otisés model
Europe was very limited but US on the other hand, it was prevalent toalealetor shafts

in the core of the buildings [42]. In the 20th century, most of the elevators were controlled

by a staff called nelevator operator so. A
operators went on strike in New York for better working coadg. The effect of the

strike on the economy was untenable and government settled the strike [44].

Elevators made highise buildings viable and usable [45]. In time, elevator traffic
engineering has emerged. They design and calculate occupardndgohssenger flow

traffic of highrise buildings that require complex calculations [45]. They are responsible

for designing a traffic system that is capable of transporting passengers in minimum time
with minimum cost. In addition, the building core shiblle used in a minimum way in

order not to reduce the net area that can be used in the building. User requirements and
designed system has its own parameters and there should be a balance between them. The
design tool mentioned here could be calculatiosimulation [45].

Some of the components of an elevator system can be listed as; elevator shaft, the
counterweights, the landing doors, ancillary equipment and lobby space [45]. Elevator

shaft is the vertical space that elevator cars move in throughotleeo€ the building.
Counterweights balance the | ift caros weig
needed in every floor that the elevator goes to for occupants to wait elevator cars [45]. This

area is a loss for tenant because it decreases net aszdole

2.1.4. Classification of elevators

Elevators are divided into different classes according to their operating principles. This
distinction in classification is also seen in the design of elevators and the equipment used.
Elevators aredivided into 3 classes according to the general classification used by
designers and manufacturers [46]. These are electric lifts, hydraulic lifts, and pneumatic
lifts.
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Hydraulicelevators

The type of elevator to be used in the building should be sdlacterding to the purpose

of use. Qils are generally used in hydraulic systems. Elevators with hydraulic systems are
generally suitable for heavy work. Because they can generate a significant amount of force.
Also, they can worlsilently, and this may be an appropriate solution for some buildings
where silence is desired [47]. However, the initial investment costs of hydraulic systems
can be high. Contamination may occur as there may be oil leakage from pistons, therefore,

they need regufamaintenance.

Pneumaticlevators

Pneumatic elevators operate on the principle of compressing air at atmospheric pressure
with the help of mechanical systems. However, this system cannot produce as much force
as in the hydraulic system. Theannot compete with hydraulic systems in terms of
providing long service life. These systems allow elevators that can move quickly. This
system can be used where speed is more important than power. In addition, pneumatic
systems are more economical thaa ¢ither two elevator systems. There may be problems

in working in very hot and very cold weather. Therefore, the temperature of the area to be

used becomes important. [48]

Electricelevators

Although it cannot compete with pneumatic elevators, itimsaid that electric elevators

can move fast. One of the best special features about these elevators is their precision.
Also, they work with only electricity, so they are clean and there is no leakage risk. These
elevators cannot generate high forces mag not be suitable for places where heavy work

is required. Cost/power ratio is higher than other elevators. [48]
2.1.5. Parameters ofelevators
Elevators should be designed in such a way that the projected occupant load of the building

can be brought to the desired floor of the building in a reasonable time. In order to achieve

this, there are some parameters that should be considered duringsiga ghase.
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Distribution floor (or terminal) is the main gathering floor of the elevator. For most
buildings, the ground floor is the distribution floor. In most simulations and calculations, it
is assumed that the elevator is initially at the distribufioor (ground floor). The pickup

floor is the floor where the elevator receives people in the building. Every elevator has at
least one pickup floor. People on the pickup floors are transported to the distribution floor
and leave the building. The persoapacity of the lift is determined according to the
nominal load carrying capacity of the lift. In addition, the elevator cabin should be

designed wide enough to meet this load.

Maximum speed is the highest value the speed of the elevator gets. ltréessexpin
meters/second (m/s). Acceleration is defined as the change in elevator speed per second. It

i s expressed in meters per square second (m
is jerk. It is defined as the change of elevator acceleragorsgcond. It is expressed in
meters/ cubic second (m/sj). El evators gener
that when the elevator is on the ground floor, it lists the calls it receives from top to bottom

and stops in this order. It serves byhgaing people from the top call to the bottom call.
Open/close times are the time to open the door of the elevator when it reaches a floor and

the time to close the door before leaving that floor. Elevators with an advanced opening
system enable the elewatdoor to be opened before reaching the floor in order to prevent

loss of time. [43]

Round trip time (RTT) is the time that take an elevator that is on the ground floor moving
upper floors and returning to the same floor after leaving the person at¢dineddfloor

[45]. RTT is desired to be as short as possible in order to ensure optimum traffic control in
the building. To achieve this, the speed or acceleration of the elevator can be increased. In
addition, increasing the number of elevators and digidhe building floors into certain

zones are among the options.

People generally do not want to wait for the elevator more than 30 seconds in office
buildings and 90 seconds in residential buildings [45]. Therefore, different traffic planning
algorithmscan be used according to up peak and down peak times. RTT is expected to be

less than B minutes. Elements of Round Trip Time is shown in Fi@uire
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Figure 27. Theelements of round trip tim@5]

The human body feels discomfort movements above a certain acceleration due to the
movement of internal organs. Although this acceleration is not a definite value, the
elevators used in daily life remain within this value. People cannot understand the speed of

the elevator while in the cabut the acceleration is decisive in terms of comfort. Elevators
that can move faster than 15 m/ s were built

is generally not allowed [45].

The movement speed of the elevator will undoubtedly reduce the tap time [49]. But
by increasing the speed from 10 m/s to 20 m/s, only a few seconds will be gained. In this
case, the speed of movement, which significantly increases the cost of the elevator, must

find an optimum balance. FiguPe88 shows a recommeation of optimum elevator speeds.
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Max. no. of floors served Recommended elevator speed

60 floors

10.0 m/sec

55 floors

9.0 rnfsec‘

50 floors

45 floors

7.0 m/sec
8.0 m/;‘

40 floors

6.0 rn/sec‘

35 floors

5.0 m/sec

30 floors

4.0 m/sec |

25 floors

3.5 m/sec

20 floors

3.0 misec

15 floors

2.5 misec

10 floors

5 floors

Figure 28. Recommendedlevator speex{50]

2.1.6. Capacity calculations of elevators

The buffer zone of a person should be considered in the cabin capacity calculation. The

size of the buffer zone is smaller Asia / Pacific countries than European people [45].

While 0.4 person/ mj i's a desirable density
dense, 3 person/ mj is crowding and 4 person
[45,51].

Stairs permit highedensities than flat surfaces but walking speed is lower on stairs [51].
Forexamplewhi | e an average person needs 2.3 m]
stair 0.7 mj i's enough [51]. On a stair, It
tha on a flat surface, however, the speed on the stairs varies depending on the density of

the stair, the walking speed of the slowest walking person, and the inclination of the stairs

[51]. Stairway handling capacity is about 83% of corridor capacity [51].

Elevator design calculations differ between countries, codes, and standards. The designers
need to consider the specification of that country while designing the building. Building
type is another factor in the way of designing elevator traffic. Officikdibgs has
maximum traffic load in the morning before working hours [46]. As the number of tenants

in the office building increases, it is expected that this heavy traffic in the morning hours
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will spread over a longer period of time [46]. Traffic densign also be seen between
meals and after work. A rule of thumb that can be used for office buildings is given below.
A 1 elevator for 3 floors is good,

A 1 elevator for 4 floors is fair and

A 1 elevator for 5 floors considered poor design [46].

Hotel buildings need separate elevators for staff and customers. Elevator design

considerations for residential buildings are highly similar with hotels [46].

There are 3 main traffic types in the building: incoming traffic, outgoing traffic and inter
floor traffic. General rule of thumb is to split them into %9485 %10 or %48%40-%20
respectively [45]. After that assumption, up peak and down peak traffic should be
calculated. Up peak traffic is when incoming passengers is the dominant traffic and down
peak traffic occurs when outgoing passengers is the dominant traffic [45]. Traffic survey
may be conducted when necessary and results may be a good simulation input [45]. Figure

2.9 shows a representative office building traffic.
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(5 min percentage of building population)

Down traffic Down peak

Figure 29. Traffic loadof an office buildind51]

As the number of floors to ascend or descend increases, the rate of using elevators
increases. This situation is shown in Tabf& In addition, the number of floors on which
people will ascend or descend and the ratio of elevators/escalators usedyalés the
number of floors up/down increases, the use of escalators decreases. This situation is
shown in Table 4.
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Table 23. Stairusage rategt5]

Floors travelled Usage up Usage down

1 80% 90%
2 50% 80%
3 20% 50%
4 10% 20%
5 5% 5%
6 0% 0%

Table 24. Lift and escalator usage rafés]

Floors travelled Escalator Lift

1 90% 10%
2 75% 25%
3 50% 50%
4 25% 75%
5 10% 90%

2.2. Building Evacuation

Someemergencies in the built environment require buildings to be evacuated. Effective
evacuation of buildings can be achieved by closely monitoring the academic literature in
this regard and applying the design principles to the buildings. Human behaviddingu
evacuation, design factors to be considered for effective evacuation, approaches to
evacuation calculations, evacuation problems of high rise buildings, and elevator use in

evacuation of high buildings are given in detail in the following subsextion

2.2.1. Human behavior in evacuation

Understanding the human behavior has a crucial role in providing an effective evacuation
[52]. Although there are a lot of researches on human behavior during emergencies, there
are still blind spots andnisinformation (e.g., contrary to popular belief, the researches
showed that the human behavior during an emergency is not dominantly consist of panic
[53].)

