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ABSTRACT

Keywords: Fire Door, Heat Resistance, Lightweight, The Principle of Same Type

Identification

The majority of fire doors available today meet both the CNS 11227-1 or CNS
15038 standards for fire resistance and smoke shielding performance. The fire doors'
heavy weight has the disadvantages of being less durable and more challenging to
open and close. Therefore, there remains room for improvements in the lightweight
design and simple opening, such as lowering the weight problems manufacturers
encounter while shipping and on-site assembly, as well as lowering the time, force,
and durability needed for the opening and shutting procedure of fire doors. The
company's fire door has a market and demand in long-term care centers, hospitals,
semiconductor manufacturing facilities, etc.

The common specifications and types of fire door components have been
discovered by compiling the reports provided by the fire door judgment institution.
The specimens were created based on the aggregated materials, and the experiment
was carried out in accordance with CNS 11227-1. The same type identification
principle is one of the essential elements in this study, therefore it is crucial to not
only determine whether it is possible to replace the infilled materials but also to
design new material types which are more lightweight and higher heat resistant than
the existing ones.

The experiment was carried out without taking structural concerns into account,
and it was discovered from the test results that rock wool has a high likelihood of
replacing ceramic wool and performs even better in terms of heat insulation when the
same kind of fireboard is used within the specimen. Additionally, gypsum or calcium
silicate board can be changed out for fiber cement board. They can both be used in
place of one another because they have comparable thermal conductivity and
densities. Moreover, it has been confirmed that the new type of material, aerogel
phenolic foam board, has stable mechanical qualities, excellent insulating
performance, and is lightweight, etc. Finally, it was successfully applied to a fire door
that offers flame protection and heat insulation for 60 minutes, while also being
lighter in weight than conventional fire doors.

X1
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The specimens do, however, exhibit the expansion phenomena. When it is

discovered that many of the inside fireproof boards have clearly been cracked,

significantly decreasing the specimens' ability to withstand heat. It is conceivable that

the structure influences the fire door's ability to withstand heat to a certain degree.

The outcomes of this study imply that future work will have to focus more on the

design of fire door structures as well as the relationship between the structure and

infilled materials.

Research methods:

1.

Collect domestic and foreign fire door related materials, construction methods
and research results.

Design the specimens and conduct the fire test, then analyze the influence of
infilled materials and structural design on the lightweight of fire doors.

Find out how to improve the heat performance of fire doors, and the posibility

about replacing infilled materials under the principle of same type identification.

Major outcomes:

1.

The experimental result shows that it is possible to replace ceramic wool by rock
wool, and there is a possibility of substitution between the calcium silicate board
and gypsum board.

The new-typed material has been developed, and successfully applied to fire
door which has 60 minutes of heat insulation and flame shielding, moreover, it is
more lightweighted comparing to other fire doors.

All the specimens have the phenomenon of expansion. and it is found that many
of the fireproof boards inside have been obviously broken, which leads to poor
heat resistance.

The infilled materials and fire door structure have a certain degree of influence
on the heat resistance of fire door, and there is a need to do a further analysis
about the relation between infilled materials and structure.
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AL ARG 100 R R RE 0 RE T D VP A L
AW BEE AA B AT 835 0 (51 B XIS b bdd
R T AT FrEHEUF LAY S e o

WD CPE R RIS S5 38320 0 S H(Y < Bk B H)
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PERS SEY A LOmMM i FHEEE 47 5 BRI B PER
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FTH2 TR AR AETHEH IR o HE R B s iy L

SR T AT S B
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AFTEHTHRY CHARRFH PEHAF P P RNEE Lt @
FAAEEENA 2 ER  RFIARF A B (DB VP RER R iRy o
PYHA | FH FPAPREZRLIFE S at g, v ald
o8 L A 3 A EEEN T o @ 199 CNS 15038 2 (5.4.4)4c B ALE o
Aotk 8 (25%15)°C 2 ¢ E 5% (200220)°C PR (78 R B RIEE 0 2R A AP R
% CNS 12514-14c 4 3 30 4 482 1/ P ai B R 3 > B0 7 ¢ @33
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FIAE A RN L R

S i LRSI AN R
F-8 RHRAGEEE

AR LR RT3 EE L AP e g o el 41
AR e dh 1SO 834-1 22 AR A L BRI B - VA 2wl sk - R o
i & CNS 12514-1 #3 o seip %4 ¢ < 4P 5 120W x 120H x 120L
(cm) » % * 3 160W x 160H x 160L (cm) ; 748 e # & 44 5 120W x 120H (cm) -
Al et T AL PE e B2 B AR % @B R 1400°C b s YR e

R LT L ig i B (flat flame burner) o 1€ # L L R 1Y F b 3 #7(LPG) o

W 4-1 -] 3] P g ad X e # %

(FR*R: 277 p 74h3%)
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BAEEmEE PR R RE

AFETF AP SRR 2 FEHREE-P A B BT o kIR
ISO 834-1 E A f i af V&% IEFES - 0o 2@ Lg%k - &R PR L
CNS 12514-1 53 o H 3 & 444t S VP (2 45 ~ AP o /P %)
B AP BEAD > RREFELE S REETA N REK e BRET T R
R 430W X 450H x 100L(cm) » e #PFF 7 & 4| PF o s fp 2 YphEw ¥ Lot
%8 1400°C 12 o Ypph HMER LTl gk E (Flat flame burner) o @ Bkl 3
i 3 Er(LPG) -

