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A Study on the Range of Fire Resistance Structure and the Securing
Method of Fire Resistance Performance of Membrane Structure in
Korea through the Foreign Code Analysis

Kwang-Ho Choi

Department of Architectural Engineering, Namseoul University
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Abstract Membrane structures have different exterior walls and roof-construction methods from ordinary
buildings. Due to the vulnerability of membrane materials in cases of fire, it is difficult to apply
fire-resistance performance standards that are applied to ordinary buildings. In this study, criteria for
fireproof structures that are classified as roof frames of ordinary buildings are compared to those of
membrane structures from other countries, such as the U.S.A and Japan. First of all, the classification
of the usage of fire-resistance structure was the same as the general building case to take the
consistency of current building code. The floor area of a membrane structure that should be applied
with fire-resistance performance was proposed as 1,000 m® by mitigating 200 m® to 500 m?
corresponding to the current building code and reflecting the type and combustion characteristics of the
membrane structure, as well as a comparative analysis of the U.S.A and Japanese standards. As a
provision for securing fire-resistance performance of a membrane structure, a height of 4 m or less from
the floor was applied by comparison with Korean current building code, U.S.A, and Japanese standards
of a membrane structure.

Keywords : Membrane Structure, Requirement of Fire Resistance Structure, Method of Securing Fire
Resistance Performance, Membrane Material, Fire Resistance Standard
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Table 1. Facilities in which major structural parts
shall be fire resistant*

Usage of the facility Floor area

More than 200 o
(1000 mt or more for
outdoor gallery)

Cultural and rally facilities except for
exhibition halls, Religious facilities,
Pubs, Funeral halls, etc.

Exhibition halls, Botanic garden -
Zoo, Sales facilities, Transportation
facilities, Gyms-Auditoriums,
Training facilities, Recreational

More tha
facilities except for Pubs, deo m,m
Warehouses, Dangerous goods
facilities, Automobile facilities,
Filming stations, Tourist rest
facilities, etc.
: i More than
Factory(except for low fire risk) 2000
Mul?i—family.housing wit.h two More than
stories, Medical or Nursing 5
s ; o 400 nf
facilities, Business facilities, etc.
Buildings with at least three All buildings

stories and Underground floors

* Enforcement Decree of the Building Act, Section 56
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Table 2. Internal Finishing Materials under Fire

Protection Conditions™

Table 3. Fire-Resistance Rating Requirements for
Building Elements on IBC*

Finishing Structurall TYPE I | TYPE II | TYPE III |TYPE IV| TYPE V
materials Types
Usage Floor area (Wall and
A| B| A B A B HT** A | B
Ceiling) Members
ixecilrii?et?zjie t for More than 200 nf Jrimary
ore than
e afd M han 400 Structural 3 211 0 1 0 HT 1 0
Busir;ess facilities with fire resistance frame
§ structure or non Exter
cutwa wd | Somtuie ™" | o v (ST 2 2] 10 2] 2] 2 1o
Wedding halls. materials) pustible i o
Concertghau material Walls no‘:n 301211010 1orHT| 1|0
Wedding facilities, Semi Floor 21201 0 1 0 HT 1
Training facilities in noncom-
living area, Outdoor dl £ g bustible Roof 150 1] 1 0 1 0 HT 1 0
training facilities, Seg’ar ess of Hoor material * IBC Section 601, unit : fire resistance time (hours)
?ut(fmotive related area * Heavy Timber
acilities
Factory without high
i IBCOIN %89 8ut 43, g A, #

* Enforcement Decree of the Building Act, Section 61

2.2 offQ| X9 sIEX J|E

u]=9] A=%9l IBC(International Building Code)
ol w2 F4o] AFE B0l ZFEo0] 91, Y&
< Hro vtz Yk 19 7&K Qo o
2A|, fEuEt o] ik it 8% 4 HE,
Hshds SRR AQtelr] AsiA S2vtet A5
E43} o) w=Tt RO ux Ytz B V)
o gt Bl RN st

i

2.2.1 0j= IBC

[BCAAE Yoltx 2727 CE Table 33} Zo]
AEHAE S7HR EFotal A, BE AlEste] Wskds
SHAZEE Aot QoH3). 3, ASHAE Sk

