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super high-rise building through the improvement of
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ABSTRACT

KEYWORDS

Uniform laws and regulations and reasonable design is necessary for the prevention of
possible fire in super high-rise building. To this end, this study focused on super
high-rise and massive building-related architectural review - performance-based design
(PBD) evaluation - disaster impact assessment (DIA), and provided fire engineering
measures for improving fire prevention on the basis of performance-based design by
analyzing the buildings subject to these systems and problems in terms of contents.
Above all, in the aspect of law and standard improvement, first, with regard to dual
parts of two statutes though significant portion of them has the same contents in
performance-based design (PBD) evaluation and disaster impact assessment (DIA), it is
necessary to operate the systems after making them conform with each other and
consolidating or abolishing them. Second, if it is impossible to consolidate or abolish
performance-based design (PBD) evaluation and disaster impact assessment (DIA), the
areas of contents of performance-based design (PBD) evaluation and disaster impact
assessment (DIA) should be precisely classified and established. Next, engineering
improvement measures against fire hazard in super high-rise building are as follows.
First, it is necessary to revise the provisions of straight-run stairs in special escape stairs.
And in case of installing a mechanical smoke exhaust system instead of smoke vent,
sandwich pressurization used in the United Stated should be permitted. Second, with
regard to smoke control system for special escape stairs, it was shown that there was
necessity for revising the standards in order to enable air to be supplied according to
section in case of fire, carrying out performance-based design, and the like from the early
design stages to the completion stages. In the future, it is expected that an epoch-making
contribution will be made to a decrease in casualties and property damage due to fire
in case of super high-rise building where the results can be reflected after carrying out
a study on maintenance and carrying out an additional study on other considerations
of super high-rise building together with reflecting the improvement measures provided

in the above-mentioned study.
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Table 1. Classification of the world’s high-rise buildings

Classification Contents Other
* Floor area ratio of the building is relatively high compared to the
average of the region,

* Using the machine for vertical transportation equipment

u-s * Those buildings that require a different method and technology used Chicago
in routine low-rise building
* 70~100 floors
* At least one of the rooms on the ground floor is more than 22m or

Germany e -

artificial ground
* 20 floor more than

Japan o . -

* Building the height exceeds 60m
* More than 20-story building as a target by seismic structural safety
Korea checks By seismic design -
* Usually 30or more layers, more than120mhigh-risebuilding
High-risebuildingsl

nternationalAssocia  * Presented by more than 50 layers, more than 200m -

tion

. . * Building it is necessary to introduce a special type structure to resist
Technical review & y P yp -
lateral loads
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Table 2. The status of the domestic high-rise buildings

Building Name

location

Building Scale

No. of floors

3 underground floor, ground floor

. 60
63 Building Yeongdeungpo-gu
Yeouido-dong60 Usage Business facilities
Total floor area 166,429’
No.of floors 2 underground floor, ground floor
International Trade Gangnam-gu 54
Centre Samsung-dong159-1 Usage Business facilities
Total floor area 107,933 m’
Gangnam-gu No. of floors 6 underground f51c1)0r, ground floor
AcademicSuites Dogok-dong 467-7

Usage
Total floor area

Apartment house(apartment)
101,421

Tower Palace(1)

Gangnam-gu
Dogok-dong 467-17

No. of floors

Usage

6 underground floor, ground floor
55(2 building)

Apartment house(apartment)

Total floor area 292,018 m’
No. of floors 6 underground floor, ground floor
Tower Palace(2) Gangnam-gu ®
Dogok-dong 467-29 Usage Apartment house(apartment)
Total floor area 195,058 m'’
No. of floors 6 underground floor, ground floor
Hyundai Yangcheon-gu 69
Hyperion(1) mok-dong 916 Usage Apartment house(apartment)
Total floor area 385,944 m’
6 underground floor, ground floor
 Konkuk Guangiin-gu No. of floors %506 building)
University spo%‘ts Jayang-dong Sl les. busi .
complex  Building e Usage ales, sales, business (office
Lot(A block) building)
Total floor area 245,720m’
Gwangjin-gu No. of floors 6 underground f5180r, ground floor
The Classic 500 Jayang-dong
207.342 Usage Seniors, sports,business facilities
Total floor area 158,655m'

