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Abstract

Keywords: Structural steel building, fire resistant design, fire resistance rating.

Structural steel buildings are vulnerable to elevated temperatures because their
strength and stiffness will decrease due to the temperature increase. The loss of the
fire-protection for the steel will lead to the failure of the steel buildings. Thus, the
study of the fire performance of the structural steel buildings is important. The current
Taiwan’s fire resistance ratings for buildings are regulated in “Building Code and
Regulations” which stipulates the fire resistance rating for steel members. The fire
resistance ratings are specified for steel members covered with concrete, wire mesh
cement, brick, stone or hollow brick, or approve by the central competent authority of
construction. Fire performance-based design for steel buildings is missing on either
“Building Code and Regulations” or “Limit Design Specification and Commentary
for Steel Structures”. In foreign countries, fire resistant design for steel buildings is
mostly exclusive specifications that amply regulate related design. Therefore, this
research is conducted concentrating in fire performance-based design for structural
steel buildings and composes “Technical Guidelines of Fire Resistant Design for

Structural Steel Buildings (Draft)”.

The fire resistance design for structural steel buildings includes various fields,
such as fire compartment, fire-prevention refuge facilities, and fire-fighting
equipment. This research is conducting to collect the fire design specifications of steel
buildings from foreign countries; explore and compare the specifications in various
countries; collect comments from academic and practical engineers; and draft

“Technical Guidelines of Fire Resistant Design for Structural Steel Buildings (Draft)”.

Fire design specifications of various countries are mostly regulated in accordance
with the basis of the load-bearing capacity of the structures and members at elevated
temperature. One of the load-bearing capacity, fire duration, and critical temperature of
the structures and members is used as the criterion to evaluate the fire resistance rating.
The analysis method for fire design is mainly based on the calculation from formula
and parameters. The detailed explanation for the analysis method is also implemented
in the specifications. Whether or not the fire design is satisfactory can be also evaluated
by either computer program or experiment. Based on the material properties of the steel
at elevated temperature stipulated in the specifications, the fire resistance rating of the

IX



BB ERAPD LR HELY P 2T

structures and members can be calculated according to their fire scenario, heat input,
thermal response, and boundary conditions. In addition, standard fire test can be
conducted to estimate the fire resistance rating by evaluating the failure criteria and
further to assess the satisfaction. The current Taiwan’s design code for structural steel
buildings at ambient temperature is mostly according to the US AISC specifications.
Therefore, the calculation of load-bearing capacity within the fire resistance rating is
referred to the US AISC specifications Appendix 4 “Structural Design for Fire
Conditions.” Fire design specifications of steel buildings from European countries,
Japan and mainland China are also referred to compose “Technical Guidelines of Fire
Resistant Design for Structural Steel Buildings (Draft)”. This design guideline is
intended to enhance the practical engineers’ understanding and further usage of the fire

resistant design for the structural steel buildings.
According to this research result, the following suggestions are proposed.
For immediate strategy:

The design guidelines drafted in this study is mainly used to calculate the fire
resistance rating of the members based on formula and parameters. The fire resistance
rating of the entire structures requires a computer program. However, most computer
programs analyze the fire performance based on Eurocode. Research work generally
use such as FDS (Fire Dynamics Simulator) associated with finite element analysis
program. Therefore, the study of the computer program to analyze the fire performance

of the entire structural steel buildings is necessary.

While the fire performance of the steel members cannot satisfy the fire resistance
rating, the fire-protection is needed. Most fire design specifications of the various
countries provide thermal properties of miscellaneous fire-protection, which used to
proceed the thermal analysis for the protected structures and members. It is needed to
establish the database of the thermal properties of the fire-protection frequently used in
Taiwan, which can be used to analyze the temperature increase of the protected

structures and members.
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13428 & °F (°C) F.(T)/F, & F (T)/F,
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1200 (650) 0.16
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1600 (870) 0.04
1800 (980) 0.01
2000 (1100) 0.00
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£ - AISC APPENDIX 4 P &«

APPENDIX 4. STRUCTURAL DESIGN FOR FIRE CONDITIONS

4.1.  General Provisions
1. Performance Objective
2. Design by Engineering Analysis
3. Design by Qualification Testing
4. Load Combinations and Required Strength
4.2.  Structural Design for Fire Conditions by Analysis
1. Design-Basis Fire
la. Localized Fire
1b. Post-Flashover Compartment Fires
lc. Exterior Fires
1d. Active Fire Protection Systems
4.2.2.a Temperatures in Structural Systems under Fire Conditions
3. Material Strengths at Elevated Temperatures
3a. Thermal Elongation

3b. Mechanical Properties at Elevated Temperatures
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4. Structural Design Requirements
4a. General Structural Integrity
4b. Strength Requirements and Deformation Limits
4c. Design by Advanced Methods of Analysis
4d. Design by Simple Methods of Analysis
4.3.  Design by Qualification Testing
1. Qualification Standards
2. Restrained Construction

3. Unrestrained Construction

Fr & FH4L# Eurocode 3

F Lde Burocode 3 A Bl F] L BT H LT 24 Hf:¢ # 4 > Eurocode 3
Part 1-1 (20052) 5 4% % ¥ 8 T B EIUR BB @ P RAET 2 ERTE 0 A
Eurocode 3 Part 1-2 (2005b) P] 5 2% X i 2K 3704 ~ 35 B 3% = 2 > B3
%424 ] 2-4 97 - Eurocode 3 Part 1-2 (2005)2 % H7 4 & : ()33 & A%
Q)% VBRI T GIHAR -

Project Design
Prescriptive Rules

(Themal Actions given by Nomina Fire

Performance-Based Code
(Physically based Thermal Actions)
I |

Member Analysis of Part Analysis of Selection of Simple or Advanced
Analysis of the Structure Entire Structure Fire Development Models

| | ; | \

Calculation of Calculation of Selection of Member Analysis of Analysis of
Mechanical Actions Mechanical Actions Mechanical Analysis Part of the Entire
at Boundaries at Boundaries Actions Structure Structure
e — B
: ] |
Tabulated Simple Advanced Simple Advanced Advanced Calculation of Calculation of Selection of
Data Calcuation Calcuation Calculation Calculation Calcuation Mechanica Mechanical Mechanical
Models Modsls Models Models Models Actione Actors, Actione
(if available) at Boundaries at Boundaries
' | |
[ ]
SimpleCalculation Advanced Advanced Advanced
Models Calculation Calculation Calculation
(if available) Models Models Models

Bl 2-4 %84 Eurocode 3 3K 3+ i 42 ]

(74 &% : Eurocode 3 2005b)
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Y ’g L1593 $uig 5 2 bhi;]rgj;g{%i_ ﬁ_iFﬁi‘%i—j—,,,Lmﬂ ”Konv%s‘.fﬂ‘J%’ng X 4

B kA FRA KA RBRETAR R hhE o

=

%

EBFR R A A SRR FREZER R T HER TR
R TREERELALZ Y BROPE AN AT R (DHEFE A
Pk e T G A TFd T Q) EAR T HEET ()N Pta
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BREEAFD VR HEFET LY 2P
Bl (4) 7 4o P fri P E BRI R 7 12 AR R LR F o SRR
B LG AR PR T 2 R T S A 1
AR FACE IR IUR {0 g 1Y 1?“_1_-5 D TS A ?x;}*’fﬁ-fi fﬂ’?&?\? 15
H) L AR -

PERTELRAERY R () RGN RS ()

l“L%F ie A g R %f] ’ff'mff} 2= (3),1/?“!5—1‘3‘? ]14 1A RIL S TP
Pl BB R A XL DRR 2T R g e LR AR 2
i

-

N

EJ °

S HERF

Eurocode 3 (2005b) % if T cdh 4 5% R 2 RAEH A F 2482 3 50K 4rfig

Fenlr Ay T TR st M T AoB] 2-5 977 o d B4 R MATIRZ et iR

wedptk o #4573 o' Rag R (effective yield strength) ~ #2255 & 27 38 14 Hidc » ¢
Eurocode 3 (2005b)*R = 72 ik 2 37 T 7|3+ & 2-4 o

Stress ) A fois effective yield strength:
_________________________ foo proportional limit;
fy.9 — 3 "‘.‘ E,n  slope of the linear elastic range:
| \ &b strain at the proportional limit;

/ i "‘.‘ &0 yield strain;
/ | I"‘. &o limiting strain for yield strength;

f ﬁf’ 3 \ Eap ultimate strain

po /i i

y.6 Et0 gup  Straine

B 25 BER¥M T4t Bt BREMN D
(F#L k7R : Eurocode 3 2005b )
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R v i

2024 BRBCTHML S EN TR GE
Reduction factors at temperature ¢, relative to the value of f, or £,
at 20°C
Steel Reduction factor Reduction factor Reduction factor
Temperature (relative to f;) (relative to f;) (relative to E,)
for effective yield for proportional limit | for the slope of the
4, strength linear elastic range

kyo = fuolfy koo = foolfy kep = Eap/E,
20°C 1,000 1,000 1,000
100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
300°C 1,000 0,613 0,800
400°C 1,000 0,420 0,700
500°C 0,780 0,360 0,600
600°C 0,470 0,180 0,310
700°C 0,230 0,075 0,130
800°C 0,110 0,050 0,090
900°C 0,060 0,0375 0,0675
1000°C 0,040 0,0250 0,0450
1100°C 0,020 0,0125 0,0225
1200°C 0,000 0,0000 0,0000

NOTE: For intermediate values of the steel temperature, linear interpolation may
be used.

(74 k& : Eurocode 3 2005b )

#. 1§ ¥ (Thermal conductivity) = 4 F & 4 2 iy > 7 TER R
B%E L g2 2 F > 4 Burocode 3 (2005b)*R % 2 ff 2 3 B4 H A B E ki 45

WmK 5 2B RMFEZ£2BERET 4 O30 2-D)&F 2382235 > S5 4@ 2-

=

6 o

A, =54-3.33x107%4,

A, =213

for 20°C <6, <800°C

for 800°C < 6, <1200°C

15
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60

U
S
|

IS
=}
|

w
=
|

%)
=
|

Thermal conductivity (W/mK)
=
|

=

T I T I T I T I T
200 400 600 800 1000 1200
Temperature (°C)

B 26 XFEREFEZHHHDHE K
( F#L %R : Eurocode 3 2005b )

=]

W #(Specific heat)sh & = 8 =4 F2 § 1°C “1F 2 #it > EEARMT
Gt 2 v B (/kgK) 4B 2-7 #7om 0 FAarg R R K 750°C PEgE AR RA R o
iz 4% Eurocode 3 (2005b)4R %> 4k 42 v+ £ 7 o 2 55(2-3) 1 2-6)3- 4 -

C, =425+7.73x10"6, -1.69x10°6?

for 20°C <46, <600°C (2-3)
12.22x10°¢°
C. - 666-( 13002 J for 600°C <4, < 735°C (2-4)
0,-738
C. =545 +[ 17820 J for 735°C <6, <900°C (2-5)
9, -731
C, =650 for 900°C <6, <1200°C (2-6)
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5000

4000 —

N

Y o

=

3000

=

s .