% W3 it Asies, AnYSEE Ao <)
Al up7z o] The A% Eo] gl A9 WA 3
e 5 dus R Ak wrzo] AL

IBC 3102.30] BAI=e] J=dl, 57 A5 5 2%
E= AlolEo] EXAEE =o|9l. oA NFPANational
Fire Protection Association) 7019] 51 ZHA=71 Ak
|5 A5E2 A5 11-BE, BERIX w421
S VE TR, 1 9 oxes A5 VE &
FEot gxst 7hsg 11-B, V-B A5%42 Weky
5 FEAIZME 5k QA gt ol ol 3 &
o515 AA 58S A a7t glo] WiRE oA
Shote HE QulghtH3]. &, Td-A% - F82 of
BLotA AAE oo st

=
=
2 Az

7, A3, 3%, 1AL, 7|E 5 07H§ 2R
AETAER 518 HAS 7 o}i, 504%9] sl

BAXNCERE & 6 m oY TEHY B2V}
o] 7hsstH, Zo] 18 m ol4%l 74
9- WA Agho] gich. E3t, AngZet Qs A 518

RFe) 37 o7t st S Hojgit. o= 3]

Table 4. Maximum Permitted Floor Area by Assembly
Usage on IBC*

Floor Area by Usage(m?)

Structural Types _
G o | 22| as

Primary Structural
Frame, Bearing Walls,
Floors and Roofs
have an hour of fire
resistance

NFPA** approved

Membrane and Non
combustible Materials 780 880
at all Structural
Members Un-

TYPE

1A 1,400

1,400

TYPE
1I-B

limited
Area

Other Membrane
Structures (Primary
TYPE | structural frame,

V-A | bearing walls, floors
and roofs have an hour
of fire resistance)

1,000 1,000

Other Membrane
Structures (If all
structural members 500 550
have zero hour of fire
resistance)

* IBC Section 506
** NFPA(National Fire Protection Association)

TYPE
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Table 5. Building Conditions subject to Fire Resistance
Structures on the Building Standards of
Japan*
_ Theaters on the third floor or higher,
Fire Hospital, Hotel, Department store
Inde- Resistance
Structure Sales Total floor arzea not less
pen- facilities than 3,000 m’
dent
Buil- o Ware - Total floor area not less
dings Semi Fire | 5,50 than 1,500 m’
Resistance Total "
Structure otal floor area not less
Gym. than 2,000 m’

) Fire The fire resistance structure shall be at
B}‘ll_ | Preven- least three stories or a total floor area
dlings in| tion Area | of at least 100 m®
the -

Area Semi Fire It shall be a semi fire resistance
Recu- - structure with at least three floors or a

8 Preven

lation X total floor area of at least
tion Area 2
100 m

* Japanese Building Standards Act, Section 27

Table 6. Structural Methods that can set Roof
Membrane Materials in Fire-Resistance

Structures®
) Height Membrane
Usage from Floor Material Type
to Roof P
Sports practice Noncombustible
e . 2.7 m -
facilities with . Material less
R . or higher
Open low risk of fire than 5 m
Type adi
Stadium, 5m Noncombustible
Workshops, Event . X
or higher Material
Squares, etc.
Sports practice Noncombustible
es . 2.7 m X
facilities with or hicher Material less
Closed | 16w risk of fire 8 than 5 m
Type
Gym. etc 5 m Noncombustible
v, ’ or higher Material

* Approval Number NFNN-9931 by Japan Ministry of Land,
Infrastructure, Transport and Tourism
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Table 7. Simple Structures where Requirements of
Fire Resistance Structures are relaxed*®

Table 9. Testing Methods for Membrane Material
Heat Dissipation Evaluation on ISO 5660-1

Simple Structures

-Sports facilities such as Skating rink,
Swimming pool, Sports practice ground,
etc.