International
Finance Centre

Yeongdeungpo-gu
Yeouido-dong23

No. of floors
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Sales, sales, culturalmeetings,

Usage business
Total floor area 507,524 m’
No. of floors 7 underground gtl)or, ground floor
Seoul Forest SSee?(fgiincgi;i s, busi | | .
e-easv-world 3 Sales, business, cultura meetings,
Y 685-700 Usage apartments
Total floor area 204,559 m’
No. of floors 8 underground fElicl)or, ground floor
Daesung D-Cube . GulTo—gu
City(1) Sindorim-dong Sales, business, cultural meetings,
360-15 Usage apartment
partments
Total floor area 350,054 m’
E3 & AU AL £u AREHYTE A 123% 0 F Fo| 555mol] B3ttt A GEEE A Lo] A Z2uEHE9)
45.6%7F £ J3, 1 235 AES 19709 A5 HYUG(110m)S A 2=, 1985 63 0] Hon. HIde
QA E]'-rl(ﬂom, 151%‘), A4DMC %EU} (580m, 130%‘) X‘“Z% 9 (522m, 1122), FAdE

A

dc 3 2A1E (500m, 110%)
HH 20154 7|E A= 2350 311714001, ALA]
94 oT°ﬂ~ Xlo AAEFAZES * Jokﬂ 143711*01111 Z21Z AEL 16714001, 315 o) AA 13 AELS F 8974

7F A

Table 3. Regional status for high-rise buildings & underground links Complex

Classification Total High rise buildings Underground link
Seoul 143 16 127
Busan, 55 26 29
Daegu 30 7 23

Incheon 27 16 1
Daejeon 13 8 5

Ulsan 2 2 0
Gyeonggi 40 13 27

Chungnam 1 1 0
Total 311 89 222

2.2.2 39| =NE HEC| st
1931d Pl qsjo]oj 2H o] E W (Eo] 381m, 102F)°] 1005-S FoAA &, &) AA Hie =3
of F¥d F=2= 75} Burj Khalifa : ¥°] 828m, 1625)0|t}h 1990t o] F, Fdol A (F=,
FAHOE ElatA AEE I Slth AlA 209 W] 215 &9 80%7} obAlol A H ] mAe AEHAL 9lon, TRl
e, o}ntE, AR Fo] S0 EREd AR YEHTh Table 4v =9 2u30E9] IS Yehd Aot
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Table 4. The status of the world’s high-rise buildings

1 . . Number of
Building Name location Height(M) stories
Burj Khalifa UAE(Dubai) 828 162
Taipei 101 Taipei 509 10
Shanghai IFC China (Shanghai) 492 101
Kuala Lumpur City Centre Malaysia 452 88
Sears Tower United States (Chicago) 442 108
Jin Mao Centre China (Shanghai) 421 88
International Finance Centre China (Hong Kong) 415 88
CITIC Plaza China (Guangzhou) 391 80
Shun Hing square China (Shenzhen) 384 69
Empire State Building United States (New York) 381 102
Central Plaza China (Hong Kong) 374 78
Bank of China Tower China (Hong Kong) 374 78
SEG Plaza China (Shenzhen)3= (4l 4l) 356 72
Emirates Office Tower UAE(Dubai) 355 54
Teontek Sky Tower Taiwan (Kaohsiung) 348 85
Aon Centre United States (Chicago) 346 83
Dae Centre China (Hong Kong) 346 73
John Hancock A1E] United States (Chicago) 344 100
Shanghai Shimao International China (Shanghai) 333 0
Plaza

