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HUFE— A FOREIZIY, SRFEOBERFRN/NI VWV E ARV R BHEERICE A
W SRR H 2D, BT = TG AT D8E R OM KM Z Et U7 Rk & Ot
FIRFZE 129ClX, HEAEOMM N IR/ NS WIEE, BUWEIC X 2 BN A ERICET L,
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1.2.10@ 3 K 51T, HMiFOBEIZHT 2 ROMEBERE LV 6372 0 RVIRE T
RV bW S fERIES R S TS, EETA~ORL MMRARZ I S E I f# T
i, 12100 1R T R 918, EAREIZED ETHRL MEBIACICS KR DH 2 EAVR
SNz, ZOE I, BN KK RBICE D £ THRAR M S ERnieolail,
BUSTNZ XD ETEN B T = T HEEEICET L2V XD RAROBRE B BETH D,

a T AW R
B8 b=l
0.5
0.4 AN RIEE
- A =2
0.3
0.2>
ﬂ.l1
0 500 0 300 400 600 800
T(°C) T(°C)
(a) RBHM L ESHOWMANE LGS bRV MEAEZ 2L LI5S

1.2.10 Rz THEEHT 2R ORERFTHER "2

QNI T HFE

ANROIE Y, AT, KREWEICB W THERES S AW ND Z R, %
BAMER L LM kERR L, £OPTH Y = 7S ORITHRL FREL SN DS
B & L TIL, Webcleat #24 & Fin-plate #2603 bivd, T b OEEEAE XIS &
L 72ESN ORI FE 2T 5, WINTIE, R1. 2. 11IRT 7 /e —d— LR A MEOFE—%
BAE2A T D R OEINEER i 2 VT, Liu 5 19/ Web cleat #24", Ding & 129
I% Fin-plate 25 Z5xt5 & LT, T X 20 T TO RO K KR8 2 ERBRIJITH & i
L7z, TNHDOERLY, BEEHMOBERREOZNRIZ LY 2R OE—A 2 FOA
HERBR SN D Z & T, BHZFFOBRE LY R2OmMKMERE [ EL, 700 CLL Lo R
THMEIRFENDDRRERREIND Z LR and, —F, ZnboEaERisdhiFim/iiEk
B ORRIR DDV GUVIREE( 7 TV )3 2R, 7 F U —REBIZBITL
DL R R HIZ Fin-plate $2 6 0B OVEHEE MR L7-BI(B 1. 2. 12) bR S 4viz, L
L7eR 5, HIFICx A IRAREBICIB W TS H AW 35 2 & 7e <, BT E R
HERELRNZ ENERTHER SN, 29 LIRS E & T g8 o kS HF 258,
EWRETT 5 720 OFEfENT T & LC, Sarraj 5, Fin-plate #2842 A3 588 2% %t
RLLIEARERMFHIET V(B 1.2.13) Z1ER L, FEBRTORODOHZE) 2 80T
EHTLARLIZL0, 5T, A OMRESR & ELE D ORI Z P E L CHRER O fFET
\Z3# il ©& % Fin-plate 8 EOIERAIET T V(R 1. 2. 1) 218 E L, AIRERMT & Ok
B OLETNAOZYUMEEZ/R L 130, Yu & 130)F, AW - i E 51D 2R S8z
Fin-plate #2 &5 O @ iR far 28k % il L, Sarraj L V2% ST\ 5% Fin-plate #4550
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ERMEEET LV ERWT, EREOBESHO ) —BERFE 2B X5 2 &R LT,
PLEISERA7-0F22 X 0, iy = 7SO RERGTIC X R o kMERER T B 5 2 L,
KERFITZ ST RRRICE D £ THEA DN T2 2 & 7o < D ZE ~IR ) 2572 Lkt )
L2 ENEBRCHO N E RS TND, £, By 7S EA T D MENE RO K
KRB AT BRRFT S FIRE & 72 o TV D,

(@)  Andimensions in mm mﬁﬁ:ﬂm

RN

3000 2000

T
I.
!

200mm thick
ceramic fibre

¥ Reaction

frame

External
axial restraint

(b)

i

_~Fire protection
.4

* RO

_—75x75x8 angle

f0)

Grade 8.8 M16 bolt

{—LU8 mm gap

1.2.11 STE—T—)LRR MRERERIE () & Web cleat &R DEM () ¥

1.2.12 Finplate & ZH I SRERBORBRE HAHKT () & Fin-plate ##EH0

DRFKIR () 129

bolt group

T Singleline g

1.2.13 Fin-plate #E&ED
BRERBHETIL Y

column

10

(a)} Fin plate connection

Friction

Fin Plaic bearing | Beam weh bearing
Boll shearing

(h) Component Model

1.2.14 Fin-plate ¥EEE®D

[E£HflEETIL 30



RC 27 7 L BB RIC X DA MBEOHBAITIE, AT 7RI O BEEEHTIC 5595 " HE
PER B 0, B 7 = THEGTBO K KRB IR B R OGS L B D LB X bivd, Fisher
HiX, RC A7 7 L DOEGRRPITH T HBETERICEH Lofimin# s 1528 1. 2. 15) %
X E LT, ABAQUS IZ L DA RERMHTET VAT LT 189, 72720, ZOFEERTI,
1 AN DEREPRNSGNTT2D, AT TR RO EH 57 5 2V RILHR I
2o 7=, Fisher DI, RUGE CHlET 5 AT TN EAEEFEIC KT TR 2R 5
72, Fin-plate #2852 HT 5 3 A/ XU DA E MG E L BIFENT 139K 1. 2. 16) % %
i L7=, ZFOfE5, B 1.2 17T 17T X 910, 3 A0 OBEITIZ R D 2 5 7575 Fin-plate
BEAEOBRERTICE 5T 5 2 & T, 1 ANV OBAITH AT b s 12 F2EE 2 S,
MARHERENARE LM ET A ENRITICE DV RENT, DI, AT THEREEERE L
TfENT L0, BREHERAR & WG IS S O W AN I S A, A AR O RRERER 3 A
BaMEOEE DR 1.5 (5 L e 2 BINSHRE SNTc, KD, AT TR OBMEERRE N
b = T A OMMIEIR IR 5 FEEME NV RIR S 7z, Choe B 1391, ZHEHERCA
T T ERMNEE L TV DRI A L7 Web cleat #8 % F 7 % &R O# R I ISR (K
1.2.18) 2 i L, #IRRFOHEMED 4% DM E LB T, $RE RN ER Ak HE T
HoThH 1 FFMOKIMENZE Z T CHOMEIRFFREN MR SNDZ EEHLNC L, £
7z, TOEBRTITRIEHO AT THHICA U L5RANFHIIS L, RiEAEIC BT 5 bl
BIUCA T TN TFETH 2 ENERTHHER SN, ZNUODMZELY, AT T3
W = T O RERIRPUC TS5 9 5 2 L NERR - STRICH LN E o TN D, — T,
HHITRREEICE D £ COERIIITONTE 6T, AT T7HaBE LRy = 7S OR
P2 & T B R O K S P T A I3 ERICIBIE ST, L7ed» T, el
A DOEERRPIA B L CARBOMEKEEE 21T 5 5 A 12X, BUR CIRRe LI RIS b 2 17
IMENRHY, T A MNEASCEERMBNPERIND Z L DEB EOAHMAKRE W, Hijl
PR PR R |2 F D < KRBT ) O FF S FTRE & 7o dulE,  FRERAD R B 12 Kk SR oD R i -
WEREE 72 B, G = THEG E 0T 5 A RO K KEREH T ) A2 /FTT 5 720 O FE5R
T HIIREREL TN D,
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1.2.15 BEREAVNESHTE— 1.2.16 Fin-plate#&&%HY %
BHRNERR R UIThT- 5158 O %

T—ILARR +REERERIA 92

w

Collapse of
composite beam

w

=250 |

—

0
—

Collapse of

Midspan Displacement [mm)]
a
S
S
Connection Rotation [deg.]

2750 | composite
=—TB-ST-1-A beam -3 i Collapse of
—ST-1-A-FS AT composite beam
=S T-1-A-FS
-1000 ! -5
Time [min] Time [min]

B 1.2.17 8RRV &1 RV DBEDBTHERO LEL -
(£ : pRRORRUhRf-b#, & EAHOEEAR)

PLAN VIEW

Nut
OF SLAB END B = [/ Transducer Hu';;f:(ﬂ’“““ X 20 Four 0.4 reinforcing bars
- WEST 3 actuators) — EAST I : !
o / Hollow N 7
T teel =y
i J™ 7N " Sirain gauges Section = T b=
67 ot - & k. £3 . e e g 76] - 35" [ |
1o ‘ g I B Welded wi / 76,51 176 |
Load Cell 5 race felded wire ]
Location of lateral brace Steel beam £ 9 : T8
) an ) ' i I\\ |~ module fabric | Support i
. wal T 1
. 7 380 : Support |7 6
Burper Vent opening wider 6
(150 el 00car) P Sacrificial © x| =55 19 i dia. bolts
H | { |, 150 plate (19 mm) el
4L = . KSI — = 2 H—xl Bearing plate'3<p- Ts1
! H‘iﬂj ~——~——‘ (44 Tam)
Columd] 4443 10T 165 130

1250

1.2.18 RS TDEfmMEEESEE L= Web cleat IEEZH T HEHED
BEMARER Y T« 2V (&) L RIHIBOFM &\
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(3) M ENEAR (Z F6 1 % H2E6 EIR T O RIE AL

i KAEIE DRI, KKBETT25FE TOM, OF 0 KKEHO LA H T K KBEHIC
BWTH, MELZZF LT D ZEBRD LD, Ry = 7HEEMOMEMIL, KK
DFRFFLD S, D LAKKBEHOGHBER TELLT W EREHIATND,
Cardington THEM S L7 EREYM O FERAAKERCIEL, B.1.2.19 23T X1
Fin-plate # & O AR /L b OF AWK R 4, Z OREEHIGEIRRIC I T 5/NRDIL
HEICERT HEENC L > TH &R Z Sz E BRI TN D 136, IMELBRRIZ IV T3
U = TEATROMEN LB, RO ER THHR I TV A L),

B 1.2.19 Cardington MEKRKKEER (%) & Fin-plate IHEHDARIL ~BEERT ()30

—7J7, Ding 51, ANROEDZAEOER 12910, MNEGE TIREIZIS W TR BT 771
EL TWARWESIZE, BHEERRIZEBVWTY Fin-plate BEEEB3MEWT L0722 L b,