=

;:_' 2000 -

3 ]

=7

“ 1000 1

0 L) I L) I L) I L) I L) I L) I L)
0 180 360 540 720 900 1080
Temperature (°C)
W 27 REREFZH VR
( F#L %R : Eurocode 3 2005b )

FOUE GG ETERR AT ERDEAE R 0 & Eurocode 3 (2005b)4R %
ZHHMBVEFSERRICPF HERDRLEHHM T 20°CERAT R R L Eo
FOLIE GHT A B EFRE S 2 E S Ndea X273 AR Q-10)47 0 B E
F R R 2 M RAoB) 2-8 AT o

Al/l

=-2.416x10" +1.2x10°0, +0.4x10°¢>  for20°C<6, <750°C (2-7)
Al/1=11x10" for 750°C <6, <860°C (2-8)
Al =-6.2x107° +2x107°6, for 860°C < ¢, <1200°C (2-9)
a, = Al (2-10)

IxAG,

17
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0.02

0.016 —

S
<
o
N
|

0.008 —

Thermal elongation

0.004 —

0 L) I L) I L) I L) I L) I L)
0 200 400 600 800 1000 1200
Temperature (°C)

B 28 XEREFLH4H#AN LT
( F#L %R : Eurocode 3 2005b )

o R T 2 MR E 0 BIF %% ENV 13381-1 (2001) ~ ENV
13381-2 (2002) 2« ENV 13381-4 (2002)#%Z_-

# - Eurocode 3 Part 1-2 B 4%

1 General
11 Scope
1.2 Normative references
1.3  Assumptions
1.4  Distinction between principles and application rules
1.5  Terms and definitions
1.6 Symbols
2  Basis of design
2.1  Requirements
2.1.1  Basic requirements

2.1.2  Nominal fire exposure

18



2.1.3  Parametric fire exposure
2.2 Actions
2.3  Design values of material properties
2.4 Verification methods
24.1  General
2.4.2  Member analysis
2.4.3  Analysis of part of the structure
24.4  Global structural analysis
3  Material properties
3.1  General
3.2 Mechanical properties of carbon steels
3.2.1  Strength and deformation properties
3.2.2  Unit mass
3.3 Mechanical properties of stainless steels
3.4 Thermal properties
3.4.1  Carbon steels
3.4.2  Stainless steels
3.4.3  Fire protection materials
4 Structural fire design
4.1 General
4.2 Simple calculation models
42.1 General
4.2.2  Classification of cross-sections
4.2.3 Resistance
4.2.4  Critical temperature

425  Steel temperature development

19
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GRS E R LR RIREY S 2y
4.3 Advanced calculation models
43.1  General
4.3.2  Thermal response
4.3.3  Mechanical response

4.3.4  Validation of advanced calculation models

FI8 P> Tapdellkidndt

poken Mg mt V3K 34 45 (2017) > 24 44 & Harada (2003) " p & #722
ARE SR LR A8 B ARL AR R S REHFEPRE LY
ALY A NI TR BT R S R A L S H T e g e
R ARPERE - VIR REER Y At B B F AR v

B GEC RINCRE R G e A H LR B TR R AR F Y R TIE
AR A F Y R R IRHR - i S %%5$%H%:$%%ﬁ%
ORI s B R SRR o ] BN ERRBRUR AR R A E S N .

Pk TR A RIS P
- % R

11 ph

12 i * # R

13 AAfp=

14 %%

15 * 3%

»
>

4 11

I
s

21 BT RIEZ G TERRER
22 SRR R BEM R
2.3 rﬁﬁg‘)i E"l*}:'r/\rguy_\j‘ﬂJ 5;1‘&

20
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i

s

3.1

6.3

6.4

6.5

6.6

6.7

6.8

6.9

oAb 3
~ [k [N
it 3
(N TE‘R

#

[}
B
a5
[N

}\ 1\ ]"} b'? tﬁ-_ I«— m‘éﬂ LL ]1_', |¢-
-}\» :’z’]\i%ﬁ‘éﬁgﬁ

o

T\4

R

b

.}\, : ;i

#
DREP LY
Boroeg ol g
N a2 R R
R R 2R 2
& L% ﬁP

Bt
R B
LR
IR R gt E R
T2 A b R R
L A MR R
B ORISR
ok By 2 4528 HIFE R
ﬁ%mﬂmxﬁpﬂ%m&
ﬁ@ﬁw,

R HEE WG R
21
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ﬁ?’f#w?:ﬁ#ﬂ‘f R d S p i,gn;ﬁ

6.10 & = &30k L pFaRL R B
6.11 % 5 B 42 A Al & i KR R

6.12 4233 6 B B A&

>
>

it XK 5 b

\ ]
s

71 Fr&

7.2 4 pri

73 A AF

74 fR i s fghd

75 kR

7.6 &R R

7.7 kR AR H

7.8 2 BT

79 A1 PREIHEEL B R A R E SRR
710 % g2 F 4 BORGEE HRR R
711 £ 22z HE B R E

712 % "#%‘EF“/& rg“)g‘)iﬁ 22 ”ﬁ\&;‘"f}d

¥A 8 PR 2RSSR VP

R R T A S L HEREE | 53 2017 # 4] LA S e R

HE LR }%%%%ﬂ%&%ﬁW%@%W%&%?lﬁ?ﬁ@%’%

PIREHEED VREERP PR ROL R RPN B E ERHEGH

A PR E LEPTRETORET A T e e 2

NEE BN ERERG B VIR ARG 1 R R R R A

B iR LB AR R - CARP S Rl RAER B gk
W AT 2 S B SN (% B 2001) e
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R v i

W

PR ZRR

SH AR RV R Uk B A VRE R D VRS %
Boa e a R R E R REERE A N IRIUE 2 & RS A
AP L T o U R Al AR (A L pERY) A ] R A R (T
POVEERT) B BB EHE ERA VAR IUR R AU S e 25 e K
;\4 E 2B R LW A LRI ,;ﬂiu F R AR ) ;\g— Lk gk
BARFZE RG> NRYAVE IS EAEREFERT T NRAEA

FaAHA R RS F IR L AIET R AR A2 T e
SER ST RS BN aﬁw&%ﬁaﬁ%’%ﬁmmﬁ s sliE
PR @ g R V2R A LR TR R ﬂ#wﬂ‘ I R R S U
PRt EUREFLERSWRER > &P VRPPFEFRL - 22
FoB A ENREEEFBREIES B2 HE R L BBV RS
SRR NS LR ES S T RS 1R

225 ¥~ SRR R RHE2 aLiErT

Ak E
HAF R
— —# =% 9
PR ks 3.00 2.50 2.00 0.50
B R~ e H
2.00 1.50 1.00 0.50
o E R
BB E.H i 5 KA
AR 1.50 1.00 S AR i Ay g 3R
0.75 0.50 0.50 FEE
B KA
ETAARE A
1.50 1.00 ~ B R i 5 F &R
EHEZE - 442
0.50 RER
EATFRER 1.50 1.00 FER FER
973 KA
B LA 1.50 1.00 ~ERE i F 2R
0.75 0.50

(AL KOR 2 A S VAR E 2017)
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ol FTACE TN P AFR R B EAMAT Y SR P FRE R
ARG - RED PR ER V)RR T ORI E S B o it
B R 2 PR FE 2 GBS50017(2003) Mk S HER R 2 ¥ BT e
APME SdR 3N N R - B 2 P I Sl B TS HCHR T R R 2 3T
B o4 2-6 FTm e

% 26 3E T2 $IE e

Fic LA 8 i H i
O IE 4 ik a, 1.4x10° m/(m-°C)
SRS S A 45 W/(m-°C)
R C, 600 J/(kg-°C)

%R ) 7850 Kg/m®

(FAL %R 0 & R BAED VAR 2017)
L R R N
b AR S B A N R R e TeR R R

AP Z L RBEIAPVREER > MEENER T EEE S FET A
ZHARETEFEE 5L E KPS U AT R 2 & R R FRE
B EMNERATARFPHREABEINFERZFE S (DB RGHF TS A
Gl % 0 3% 1SO 834-1 (Q012)4F F <L B o R 23 5 QS HF F i il X0 f
F R ITREL AN FET AT HPLT RS R IVRAT R R A
FAR AR R N A FIF53E o258 % 7 % LKA VR
KA FE R JIPE R L2 R L FEMBIF VRARERELITRY

TR B A2 B TRh R RRE PR ORF L& AR R FIRES R
PR R R AR DA A B R Al g s phs

RBHLE PP 2RPE FRAER S TRPAVEIN L EFEAR

‘“d
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Rfp 2 v i
FERPER R FRAER R RN R FRR PR RRE R R
ARUTRREREP URBERETESED URELR o
B¢ FA s TR RED VRRE | P&
1 5Rl
2 e R
2.1 g
22 B
3 AARE
3. BLEf
32 Ak
4 1 X S S
4.1 B X iy s
22 BN iR
5 g
5.1 &t
52 RERS
53 Bk AT
6 &g R Y
6.1 LD EY R
6.2 4t i+ = B E
(I ES RS R e
7.0 A4 R
7.2 §RA R R
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BHHZEAP P VR PIFEL SR 287
8.1 4k F iR pEd 4o
8.2 A4k e & ik
8.3 MRkt g ik
9 Bk iR fRaE 1 2 5% e
9.1 — %
9.2 B ViR S
93 VR L AR
9.4 [\ ir B AR
9.5 F iy kB LR A2
9.6 M ~ By R frar M X iERE A
97 LB L iREL R

9.8 F X iR A I 1 ARk T

58 mligzi

@A WA EF 4 HhixR ASTM EI19 (2018)2 ISO 834-1
(2012)2R2.2. > & » i {7 at LMl mS% AT 7 o AE P 2B CNS 12514-1 (2014)
TERAF R ERE-E 10 - R RT A 2R R AL R
1o bk AT

% ~ ASTM E119

ASTMEL19 (2018) 5 22 A 4~ Hig & Hhpt af X 32 S AR08 2 72 > 1 & L Eawf L3
PR PE 2 AR g iR R RS R R AUR R o SR g TR A AR S &
4 /F i3 ] 538°C > 10 4~ 4t 3 704°C » 30 4 it ¥) 843°C > 1 /| ¥/ ¢ 3] 927°C »
2 [ PR T] 1010°C 0 4 ] PR F1id 1093°C o Ml mt X fbiy 5 ks W & K
San IR R F TR LT R ol TR R AR 538°C A E- 4t R
28 RATIE 649°C » PIGHAEE 2 BUR o
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S8 v

7 ~ ISO 834-1
ISO 834-1 (2012)*% VIR R KRR R S RIEEE R
H IR EBRY O FER o REE U RRE AT IR R R 50°C 0 4eg
BB LHREAE Y QT =345l0g,,Bt+1)+20 - H P T LHESER LS

