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Abstract

This paper will discuss the evolution of fire safety concepts in the recent generation of high rise
buildings starting with “early” 1990's designs in China and trace the development of new active
and passive features that have followed and are currently in use worldwide. The paper focuses

on current technologies in high rise fire safety using case studies.

Keywords: Fire Protection, Fire Safety, Life Safety, Performance-Based Design, Code

Compliance, Tall Buildings
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High Rise Design Trends

As international design teams have
participated in the development of high rise
structures in China; many of the concepts of
fire safe design first introduced there have
become global design standards, applied to
projects throughout Asia and the Middle East,
Europe and the United States. China has had
more experience with high rise design and
construction in the last 2 decades than any
other country in the world. This experience
has put China at the forefront of high rise fire
safety over that period of time and provided
international designers with a wealth of
knowledge and experience.

China’s Codes and Building Approval
Process

China’s building codes and standards are
developed and administered at a national
level by the State Planning Commission and
the Ministry of Public Security with input

and assistance from other agencies, experts
from the universities and the Fire Research
Institutes. Building products used in China are
tested to national test standards by approved
Chinese testing agencies.
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China’s National Building Standards combine two elements:

« Detailed prescriptive requirements that outline requirements
for design of high rise building features and fire safety systems.

« Performance based alternative approaches that provide a
mechanism to allow alternative design approaches that are
deemed to perform at a level equivalent to the prescriptive
requirements of the code.

These elements support the country’s overall goal of encouraging
growth and innovation in building design while at the same time
assuring a high level of fire safety in new construction projects.

Building approvals are generally the responsibility of provincial fire
authorities, although Beijing, Shanghai & Guangzhou, where much of
the high rise construction has traditionally occurred, have “home rule”
authority to approve most projects. Compliance with the requirements
of the code is the responsibility of the Local Design Institutes (LDI) and
the Owner. Although there is no formal mechanism in the National
Standards for variations from the standards or for alternate design
approaches, China has developed a rigorous design approval process
to accomplish this objective. The approval process in China also
encourages innovation and the rapid assimilation of new building
technologies.

All high rise building designs that are greater than 250 meters in height
are required to include a special report prepared by a fire expert that
documents the buildings fire safety features and demonstrates the
satisfactory performance of the building in foreseeable fire scenarios.
The special report typically includes fire modeling and egress modeling
studies to validate the performance based approach of the design.

The fire engineering report is peer reviewed, typically by one of the

fire research institutes or by a recognized expert company, to validate
the assumptions and conclusions. Both the special report and the

peer review report are submitted to an expert panel consisting of fire
service and industry experts for final technical review and concurrence.
The final approval of the special report is done by local and provincial
fire departments.

The application of performance based design, expert panels, peer
review and special studies to validate building performance were first
introduced in conjunction with high rise design in China and have
evolved into standard practices on high rise structures worldwide.

Passive provisions such as fire compartments, hardened core elements
and enhanced structural performance have become standard features
of most modern tall buildings. Many of these features are common
elements of all high rise codes. Some find their origins in the Chinese
standards. Several of these elements are highlighted below:

Refuge Floors

The concept of refuge floors was first introduced to codes in Asia,
including China nearly 40 years ago. Since that time, they have been
incorporated into high rise designs throughout the world. The concept
of refuge floors is to address a number of issues associated with high
rise evacuation and fire fighting. These include:

« Itis recognized that many building occupants are physically
unable to evacuate from upper levels of high rise buildings
without rest or other assistance. Refuge floors provide a
protected area at intermediate levels of the building for
occupants to rest and wait for rescue without danger from fire
or smoke.
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Building Location of Refuge Areas Size of Refuge Areas

Feature BREAH BREEH

RASHK

USA Every floor of a high rise building is considered a refuge area during fire. Floors are | No provision is made for size of refuge areas. Because each floor is considered a refuge area, it is

EY| of 2 hour fire rated construction with protection of penetrating shafts. assumed that each floor can accommodate the occupant load from 1 other floor.
EXKE, HERANGMEEATUL RRBELE, BREWRRTA2 | WAHCEA—EERNTAERRLF AEATRREMEERNBENR BT —RENAR, FIRE
AT KRB F R R RN BH MR, H A BAERADNEHAE.

China Current Chinese Code mandates that a refuge floor can serve a maximum of 15 Refuge areas can only share floors with mechanical equipment areas, although refuge areas sharing

G| occupied floors. A proposed revision would limit vertical separation of refuge floors with occupied areas is permitted under some situations. Refuge areas are required to hold the
floors to 45 meters (between 10 and 14 floors depending on the floor to floor entire population of the floors that it serves at a density of 5 occupants per square meter
height). BEESAERGAKENREERELA, EXERAT, RALFREETARREHEER
REZTHTERAER, FRBEFARBRTHRE, HRREREE. M. WHABEETREAZFTXCATHBNARRY.
AEMREKN T n RE—BEE (ETREWE, THA0 ZUER
BB .

