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Hong Kong's innovative practices for better fire safety in tall buildings.
Conclusions for Bulgaria.
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Abstract: The information and ideas in this article are results of a six months PhD internship of the author Eng. Martin Ivanov in Hong
Kong Polytechnic University and Hong Kong Fire Services Department in the field of fire safety in tall buildings in the second part of 2019.
The main methods used in the paper are included observation and case studies. The reason for choosing this megalopolis for this internship
was that in the world tall buildings database, developed by the Council on Tall Buildings and Urban Habitat, Hong Kong is the world leader
with the biggest number of skyscrapers over 150 m with 355 buildings (runner up by New York City with 284). Also only in Hong Kong are
half of the Top 100 tallest residential buildings in the world, some of them over 200 m.

A short retrospection of the worst fires in tall buildings in the world history was made and therefore the importance of the problem was
shown clearly.

Two innovative practices from Hong Kong for better fire safety environment in tall buildings were shown — refuge floors and sky bridges.
The first option provides a safety and fire proof place in different levels of the tall building. The second option represents bridges in different
levels between two tall buildings which provide an opportunity for evacuation direction not only downstairs, like in “normal situation” in
case of fire, but also upstairs, using the sky bridge and then going downstairs and evacuation from the next tall building.

Conclusions for Bulgarian fire safety requirements in the field of tall buildings were made.
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subjective, considered against one or more of the following
categories: Height Relative to Context (some multistory buildings

Nowadays in the modern times fire safety in new tall may not be considered in high-rise city as Hong Kong for example,
buildings all around the world is a big challenge for fire engineers  but the same building may be considered as a tall one, taller that the
with the weapons of active and passive systems as well as others in a provincial city); Proportion (there are numerous
innovative fire engineering approaches. There are some counties  buildings that are not particularly high, but are slender enough to

1. Introduction

(towns) in Asia-Oceania region, where there are lots of tall give the appearance of a tall building) and Embracing Technologies

buildings and the fire authorities and population have a big Relevant to Tall Buildings (such as specific vertical transport

experience to build, work and live in these kinds of buildings. technologies, structural wind bracing as a product of height).[2]
Hong Kong is a great example for a modern town with lots The CTBUH also announced definitions about “supertall

of tall buildings. It is in the first place for the biggest numbers of  building”, which is tall building 300m or taller and “megatall
skyscrapers over 150 m in the world with 355 finished buildings  building” which is tall building 600m or taller. As the moment of
followed up by New York with 284[1]. publishing this article there are worldwide 150 complete supertall
. o . X buildings and only 3 megatall complete buildings, which are Burj
A picture of Hong Kong with its skyscrapers is shown in ipajifa in Dubai, United Arab Emirates, 828m, completed in 2010,
Shanghai Tower in Shanghai, China, 632m, completed in 2015 and
Abraj Al-Bait Clock Tower in Mecca, Saudi Arabia, 601m,

completed in 2012.

Fig.1.

The CTBUH ranks the height of buildings using three different
methods[2]:

e Height to architectural top: This is the main criterion
under which the CTBUH ranks the height of buildings.
Heights are measured from the level of the lowest,
significant, open-air, pedestrian entrance to the top of the
building, inclusive of spires but excluding items such as
flagpoles and antennae. Classification from this method is
shown in Fig.2.

Fig. 1 Hong Kong
(Picture made by the author M. Ivanov in 2019)

“Tall buildings” is a topic of competition of the biggest
economies in the world. A general definition about tall building is
not an easy task.

The Council on Tall Buildings and Urban Habitat (CTBUH)
is non-profit organization in the field of tall buildings and
sustainable urban design based in the city of Chicago, United
State[1], which announces the title of "The World's Tallest

Fig. 2 First method for classification of tall buildings and Top 10
tallest buildings in this classification

Bu_ilding" and is_ W_idely considered to be an authority on the official e Highest occupied floor: Height to the floor level of the
height of tall buildings database. highest floor that is occupied by residents, workers or

According to the classification of CTBUH there is not other building users on a consistent basis. Classification
absolute definition worldwide about tall building. The definition is from this method is shown in Fig.3.
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Fig. 3 Second method for classification of tall buildings and Top 10
tallest buildings in this classification

e Height to tip: Height to the highest point of the building,
including antennae, flagpoles, and technical equipment.
Classification from this method is shown in Fig.4.