PR (&) 0 Aol 2-9 977 o fhae A2 FHAKE G R R AR F AL e

1200

1000 —

800 —

Temperature (°C)
L (=)
S [—4
] (—]
|

ISO 834-1

4 +—+—+ ASTM E119
0 L) l L) l L) l L) l L) l L) l L} l L}

0 30 60 90 120 150 180 210 240
Time (min)

W 2-9 {FEHEd

(FH%m 2 255 592)

%~ CNS 12514-1 - 4. & R 5E

P A FEHRE CNS 12514-1 Q014) > 325K & (¢ 7 2@~ T 2R F ~ &
FI2AFIERE)RBIER P B 2RI EDN Y PR SRR
Bk RAREE Y R FAOR BTN RRP O FHTRE LA T B
PLE A RRLRIEE  BRRKE 4 AR 2§ F A T 22 [SO834 2 R E
N
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BHBERP D LR

ER
=
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ESatIk Sl i

EE TN 7R 7 A 2R )

BEeAEY

;jg,ﬁ—_l_‘%_]- P :‘f 3 fﬁ’f#—r{% AR —r‘)r{—;J_

"t E A

T
SR TS

P 2 F AT
RE i EE Ea]
y
)J_E,%Jr Jr__Jm %lb@/w\%‘?i\
(3 &5 L FE) ) oo B
\ 4
PR E RS LRI TE BT MR 4
VESEEEANT BRI
A 4
\ 4 J \ 4
el k= TR LR
BETHEEgEES g H e ﬁw?ﬁPm
A4 Tk R kP R
A\ 4 y y
Bl g B e TRA B A P EELRRT o H
s R AE RS A =7 b T g g B B g e L R
2?‘?“_‘_‘1@ Fﬁ":}{f‘i\:{° Tk B ER o =[N PERT o
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=

Frd RHA2H

-8 BH

AFTL AR 45 % B AISC (Q016)d 38 R R HEZL B VR R

FEBA P AE Y FABZREN G R REAAMTL AR 2 i
4L
=]

=R Vi S R - %

AL A R LT R

LR KPP M AR R RS BT RET 2
O SEEY N GRS AR Ryl SRk S A LA
PERF ~ TR B R ehE — TR L BN 2 M ik

RS EOTR V SR AT SRR DA R R R
R R 2 AW R F TR G R -

AR S S S SHREEE = SR O S R LR
TR AR AT AR R SRR VRS LT B AR L R
B LR AR R R T LR Sl B e S

XETEH /w\#friﬂf#:— 1‘#33 il BE A TR LA HTER .

\\\Xr

ﬁpiiﬁi%ﬁ%@ﬁ%ﬁ*a?ﬁ%%{ipﬁww(H=&
B2k o P OURGERP PRI SR F A SRR
$HESE AP R IR RE 5

Fo8 23

& -
BHESERAYF EMES D VR AR LT L 2 T AR

IPESRE IR AT Y AT
7 1

AELERLEP L EY ERARFAT S E R P B g L

Eiradr 2 E o E VAR FHEE ;ﬁr} FERN AT o KA P A
FARRS 5 B RO T g 2 1 U BN g AT R S 4R de FDS
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o

(Fire Dynamics Simulator)#§ fie § T~ % 088 A 7 > &3 B R 2 A 474250 5
2. iER-

ﬁzﬁ#ﬁ;gfﬁ \IELFE‘%;}—}",{E‘L}'}?T&& > 2 A ;: e f:’LLf;iq

APRSRE PN sTIRE JAT Y AT

Rz af VI ABEP NG RV IERE A E BB
pABY WA HEELERRE %*#12)!7 L 2k L%#quﬁ#%]__ fﬁﬁ%?—iff‘)\'f,ﬁ?
ERRELE T & SRS S R SRS PR Rk LR
PR R R BT R R R R e A R R B
St A o
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FZF BPUEPAEREZ s 59
B FEELEF R 59
3.2 R332 B R 59
R B © IR 59

3.2.2 RFA 60

3.2.3 AU BE R oottt 60
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FER UAHFEFERE VI e 61
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FIF MBRBERETE LRI s

5.0 BRTEIRERIETE et
5.2 KRR M B e,
8.3 A I T B oottt

T S rs X T = O

MBS K30 B o
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F-F &n

11 7%
AL p _E?r %&%’f#—ieg:ﬁ}f’”7 73 J\—‘;Q 2L, AL p @_‘-fj_gigj_)\ N mf#—l‘é]‘f ‘)\,,:‘:):
PR AER N GRRBERAS LD VR AR ERFE AR LR

.

AEp R g E A B AR 2 Uk 2 R o i A Akt
%&ﬁ%ﬁ?ﬁ?{ﬁéﬁ%ﬁ%ﬁﬁ?%ﬁﬁigﬁ%iﬁkﬁﬁr&ﬁ@m
FERPFRRP R TT 0] § ok e iLE R N 1 ARG FTE X K g o

1‘53#; SFPE (2007)3 2_ > A3 s A npp V&2 325 i Ae e
1. mEfHPHF EREAF L IEFHL GIEL AR A F Y 2 RE

Fo AR AP B RFE e R e BRI R A

Wi g2 &%ﬁﬁAkﬁﬁ@%gﬁﬁﬁ¢a@@¢géﬁiﬁﬁ%%o

2. BEPAARE WA ey § 48 B A/ E (threshold values) s 7 & #
%ﬁﬁ‘ﬁ%iﬁﬁﬁ‘*%gﬁ‘ﬁkﬁﬁﬁ@\ﬁﬁigﬁ\: X

o

for BB B EE

4, FREFUH N ZAPMERT R 2P S Vi A2 RPEE -
5. FREEHLFOCE TR R TR E S RSB ERT

B REAF TP VEZRE S B B VR VERK S E PR
FooAER EEH LT P LK e

1.2 # 3%
M= 8 B | (critical temperature) :
WA AR EEIRE S EURERLER -
Mt L R | (duration of fire resistance) :
iz CNS 14652 (2008) » 7 fif V322 (5 7 » 22 FAR & & B 3]0 2
fE% e FIA 2 R S FBE S R 2 R
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\“?{r

TEp 2y

WA AP LR

T L % 3] | (fire compartment) :
i CNS 14996 (2006) » & * @f ViZ A2 » RZ AP et Tg 0 - TP
B UL AR N T 2 4% e

r £ | (fire load)

i CNS 14652 (2008) > % f— BZ R P 73 7 %5 S m 2 0Em2 A

wHE o
rok £ % & (fire load density)
i CNS 14652 (2008) » % ¥ =¥ & ff 2 V£ -
Tpr kit | (fire performance) :
iz CNS 14996 (2006) » 5 § # Mk B> ViR BRFE - BRI L2 5 o
CFp L 50 325 | (fire performance test) :
i CNS 14651 (2008) ~ & ##* ~ & ~ Hig & Liyd|2 2uEiF 27 38
BN R 2 B o
" pr L g2z | (fire rating) :

B ARARR AERP LR BEEE P VRE D LR AR
L pET @l 2 R o ik CNS 14652 (2008) T2 A f B L Z - L @E5%
IR B RBREET o B R R E e L
LR

M@tk 4 | (fire resistance) :

% CNS 14652 (2008) - & 4 ~ #1* ~ g FaFfaFpad s R

(EARNE N LR Y e I e
"B X Hgig | (fire structure) |

L3 EAPFRMRPFIHRFZFF Z T VR a2 i o
F'pe st | (flash-over) :

% CNS 14996 (2006) » & - HHIP 2T R B R A G RAFEFSF L




‘fffﬁ'ﬁ;———

2k

o

[e

M@ § | (heat flux) :

iz CNS 14652 (2008) » 5 H i>o ff ~ H = @ p f2c » B ez £

it o bldcE = % cal/(cm?) ~ W/m? o
"€ (load ratio) :
BRIV R 2 PPE R E YR T AR R

& it # | (load-bearing capacity) :

REW LML G FRP LD A ATERT R R R i A
£SO
1.3 #5

ISERS A T F

A =9 41 FTEZEXFLVLFBRE LS R

E =74 %2 4%+ 8 fickk

T, +

Znﬁﬁﬁiﬁﬁﬁ&

E =R %
E=E &% T RS I 2 4+ 58 ik
E(T)=8 R 5 TPz 4381k

Foo= % 8 2 AL B 4 5 A

Fo= 4 B2 SRBHET B %A

F,=% 87 0 R K58 A
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F,(M)=E& 5 TFLZiEh ik
F(M)=F A 5 Thrz 4 4
FT)= R 5 TR IMREEL S %A
Fo(M)=i@ R 5 T2 S Rgit ks %a
FM) =k 5 T2 bR R R
FM=F&: TEZ&MHfnik

| =% Vi 5 fiff e

J=fE¥ i

My, =i &g & ehitaep 4

M=% B2 =5 EnR

M, =% 82 FfHed 2R

M (M) =F Kk 5 T2 RfifEd 2R
M M) =E &5 TR TR 3R
Ny, =i A& g = dhhre 4

N, = H 58 55 A 47 5019 2 4112 i 4
R(M=Er s TRz i&Rfei
Ri=X VL&KL

S; = Stefan-Boltzmann ¥ # =5.67 <10 W/m?.°C*
S, = %t5s hh2 ¥7 5 Hidk

Ta,cr :ﬁ* ’H Z %?’FIL u?_ » °C
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To=VER °C

T =Y R E - °K

Ter =20°C
To=2FRAERFT 2448 R °C
Ty =2 FRVFEET 24 EA > °K
TM)=PRF:tpz 3§ FHE R - °C
Ty=x% ‘a2 g R > °C
T=RRpRAFLTEATVER °C; 2B 2.1 &
T,=8htt"d R & 2 0 FF2 8 R

T T=xXxVieEa R TE%2 B8R °C; RS 43 &
Vi=FETIHRAFET S B R

VM) =g & T2 EHAT 4 5R
W=HrER2EZ(FL)

Z, = %5 h2 $75 R

a=# 18 #k=a,+a > Wm*-°C

a, =il Gk

CHES R LR P S

C="7 Pfht dvh £ R a2 R

C, =P ViR 2 v # o Jkg-°C

C, =4kttt # > Jkg-°C

d,=F ViEEHFZER > m

f=mp ¥ ELBAR? @
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h=x }\T#fié\‘i r"s )i
hy=1 T Ei5a)w 2 jedt

Ky =R tad e d 50 B & T 4 A 23R Gk

Ke =4 14 314 fiodic 2 47 T e

K, = &1 0t LR 2 37 Tl

k,=F L EEH 2 B EF > Wim-°C ;5 $B % 42 &
k, = 4 HFdas & 2 3558 ik

K, = &3 % & 47 T dic
k=4 R R 2 37 T i

K(T)=i8 & 5 TP&am+ s ko B 2 47 (i

| =20°C pF2 4% 1 & &

n= & = 4p ¥k

Q"= 4w g o~ BB
r=3$Tera 3k ph2 e g2 T

r(T)=" X4 & 5 T P2 % %]+ (retention factor)
t=4c#PFF > min

o, = 4+ #OEE G0 1/°C

Vo= MR 44 A I8 il

gp = NG H B BARTT Thic
Al=FREtT2LH4HVYEE

M= s

¢ =73 BT Gl
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PR, =F BT LR R
PR(M)=E Rk 5 TH2Z X %A
A = b E @ 8 W/mK

