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Houns gae (BB : Beam of Board system ) MY E I3 BHAREC AHER S)
I=E SM =2 BT Beam of structural glued-laminated Timber EE =
=X 2 (BL : Beam of Lumber) =l
AaEgs ojs g8y (BF : Beam of Fiber blanket system) oEX]HE2I2 g, 1atAE 0|HEE 5)
EZEng AE0E (CP: Column of Paint system ) L=
Bam= Ea75 (CS: Column of Spary-on system ) e
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(WB: Wall of Board panel)
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R s |

(WG: Wall of Glazed elements)

Eag M= 27|20 e HA2 7o

HBETE viel/HY
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1. Introduction

- ASBo| FaRIRet YT

At et 4524

- H8U= Aot QI LR

FREYLEEEE U VS

2. Time/temperature curve

KS F 2257-1 (ISO 834-1 ) : General requirements
KS F 2257-6 (ISO 834-6 ) : Requirements for beams
KS F 2257-7 (1SO 834-7 ) : Requirements for columns

Average furnace temperature for Standard time/temperature curve

°C
12000

1000.0 /f//
e T = 345 log,y(8t +1) + 20

4000 {

2000

00 - T T T T T T 1
0 10 20 30 40 50 60 70 80 min
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i

3. Heating for beams

Heating of columns on all

Heating of beams on 3 or 4 sides

4. Thermocouples Positions

Detail Instructions for Accreditation and Management of Fire Resistant Construction

Standard Specimen for Fire Test

Beam | Column
Steel Grade S5400 (KS F 3504)
Size(nm) 400%x200%x8x%x13 300x300%10x15
Length(mm) 4700 3000
Number of
Cross Section Thermocouples 12 =
4000
| 350 1250 [ me | 70 | 1250 350 |

s 1 i
Side View \7 L \,
section ] section 2 section 3

Thermocouples Positions for Beam

_19_
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B. Current Certificate List

Current Certificate List of Fire Protection Paint for Steel Beam

Product Fire Resistant System (19)
MASCOAT-F MC-B2, B3
FIRECOTE XK-140, FIRE-X 202, FIRE-X 200
FIREMASK FIREMASK SQ-1350, 2300, 3000
FLAME CHECK FLAME CHECK EXO-100, 200, $5-110, 120
FIREBLOCKING FIRE BLOCKING 2195, MEGA POWER-2400
FIRE X SB-700, 701
FIRE CUTTER FC-BP#752
INTERCHAR INTERCHAR212
FIRESHIELD FIRESHIELD WCT-10202

Current Certificate List of Fire Protection Spray for Steel Beam

Product Fire Resistant System (17)
HICOAT-ET-II ET2-BS1, BS2, BS3, ET2-13-BS1, BS2, BS3
HICOAT-ET-II ET3-BS1, BS2, BS3

ESSCOTE NF-II

NF3-B1, B2, B3, B33

Monokote MZK-12

MZK-12-1BS, 2BS, 3BS

Monokote Z-156PC

Z-156PC-2BS

6. Null hypothesis

FA 2 =2k X0|7F Gl& AO|LH (up=0)
H: E2EEROREZ L0 YetdsAlgEd &4

ZERO[ 1271 EUM 58 Bodt -7 3 &
TERN 22 195, AlgZ D 38U
=22 178, Alg21 34

_20_
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1. Comparative Temperatures (Paint)

Comparative Percent(%)

1234567 8 91011121314151617181920212223242526272829303132333435363738

Comparative Temperatures of Unexposed Side of Paint Protection Beam
84.26% ( Min 67.17%, Max 92.07% )

9
8. Comparative Temperatures (Spray)
100.00
90.00
80.00
=
g
&
£
[
2
E
3
12345678 9101112131415161718192021222324 2526272829 30313233 34
Comparative Temperatures of Unexposed Side of Spray Protection Beam
42.56% ( Min 28.98%, Max 65.12% )
10

_21_
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0. Paired T-test Result

Paired T-test Result of Paint & Spray Protection Beam

Paint Spray
Average Unexposed Average Unexposed
Temperature | Temperature | Temperature | Temperature
Mean 486.810 411.707 357.993 162.608
Variance 1216.714 2876512 6543.980 4819.574
Standard Deviation 34881 53.633 80.895 69423
Observations 38 38 34 34
Pearson Correlation 0.908 0.764
Degree of freedom 37 33
t Stat 17.529 23.569
P(T<=1) One-tail [8.247 x 10-2C 1.603 x 10-22
t Critical One-tail 1.687 1.692
P(T<=t) Two-tail |1.650 x 10-19 3.205 x 10-2
t Critical Two-tail 2026 2.035

11
10. Conclusion
- Fo|&E0| fo|+=F(0.05) Lt &Moo g JZEIHAE 7|4
-CEEADEEDE YA gZ0 BN E 2o B2 7
SAHAECSZ go|ot Xt0| =X
-72H 25 0G0 eV HE
-ANAo R H2er X1 & LHopE
- usRmel =5 47|
- AE AR E HEYEE g
- oINS 10%
- QN0 XK EZE 2o
12
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 Beam, Slab, Roof system and others
D Standard and optional Time-temp.
O Multple poiet, Uniformly distributed Loading System

10m Long span Member

o

Composite Beam

5.090.000 Kcal/h . 30 Burners
[ iomxomxt7m WX ]
100 toa/unit, 3 unit
(2008 ]

Deck plate Com. Slab
-

~ .
9 KSF2257-159, 1S0834-1.59
2 ASTM E119, UL263, 85476, EN1364, FTP. etc

| Heating Capacity J
[ fumacesze ]

Loading Copacity I8
.