Fig. 4 Third method for classification of tall buildings and Top 10
tallest buildings in this classification

The tallest building in Bulgaria is an office building (128
m)[3] in Sofia and the highest one which is in construction is
planned to be 202 m [4].

From firefighters’ point of view the definition about tall
building looks much easier. Tall building from a firelighter’s point
of view is every building in which the highest level cannot be
reached by fire serial ladders. In most medium to large cities, the
fire aerial ladder is typically 30 meters.

Normally the definition is pointed in the national fire codes.
In Bulgaria all buildings with height above 28 m are categorized as
tall buildings[5].

In HK all buildings of which the floor of the uppermost
floor exceeds 30 m above the point of staircase discharge at ground
floor level are categorized as high-rise (tall) buildings[6].

In China all residential buildings above 27 m and all office
building above 24 m are categorized as tall buildings [7].

In USA all buildings more than 75 feet (23 meters) in
height, measured from the lowest level of fire department vehicle
access to the floor of the highest occipital story are categorized as
tall buildings [8].

Tall buildings are the perfect decision for business but this
is a big challenge for the firefighters in case of fire or emergency.

A short retrospection of the worst fires in tall buildings in
the world is given in the next point, which is the biggest reason to
implement so strict active and passive requirements for tall
buildings. Also interesting decisions about better fire safety have to
be seen by cities like Hong Kong with lots of tall buildings. These
kinds of decisions are refugee floors and sky bridges.

Conclusions for Bulgaria were made in the conclusion.

2. A short retrospection of the worst fires in tall
buildings

There are a lot of different reasons about fires in tall
building. These are aircraft crashes, unintentional fires associated
with daily life, fagade fires, arsons and many more.

Here is a retrospection of top fire worst fires in tall
buildings with human casualties.

. 1 and 2 World Trade Center, New York, US, 2001
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Deaths: 2606

The World Trade Center twin towers in New York were
110-floors steel construction office buildings completed in 1973.
With a hundred of tenants including international trading
companies, investment and law firms, etc. there were more than
5500 people working in the buildings. The date of 11" September,
2001 is remembered as the worst day in fire history all around the
world. It’s a turning point of fire science and firefighting action in
tall buildings after the terrorist attacks when two hijacked aircrafts
Boeing 767 hit the towers and aftermath fires and collapses[9]. As a
result of the 2606 people who were in and around the Twin Towers
were killed. A total of 343 firefighters, 72 law enforcement officers
and 55 military personnel lost their lives working as well.

. Joelma Building, Sdo Paulo, Brazil, February 1, 1974

Deaths: 179-189

The building’s height is 105 m with 25 floors above
ground, a combined building with offices and residential estates.
From a fire protection point of view the building was so bad place
to stay in — no fire alarm, no sprinkler system, no emergency lights,
single staircase and no emergency lift.[10]. It was a normal working
day, Friday when around 8:50 AM a small fire occurred in an air
conditioner in a widow of the twelfth floor of the building. The fire
increased so rapidly because of the all flammable materials in the
building — carpets, furniture, desks, ceilings tiles, curtains all of
them so combustible. After only 20 min all the fagade was burning.
Unfortunately, at this time there were 756 people inside the
building. Some of them managed to escape, but there were others
trapped in the building. Some of them when there was no way
down, went up to the roof of the building, waiting for rescue.
Unfortunately, this fire cost a lot of lives — in total 179 people died,
including 13 people in the lift and 40 jumped from the windows.
After 1974 and this big fire, fire regulations in Brazil were strictly
updated. The fire in Joelma building in Sdo Paulo was the worst fire
in tall building in the world’s history until the date of September 11,
2001.
. Taeyongak Hotel, Seoul, South Korea, 1971

Deaths: 163

The building has 21 floors above ground, a combined
building separated vertically to offices from the second to twentieth
floors and hotel with 223 rooms from the sixth to twentieth floors.
From a fire protection point of view the building had working fire
alarm (not connected to the fire department), heat detectors in the
hotel rooms and manual pull station in every floor, as well as
standpipe system and two inside the building staircases. These two
internal staircases were designed for use in case of lift failures and
not as fire exits, and filled with smoke during the fire, acting as
chimneys[11]. A fire occurred just on Christmas day 25" of
December, 1971 started from a coffee shop in the second floor[12].
20kg LPG cylinder failed and the file increased so rapidly. Fire
attacks were mainly from outside the building using fire ladders.
The water supply from the street hydrants was limited, so mainly
they used tank trucks. Around a hundred people were rescued by the
fire services, including six people rescued from the roof of the
building with helicopters. Taeyongak Hotel fire is deadliest hotel
fire in world’s history with 163 victims[13], including 40 people
jumping from the windows, holding mattresses in an attempt to
survive the fall.
. Asch Building, New York City, United States, 1911