Uy =T % f2 & T2 dic

p, = ViR %R > kg/m’

X =BT Ay e T ik
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FoF GHEF

21 4H B EBBEYT

B2 BRI EFIERCEA L AR R FARERAT T R kd
MG n EREEHEE FTREAF LR - RUFETHFEYETRY

gt BT PR R R B R BERR -

1. SEPHCHc2 37 Bk,

k. = 2.1-1)

. (T) (2.1-2)

k= (1) (2.1-3)

(2.1-4)
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2 2.0-1 R T & MR R iR i
wigacc | ER AR L
k,=F,(M)/F, | k=F,T)/F, | k =ET)/E
20 1.0 1.0 1.0
100 1.0 1.0 1.0
200 1.0 0.807 0.9
300 1.0 0.613 0.8
400 1.0 0.42 0.7
500 0.78 036 0.6
600 0.47 0.18 031
700 0.23 0.075 0.13
800 0.11 0.05 0.09
900 0.06 0.0375 0.0675
1000 0.04 0.025 0.045
1100 0.02 0.0125 0.0225
1200 0.00 0.00 0.00

[

# 2.1-1 B R T & M8 T 5 Eurocode 3 (2005)#7:& 3% » &2 AISC (2016)
TR SRR - X e

TRAEHBET P AHIBRET T 430 & Taipg et VR4 4
(2017) ~ AISC (2016) ~ ® B~ pt "2 4w B4V HATRF | (2017)2 49 B 4R
TR NE sl A LA
Lop & T ol k34 4 (2017)

FIp oA Tan i Al Rt & Q01T TR L A ML E BIP F 2 Ak
#4r SS400 ~ SN400 ~ SN490 ~ SM490 % 4p fp » a8 4ai 1 2 R LT RGE & 1F
RPN R ERS D K iRy o P& TR el RHp & (2017) i
TR M AN S EREZ EARAR T THMRS BRI FE A WA (C21-

1)E ;8(C2.1-11) ~ % C2.1-1 2 % C2.1-2 #5571 o
BIPN ¥ * 4 44 4o SS400 ~ SN400 ~ SN490 ~ SM490 8 & %1 T 2_ "% Kag &
2L 5 -\ ‘.&‘-_4—1‘ .

I
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F,(T)=F,-k(T) (C2.1-1)
$ T <ST<T,
k(T)=1 (€2.1-2)
¥ T, <T<T,
T,-T,
ka)Zl_TZ—Ti (C2.1-3)
2,

T,=dHER » °C
T =20°C
F(T)=8& 5 TP HHRAL"E Rag R
Fo= 4 BT &R0 R &

K(T)=F & 5 Tredn s Rap A 2 478 i
T =@ RpREFLLENT VLR > °C
T,=tt" Reg k3 0L iR »°C

B ¥ * 4 H SS400 ~ SN400 ~ SN490 ~ SM490 ;8 & % i T 2 b4 o d 4

S L

o(e) = max {0, (e), ()} C214)
o, =min{Ee,F,(T)} (C2.1-5)
o, = f,(e)+ f,(¢) (C2.1-6)
(o B

T (C2.1-7)
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o =

2 2 (C2.1-8)
1+ gj
82
Ae
B=E-R (C2.1-9)
__EM

° E, (C2.1-10)
7 =005 (C2.1-11)

E =% 2 4+ S i
E=® BT R¥A L 28k
FM) =k 5 T2 bR R R

F(T) =i & 5 TR i

n=j& %] 4p #ic
o C21-1 4h MHABAT 2 22 3R B (4 H38 7 L3k 344 &4 2017)
& A SS400 SM490
SN400 SN490 BCR295
BCP235* | BCP325*
Fy(N/mmz) 235k 305%% 295
T,(°C) 300 250 300
T,(°0) 700 700 750

P AABTHE A AR T

SM490% SN490 = 295

3z @ 1 kgffem?® =0.098 N/mm?

** 1§ 7 54z 8 40mmpF,SS400 % SN400 ;5 215,
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% C21-2 TALMFET &4 BRDEA TR @S o VR a4 2017)

SS400 SM490
& 11 fA g SN400 SN490 BCR295
BCP325 BCP325
E(N/mm®) | (1-10°T?)x205000 | (1-10°T?)x205000 | (1-10°T?)x205000
(0°C, 4500 N/mm?) (0°C, 4500 N/mm?) | (0°C, 3000 N/mm?)
2 (300, 5200) (250, 4500) (300, 3000)
E, (N/mm?) (600, 700) (500, 600) (500, 200)
(1000, 0) (1000, 0) (1000, 500)
T <500°C T <500°C
F, (T)(N/mm?) (1-4x10°T?)x235 | (1-4x10°T*)x325 0
T >500°C : 0 T >500°C : 0
(0°C, 190 N/mm?) (0°C,270 N/mm?) (0°C, 265 N/mm?)
2 (300,160) (270, 270) (300, 270)
F, (1) (Nimm?*) (570, 90) (550, 110) (570, 113)
(750, 0) (700, 0) (750, 0)
n 1.5 1.5 3.0
3t 1 1 kgflem? =0.098 N/mm?

2. AISC (2016)

% C2.1-3 #7577 5 AISC (2016)% i ™ 4% 1 8 42 T 478 i dic o
C2.1-3  AISC (2016)% i ™ 4% +4 2 8 3 1L 7 370 2 dic

+
~

& R R k. =E(T)/E k,=F,(T)/F, k,=F,(T)/F, k, =F,(T)/F,

°F (°C) =G(T)/G

68 (20) 1.00 1.00 * *

200 (93) 1.00 1.00 * *
400 (200) 0.90 0.80 * *
600 (320) 0.78 0.58 * *
750 (400) 0.70 0.42 1.00 1.00
800 (430) 0.67 0.40 0.94 0.94
1000 (540) 0.49 0.29 0.66 0.66
1200 (650) 0.22 0.13 0.35 0.35
1400 (760) 0.11 0.06 0.16 0.16
1600 (870) 0.07 0.04 0.07 0.07
1800 (980) 0.05 0.03 0.04 0.04
2000 (1100) 0.02 0.01 0.02 0.02
2200 (1200) 0.00 0.00 0.00 0.00

MR s & C2.1-3 Z SRR ET A G R KRG R AT 450 MPa 2 4k 1 o
R RS o

47




BHBERAF D VR HIEY L 27
% C2.1-4 ##5% 5 AISC (2016)% if ™ 4R 24 i 42 47 i e o

% C2.1-4 AISC (2016)% i ™ & 422 ¢ 1 T 47/ (il

SR & °F (°C) F.(T)/F, & F,(T)/F,

68 20) 1.00
200 (93) 0.97
300 (150) 0.95
400 (200) 0.93
600 (320) 0.88
800 (430) 0.71
900 (480) 0.59
1000 (540) 0.42
1200 (650) 0.16
1400 (760) 0.08
1600 (870) 0.04
1800 (980) 0.01
2000 (1100) 0.00

3. Eurocode 3 (2005b)
# C2.1-5 #7151 % Eurocode 3 (2005b) B /§ ™ 43> % 453 2 L F 478 1%

#c o

# C2.1-5 Eurocode 3 (2005b) & if T iFfx % 4RiF 2 TR ik

BECC |13 RP 4 W AR ST R4 B ERITR Glick, | 4% % B 4T Rk,

20 1.000 1,000
100 0.968 1000
150 0.952 1,000
200 0.935 1,000
300 0.903 1,000
400 0.775 0.876
500 0.550 0.627
600 0.220 0.378
700 0.100 0.130
800 0.067 0.074
900 0.033 0.018
1000 0.000 0.000
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i
4. ¢ B4 T A BHED L EERE ) (2017)
dRA R T A SHED VTR Q017 R M £ R G R R
B4 (C2.1-12) 1 %(C2.1-16)3+ &
F,(T)=k(MF, (C2.1-12)
¥ 20°C<T, <300°C
k(T)=1 (C2.1-13)
¥ 300°C<T, <800°C
K(T)=1.24x10"°T —2.096x10 °T; +9.228x10°T, —0.2168  (C2.1-14)
¥ 800°C<T, <1000°C

k(T)=0.5—T, /2000 (C2.1-15)

F,=rxf (C2.1-16)

He o,
FM)=Ek 5 Tzt iigs ke ik
F =48 7 s iR R R ¥R T A MR R &
fobht ¥ B2 B AR EHH T BELRARTE
Ye= 4 A 3E ik pp =11
K(T)=if & 5 T redwtt s o & 2 378 (i

R R T 2 SEECECT J 54 (C2.1-17) 2 2(C2.1-19)3+ ¥ ¢
E(T)=xE (C2.1-17)

7T, — 4780
= C2.1-18
T 76T, — 4760 (C2.1-13)

1000-T,
= C2.1-19
1= 6T, — 2800 ( )

He
T,=aitE A& > °C
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ET)=:8A 5 TPz 4581 8k
E =% 8 2 4% 3B Hicdc
Ko =R R A SRR AT T
5. ApRAG 2%
BP0 b 3 R T A TR ML ¢ 3 5 iF(2004)2 Chung
—%ﬁ A (2010)7\/{3;{ = & o 3}:”}; /?‘—(2004); Chung _‘{f_ i3 (2010)!> V‘J‘J IVEN J?«‘]— -ﬁ;ﬂ;'#: 3
4%+ AS572 Grade 50 ~ SN490C % SN490B it {7 £ 8 B T ¢ ¥ 8% » Chung % +
(2010)8 ip] 78 & % 1 T 44+ SNA9OB 4 12 4o |(C2.1-1)%75% 5 4+ AS572
Gr.50~SN490C % SN490B ™ ik 3 & ~Fif 2 B 2 EM W ficz 378 G licie & C2.1-

6 1 % C2.1-8 #7571 ©

700
— Ambient
600 + — 100°C
200°C
500 — 300°C
—_ \ — 400°C
= 7 \
E 400 F/ — 500°C
: " Ambient — 600°C
$ 300 — 650°C
N
“ — 700°C
200 — 750°C
— 800°C
100
b IS°C __800°C
0 1 Il Il Il 1
0 0.2 0.4 0.6 0.8 1 1.2

Strain (mm/mm)

B C2.1-1 ;8 B % 1 ™ 4%+ SN490B & 4 /& % # % B)(Chung £ < » 2010)
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2 C21-6 & %1 7 4+ AS72 Gr50 2 s H 47 &2 458 B ¥GET i 0 2004)

8 A (C) F,(M)/F, | FMIF E(T)/E

25 1.000 1.000 1.000
200 0.956 1.000 0916
300 0.772 1.000 0.824
400 0.696 1.000 0.853
500 0.631 0.948 0.675
600 0.389 0.567 0.575
700 0.201 0.281 0.400