Human behavior comes after the decision making. The degisadng during an accident
happens bywo ways; automatic system and reflective system. While automatic system

provide fast decisions like taking the daily commute, reflective system provide slow but
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controlled decisions [53]. Some factors affecting human deems@king during

emergency sit@ations are given below.

During emergency situations, occupantsd de
perception is directly proportional to willingness to act [54]. The more threatened one
feels, the more willingnbemhaheyi inasdoateadoO
underestimate the threat and generally makes it longer to start the evacuation [53].

Data extracted from evacuations indicate that occupants firstly tend to investigate the
alarm if it is false or not. Afteunderstanding there is something unusual, people generally
contact with family or close friends and before beginning to evacuate, they take personal
belongings. These behaviors generally make it longer to evacuate and have an important

effect on evacuatiotime. [55]

While evacuating the building, human factor affects evacuation time. Researches showed
that the leading person determines or limits the walking speed of occupants behind that
person. This situation is called platoon effect. Platoon effecthés dlowing effect

composed by a person with slower velocity than occupants behind that person [56].

When drills and evacuations are analyzed, it is observed that occupants generally tend to
evacuate the building via stair that they last used or most[R6gdThis situation occurs
especially on occupants who are not familiar to the building. 51% of the evacuees of WTC
attack indicated they never used stairs of the building before [57]. This means that these
people did not know where the stairs are. Retesmr show that the past experiences
important to motivate occupants to move [58], the importance of drills and education can

be seen.

Lastly the panic behavior has a negative effect on evacuation. An experiment conducted to
investigate the phenomena cdlle if aster i s sl owero [59]. Thi
mice shows the effect of panic during evacuation. It is observed that when occupants are

panicked and frazzled, evacuation time extends.
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2.2.2. Designconsiderations of buildingevacuation

Planning safe buildings in terms of evacuation, require some considerations. Defining
occupant load and exit capacity at the design stage of the buildings, make it easier to plan

emergency evacuation strategy for the building. Mentioned desigsiderations avert
difficulties after the building is constructed.

Occupantoad calculation for building evacuation

Occupant load is defined by NFPA as the total number of occupants that may be in the
building at any given time [27]. Defining occupant load makes it easier to lead occupants

to safe areas witlsorrectstrategy. Occupant load factor is given in NFPA 10ab{é

7.3.1.2) [27] and in International Building Code (IBC) (Table 1004.5) to indicate the
occupant |l oad for di fferent occupancies [ 2

defines occupant load factors in Appendix 5/A [39].

Exit capacity calculationdr building evacuation

Number of people that can pass through a given opening in 1 minute is defined as exit
capacity. Turkeyds Regulation on Fire Prote
that can pass in 50 cm. in 1 minute and indicate exiacities for different occupancies in

Appendix 5/B [39]. In NFPA 101, capacity factors are given in Table 7.3.3.1 [27].
International Building Code shows exit capacities in section 1005 [28]. Exit capacity can

be seen as an indicator that the time regluioe occupants to evacuate the building and it

may be helpful to design exit widths of the building.

Stairuse for building evacuation and merging effect

| n accordance with the approach Al n case
strategies have been proposed and the general approach to this topic is evolving to the idea

of integrated strategies are more effective [60].

Stairs are generally considered most common egress component during emergencies. But

evacuation by stairs is @igrent than flat areas [61]. Although buildings with low number
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of floors are easier to descent to reach exits, it may be tiring to evacuateshibhildings
via stairs. This is called fatigue effect and it can be said that fatigue effect needs to be

researched deeper [62].

Designers must consider occupant load during design stage of the building to avoid
congestion. Number of stairs, stair widths, location of stairs must be decided in accordance
with occupant load. Locating floor exits on the opposite of the incoming stair reduces

the merging effect which will improve the evacuation efficiency [63].

Merging effect is observed on stairs where floor exits are connected as can be seen in
Figure2.10. Occupants of current floor who enter stairwell aocupants in stairwell who

come from upper floors merge at stair door. According to researches, occupants coming
from upstairs generally do not want to let occupants from current floor to get in the stair
[57]. Generally, 3 different merging behavior amelicated on highiise buildings. These

are occupants coming from upper floors may override occupants entering the stair,
occupants entering the stair may override occupants coming from upper floors and finally
neither of them may override and they splieely [64]. Merging effect is observed more

on floors that have more occupants and local speed is higher after these floors [56].
Because of the stagnancy at floor exit, there is more room to move which lead occupants to
move faster for a while. Research&a®ow that floors should be linked to stairs on the
opposite side of the incoming stairs to lighten the merging effect [63]. According to

experimental studies, merge ratio should be 5Gob6the most effective evacuati¢db].
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Figure 210. Mergingeffect on stairggraphic is prepared by the author

Elevatoruse for building evacuation

The idea of making elevators available to wu
[57]. Advantages of the use of elevators during evacugtiotess can be listed as; moving
faster than smoke, ease of evacuation for old, sick, disabled and the habit of using elevator
during normal life [29]. Researches on effective use of elevator for evacuation purpose
show that it is more effective to evaomahigher floors than lower floors [66,67].
According to Proulx, the use of elevators during evacuation must be allowed [55]. There
are a lot of successful evacuations by elevators [68]. In World Trade Center 2 (South
Tower), the use of elevators during ewation after WTC 1 was hit, made it available to
survive thousands of people [69]. One of the emergencies that successfully evacuated with
the use of elevators is the Hiroshima Motomachi High Apartment Fire in Japan [70].
Another example given is that &nfire in an apartment in Ontario, Canada, 74% of people
were able to reach the ground floor using elevator [71].

Refugefloors for building evacuation

Refuge floors defined as floors that are isolated from the effects of smoke and fire with at
least 2 rooms separated by smokeproof components [27]. The occupants (especially sick,
old, and disabled) are expected to go to refuge floors and wait to be rescued. After 9/11
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incident, the idea of waiting to be rescued in refuge floors has changedegét]se the
building (WTC2) was collapsed less than one hour which was not enough to rescue
occupants may be in the refuge floors. But there is a wide consensus for disabled, sick
,pregnant and old occupants should use refuge floors to be safely resclefofria
countries obligated the refuge floor for highe buildings. For example, according to
Chinese Building Regulation, buildings higher than 100 m. must have refuge floor [66] and
every refuge floor should service 15 floors max. [73]. According tesi®e Gulf
Cooperation Council, at least a refuge floor is required in every 20 floors [73]. India has
required a refuge floor every-3floors or every 15 meters. Korea required one refuge
floor for every 30 floors, and stated that these floors couldhlaeed with mechanical

floors [73]. There is no legal obligation on refuge floors in Turkey.

2.3. Approaches to Evacuation Calculations

Although there are some baokthe-envelope (hand) calculations to assess evacuation,
performancebased approach is becoming more widespread [74]. For example, SBR
Regulation in Netherland requires occupants to reach safe areas 1 minute after alarm and
for clearance time, it adds 90 seconds for every segment higher than 50 meters [&0]. Thes
calculations used to clarify the egress time for buildings generally. However, calculation of
egress times with performanbased calculations, allow safer solutions for different

buildings.