-Storage of noncombustible items or use of
low risk of fire

-Livestock, Compost, Fish Farm

Usage

‘Buildings in the fire prevention area and
exceeding 500 m”® in the semi-fire
prevention area : semi fire resistant
structure of all parts and use of
noncombustible materials

Buildings within 500 m* of semi
fireproof areas and buildings exceeding
1,000 m* of locations without
designation of areas :

Semi fire resistance structure and
noncombustible material are used for
combustion hazard areas.

lumn,

Struc- Girder

tural
Member

Only when there is a risk of
combustion of columns and beams, the
outer walls and roofs are semi fireproof
and noncombustible materials are used

Outer
wall,
Roof

* Notice Number 1427 by Japan Ministry of Land,
Infrastructure, Transport and Tourism

Table 8. Types of Membrane Materials used for
Exterior Walls or Roofs with Simple
Structures™

Usage Total Area Membrane
8 Material Type
2
not less than 150 m Semi non

Open Areas at risk of combgsltible

type less combustion materia

(Car than

garages) | 150 Noncombustion Flame
m retardant

hazard areas .
material
Open not less than
type 1,500 m?

Open Closed | not less than Semi non

type type 1,000 m* combustible

(except material

for Car) Open less than ﬁrsiazfat

garages 2

and type 1500 m combustion

Closed N

on

type
Closed |less than | combustion f:;zam
type 1,000 m> | hazard N

material
areas

* Notice Number 1443 by Japan Ministry of Land, Infrastructure,
Transport and Tourism
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Material Non Semi non Flame
combustible combustible retardant
Type . . -
material material material
Heating
duration 20 10 5
time (min.)
Total Total heat generation till the end of heating
heating rate | shall not exceed 8 MJ/m2
Highest Do not exceed 200 kW/m2 for more than

heating rate | 10 seconds until the end of heating.

To the end of heating
-do not burn
‘do not damage deformation, fusion,

Requirement of e
q cracks, etc. that make it difficult to

judgment . -

fireproof.

do not generate harmful smoke or gas

that can be difficult to evacuate.
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Table 10. Damage Temperature and Time by
Membrane Yypes on the Test[8]

Type ETFE PVF PTFE

Kerosene(L) 1 2 1 2 1 2
Time 1.0m* 148 | 144 | 102 | 172 | 126 | 146
(sec.) 2.0m 128 | 252 | 143 | 157 | 158 | 138
Temp. 1.0m 370 | 599 | 429 | 558 | 503 | 737
(C) 2.0m 254 | 413 | 280 | 539 | 453 | 614

* Installation height

(b) Thermocouplers
Installed by height

\

(a) Full view (c) Heat source (kerosene)

Fig. 1. Combustion Experiment Setup(8]
1000

°C
800

600 21, 1.5M
E1L, 1.0M
B1L, 1.5M

E2L, 1.0M

400

200

0

ETFE

PVE PTFE
Fig. 2. Fracture Temperatures according to Height

by Membrane Materials
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Table 11. Usage and Floor Area of a Membrane
Structure that does not interfere with Fire

Prevention
Requirement
Usage Floor Area for Fire
Resistance
Recreational facilities, Open type Fire
Religious facilities, Cultural b ype - X
R less than resistance
and Assembly facilities
. s 1,500m* structure
(excluding Exhibition halls, <hall

Zoo-Botanic garden),

b d
Religious gatherings, Pub ¢ mace up

Closed type :

and Funeral halls among less than to 4m from
. s 1,000m* the floor.

Recreational facilities

Exhibition halls or Zoo

‘Botanic garden among

Cultural and Assembly

facilities, Sales facilities,

Transportation facilities,

Gymr-auditoriums, Training Open type :

facilities, Recreational less than

facilities (excluding Pub 1,500m

bar), Warehouse,

Automobile Closed type :

related facilities, Broad- less than

casting station and 1,000m*

Telephone

station, Filming facilities,
Crematorium or Tourist rest
area among Cemetery
related facilities

Open type : in case the opening area exposed to outside is
at least 1/6 of the horizontal projection area.
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