B 4-2 P 3t L 4e $4 %

(FRXR: +7F p F3E)

Bl 4-3 5 &R 2% R T LR SRk d cmE kR B R
BARR FEE A s s Limx1llmene 3355 p3R4RE 2 535 cmx 35cm
AR ERRMAE S 0 2 BHEREE BB F AP R R
é%pé"gﬁ f‘fétélb o
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"
AL

B

W 4-3 #5127 L W
(FHXR: 2g p FERE)
1995 CNS 12514-1 (6.2) » %P & 4 £ R fpdeT
6.2.1 - 4
NHEER BRI FBRAFT AMEAMERRE  BEARVRS R E T
R MR RGTREN G R R AR N RAGRER -V BEXKIZRAY W
BT L 8Pa/me
BEFTR RPN RS ERLHRFETIEE 2 L g R B AP FF T S
SR RIS L AR R AR R RSRS EA T o R iRdIR
AT EE Ry 942 HIEEAAR AEKB 44D S min B FRFAEES
Pa> % 10 min P/ =4 A+ 3Pa-
6.22 4%
BB FEGERE A ERAS 500 mm B R e B4 B G R (F RS G) 5 R
BEERA 2 F <3 20Pay FIPRA T o o3 RBELZAE -
6.2.3 -k T 4 i
R4 EFHET S 100 mm SRR FEEFEE X THE LT Ae T3
100mm » H 4R+ &2 20Pa -
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1295 CNS 11227-1 (45 A) » £ HHs R ED &2 £F F 407
Al - i

CNS 12514-1 32 L AR AR GRS > B Hu AR Y § k3BT P
B KGR AoRE ARG L A TR SR PR e
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ﬁwﬂ(ﬁ*ﬁ~ﬁ&)%&ﬁ%@ﬁ$%%,%%gmﬁﬁéiwwﬁﬁ
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L pak o AR HREZ R L A -
A2 &

A21 @ % RGED A L E 0 6] 0 CNS 12514-1 “fif - IR it 7

28 2 ke & o
A22 Fsh2 BT F & kAR F s et B3 % CNS 12514-1 & R is %
B BHAAEFRBENN 24 ZEERF -
A23 3 AR L s o % ONS 12514-1 & fuit (7 % 58 « s ot o 6]
A OAONHEA RG22 Bl BAERFTZE 240 0t .

A24 @#* BEMARE Y A e P et BFH G 10 mm 2T R RIGEw

77 % RERFF -

A25 @& RN E MM L E P 2 B IHARE 10 mm pF o RIRET

728X HEPFR -
A26 FAEN HORIR G B w SRS R dE o RIET i 7 28
®EPER o

1995 CNS 11227-1 (9.6) %7 £ 2 & B2 fo4e T !
9.6.1 it * i ¥ REVFHEAT BRI RRHESHFEE L HAR (b
H3mm) > T F A EEFRUE L E 40T o
(@) P BAp P A2 %
(b) F* Hedp 20 L Ffpag 2 = §
(€) £ it -
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0.6.2 Bl TR Al 5 454 - AT AE BT BB PR IE R AR )R
FAZ > ek R U N2 ¢ B RE R § T 4o CNS 14815[41]#F
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PUEER R R LR
Fo8 FHRPEER

ARBRAMNFTALDF =25 - Ffcdh - & BRI aFE L
BUAIRERYE s AEUER R EF Y LA
Blmmz g Pt EREL 48mm FL 2idiE2 P v iR

NSRRI -t B B T A S

TH B FREFE.LEE SR ER IR AR G TS
FRHRFMEF2ZEL B - T A PRI AFAS LT §HP LR
EE RS 2 RIS VAR 1R R R VAN TR
Bdoetz R H S T > AR BT LR 0 1 E RN
THFHe 2 Tl o

LiEEE b 4o B 4-5 #7oF > §— 300 mm x 300 mm x 48 mm s = A5 4
Fo R iaEesFENY > ERALImme A A3 o Bk AR
HleE 16 63 R g ampl s B A% T2 Sp+k B+ oH (4 48) -
"R EHY R E A (1248)5 s s 2N e

SRR
(/# %1 mm)

SRR

R R (BAImm) | oupmg

W 4-5 R & 7 R W
(FHXR: 2FLp FER)
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SR NN Y R

£ ¢

» i P S H AR LT
AT R R AL S R KR

P s+ FH+Y o) Bl
i 6P x 25 mm (C1) - # 1 * 60K x 25 mm (R1) ;
# 1 4mm (FC) » # a4t : 6 mm (CS) o
TR REHAY R B SR EY o TR A R S

# 1 * 60K x 25 mm (R1) ~ 80K x 36 mm

PV UER2X2 K AfEene g oo
6P x 25 mm (C1) ~ 6P x 38 mm (C2) >
i GRS S R KR 14 mm (FC) & Fidfi 1 6 mm (CS) >
¥4 7 mm (G)- ?%%%&%%
e A1 StF o bR RABTE T 2 P AR