2.3.1. Evacuationtimeline

Certain emergencgituations that people experience lead researchers to study on effective
evacuation of the buildings. Experiences on this field show that evacuation timeline is
related to egress strategies and human behavior. Evacuation timeline is an important part
of the subject of evacuation of buildings. Numerous drills and accidents lead researchers to
classify different components of evacuation process. Although different researchers
[65,75 82] investigated the timeline of evacuation process with different levalstaf,

general approach to this subject is to divide evacuation process irtvgmeation time

and evacuation time [83].
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Preevacuation time defines the time interval between the alarm and the first movement to
evacuate the building [76,79]. Pegacuéion time can be very effective on evacuation
timeline. Because especially for low density buildingseracuation time may take longer
than evacuation (movement) time, [76,79]. This is because for this type of buildings, it
may be harder for occupantsdommunicate with other occupants who do not aware of the
emergency. Two components of feacuation time are recognition time and response
time [80]. The time from the sounding of the alarm until the emergency is diagnosed is
called recognition time. Théme from the decision to evacuate until the movement is
started as response time [80]. farevement time is related to human behavior, therefore it
is the most unpredictable phase of the evacuation process [79]. Sireepuation time

is hard to calclate, some researchers [79] built a database consist of fire incidents and

drills so that the database can be used on evacuation simulations as an input.

Movement phase stands for the time interval between the first movement to evacuate and

the last persoto reach the exit [84]. This phase has a more physical characteristic since it
involves occupants6é movement . Engineers ma
associated with movement time since they are calculable elements. Factors affecting
movement itme can be listed as; characteristics of stairs (bottlenecks), physical
characteristics of occupants, fatigue, grouping effect, merging effect, counterflow and

congestion [56].

Movement time and prevacuation time constitute total evacuation time (TE].[
RSET (Required Safe Egress Time) and ASET (Available Safe Egress Time) is two main
definition to evaluate the safe egress for buildings. ASET stands for the time interval
between the ignition and the establishment of conditions that human body tHeraie

[85]. RSET is the time required for all occupants to reach safe area [86]. RSET constitute
of detection phase, notification phase,-pvacuation phase and evacuation phase [86].
Being RSET is shorter than ASET is an important check point. Otbera@ccupants may

hurt during evacuation process. Mentioned terminology can be seen in Eijlure
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Figure 211. Evacuatiortimeline [87]

2.3.2. Manual calculations of evacuation

SFPE is a flow model defined by Society of Fire Protediagineers [88]. In this model,

the walking speed of the occupants are determined by occupant density of the room.
Occupants use the shortest path to the exit and individuals can pass through each other. It
can be said that this model is basically admitupemts as a fluid and make the

calculations in this way.

NIST has developed Egress Estimator which is a simple tool to calculate evacuation time
of a building using both elevators and stairs. As can be seen in the Eig2ra certain

fraction of occupats that use elevators can be defined. After putting in the required
parameters, the program gives an estimated evacuation time that can be used as a

preliminary data.

WP Egress Estimator ? X
File
Building and Population
Number of Floors |15 Number of Occupants On Each Floor [24 Fraction of Occupants that Use Elevators (0.5 | [] Use building data file
Stairwells
Maximum Travel Distance (m) Hall Width {m)
Maximum Rate Occupants Can Enter Hallway (people/s) Blevators
Number of Elevators
Number of Stairwells Occupants on First Foor Use Stainwells []
Stair Width (m) EBlevator Capacity (ka/people) |300kg (12 peop v
Fiights of Stairs Per Floor Number of Stairs Per Fight |9 | Door Type [CenterOpening, 1.22m (48in) v
Stair Riser Height {mm) Stair Tread Depth (mm) 279 | Normal Operating Velocity (m/s) |3.0 |
Maximum Rate Occupants Can Enter Staiwell (people/s) |1.0 Elevator Acceleration (m/s3 (3.0 |
Maximum Rate Occuparts Can Leave Stainwell (people/s) |1.46965 Elevator Startup Time (s) |42.5
Distance to Exit B :
Discharge n) 120 Bxit Wickh (m) [20
Maximum Rate Occupants Can Leave Exit Discharge (people/s) [1‘.25
End Estimate (enter time in seconds for custom timing) ‘When last occupant leaves building
Estimate

Figure 212. Egress Estimator [89]



28

2.3.3. Software calculations ofevacuation

With the advancement in technology and wide spreading the use of perforbaaece
calculations, computational models are beginning to take a wider place in our lives.
Evacuation models generally designed for optimization, simulation and ssgssment

[90]. This section mainly evaluated the simulation use of computational models.
Simulation models, beside other advantages, make it easier for users to evaluate the
effective evacuation of buildings. Since evacuation drills may not be availabbfeofor

some buildings, modelling and simulating the evacuation is easier, cheaper, and safer.

Simulationmodels according to structure

Evacuation simulation models according to their modeling structure is given in the

following threesubsections.

Coarse Network Models

Egress models use 3 different strategies to evaluate the evacuation of buildings. One of
these models is Coarse Network Model which is the most basic and oldest one. This model
divides the building into roomsprridors, and stairs to model the evacuation process. This
evacuation model aims to calculate the evacuation time by moving the occupants from
each division to the next. The biggest advantage of this model is that it can get fast results.
For this reasonit is still used in studies requiring many trials. It is used to draw general

conclusions about a building or to provide input for more detailed studies. [74]

Fine Network Models

Fine Network Models divide floor plan into grids. These grids are seleatbda width
representing the human body (usually48cm squares). Each building occupant is placed

in a grid and their movements are modeled on these grids. Two occupants cannot be on the
same grid at the same time. This model is more developed thaodinse network model

and will give more accurate results. However, fine network model will demand more

processor power and give slower results than the coarse network model. [74]
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Continuous Network Models

Continuous Network Models allows occupants v between starting point to exit point

with the flexibility of more complex routes [74]. It finds the optimum way for building
occupants to reach the closest and fastest exit and makes the necessary calculations.
Although this model is a newer and movanced model than the other two models, it
requires high processing power and gives slower results. It gives more realistic results
because it can better reflect human behaviors and movements to the simulation. With
technological developments and increabeomputer performances, the use of continuous
network models and number of continuous network models increased [58].

Simulationmodels according to occupant perception

Macroscopic Models

Two simulation models classified in terms of occupaatception are macroscopic and
microscopic models. Macroscopic models consider occupants as a group of people with
same characteristics [91]. Control volume model and Takahashi models are some examples
of macroscopic models that calculate the evacuatioogss with fluid dynamics.

Microscopic Models

Microscopic models are able to assign individual behaviors to occupants. Thus, the
evacuation of people with different characters in a crowded group can be simulated. They
are used to see the impact of theathled, female / male distribution, child, or elderly

population on the evacuation process.

Evacuation simulation programs are divided into 3 groups in terms of modeling method.
These are behavioral models, movement models and partial behavioral mgd=iati@st

with movement models, behavioral models are capable of assigning behaviors to
occupants. [74]. Since there are large number of models may lead users to have difficulties
to select the right model, Ronchi and Nilsson assessed the verificatioralédation of
evacuation models for an easy use and selection of evacuation models [92]
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24.High-risebui | dingsdé evacuation probl ems

Evacuation of highrise buildings is more important than levge buildings since they
generally consist morpeople. And the fact that Istanbul is the 4th city with the most
skyscrapers in the world shows the importance that should be given to this issue in Turkey
[83]. Evacuation of higitise buildings is different from lowise buildings. Some of the
differences and specific requirements for evacuation of frigh buildings can be listed as;
increasing the merge effect with incredsnumber of floors, increasing required
evacuation time, the use of refuge floors, occupants being tend to use elevators because of
habits [72]. The chimney effect and stack effect are some factors make it harder to fight
high-rise building fires [29,93]. There are numerous researches conducted to find an
optimal solution of evacuation of higise buildings. One of the solutions afféhat
although evacuation from top to bottom floors extend the evacuation time, it makes
evacuation more safely since congestion does not occur [94].

2.4.1. Egressstrategies for highrise building evacuation

The main purpose of egressategies is to provide the safest evacuation for occupants to
reach the exit. This purpose requires different approaches for different occupant types and
building types. 4 egress strategy widely accepted are; simultaneous full building

evacuation, protedn-place, relocation and phased (or partial) evacuation [75].
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Figure 213. Egressstrategies (graphics are prepared by the author

Simultaneous full evacuation which is considered the most common one is a strategy that
purpose to evacuate whole buig with same alarm [13]. Protert-place strategy can be

used for incidents that full evacuation may take too much time. In this strategy, fire
fighters may be able to focus on extinguishing instead of evacuating the building [82].
Relocation strategy isised to move occupants from hazardous areas to safe areas like
refuge room or other safe areas [75]. Lastly, phased evacuation may occur in 2 ways;
compartmenting in same floor and compartmenting in different floors [82]. Mentioned

egress strategies afkistrated in Figure.13.