Rose Tower UAE(Dubai) 333 72

2.3 =1 HE| 3l SH 2A

Table 5= NFPA(National Fire Information System)(34)oll4] 2 3\ d &3Fe] 2130 ES] SHA|9E]E B43 02 A
HA A= 159%670 0.2 2012\ ol = 56471, 2013 ell= 5117, 20140l = 52100 0.2 %*—1?4‘3}1, A A= 20129
39, 2013'd 109, 2014'd 55 0.2 EA H T}, 3 Table 62 = 231% 3| FAE AHEA
I T3S 5030l A 605 AtololA thEE HA Sk Ao B4 HJT ESF 201219 FH 2014"377]'7(] |

& 4270 WAslaL, Mol 57, F4to] 531, Q13 o] 53 so] WAIRE o2 EHHUTE Table 79| H _7?:1521-—.%%0“/‘1
TASE s B3t aQlS 2% A AW Y 2 493 TENATE 1 Fo7b 187082 7 B wshdle

4, H

Z__ L
2 EAHENAL, 713 a]le] 134, "I 63, 22l Z1AA &9l ' &9, 7taFEel 4 11 o2 £4

Table 5. Seoul Metropolitan number of high-rise building fire (National Fire Information System)

Casualties Damage to property

Yr No. of accidents (Unit : Ten million
Death Injury won)
2012 564 3 24 129
2013 511 10 26 139
2014 521 5 19 146
Total 1,596 18 69 414
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Table 6. Fire statistical analysis of the domestic high-rise fire(2015)

2012 2013 2014 Total
No. Dama N, Dama N, Damag  Np,. Damag
Classi
ficatio Of, De Inj 8¢fo Of, De Inj gt Of, De Inj eto Of, De Inj eto
acci acci acci acci
n den ath  ury  proper den ath  ury  proper den ath ury  propert den ath  ury  propert
ts ty ts ty ts y ts y
Seoul - - - - 3 0 0 9492 2 0 0 59696 5 0 0 69,188
50 - - - - 1 0 0 463 1 0 0 48410 2 0 0 48,873
51 - - - - 1 0 0 8721 - - - - 1 0 0 87,212
55 - - - - 1 0 0 308 - - - - 1 0 0 308
59 - - - - - - - - 1 0 0 11286 1 0 0 11,286
Busan 4 0 2 2707 1 0 0 882 - - - - 5 0 2 3,589
51 1 0 0 974 - - - - - - 1 0 0 974
52 3 0 2 1733 - - - - - - - - 3 0 2 1,733
72 - - - - 1 0 0 882 - - - - 1 0 0 882
Daeg
- - - - 1 0 0 590 - - - - 1 0 0 590
u
52 1 0 0 590 - - - - 1 0 0 590
Inche
- - - - 2 0 0 8599 3 0 0 7914 5 0 0 16,513
on
53 - - - - - - - - 1 0 0 6787 1 0 0 6787
64 - - - - 2 0 0 8599 2 0 0 1127 4 0 0 9,726
Daeje
1 0 0 946 1 0 0 14 2 0 0 47 4 0 0 1,007
on
50 1 0 0 946 1 0 0 14 2 0 0 47 4 0 0 1,007
1 0 0 1278 - - - - - - - - 1 0 0 1,278
Ulsan
54 1 0 0 1278 - - - - - - - - 1 0 0 1,278
Total 12 0 4 13,515 16 0 0 39,154 14 0 0 135314 42 0 4 262,821
Table 7. Analysis results for Ignition factor of the recent high-rise buildings
Factor / yr 2011 2012 2013 2014 Al
Careless (Embers, food
3 3 7 5 18
cooking, etc.)
Electrical factors(short circuit) 5 1 2 5 13
Mechanical factors(such ast he 1 1
automatic control)
Hazardous materials - - - 1 1
Gas leak 1 - - - 1
Unknown 2 3 - 1 6
Total 11 8 9 12 40