Korea Refuge floors are required in high rise buildings. Refuge floors are to be located By code, there is no guidance on refuge area size. By practice, refuge areas are to hold a percentage of
every 30 floors (they serve 29 floors). Refuge areas may be shared with mechanical | the population served. At the highest levels, this is as high as 80%. On lower levels, it can be reduced to
equipment floors, but not with occupied floor levels. 40%
BREXNPEETHERAT. BNEFREBRE CR2NMRERER | BAEARANBREANBRERBER. L&Y, EEEATERARRET TS WEAEA
%) . BREWANRRERERA, EXRAFARREWRERA. Do RTBRETREEZHNBAEE, IATLREAT0%. ¥ TRETRAKERHRAE,

KA ELBRAE T 40%.
Gulf GCC Code Circular requires full refuge floors every 20 floors (serving 19 floors). The GCC Circular provides no guidance on occupant load. Refuge areas are required to be full floors and
Cooperation Refuge floors are required to be full floors with no other occupancy. They can be only HVAC equipment that serves only that floor may be located on it.
i open to the exterior or mechanically pressurized. GCCEMEFRA M BAEEANYRERBER. BBET EREMEE, WHAARARS T bR
9°%“§;MEI§ CCCEAEREMOBRE N BRBE (HVIAMBERERS) . 4 | LWBRBZHAATHBESRRE.
SRNLEE meR® iR R AT RATRMN R, BBETANTHLT XA
o HUHASE

India The National Building Code of India requires refuge areas in high rise buildings Refuge areas sized for 0.3m?/per person for occupants of 2 floors. Min. 15.0 m?
located every 15 meters (4-5 floors depending on the floor to floor height) W EANEHO 3R/ ANRETERARBT AP LY, EXE8NTFI15 n2.
vertically.
HEEREAERWEEA T &1 FHRE—BRE (ETREHE, T
HAESERNTE) .

Table 1. A number of current requirements for refuge areas

1 AAA KRB R A

Figure1. Petronas Towers. Sky lobbies and sky bridge serve as refuge areas.
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» Refuge floors can act as a fire break. Because they contain no
combustible materials, refuge floors can impede vertical fire
spread by way of both the interior of the building and the
building’s exterior curtain wall.

« Refuge floors can be used to interrupt exit stair shafts. Stair
shafts connecting more than 40 stories can provide a significant
path for building stack effect and can be difficult to pressurize
sufficiently to keep smoke from entering while at the same
time, allowing easy door operation. When refuge floors are used
to interrupt the stair shafts, they reduce the overall impact of
stack effect and facilitate protection of the stairs from smoke
infiltration.

« Refuge floors can be used as assembly points within the
building. Using trained fire service or building personnel, refuge
floors can be used to stage elevator evacuation, to direct
occupants to alternate stairs in cases where a stair might be
blocked by smoke or by fire fighter operations.

The requirements found in various building codes differ substantially,
but all include some provision for defending occupants in place inside
the building. Table 1 demonstrates a number of current requirements
for refuge areas.

Application of refuge floor requirements can take several forms. The
Petronas Towers utilize the sky lobbies and sky bridge as refuge areas.
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This allows occupants from one tower to transfer to the other tower if
necessary.

The Jin Mao Building incorporates refuge floors on the 15th and

30th floor of the office portion of the building. In the hotel portion,
refuge floors are incorporated on all guest room floors. Refuge areas
are shared with occupied floor areas. The exit stairs are interrupted,
directing occupants into the areas of refuge at levels 15 and 30, but
are not interrupted for that purpose between levels 58 and 85. The
exit stairs physically transfer at level 51 to mitigate the impact of stack
effect.

Burj Khalifa incorporates refuge areas adjacent to the building
mechanical floors. Stairs are interrupted at refuge areas both to direct
occupants into the areas of refuge as well as physically interrupted to
mitigate the impact of stack effect.

Elevators for Emergency Use

« Fire Fighter’s Elevators
It has long been recognized that elevators for fire fighter use are
needed in high rise buildings. Elevators are the only practical
way for fire fighters to reach the upper levels of a high rise
to be able to begin suppression and rescue operations. Most
international codes have similar requirements for fire fighters
elevators.
Application of these requirements is fairly consistent in current
high rise design with fire fighters elevators and exit stair sharing
a common vestibule.
Fire fighter’s elevators on Burj Khalifa are independent of the
exit stairs and have dedicated lobbies.