31
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2.4.2. Codes andregulations on elevator use for evacuation purpose

IBC recently allowed evacuation via preserved elevators [71]. This situation reflected to
S 0me countrieso regul ations. For exampl e,
buildings higher than 24 m. in Singapore [14] and, fire elevator is compulsory for
residential buildings higher than 32 m. in China [72]. Despite this, some countries do not
allow elevator use for evacuation purpose. For example, Hong Kong Code of Practice on
Building Works for Elevators and Escalators does not allow use of elevatensafaration

[73]. In Japan, emergency elevator is regulated in accordance with the height of the
building [69]. Building Decree of Netherland permits fire department elevators to evacuate
occupants and to carry fire fighters on condition that the elevatdesigned against fire
conditions [12]. Also, according to a report [95], published by NIST (The Use of Elevators
for Evacuation in Fire Emergencies in International Buildings), following codes have
specified that elevators may be used for evacuation igharise buildings:

A American Society of Mechanical Engineering Safety Code for Elevators and Escalators
(ASME A17.1:2010),

A ICC International Building Code (IBGR012,

A NFPA 1012012, Life Safety Code,

A NFPA 50002012,

A Building Construction and Safety Code,

A European Standards EN-88 2006 (Safety rules for the construction and installation of
lifts - Particular applications for passenger and goods passenger lifts),

A British Standard (BS 9999:2008Code of practice for fire $ety in the design,
management and use of buildings),

A Singapore Fire Safety Cod2013,

A Life Safety of National Building Code of India (IS SP 7 2005).

ISO/TR 25743:2010 [96] standard (Lifts (elevateBsyidy of the Use of Lifts for
Evacuation During m Emergency) that was published by BSI Standards Publication aims
to highlight the main risks associated with elevators for the evacuation of building
occupants. For emergencies like fire, flood, earthquake, explosion, gas leakage, numerous
decision chartsare given. One of the charts is given below as an example. These charts
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provide a detailed guidance in different emergencies whether the elevator should be used
for evacuation purpose or not. These decisions are to be made by Building Management.

1
START
Emergency detection system or building management
detects problem in building A or an adjacent building B.
TSR0O0OB
. X
T A1a B
_~Isthe emergency™._ 118
inbuilding Aofa >4, " Isthe emergencya ™.
No . different nature? fire in
~._TSR16B ~._ building A? -~
S~ “.TSR41B
Yes
'
e Lifts o be recalled
e ’ £ s to be reca to
Yes < Shquld fift be kept ~-No» a designated floor
~._ in service? -~ by BMS
~._TSR42B y SV or
.y management
v v
11 A Yes 7
Problem in adjacent building B causing 12 X . Building management
threat to building A or threat of explosion, Explosion, terrorist 5 or BMS
fire, gas, biological attack, water, structural No attack, gas, biological e S S does not send
b ; " Should building be ™. o ¥
failure, lightning strike, hurricane or attack, water, evacuated? > evacuation signal to lift
earthquake in building A. At this time, structural failure , ~._ TSRO1B ‘ system.
there is only a threat to building A. lightning strike, storm Lifts remain in normal
Lifts are safe. Building management or BMS has occurred in the service.
must determine if building is to operate as building Yes
normal or if evacuation is required. X
6

Figure 214. A section fom ISO/TR 25743:201&andard [96]

2.5. Elevator Related Studies for Evacuation

In the following three subsections, selected studies from the literature on elevator

evacuation are reviewed.

2.5.1. Studies onnormal and emergency evacuation of buildings

The reason for the preparation of this chapter is to compile studies comparing normal
evacuation and emergency evacuation situations and to point out the background story of

the normal evacuation.

Humanfactors associatewith the selection of lifts/elevators or stairs in emergency and

normal usage conditiof®012Article) [97]

In the study, it is said that the elevator is used or considered to be used for evacuation

purposes in countries such as Australia, China, M&ayJK, and USA. A higliise fire
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(in Hiroshima in 1996) which 47% of the building occupants used elevator and 7% of the
building occupants exit the building by using both elevators and stairs is given as an
example where elevator evacuation was usedpétial cases in the past. In this case,
elevators was not planned as a part of the evacuation procedure but used by occupants as a
faster evacuation. It is mentioned that in hrgie buildings, some people may not want to

wait for elevators to evacuate tbchoose to start descending via stairs unless it is told

otherwise. Thus, it is pointed out that evacuation management should be done well.

It is mentioned that the use of elevators in normal evacuation is related to the use of
elevators in emergency exation. So, understanding elevators usage behavior in normal
evacuation is considered essential. In the study, it was determined that building occupants

are at a distance from using elevators for evacuation purposes because of the warnings
made by authotii e s . |t I's mentioned that only a si
during that evacuationodo may not be enough t

settled for many years.

Humanexit choice in crowded built environments: investigating underlying behavioral

differences between normal egress and emergency evacyaidsArticle) [98]

In this study, egress behavior of the occupants are investigated for both normal and
emergencyeacuation scenarios in Australiabs bus
100.000 passengers daily. Interviews were conducted with 105 people within the scope of
the study. It has been investigated which criteria are effective in people's decisian to

and whether these criteria differ in normal and emergency evacuation situations. By
investigating the normal evacuation situation, it is aimed to decide how to manage the
crowd management of such buildings with high occupant load, especially with the
increasing number of occupant on some special days. It is aimed to ensure with the right
management, people can continue on their way without any blockage or congestion. This
perspective is considered very important within the scope of the thesis. Aalta ires
people deciding which exit to use, it was observed that the closest exit was chosen for

normal evacuation, but crowded exits were avoided in emergency evacuation.
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2.5.2. Studies onfractional use of elevators in evacuation

In this section, studies on the fractional use of elevators during evacuation of buildings are
compiled. In the given studies, occupants on each floor of the building used the elevator at
a certain fraction, while the remaining occupants used the stairs. Inapjghve optimum

evacuation of the building was tried to be measured. The reason for the preparation of this
chapter is that a similar method is used in this thesis study, and it is intended to point out

the background of the method used.

Combinedstairwel and elevator use during building evacuatip@13ReportNational

Institute of Standards and Technology) [69]

This technical note is prepared to analyze the use of combined elevator and stairwell use
during a fire emergency using Egr&imulator which is modeled by National Institutes of
Standards and Technology. Stairwell evacuation, elevator evacuation and combined use of
elevator and stairs are modeled with different evacuation strategies like full evacuation,
phased evacuation, andred evacuation, to determine an optimal fraction of the
occupants that should be using each evacuation component. As a result, a fraction of

people using elevator is found for the most effective evacuation as given below.
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Figure 215. Optimumfraction of people using elevator according to the s{aay

Results of the study indicates that the total egress time, increases as a quadratic of the

number of floors. Changing the speed and acceleration of the elevator has a small effect on
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the evacuabn time of the building (this effect increases on the upper floors). Separating
the elevators of the building into zones contributes positively to the evacuation process by
ensuring effective use of the system. This study is found valuable in terms sifirmga

evacuation efficiency over the fraction of use of elevators and stairs.

Cellular automaton modeling approach for optimum ultra fnigé building evacuation
design(2012Article) [72]

In this article, where phased evacuation and total evacuation strategies were compared,
optimum elevator usage for evacuation of uligh-rise buildings is analyzed using
cellular automaton model. In the study, the optimum elevator usage was invedigated
changing the elevator usage fraction in 0.2 intervals. As can be seen in the Zlgure
(left), the results indicate that the clearance time for the floors above the 40th floor is
barely affected by stair user percentage. In contrast, stair usentageealid play an
important role in affecting the evacuation process for other floors. The figure on the right
shows that the optimum stair use percentage of the building occupants is %60 which
means the shortest evacuation time was achieved when 60%dafdoccupants used the

stairs and remaining used the elevators. The study is valuable as it shows that the effect of
the elevator usage fraction on clearance time of the upper floors is less than on the lower

floors.
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Collaborativeevacuation strategy of ulttall towers among stairs and elevat(#816

Article) [29]

In this proceeding, the building is divided in 3 part: floor&71(lowrise), floors 3648
(mid-rise), floors 5666 (highrise), and 3 different cases modeled.

A First case is stairs only evacuation.

A In second case, lowse occupants usesairs. 40% of midise occupants use elevators
and remaining migdise occupants use stairs. 70% of kigfe occupants use elevators
and remaining highise occupants use stairs.

A In third case, lowise occupants uses stairs. 30% of 4nig@ occupantsse elevators
and remaining midise occupants use stairs. 60% of higfe occupants use elevators

and remaining highise occupants use stairs.