> Gui "
0 KSF2257-17, 1S0834-1.7
O ASTME119, UL263, UL1709, BS476 €tc.

 Fire Resistart Performance Test for Vertical Members

0 Wialls (Loag Bearing & Non-L0ad Bearira)

 Fire Doors & Shutters, Fire Stops/Penetration & Linar Joint)
> Standard and optiond Teme-termp. Cunve

3 Bylkheads for Ship Equipment

[_Heating Capaciy I8
| fumacesize I8

‘Year of Production 13

D Fire Resistart Performance Testfor Steel Colurmns.
D Standard and optional Time~temp, Curve

O Fire resistant Safe, Cabinetetc.

2 Valves and Pipes for Piant Equicerents.

ey .
0 KSF2257-148 1S0834-145
2 ASTME119, UL263, BS476, EN1364, FTP, etc.

>
 Bumer Type & Placement for Avoid Direct Flame & Equal Air
Distribution (Dorrestic patert)

UL SA7Y

Fire Resistant Cabinet

28 -

S 2.400.000 kcal/n . 16 Burners.
[__rumacesizeJ

Loading Capacity
.

Fire Resistant Safe

e
3 KS72257-17, 1SO834-17
O ASTM E119, UL263, UL1709, BSA76 etc.
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Etg(Charring)2t &-&3| (Pyrolysis)

< 100°CO| M CHREE22| =& S, 100°C O|4 At =F2| 2o L

< 100~200°C O|AFSIEIA(CO,) I UASIEFA(CO) 2l

< 120°C 7t 7ta= 21, M= MM S 28K (Pyrolysis) A%k

< 200°C O|A Y23 Dt 0| walx| A E|0, 260~350°CO| A 7}&3}

< YHIMO 2 260°CE FH2| 2tF W& Ot flE2:

< 300°C O|LYf EtztE 0] E2dle 5ast HdE
A

< 300°C O] 2{2d 7F
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= Bt
¢ = ErotZ0[(mm), g = EF2tE L (mm/min), t = A|ZH(min)
v S FHECHH bf = b-2c
df = d-c (GBHIIE)

S df =d-2c 4HIIY)

3. S WHaAEA

3 S48 712 FXi 29| Bt}

A
I Il' r |
: | Original surface
i | — —
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1
didi 1 Heated wood
|
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O A5t =20 57 = EAA0= 0]F 2efel
ol EetA0lE HE

c|=<|’CT ARy 19

3. S HaEAH

Eurocode 5(EC5, 1994) -=xj etsjaz 7153t

Minimum Char rate
Material density B pl
(kg/m’) | (mm/min) | (mm/min)
Glue-laminated softwood timber 290 0.64 0.70
Solid or glue-laminated hardwood timber| 450 0.50 0.55
Softwood panel products
(plywood, particle board) 450 0.9
minimum thickness 20mm
=7 EF2}ZI0\0f of3t Bt T , pl:TbA ErSSE

p.=58 E
KICT ai=210120129 20
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4 SXUHXE AS 2 XM HRE S ALUKICT)
= . A”A 27](mm) W3tes | Al™ots | AXAIE
= = AN H
(40| X L}H| X Zl0o)) (Hour) (ton)) (Hour)
WB-B-2 4600 X 420 X 540 2 21.8 -
WB-NB-1 4600 X 420 X 540 1 - -
spparojs| WCB1 3000X337(BYRXIE) 1 7.0 -
(= o
(Douglas fir)
W1D-NB-2 600 X 420 X 540 2 - 24
W2D-NB-2 600 X 420 X 540 2 - 48
W3D-NB-2 600 X 420 X 540 2 - 72
KICT si321a01201719 23

4. SXUXRE AF 22 U2t s ALUKICT)

420 mm

540 mm

#7 (470mm) —f
#6 (480mm) —f
#5 (490mm) ——f
#4 (500mm) ——f

k #1 (530mm) ——
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Temperature (°C)

Time(min)

a’ 25
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A A(KICT)

c?I’CT SR AR
A SEAXRE AS TN HAYS AFKICT)
L SHA| S Z 0kt White Of| = Al H|w
A|SIAIZE | EFSIE] Eb S| ite-E}SIE T
AEHE | =X QK| ||:|. |2F | EtebEH L_2|'—|‘E White-Eto} 5 74|
(min) (mm) (mm/min) (mm)
LHH[ (W) 120 73.5 0.61
WB-B-2 71.3
Z0[(D) 120 80.0 0.67
LHH[ (W) 60 29.0 048
WB-NB-1 356
Z0[(D) 60 32.0 0.53
= 66 41.0 0.62
WC‘B_]. 39.2
oH& 66 40.0 0.61
=