Occupant Evacuation Elevators
In addition to elevators for fire fighter's operations, there is a

Figure 3. Burj Khalifa: Building section and plan view showing refuge floors
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Figure 2. Jin Mao Tower. Building section and plan view showing refuge floors
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15, 30, 58-85 B (RMWHE) & WEE#
28

Building Feature | Kingdom Tower Wuhan Tower Burj Khalifa Jin Mao Building Petronas Towers
kS FEAK AXAK BFl 8 SHEAKR RFAK
Year Complete 2017 (estimated A %) 2015 (estimated A 4) 2010 1999 1996
BT &4
Height/Number | 1000+m/165 606m/118 828m/163 421m/88 452m/88
of Floors
wWE/BEHK
Areas of Refuge Levels 18, 38,56, 71, 85,104, 124 | Levels 4, 14, 24, 35, 48, 58, 69, Levels 42,75,111 and 138 (&) Levels 15, 30, 58-85 (hotel levels) & Penthouse L2 | | avels 40-43
and 144 72,87,103,116 (B) B)

Floor Area Full Floors Partial floors — area based on Partial floors - area based on Partial floors - area based on population served Full floors - sky lobbies
EEFR BARE population served population of 3 largest floors served HARE - EHMARRERE BARE - 2o AW
HLRE - WREARR HLRE - HREARRERS
FHE =R B kA
Ventilation Mechanically Pressurized Mechanically Pressurized Mechanically Pressurized Mechanically Pressurized Mechanically Pressurized
#ER, R ALk LA E Bk Am AR E

Table 2. Comparison of refuge floors

2. BB

Building Feature | Kingdom Tower Burj Khalifa Jin Mao Building Petronas Towers

RASH FEAK Loilb 2 SHEAR RFAK

Year Complete 2017 (estimated) (k%) 2015 (estimated) (A #7) 1999 1996

RITEH

Height/Number | 1000+M/165 828M/163 421M/88 452M/88

of Floors

WE/RER

Primary Fire Gravity fed to extent possible. Gravity fed to extent possible. Automatically | Basement tank connected to domestic Basement tanks connected to domestic water

Water Supply Automatically fed fire pumps taking suction | fed fire pumps taking suction from water tank. Two secondary water tanks on | mains with fire pumps

FERWEA from dedicated fire water storage tanks. dedicated fire water storage tanks. L51 and Penthouse with pumps. %ﬁ'Fi?ﬁ B A e A E A A A
R BAAEAHARA. R AR EA AR A %5§§E$§3§%§g%§§%mg Wb AR
TEHHEABGARAEREHEG AR | TEHERABTARAERAEE AR |y AR,
FE k. FEA.

Fire Water Supply Combined Sprinkler & Standpipe system. Combined Sprinkler & Standpipe system. Separate sprinkler and standpipe systems. 1 | 1 hour for sprinklers

Duration 2 hour minimum with redundant refill 1 hour minimum with redundant refill hour for sprinklers, 3 hours for standpipes FW RGN

Werhksg | methods methods. R AR R AT BT . KR

B[] BRGHI R R AL S, EDLARER | HHOERRRAMLES. EDIARHE | ALVNK, BERRANH
B 5 # B B & # B HEH

Fire Pumps Yes Yes Yes Yes

HEAR #® ®eft #®4t #pt

Table 3. Comparison of water supply systems

&3 ARG

Figure 4. Fire fighters elevator requirements of IBC 2009
T4, IBC20097H Pr R AL & 5K

Figure 5. Burj Khalifa: Typical fire fighters lobby and evacuation elevator lobby.
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trend toward using elevators for occupant evacuation in certain
emergencies. There are currently 2 basic modes of operation
for these occupant evacuation elevators —“Lifeboat” Evacuation
and Self-Evacuation. In both cases, elevators are specially
designed to be used under emergency conditions. In one case,
they are operated by trained building personnel. In the other
they are operated by building occupants.

« Lifeboat Evacuation Elevators
Several newer high rise buildings, including Burj Khalifa,
Shanghai Tower and Kingdom Tower designated elevators
are designed with a “Lifeboat Evacuation” mode that allows
them to be used as an additional means of evacuating
building occupants under certain emergency scenarios.
Once building management has established that it is safe to
begin this evacuation procedure, elevator controls allow fire
service personnel or trained security personnel to operate
designated elevators. Elevators would be used only as part of an
established evacuation procedure. Under both normal power
and emergency power conditions, elevators under the control
of trained operators can be used to effect a total building
evacuation, shuttling occupants from designated staging areas,
usually refuge floors or sky lobbies, to grade. This mode of
operation generally uses the high speed shuttles, evacuating
from designated assembly points down to grade. The method
substantially reduces total building evacuation time, in
most cases to less than 2 hours. Elevators are provided with
emergency power and are protected from water infiltration.