Sl 16

P 160

Refuge floors

il

Elevators

119

Figure 217. Modeledhigh-rise building in the studf29]
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Table2.5. The effect of differenfraction of occupants using elevators on the
evacuation tim¢29]

: , Potion of Number of Number of g
. . Evacuation Floor the ’ Evacuation
Scenario evacuation by evacuees by evacuees by :
floors elevator stop . ¢ o time
elevator elevator stairs
Stairs fi Whole
[ s = 12010 4945
evacuation only building
1-28F 0 0 6070
\ . 285
aborative 4285
I Collaborative 30-48F 29F 40 1588 2383
evacuation
50-66F 49F 70 1373 596
1-28F - 0 0 6070
Collaborative : .
111 oTaborative 30-48F 29F 30 1191 2780 4171
evacuation
50-66F 49F 60 1181 788

According to the data obtained, the third case gave the shortest evacuation time. It can be
said that the method chosen in the study is inadequate. The redalt fnioen finding the
optimum evacuation time of the building and will give the most effective evacuation time

out of the 3 cases identified.

2.5.3. Studies on theanalysis of elevator usage with miscellaneous methods

In this section, studies on thse of elevators in evacuation of buildings are compiled. This
section aims to give a general evaluation of the methods used to analyze the effect of the
elevator on evacuation. Thus, it is aimed to show the needs of the use of elevators for

evacuation ands place in the literature.

Passengdraffic flow simulation in tall building$2000Article-KONE) [99]

In the study, a mega tall building is analyzed. It is aimed to analyze how fast can the upper
part of the building can be evacuated. It has beerobd that 4000 occupants on the
highest 35 floors of the building can be evacuated by elevators in 31.5 minutes. It has been
indicated that a 260 story building can be evacuated in 30 minutes via elevators and 15
30 minutes is an acceptable range faese buildings. In the study, to show the effect of
elevator on evacuation duration, stair flow rate is given. It has stated that in a 1 m wide
stair 60 people can descent in 1 min. This way ast88/ building with 120 occupants on

each floor take 176 mutes to be evacuated. Although the information provided is
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valuable, the study is outdated. Nowadays, elevators can work much faster and more

effectively.

Assessment dbtal evacuation systems for tall buildin@®13ReportThe Fire Protection

Researcliroundation) [65]

This report focuses on the effect of different evacuation components like stairs, elevators,
sky-bridges. A model case is given with 7 strategies as given below. The model building

has 50 floors that split into 3 sections: loise, midrise, highrise as illustrated below.

A Strategy 1: Two Stairs Only

A Strategy 2: Three Stairs Only

A Strategy 3: Two Stairs and Occupant Evacuation Elevator& P&)

A Strategy 4: Occupant Evacuation Elevators-E24) Only

A Strategy 5: Two Stairs, Ogpant Evacuation Elevators (EER4) and Service Elevators
(SsEXsE2)

A Strategy 6: Two Stairs ,Occupant Evacuation ElevatorsSEE17E24) and Mid Rise
Elevators as Express Elevators

A Strategy 7: Two Stairs, Occupant Evacuation Elevgfts=24) and Two Skyoridges

30m

High-rise
/7

Sky-bridge 2| Floor 33, transfer floor 2

50 floors, Mid-rise

| 207m L7

Sky-bridge 1 Floor 18, transfer floor 1

Low-rise

7

Figure 218. Floors of themodel buildingin the study[65]

The study was found interesting in terms of using the terms Evacuation Elevators, Fire

Service Access Elevators, Service Elevators and making this distinction.
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Figure 219. Elevatorlayout of the buildingn the study[65]

As a result, it has seen that scenarios 4 (Occupant Evacuation Elevators Only) and 7 (Two
Stairs, Occupant Evacuation Elevators and Two-I3kjges) give the most effective
evacuation timeln addition, it has been reported that the results obtained may vary

depending on the accepted maximum elevator waiting time in the simulation program.

Lifts used during evacuatid@013Non Mandatory DocumentAustralia) [100]

This nonrmandatory document was prepared by Australian Building Codes Board to
provide a guidance to evacuate buildings (especially-hgghbuildings) using elevators. It

is stated that any means of egress carry risks. Like stairs, elevators will not breaisk
during evacuations. In the event of an emergency, building occupants (especially visitors)
want to leave the building by the same means they entered. This situation may lead people
to the elevator first. An extensive training program is advised tcageathe evacuation.

These trainings will be a guide for people to understand,;

A who may use the lifts?
A how may lifts be used?

A are the lifts to be used in conjunction with refuges?

A building may have three types of elevators; passenger elevatorgesmerlevators

and evacuation elevatofSvacuatiorelevatorsare used t@vacuate the building and these
elevators are equipped with safety measurements like air tightness, fire endurance, water
resistancelf people to be evacuated via elevators, elevator lobbies should be isolated with
fire-proof separators and occupants on every floor should be managed by wardens that
designated before. These lobbies may be used as refuges so people may get in the lobbies

and wait for the elevators safely. In the scenario when elevators are assigned for only some
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occupants (not al | occupants) make the war
decide who should use the elevator first, what should be done when elswaterloaded,

contacting other floors so in case of breakdowns of elevators occupants may be leaded to
stairs. The same is valid for stairs. If one of the stairs is blocked for any reason, occupants
should be led to other means of egress. Also, operatippueibaches are proposed on the

el evatordés working principle when the alarn
systems and related standards are given. Negative pressure regime is suggested for fire
floors and positive pressure regime for other spadeower supply for elevators,
emergency control center and communication systems are suggested. This document has
been found valuable in terms of showing that the use of elevators has a wide place in
regulations and the flexible framework that some aitthaand jurisdiction offer to

elevator use during evacuation.

Theuse of elevators for evacuation in fire emergencies in international buil@ot$

ReportNational Institute of Standards and Technology) [95]

This technical note is published by Nau# Institute of Standards and Technology (NIST)

to provide an overview of the elevator use for evacuation of-fisghbuildings for
especially mobility impaired occupants. In the study, 6 nigh building across the world

(Burj Khalifa, Canary Wharf, &reka Tower, Petronas Twin Towers, Shanghai World
Finance Center and Taipei 101) are introduced in terms of means of egress, evacuation
procedures, fire safety measurements. Of these buildings, Burj Khalifa and Eureka Tower
and Shanghai World Finance Cemndéee designed in a way that allows elevator evacuation

for fire emergencies. In the evacuation plan of Canary Wharf, evacuation by elevator is
allowed for emergencies other than fire. The emergency evacuation plan of the Petronas
Twin Towers was changedter the 9/11 incident. Before the incident, the use of elevators
was not included in the evacuation procedure ,considering the possibility of usage of sky
bridge, and continuing the evacuation from the other tower. After the incident, evacuation
with the use of an elevator was added to the evacuation procedure of the building.
Emergency/service elevators are used in emergency situations in Taipei 101 building,
while passenger elevators are not used. The study also refers to human behavior during
evacuatiorvia elevators. The study was found valuable in terms of showing the existence
of elevator use in the evacuation procedures of-hgghbuildings that widely known in

the world, and the changes after the September 11 attack.
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Investigation ocombined stias elevators evacuation strateqies for khitge buildings
based on simulatiof2015Article) [101]

This study is about the use of elevators and stairs together during evacuation of high
buildings. An analysis was made on a-28rey building. In thestudy, the optimum
elevator usage of the building has been investigated.

The model building is a hypothetical building, and all floors are the same (elevators serve
to each floor and the occupant load of each floor is the same). The ictmns that in

order to analyze the elevator usage of the floors, each floor of the building must be the
same, otherwise the result may be misleading. In the model building, it has been observed
that the most effective evacuation can be achieved witlusbeof elevators in the last 2
floors, and the use of stairs on the other flodrse study was found interesting in that it
proposes an evacuation method for the buildings. This method can be used in such

buildingsthatconsists of floors that are evated by the same elevators on each floor.

Table2.6. Evacuatiortimes in casefgL01]

Occupant evacuation times in cases Al, A2 and A3 (Unit: s).