3 C20-7:8 B %10 T 4+ SNAOOC 2 42 22 1738 (i (355 3 > 2004)

EERCC) FM)/F, R ()/F, E(M)/E

26 1.000 1.000 1.000
100 0.917 1.000 0.973
200 0.816 1.000 0.899
300 0.693 1.000 0.908
400 0.656 1.000 0.882
500 0.584 0.952 0.761
600 0.421 0.576 0573
700 0.224 0.277 0.421
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2 C2.1-8 8 & % (T 4411 SNAOOB 2 5 1 5 2 45 4 #ic(Chung % 4 » 2010)

®E(C) F,M)/F R.(M/F, E(T)/E

20 1.00 1.00 1.00
100 0.92 0.89 0.89
200 0.84 0.94 0.81
300 0.72 0.97 0.77
400 0.67 0.87 0.78
500 0.58 0.62 0.58
600 0.39 0.35 0.35
700 0.17 0.16 0.24
800 0.09 0.11 0.05

AISC (2016) ~ Eurocode3 (2005b) ~ p & 4w ffid @t L 3K 3-45 45, (2017)% ¢
Bl & re T A S VR | (2017)E SR 2 tE PRsE R 2 S O R TRk
oA W e B](C2.1-2) % BI(C2.1-3)#7 7% o

"f K3 & > & > AISC(2016) ~ Eurocode 3 (2005b) 2 # B+ 1x "2 f b S H1
NH R | (2017)FT R B AR LT 0 ¥t 400°CHS E bR R P & Tt Al R
P g QOINFIE R F ok R A S FET R A Ee 22 B RRAR

2 LR
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1 A ——V—e—¥

\‘\\

L&:‘-
S 0.6
LH’% .
0.4 \
*—%—x JIS, 2017(SN400)
| e—e—¢ JIS, 2017(SN490)

0.2 - ~—a—a AISC, 2016 \
| *—*—= Eurocode 3, 2005 \
¥—>—v China, 2017

0 L] I

0 200 400 600 800
Temperature (°C)

<

Bl C2.1-2 BRI T i E R RATH (hifcz 1t

S > & 0 AISC (2016)22 Eurocode 3 (2005b) ¢ R A% A6 » ¢ B+ 12
TiE R SR LR EE Q01T)RI R A BT A i A LR34 41 (2017)

CENEFES S SN Thon SR PR SR - N N

B ER LN AP
1.2
1 v

J :\v\

0.8 — \t\'\A

= * v\
é 0.6 - * ’\
K . v e

0.4 — \
4 *
+—e—e JIS, 2017(SN490)

0.2 o ~—a—a AISC, 2016 \\'\\
AN

*—x—=% Eurocode 3, 2005 *x Y
v¥—v—v China, 2017 |
1
0

0 T I T I T I T
0 200 400 600 800
Temperature (°C)

Bl C2.1-3 i & %1 &t S firdicdr R Trdicz v
AISC (2016) ~ Eurocode3 (2005b) + P & T4 {18 a4 3 345 £, (2017)2 %
2_%F RaE R Z SEM BT R B SM400 ~ SM490 ~ SN490 z_ % ik B & SE
FEBAT R fiort s B 4o Bl(C2.1-4) % BI(C2.1-5)%777 o *% K3 B 37 (h#cg >
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1.0 > 2R = B 1.0 -

1.20

0.80

Ky,o

0.40

sl

1

AISC
EC3
JIS
SM400
SM490
SN490

0.00

200 400 600 800

Temperature(°C)

B C2.1-4 58/ %1 T 4w b9 K5 T Bt RBIGE A & 0 2007)

1.00

0.80

0.60

KE,o

0.40

EC3
JIS

0.20

0.00

Bl C2.1-5 B & %1 7 4 H 3B BT ot RBIGF % i > 2007)

SM400
SM490
SN490

200

400 600
Temperature(°C)
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22 i EET
2.2.1 #E

B IR T 4 M EUBE e, b 28 1.4x10° /°C -

[E

PR E R TEROIUHF R o

Eurocode 3 Part 1-2 (2005b)2 # % 8 % 8 A >+ 12x107° 1 15x107° /°C R -
BB AR 750°C 3 850°C PF > FEOR B E T AR > NS L 3 &
A% 0 dofl C2.2.1-1 i o @ ¢ B4 1 T Ad B L HERE | (2017) 2
AISC (2016)*%. %2 #199E it 5 2@ 1.4x107 /°C > p & o af VR34
#- ) (2017) 22 PR G#P] 5 2 E12x10° K? o

Eurocode 3 Part 1-2 (2005b)4% % 2 i & % I ™ 4 1 #9020k Tde™ o 3%(C2.2.1-1)

I 3(C2.2.1-4)+ 5

% 20°C<T, <750°C

Al/1=-2.416x10"* +1.2x10°T, +0.4x10°°T (C2.2.1-1)

% 750°C<T, <860°C

Al/1=11x10"2 (C2.2.1-2)

% 860°C<T, <1200°C

Al/1=-6.2x107° +2x107°T, (C2.2.1-3)
He
a, = Al (C2.2.1-4)
I x AT,

| =20°C P52 44 4 £ B
ANl=gR %t T2 b0 Ed
T=4HER > °C

AT, =it BRI R °C
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WRBERAPD CRPHFET LR 2]

o, =+ £ R flic 0 1/°C

0.02

0.016 —

e
<
—
(5]
|

0.008 —

Thermal elongation

0.004 —

0 L) I L) I L) I L) I L) I L)
0 200 400 600 800 1000 1200
Temperature (°C)

B C2.2.1-1 =ERF T2 4% ¥ & & (Eurocode 3 - 2005b)

222 #

S+t e, 5 600 J/kgK o

e
LERAEE R RRSEEFRFPAE IC A B T Bk

SRR B LA R RREL Y AT o

Eurocode 3 Part 1-2 (2005b)*% 8 A& & v T 2 4% 41 ¢ # » »* 20°C % 600°C
800°C 12 b % it 3 % » fz >t 735°C phdm 4+t #.28< 1 5000 JkgK » 4o §)(C2.2.2-1)
Arom oo ¥ B S T A B LB | (2017) R g bt B L e
600 J/kgK -

Eurocode 3 Part 1-2 (2005b)** & (g & F@ oz v #EF# d 34 (C2.2.2-1)% 3¢
(C2.2.2-4)+ &

¥ 20°C<T, <600°C

C, =425+7.73x107'T, —1.69x10°T,2 +2.22x10°°T.? (C2.2.2-1)
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% 600°C<T, <735°C

(C2.2.2-2)

: :666_[ 13005 j

T.—738

¥ 735°C<T, £900°C

(C2.2.2-3)

C, =545+{ 17820 J

T.-731
# 900°C<T, <1200°C

c, =650 (C2.2.2-4)

T, =448 & > °C
C, =4+ # > Jkg-°C

5000

4000 —

3000 —

2000 —

Specific heat (J/kgK)

1000 —

0 L) I L) I L) I L) I L) I L) I L)
0 180 360 540 720 900 1080
Temperature (°C)

<)

B C2.22-1 =FR¥E2Z 4+ #(Eurocode 3 > 2005b)

223 #ib#

BH R R A, D 45 WmK ¢

i
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BSE R P LR R
BOELFFOERAL LN HEAEE I RBERKA T F RO
BAXE > B P BEARE > TR AL AR E o
B(C2.2.3-1)#77% 5 Eurocode 3 Part 1-2 (2005b);E & % v T 2_#u & ¥ % ¥c »

<k

R A oy

HE A 27W/mK 3 53W/mK - SEF 8 B R 4o @ SRR > 3 800°C 18 MiF T
P FA e TERSHD VR | Q017)R e £ Bl L 45
W/mK -

Eurocode 3 (2005b)*R 2 2 f§ % 3- 54w £ B % % s 45 WmK 5 & B R 1é
B # b GeT d 4 8 (C223-1)2 A 8 (C223-2)34 8 @ e

% 20°C<T, <800°C
A, =54-3.33x107°T, (C2.2.3-1)
¥ 800°C<T, <1200°C

A, =273 (C2.2.3-2)

Nud

v o

A, =4 £ 8 Gl > W/mK
60

n
)
|

S
=)
|

w
)
|

N
=]
|

Thermal conductivity (W/mK)
=
]

0 L) I L) I L) I L) I L) I L)
0 200 400 600 800 1000 1200
Temperature (°C)

Bl C2.2.3-1 %8 & 82 582 44 1% % % #(Eurocode 3 » 2005b)
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FZF PURFAIRT

I fEEsag RuR

2 PHECHFRELHER  FRTALES P LR

(0.90r1.2)D+A +05L (3.1-1)
He
A=d 41§ LRZRFL LR Sad B o
D =B L BPEFFELLEL AP LE -
L= c4ER AR~ GRS RAE R FE S ERIERE
i

FGI-DZFE s R Rd AISC(2016)* *th VR P E B L G

(0.9 or 1.2)D+AT +0.5L+0.2S (C3.1-1)
Hde

S=Z ¥
TEARMCAL IR FAFINUR S kA Y RIPEL P
FEpE

FRLEHELE  FP L2 R 095 F T 0 H R Z 120
FREZ G Fp g VR AE S B EEEF R DR B
(Ellingwood and Corotis, 1991) °

32 B L&+ 8 K
3.2.1 - &3z

SR E R D VRN BRI ARG 1 R 0 2 R R
Bl s o 0 R E BRI R R R = B R R H - RS AR
TRRER » TEREVCTHRENEAL L 2 o

AR A LR P LRAEP Y RIERAL L AFT AL 2
PERY o fp ok pEaw ol T2 AP (2018) TE AR P ¥ 1 HY = F 2R
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WHBERAPF D R HE Y L 2
2PN F S LR R R RKERE R AR 2R
P A B2 ek C3.2.1-1 #75F o

e

BB ET R 52 &2 B R T L] T

% C32.1-1 ZRFP VG RLF 2P ET(E ARARR 0 2018)
BEEA | pTEE EAAZE éﬁ%ﬁﬁ
ARFEIL | FAREr K | FrAIF ek | 5T i
WM iém 5 RA

71\§‘_;l%}§_§=

»

oI\JI\Jr\JI—‘
‘*ﬂ?ﬂﬁﬂ

g
g
g)
g)
5

3.2.2 ﬁ-&f- 4

AR T2 LR %%T#E\‘ T#Ti’i’llf' 4 2 7] %@?_\‘.:g:‘gg‘g if—}i‘é‘Lf‘

3.2.3 w L pERF
M)\F%E& éﬁ]ﬁ“é‘-*#ﬁ\'*#fi '_?]r'g /E’_é;’flj,j_\;\.J *ﬁuq%@%_&%@ R éﬁlﬁﬁ%"]‘#
A wmt LR ] R ol

324 RHER

WhiE A sl gt AR R AP BURBERZER - S AR
ET%ﬁ&@%#ﬁiﬁiﬁf4’*W*ﬁﬁmﬁﬁﬁ#ﬂiﬁﬁﬁﬁﬁﬁ
Mt b g AR BB ER o
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41 Fr L e FREzF 2R