KRR HT HREE Lo WK D IZEREHT 2 2 & TWELRTE OGN 255 1L T & % WHE
PR B % 2:3%%3 L7, &5IC, $RERNRC AT 7 LOAKEE LTSN HEICIT,
AR L9607 G OWKIEL LI A 7 T RNOSRGENFTFE T 5 AR dH 5,
Wellman & 130X, AT 7D A7 L 283 H L= Fin-plate #5426 T 5 5KV A
T LOFAINEFERR(E 1. 2. 20) % Fhi L, ISO BRI 7=DAHDK) 1.5 ED 7= bARIZEZE L H
EDORBIBRICENT Y, BEAEMITEKE T, R R EPHRORERER L LR N
L EHE Lo, RO Fisher H QYT 130280 TH, GREN 1 AN OBEIC ‘i{/‘\ﬁl]
WREICHEE SN U722y, Rim CEEFI DRI E S D 3 A/ OEAITITmANRRIC
WTHEEGED BN L e WBENT I A RS e, LR XY, X T TN Jﬂﬁ’CLﬁ’*’”ﬁﬁE%
SHVIZ B R D KK FIRFRIZ T 7122 S R0 K D IZREFS L Cntud, ISO [RAt 720
HEBRDIZDHPELTZGE TS, MHBRICI W TR Y = 7 S H AR LV e]
REMED RS NIz, LALLM S, —HMAT 7235 E LT, BERRBIZRIEY = 75
TAN MNER SNTZARBEOHENRRIZI T 5 2584 JE5 CERR L 7o iR 9EiE e,
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/ heads

25mm

8.2

0.99 m

152 mm :
5 Section B r|1_l ki
. 25mm 51lmm

(b)

(c) (d) (e)
1.2.20 Finplate EEZ2H T HAMEKE AT LOEFTMBAEE "% (a) REEADOTER,
b)IEEEDFEM, CEEHOER, d)FHROZELER, ()KL FOBARER
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1.2.3 |MAXEBERRELVREY  THEESHOXKFRETRFiE

G v = 7 1EE ORISR 2 5 & L 72 BEMT K P 5 pgL O K SEIRE ) 2 K e (S RF A 9~ %
(21, ANUHRRITET D B KRG BRI L ORI IC BT D 7 = THEEAE O K IR
Wi il MRS 2 fEE 9~ 2 MR H 5, [ENIMTERBW T, MEAGERRICE S, b kSR
REZFHEICLD FUTL2FENRZRBESNL TN D, BN AEE SRS L ORI#ES
HR O K SRR TN B3 D78 2 LA FICHRIr 4%,

(1) TR KA TE B 2 D 2k S58 IR I 1 PR LS

ERBIIEER L a7 U — NAT 7RI, Eb 2@, b LI, —§F
L CARBROWH NIREE 2 T3 2 FESRESH T D,

M KB ERE ROEE TR FIEE LT, 8RS 1890F, KIMNEA 52T 2 Mt A bl 78 8k
BROBFMR O 2T fE 48 X, HEMEE ERHEN LI BT 2L amRLT,
Z DAL OFREFIEL, MEAVERERGEE IICRA S T\ 5, St ke EHast 19
3 L O Eurocode 4119 T, Z/01EIC X 2 BMREMENT % O CTHEYEE VG 2 O KK RREE %
TRT 2 FEMNRENTND, ZISOMNTH - BUER R EFE TR, Sy oWk
EH—OEPE R L L, SMEERE ) 2 INEYE R o (R R E) & FHVv T, (T
B E R O EHIMEE 2 R T 25N TETH D, L UEBRITIE, EHEINE
AL BEWBHERTII LTI VLT 7T P TRA 200°CRE OREZEN 4 U (K
1.2.20189), L7500k a7V — AT TOEMIZLDIBBEINEL L E5WETIEED
ENELIIRELIRDLEEZOND, Lo T, SEROWEBLZEWRTHHAIIE, 257
L DS EEERL, FEH(LET 7707, V2 )OREDOENE LY ERICEEDL 5
ZEMEELY, INHEEZEEL T, AMREMERE . 2.22)139CFREFREE 1. 2. 23)140
EHWCEE2 27— MATTICLDEMBERGE LI2WaNIRE S 2 Tl 2 F
ENRS SN TWE, L, TYXFEMAT TICEL2ERE IR L TCET7T V8
AT T DA EE LI AREWER & 8 5 e TIETRE L2l b e, E7-, 8ERE R
T OERNEETNT S ECEE L RLBEMNE ALY v NOREOHEFIEICET 5015
TRHTZER0,

a7V — AT 7 OWENBE 2B TRIT 5 FiEE LT, mAMEREREEE T
HED RC A7 7 Zxt5 & LI — R BUnE RO 72 irfig 12083 0o b,
Eurocode 4 TliE, EES - EERHICBITAA T 7HIRELZ —EEREE1.2. 206K
ZHFE VORI N TN D, ZOFETHE, MNEREET LT v XEWRAT 7 ThoT
b, TOMIMEIRIIG CCEEDENA T TIE Shoppll B 2 2 & C, FfEO—EREZH]
AT HZENRHEELE R TWND, —F, ZNOOEEFIETIE, AT 7 FEIFET LT
X T L—FULTF, TyXR)OEELZEBL TRV, KEMBAEZ T 5T v FITBERIC
F0ar7 ) — bRl TERBNIER S, BEVhREZREETD 2 ERREINT
B AAE L1429 Sharma DI, ARERMITICELY, 227 UV —  hOKGBEEHB LW
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7w F OFEER 2 I BB LT AT TAMENIRE S 2 TRl 5 FiEE R L (>
1.2.25), 7y X OFHEELZE LI GEIRETFROREN N L+ 52 LAaRLTE 149, —
Ui, AREFRMBITICEY T v X ORBEEIRZ 5O THELZ1T O ZOFED, EHBLoAHE
PIEFICRE WV, BRLT v FORBEOREZZ O THSHENZ R T 7 N O Wi IR 553 1f
TRIT 5 FEEMLCENITARTH S,

1200 ;
. 1 1
1000 ------- et e R e
< L ' '
8800 [------ '
= >
o
5 600 F--o- e e e,
® .4
1/
E— 400 H
K
2 i '| === furnace temp. ave. —e—upper flange
200 | 'l —o—lower flange —a— web
4 |-+~ min. — —max.
[——ave.
R 4 S B S T
0 15 30 45 60

time (min)

1.2.21 REMBEZ(TLEMREBHELZOHENEES A "%

62.4

- +
edge 3, I=20'C

i
- )
= o8 b5

o °

o RI

2 g

LYY= 2
S 8
i 5
& S

LI T
" edge |

3
14.73 .

B 1.2.22 ARESKICEBRAMEE B 1.2.23 ABRERXICL S EMIKE
ARROEENEERTETIL ARBEOHMENIERTETIL O

y oC 0
Depth Temper.ltm:e B[.l (|.afte‘r a fire +11000103
: : K o4
X _duration in min. of | | :3 e
' T ' ! .
mm | 30" 60' 90" 120' 184" 240 184530103
5 535 [ 705 | 178088403
— | + @+
to | 470 | 642 [ 738 | | i if B¢ 16e+0:
15 581 | 681 | 754 ﬂ*eff*f" #— — o g;i:t?
20 | 350 @ 525 627 | 697 | | - +4.57%+02
25 | 300 | 469 571|642 | 738 = Bheis
30 | 250 421 519 /391 689 | 740 | 1 '
35 [200 [ 374 473 [342 [635 | 700
|40 | 180 | 327 |428 |493 __670 |
45 | 160 [ 280 [387 [454 [ 540 | 645
50 | 140 | 250 |345 |415 | S08 | 550 . | &
55 |25 200 204 369 460 | 520 1 — Heated lower side ; ™ Deformed siet Deck
60 110 | 175 271 [342 430 | 495 | of slab |
80 | 80 | 140 220 [270 330 | 395 |
100 [ 60 | 100 | 160|210 | 260 305 &

®1.2.24 —BRIZ&Da29)—+ ®1.2.25 TyxTL—+DREE
RS TDRESTFUFE"Y ERLE-TYyXERRS TOMERN
BEICEY S HRERMERT Y
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(2) B 7 = 7 HEGHR D K SERE T PR

KRFEIZIT 2R T = 7 HA MO REERERIIOKTIE, AL M OIREE AR & 72
%o AW TIE, NROWBEZEAKT 5256 TH/NEEO U = THESHICIIREZ i
LR U= THEGHOERETEL L L BICEERETIOMREZ N D, &R EkE
INRENS T = TEHEEH Y OBENRAT 5, —EAICRHEESE TIIA L FB IO
WZWDBIMD D52 BVEENKRE L 2570, BEOIMENZAHR L 72 2045 149,145 X
DICHB I NTZRIBORE~OBBEN 2 E 2 5 &, /NI HEE 2 i XA Moy
DIREZ —FERELTIZMA LN EE X LD, Eurocode 3140Tik, — i O #&& Wi
DOIRPEFH R AR RS A 3 U CHEAH OIREZHET 5 HEE1.2.26) L, HEEHTOR
AT 722 R E 2 -V CREAE T 2 HIER S 0, BAHOBR &IOS RPN FHEITK
MEND, ZOFETEERITE > TEIFAEBEOSE S L IXFR—0fE ST
ARV EH S,

L8 i O B\ W78 e i U 7235 B N IR S DIREE 2223 K & < 7 0 M 5 1 O B
BN EL D70, ZORZEENIEM L 70D, 75D I CHREBE S BRI D85F
BOIMENESR 7 FE e U, #EBEE T CORE 546 2l ~72 14D, Dai b IXR0mH O #h &L
B L LT R A MO FER L EML, ROLRAWELIZIGA L REOHHEN
15 50 D HABHIPH 2 fRET U7z 199, AL O 13RPTINEN A 52 2 HEili KB Sk G2 O N EAGEk
ICES X, MmO ENZ B [E L2 E0EIC L DB FIE 192 1RE L, TOFE
VRIS KRS R EHESE(E 1. 2. 2D KBRS TV D, — 5, MG n) CHB T IER
Wi ~HE N B 72 B 55 ORBERNT TIEIIRIEHANL S LTV 720, 2R B OISOl 7 M)
DOBBENZZRE L TR MRS OREEZREE L TR CEL, L0 EEMICERET O
BHRRERET HZ ENFREE 2 D,

| LA o sl ~ 2 fo— 062

o | o _ 075
B8 & } h

| 0.88

1.2.26 Eurocode 3 2+ 5 BiHAIL FMEAEDRERE GRS 1O

Cdxg | dx | COxig o dxi | dXi dXq-g dx,
E T E R Hes(0es, +0ra) (G +hn)
T T 1 ' T Ti Ti ! ! ! ' Ty Ta 75 2 Fiii (1772 ST
: @ Py ':> ' q; M R R E> Hya(Gons +0ap O | (3 Hox@eai+arz)
? ﬁ ? (v=7. FT7 7> L) ﬁ_‘ 1"/1:, 'F:/:f‘/‘/'krm]
Hs‘,ql . . ':'_s.lqn o B \/Hs G (;3536/3/1T;:3|)
1 J& B OEBE 23 18 B OEM 351 2 gk n & B OFM 2T B IMEL
EADRAYIIE:S S W