0 13 12-13 11-13 10-13 9-13 8-13 7-13 6-13 5-13 4-13 3-13 2-13

Case Al 279 262 261 393 513 627 735 839 936 1037 1114 1219 1291
Case A2 782 710 653 687 870 1061 1259 1419 1603 1763 1929 2036 2201
Case A3 1107 1026 930 1060 1373 1688 1970 2271 2553 2806 3035 3289 3481

Stairs only

Only last floor
elevator

Only last 2 floors
elevator

Only last 3 floors
elevator

Only last 4 floors
elevator

Only last 5 floors
elevator

Only last 6 floors
elevator

Only last 7 floors
elevator

Only last 8 floors
elevator

Only last 9 floors
elevator

Only last 10 floors
elevator

Only last 11 floors
elevator
Elevators only

Stateof-the-art highrise building emergency evacuation behayiiy21-Article) [71]

In this review study on the evacuation of high buildings, the positivenegdtive aspects

of vertical evacuation components like stairs and elevators, are given. It is inevitable that
the stairs will be blocked as a result of the use of the stairs by all the occupants of the
building. In addition, the stairs are difficult to eudor the elderly, disabled, sick and
children. Also, there is fatigue effect when going down from nigé buildings. On the

other side, the use of an elevator is a component that can accelerate the evacuation,
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although it is not allowed by most autha# for emergency evacuation. The compilation
for human speed on stairs is valuable.

It is mentioned that the use of elevators for evacuation purposes has become widespread in
recent years and that institutions such as International Code Council andaN&ii@
Protection association allow the use of elevators for evacuation purposes. It is also said that
there have been many successful elevator evacuations in the past. The most prominent of
these is the WTC attack. After the WTC 1 building was hit, $hads of people in the
WTC2 building were able to save their lives by using elevators. It is mentioned that the
opening and closing times of the elevators
the elevator so the main attention should be givemeoopening and closing time. It is
recommended that the refuge floors be used not only as places for the elderly or patients to
wait to be rescued, but also as rest stops for healthy people to evacuate the building. This
review article is valuable in termsf providing comprehensive information on many

current issues on the evacuation of hitge buildings.

Eventdriven modeling of elevator assisted evacuation in ultra-hgghbuildingg201 7

Article) [102]

In this study, which was carried out on a rebluilding with 60 floors and 2 refuge floors,
elevator assisted evacuation was analyzed. The model set up propose that elevators will
switch to emergency mode when an emergency occurs in the building. Switching to
emergency mode, the elevator firstlyrgas the passengers in it to the ground floor. It then
only takes calls from the refuge floors into account. It is proposed that the people in the
building should go down to the refuge floors and continue downwards with the elevator or
by the stairs. In tis way, it is aimed to shorten the evacuation time with the effective use

of the elevators.
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Figure 220. Representativemergency mode for elevatqi2]

The study is found valuable because of the proposed model of evacuation using the
elevator through the refuge floor, which is one of the most logical proposals for evacuation
of high-rise buildings by elevators.

Performancevaluation of refuge floors in combination with egress components in high

rise buildingg2018Article) [73]

In this study, 12 different scenarios are analyzed with 3 main evacuation components:
stairs, elevators, and refuge floors. As a result, it has been observed that 1 refuge floor, 6

evacuation elevators and 3 stairs provide the most effective evacuationerstleogarios.

The study analyzed elements such as the location of stairs, the number and working
principle of elevators, and the planning principles of refuge floors in the dedmghaise
buildings. According to the results found on the building modeled within the scope of the
study, the optimum evacuation time was obtained by planning 1 refuge floor, 6 evacuation

elevators and 3 stairs for a-4torey building.
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Figure 221. Threescenarios modeled within the studa]

Modelling andfinding optimal evacuation strategy for tall buildi@€19 Article) [103]

In the study, the optimum evacuation strategy was investigated by modelingtar&p
building with 2 refuge floors and one evacuation elevator on each of these refuge floors.
According to the model, building occupants will first descend from the floor they are on to
the refuge floor by stairs and then they choose to continue by elevator or stairs. The results
indicate that evacuation of 5400 occupants (100 occupants on each dlaes)about 1

hour.
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Figure 222. Modeledbuilding [103]
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The study was found valuable in terms of the proposal for elevator evacuation over the

refuge floors, which is a logical model that can be used in elevator assisted evacuation of
hight-rise.
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3. MODELING PROCEDURES

This section consists of the introduction ¢
Tower and Mersin Metropol) selected within the scope of the study. Simulation study was
carried out on these buildis. Two case buildings were modeled within Pathfinder
software. This model has a microscopic perspective. In other words, it allows the building
occupants to be modeled with separate parameters and can calculate the paths of these
occupants separately. émface of the program is given below in Fig@r& As can be seen

in the image, the buildings were modeled in 3D with floors, elevators, stairs, and

occupants.

ion Results Help
X st QL-B
QEooh D RO RsQVEES k4% QA +RBE
Floor C 9

[ Auto sort egress companents
[ Automaticaly create floors
Floor height: 3.0m

@LEEESEDD Sw e

019 EED=

Figure3.1 Interface of Pathfindesoftware

Both buildingsdéd plan s are publicly publi st
were redrawn in the CAD environment by the author. Building floors are modeled
according to the plans of the building. Figl& shows the floor plans of the building.

Each floor is attached to another floor with either a stair or elevator. Each occupant is
defined to a floor. Exits of the building are defined according to the building plans. Once

the simulation is started, the software is directing each occupant &xiteewith closest

and fastest path.
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Figure3.2F|l oors of Kk Tower amedpedivelysi n Metropol

Since Pathfinder software is a microscopic simulation model, the program is able to assign
a different behavior, walking speed, acceleration, and 3D models to each individual. In the
modeling procedure of the thesis, each individual is considered sahme @spose of the
thesis is not to analyze individual behavior during evacuation. Occupants are defined with
1.19 m/s walking speed (can be seen in Fi@u8e This value is the default walking speed

of the program, and the value is backed up with acadessearches. More detail on this

can be found on verification and validation documents [105] of the program.

The occupants of the buildings can be programmed to use or not use some evacuation
components like stairs, elevators, escalators, ramps as caeién the Figur8.4. This

feature has been used extensively in the modeling of the 5 scenarios. For example, in
scenario 1, "Use Stairs" option was selected as "All" because all building occupants were
evacuated by stairs. And "Use Elevators" optioseigcted as "None". Thus, all occupants
were evacuated using the stairs. In scenario 2, 25% of the occupants on each floor are
programmed to use the elevators and the remaining 75% to use the stairs. Which occupants
will use the stairs and which occupami#l use the elevator is provided by the occupant
profiles that created as can be seen in FiguteOccupants defined to use the elevator and

occupants defined to use stairs are randomly distributed to each floor.
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Figure3.3. Occupanprofiles of the buildings
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Figure3.4. O c ¢ u p mavamend properties

Occupant properties in the ribbon menu of the software is given in RBduréAs can be

seen, characteristics of each occupant like profile or behavior can be defpaedtely.
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Figure3.5. Occupanfproperties in the ribbomenu

Table3.1. Five different scenarios modeled within the scope of the thesis

Scenario 1 Scenario2 | Scenario3 | Scenario 4 | Scenario 5
Evacuation Type Stairwell CombinedStairwell and Elevator Evacuation Elevator
Evacuation Evacuation
Fraction of Occupants %0 %25 %50 %75 %2100
Using Elevators
Fraction of Occupants %100 %75 %50 %25 %0
Using Stairs
Given in Section 4 6 5

5 scenarios are modeled for both case buildings. The modeled scenarios can be seen in
Table3.1 Kk Tower and Mersin Metropol Buil ding
parameters, stairwell parameters, elevator parameters and building populagetianss

3.1 and 3.2.

31.KKk Tower

I n the following four subsections, the par:

given.

3.1.1. Building parametersofkk T ower

Kk Towers are | ocated in the Levent di stri
Turkey's tallest building till 2011. 3 highse buildings placed in the complex are Tower 1,
Tower 2, and Tower 3. This thesis focuses on Tower 1 only. In this theKix Tower 0 i

used for AKkKk Tower 10.