%uam1¢%mﬁ+ﬁ@o$4zpﬁ%%ﬁ+w%%ﬁ%”?ﬁﬁ°

LRl SR

(R2) ;

a"I']»/( |J4x3 12%@1:71;9& org’Li—

w 1% f(60A)F# X

% 4-1%

e x & & B E (mm) ¥ (ke Had B A7)
Cl-FC-Cl C FC C 25+4+25=54 [0.216+0.522+0.261=0.954 112.928
RI-FC-RIl [ R (25 mm, 60K) FC R(25mm. 60K) | 25+4+25=54 |0.135+0.522+0.135=0.792 108.158
Cl-Cs-Cl C Ccs C 25+6+25=356 |0.216+0.464 +0.216 =0.896 122,731
RI-CS-RIl [ R (25 mm, 60K) Cs R(25mm, 60K) | 25+ 6+25=56 |0.135+0.464 +0.135=0.734 117.961
FC-CI-FC FC C (25 mm) FC 4+25+4=33 |0.522+0.216+0.522=1.260 68.717
FC-C2-FC FC C (38 mm) FC 4+38+4=46 [0.522+0.328 +0.522=1.372 95.954
FC-RI-FC FC R (25 mm, 60K) FC 4+25+4=33 |0.522+0.135+0.522=1.179 66.332
FC-R2-FC FC R (36 mm, 80K) FC 4+36+4=44 [0.522+0.259+0.522=1.303 133.333
CS-Cl1-Cs Cs C (25 mm) Cs 6+25+6=37 [0464+0216+0.464=1.145 88.322
CS-C2-Cs CS C (38 mm) Cs 6+38+6=50 [0.464+0.328+0.464=1.257 115.560
CS-RI1-CS CS R (25 mm, 60K) Cs 6+25+6=37 |0.464+0.135+0.464=1.064 85.937
CS-R2-CS CS R (36 mm, 80K) Cs 6+36+6=48 [0.464+0.259+0.464=1.188 152.939

G-C1-G G C (25 mm) G 7+25+7=39 (0473+0.216+0473=1.161 79.495
G-C2-G G C (38 mm) G 7+38+7=52 (0473+0328+0473=1.273 106.733
G-R1-G G R (25 mm, 60K) G 7+25+7=39 (0473 +0.135+0.473 = 1.080 77.110
G-R2-G G R (36 mm, 80K) G 7+36+7=50 [0.473+0.259+0.473=1.204 144.112

(FHRER: 22§

A )
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BOUEUE PR R R 2 MR %R

2 4-23% PR RE

(A)
Galvanized Steel Plate
Conductivity (W/mK) Cr (J/kg-K) Density (kg/m°) References
8.43 470.7 J/kg.K 7760 Company E
45 7860 Technical ipecification
Fire Technology, 53,
21.6-533 1833-1846, 2017
(B)
Ceramic Wool
Conductivity (W/mK) Cr (J/kg-K) Density (kg/m°) References
0.088~0.18 96 Company A
0.06~0.2 128 Company B
0.1376~0.946 96 Company C
0.086~0.2322 128 Company C
0.08~0.16 250 Company D
Journal of the Korea
Academia-Industrial
0.038~0.044 20~40 cooperation Society,
\ol. 15, No. 6, 4007-
4012, 2014
Chinese Journal of Ship
0.035 170 Research, Vol. 15, No.
4, 97-104, 2020
017 Green Energy and
' Technology, 2022
Rock Wool
0.0432 60 Company A
0.0375 80 Company A
0.03 1313.5 40 Company E
0.042 40~160 Technical ipecification
Fire Technology, 53,
0.035-0.044 1833-1846, 2017
Energy and Buildings,
0.0299~0.0386 91 144, 262-275. 2017
Sustainable Materials
0.033~0.04 800~1000 40~200 and Technologies, Vol.
4,1-17, 2015
Journal of Building
0.033~0.045 30~180 Engineering, Vol.44,
102604, 2021
Green Energy and
0.035 Technology, 2022

% Note: The marked color is the specification for the experiment.
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(©)

>

el 3

VAR L R L < e el e

Fiber Cement Board

Conductivity (W/mK)

Cr (J/kg-K)

Density (kg/m°)

References

Company F

0.35

1350~1550

Journal of Building
Engineering 21 (2019)
312-316

0.48

Journal of Building
Engineering 21 (2019)
312-316

0.3035~0.333

1400~1480

Advanced Materials
Research, Vol. 338,
566-571, 2011

0.3498~0.4444

1658~2300

Materials Science and
Engineering, 928,
022054, 2020

Calcium Silicate Board

0.15

630

900

Company E

860

Company G

0.31

600~1200

Technical Specification
A

0.05~0.2

Fire Technology, 53,
1833-1846, 2017

0.110~0.279

747.7

National Institute of
Standards and
Technology, 2007

0.059~0.065

1300

200~240

Renewable and
Sustainable Energy
Reviews, 131, 110038,
2020

Gypsum Board

700~800

Company H

650~900

Company I

0.17

710~1110

Technical Specification
A

0.115~0.302

1080.4

National Institute of
Standards and
Technology, 2007

0.10~0.29

650~830

Fire and Materials, 39,
85-94, 2015

0.14~0.28

630~810

Journal of Fire Science,
\ol. 25, 2007

% Note: The marked color is the specification for the experiment.
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BAEEmEE PR R RE

AL ERTT L 168D VR SR 0 A N R R R B R T
Lm0 FERYIRE L 1 mm B endg g4 4 B A 0 300 mm x 300
mmx48mm — I = 254 F > G R hk B2 ¢ S 4ol 4-6 F1F e