1.2.21 ME#AROASRATEER L -HEREREOHESE"Y
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1.3 HEDNDEH

118 TR ) THR72@ Y, BRI 7 = 7 CThL MESG Sz H Bk
INRERC AT TIZLDERBECLT, UZRIIHWT, Ry = 7SO RIEREITZ 5
BT DL, ELV SV NS WEEITE, NEOT K2 B0 LT h KRR
WO EXFFENZREFCE AAHREMNH D, UiXR & SN KR FT 5 7212,
Uiy = 7 HEATBIC IS T D R PT 2 & T B A B A AR D K SKIRE TR ) A& BRI 55
FIENKLE LD, BEOIELY, AR O KKK IE/ T OIS RE I T
DI, T DFY M FERCRERE STV DRI I8 F IR 800°CLL FIZR b D, e,
ERRKPIZEEGD = 7 TH/V MES SN EREO K KR FREEICE B S - £85I
<, ZOXERHITIH AL STV e, 512, /NEOMBIEIER L OV HEIY
M DR IR SN D Z & THE L 2BUG TR T 2 bk v = 7 B G k W o fa ot
DENTIZ KD R STV DAY, FEAUE A B L C 2 0% B 2 /38 L 72 EBRIT D 220,

Z 2T, ARBFETIE, YRR OFGIMBERIZ X0 KSR R S X OV e
EETEFEBEZH LML, PR = TS OREGTT A E 8 U772 S8 A R o kK
RepH T D OFHEEZIRET 2 2 L2 B E T 5,

UITICARB I ZZR T 5 72 I2MET L7z BARRYEE 271,

(1) B ¥ = THES OREHHT A2 & T MEMT AR S RREE D SR ih T /)

i AR IO 2 F COMMIMBERZ £l L, MR KKRE i 28 575
T2, TOEFRMERICESE, $RFRIRE 800°CLL EITI5 1T 5 Mt K478 & p 2 0 IE iy L F i
NBXVRT T BE LR U = 7 H#EEH O AT A OFHBIEI OV TRETT 5,

(2) KKEINEVERIS X Omm iR 1T 3 1) 5 25 8)

ISO RAT=DHZEET D F TOKKIMEE L OF OB OKHIERZ & Lo Y552 O #fT
INEVESR 2 FE ki L, KEINER S X OB IC R T 2B ZE), TECFRE 1 L0
WU = THEAEOFEH L MNICT D,

(3) M HFZ DB PRWTTH 36 L O ¥ = 7 G B IR A Tl Fik

Qs D IR KB ST G ik 2 G & LT, MK O & R irm & & O 7 =
THAEEHOBESMICONT, ESEICESERITE 7 L2 L, FEEBRIE L O i)
O AT D2 B A TS D,
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1.4 KRXDEM

R I T DL 5 BRI LTV D
H1E Fim
928 RPN TR Y = A O M KR S v AR o kR T
93 E RSN L BRSBTS R & BT = T A O 2
AR M APEEA R L W ST R A O IR Sy A
BHE fhiim

iSO OEXK AR 1.4.1 1277, AL, V= 78EEEET 5Bt KBS
FRE DK S & UC, MG & BB O 2 DIc i, B2 EBLOE 3ET
(IHEIERZEE), 9 4 FECIRBWIEEICOWTRE AT o T2, FEO BRI RBRN AR
B 2FIT L3EICHETZMFTERQ), F 3 BIIHRFTEEQ), F 4 BIIRFEB@)IZENLZE
ST %,

VI JESERT A EMABEESRNEDONKFET)

BERIZEE) HEE
e

gy = 7 ?%AODIE]%#EE?FL% =iy ﬂiﬁ k%ﬁ%@ﬁﬁ Lﬁﬁ% T8
ﬁﬁﬂ@)ﬁ%/\m Ok NS P« SRR OIRE S TS

&

RE

HRETIE A (2)
kBB B LT
FumEitlo bl 258

B1.41 XRXOBEHDERXE

19



W

F1EDOSEXH

1.1) BARBEERG R : BAft kMERERSR - SHE R H1EE, 2019.11

1.2) BARHEER ¥ — i i ERERGEE O iR i OFHE G & 2 ofiFat, H EER,
2001.3

1.3) HARHE Y2 g Em kG EEE, 2017.6

1.4) C.G. Bailey, D. B. Moore: The structural behaviour of steel frames with composite
floorslabs subject to fire (1. Theory), Structural Engineer 78(11), 19-27, 2000

1.5) T.C.H. Liu, M.K. Fahad, J M. Davies: Experimental investigation of behaviour of
axially restrained steel beams in fire, Journal of Constructional Steel Research 58,
pp.1211-1230, 2002

1.6) Khalifa S. Al-Jabri, J. Buick Davison, Ian W. Burgess: Performance of
beam-to-column joints in fire —review, Fire Safety Journal 43, 50-62, 2008

1.7) ZRHEE, IR, BRZEE, FEOE  KEREOSEIEY O%EhICBT 2 fET, BA
RGP ARSI e R 4R, % 60 %, pp.257-260, 1990.1

1.8) FHEKER, KEHME, HRAIT ARG & SFRORAAMEESR, B ARG SSHIM;
WER, B 7%, pp67-70, 1999.2

1.9) HFUINGLSE, $aRGLZ « SRR ORABLER LB T 5 B, B AREELDHEE R0 UE,
Vol.44B, pp.531-539, 1998.3

1.10) HJIBLSE, $aARGLZ : SR DOAABEIRE, H ARSI SEE Mg SERSCE, £ 6 &, B
22 7, pp.57-65, 1999.6

1.11) EHf, @fEes, S5, FILEE, s$vkEAe, EARE  FR SO, L =
W OB REOMKERE, BAREFL RS PHTEEEME, AT, pp.43-46,
1999

1.12) & FEER, R, KELEM, ArEE  HEMHO Y = 7552y 27 ) — T
HE U7 B RO KYERE, H AR AR IE R 8, 5 563 5, pp.193-198, 2003.1

1.13) D.E.Wainman, B.R.Kirby: Compendium of UK Standard Fire Test Data —
Unprotected Structural Steel-1, UK Department of the Environment Fire
Research Station, British Steel Corporation, 1988

1.14) Zhaohui Huang, Ian W. Burgess, Roger J. Plank: The influence of shear
connectors on the behaviour of composite steel-framed buildings, Journal of
Constructional Steel Research 51, pp.219-237, 1999

1.15) HAREU RS « SN KR EHESE, 2008.3

1.16) ZHE, EEEKRES, HIIFRA KRBT 56RO KRMNIFm 7712387 5 E6k
HIRFZE, A ARRELESEE RIS 5 738 634 5, pp.2271-2278, 2008.12

1.17) ZHE, EEERER, BIIRA - KRBT 28O 2 MR L 72 G RR 0K R

20



M7 B3 D058, A ARREFSIE R L 5 74 & 5 643 7, pp.1691-1698,
2009.9

1.18) AARRE 7 —  BEMOREPIKRREHE 5 48 MEARREHE, 1989.4

1.19) Eurocode 4 Design of composite steel and concrete structures, Part 1-2: General
rules, Structural fire design, EN 1994-1-2, European Committee for
Standardization, 2005

1.20) UTHESLEA, F EATI : SS400 £kt D 1050°CICH1T D IR IC DWW T, H AR
DREFHEFEFMLE, pp.9-10, 20159

1.21) 8KIE—, $R5LZ, WEFSF, RIRSCE : BEAEE RS O SR Rk i F5 ik~
HILA D 1000°CIZH1T 2 SN #ibf O 5 [ HRARERAE R, WA 30 - H A KK AT %

A, pp.238-239, 2018.5

1.22) AARE A « SRR S TR EHEE, 2012.3

1.23) HAREZES  SEMEOMKIET A F7 v 7, 2017.2

1.24) EARAFSC, FHEOG—ER, dFRHREUER, 22l - mk i ) AL b o e I 5 B R
\ZBET 2 FEBRAUIEZE, B KRR SE RS GIREE 56 432 5, pp.119-128. 1992.2

1.25) 1EARFSC, WATEKAR, R - @Ay b OmiRSEERE, AARBRERSEE T
i X% Vol.39B, pp.405-513, 1993.3

1.26) FEHR, EHEL, RIECE, ZHERME, EER  SERICB T 2mA AL bo
ST AT PERICBE T 2 EBRAIFE, HAREFSMIERRIE F 621 5,
pp.175-180, 2007.11

1.27) EEER, 1L# G, ZHEHY  @IRFFCR T 2@ DRV NEEEA T OERER,
HARGEHE R CE 55 798 5 698 7, pp.541-548, 2014.4

1.28) RBIFSUE, FEIER @AV b & AW AR A WS OMm K EEE, B AR-ES:
DR TFHTHEIEE, A-2, pp.139-140, 2007.7

1.29) J. Ding, Y.C. Wang: Experimental study of structural fire behaviour of steel beam
to concrete filled tubular column assemblies with different types of joints,
Engineering Structures 29, pp.3485-3502, 2007

1.30) M. Sarraj: The Behavior of Steel Fin Plate Connections in Fire, Sheffield
University Ph. D. Thesis, 2007

1.31) Hongxia Yu, IL.W. Burgess, J.B. Davison, R.J. Plank: Tying capacity of web cleat
connections in fire, Part 2: Development of component-based model, Engineering
Structures 31, pp.697-708, 2009

1.32) Selden KL, Fischer EC, Varma AH. Experimental investigation of composite
beams with shear connections subjected to fire loading. J Struct Eng 142(2), 2016

1.33) Erica C. Fischer, P.E., Amit H. Varma, Fire behavior of composite beams with

simple connections: Benchmarking of numerical models, dJournal of

21



Constructional Steel Research 111, pp.112-125, 2015

1.34) Erica C. Fischer, P.E., Amit H. Varma, Fire resilience of composite beams with
simple connections: Parametric studies and design, Journal of Constructional
Steel Research 128, pp.119-135, 2017

1.35) L. Choe, S. Ramesh, M. Seif, M.S. Hoehler, W. Grosshandler, J. Gross, M. Bundy:
Fire performance of long-span composite beams with gravity connections,
Conference proceedings of the 10th International Conference on Structures in
Fire 2018, pp.601-608, 2018

1.36) British Steel plc, Swinden Technology Centre: The behaviour of multi-storey steel
framed buildings in fire, A European joint research programme, 1999

1.37) Emily I.Wellman, Amit H.Varma, Rustin Fike, Venkatesh Kodur: Experimental
Evaluation of Thin Composite Floor Assemblies under Fire Loading, Journal of
Structural Engineering 137(9), pp.1002-1016, 2011