Deaths: 146

Asch Building is 10 floors building located in Greenwich
Village, Manhattan. It still exists and today it’s known as The
Brown building, owned by the New York University[14]. In 1911
on the last three floors there was a Shirtwaist Factory with around
500 workers, mainly young emigrants - women and girls. The
factory produced women's blouses, known as "shirtwaists” with
highly flammable textile materials. The building was well fire
designed by its time with number of exits, including two freight
elevators, a fire escape, and stairways down to street. The fire
occurred at around 4:40PM on the 25" of March, 1911 in a trash bin
under one of the cutter’s table on the 8" floor. The Fire Marshal
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concluded that the likely cause of the fire was the disposal of an not
extinguished match or cigarette in the scrap bin, which held two
months' worth of accumulated cuttings by the time of the fire[15].
Although the floor had all mentioned above fire provisions, flames
prevented workers from descending the Greene Street stairway, and
the door to the Washington Place stairway was locked to prevent
theft by the workers. The locked doors allowed managers to check
the women's purses[16]. Terrified employees crowded onto the
single exterior fire escape ladder, which twisted and collapsed from
the heat and overload. The fire costs the lives of 146 people, 123
women and girls aged between 14 and 43 years old and 23 men.
This fire was the deadliest industrial disaster in the history of the
New York city, and one of the deadliest in U.S. history[17].

. Winecoff Hotel, Atlanta, United States, 1946

Deaths: 119

The hotel has 15 floors above ground. From a fire
protection point of view the building was advertised as a
“absolutely fireproof’[18] at that time. The steel structure of the
building had fire protection by structural clay tile and concrete
fireproofing[19]. The building had H-shaped corridor with (only)
one stairway with non-combustion construction, but without fire
doors and two elevators. Standpipe system on each floor was
installed. There was not an automatic sprinkler system. The hotel is
located just next to the fire department. Hotel interior was made by
combustible material. Unfortunately, the fire started at the night on
the 7" of December, 1946 and was first noticed by the bellboy of
the hotel at 3:15 AM. The cause of the fire is unknown but the
origin was on the third floor in temporary placed items near the
stairway. All the people in hotel were trapped by the smoke in the
stairway. At that time in that hotel there were 304 people, including
the hotel’s owner, who had been living there. The first call to the
fire department was made at 3:42AM and the first engine and ladder
arrived after 30 seconds. The building fire alarm didn’t sound at all.
Mainly the evacuation was made by the fire ladders, but the fire was
notable for the number of victims who jumped through the windows
to their deaths. Firefighters were hampered, and in some cases
injured, by falling bodies. Winecoff hotel fire is deadliest hotel fire
in US history with 119 victims, including the owner of the hotel, 65
people are injured and 120 were rescued uninjured[19].

As shown from the retrospection the causes are so different
in the different cases but as a general conclusion we can say that the
fire safety in tall buildings is a big challenge and we have to think a
lot about it.

Apart from the conventional active and passive fire
requirements there are lots of innovative practices for better fire
safety environment. Examples are refuge floors and sky bridges.

3. Refuge floors

A definition for refuge floor is given in the Hong Kong local
code and means a protected floor that serves as a refuge for the
occupants of the building to assemble in case of fire, for a short
period of time, before reaching an ultimate place of safety[20].
Refuge floors should be provided for all buildings in Hong Kong
exceeding 25 floors in height above the lowest ground floor.[21]

The requirements for the refuge floor are as follows: the net
area for refuge should be not less than 50% of the total gross floor
area of the refuge floor and should have a clear headroom of not
less than 2300mm; the minimum dimension of the area for refuge
should be at least 50% greater than the width of the widest required
staircase passing through the refuge floor; the area for refuge should
be open-sided above safe parapet height on at least two opposite
sides to provide adequate cross ventilation; the open sides should
comply with the requirements; any required staircase passing
through a refuge floor should be discontinued at such level so that
the exit route is diverted to pass over part of the refuge area before
it is continued to exit downwards; every part of the area for refuge
should be provided with at all time with lighting of a horizontal
illuminance at floor level of not less than 30 lux; refuge floor should

be provided with fire service installation and equipment; refuge
floor should be served by fireman’s lift but no other lifts. The
fireman’s lift should not open onto the refuge floor in normal
operation and the lift landing door at this level should be locked at
all times until automatically released upon actuation of the
fireman’s switch.