W A-GREEp Y H 2 EFH
(FHE XK : 271 p Fi#E)
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AT RS R A TR REME T RREFEE L 0 ARl 47 (A)FT
ﬁoi?%%ﬁ%iﬁﬁﬁﬁﬁﬁ@W$%Wﬁ'ﬂ&g@é’ﬂﬁ;lex
1imehm 3355 R4 BE 2 H35emx350mE = 355 2R Rp e & o

P RBEHEAOFCARFEEDY R BIPEERACEL 70D
5% F > L REEFEGEEE > 0 Bl 47 B)Hrw o FlT R Y %
AR EIRFARM IR A B E G AE R Ft s
P o VG EGER IR E 2 B R BRI RS -

PHEROE X ARRIEE L > TEEEET B AW SR G
Foodel] 47 (C)frm o Faer* 2T B 5 K A #T 6 (RIE # F.59-200°Cx
+1000°C) > & BiEEF G A BRTH > WIEFHY 2 - RREHBEREZE

FEERIER > BATB UL FIE - B Al L V- B dn b
Hohom> X EBHTBMG LB SRIBEREET S URE
AN E B2 RIE -

EERSAERTTATBIFE S P EHMYRARHERLLE > FHERRE
BRYZZE D Av g 0 Ao 4-7 (D)#ror o RH Hn B4R 5 E B T R
WD B S TR AT RS R 1 (T

it 54

~¢
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BAEEmEE PR R RE

W 4-7 3240 % % G 42
(FHRXR: 2% p i74hEk)
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RN ANE LT N8
8 BHBGEEsER R

* 5 Ghaaty 16 BEM O AL r P B 48 Le Pk )
AP L e yp R W AR ¥ 0 I fe CNS 12514-14p 07 > ® A% 30 4 45PF
ERY B 842°CHHIT - R RITHIE S 4 Pa Flt AR SHRERE o L F
HisFIR o RypALn g VPG T Bt i fG0A) AL e & - frg
ik s R Plid 30 A dgenfedidti o Huk ? N3] 40 A 4anfedild iy o ¥

BBk

ﬂmL

o A SRR G ARET I % 0 320 G BB o d Y R
PRS- fesifa b 20y F 2 A > aidkiER] REBSLE -

Furnace Temperature

Temperature (°C)

- Temperature Curve-Test 1
Temperature Curve-Test 2
100 — Temperature Curve-Test 3
- Temperature Curve-Test 4
0 rrT Yyl vy
0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

UESREEL AR TR LR
(FHR KR 2R FHER)
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LM A ok 42 4t 0 T OUF IR A AR iw’wyﬁ%b
¢%%mm@’ﬁwﬂ?ﬁ&ﬂ’d*éﬁaﬁﬁﬁﬁﬁﬁﬁﬁﬂ AT

BB REEZI%H ARMEIAL O PIEFHE Y W TR RS WY
E D MR AR ERBHEERT) o a f LR AR g
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AR RZ G o f FRE RS > et A1 BRFNT AE HO%
ELFHREE L > EREWY
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Blagd > 2n R AFWAER L e T BPIE AR H 2
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(A)

EN R VAR AR RO BN e

% 4-3 L MR LE

L

Cl-FC-C1

R1-FC-R1

C1-CS-C1

R1-CS-R1

FC-C1-FC

FC-C2-FC

FC-R1-FC

FC-R2-FC




BAEEmEE PR R RE

(B)

E A BRI

CS-C1-CS

CS-C2-CS

CS-R1-CS

CS-R2-CS

G-C1-G

G-C2-G

G-R1-G

G-R2-G

(F# % 47§ F )
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E S AR i R L S =

LL e ,é‘% m—é,&g \ ‘]l 7 Z"J -&r,_l i’! ;‘_5, 3360C ’ *'{l% CN812514'1 —7»
R AR B FEWAR LG B FEA P FAE 2136°C P TR R G T ALE
173.6°C » #5 FRFE AL P 2 - AZBIRIE - 2] R BRI % 0c

Bl 49 & T wH+gFH+? wH ) e > 7 URBRIEA AR ET
A e gtk o B R R R PRI RT o IR AR T R
MoREF G R DEAER o8 B FH P RIS REDERT P SR
L P Az H45 (B0K) » ARG B R (L FA R R EF B R
FREEVR YRR ERT > S §F PRGOS - AGRER AT CTH R
fhm Ba it S ) 2 TR R 8 30 A denfE R
R D AR R U TR R e BB

Too B PR AE IR > dod 4-4 977 o
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UGBTI R RS R B n R

Wool + Board + Wool

- —e— (C1-FC-C1
—— (C1-CS-C1
—x— RI1-CS5-R1

=1 Max. Temp. Limit = 213.6°C

Avg. Temp. Limit = 173.6°C

Temperature (°C)
|

fvr1pvrypvyprvrprprerprerpregpd

0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

W 497 i+ Fi+d o H2Z FHEEEF VR
(FHR KR 2R P (TERE)
F 4-4 P ()
(A)