1.38) $ikis—, AIEEKR, BAE, KEEC EESR, [FEFH, FRZFEE KRS
BT D WYL OWRE L@ S TR, B ARREPSMIERRCE F 553 5,
pp.143-148, 2002.3

1.39) J.1.Ghojel, M.B.Wong: Three-sided heating of I-beams in composite construction
exposed to fire, Journal of Constructional Steel Research 61, pp.834-844, 2005

1.40) Tomaz Hozjan, Miran Saje, Stanislav Srpcic, Igor Planinc: Fire analysis of steel—
concrete composite beam with interlayer slip, Computers and Structures 89,
pp.189-200, 2011

1.41) JREFL, @I, BB, EEIE, ZHARRE, HHEIEA, WO kK
FFCRIT2E8MAT 7 Da 7 ) — FNEHREICET 21%8(2 0 3 #am=l L 55
L FEBRE L O, HAREAS RS AR, pp.765-766, 1987.10

1.42) S.Lamont, A.S.Usmani, D.D.Drysdale: Heat transfer analysis of the composite
slab in the Cardington frame fire tests, Fire Safety Journal 36, pp.815-839, 2001

1.43) Shivam Sharma, Varum Teja Vaddamani, Anil Agarwal: Insulation effect of the
concrete slab-steel deck interface in fire conditions and its influence on the
structural fire behavior of composite floor systems, Fire Safety Journal 105,
pp-79-91, 2019

1.44) VR HR, BHEZ, BRI, LG, BIU%HE, SHER, MEFE, JFEmR
AR MEFEEZ AT D H BSR2OMKMEICEET 2 EBRIOITE, H ARG SIS
Fim X #7548 %6568 7, pp.2257-2265, 2010.12

1.45) J. Ding, Y.C.Wang: Temperatures in unprotected joints between steel beams and
concrete-filled tubular columns in fire, Fire Safety Journal 44, pp.16-32, 2009

1.46) Eurocode 3 Design of steel structure, Part 1.2: Structural fire design, EN1993-1-2,

22



European Committee for Standardization, 2004

1.47) FEREELE, MRS, Brathdfr, R - Ay Clit kKBRS O R 2 $E RO
MRS, ARG AN, pp.325-326, 2018.9

1.48) X.H.Dai, Y.C.Wang, C.G.Bailey: Effects of partial fire protection on temperature
developments in steel joints protected by intumescent coating, Fire Safety Journal
44, pp.376-386, 2009

1.49) EHivEd, RERMET  REASOME S 1L 2 RS OIREISE TRl —ZE5EIC X
% E OISBMIRNT —, AARRE RIS RimCE 5 502 5, pp.173-179, 1997.12

1.50) $AARGLZ : KRR35 2 S HLO IR L, A AR AR CE 477 5,
pp.147-156, 1995.11

23



F2E EHRKEXTREY z JTESHBOAMAEESINT
B AR O KK (F T 5

2.1 U BDIT ittt bbb 25
2.2 HRATIIEAGEER DR oottt 27
2.2.1  FEBRGME L OFBRBRIRDTEM coooeeeeeeee e 27
2.2.2 W STIEFS L ORI HFTITE ..cooveveieee e, 37
2.2.3  TMERTTTE oottt 39
2.2.4 fERMEHS L O DBETRTREE ...cooveieeeeeeeee s 40
2.8 FEBRAET ettt sesens 42
2.3.1  HTANBATEERAE B DBEEE (oo 42
2.3.2 I KYEFB A R DB PNTREE ...cvovieeeeee e 43
2.3.3 Mt KHAE ST B EB OB ..o 45
2.3.4  FBIEEIRIIL oottt 47
235 ANCHRDIZHHI LOEEIOEHRA o 55
2.3.6 /NEDOBUZIEZETE (oiieeeee ettt 58
2.3.7 FE BRSO TE DHMER oooviveeeeeeeeee e 59
2.4 KIERFHITH T DOFEMITE T/ oottt 61
2.4.1  KRSERFRI T AR ..o 61
2.4.2 BFEDIERIIFTI T oo 61
2.4.3  BRGEDERITTH T oo s 70
2.4.4 BT = THEETBO AT T oo 79
2.5 (IR & 2 FERAE & FEBRME O FEEL oo 83
2.5.1  FBREBEODBIE oottt 83
252 TYXEMAT T HHNTEBRRBDEEE oo 84
2.5.3 RC AT 7 ZHOTEATREDEIR oo 87
2.5.4 MHITFEMID E &8 ittt 92
2.6 ZREEDE L8 oottt ettt ettt ettt et et et renes 94
B 2 FEODBEZE SR vttt 95

24



2.1 [FC&HIC

EHRZTHRKECLIT, BERZKRE)EREY = 78 0 CE RN MEAULT, 7o 7#HA)S
NDERE/INEIE, —MRICHE > & U TlEREt SN D 20, LvL, B e RESNDY
Ifﬁaﬂﬁﬁof%,%ﬁ I HREDRRRGL - AT 126 L, KKEFFIZEBIT 5
P RORBEEE 2 PR SE0RNH D 29, I5IZ, /ML RC AT T RHEMNEAL v
RTEESNTZARBICBNT, AT 7NREECHERET 25A8121T, O AT TRy
= 7HEAEMOEMARIUICE S5 L, L0 RERAMT ORI DR H D, ZO%)
REZBET DL, WEICHT DIRDDRKETIUDNEOMKGEEOCLT, BE) %AW - H
TEDLAREMRSH 5, LN - T, EHRHTREVERESND AL MEATRXTH - T
b, A7 TWEBE LU = TESH O AT ) & RiA A CH RO KRG 72 SH
TRV B EEZLND,

BRI EFFCBNTEH RC AT 7 L OGRHNEIC L 2 E#ITIom EICHifEcx
%z k#%%?%%#’ﬁofﬁbzwﬂh%@k%ﬁE@fﬁﬁ@ﬂﬁﬁ%zwwim
NFESLE N TN D, — 7, KIS W TG O SN 23 BHE KR IR SN 785 A 12138
FHRLEEDY 1000°Cilr < IZE TET L2, BHAEDOHIZE TITSE R 800°CLL T iéA
RO IEMT ) Lo STy, £72, 7= THEE AT 5 AR Ok ERIT D
2L, U T ORI ) & G TG R 0 K KR ST & 827 o Tnvieny, &5
2, RC AT 7IZEL SN2 AT T OARER R - B85 - Bl - BN D = 78
B OEMTTNCEET D LB LN, ZOREEER CTHATHRIIRI 20,

m%%%mﬁx7ﬁé%@ﬁﬁﬁmﬁ%ﬁﬁﬁ_ X, B HABEICE D F TR
WrE T+ B CE DB NEAT LI ENEE L 0D, —F, RERLEZ D7 CRHF L
FT2 0, RV MRAED AV IV NG D U = TG TR, NEOBNEIRE T H)E
WA THREIND Z L THEUDZBUEIZL Y, &AL RBMEERIZE A WEE3 2 &
BRIER B 5 28, U = THELTBOMKMEZ MRET LT OmFsE 29X, /NERMIC A~ T
BEBOM DN WG, BMZRICER T 2 AN HEAHICEFR L, 8RO AEIZE D1
PR T LT K R Z N ESNTWD, T2 T, NEOWB BT 5HBETH
RGO Y = THEAGTIIIWEZ T Z 22Xy, BAETOERETZ &L bICAT
Mt ) DR 2K 5 @i O B/ NEN SFHY OBEN AT 57200 = 7O &R
fbixsen eV, BEEMOMERIISERM I &<, S DICHE SN KROKE~DIR
AEKEZ DL, BRUER RO A i I E A IRE 2 —EREL TICMmZ bn D
EEZOND, —F, BB OHM & 9B SN A 2 A DY K ERIT A e <
Z OBWIZEBYEII 53T,

PLEXY, REFFE T, R TR Y = 7 A O R E S oA R ORI
BEREZERL, 7 7EAHOBWZEEZET S &L big, REICED E TORNR
RN B LR T T A B LIz U = 7HEGHOA T ) % & e 6 pge o Kk S T i
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NEWLMIT D, £ LT, ERERICESE, v T7BABOANTI 228 L4
R0 K SEWER T Tt 1) R E Wi 5, AEBRTIE, 2T THOMHENR Y = 7HAIC
RIFTHBLRET 2120, EHEARE 1 BEG L-7 v A2 T 7 ks X O RBHE
% 2 BHRCAH L7 RC 27 7 HEEO S ERBRIKEZ NS, &blg, av 27U —F2ATT
L OB RN OIS E RRBRIRDER L 0, 2T THRREEO T = SO
AVEREZ R T 5,

26



2.2 BHETIMEBEERDOEE

2.2.1 EBREHEIUVRBRADEM

(1) SRERAF
KRR ZR 22112, GARRRBEOMHZR2.2.112 %éﬁ%ﬁ%@ﬁﬂﬁ-ﬂuﬁ%%
BREPENEZR 2.2.2~2. 2. 4 179, REBRTIE, ApRo@ Y v = 7HEE o AT

INTHET HHRN & L TAT Ttk ZREK L L, uxa‘h@uﬁ%ﬁﬁs ZBW\WTh, gk
/NREIZIE H-300%150%6.5%9(SS400) & H v o, BER{AD SB IZMERE/NED 7 = 7 H 5
D ZEHE) % 5 D Tk MR %ﬁ%ﬁ;ﬁffé 2O ORBRIKTH S, £DRAT 71T ALC v, /)
L AT TR Ko THIFIZERILL 2L D, B 2.2.2 [ORTEIHICAT T H AN
FNZHEILAY » b &gT 7=, CB-CS 3% M(WFP - ©6@150mm -+ /& 170mm?2)
1B L7727 v ¥ AMA T T L DR EREMETH D, 7 vF 7 L— MEX 1.0mm,
i S 50mm,  [LIARFE 150mm)is, 2.2.3(a) 1T K DI & /NGRS L CELAS
SHCHRLE L, 32k Cilfnic 287 L7z, CB-RC (X EEHEH (SD295A - D6@200mm « =
i 253mm2) % 2 Belilfh L7 E RC A7 T X D8 2ARE Th D, a7 J— MR
LTV v bTF o7 b— FEE 1.0mm)% H 72, CB-CS & CB-RC TIE, X 2.2.3(0b)
ER 2.2 40 iIcENFIURT LU, MEHENTE— A RV NE L e D EPTICE QM FEA
U, BUEE O A T T ST,

AT TR ER AR FERE - B T - FE B - R BT T AUE BN R R &
HATHY, ZD7w CB-CS & CB-RC TIEZNHEBU TAT 7 LR BRI S A 7
25, —J5, FEhti ] RE BRI OHIK E, AR TITARRICHEHshd a7 ) — k&
7 7 O TRENR 2T v FERA T TBLIOEE RC 27 )&, ThEho A
7T TP ORAREZZDND AT THRERE L, ST, TYyXFEWMAT T