Self Evacuation Elevators

IBC 2009, Section 403.5.2 requires buildings other than R2
occupancy and taller than 128 m to have an additional exit stair
or occupant self-evacuation elevators in accordance with IBC
2009, Section 3008. This provision is to address both the ability
of occupants to exit from the upper floors and the ability of fire
fighters to gain access to upper floors without interference of
occupants descending. Self-evacuation elevators are similar

to lifeboat evacuation in that the elevators are on emergency
power and protected from water infiltration. The key difference
is that self evacuation elevators are implemented for all building
elevators and are initiated by occupants on every floor of the
building rather than designated floors. Self-evacuation elevators
are only in service until phase 1 recall is initiated by an elevator
smoke detector or manual recall from the fire command center.
This mode of operation is currently being designed into a
number of high rise projects.

Fire Protection Water Supplies

Reliability and survivability of active fire safety systems has also
become a key focus of our current designs. It is especially critical that
these active systems be simple and easily serviced and maintained as
high rise construction in areas of the developing world, not used to
designs employing sophisticated levels of technology, continues to
accelerate. The use of on-site water storage tanks for firefighting water
supplies is common in high rise buildings.

In many current designs, the sprinkler and standpipe systems
operate by gravity so that a failure of the fire pumps will not impede
the operation of these suppression systems. An example of this
arrangement in shown in Figure 6.

Countr: Fire Fighters Elevator Fire Fighting Lobby/vestibule
HA/ A | s W AR R/
. 1 fire fighter elevator for 1,500 s.m. of Min. 6.0 s.m.
China floor area.
I Min. 10.0 s.m. where shared with a stair.
1 fire fighter elevators for 4,500 s.m. of
floor area. 2 hour fire rated enclosure.
800 kg capacity. Mechanically pressurized.
2-hour hoistway enclosure Water Protection.
60 second time to top of building. &N 6.0 FX
Emergency Power. &N 10, 0k S84 ] AR
Water Protection. KA R A2/ i
~gﬂi§%1.soo#*&%mﬁw% Ak Aw =
B e b
B &
A4 T4, 500 T Kk 2 AR
By b
800 kg & &
R B I T K AR PRy 2/ i
60 B R THE
JoE Y 3
Bk
BS5588 1 fire fighter elevator & fire fighting 2 hour fire rated enclosure.
shaft (elevator, vestibule & stair) for each )
900m2. Max 60m to most remote point. Min. area: 5m2
Min. size: 1.7m X 1.4m, 630kg Min dimension: 1500mm
2-hour hoistway enclosure Mechanical or natural ventilation.
60 second time to top of building. Direct access to stair.
Emergency Power. WK R A2 /et
Water Protection. BRANER: 5m2
i?ﬁ-g;ﬁ%%%@;ﬁ%? (;'a%, F/AMKE: 1500mm
FRE#HE . ERTREFLR ;
BH60 m. R ETE ST )
BAER: 1.1n X 1.4n, 630kg EEA A
TR IR A2 Ao oy e ph
60 W B A RHATE
JUESTiN S
B A&
IBC 2003 1 fire fighter elevator. 2 hour fire rated enclosure.
2-hour hoistway enclosure Mechanically pressurized.
Emergency Power. Direct access to stair.
— AN R WOKBIR A2 DEE
R IR A2 /ANe oy B Bk A
B A RE B R
IBC 2009 1 fire fighter elevator. 1 hour fire rated enclosure.
Sized to accommodate an ambulance Min. 14 s.m., Min dimension - 2440 mm
stretcher.
Direct access to stair.
2-hour hoistway enclosure
BOKRRAL DNEE
Emergency Power. BAER BAEE
. 28 . 4 m2., ®A :
—ANH B 2440 mm
EHTANERER EEE AR
R A2 ANe oy e B
Jrg L-b
IBC 2012 2 fire fighter elevators. 1 hour fire rated enclosure.

Sized to accommodate an ambulance
stretcher.

2-hour hoistway enclosure
Emergency Power.

Water Protection.

7 A v bk

A ANERER
R A2 ANe oy e B 5
BARE

By A&

Min. 14 s.m., Min dimension - 2440 mm
Direct access to stair.

Water Protection.

EOKRRAL e

BANER. 14 2., BANAKE:
2440 mn

B AR
A

Table 4. emergency elevator codes

F4. RRXEBRAT
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Conclusion

In conclusion, as the community of high rise design specialists,
contractors and operators continues to carry out projects around

the world, it is important to learn from the shared experience of the
recent and unprecedented period of high rise development centered
in China, which has helped foster advances in high rise fire safety
advances the practice of fire safe high rise design around the world.

Figure 6. Burj Khalifa: Schematic of fire fighting water supply.
6. wFiEE: HHAATER
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