Bk BT
CLFC.CL 5 AR AEIE 4 40 AP E AT B2 ARSI 1
P g BB 40 2 gmpE R 0 > 458 6 62mm e
RLFC-R1 % 10 ABPFR AR > B 31 AmpER o B8R 9 TT
mm -
AP B A E 0 SRR X LSRR AR X
CL.CS.CL 9 11 & 4B pE R 40 Fok 9 3l AR RAEH 82
mm o
RL.CS.R1 9 12 AP ASEOE > R K 31 AR > B8 K 47
mm o
(B)
W & (mm) £ ¥ (kg)
Cl-FC-C1 25+ 4 +25=54 0.216 + 0.522 + 0.261 = 0.954
R1-FC-R1 25+ 4 +25=54 0.135 + 0.522 + 0.135 = 0.792
C1-CS-C1 25+ 6 + 25 =56 0.216 + 0.464 + 0.216 = 0.896
R1-CS-R1 25+ 6 + 25 =56 0.135 + 0.464 + 0.135 = 0.734

(?c,pgs,)g-; PR Y R f—?gﬂ'_)
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FIUSE S G R R L R e

Bl 410 & T Bt+e itk B4 nB i > 7 B FANE R 4 R
GA K 6 AR f A S 2 ST ABTABED o A A F K T

PR RT3 F Y Behd e cHERAH S R AR e R

m

RIEPHRB P A Ev- BREMWEET > 304480 F P RBRRE - &
CER R R (BOK) +8 MR AR | shie &9 5 ek ) 24 AP B -
EH S RPREMTIER YR SR FHE AL T AN R AL
MM BRI L o A PR G DR R AR o WIRER D
FH L PRPSADT B AFY ) DE R G AT BAE > F T X
¥ 319.2°C PR R AL TR o 4t FHRMEEAETLE R > FopBng
EOFFRE S TOUFRE T EHF R B cHEE o £ 0% SRER S
FEgM g o R R R EAIRARE A X o H B R mENPEER o ok 45 97

7‘]’, o
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B R R 2 %R

Board + Wool + Board

Temperature (°C)

—e— FC-C1-FC

—¥»— FC-R2-FC

—a— JC-C2-FC

—+— FC-R1-FC

Max. Temp. Limit = 213.6°C

Avg. Temp. Limit = 173.6°C

0

rrTryvryry vy v reprprgpd

200 400 G600 800 1000 1200 1400 1600
Time (s)

1800

W 4-10 B FH+7 o H+Ek BFH2Z B%ERLES VY R(-)
(FH IR 22 p FER)

% 4-5 B dE(2)

(A)
i FR RS
FC-CLFC kS| “10 AEBPEE Y BIR AR D FR ) 30 A PR L 0
+ % 35mm-
FC-Co-FC X 8 AR BY 30 AdpFra o B E K 87
mm o
FC-RL.FC q 11 » %?_E%F{é &;ﬂwg ' k5| “14 AABPEEM Y BIR AR D 0 R
[ ssmpEFEL > G T72mme
X 3L LEE N 1L SRR IR AT 0 9 23
FC.RDFC A SR FA L PR T LNk - 20 0k
50 fip# R B 2 BT ARIAM Y P ORE 0 ER Y 40 A Y
ik BAEH92mm e
(B)
X % A (mm) £ ¥ (kg)
FC-C1-FC 4+25+4=33 0.522 + 0.216 + 0.522 = 1.260
FC-C2-FC 4+38+4=46 0.522 + 0.328 + 0.522 = 1.372
FC-R1-FC 4+25+4=33 0.522 + 0.135 +0.522 =1.179
FC-R2-FC 4+36+4=44 0.522 + 0.259 + 0.522 = 1.303

(FH % AP gm)
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Fw R BV e SRR

Bl 411 & TR B +e o+l B Y o TS RBHE R AR
AR T SRR o fepeig e A 2 (8 (AR AR S o Y VP R
B R B S A R R T 0 ¢ e 5 # (B0K ~ BOK)PE 0§ di s
NG o T Ak BEY o HIRAN SR BR S 25 mm }
F 3B mmBE oA AR ppt T o vEfH CS-C2-CS FM A a i
W 30 A AR B S AR B o B8 G maE R 0 dod 4-6 97

7‘]’, o
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Board + Wool + Board
400 :
- | —e— (CS-C1-CS
350 —  —®=— CS-C2-CS
| —— csrics
—— (CS-R2-CS
300 =
—_ —
¥ 250 —
—
d =1 Max. Temp. Limit = 213.6°C
= b T -
£ 200 —
5 Avg. Temp. Limit = 173.6°C
E‘ _____________________
ﬁ 150 =
100 —
50 =
0 llllllllll'llllll

0 200 400 600 800 1000

Time (s)
Bl 4-11 B FH+¢ H+E FH 2 3% Bp gk vV iR(D)
(FRXR: 271 p FHEE)
% 4-6 BHPmRE H(2)

1200 1400 1600 1800

(A)
Bk T
CS-C1-CS K| “14 AEBPEE Y BIR AR D FR ) 30 A PR L 0
521 mm-
g 4 A4 P RS IIE > 5] 12 A ABPE A Y BB 4 T o
CS-C2-CS }]‘4”‘@?_3&)1/%?% : ,ﬁlulz SR FIF 4L
Fk 30 4 smpES A > BAE K 102 mMm o
CSRLCS X6 A ARPEE LEE > RS 42 A4 30 ApF s b 0 R Y
57 mm -
CS-R2-CS H 5 AMPERWE G 14 S @mPEEEE FIR AT 5%
9 A2~k 30 AR L > $AR 9 62mm e
(B)
W & (mm) £ £ (kg)
CS-C1-CS 6+25+6=37 0.464 + 0.216 + 0.464 = 1.145
CS-C2-CS 6+38+6=50 0.464 + 0.328 + 0.464 = 1.257
CS-R1-CS 6+25+6=37 0.464 + 0.135 + 0.464 = 1.064
CS-R2-CS 6+36+6=48 0.464 + 0.259 + 0.464 = 1.188