TET Yy RSB LOVNREARFRICKHT DT v FEORLE A &L > THFITxr32
T yXORGNRERD, T yFEIBIOEBETTIZOWT LR EE X DN D AHEE

BIE L, A7 7B LOT v OHERN R D356 OA RO XK KRB Es JO 711z
FAET R HOWTUE, BINERS L IIEITIC L 5BEIDPBETH Y, S%0OREE T 5,

®2.2.1 EREH

TRy
BN NG BAH AT 7« 277 - 5k EMEn, /a1 | B AL b
Mo(= 0.4M,)*?
SB SR T ALC (8kffi 72 L) BRI L 28.9kNm
H-300x150 | 070" " | FuXEAmAT T - tiedd WEP- 0.67

CB-CS X6.5%X9 FP%T ﬁ%{; 0 P 6@150(1 Bxficff;) - 170mm? AEEERGE 43 TkNm
CB-RC (SS400) (3 ) HERC 277 - RIVHEH SD295A- 1.00 45.0kN

D6@200(2 Bilfff) + 253mm? 54 R o

*1: SEARRBICMEL SNOFME A Yy FAREN AT D EE A S, DFIE
*2 1 Myl iﬁﬁ;ﬁﬁﬁ@af{——% v hNERT,
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QAR OGS L OVEROME L~

22 1T X918, hREEar 7 ) — b RTTEEMERE Fe=24N/mm?2)) D 545 121%
GAfT & 2% v RIISB 1198 « 5[3EH & 400N/mm2i#k « ®16-180) & v /-, eeamE L L
TOERMMET— AL M EFETDFERCLEND APl E TICRE SN DM E A F v
R EHT R & A AW /) Qp 1L, B FEA RIS GHEE 210/ S & X (2.2.1) L VK
D HND, FHEOFEE, CB-CS, CB-RC & 128k F/NEO® T A 1112 £V QN ik E &,
Z DA 1,099kN & 72 o7z,

Qn = min(sPy: cPu) (2.2.1)
shy=F-sa o BRE /N OEN T A 71(1,099kN)
S

P, = 0.85F -t b :
o coe (CB-CS : 1,446kN, CB-RC : 2,169kN)

W —-B
l

b, = 2 (o.s ~03 ) W—B)+B : 277 O4HIEE86mm)

I,

F  : SN400B 4 o> JLHEsH £ (235N/mm?2)

sa o BRB/INEO KRB EE(4,678mm?)

F, =y 7 U— b ORGHEERE(24N/mm?)

te 7 y¥EOAZ7EE(CB-CS: 80mm, CB-RC: 120mm)
w A7 7E950mm)

B C SRR/ N2 OIE(A50mm)

A& 2% v K1 ARSH=Z D O AW HIERQ@2.221 X vk b, ZofERIL 7T4kN
Ay

q=0.5a- saF."E, (2.2.2)
=72 L,
BIERT T DA, a=1
. N _ (0.85by /gL
T vXRERAT T DA, a=min ——(—_1) 1 (=1
JngHa \Hqg
Z 2T,

sc@  BEfTE R X ROl f£(201mm?2)

E, :=2v7V—bOEIRY Y 7 %(22,318N/mm?)

ng 7 v XWEEHN IS0 ICEE S DM E 2 v RAKA &)
by 7 v XIHEOFHE(150mm)

Hy 7 v¥x&Es(50mm)

sk HfFE AL Y FEX(80mm)
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CB-CS TiI7 v ¥ MY T 300mm I AH v F& 1 ARE L7z, Zhid7T v ¥
BRLA T 7 D—fEE et KGR EMRRIC BT D/ N TH S, CB-RC TlE, EREGHEIC
VBN EASZ BIEE LT, 200mm fEICA Y > RE 1 ARRLE L7, BRROSMM
F— AV MRS D OIERE TN KT HEE S AV HEA & A Xy ROAKE
FAWIHA DOELT, G n, /n0382.2.8) LWk b, FEORKE, AL CB-
CS T 0.67(R5E2A %), CB-RC T 1.00GEEAKR) LTz,

Xq

n,/ne = o (2.2.3)

g=mny'q : AZ v FORKERE AW /(CB-CS : 735.8kN, CB-RC : 1,103kN)
ZZT,
n, EIND AN ETICRE S D A X v FAH(CB-CS: 10 A&, CB-RC: 15 &)

AP T, AREAREICZBNT, 27 THNRRE Y = 7T HEAT OREEHIC TS L
e, MNENEMAYPETH->TH 1 BRI EOmEKIEREN I S D Z L 2 AFE L L
T, HAORMERLG 22O < FRIO P RETRHRICE S S, A0 PRIZAET ST £ —
AV b MESRORBALENCAE T DI E— A 2k MOEFHIEM A RHIFFA S £ — 2
Y EMgD 4B D LOFELANNVERE Lz, ZOEHETE—2 > ML, BERhTE
—A Y MM, DK V4TS T 5, UTT, 7 v FEKAT 7L 262 CB-CS B L U%
JE RC 27 712 L 548 CB-RC O RE—A Y "M, %, B2.2.1 BLOR 2.2.2 125
TRBEHOC 2 N0 T, SREAHMIEREHER 210125 E k0 D,

B B
Exffeigtve Widt ¥ Effective width b,
| Wire mesh ¢60150

— Qeformed bar SD295A-D6@200

¥4 " ”
t
\ [yl _¢
W

T, W eI _Hg
Conorete (Fo=24N/mm }\ / Xn d
Concrete (Fc=24N/mm ) \I7H_;'d *n

Deck plate t1.0 - sd Nuetra/l/ axis H g ¢16—L80/ ' .
Headed stud ®16-L80/ [T caged stu | Muetral axis
RN

Center of gravity H-300x150x6. 5x9 (SS400)
H-300x150x6. 5x9 (S5400) of steel beam Center of gravity

O — of steel beam

2.2.1 AEOEE (k£ : (B-CS, & : CB-RC)
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+&2.2.2 HERIKHET

IH Fihes CB-CS | CB-RC
/NGEBRRT SS400 D FLUETRE F 235N/mm?2
a7 ) — N OFRGHIEERE F, 24N/mm?
7 7 vV WrikiE a 1,350mm?
v = 7 Wi i wi 1,833mm?
EEROWH _IRE— AL b ol 6.93x107mm?*
B 20 Wik FREL Z 4.62%x105mm3
B OEN H 300mm
277 BN OEREROELE COMREE | d 280mm 270mm
27 7 DA b, 879mm
AT TR te 80mm 120mm
T dEm & Hy, 50mm —
st a7V — hov o 7R n 15
=9, XQ2.9DHEMI LV, HrliE 2 ET S,
(t./sd)?

] =r, T —t./.d) (2.2.4)

pe = (wa+2;a)/(b. - ;d) = 0.01827(CB-CS), 0.01895(CB-RC)

(te/sd)? ) ]
= 0.00381(CB-CS), 0.01185(CB-RC)

ERXEV]>0L725D T, Pz A7 THMINETDH, O & X, L E X, 1T
(2.25) X VkOBND,
(te/sd)* +2n-p,
20t/ np,)
‘oz, 2T, EREHRZE(CB-RO)DEE OWE “RE—RA 2 bl 114 (2.2.6)
L0, TREEMRBCB-CIDHA D, L,1752.2.D L0 kb b5,

=157.5mm(CB-CS), 141.9mm(CB-RC) (2.2.5)

n E 2
=2.00X108mm* (CB-RQC)

b, - t. tcz te 2 2
felp = =15+ <xn - —) +l+ (wa+2pa)(sd — x,) (2.2.6)

pcIn =4+ np/nf (fcln - sl) (2.2.7)

=1.79X108mm* (CB-CS)

AT 7 L E COWERE Ze, peZe L OB R T E COMEIRI 2, peZld, £
nenX@2.2.8k L0K2.2.9LVkdboid,
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_ n:reln

FERA DY S rele = Py =2.11X10"mm3 (CB-RC)

(2.2.8)
RIEEE RO E peZe =sZ + |ny/ng (;cZe—sZ) =1.59X10"mm3 (CB-CS)
TEARPEOHES = T H ; “+I"H) — =7.18X10°mm? (CB-RC)

(2.2.9)
RREBERROEE © peZe=Z + |np/np (;cZe—sZ) =6.98X105mm? (CB-CS)
LLEXY, GRBOBIRE—A Y FM,I13R(Q2.2.10 LV RO B 5,
M, = min (M, sM,) (2.2.10)
I,
SEEARRDOLE M, = 0.85F, - ;. Z, AT T EWBIEET S e— 2 2 b
RIOEEAREDOSE M. = 0.85F,  ,.Z, : (CB-CS : 324.6kNm, CB-RC : 430.7kNm)
TERBPEDOLE sMy =F - pZ; PR TR T Dl T — A v b
RIERERPOLE © M =F - pcZ; " (CB-CS : 163.9kNm, CB-RC : 168.8kNm)

EXXXY, GRERDOFRE— A FM,1Z CB-CS T 164kNm, CB-RC T 169kNm & 72
%o BEMIFFRITE— AL MMIZZ O DD 2/8 TH Y, CB-CS T 109.3kNm, CB-RC
T 112.5kNm & 7225, ARFEBRTIE, MO 4HZERMGEE L TRAT 720, FHTE
— A hMylE, CB-CS T 43.7kNm, CB-RC T 45.0kNm & 72 %, 728, #kEROWHR
MZ 3 JOSMEREF L 0, Sk Rkk SB ORERE— A > MM, % 108.6kNm TH Y,
TERERTE— A > Myl 28.9kNm & 725,

ik B 2.2.10@ 127 K 518, BEBRIERICHW /NS SS400 #4 0 il B R TR EE
1%, 650~T00°CHEEE CHRMEREE D 1/4 L 720, DIBEORER T AR E R D, £z,
— R\ i BB SR O [RRRLEE LARR OO B ARLIIRREC & A D 212, T OTREEAR T OM
W, AR g JOKIRFIE RNTT I & SO & 41 5 Bl SR Softh ClE A /S e oo 1 il
T 71 D F Tl KRERERRE SN D DX L, Ry = 7HAME AT 2R TIXESH O
AT b APERRICHE ST 2, Lo T, AEBRICKIT DM E L~V AFRERE—
A EMy DY VL, A8 R OIEMITI )23 1/4M,, & 70 % LI DR T2t KT 53
Z, U THEAMOAMTI A Z Lok v, BEMRISOBE L0 ik IERES K &
KMETZETHRINDMELLTHD,
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(B)ZEE I 7 7