- 239 —



Jaesun Ko. - Journal of the Society of Disaster Information Vol.13 No.2 pp.233 - 248, 2017
2.4 =NE HZE XIS Che SIS Q14 MEZA}
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AEZALE o}, 38 34l BAARE Z8ate] £ 3 Aol
o ZAF8EAaL, WS84 (Frequency Analysis)< E3 RI=H &S 4
AN AH R 23S A LA 2t R A DA THs Aol
G WrE 444%, W EHE 685% % SHEHSIACH, TR A AT taiAs wi-g- Tt 415%, AT
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& o

Table 8. Within the next three years, the possibility of fire occurrence in high-rise buildings

Relatively Currentlev Relatively

Possibility( %) Very Low . Very High No answer
low el high
Small-sized fires 444 11.33 35.76 30.17 6.85 11.45
Medium-sized fire 415 10.51 37.58 31.53 312 13.11
Large-sized fires 5.31 9.27 28.55 40.46 4.73 11.68

Table 9. Analysis results for effective fire suppression to the most dangerous part by

evacuation stairway in high-rise buildings

A very Fire suppression
dangerous possibilities By fire
No. of The most efficient method in No. of . . No. of
part of the answers the initial fire fighting answers fighters  after entering answers
high-rise advantage
buildings evacuation stairs
An advantage of the indoor
Underground fire hydrant initial fire
54 57 Physically impossible 77
floor Suppression by own the fire
department
The initial fire suppression
The first floor using fire-fighting facilities
14 o ] 49 It takesa long time 74
& lobby after fire fighters quickly
entered
Deadlock causes of
o The initial fire suppression by )
Within 30 to ) o refugee and entrant in
57 fire at the facility itself, such 205 101
50 floors the middle of the
asS/ P ] )
stairway evacuation
Entry considered
more than 50
199 Fire fighting difficult 13 through other means 72

floors ]
considered
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Table 10. General building standards that apply to evacuation facilities in high-rise buildings

Target Building(legal installation

Classification The main evacuation facilities
standards)
Count 2 places(more than)
50m(Below),
The main part of the structure to
Walking distance the refractory structure or
Direct non-combustible materials
stairs

building
The width of the stairs and stairs

1.2m (more than)
General areas

buildings Entrance effective width 0.9m (more than)

that applies
2 places (more than) : HFETAA

to high-rise 60 floors 5,600m’
buildings Count
. 4 places (more than) : HFEHA
Evacuation 99 floors 10,0001
stairs

The width of the stairs and stairs
1.2m (more than)

areas
Entrance effective width 0.9m (more than)
Passenger 60 floors 3 (more than)
elevators 99 floors 5 (more than)
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Emergency 60 floors 3 (more than)
elevators 99 floors 4 (more than)
The width of the corridor 24m (more than)

2 Secondary entrance (2m) or exit 2

Secondary entrance(exit) places

Table 11. Fire Fighting Facilities Installation Standards

Type Main fire extinguishing facilities

- Fire extinguishers, indoor hydrants [Total floor area more than 1,500m’], S.P
[Complex, Total floor area more than5,000m’]

- Water spray, etc.[garage parking, floor area of more than 200m’]

- Emergency alert[Total floor area more than 400m’], automatic fire detection
equipment [Total floor area more than 500m’]

- Life saving device [7 floors or more tourist hotels, five or more floors Hospital]
- Breathing apparatus, emergency lighting[more than 5 floors including Total
floor area more than3,000m’]

- Portable emergency lighting [accommodation, such as multi-purpose]

- Evacuation appliances[evacuation floor, all floors except the ground floor 1.2 &
11 floors or more floors]

1. Fire extinguishing
facilities

2. Alarm Equipment

3. Evacuation equipment

& W ater - extinguishing Water extinguishing equipment|[Total floor area more than 5,000m’]
equipment

- Smoke ventilation equipment, pipelines connecting equipment [5 floors more
5. Fire extinguishing than, Total floor area more than 6,000m’]

activity equipment - Connect spray equipment[more than basement 150m’]
- Emergency outlet facilities, wireless communication auxiliaries