(?c,pgs,)g-; PR Y R f—?gﬂ'_)
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E S AR i R L S =

Bl 412 & TR B H+Y o H+RBH | hdiEd » 7 UEFRBEWER LR
SE T AP G Bt A 2 BIlARTAREE A o d RIT UERT]
FTHERPEAZANAS > FARFHIZTFEARRT > B v HRE* ]’
%14 (38 mm) 2 4 (60K ~ BOK)P* » 4 id i 30 A dmenfe #ld il S > ¢ fdT
FRREE? ARG R TIHOREEAREK S BE ;) ErajpiE G-C1-G
BRHIEFT AT 20 A4EPF 0 BRRAeESG S o i L g FC-

R2-FC - # > FHFIER R > @+ FWE L 2 B A0 G i 7l
":é % IS ’%Ut\il‘)% Fﬁ;}}% B{»u _§‘§ Fﬂ U m/ﬂ.&?\ Hoeom Hé,“E;@}impé

Wod FREPRT B AR P FE A AT R TSRS
MR A DK 5826°C AT E A s LARTKRH LT
R o ovi— AW 30 A BRI BB R o B W G m AR R 0 S

% 47 #7 o
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Temperature (°C)

Board + Wool + Board

—e— G-CI1-G
—— G-C2-G
—+— G-R1-G
—x— G-R2-G

Max. Temp. Limit = 213.6°C

Avg. Temp. Limit = 173.6°C

0

rrTryvrry vy v rprprgpd

200 400 600 800 1000 1200 1400 1600 1800
Time (s)

W 4-12 % B9 o bk B0 2 8 g 8 % 0 1(2)

SIS RS RE 20

(A)

2 47 PR ()

(B)

g A PR i
X544 30y AAR 0 K 27 A PE R BA 2 P A
G-C1-G B oW Ak g 20 A EpERT B2 FATY EERD
FRE O R%K N A0 A EmpER L > ®258 9 102 mm -
T REFERE B2 12 AEFEEEY R R
G-C2-G ¥ 30 MABPFERE Y BIA L P R > T oLg oLk R
42 45 48 30 P ok 0 A5 9 107 mm e
G-RLG N7 RABPEREALE B0 11 MmN BF LT
WAk 42,30 pFES L > B8 K 82mm -
GR2G K AR ampEEAeE > K 11 4 4 30 fUPF AL Y RIB 4T
WHROA A mpER L ARG T7mm -
w 5 & (mm) £ £ (ko)
G-C1-G 7+25+7=39 0.473 +0.216 +0.473 = 1.161
G-C2-G 7+38+7=52 0.473 +0.328 + 0.473 = 1.273
G-R1-G 7+25+7=39 0.473 +0.135 + 0.473 = 1.080
G-R2-G 7+36+7=50 0.473 +0.259 + 0.473 = 1.204

(FHRR: 2L R EER)
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EH . VIR L) Rl LS e e e

% 4-8 1 T 0 AR ERIEE S RE G B AT RS
RicenSd: > UHFMAR L B HEFRZ AL THFRAEEGL FH

CS-R1-CS ~ CS-R2-CS ~ G-C2-G ~ G-R1-G 2 G-R2-G -

£ A8 BB RKRE S T

, %7258 | 30~ 4 g | 304 & R
saa %(""n’:r/n?— Foan | BR@ERE | pEEeE | e
(%) A 180°C) A 140°C)
Cl-FC-C1 62 129 X X &
R1-FC-R1 77 160 X X i
C1-Cs-C1 82 171 O X 2
R1-CS-R1 47 98 O X 2
FC-C1-FC 35 100 X X %
FC-C2-FC 87 181 X X 7
FC-R1-FC 72 150 X X ki
FC-R2-FC 92 192 X X ki
CS-C1-CS 21 60 O X 4
CS-C2-CS 102 213 X X %
CS-R1-CS 57 119 O O £
CS-R2-CS 62 129 O O 7
G-C1-G 102 213 X X %
G-C2-G 107 223 O O 7
G-R1-G 82 171 O O 7
G-R2-G 77 160 O O 7
Wit OF w0 XA T AL

(fﬁ%%ﬂﬂ%?féﬁgg)
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FGRHRBEF M 9T np e WRZ M % 0 BB S BE RPNk T
P e S m AR 0 @ B SRS IR R L 60%~223% 1 R F) A R
GBS F R R DM BTG - WP U P AP AT ARl
Fh EIFDM > TR F S RRDF R Y o M2 BB M AL Sk f AT
FpE D F T RS LR R - TR PR A
1 A ) £ (19 60%~223%) % & CNS 11227 & 4l -
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FIAE A RN L R
Fr & RN RERERA T

LAl ARG TR REL S Y TR L fB0A)Z HL e s b)Y
Y W4 il f(30A) o AFEtE £ %) AT 1% Ansys Fluent ;48 -
FEH o B RFNEF T [ E AR REREREA T 0 4B 4-13 P17 o