ARERIRDOSRE AN, BRI AN F 2V, B2.2.2~2.2.4 ® (a) (27T D1~D7 ®
(L CREBRKICE Y AT 72 7 v 7RG BACEN G o 2 [ L CRIE L7, /NEOEME
BRL, o BRSO AZAZ(Dh1 & Dh2)HIEM O A L B Lz, F2.2.2
~2.2.40 @), @©BLOE2.2.5-T L5, FFFBEY = 7 O iR (5 S 9mm)
OUEZBAGHEL, B HRERPED L T7 5 0 VLSRR TIAREET 5 2
EC, FRLRTOW MR O AL Lz, 7035, SB TIXFEBRREZIIT 5/
PORPEE AP IET 272, B 2.2.2(@) 123 & 9 ISR H R 5] 900mm O &2 /%
VBT 7RO L &% iE Lz,

@7 = THLIMOFEM & 2 OBFE Tk
U= THEEHOEMAR 2.2.2~2.2.4D ), @©BLUE2 2.6 1277, /MNEEKRED
BEAE, ATEOBEREEAZmMET D & ) RPIEESREZTE Y 7 L— 1 (SS400, JEX
9mm) & /NP O 7 = TN ERAIFEEF AL ATV, &AL B F10T-M20 W TF >
NEHEEIC L D — A 21T o 12, R MEARILY = 7SO Al T 28 —E
REREIND XY 3 KL L, TolERMB LS X L2 E 2198 L,
KGN Z T BN ORAEREIZIY, B BN RELEIEER T 5 Z LN ESR
HI280, FREIZE D ETE VA MOWEM DBIRE ST, BRICBIETE L Z ENEE LR
Do Fio, ARFTECITRRIER O Y8 S - 56 OB O JLWE ) 72 B 25 8h 2 M4
D128, BWIZRE LTV DM 2 -, REBRIZE T 28EER L OKE~0HEIC
IO DOEMEE T TN & LT, BRBREEDS A m OB LT, 5, Koy
IZEDRBEZFICS SBWICZEL TS AES 77 4 > QA FEM MY, B
12.5mm, 473 1300°C, af1%@m@%%wtokwm®ﬁ%1 mﬁm@ﬁ b
DIMBE R DAV S SRR E < R D5RY & Uiz, —J7, BEEIIZBW TR &
T 5 &, INEONORNS DBRANEIZ 5120 _mnﬁ%%<ﬁgﬁ v, B TONME
MEL 72D, BEAERA~DOWEIL, B2.2.6 IRT X O ICEFEY 2O TEFIRICH -
TEEVEEE Uiz, 72720, BT REM OME F, AV MERICH > CTHET S 2 &
TR CH D720, RV MIETIER2.2.2~2.2 4D DX HICAES 77 7 v b gk
BRIEDEE LIROWREFTNA U, BEMOMEIL, B8 MoL 2B T 25618 ESH
LD/ NOWEHE T, oty v L — o/ hAENSDABUIES Z E A HEE LT,
2.2.2~2.2. 40T LI, Ty 7 L— MDA Iz 30mmGR
MV ML B AR SHANZ 80mm) F TAPIEFIPA & L7z, MEKEREMIZIHB W TIREIC
1~3 Bk OVERER B3 D WBM 3 iE S, AL A OWEM i3 = & 2330
I EEZ IS, 1 REREFY O k8 2 >, BEA BB~ D PRI % e/ NRIC R O T2 AR 52
BROBEG B IARL, BEAEHOLEHET LG58 TR OESTIREN LA LT WA
FiftEEE B2 bh b,
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(5) R (AR 8 I AT [

2.2.2~2.2. 4 1TRT LD, NRITEGEEE U, KRPEE2HEA CHEtfiidE S 45 i o
YT NRN D DIREVE T 5720, WRFLRLmWE L L,

R B OV E R EAE 2B 2. 2. 2~2.2. 4 D (0) 1T~ d, AN HRTIE, SR
OEMFTMANEETDEME LT, EF7T09, va7, HEff&E 24 v FIRAB LU=
Y7 U—RNAZTNART T T, 8k, A7 7 Em)OREZRE L, BgE N o
WEIZIT Y — A8 K 2GEXH@1.6mm) % VY, Bt 7= 27 o L AEO I JE %2 A
R M%?Tﬁ LC, BEXI A MM REICET Lz, 227 U — hATTHNBLOD = THELEH
DORFERE 1T A 7 AW K BGEX(P0.65mm) & V7=, SAfF & 2 & v RALE CIEBEWE S
ALy ROBWERBIH LD CEE LZ, A7 7 FoiE TIET v ¥ 7L — b EHICT
N T TEE A FEE L, SNLE CIEERE O CBE 2 8 ICEE Lz, AT 7
L TR WSy F(B0mm 4, B X 2mm) & -8 + 2 7 & K BGER
(@1.6mm)Z HV, A7 7 EmIZ7 VI 7T —7TREELT,

¥ = AT ORENEME AR 2.2.2~2.2.4 D), (IR, 7= THEAEN
HCHE, UV 7ESHOAMITI N EET 25 LT, E TRV B LR Mo
Wri (2 1) D8 OIRE 2 JIE Uiz, L TFAL MBS XOEAOEERNEIZITY 7 AE K
’fﬂ?éifr(@o 65mm) % vy, BN A AL FEEIC LD THEE L, SALE CIadEiE v

B A BRI E 7o, B8 SAVICEEA CIE, Ml o MG N D O ABAD 2272 &
T, Ty b L— bR LIARIRKRE~OBBENAE T S, LEER-T, Ty b7 L—
FNORE HHET OMNENH DL, 22T, K2.2.2~2.2.4 D (e) :%*ﬁk;@ﬁty L —
MEECIREZE L, KTty 7 L— FOIREREICIIY T 28 K BBt
(©0.65mm) %=\, BEESRE T2y F 7L — MIPLOTEE LT,
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_Displagement
V ‘measuring point

.Furnace temp.
‘measuring point

ePlrett I~ L Mo=-M+:M  Prety an'gbt AT ePrjgbt
1/- eM ) 1 - 1 1 JM. eM' l
n M| n
Z 3 ! L <
_é Hydraulic cylinder p P
20t-500mm | T Lateral buckling |
hi D7 iDeflection angle g _prevention jig | p7
AV road carl ] jmeasurement jig 5 ~ Hydraulic cylinder Y phi
c[ /' AES Blanket ALC t100 T T 20t-500m  [Shear rein-
3 \ : - [ forcing plate
: ph2-»{D6 D5 D4 \ |\ D3 -+ 3 D3 D4 D5 DEWDh2 |
tt— | | O I i ] ) S S S 71—t
[3 o) ke
AR DD w \ | 0 i

- Girder Jaint |support bas
Q = (IH protected) \Unprotected beam (1H protected) /| & jSuport h"\e
Partition boad Cantilever
AEELLLO0 R0 X ](Ungrotected}\

} 2,500 | tooo | 2,500 ‘
1,200 L=6, 000 (Support span) 1,200
| 8,000 (Heating area) |
() HERALEH JUVEREAEE (A-A Brm)
Unprotected cantilever AES Blanket ALC 100 B— 1H protected girder

: R ) : o -
gl u i == = i : ; ]
“IA T 0 1N A A

B''= Unprotected beam \

8,600(Full length of the specimen)

(b) FmEE
600 600
I ' o]: r 1
2]: = ;
P Vi
£y ALG t100
ALC 100 High strength bolt L
x F10T-M20 Beam (SS400)
Unprotected beam H-300x150x6. 5x9
H-300x150x6. 5x9 (SS400) ey
=*|
(c) R/ i st (B-B' BFm) (d) Rimy = TiEEEME (C-C BrE)
AEs Blaket =0 Beam (S8400)
ALC t100

Shear reinforcing * 2 High strength bolt
plate (§5400) t9 T F10T-M20
—_—— 505030
Girder (SS400) H-350x175x7x11 \x—‘C'

H-300x150x6. 5x9
L V4
_1H fire protection ; | 2 Gusset plate
(AES wool blanket t12.5)| fancplever (59400 K2 sa00) 10
3: Temp. mesuring point X| o=
50

(e) Ry T THARMTE D FHH
2.2.2 SBEERADRR, HEEKE BEAER GHEEA : mm)
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.Displagement
‘measuring point

.Furnace temp.
‘measuring point

v

ePlett e Mo=M+-M  Plety cPright i ePright
I I e
1/ MM M M
s Ay . P 1A i
\h‘“xﬂ\ M 7 i
s H P z
Hydraulic cylinder H : :
g i ydraul ic cylinder H
| 20-R00m | | 20t-500mm
D7 Deflection angle o7
Load cell :measurement jig Load cell‘ - LDht
, = i i {sh in-
§J: ' Hoaded stud®16-L80 | ] fﬂw | |#3teon olate
_ o AR W B o) O o2 \B N %G
| TN N I PN N N I N I S PN IR N IR N I N I N i Fll_
| > S |05
< d Ay Glhdrrotected} Unprotected beam (iH _protected) P2 °
Partition boad N
‘ | 2,500 | 1o | 27500 [ ‘
1,200 | L=6, 000 (Support_span) | 1,200
| 8,000 (Heating area) |
(a) REBEALEH L UVEHEEE (A-A" Brm)
Unprotected cantilever [&] composite slab B— [2le 1H protected girder
N AN
2|1 4
(=] h Al
. . .
| Headed stud @ 16-L80 B+ ‘\Unprotected beam |
8,600 (Full length of the specimen)
(b) FERE L VEHRA
950 : 950 |
['WeTded wire mesh ¢ 68150 [
AN
i < g | 8 g_|_ EF: -~ |]8
> o b s % 13

Deck plate t1.0

High strength bolt
F10T-M20

L N < 0" LR . A H s
Deck plate t1.0 :Headed stud ®16-180

x Unprotected beam

* "\ Headed stud ®16-L80

Beam ($S400)
H-300x150x6. 5x9

5x9 (S5400)

| H-300x150x6.
=

(c) R/ Hh REfE (B-B" BiE)

_1H fire protection
* (AES wool blanket t12.5)
»¢: Temp. mesuring point

Ssshol) B
(d) Rimo x THESEME (C-C #m)
=G

7 Beam (§5400)
~ H-300x150x6. 5x9
N lam . e
. ; 2 Gusset plate
Cantilever (85400) o —{°
H-350x175x7x11_~7 > X § ) [2 (854000t9
4o
Shear reinforcing < x\“g High strength bolt
plate (S5400) t9 A7 F10T-M20

505030
Gi rder (55400) H-350x175x7x11 \volsé,
(e) Zifiy = THEAEHEDEFH

223 CB-CSEERADIR, HFEEE, FEANER HEELL : mm)
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Displagement
‘measuring point