2 =
Ay AAAGo] 3L 2 )29 Table 12} 2tk AA| 447
N 91%0)H, FEAHOE HXH H$= 227 FLF 50.0%0]H, n]AdX]
Table 132 I IHATE T 7F4 A=A =2 A TH A

5

o3& AR sofof 511, FFL 25FL 2HsE BE

U5% A5 EE FAE0] YTk EH BT v=AE S (NFPAYI01() AP TANAE o7 B3he e

3, 5 ool WUARE 23 21k wE AT UolA HA9 BalEo] daA e A2 st Tl §A7HS Hol
‘]

N
3
il
rlo
=
2
N omn
>
o
lo
rﬁ_‘
iy
=)
vl

Table 12. evacuation space installation status on high-rise building of 50-story or more

of domestic (NEMA data, 2014)

Install entire Partial
Classification ) ] Not installed Other Total
floors installation
No. of 4 2 14 4 44
buildings
(%) 91 50.0 318 91 100
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Table 13. Safety regulations to Evacuation zones in offshore

National

Evacuation safety zone standards

Korea

China

Hong Kong

USA

- Semi-high-rise buildings (30 floors more than 49 layers or less)

* The evacuation floor or evacuation safety areas the directly connected with direct stair
leading to the ground on that are more than one place install within five floors from on
one half of the building entire floors
(Exempt if the width of the stairs you have installed more than just direct 1.5m)

- More than 50 floors and a height of more than 200m high-rise buildings

* Evacuation floor or up to the evacuation safe area that is directly connected with the
direct stairs leading to the ground floor from the ground floorto install more than one
place every 30(evacuate the space provided on the intermediate floor for evacuation and
safety of the building)

- The minimum size criteria of safety evacuation areas are one people/0.28m’

- Evacuation safety zone area accommodates 50% of the total number of people upper
zone

- Based on the evacuation floor separating the upper and lower floors of special
evacuation stairs

- Public buildings exceeding 100m evacuated intermediate floors installed every 15 floors
- Minimum standards for evacuation area consists of five peoples/ m’ & Based on the
evacuation floor separating the upper and lower floors of special evacuation stairs
- All buildings exceeding 25 floors evacuation floor is provided in each interval between
the floors 20-25
- The evacuated space and fire protection equipment compartment in United States Fire
Protection Association(NFPA) 101 Life Safety regulations
- The area with at least two escape routes or separate from the fire in the building

gaining access into safety zones

- Defined as a space that serves as a evacuation to earn extra time
(If that do not have a fixed fire-related equipment, mandate the temporary evacuation
space through the disability laws, However, if sprinklers are to be installed exemption)

Table 14. Domestic & international high-rise building fire safety regulations review

Applicable law

Classification

Domestic law NFPA 101

Evacuation stairs and structure

of a special evacuation stairs

Building Code Act Article 39 NFPA 101 - 74.1.2

Rules on standard 15-2 on

The width of the corridor and

installation standards

evacuation fire protection NFPA 101 - 30.2.3.3
structural of the building

Movement distance Building Code Act Article 34 NFPA 101 - 5.6.1
Rules on standard 8 on evacuation
evacuation exit separation distance  fire protection structural of the NFPA 101 - 7.51.4
building
Horizontal
Fireproof fireproof Rules on standard 15 on
compartments . . .
compartmen evacuation fire protection NFPA 101
Interlayer 1
ts . structural of the building
compartment fire
protection

A quantitative review of the

No standard NFPA 101 - 7.3.3.1

evacuation exit capacity
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Table 15. Fire prevention measures in accordance with the analysis of case reports

Accident Type Law problem Preventivemeasures

- Risk determine as assessment of
the performance-based

- Evacuation stairs is divided into
several sections

floors but fire occur in the (every 30m when there is no
performance calculation)

- Keep the pressure difference
effect of elevator room &  within the minimum 20Pa