Y& P9 B

— el "

FEuk K i

W 4-13 Ansys Fluent #-35% 4 %
(FHEXB: 2P p FER)

PHCER R 35 R %M CS-C2-CS v %3+ /[ = (300 mm x 300 mm x 50
mm)% =< = <} (2000 mm x 2000 mm x 50 mm) = & B ER 0 & A R E -
RE T REHDT R T ARRERFEERT o O] FH o (R
FRARERTR) ARV SRBHLELR S UM REY R Pl
(BPF)2 BB Y A REMRAUE AT - F R iF 2 EHRR T
Mide™ c (1) 2R Ve 232§ p RERE (2 %’Mﬁ%% Vg 2 LR LG o2
o Hepw R EH Q) R HE - AT (4) FI AR RS
Br#h o (6) A24iE B 5 300K (27°C) » 4c# G B A k¥ CNS 12514-1 28 o 5
o WARENZE 4 6 7 3 BAcE 4-14 A7 > W 2 8icho £ 4-9 fr T o
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VAN RGN LR Y E N S

£ B 45K

:
:
H
X
:
:
:
x
:
:
H
:
H
:
:

B 4-14 HEAHWEZ 4 7 LW
(FHRXR: AT p FHER)
AWM SR F
lllllﬁﬂllllﬂﬂ@ﬂlll.E&Illlllll

B & (mm) 1x2 6x2
HAEE Ak 48.8-29.7 (300-990K) ' 0.911-0.00014 T+3.13  0.09-0.31 (673-1273K)> 0.02423

(W/m-K) x 107 T2(T inK)'
% Bp (kg/m’) 78601 1000 2 962 12255
#5Cp (J/kgK) 51.11+2.019T - 10741 11304 1006.42 5
0.0030135T2 + 1.829 x
106 T*(TinK) !

'Thermal Performance of Fire Resistive Materials I. Characterization with Respect to Thermal Performance
Models, NIST 2007

2E BT

3https://www.isolite.co.jp/en/products/rcf/isowool-blanket/

1% v M £ E https://www.morganadvancedmaterials.com/media/2910/kaowoolblankets-
kaowoolblanketszrenglish-new.pdf

SHRMNETHE

(FR & 2gp L)
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AR R Ll 5 BEE Y el R

JEIB 4-15 RV ECF R AWEI 4cd 10 A4 ) BB AR LG o

TSR RBARYE MR L A FER A G A AR SR A
i 2

J-,&
S
A
>
/\-
.
-
e
frmt.
W
NS
Hh

FHRD 4 T1E 30 248 7 14 BTH R ] SRR
Vo BERTIZER > R FEM 200K 23 & & F]5 ¢

1. #4frcik(thermal bridge) - & *tdw & B v af v B B J de L
¥ ET S 488 0.9 2 0.09 Wim-K > &g p 3iEd #FHr -
F % (300 mm x 300 mm) ¢t 2w i1 3 b k2 i RIS ¢ o AT
RTINS B X H ] RER T R AR 0 5 G 4~ e
1 mm g G| SFRR AR G TRV DR Y S R 2 F A B
BARE e PR R 2 FHE A EHe TR A2 S
FIEh A7 F o F1EREFH ] ARG ) R ROE
o FR(E G b Hol) o hw BR[28]% ¢ § A A g4 15 mm
Z5mMmM Bl 60 Ak Y L T ok 4o 4-16 4
Fooo B RS AEARE > P EA 5 mm EAMEAR S 1.5 mm
o
2. Z oA ) REMa FR A ER S HB% IR o 2l Rl
ol oA MK FBEI ARG P (P& 2 BRI )R
e P BEE A R B e SRR 0 2R L G OERE T A
BOARZF AL PRHEFABL R FREICARS -

§ OB R AT ] SRR U R R L R AR T R
AnRHRAEH AR R EF LEP V() o AT 2R
FAYEFE R EHEPUPREORR TR ARE R REHEY
VRN % e s 7 - Vi R NEE g\,%)}% B AE > T - HA

VAR 3 -
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E AR R T < S

120000 X 5458 fF 441k
115500 , |\t ¥

1110.00
1065.00
1020.00
975.00
930.00
885.00
840.00
795.00
750.00
705.00
660.00
615.00
570.00
525.00
| 480.00
435.00
390.00
345.00
300.00

10 min 15 min 20 min 25min 30min

W 4-15 F RS+ R

(FHXR: 2FLp FER)

500
- == Door A - edge sheet 1.5 mm !
o400p | Standard door - edge sheet 5.0 mm
S Delta /4
a
[} '
= 300
= .J’ i
E Fa 1'
@ 200 p
'ﬂ- , J"
E - “; & e L g o -
100N, 0 T /
ﬂ_ L i 1 1 1 i [ i
0.0 0.2 0.4 0.6 0.8 1.0

Relative distance from the edge |-|
W 4-16 R #FEWRZ a AR
(F# %k : D’Amore G. K. O. et al., Numerical Modeling of Fire

Resistance Test as a Tool to Design Lightweight Marine Fire Doors: A
Preliminary Study, Journal of Marine Science and Engineering,
Volume 8, 520, 2020)