.Furnace temp.
‘measuring point

v:

ePlett / \‘“-‘_‘\ . Mo=eM+cM Pty P right — T \ P right
~1 = - 1 -
l/ M | I |
~ ch A
~~ | e T |
N L~
Z y i Ll
Hydraul ic cy]|nder H : : ~= ;]
ydraulic cylinder =
20t-500mm 0t-500m :
§| Dhi D7 Deflection angle E | D? E
1 Load cell .measurement jig Load ce I T.0h1 u
T 3J= Headed stud®16-L80 r AE slah tasim ovgs B
Lz L i
Dh2-»{ D6 D5 \D4 4 03 pprf] O rfo2 \ %3 OF 05 DS lh2 N
_v=v===.'::'F;=============================A v r- 'J ".
I o - ,\J a7
Pin-roller A T\ 24H ?:rrctected) Unprotected beam (1H protected) "% Jsupport tarel
Partition boad i pid Cantilever
| 2,500 | 17obo | 2”500 [(Unprotected
1,200 | L=6, 000 (Support_span) | 1,200
| 8,000 (Heating area) |
() BBRALEE S L UHAEE A-A' Brm)
Unprotected cantilever ]250[ RC slab B— [250] 1H protected girder
| \ |
g/t [N , i)
> p A
{ | N,
| “\Headed stud ®16-L80 B>  \Unprotected beam I
8, 600(Full length of the specimen)
(b) TEHEE L VEHR
950 950
| Deformed bar SD295A-068200 [ | Deformed bar SD295A-D62200 | o
? Ll s~
KRN 5 AN e I
8 N T 8 X % e
Ha —= =
Flat deck plate t1.0 \ Flat deck plate t1.0\ _ Headed stud ®16-L80

Headed stud @®16-L80

Unprotected beam
H-300x150x6. 5x9 (S5400)

(c) R/ rhRigE (B-B' M)

High strength bolt
F10T-M20 Beam ($5400)

Gusset plate H-300x150x6. 5x9

(85400) t9
(d) Zixo = TiESE M@ (C-C K@)
=C

= Beam (SS400)
[N 7577 H-300x150x6. 5x9
1H fire protection = - ==
* (AES wool blanket t12.5) Cantlver (55400) RIS et iate
¥: Temp. mesuring point A=soUx i Fax/x11 -~ X ¢4?§
Shear reinforcing x\_g High strength bolt
plate (85400) t9 7 < F10T-M20

50 5030
Girder (S5400) H-350x175x7x11 \‘—'C!

(42 2.4 CB-RCEHERIADMIK, BAEE, SERE

(e) RiFry = TEAET I HED M
= GHRBEAL : mm)
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\

EAREORASTE
A AME

s =

2.2.6 RiEHzIHREHOTE (K MAHEERN, A MAEER
2.2.2 BEAZESSCEEFOR TR

(V) 51

ARERIT A ARRERGHEBRATOK - T2 HWTHER L7z, BRI~
2.2.2~E2.2.4@) T L OICKFE Loy r—F —BH FICRBE L RE L, 2k
2B 500mm OfZE CHiET Y > X &2 AN C—EH#fi 21T o7, FREIED 1 KdH7= 0
DA far L PIEMy = 0.4AM  AMER T2 X o, SBrikA B4 ZE L7XQ2.2.1D Kk v ke, P
IZZFNZH 10.7kN, 11.9kN, 11.8kN & 72-7-,

M, —wlL?/8
By = m (2.2.11)
Z 2T,
L ER=30(6,000mm)
Ly - fAr A EEAE(L,000mm)

w B AE #E(SB : 0.65kN/m, CB-CS : 2.73kN/m, CB-RC : 3.10kN/m)
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RGED B AMUNTEL U 7= FrFF 6 32005050 C 08 i B PIX, /NESRBOERZ H RS 5 720
DRETHY, IRDTbAhrAZEaIllfkOX I IHIE Lz, XROTbiAlL, KEEIZ
FE[E DN TR O AFEZANL(Dh1 & Dh2) & AR FHZ L O JIIE L, Dhl & Dh2 O 7%
FH OWENE FIFE(B00mm) TR L TR D72, MAAF O S o7z b A il R 2R/ 2.2. 712
T, EERK CHEEE TSRO b R vl TTE -,

= - =
E0.004 I 50.004 I 2 0.004 StOp o tlngl
2 | £ | £
5 0.002 ) | So.002 S 0.002 1
g Right - | & Right
2 / | 3 2 / |
% 0 mmprﬂﬂ‘vwmc w® 0 N W = 0 " oyl
° Dkt 12 o £ o
o e 2o o ® Left
©.0.002 | £ &.0.002 .| Left |3 -0.002
5 12 5 Right 2 < '
=y S = g o
o |m$ h g i
%-0.004 - 2.0.004 8-0.004
a 0 10 20 30 40 & 0 10 20 30 40 50 60 % 0 20 40 60 80 100
Time [min] Time [min] e Time [min]
(a) SB (b) CB-CS (c)CB-RC

2.2.7 MEHDOZRADT=HdHAGHIEHER

(2) 5 IRIE O fh FWITE

IR AT R OINEAET) 0 e fuf fof EE—H 7= DA BR 2 B 2. 2. 8 I2” T, WHICiEss &
L C, HfiSRrE X OEE R OS5 A OB IS & 2 iz bz i CORT, BiaTz b
DBEEIZHW W —RE— A hO—BEEK 2.2.3 T d, AT A2 2 602N
OB KT — A > MR 21923 X HE Lz,

%223 BEROME-RE—A2+

. Second moment of area [< 106 mm?]
Specimen - :
Sagging Hogging
SB 72.1
CB-CS 179 82.1
CB-RC 200 81.8

Mgk E G SBIXHMS R & EEMmO PR OMEE TH Y, U = THEEIIZIB W Claisfkit
NELTNDZ ERDDD, GO CB-CS BL U CB-RC IZBWTh, HMSE L EE
SOHFHOME Th o773, SBIZHATEY BEEmIEWEHE ThoTo, 2k, V=7
A OREAEH USRI DO 2 T TN %Eh Lizizb Lt Ex b5,
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C]

[

Furnace temperature

-
N
N
N
-
N

— = )
= = .
210 £10 10 | & @
% 0‘0 % S g | A \»QQ
- 8 ™ < 8 ° & @
g & g g o & S5
= 6 - 6 - 6 & &
8 8 g @
g 4 g 4 & 4 &
o o g &Q,@
(0] (9]
g2 SB g2 g2 CB-RC
% 0 N :% 0 ! ‘ ‘ . . | :?’ 0 ; ‘ ‘ ‘ . |
0 1 2 3 4 5 6 7 0 05 1 15 2 25 3 0 05 1 15 2 25 3
Deflection at mid-span [mm] Deflection at mid-span [mm] Deflection at mid-span [mm]

X228 EEFEOBITREIYE

2.2.3 MRFE

R~ IS0834 DEEMENEMZHENL LT, /NEH S DO O T LRSS
MEESIND KD, B2.2.2~2.2.4® (a) 23 & BV itk 8] 0 BERFE 8000mm D4y %
BN E LTz, ET8RBROMmEB L O TENALOAME SIS L 5, B HiFE%
FAWTRERKD R Z 7 L INEA ORI A C D BRI % 2872, SFNTR I EN & A B 2. 2. 2~
2.2.4 0 (@) 12T, INEESy & AR CUT, —BEmICBWC, BFRH IS 5 Wi, 1
Wit & 72 0 ORI & T 3 SO 15 ORI 2 HJIE Uiz, $EAEHT TS
B K o THERI AN —F =B L 2R DN E U D72, BEAERE O FR &R 13—
HEDLETIRLSRDIEPBEEIND, TITR2.2.2~2.2.4@BLTVCRE2.2.6 12/~ T
X0z, EEHEROFNIBEZBMTRE Lz, FRIBEORIEICIE, v—AE K 2L
BXH(@3.0mm) & FHV 7o, FNIREHER 2R 2. 2. 9 1nT, FERIT B, HiTsEs
AT DFNIRE 2R, —IREROIFPNIREE 1L ISO MNEH#R & e —EK L7228, BAEAT
W OFNIREE L ISO MM L0 & 1 BIRERDICHER L., £2C, 4 BIZBT 568,
FRMT CUL, HFE S AT R0 D FRAT I I3 B G HE O SR PR E R E 8 2 F vy, 2 Bish
D TG 53 OFEMT I E— S O 2R EEREEZ H WS Z & &5 5,

1200 1200 1200 1ISO
— curve
ISO curve o 6] \
1000 2.1000 O curve £~ 1000 .
\ ) o o T
i o >
800 2 800 = ® 800 o
2 ‘g_ & g_ 5
600 £ 600 = s
E 5 E gEg 600 g
400 g 8 400 & 8 400 £
n g w0 g n)
200 Solid line: General area 5 200 A 5 200 Solid line: General area
0 0 0
0 10 20 30 40 50 0 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120
Time [min] Time [min] Time [min]
(a) SB (b) CB-CS (c) CB-RC

X229 FREEAERER
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2.2.4 ERAMHEELIUVEORERE

/NE(SS400), & iRV FMF10T) B LT & 2 % v RO &IRGIERBROMER i R
2.2. 42, BRI JIS G 0567(1998)ICHEHL L, /NI 7 Z 2 VBRI, 1L
RBXOFART & 2 & » RIZRE2 580 L, 28kAH & 5B T & 1Epk L7z, Al ik,
7 1%% T 0.3%/min, 7E 1%LL ET 10%/min OEEERIE & Uiz, Mg 280 L=/
BT X D kA A FEBLT H121E, 800°CLARE DHiA T8 2 Hife 3 2 B b 5 738, BUIRT
IXT = F BB Z LTz, NEIZBWTIE 1000CE TORIRSERBR AT 72, /INEOH
DHERIRIE (GE 1% W55 71), @ /17R L OSBRI E, JAffE A% v ROB|RMS 2R 2.2.10
R, 2E L LT, B2.2.10(), (b) (CIEtdEm ks HEECLUT, mitkfaEh2z9Tcom
TR EHE A, B 2.2.10 () IZ1ESCHR 2.1 R STV D SS400 DE 1%IE0 1) D)
2ok Lo, /NRORZIBERIEEE Y, Wik IR R GHEZ ERl>7-, 400°CTH
YR L IR £ IR T L, DBEOBMEIR IS LW a3, T00CLIEDIK T Ak T /T
oz, FEUERFE T HETFERIL, 500°CT 0.82, 600°CT 0.44, 700°CT 0.20, 800°C
T 0.11, 900°CT 0.10, 1000°CC 0.07 TH -7z, KEBROMHE L ~LITERE—A 2 RO
¥ 14 THDHIZD, BRI X AE8FROM KRR A 1T 9 &, 600°C~T700°C T fif i3 FF
BAOZERTEE2 00D, TR 21RO D FEE & i35 &, 400°CLL
FIZBWTEYfEE 2~22% FRIZFEEICE > TH Y, MR EHEEFRETH T2 0 2
%o EIRV N OSER S X, RSO @SR GHE & RFEEOK T A Th - 72,
300°CLARE DBREEK T35 L <, 600°C CHMERED 26%RE L /e oT-, BN E AL v KD
SRR X% 800°C TR L7210, LIEDIK FRE Loz, 750°C THIERED 1 HIfEE £ T
KTFL, DBEOKFIFESHrTHoT2,

it A 38 DRIV THEBE DS R 0D B2 728D, G B TR )~ DR K 20 EiihiE 1
RFRRREE O K SEMBAAE 1T CH 300 CLA F & 720, WEK IS NnWEEx Hid 218, &
DI AT 7O mla s IERBRILE T, FS I IRRBROALIM L=, AT THOE RS
PRABRRE R AR 2.2.5 12, I6)— ERMRHARZR 2.2, 11 (TR T, BB CIIR R LA,
B & (L > TIFEDMOMEREZ A L2 DICK L, BB CIIHR 2B B 9, &
M 1%~2%THIRVIBEZR L, WErE TOMNINEnotz, & 2.2.5 IRTEHITHR
TEREERIC LR Tl O RRIR TR & <, R NI RIEHERO 3 BIRRECTHY, W
EHOMEEFREEINTRVERTH - 12,