The floor plans of the building are given in Fig#6 - Figure3.13. The building has 43
floors above the ground floor. In addition, there are 6 basement floors under the ground
floor. In the building, the Stbasement floor, ground floor and floors constitute a large
complex that unites 3 towers. This part of the building was excluded from the study. The

entrance of the building is on th&dasement floor. There are 2 main, and 2 side entrance
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of the buitling as can be seen in Figus®. The entire building is used as an office. The
standard floor height in the building is 3.6 m.
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Figure3.7. Firstand seconfloorplanso f Kk Tower

As can be seen in FiguB6 and Figure3.7, 15tbasement floor, ground floor anéfloors
are connected to Tower 2 and Tower 3. Mechanical floors are located on 4,5,39,40,41

floors.
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Figure3.8Third tofifth floor plarsso f Kk
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Figure3.9. Sixthto nineteenttiloorplamsso f Kk Tower
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Figure3.11 Thirty-sixth and thirty seventfioorplanso f Kk Tower

38. KAT 39-41. KAT

Figure3.13 Forty-second and fortyhird floor planso f Kk Tower

312 Stairwellpar amet ers of Kk Tower

As can be seen in the FiguBel4, there are 2 stairwells in the building. These two stairs
are symmetrical copies of each other. The floor height (3.6 m) is divided into 24 steps. In
this case, the riser height is 15 cm, and the tread length is 30 cm. It can be said that the

stair stepsare designed for a comfortable use. The stair width is 145 cm. Stair parameters
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of Kk Tower c adlsOke doors ef the starwellsiarg 80rce wide. In the
building, the elevator lobby is also used as the entrance to the stairwell. Wistaithbat
shares elevator lobby (left stair in the Fig@r&4), has a 360 cm corridor width, the other
stair has only a 120 cm corridor. This makes one of the stairs hard to reach in the crowd

and it creates an ineffective evacuation environment.
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Figure3.14 Coreplano f Kk Tfioow)er ( 19.

As can be seen in FiguBel5 each staircase can be named separately, and the riser height
and tread depth can be determined. A certain person capacity can be determined for the
stair. stair capacity ift as the default. Each stair can be operated in one direction. Thus,
reverse flow can be prevented. This feature was not used in the thesis. In addition, separate

occupant profiles for each stair can be used.
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Figure3.15 Stairproperties b Tigwer

3.13.Elevatorpar amet er s of Kk Tower

Elevators of the building are separated for lower floors and upper floors in the building.

Figure 316 shows elevator distribution of the building. Both elevator groups (blue and
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orange) can be used for th& Hasement floor, ground floor and'floors. The elevators
shown in blue, serve up to the 19th floor, while the elevators shown in orange sarve fro
the 19" floor to the 38th floor. The elevators shown in green are available from the 39

floor to the 4% floor. Elevators are grouped as given in FigduE7and Table3.2
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Figure3.16 Elevatorlay out of Kk Tower

Figure3.16 (middle) shows 12 elevators in the building. As can be seen in Bdbilleere

are 5 groups of elevators in the buildinglRR-2, R-3 elevators are nhamed ad_Ryroup.

R-4, R5, R-6 elevators are named asRRgroup. -1, L-2, L-3 elevators are named lad_

group. L4, L-5, L-6 elevators are named asR_group. Skyl, Sky2, Sky3 elevators

shown in green in Figurd.16 are named as SKy group. As can be seen in Tal3e,

there are a total of 16 elevators in the building. Elevators in a group operatation to

each other. When a call is made to an elevator group from any floor, the system sends the
elevator that is closest or that is already moving in that direction. As can be seen in Figure
3.17, person capacity of the elevators are 11 person. @peérclose delays are 3 seconds.
Discharge floor and initial floors are'basement floor (entrance floor). Occupants touch

the call button in a distance of 0.5 m.
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ZBounds: |-4,00m, 73,70m | CloseDelay: |3,05 Level Data: Edit [] Double-Deck
Figure3.17 Elevatorpropertis o f K kribbbmmeauwr i n

Table3.2 shows parameters assigned to the elevators in the building. These parameters are

acceleration (m/s]), maxi mum velocity (m/s)
open delay (s) and close delay, (s).

Table3.2. Elevatorpar amet er s of Kk Tower

Group Node Sky L LL LR RL RR

Elevators Sky L-1 |Sky L-2 |Sky L-3 |Sky R-1 |L-1 L-2 L-3 L-4 L-5 L-6 R-1 R-2 R-3 R-4 R-5 R-6
Acceleration 12m/s? [12m/s? |12 m/s? |1,2m/s? (12 m/s? |1,2m/s? 1,2 m/s? [1,2m/s? |1,2m/s? [1,2m/s? [1,2m/s? |1,2 m/s? [12m/s? [1,2m/s? |1,2 m/s? |1,2 m/s?
Max. Velocity |25 m/s [25m/s [25m/s |25m/s [60m/s [60m/s |60m/s [60m/s [60m/s |60m/s [60m/s [60m/s |60m/s [60m/s [6,0m/s [6,0m/s
Open+Close Timé&,0 s 70s 70s 70s 40s 40s 40s 40s 40s 40s 40s 40s 40s 40s 40s 40s
Capacity 15 person15 person15 persor)11 person11 personll persor)11 personl1l personll persor1l personl1l personll persorll personl1l personll persorjll perso
Open Delay 50s 50s 50s 50s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s
Close Delay 50s 50s 50s 50s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s
314.Buildngpopul ati on of Kk Tower

Occupant load calculation of the building according to NFPA 101, IBC (International
Building Code) Re g ud.3aAs can n

be seen in the table, 5900 people accordingtTur key é6s Regul ati on
4223 people according to IBC and NFPA 101 are calculated. The building is modeled

and Turkeyods on F

on

according to NFPA results. In this scenario, 4223 people were loaded into the building in

the simulation.

Table3.3. Occupantoad calculatioro f Kk Tower
Round Round Round
Gross
Occupant | Occupant | Occupant
Floors Area
( m| Load Load Load
(BYKHY) (NFPA) (IBC)
1. Basement Floor | 2549,2 255 183 183
Ground Floor 2684,9 269 192 192
1. Floor 2684,9 269 192 192
2. Floor 1801,5 181 129 129
3. Floor 1635,0 164 117 117
4. Floor Mechanical Floors
5. Floor
6. Floor 1404,0 141 101 101
é é é é é
é é é é é
34. Floor 1404,0 141 101 101
35. Floor 1330,0 133 95 95
36. Floor 1231,0 124 88 88
37. Floor 1108,5 111 80 80
38. Floor 1108,5 111 80 80
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Table 3.3(continued)Occupantoad calculatioro f Kk Tower

39. Floor

40. Floor Mechanical Floors

41. Floor

42. Floor 961,0 97 69 69

43. Floor 961,0 97 69 69
Total Occupant Loac 5900 4223 4223

3.2. Mersin Metropol Building

In the following four subsections, the parameters used in the modelivigrsin Metropol

Building are given.

3.2.1. Building parameters of Mersin Metropol Building

Mersin Metropol Building was designed Bye n g i z asBlerkey'satadlest building and
remain so until 2000. The floor plans of the building are given in FiggHeigure23. The
building has 47 floors above the ground floor. In addition, there are Znbasdloors
under the ground floor. The building was designed with a commercial complex. This
complex has 6 floors above the ground floor. Commercial complex and theidegh
building are connected at some points. These transitions were modeled aaMexstin
Metropol Building since the occupants can leave the-higghbuildings from these points.
Only the highrise part of the building was modeled. The entrance of the building is on the
ground floor as can be seen in Fig@&8 In addition, destiation floors can be reached
through the elevators separated by these lobbies. And standard floor height in the building
is 3.4 m.

Figure3.18. Groundfloor planof Mersin Metropol Building
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Figure3.23 Forty-sixth andforty-seventtfloor plans of Mersin Metropol Building

As can be seen from the images the ground floor of the building consists of the lobby,
reception, and shops. The hotel management and lobby gallery are located fioitre 1
There are meeting rooms on the 2nd floor. Mechanical floors are located on the 5,30,46,47.
floors. The building's 3,4 and20. floors are office floors. 346. floas are reserved for

the hotel. The hotel's sauna, Turkish bath and fitness room are located of' floer31

And a night club is placed on the"4#oor.

3.2.2. Stairwell parameters of Mersin Metropol Building

As can be seen in the FiguBe24, there are 2 stairwells in the building. These two stairs
are symmetrical copies of each other. The floor height (3.4 m) is divided into 20 steps. In
this case, the riser height is 17 cm, and the tread length is 30 cm. The stair width is 125 cm.

tcanbesai d t hat Kk Tower has more comfortabl

e
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terms of tread length and riser height. Also, stair width of the Mersin Metropol is narrower.
The doors of the stairwells are 105 cm wide. In the building, the elevator doabge
stairwell entrances are separated which is a positive factor because it may prevent

congestion. Stair properties of Mersin Metropol Building is given in Figzg
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Figure3.24 Coreplan of Mersin Metropol Building (19loor)
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Figure3.25 Stairproperties of Mersin Metropol Building

3.2.3. Elevator parameters of Mersin Metropol Building

Elevators of the building are separated for hotel floors and office floors in the building.
Figure 3.26 shows elevator distribution of the building. Both elevator groups (blue and
orange) can be used for ground floor, 5. floor and 30. floors. The elegatwss in blue

serve up to the 30. floor, while the elevators shown in orange serve from the 30. floor to
the 46. floors.