1. Evacuation staircase NFSC 501A Deaths occur in the high
stack phenomenon

first floor as the stack

evacuation staircase maximum 80Pa

when fire in high - Rise - Risk determine as assessment of
the performance-based

Buildings - Keep the pressure difference
2. Elevator room stack NO law (MGM & DuPont Plaza fire) within 12Pa
phenomenon regulation - Vent area is designed to a large

value Among of about entire shaft
area 3.5% or 0.28m” area per the
number of elevators
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Table 16. The width of the corridor and installation standards

Classification Standard Base
Rules on standard 15-2 on evacuation fire

Domestic law more than 1.2m
protection structural of the building

more than 0.91m (Less than 50

people)
NFPA NFPA 101 - 30.2.3.3
more than 1.12m (more than 50

people)
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Table 17. Structures of special evacuation stairs and evacuation stair

Classification Standard Base
Domestic law more than 2 places Building Code Act Article 39
NFPA more than 2 places NFPA 101 - 7.41.2

4.5 MsFHAel Bg 28
35952 A8 7HPBD) ok Al el G FH7HDIA) ] FH GO oA Fol 715 sttt A5 1A B 7HPBD) 2k Al g
(DIA)9] W82 |Fo] Bes] F-iEH o] FHFolof it ol-&2 At S o] @A Al s
FEAT 2o FoHa, F/HE] FA oy 224 HAE 2 ¢ v webA BElAYos e dFEAE 7Y
& Table 18049} o] HFERE olsfstoiof It 3t Fig, JJr ol gl et AT 9] FAEE 150 23%,
FHIEE, 45AA7IZd HE =44, A92eg 82 F Us AAIAE el i =420 FJ7F 19951
WTO(World Trade Organization) / TBT(Technical Barriers to Trade)oﬂ oA zofo] ol 1, o]H3 B S ) B5F
Al 47 (Performance based design, PBD)#} 3HAIEll 2 A ¥ (Limit state design, LSD)¢] 7|2 HAAH o2 st APt
o] A5 ZAEF ook g0

s

Table 18. Examples of safety goals

The basic final goal Potential final goal
Prevention loss of life and Minimize of injuries - Provide adequate training and awareness to
associated with fires prevention ensure the safety of occupants from fire
+ Minimize damage to buildings, contents and + Reduce costs while maintaining adequate life
historic features, property safety and management methods

+ Minimize damage of revenue and facility
operating due to fire
-+ Limit the environmental impact of fires and
protective measures

- Maximizing the flexibility of the design

+ Minimize structural damage to historic buildings

WTO/TBT
T ey -
-« |Z3
’ FBD Y £ g
Specifications -. f (Performance { = 3
by performance R Based Design) e Z 2
£ \___‘- , e - -
——— ———— .,
= { meosr - e |

x i i other A = =
International | gumly | LSD/S & i desi | £
Standards 1 LRFD | ; bl il #g
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Table 19. Future technology needs derived from domestic & Foreign technologies analysis

Summary of technical standards of the domestic &
Abroad

Necessary technology

- Obscure the subject to perform the standards operation
and revised

- There is a conflict standards do not match or conflict
of interagency standards

- There is management committee (japan center
building) serving to coordinate the operation or
independent operational entities (ICC) in abroad
- ICC : The dual operation of the Group A / Group B,
evaluation service providers
- It highlighted the need of global trend of
performance-based criteria(ISO) &  performance
certification assessment

- Increasing need for the development and exchange of
information using the same IT technology

- Unified architecture ¢ fire protection standards
management body

- Efficient, integrated building « fire protection standard
system construction & Continued management systems
needs

- Coordinating between departments & systems &
establish subject to arbitration

- Build & establish performance evaluation system of
performance-based certification standards

- Provision of user-oriented services that correspond to
the various architecture ¢ fire protection demand

- Electronic system provided & english of architecture ¢
fire protection standards and English electronic system
of fire protection standards laid

Information exchange systems & standards related
services provided using IT Technology
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