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Evaluation on the Fire Resistance Performance for High-Rise Modular Walls

Seung-Cho Yang', Jae-Sung Lee”™

Abstract: The use of modular buildings is increasing because of various advantages of modular buildings. But there are limits to apply modular buildings
to medium-rise buildings because the building law provides only the specification criteria of the modular building with respect to the 1 hour fire resistance
performance. This study was conducted to investigate 2 hours fire resistance performance of load bearing walls with steel studs in modular buildings
by KS F 2257-1 and KS F 2257-4. After full scale tests, load bearing walls ensuring two hours fire resistance performance consist of at least 2 layers
of fire resistance plaster boards of 19mm thickness or 3 layer of fire resistance plaster boards of thickness.
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Table 1 Fire-resistant standards of walls

Structure type Fire-resistant standards
RC/SRC Fire Protection Thickness = 10 cm
Steel Fire Protection Thickness = 4 cm
Concrete Block Concrete Block Thickness = 5 cm
ALC Fire Protection Thickness = 10 cm

Table 2 Fire resistance standard by KS F 1611-5

Section FRR
T VG S v,
External 60
Wall mins
60
mins
Internal
Wall e -
A T "
mins
Fire Resistance Plster Board 2layers
Mineral Wool
Fire Resistance Plster Board 2lyers

Table 3 Performance standard of fire resistant structures
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Table 4 Fire resistance standard by SFA

Bearing Wall [h
Building Floor / caring Wall [hour]
Uses Height(m) External Internal
Wall Wall
) 12 floors / 50m 3 3
Dwelling 175570 s 120 ~ 49m 2 2
Facilities
1~4floor /1~19m 1 1

Section FRR
external | (U000 DOOUBONBOAAL
Wall 120 mins
[U418]
External
Wall 120 mins
[U404]
Internal
Wall 120 mins
[U423] Fire Resistance Plaster Board @layers
Mineral Wool
Fire Resistance Plaster Board @layers
I W, S W
Wall 120 mins
[U425]
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Table 5 Transcription methods

Specimens Fire Resistance Time | Building Component
IW-01 Bearing Interior Wall
OW-01

120 mins
OW-02 Bearing Exterior Wall
OW-03
Table 6 Section of specimens
TW-01 OW-01

—Fire Resistance Plaster Board (19T-2layers)

Fire Resistance Plaster Board (15T-3layers)

>< b— 125 X 75 X 237

p—— 75X 75X 32T

;
L

Fire Resistance Plaster Board (19T-2layers)

|— Normal Plaster Board (9.5T)

OW-02

OW-03

— Fire Resistance Plaster Board (15T-3layers)

— Fire Resistance Plaster Board (197-3layers)

b— 75X 75X 23T

j—— 75X 75X 32T

L Normal Plaster Board (9.5T)

L Normal Plaster Board (9.5T)

O Installation of Thermocouple

Load cell & Compression Jig

Fig. 1 Installation of specimens
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Table 7 Apply load for specimens

Allowable load Number of Self load Test Load
per stud studs [Ton] [Ton]
[Ton] [EA]
558 4 1.68 24.00

Table 8 Temperature measurement position
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<ELEVATION> <CROSS SECTION>
Measurement Location Measurement Objectives
1~5 Average Temperature
6~11 Maximum Temperature
12~14 Vertical Displacement
15 Horizontal Displacement
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Table 9 Fire resistance performance evaluation criteria

Evaluation Criteria

This is the elapsed time for which the test specimen

continues to maintain its separating function during the

test without either

a) Causing the ignition of a cotton pad

b) Permitting the penetration of a gap gauge

¢) Resulting in sustained flaming on the unexposed
surface

Integrity

This is the elapsed time for which the test specimen

continues to maintain its separating function during the

test without developing temperatures on its unexposed

surface which either

Insulation | a) Increase the average temperature above the initial
average temperature by more than 140 K; or

b) Increase above the initial temperature at any location
(including the roving thermocouple) by more than
180K

Load * Axial contraction(mm) : h/100 or
bearing * Rate of axial contraction(mm/min) : 3h/1000

h : the initial height(mm)
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Table 10 Results of integrity for specimens (unit: min)
Results IW-01 | OW-01 | OW-02 | OW-03
Start 0 0 0 0
Smoke on the surface 88 50 52 85
Out-of plane buckling 60 90 95 -
Soot on the surface 103 109 -
Penetration occurs - 114 115 -
END 125 114 115 130
Time for Integrity 120 114 115 120

(c) OW-02

(d) OW-03

Fig. 2 Specimens after experiments
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Fig. 3 Vertical and horizontal displacement of Specimens
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Fig. 4 Surface temperature of OW-03

Table 11 Results of insulation for specimens

Insulation
. Mean Max Performance
Specimens Temperature Temperature time
(Measured (Measured
value /Criteria) | value /Criteria)
IW-01 40°C/165C 57C/205C 120 mins
OW-01 90C/165C 286°C/205C 114 mins
OW-02 85C/165C 266C/205C 115 mins
OW-03 71C/165C 82C/205C 120 mins
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Table 12 Fire resistance performance time of specimens

Specimens Loe?d Integrity | Insulation Perfqnnance
bearing time
IW-01 120 120 120 120 mins
OW-01 120 114 114 114 mins
OwW-02 120 115 115 115 mins
OW-03 120 120 120 120 mins
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