Figure 3.26 shows 12 elevators in the building. The elevators shown in orange serve the
hotel floors, while the elevators shown in blue serve the office floors. As can be seen in
Table 3.4, there are 4 groups of elevators in the buildingl,AR-2, R-3 elevators are
named as R group. R4, R-5, R6 elevators are named asRRgroup. -1, L-2, L-3
elevators are named ad.lgroup. -4, L-5, L-6 elevators are named asR_.group.
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Figure3.26 Elevatorlayout of Mersin Metropol Building
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ZBounds: 0,60m, 108,55m | | CloseDelay: |3,0 LevelData:  Edit [ Double-Deck

Figure3.27. Elevatorproperties of Mersin Metropol Building

Figure 3.27 shows elevator parameters of Mersin Metropol Buildings in ribbon menu of
Pathfinder software. Elevators have a capacity of 11 person and open/close delay of 3
seconds. Discharge and initial flsolof Mersin Metropol Building is ground floor.
Elevators have a tegown priority. This means elevators collect all calls and starts to

respond to them starting from the top.

Table3.4. Elevatorparameters of Mersin Metropol Building

Group Node LL LR RL RR

Elevators L-1 L-2 L-3 L-4 L-5 L-6 R-1 R-2 R-3 R-4 R-5 R-6
Acceleration 1,2m/s?2 [1,2m/s? |1,2m/s? |1,2m/s? (1,2 m/s? |1,2m/s? [1,2m/s? |1,2m/s? 1,2 m/s2 |1,2 m/s? [1,2 m/s? |1,2 m/s2
Max. Velocity |6,0m/s |6,0m/s |6,0m/s [60m/s [60m/s [60m/s [60m/s |60m/s |60m/s |6,0m/s [60m/s [6,0m/s
Open+Close Timd,0 s 40s 40s 40s 40s 40s 40s 40s 40s 40s 40s 40s
Capacity 11 persorn11 personll persor11 persorn1l persornl1l personll personll personll personll personll persornll persor
Open Delay 30s 30s 30s 30s 30s 3,0s 30s 30s 30s 30s 30s 30s
Close Delay 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s
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3.2.4. Building population of Mersin Metropol Building

Occupant |l oad

Regulation on Fire Protection is given in TalBl®. As can be seen in the table, 5533
peopl e
IBC and NFPA 101 are calculated. The building is modeled according to NFPA results. In

accor di ng nondirelPwtedtian ar ¢l 75Rpeaple hcaording to

cal cul at

i on

of t he

ng

this case, 4752 people were loaded into the building in the simulation. As seen in Table

5.3 certain floors of the blding have much higher occupant load. These floors are 31.

(Turkish bath, sauna, fithess room etc.) and 46. floors (night club).

Table3.5. Occupantoad calculatiorof Mersin Metropol Building

Gross Occupant | Occupant | Occupant
Floors Function Area Load Load Load
(. m) (BYKHY) (NFPA) (IBC)
Ground Floor Reception 628,21 210 62 62
Shops 628,21 126 113 113
1. Floor Office 757,66 76 55 55
2. Floor Meeting Rooms 255 255 255
3. Floor Office 1256,42 126 90 90
4. Floor
5. Floor Mechanical Floor
6. Floor
é Office 1256,42 126 90 90
29. Floor
30. Floor Mechanical Floor
31. Floor Turkish Bath 252 274 274
32. Floor
é Hotel 125642 63 68 68
45. Floor
46. Floor Night Club 455,50 456 701 701
47.Floor Mechanical Floor
Total Occupant Load 5533 | 4752 | 4752
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4. RESULTSAND DISCUSSION

The simulation data obtained after modeling
the Pathfinder program based on the inputs given in section 3 will be examined in this

section. Figuréd.1gi ves the simulation r esufigug,anf Kk T
a result of the modeling of Kk Tower with

evacuation time of the building varies from 27 minutes to 52 minutes in 5 scenarios

modeled.
Evacuation Tim& ¥ T o0(mif)2 g S NJ
Scenario 1 (100% S) ] 33
Scenario 2 (25% E - 75% B) 1 27
Scenario 3 (50% E - 50% B} ] 28
Scenario 4 (75% E - 25% B) ] 45
Scenario 5 (100% E] ] 52

0 10 20 30 40 50 60
E: Elevators S: Stairs

Figure4.l Evacuatioti me of Kk Tower

As can be seen in Figudel, the most effective elevator usage fraction in the evacuation of

Kk Tower is 0.25. I n other words, the most
25% of the building occupants by elevator and the remaining 75% Iby. dtaiaddition,

for Kk Tower, it is seen that the evacuatio
are used, compared to Scenario 5, where only elevators are used. In this case, it is seen that

the stairs in the building provide more effecteracuation than the elevators, that is, the

handling capacity of the stairs is higher than the handling capacity of the elevators.

Figure4.2 gives the simulation results of Mersin Metropol Building. As can be seen in the
figure, as a result of the modad of Mersin Metropol Building with the occupant load
determined by NFPA 101, the evacuation time of the building varies from 29 minutes to 49

minutes in 5 scenarios modeled.
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Evacuation Timef Mersin Metropol Buildingmin)

Scenario 1 (100% S] ] 49
Scenario 2 (25% E - 75% B} ] 41
Scenario 3 (50% E - 50% 5] 1 29
Scenario 4 (75% E - 25% B] ] 32
Scenario 5 (100% E) ] 39
0 10 20 30 40 50 60

E: Elevators S: Stairs

Figure4.2 Evacuatiortime of Mersin Metropol Building

As can be seen in Figude?, the most effective elevator usage fraction in the evacuation of
Mersin Metropol Building is 0.50. In other words, the most effective evacuation was
achieved by evacuating 50% of the building occupants by elevator and thaingni%

by stairs. In addition, for Mersin Metropol Building, it is seen that the evacuation time is
shorter in Scenario 5, where only elevators are used, compared to Scenario 1, where only
stairs are used. In this case, it is seen that the elevatone ibuilding provide more
effective evacuation than the stairs, that is, the handling capacity of the elevators is higher
than the handling capacity of the stairs. The data obtained as a result of the simulations of
5 scenarios modeled and the reasons lbelirese results are given in detail in the
following subsections 4.1, 4.2, and 4.3.

4.1. Stairwell Evacuation Simulation for Two Cases (Scenario 1 (%100S))

The two case buildings are modeled in Pathfinder program and calculated occupant load is
defined. Figure4.3 shows front and side views of the modeled buildings. Mechanical
floors as can be seen in the figure, are empty. The Turkish bath, sauna flofp@¢8)l

and nightclub floor (48 floor) in Mersin Metropol Building stand out with their high
occupant | oad. I n Kk Tower, on the other

occupants is observed between floors.
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Figure4.3Model s of Kk Tower and Mersin Metropol

In Figure4.4, a floor plan (284"f | oors) of Kk Tower is seen
blue lines on the plan show the paths occupants follow during the evacuation. As can be
seen in the figure, the two stairs of the building can be reached by two corridors of
different widths. The righone is designed wider (360 cm) since it reaches both elevators
and stairs. However, the other corridor is narrower (120 cm) as it only leads to the
stairwell. In this case, it becomes difficult to reach the stair on the left. Therefore, the
program direts more occupants to the stair on the right, as more people can enter the stair
on the right in a shorter time. This situation causes the stairs on the left to be not used

effectively enough, thus; the building cannot be evacuated effectively.

C



66

Figure4.4.Occupanpat hs of Kk Tower

Figure45i s a perspective from the Kk Tower bui
building has been calculated separately for NFPA, IBC and Turkey's Regulation on Fire
Protection. In the model of the building, the imi@ionally valid NFPA calculation was

used. The defined occupant load (4223 people) made according to the NFPA calculation
seems to be too much for an office. In addition, the occupant load increases even more in

the calculation made according to Turkdytgulation on Fire Protection (5900 people).

A floor plan from the model of Mersin Metropol Building is given in Figdré The blue

lines in the figure show the path followed by the building occupants during the evacuation.
When the plans of Mer si n Metropol Bui |l di nc
difference encountered is the width of the corridors leading to thewstigir These

corridors are planned wider in Mersin Metropol Building. Therefore, it is possible to reach

the stairwell more easily. However, although the corridor leading to the stairs of the
Mersin Metropolitan Building (250 cm) is wider than the corridof t he Kk Tower

cm), the stair width of the Mersin Metropolitan Building (125 cm) is planned narrower