;L:;J‘ N F‘ m w‘Jrﬁﬁ?LL*# 'Jw_rﬂ /Q°LL"[ ‘/'Elf'ia%/\'? r}: gk? P\?ﬁ
?,?fi;,%frﬂfr;; FﬁggogL*Ji\.ﬁ‘,/F}}%; ,$F~J$§@)§ =l

PRI R R A VR LT R R R R RS A 2 %

el L FPER A X R L B 2 F R A

i

YR %R 235E 0 %4 Eurocode 1 Part 1-2 (2002)* 44+ E 2. R %o

N,

RV R BRI TR TR R RO R LG
1. % %]V & (compartment fires)
REALNER R SR SR HP RN N R R YR

'JF&—FBII ok 7 I "]5 , 7&_,1 ﬁ—'m ‘)\' f;i °
p RN 22 ISO 834-1 (2012) 42 2 8 o &2 vt 4o B)(C4.1-1) - p 2R L L &
M 2 FRT TR LG LREF T R P MR R ¢ F WA - R

WRh T2 AR %«4 K_4q & —_,;;1: e i]!%bﬁ;ﬂﬁ;ﬁ‘%; .J\,$\1§ ) . ¥ »}g

N
(&S

FA R TR FRERAIPERAET T AR R 20 R

B4 EFRRaE2 L Y (Liew & 4 5 1998) o

1200

w00t __To==--T

o
-

800 #Z

Natural Fire 1

600 1 - Low Ventilation

400

Temperature (degree C)

.. Natural Fire 2
" - High Ventilation
Sy
e

200

0 1060 2000 3000 4000 5000 6000 7000 8000
Time (second)

B C4.1-1 p R0 & ISO 834-1 #2217 o &t fi(Liew & 4 > 1998)
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AISC (2016)7 # < 8 7 i ASTM E119 (2018)2_ 13 =1 ;8 w 4 1% 4 % 3> L ik
(Design-Basis Fire) - B(C4.1-1)#75% % ASTME119 (2018)% ISO 834-1(2012)2. &
W2 E o R B o

o

N

<]

S

=

N

]

b

D

=

5

= i
200

1 1SO 834-1

4 +—+—+ASTM E119
0 L) I L) I L) I L) I L) I L) I L) I L)

0 30 60 90 120 150 180 210 240
Time (min)

Bl C4.1-2 B G M

Eurocode 1 Part 1-2 (2002)% # B~ 1 "2 A4k S0 LV HAFRE | (2017)%
Bz F AR S 2 A4 YISO 834-1 (2012)15- 8 23 W AR > i
B G, 5 25W/m?-°Co FF 2R AT

T, (t) = 345l0g,, (8t +1) + 20 (C4.1-1)

t=4c#PFRF > min
TO=FFitEzzFp THER > °C
2. F 38X i (localized fire)

BV RSB S R R APREEE RIEIK S R IRL e L U
SRR B T RE OSBRI ET R GG 2 e e KA

HWE G A 465 M A ZR AR T AN 5 2B E T g F A

BoFAMPIHLLNT S HP AR - £ LSRN doh
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Buf B3~ A R 1 R (NIST, 2014) -

PEEE S B LR R

P

%% Eurocode 1 Part 1-2 (2002) *{4xC %2 p
A Tt a4t (2017)4.2 & -

3. s % 3] L X (post-flashover compartment fires)

BV AP R g R R BRI S RS R AL e gt gl A
R RGPERM Y R TR AR FE R G2 Rk
E= T e P

4, k3R I (exterior fires)

AR E IR L A R R
GEETITE  F FU R

WA B2 A58 s R R LI o Ity

PRI GEED § SRR e
W»?f]d-,a s} “'3’}?-3:‘5 Lo jfﬁ'[ﬂ?r )

B L B PR R k- LR R

%

fon

- 87
-

‘Ih

(ZRagy e °
Eurocode 1 Part 1-2 (2002) *F %4 & 2z $tin# @ & e, 5 25 W/m? « °C >

ZEAEY &L

T, (t) =660(1— 0.687e°** ~0.313¢**) + 20 (C4.1-2)
=4 PFER > min

TO=FFitEzzFp THER »°C

B JpY g Aa# B Lk Y(active fire-protection systems)z.
;’&Bf”/ﬁj\ﬂ “UFE": g‘;ﬂ_’;
1991) #3522 B

Pk o F X

s . [P ,
Z_ L m‘}é} }\

1* £ (Eurocode 1,
PR RTE R kT R RS  F
(SFPE, 2002) -

42 i g g

Ea
it 2 R R kY BB A T AT .
W2 R AT AT RT ARG

B AR N AR
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)At (4.2-1)

a=#1it#k=a,+a > Wm*.°C
a, =¥tind B Gl IR B Y Rk

Sger
T T

a, =t St B 3 o= 00 (T2 —TY)

C, =4kttt # > Jkg-°C
D=fiit#is £ 42 % £ > m
S, = Stefan-Boltzmann ¥ #=5.67x10®% W/m?.°C*
T. =% g A > °C
T =V R > °K
To=2FRVEFT2ZH1ER °C
T =7 FRABERT L mitig R > K
W=Fi=ER2 £2(FE)
gp = N UG b5 2 AR IF % Bie(emissivity of fire and view cofficient)
At=PFERF IR > s
SR L SRR B thdica, 9 5 25W/mEeCe L P E M 0 2k
L EREEAL S o
UERFRER PN UAFZ R AT R2AP L T EHEREAE
WA o
2. G LN R

i
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cW/D>2d p.c, (4.2-2)
k
AT, =—F (T -T,)At (4.2-3)
W
fy
D
"
cW/D<2d p.c, (4.2-4)
k -
AT, =" Te - Ts g At (4.2-5)
dP C (Wj'i'Cppp P
*\D 2

o

LB R A LR FIEALL 5

C, =1 L iFE AL 2 s # Jkg-°C
d,=F L iEEH 2 BE > m
k, =1 Vg2 £ 5F > Wim.°C
p, =Pt EEMAL 2 %R kgim®
RO EMHRE ERE A ZFERFRAL S
3. g

AT, =—d__at (4.2-6)

SRANARY 3 A k-t

s

F(42-1)3 5(4.2-6) 5 AISC (2016)% 45 4 B3 52 3 14 3+ B 4 14 21 38 -

-t

TR NG S AR ilier 2 B ER] kA C42-1 rw A o
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% C4.2-1 AISC Va3 s+ 20 (2 v B # R

AR Er

R R 24 0.7
Rz

. , 0.5
G TRGIHREE G T RERY
LAk PR HEEL L 205 0.5
RS MRS
T EF2L FHFasRrFL <05 0.7
SRV el el 0.7

APl RE M E LR a e LR E R (FR) La i e
ZR R E SN LB R A F A Tl B o A TG B et i
2 e XN RGE 2 AR 2SR SV e FHE TG AR B L R 2 g
B2 e (423)E N @25k W HAS A EEF 3 MM LIRER L
HAe P2 BRBERSVUERCBHERI BV ERER 2 £ B L2 - AISC
Q0l16)Fr EA A > R A FF iV iRgER 2 7 & hidg2 - 28

FRT R PP T RERRF M Lk g AT TR L
PR AT 500°C 2 R R 22 4m 143+ 300°C 2 43 2 FT(NIST, 2014) -

4 HE 2B - B 717 ik Eurocode 3 Part 1-2 (2005b) 4.2.5 & & ¢ B« px 2
R SRR VBTG Q01T R TP H N -

ﬂ%%ﬁﬁ@{@kg%%ﬁ%ﬁi$ﬁ%ﬁ%ﬁ1%ﬁé’iﬁﬁ&ﬁﬁ
R oot oo b Rgg 2 A E 7 44 Eurocode 3 Part 1-2 (2005b)%i s B K3t &

LR

Eurocode 1 Part 1-2 (2002)*#4% B

(\x.

4.3 éﬁf_ nAE
PR 4T LT R R TS S AT

HEp 4T RN43-D)I (4348
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1§+

2. ¥

2

3R

BRI S e p
NT =NTe_Nf

NTe = +T2 -

B E'Lf’i%*%%iﬁ'}‘\ 4

MTi = MTe _Mfi

Nf 41%‘3 i®d 4 0 f R _\‘/”\’)ﬁ”ﬁg” ’f#- it #
My, = A it & s o

My =468 20i % 4 00f R VA 4540 10 2 12 ham

E, =i A 5 LT

P A 2 3B B

A= VIR G
—’:‘ }\ ‘f#_l‘ ﬁ'ﬁ'i’rﬁ'
_)\ \"l‘#lv—é‘m—

a, = 4+ BBE flic o 1/°C

(4.3-1)

(4.3-2)

(4.3-3)

(4.3-4)

¢

b Tk AR AR | Q01T)E A 0 k- R A e
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Bl E AP p L

Pt
EERGNEE -

EEaE S St

e

2 N L SRR S X
RS E D ER

TR S B HEA AR H T R

¢ﬁﬁﬁ£gﬁdmb HERERd ¥ BT 2

44 BB VRS R E

Jw};\i\‘. 4 B8R R A_

CEN . A R
R, s <¢-R,(T) (4.4-1)
He
R =% VB2 X £
R(M)=8 A 5 TrEzEfinh
¢= 5 B 3T e
i GHAEERRS TH2ZEFBART)E 223 5= XM B ET D
PR T R
IEFLN- 20}
FaH R ET DI 2 S

B
-

12K %#Kﬁ

%é)i/? 12; j\:.f..}ll EY
o R G R R BK 5

%tﬁﬁ%ﬁTi%ﬁ
zix#ﬁﬁ RERGE 2

%
’Eﬁﬁs%ﬁn 2 E

2. XRAEH
EREHFETZRFERAFEALP N FHHFE T DR E 4G
BIVRZE R R R F A FIBREH ARG T2 0 T2 (44N g

HAR R AL 2 32 58(6.2-2) % (6.2-3)

R (T)
Fer (T)= 0.42V%" F, (T) (4.4-2)

s
A
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F(T)= ) (4.4-3)

F,(M=%k: TrEziEhk?
F(T)=if & 5 TPrz sEiqd By i 4
E(T)=8 & & T P2 4% 38 158k
F(T)2E(T)$RAZP 5= TR
3. HiH
e R VOB ETG R0 BEALTERFER -

Hed B3R T IRARAARIEIP o FHHFETORTEASE
KRR RS S Y MRG0 F 2 (4.4-4) - (4.4-5)
(4.4-6)~ (4.4-7) ~ (4.4-8) ~ (4.4-9) % (4.4-10)P~ 1% 4 S HHE LK 3502 e 2 a2 50
(7.2-1) ~ (7.2-4) ~ (7.2-5)% (7.2-11) :

FhRlea L HFEERL <L®T)

M, (T)=F, (T)S, <M, (T) (4.4-5)
He
F. (T):LE(ZT) \/1+0.078 Jc (ij (4.4-6)
(Lbj SXhO rtS
s
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i
HU)L%%:g3§i+ﬂ;&TH”{Eg”2 (4.4-7)
M, (T)=F, (T)S, (4.4-8)
F (T)=F,(k,—0.3k,) (4.4-9)
M, (T)=F,(T)Z, (4.4-10)