A picture of refuge floors is shown in Fig.5.

Fig. 5 Refuge floors in tall buildings in Hong Kong
(Picture made by the author M. Ivanov in 2019)

4. Sky bridge

The sky bridge represents bridges in different levels between
two tall buildings which provide an opportunity for evacuation
direction not only downstairs, like in “normal situation” in case of
fire, but also upstairs, using the sky bridge and then going
downstairs and evacuation from the next tall building.

Normally there are not requirements about sky bridges in the
codes for tall buildings. Sky bridges are not only an emergency
element in the building, but also and architectural and comfort
aspect for the occupants.

The idea for sky bridges is not new. There are a lot of buildings
all around the world with sky bridges: the National Congress
Complex built in 1960 in Brazil; Kajimi Corporation Headquarter
built in 1971, Kashii Twin Towers built in 1989, Umeda Sky
Building built in 1993 all of them in Japan; Tuntex & Chein Tai
Tower built in 1997 in Taiwan; Petronas Towers built in 1998 in
Malaysia; Plaza 66 Building built in 2000 in China; Kingdom
Centre built in 2001 at Saudi Arabia and many more.

An examples from Hong Kong (Nina Tower) and Kuala
Lumpur, Malaysia (Petronas Towers) are shown in Fig.6 [22].

example from Kuala Lumpur, Malaysia
(Pictures made by the author M. Ivanov in 2019)
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5. Conclusion
In Bulgaria there are not so many tall buildings.

In the local fire codes there are lots of conventional active
and passive fire requirements, which nowadays are good enough.

In the near future more and more tall buildings will be
erected in the big cities and fire safety of tall buildings will be a big
challenge because we don’t have a big experience in the topic.
That’s the reason to take a look at East in our case and study the
codes and mistakes of more experienced nations.

Upgrading in the Bulgarian fire codes is needed.

Fire engineering approach is not so common in Bulgaria but
when big innovative and high architectural buildings starts to grow
soon, this approach will be the main item used by the engineers to
provide fire safety.

In some codes there is a definition about fire engineering
approach, which is an alternative to the prescriptive requirements
way to provide a fire safety environment in a level of safety not
lower of the prescriptive requirements. This fire engineering
approach shall be scientific defended by the engineers in front of
the local fire authorities for approval.

Some of the interesting options for fire engineering
approach are just the refuge floors and sky bridges as an innovative
fire safety decision.

When we take a look in the history we can see that almost in
every country with lots of tall buildings strict requirements are
implemented after big disaster fires with lots of deaths and
population disagreements and protests afterwards. Recent examples
are Garley building fire in Hong Kong on November 20, 1996 with
a total of 41 deaths[23], unnamed high-rise apartment block fire in
Shanghai, China on November 15, 2010 with a total of 58
deaths[24] as well as Grenfell Tower fire in London, United
Kingdom, on June 14, 2017 with a total of 72 deaths[25] [26]. All
of these fires are followed by big, strict changes in tall buildings
requirements. Also the terrorist attacks in New York are a
benchmark of the new beginning of fire safety science in the whole
world.

Fire safety of tall (and not so tall, old) buildings’ fagades is
another aspect and really big challenge, as we can see the example
in the Grenfell Tower fire in London. This topic must be heavy
researched and stricter requirements must be implemented because
most of the thermal insulation materials used in the facades are
combustible (EPS and XPS). Fire barriers with non-combustible
materials in the fagades in the fire codes are not enough to stop a
well-developed fire.

There are two options. The first one is to act preventive,
proactive trying to implement new style of fire requirements for tall
buildings in advance looking from more experienced nations. The
second option is to wait for the bad experience and implement new
fire requirements in HOT environment afterward. In the second
option lots of deaths are possible.

It’s our Bulgarian decision!

An example of how difficult is to act afterwards when a
disaster has already been on scene is the COVID-19 pandemic.
Here are heavy decisions in heavy times, not only for Bulgaria, but
for EU and whole world.
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