KICT si=z107120122
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4. SXUAXE AS 2T U2tds AKICT)
No 2ol +3 SHSLEMmm)(1AIZELSh | Erets & mmimin)
1 2uLe 20 0.33
2 B} B 25 0.42
3 Lo 30 0.50
4 o2atA 25 0.42
5 B 15 0.25
6 =P 35 0.58
7 e ANY-] 20 0.33
8 B]ES 13 0.22
9 Of7HA| Of 12 0.20
10 AmA 42 0.70
1 Qa|LtE 30 0.50
12 HEH LS 40 0.67 .
. 13 B A|O} L= 30 0.50 !

4. SXUZE AS P2 WSS ALUKICT)

0 5 10 15 20 25 30 35 40 45
EFoHEH (mm)

KICT #=

5]

R bt
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HIMGHAIZE X = AMOtAIE A &H
S4B QI E
2y EHH3 7| (mm) HEFH(mm) il Zdat
AU-450-20 450 x 300 20 H|FY5t 2=RE
2EEz ¥
AU-450-15 450 x 300 15 =
TE=YS
7
=1 EM(SEaIC
Specific heat [J/kg K] Thermal conductivity [W/m K]
5000 60
Y
4000 SO
40
3000
30 \\
2000
\ 20
1000 \ 75
6] 0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Temperature [*C] Temperature [°C]
Percentage reduction of densitry Specific heat [ki/kg K] Thermal conductivity [W/m K]
) N 2.5 ‘ ‘ | ‘ 2
0.95 — 2 (Moist‘ure content, u =3%; 16 _.
0.9 o) N Upper limit
1.5¢ 1.5 1.2 .
085 NEA | 5 \\ ..
- i 8 e
08 {2 (‘)%) Lowar limit|
0.75 0 ekt
0.7 0 0
0 200 400 600 800 1000 1200 O 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
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KBC 2016 (E&35I=0] Lt siSxEl)

(1= 2 34, 8, AFSE 50 AT SLdFol At
vl E 5 E BASES A P4 & FHe7] s e

522 A8t A ET.
(0.9 == 1.2)D + A, + 0.5L +0.2S
g7, A, = EZAI Ad] 93§ 35

(2) B2at5l ool &4 AL PR AEAFEHL, Y72
AEA7L el BAT TR A 0w AZE T, T80
staxom P,

(0.9 %= 1.2)D + 0.5L +0.2(L, == S #=R)

ol==gl 2 Hlu
Dead load Permanent live load Other live load
New Zealand (SNZ, 1992) G 0.6Q 0.4Q
Eurocode (EC1, 1994) G 0.9Q 0.5Q
USA (ASCE, 1995) 1.2G 0.5Q 0.5Q
Ellingwood and Corotis (1991) G 0.5Q 0.5Q
Korean Building Code (2016) (0.9 or 1.2) G 0.5Q 0.5Q

% Permanent live load : A3+ (storage
occupancy)
Other live load : A F A4 9] Z& &35
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© #4 4% 2a2E oy
63800.1992mr - 1007.986m* (2= 62792.2132mf
@ == o5 2AL|E A 4
100256.1086mr’ - 238.5287mr (&)= 100017.5799mr
SR E-EE
9481.7152m + 1007.9886mr (&5 HZ) + 238.5287mr (o+F AH2)
= 10728.2325mr

ZA 2 =2 AFS A4 (0.0094817152m2 + 0.0012465173m2) * 7850kg/m?3
=84.2166212 kg/m = 842.166 N/m

ZA2IE AES AL (0.1000175799m? + 0.0627922132m?2) * 2300kg/m3
= 374.4625216 kg/m = 3744.625216 N/m

S AtE AL 842,166 N/m + 3744.625216 N/m = 4586.791216 N/m

= 4586.8N/m
13
] I =
ol=Zx¢l H|2
100 D & ot s 9 i i i 3 i
Deﬂectlon lim |t (98m m)
E 60 |- KBC 2016 numencalanalySls
_S : Flre test_ numencal analysns
8 £ T e :. s ,:. PN (SR, R e
=
@
(a]
P - " \\Flre tést
; I S I B B B
0 20 40 60 80 100 120 140 160 180
Time (min)
14
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- U= SHI15mmel <20l WatAE 2251 395.1C,
Lot ol @225 JF 421.5C= 6.7% X0I= LIEFHUH AL,
U= FHIt 20mmel 220= WatAE EZ=250 292.6TC,
LHst Zolld BAF2EDF333.4C=E 13.9% AH0I S LIEHE.

- UWak Aol S 0Al Mot Al Mol Holl tetds= BlulotRd
O, 3AIZF =0l LatAlade B2 29.2mmE WS 2ol
&9 BiEl 30.88mmit 5.7% AHOI =S LIEHHAS M, KBC 2016

SUSHEXE0 NES 2 [0IZ UEHNX S,
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