<3.0 (4.4-11)

To=7 FRVEERT 24 HER - °C
F,(T)=E & 5 THFZ TR,k
$£TiﬁﬁﬁgEﬁyanxnaM%%ii#&:i%ﬁﬁ?i%
o BB R 2 R SR SR UK R R R R
4. W £ HEH

%ﬁ@*ﬁﬁgﬁTi%ﬁﬁﬁﬁ@%ﬁ*$ﬁTﬁ%k@x,Lﬁﬁﬁ@
LR ZRPZ FRFL R ESHEHIRG R 2 -

Ped EARHZBEAEAM (T)* PR T EFERTE

M, (T)=r(T)M, (4.4-12)

phud
T

M, =% 82 RFdEd %R
r(T)=" ¥+ & A 5 TP &g 7+ (retention factor) ; %/ % C4.4-1
5. % P AEH

e *#H'FE/WT 2 Jfﬁ?fﬁ—%ﬁfiﬁﬁﬁiﬂ\i{“ E iﬁ*ﬁrg/ T g r%fr,}:% J.,hg:‘
BIGRE ER R 732 ST R LR E 2 TR 65 R

i =

6. et kLot 2him
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Rfhd BRIV M FETLRERRE > FRALIN SR HEHBET DI
Bs AP 44 82 R BRI R R fR3(2010) % N F HEH K £
BEAE R AR X EREHRE T RERAR  FRALIP S o3
SRR T AT A S HEIR R RPE RRS AR RS 2
Ie

E2 R TG E 2 0 TR EETR ER SR -

BERETLBABR T R BFENFET L HA 2 SRR

BARPEE AR RRERV AT .

faw

ERARMAHEREAPD VR ARFPFET RS 2% WHHAHES
BRSO A S REAITR T R VT R R R R
TLHALLE A AR ERIR R BREE BRI R R VI F SRS

FOPIEZ 3507 5 o
AP D LR L% S S RY AISC (2016)2 4P B AR T o AP

4 25 7% %% Eourcode 3 Part 1-2 (2005) % = &% Structural fire design & {7 %

o

Jo

e g R bR AR R RSSO Fl X VR
2 FE MR E 4 fehmt L i % (Agarwal and Varma, 2011, 2014) » & 4 412 @f X
el PaTHREFRRM AR R R R A kR o) MRS RTRA

2 H 4w d L2 £ et (L /)P

(%)Tz[l_%j(%j_%@mm ()

To= 2 FRVERFT 244454 °C
n=1 %1%~ THE T LERRM S -

n=20 EEF O THER Y 2 - LR R o
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%’f#—l\e%:ﬁ#}‘f R e b S S Sy

Ped £ AP RAEE A M, (T)7 50 (44-12)7 5 2 o r(T)4e & C44-1

EE
% C44-1 T EHFER L T2 %§ %]+ (retention factor)

T ¥ %8 B °F (°C) r(T)

68 (20) 1.00

300 (150) 0.98

600 (320) 0.95

800 (430) 0.89

1000 (540) 0.71

1200 (650) 0.49

1400 (760) 0.26

1600 (870) 0.12

1800 (980) 0.05

2000 (1100) 0.00
& SR e L i 2 % B 7 4% Eurocode 3 Part 1-2 (2005b) *ié D o %
H

BRFEHFELp ok tpl o FlIR S Ad o 4 MR E S HERS
R HOTHE R E R L e S R AL Y TR L e LR

15 MBI a PR R

o JF*#E\‘*#'J’7 wk pER A R Y H L pEak o

e
Tk R D LR SR AL P (2008)H R 2 2 L LR @l pE
@“@***%i%@ﬁ@’%W*ﬁﬁa%iﬁ@oa%ﬁﬁiwwﬁ@?@
APz TE=2 TR VR R VRPN g BiEv R 0 S
i fm‘*—*‘ﬁ BEOCRRA S e R R S P E AR R Y R R
BR-FHESMELD VBRI ED VR BEFY R AL Sy
BPER Gl FHESBILAD VAR RS HITCGRR Y A ik o
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46 BEHEHETRR B A% S

BBt g L) AERBREET AR T
WEHE L BRAD B NRARER

1

T, =39.09IN| ————--1|+482 4.6-1
a,cr { 0.9674,[103'833 } ( )

=it % 42 R %#c # ¥ 3 0.013
T.o =8t fRhigR »°C
FoeR EHE

Ho =R, /¢Rn (4.6-2)

R, =% YRL R E

PR, =F BT LKA

[EE

fifh B & 2.3+ 8 ¥ 43 Eurocode 3 Part 1-2 (2005b) 4.2.4 & 2_4p Bl 3P o X
CHAT LR Ly R SRR L RODIRE R0 4T i S
REART (FF TS NGB L2 R R EAT e 1y 5 022 1 0.80
P2 TRA R AT, 4k C4.6-1 #7% o

a,cr
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2 CA6-1 @& * A2R il y 2 TR B A T, (Eurocode 3 » 2005b)

Ho Toer Ho Toer Ho Taer
0.22 711 0.42 612 0.62 549
0.24 698 0.44 605 0.64 543
0.26 685 0.46 598 0.66 537
0.28 674 0.48 591 0.68 531
0.30 664 0.50 585 0.70 526
0.32 654 0.52 578 0.72 520
0.34 645 0.54 572 0.74 514
0.36 636 0.56 566 0.76 508
0.38 628 0.58 560 0.78 502
0.40 620 0.60 554 0.80 496

PR RE T A D AR | (2017) 77 R R AR R 1 2 e

B2 ER > B LT B ARUER AR L RREA ¢
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$IF NERESKEAR IR
5.1 H@E#RTF
AR FIEE CNS 12514-1 T2 A b fpas mf W 3%z > 8 1301 - & 13

By REA R AR AR L 52 EREN A BN ARN 53 S
2B EE R o

[E I

Fs BB FeEat U k% g ik B ASTM E119 (2018)# ISO 834-1
(2012)4. % 2_ @t X 35 % o A WA JF ik B CNS 12514-1 (2014) Mi2 R 4 i 4 1
AL EERE-E 1 - B REIE | 2 R Fal LRk o Al L -
A2 M AR 2 BURGR R TE S B ik Py

CNS 12514-1 Q01 ¥ 3% E & (¢ § 4B B P ERH ~ LH2 L =k
CHRBUER MRS BRI BB Y G P R R g R R
Bl RE TR B N RRE O MR RE L AT BRI E 8 R
PIBE BMRE A4 AR R R F A2 &2 [SO834-1(2012)2 R 2 Ap e ©

52 KER R AR

thie AR IR TR ERIREFF DR ULE T IR 75 [LIRhy sofde &
£ p xiﬁl«;w\'g—rﬁqﬁiépﬁ Yt T E2Z M AELKEN A o

KEN S FHEMARRERY AP L KRR PER A TEORFT - FHPE
LG A R RE R F A R AP AR AT IR R
2o P RTEF AR EREC ET LB0 A ALY o FAELT AR
B AR 5 L

1 e
Box Bed £
2
= 2o+ (mm) (5.2-1)
Bk FEd i 5
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o _ U
dt  9000d

» (mm/min) (5.2-2)

L=:F%2 2B A > mm
D=i#t g 8o 2 BEGRISG I £ 0 R4 2 BE4 > mm

2. fhe KL

Bt phe REFE

C= ) 5.2-3
200 (mm) ( )

B fhe R giE 5
dac _ s3h » (mm/min) (5.2-4)
dt 1000

He

h=#he K42 2 47425 & > mm
A
R A AR R VR LT L AR R R

RKE i AR 2 R R

53 SHARER

SRR 2w R R SRR R R M 5 R 2 BURIE -

[T
ASTM E119 (2018) - 2 it X 3 5 i ip] T4 2 X e » Rl g ¥ i H
ZRAECEHBHERER E& TIHEFARERTLE YA T EMEE ¢ SRR

RoAREAE RS Ak dod €531 # o
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% C53-1 4+ AR R 2 % (ASTM E119 > 2018)
i Bl R 2% LR LI EA T oS
2R PP AR =R = R ISR R <538°C
& - £ p|EE & <649°C
BAm 1| R L
WE A | s ek L pr | TR L TIOR R <S93°C
F

N ) e
Bz~ &

iF- £ IPBE B <704°C

Bk P ok

Bk P ok
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PEA A S e FIRE GB 51249 (2017) 0 T2 A BHEP VHATRE Y R
R ARAR o

?oES FRF RIRE CNS12514-1 (2014) > M2 A g it L sski2 > % 130
- R R GARERR L

vOER R R RIEE CNS 14651 (2008) » M2 A4 V3 —— S0 LR G * 3F o
ERINEER o

PoE R R RILE CONS 14652 (2008) » T2 A Vg — B L3k * 3 > Sk
TR R o

¢oE R B ERIRE CNS 14996 (2006) » i A dr b Vi g — 1 L & 2% E o SR

TR S o

PoFCEE AT (2008) 0 TiE A OV AL R BRATE R o P pdnE AT
ji: B o

PFIRE 2 (2010) 0 Tam i 2 A A SRR HOR B A SRR 2 R
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A 4
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PREAELRPEL " v RT3 Ak
Ry fi =(0.9 or 12)D+ Ay +0.5L Ry fi =(0.9 or 1.2)D+ A +0.5L (A AE 2)
In= A
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E N - e o [t
B BET RS FEVETHRESD
Py Al pER

#HHE AR R
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HI4E 3
HI4E 4
B4 5
H4L 6

Kﬁé;ﬁ,___

SFRHH e 96
ZRHER 98
FE SRR R BB B 100
FHES el 2 (PP YRR s 101
T ARBZBHER 103
ZRES (TP VBB s 104

95



& %75 5 H190x200x6.5x10 # " k3 & 5 2.8 tflem® » & U T 90k 2
fhin 4 Pup s 7951 tFe U HEE R E BV RET w ¥ P E L o B RF Y UN
BaRdl bl 28d Ri* I1SO 834-1 (2012)1 828 4 4 - H |7 L g i
30 A 48 o
a) HE R TR R R
b) MERR R RS E S HEE A E E IR Lehw
c) vk PR SR B AT i TR F et L s
d) k4 iyt T PR Lehat L

(F#L %R : Example 5.1 in Franssen and Real 2015 )

fa :
a) 3B R TRR R A
P, =79.51 tf

¢P, =¢-F, - A =09x2.8x53.8=135.58 tf

P .
= _ 98 _ 4586
¢P,  135.58
T,. =39.19In ;3833—1 +482 =558°C
| 0.9674 1"

(MERFE2ZRAER S 576.1°C)
b) MTRA R R B E v AE TR LA L
W=423kg/m>D=1.167Tm" & =0.7 » ¢, =600 J/kgK

d AP A2 H2 RIFFEHEEER

1

XN 30 4188 R 5 834.2°C -

(BRI E £ 030 A4 HEEE R 5 802°C)