79



UGBTI R RS R B n R

80



IR ATA MR F BRI AT

¥IF FMARERFHEERIELS T

-8 RERRAAEE

AERZE R R 2 LA PR R B R R R R
FEARFERE-FPF oA AR F e RAF AT BIH TP LA S
LGRS R S

F % - % CNS 12514-1 = 5. 4 1‘#335 ﬁ i d ol SRR -
NF e T AMNE LREF ARG BTG E S

>
>

)
i\4
R
)

=
A
4ok
H‘\

»
ol
Iy
s
\\;
BN
=
n
N

PR EER

o

BERZFREOTH FRE LR RIS 5 T s H g B
0w R TR HHY SR B, 2 T jfﬁ;i}g,_g’\rﬁ,_ AT
TRATH A AT USRS R EFE L R L FE A FE -2 it
B0 E Rl g R A IR A F RS R R AT

PHS e P R A A R L IR R LA S 3
ETINSRUR VAN SE TINEIE: RTE TE 0 - FN R oL ) FORCY: S e i
e e 2 Bl S P& ~ ok i s g at S IRA e W iR o o
E@i*@%@ﬁ"ﬂﬁ’ﬁ%“7m@\ﬂ%¢~%§§4»s?’jfé@%
BT IR (STR) Rk o K T TR N B S R T AR .

AT 2 ATAI MR- F R e 42 SRV R i
E opmEE s EMELRSF AR AT o R E R
FoKHE S SV Bt A G g MAGEGE S WA T ¥ MR 2 7

20 m e 14t 3 N A e (8 A5 A chd B e H o RN IR
A T o FERY R E B 51 S RMET A
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BAEEmEE PR R RE

B 5-1 AT 4| LA M0 7% K

(FR %R RFL B 58

FZ 8 RPUBBEERELRER

PREATAHARR G R R IR SEAE 27 T RS ST RT WIES R
> %P CNS 12514-1 RpeT 270 % > HF RSG5 4cBl 52871 - - B 5
BRI 5 AP ARG EREETH  RFIVA G G ANRBEE R
VR A ERES SN ERMG T 2 SRR HARIT TR 20 A
& BT R LT 0 4 AT HRFARIY 40 4 4R MRS P TRR
EoRREIEG L 45 L BFRERAREAR VG B X THER A
140°C > 48 & s pr Az B 2L v o H gL % F & + = 180°C -
BEHRERGE  Jon R e R HZERE DERAR > B F LG
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IR ATA MR F BRI AT

300

250 —

200 —

150 —

Temperature (°C)

Al A5 A9

A2 A - Avg, Temp.

A3 A7 = = = = Avp, Temp. Limit
Ad AR = = = = Max. Temp. Limit
I|I|I|I|I|I|I|I|I|I|I|I

0 10 15 20 25 3 35 40 45 50 55 ol

0

Time (min)
W S22 #AHFFEAR VG ERERS S
G U ERES S SR 25

¥ éfév":]‘fl%f@ M bicE o1 PR ) AR LAR L e |
ﬁg:,gw«'gﬁgggg - §,qupiwgzfjk,].gg-%@g]zg%@ﬁgg»ﬁ—
FoRicFMRAFMT <5 47 BB E RN o 5 R

R o PR LA AR AFEP ARV s FIR PR AT R &I

Fr& APPSR

AEHRF 2P HE AL 111I0mm: B A L 2440 mm o B AT R = &% -

s

ZRF O AFPBAPDRREIE VNGRS R EE 5 865 kg 9
BFEZF5- FRPAFDEE > VIF R W T 2
ARE SHEFHEERE PP S E BRI 2 IR LR AR
5-1 #7575 o
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BAEEmEE PR R RE

2519 4P S 4 RE

(A)

oo LR [ e [ Es | M | sl | BRP N ,

EARAy Ef; r‘§§ i | 3n o ﬁg‘ﬁé: PR | TR

i 1200 2500 1110 | 2440 5 5 5 15

53 W %

W i % 1200 2500 1114 | 2440

o ege | P ¥ rae | e | g2 | g i?ii;éi f4a &ii;éi

BEEH ) sp | e8| aa | aa | aa | x| ESL TSRS

SGEEAE | R | GEEAE

F < <1 | 81.0kg | 22.5kg | 1220 | 1220 1370 57 400 353

M3 e 86.5 25 1220 | 1220 1370 57 400 357

%

(B)

TR LA ® R AR s

1 |s# ;MC HAEE | omm 5 2.040.2mm

2 ESRL T3 PVC 52x2mm

3 2 (1) A A~ 47x15mm

4 ¥ 2 (2) A A~ 47x25mm

5 F 2 (3) A A 47x31mm

6 | %@ WE A 47x50mm 2§1mmm££i;+% ”
35mm dp A A+ A

7 ¥ 7€ (5) e A 47x68mm Omm B L4+ T B
emm g i 4% 35
35mm ;}g B A+ 450

8 # 2 (6) e A 47x86mm omm B4+ 7 B+ b T
BEw 6mm Bl ik 4% 45
35mm dp A A+ A
Omm s pa 4% 4% ~ 9mm &L

9 ¥ 28 (7) e A 47x100mm Feds & B & 3mm A
4kt T EEw 6mm sk
44

10 | ¢ < s PR e 47.0mm 5 LE 1 0.13%

11 i F A A6000L - SMC * #

12 2T iE (1) A1040H-2.4 40.0x1.0mm

(?c,pg\,)g-; PR Y R f—?&'ﬁ)
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