558°C<834.2°C NG (®*HR :576.1°C<802°C NG)
C) 1t pE R s B ELE i PR R L

DB SRR R AT R Al R

(T —T,)At
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Kﬁg‘,___

1

T, =39.19In| ————
[0.9674%3-833

1} +482=558"C

wf N pER A 584 s

5845=9.73 min<30min NG (%R :14.08 min<30min NG)
d) v 4 g B R PR AR L

X V304488 KR 5 8342°C

# % B AISC (2016) 2 ##142 T k, =0.1

P (T)=k,xF,xA =0.1x2.8x53.8=15.06 tf (gL 5 16.44 tf)

oP, (T) =0.9x15.06=1355tf <79.51tf NG
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G 4R 2 %@ﬁ_ﬁ";

7 - & 35m 24kt % H180x180%8.5x14 » # *% k3 A 4 2.8 tflem? »
e B > XN T AR 2GR A Py i 5046 tf o pAR LA X PP L iR T
OB E L B AP VN H R L E L BV L R M SO 834-1
Q012)t B =g W Ao Hp L pEs faE 30 A 4B o3t B P AR T i PR wahmt L
Moo
a) TR IR R H AT A PR A L
b) etk pERE SR E 1 HE AT PR Lt L L
¢) RS s B g LF i TR R e L

( F#L kR : Example 5.4 in Franssen and Real 2015 )

&
e av
E = 2040 tflem” » F, =28 tflcm* » A =65.25 cm® > r=457 cm
L, =350x0.5=175 cm

a)feh f &

W=512kg/m>D=1.063m> & =0.7 » ¢, =600 J/kgK
§Ep 42 H2 RERFEHEEER

AT, =——(T. -T, ) At

£k 30 A44SR R G 831.2°C

(MERFE XL 30442 ER 5 766°C)

/ y 0.5x350 f2.8 _0452<15
~ x4.57 \' 2040

F, = (e“"‘”"%2 )x F, = (e’o"‘lgxo“zz )x 2.8 =2.57 tflcm?

¢P, =¢-F, - A, =0.85x2.57x65.25=142.54 tf

P .
wi _ 9046 5 ony

¢P,  142.54

/uO:ky:
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it 4
Tl Epp R C2LIBPEREFRERER S 648°Co
(MERFE2ZRAER 5 623°C)

(MERAPHEP VR RBELITEP R 2RAER L 5462°0)
648°C <831.2°C NG (% :623°C<766°C NG)

byt & pE
AR R AT R Al
el B R & 648 °C
wf ol PR G 838s
838 s=14min<30min NG (®* :174min<30min NG)

DES

B2l 30 A 4BisE R & 831.2°C
L T.-32 |(L 35
—=| =|1-—= —= |- T, -32
(rl [ n(3600)]( rj n(3600)(s )
_[,_ 8312-832 (175)_ 35 (831.2-32)
1(3600) J\4.57) 1(3600)

=22.02

iz * £ & AISC (2016)2 ’Hﬂ‘—'f“.}_%‘r ke =0.084 > ky =0.102
ﬂzE(T) 3 7% x0.084 x 2040

(Lc jz 22.02°
r;

Fy(T) 0.102x2.8
F, (T)=|042""" |F (T)=]0.42' *# [0.102x275=0.22 tflcm’

=3.49 tf/lcm?

P(T)=F,(T)xA =0.22x65.25=14.36 tf (4.5 19.67 tf)

PP, (T) =0.85x14.36 =12.21 tf <50.46tf NG
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WRBERAPD CRPHFET LR 2]

GIAL 3 3 R H R L B
7 - & Smz fi 2 ®o%re 5 H300x150x7.1x10.7> # "% R & & 2.4 tflem?>
MREATRELIBEPRE g h 1272t0m e 3 EHRAER -
(F#% % & : Example 5.7 in Franssen and Real 2015 )
fa
E = 2040 tf/cm?
F, =2.4 tflcm’

Qpeal’®  1.272x52
ufi = ) =

Z, =628.4 cm®
oM, =gM  =¢F Z, =0.9x2.4x628.4=1357.344 tf-cm=13.57 tf-m

M =3.98 tf-m

M 3.98

u, fi
= w998 _ 5993
=M 1357
T,, =39.00In| — = 1|1482-667.4C
’ 0.9674 1

(MERFE2ZRAER 5 683°C)
(MERFHEP VR RBRIFEP FE2RRER G 550°0)
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v
G4 4 2 F 2 R g h B 12 (20 YRE)

P - & 4mz @i 2% %e 5 H300x150x7.1x10.7 » "% R & & 2.4 tflem?
ARG R RN T AR 2 0 E g 3 3445t m > g R R R
R E R T IEd ook gt 2@ % KR G LV (fibre-cement boards ) %3 >
EIEALLHERERDLL 2B MRt ISO 834-1 Q012)fF 28 d s - 5 X
PR ik 90 A4 BE B VDB R o

(F# kR : Example 5.2 in Franssen and Real 2015 )
& :

¢ 4r

F, =24 tflcm® » ¢, =600 J/kg-"C » W =42.2 kg/m » D=0.75m

k, =0.15 W/m-C » ¢, =1200 J/kg-"C > p, =800 kg/m’

- 2
u,fi=Qf";" =3'44:X4 ~6.89 tf-m

Z, =628.4 cm’

oM, =gM  =¢F Z, =0.9x2.4x628.4=1357.344 tf-cm=13.57 tf-m

k, = u My _ 589 4508
Y gM, 1357

Vd 2P RECLIBPFBERERRER S 594°Co
B AAREER S I8mm (FA 5 15 mm)

18 mm=0.018 m

42.2

CW / D =600x —=£ = 33760
0.75

2d,p,c, = 2x0.018x800x1200 = 34560

cW/D<2d,p,c,
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BHBERAF D VR HIEY L 27

% 4-1 H300x150x7.1x10.7 4% ++ = 8 fr P
FER(s) | VRWRECC | MR AECO AT,
5390 1005.7 590.8 0.4
5395 1005.9 591.2 0.4
5400 1006.0 591.6 0.4

BT 00 ~ 4P > MR AR S 591.6°C

591.6 °C <594 °C

OK
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Kﬁg‘,___

GIAE S VR B2

4 875 5 H203x166x7.2x11.8 » W/D=48kg/m? » B KX LHH 5 %
L0 % 2R R ASTMELIO (2018)2 & 28 0 51 » ¥ i¢ * B R % 2.54cm
2 VA h (lightweight SFRM) » 2 B P [ 3% 120 4 48P » pU {1+ 2 B & o
( F 4 %k : Ruddy, etal., 2003)
& :

DA

¢, =540 J/kg-"C » k,=0.135W/m-°C » ¢, =754 J/kg-"C > p, =293 kg/m?®

W

k
I o2 0(423) AT, =——— (T -T,) At
csdp( j
PRRFT 120 A 48PF > pt 4R R G 707.3°C

At

K -
@ AP 2 N(425) 1 AT, =P Te - Ts
dp c (W] Cpppdp

D

LA
2

PR AT 120 2 48P 0 S HE IR R 5 673.2 °C (measured temperature = 649 °C)

1100
1000 — =TT
900 T )
~ 800 - =
oo '/
~ 7004 /
2 .
= 600,
= .
= 500,
<%}
g 400
= 300 )
2004 / 2 Measured Temperature
. — - — Standard Fire
100 — — — Calculated Temperature ( ,4.2-3)
L’ === =- Calculated Temperature ( X,4.2-5)
0 T T T T T T 1

0 20 40 60 80 100 120 140 160 180
Time (min)

B 5-1 H203x166x7.2x11.8 4% 1 = § fr P vt e B)
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BHHZEAP P VR PIFEL SR 287
AL 6 £ RIS (FBLRR)

7 - & 2.8m 2 4kt ¥Fe 5 H220x220x9.5x16 0 "% K3 & & 2.4 tflem? o i+
3 MR 0 % L EEATKE 2 B Puy b 100tFe AR * B R 5 20 mm
FEAFERE BREe B XL 2RIV OFREFLLL 2R MiE T SO
834-1 (2012)#% & = ;@ & 4 > 2+ 5 H mf L pFRF o
(F#% %k : Example 5.5 in Franssen and Real 2015 )
fa

¢ 4o

F, =24 tflem® » ¢, =600 J/kg-"C » W =715 kg/m » D=0.88m

A, =91.04 cm’ > r=559 cm - L, =280x0.5=140 cm

° ° 3
k,=0.2W/m-C - ¢, =1700 J/kg-"C » p, =800 kg/m

F
g =L By (05280 [ 24 075 15
ar VE ~ 7x559 \2040

F, = (670.419%2 )x E - (e—o.41<.ax0.2732 )x 2 4 =2 33 tflem?

y

#P, = ¢-F, - A =0.85x2.33x91.04=180.3 tf

=3
L =ﬂ=o.555
Y gP  180.3

vd AP pECLIBPFEREIREER S 577°C o

Hy =K

(UERFELZRRER S 565°C)
Pl f B R 5 20 mm
20 mm =0.02 m

CW / D =600x /12
0.88

= 48750

2dp,c, = 2x0.02x800x1700 = 54400

cW/D<2d,p,c,

k TF 'Ts

= g At
dp Cs(Wj'i'Cpppp
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% 6-1 H220x220x9.5x16 4% 41 = 8 i p&

BERFG) | VEERCO | 4R RCC) AT,
6110 1024.5 575.8 0.4
6115 1024.6 576.2 0.4
6120 1024.7 576.6 0.4

‘fffﬁ'ﬁ;———

FFREF D 102 » 48P > 411 E R 5 576.6°C o &iTfRh B &R 577°C o &H &L

PFRF S 102 & 48 -

(4R B 2 A LR 5 105 4 48)
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g o fBIRGE R GIMAR & B
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BN kAN EEE L AR AR
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SF o HWAHMZ LR T | i L R SR
RS i RMOEFLLZRTRS T R
By e
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R IR
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Y S RS AR

ERD LR Y B A

5 SRRV A -k':g %;#a%;; 4 2 (L o = "\'%ﬁéﬁiﬁff"\' ER T ‘J\»;‘; ‘4
2 A AL 2 B
FRer - TR RFFHEAR o 2 AR
PRI R R ER I E T ALY
6
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EHNF -
M e TSR | B R AREP v e
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A Lp P LRGP R 2 | E R
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2 T VRS 2 | A 2P R F AR A K2
9 | ¥12008 &z T ki AL | g o
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10 |33 L0 SR RE | P
¢ o
POURF ARG EHERS G R | AE LR RPN PR
11 | R*Grizdyaz %) 2| 2K 7 Fi2 R FEHRE
B GH? Hp
iﬁiﬁéﬁﬁéﬁ%%ifé“ SRR S - L S RO o
P MR E R RF R AR | 2 FFRPN R AT R 2K
12 | #FER IHPVEALF 2R 2 | BFT % 2§ F TSR RY
WLRAHE O RERT RV | HFEANE AN E
PR mE LABRER L E 2L o
13 [ER¥FL 24/ VRFLD | FHREHT AP VAR P
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