ARRERBIAD 2 7 Y — MR %E-27-15-20-N 2 vy, EBRELIERR & LT PPk
HEZ 1kg/m3iBEA LTz, 27 UV —FNOlEA2F2.2.61C, FiRFEOEMEERELF 2.2.7
R, a7 U — bOEKE, RBRIE L RS THEA L/ NS E D DR & Tto 72
a7 V—brarEZHnTEMNL, ZO/RIE3.50%Th o7,

40



®2.24 MHMOEESIRABRER—F

[ N/mm?]

Temperature[C] AT | 300 | 400 | 450 | 500 | 600 | 700 | 750 | 800 | 900 | 1000
Beam Yield stress 325 — 238 — [193|104| 47 | — | 25 | 23 16
SN400B Tensile strength | 465 — 434 | — 302|168 | 77 — 44 52 34
High strength | Yieldstress | 1046 | 904 | — |581| — [141| — | 43 | — | — —
bolt F10T-M20 | Tensile strength | 1087 |1021| — [675| — |263| — | 86 | — — —
Headed stud Yield stress 414 | 415| — |303| — |118| — | 37 | — | 27 —
¢ 16 Tensile strength| 467 | 506 | — |3564| — |160| — | 62 | — 50 —

Test standard : JIS G 0567 , Test specimen : -6 shape = *AT:Ambient Temperature
% Yeild stress shows the effective yield stress at 1% strain.

&350 E— 1200 600
E . T Ssress — —=— Testresults bl
2300 é\ﬂ?dggcl)%is n ‘¢ 1000 g 500 _Ez//g\ —=— Test results
= AlJ recco-

2 ~ Al - —_ ; £
g 50 \\ — Al recco- g 800 | mendation S 400 | || T .
% 200 = =3
- £ L £ 300
3 =, 600 =1
150 c c
© \\ o L o 200 |
2100 i % 400 2
g SS400 0 L | FO0T v 100 |
@ %0 | AN 2 No [ Headed stud =~ ™

0 T—EI\E] & 0 | | | | |q_) 0 T T I j
0 200 400 600 800 1000 0 200_400 600 800 1000 0 200__400 600 800 1000
Temperature [C] Temperature[°C] Temperature[C]

(@) NREDEMRIREE b)FEARIL LDEIERES  (OBEMFERE Y FDSIERES
2.2.10 M OERRE

700 :
Welded wire mesh (WFP)
. _ __, 600 /
£2.2.5 25 THOHRIIBRBER T oo /T
- £ e
Yeild stress* 'fensﬂt(; f‘ractltl.re Z, 400
. | Strenstn eongalion Deformed bar (SD295A)
Welded wire mesh(WFP) ¢ 6 | 530 N/mm® | 567 N/mm® 7.8% 3 300
Deformed bar(SD295A)D6 | 456 N/mm® | 576 N/mm*| 25.2% B 200
Test standard: JIS Z 2241, Test specimen: II-14A shape
* 1 Yeild stress shows 0.2% offset stress. 100
0
0 5 10 15

$train [%]
2.2.11 RS THDICH-EBE&

£2.26327)—Fr0EAE

F, o Unit mass [kg/m?]
[N/mm?*] wicll W C S G1 G2 Ad
24 53 183 346 857 352 528 3.46

Cement C : Ordinary Portland cement (3.15g/cm®)
Fine aggregate S : Crushed sand 60%, Lime crushed sand 30%, Sea sand 10% (Surface dry 2.63g/cm?)

Coarse aggregate G1 (¢ 5~15mm), G2 (¢ 10~20mm) : Crushed stone from Najio (Surface dry2.62g/cm®)
Admixture Ad : AE water reducing agent, Standard form, ClassI

#2217 2329)—+0OREBRERRE

Curing Age Compressive strength
Standard water| 7 days 25.9 N/mm?
Standard water | 28 days 34.8 N/mm?

Site sealed 67days 28.7 N/mm”

Average of 3 bodies(®100mm X 200mm)
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2.3 ZHERFER

2.3.1 HEIMBERBRGEROME

ISO RS 72 oA (300mm) (2 B2 L 7= MR, Mgk 2ikko SB T 36 47, 7 v ¥ Ak A
7 7{t4kD CB-CS T 42 43, RC AF7 7{l#kd CB-RC T 65 53 CTholz, RAIDAR
(L2 /400D) DREIZ V= A/ LIFSOR FEERE 6000mm TH Y, G DITEE/NEE W
300mm T 5, KERBEIZE DO Dt K MERER il CiX, ISO R/ E LR T
Mt KR & 72 B, —5, AR TIEERM I oiE2 B & LCnb 72, R AHE
LU & B2 SCRFC & 72 < 72 D F CHUM BN Z fikfe L 7=, SB ¥ LU CB-CS Tix, i
DY v X NA R —7 RRE 500mm)IZ 2 L 72K Tl O R ik bivien -7z,
—, FORERIZEB W T b AR E N ORI H -7 Z &, ISO R 7= AD 1.5 524
FDEHITEL TV &, BLIOBIRD 2.3.4 HiORBRAEERIL L 0 28 e b i
MEAEICBWTHITIAICEL TWEEEx oD LD, A he—JRFUTELE
IR CRPESRIBIC o 7 Ll L, dAFhn#A# T L7z, ARBEReEIE, SB T 41 47,
CB-CS T 5243y T -7z, CB-RC TITHAEEICE ZANTMBVE & BRI OB 2> 5 IR AL 72 24
RIS X0 BN RAIEE L=, $hEZAN D1 & D2 RNENLH 72 43 & 88 /oy iF I HIE
REEL 72V, TobREEDOBREDN O AERR AR T 5 2 N TE R o7, TD729, 90
Sy LR, W SCRFRE ) AR T 5 E CRIEAZ BT 2 2 & THRBM ) 2 il LT,

FATMBAFEBRFE RO F LD ER 2. 3. 11RT, D, EBRERICOWVWTEREIT,

#£2.3.1 BHEAMBERBREROTED

) Time to reach ISO ) ) )
Specimen o ) Failure time Failure type
limiting deflection
SB 36 min 41 min Bending failure
CB-CS 42 min 52 min Bending failure
CB-RC 65 min Over 90 min Bending failure + Shear failure
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2.3.2 #EMABEESRROMENEE

Z oL ER O W IR EHERS 2 2.3.1 12, 10 23BF L 40 45BFICI810) 2 Wi TR 4y
FizR 2.3.2 157, B 231187 L2018, WTFnomBrikd Bym Ngo v =7 L F
7T VORI, MBI S A L, 20 7RFEIC 700°C, 30 REC S800CCRREIZEL,
Z D%, JFNIREE & 50°CLL F D2 THER LTz, BiERF O T 7 7 » Vil EIE, SB THJ 860°C,
CB-CS T#J 910°C, CB-RC THJ 960°CTH>7-, B 2.3.2 OWrEMNIRE NIRRT L
2, Va7 LR 7 7 o VOREIRW T OB bIARE ChH Tl L, E7 T Y
DIREIIAT T OMRRIC L Y B oTz, E7 T 0¥ FENEENA SIS CB-CS(T v &
AT 7R, E7 7Y sk E NS SBALC {1k, 2> 27 V— b AT 7T L 5%
B R0 5 CB-RCRC A7 7R DNEIC 7 T o PIREITm VR & 72 o 72, Z OfFH
X, MBWIICARCBEE CTH Y, LT 7T U VOIREAEIC L D IMEWIH OB A T [ X
noatEz6n%, B2.3.10), ©BLIOUOR23.2/1TR-TLIIC, ATT DA
WA MR & 2% v MIRADIREIL, CB-CS & CB-RC THERFKEDIREHER Th
v, A7 T7RICK DFATE X > RIRARASDABNDZENIH BN o T, fERFDO A Z
THEOWEE X, CB-CS OIREEAMTK 100°C, CB-RC ® FhHifh T 350°C, i T
150CTH Y, AT 7B LOEMZRMO a7 ) — FOBERTINE ozt EZ DR
%,
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2.3.3 MABBBIN-EHSHOMERNEE

v THEAEOMENEERES 2R 2.3.3 12, 10 L 40 SRS B Wi NTEEE Sy
HiwE 2. 3. 41257 F, AN FROEEPEE/ NEO T =7 F7 52U TiE 30 48T 800°C
WL TWeDIZxt L, 7= 7HAH T, WTnoRBRIKS 30 2FFCTF 7 72 21%500C
PAF, AL ME400CUL FCTH Y, fHBORNRA LN, v = 7 ICR SRV MRET,
ANHRER L B2 ) TP BEEE R T0 D, 2L, Yy RS L—LE
RV MZEDBBREORME Ty hTL— 2R LERE~OBBHOMELEZ BN
%, ®2.3.3, ®2.3.4Xv, 305L%, SB & CB-CS TiZFARLMLYH ERAL b5
MR E 725> TV D, ZHUE, KEFTHOIFFEDORET, U7 FHOFTNKRID
DIFRERIND /N E L Te o TWZR[EEMEREZE 2 b iIvD, —F, CB-RC TIEFA/L XY ER
DS MERTH o2, K2.3.4 L0, CB-RC TIZRC A7 7 OWEZ L v fhoikBRik
F0 ET75 U DIRERNR VIR, KB LT T 0 D~0BBENC L0 LRV N REDME
<Hzaohl-toltBEZzons, B2.3.3(c) LY, CB-RC AL M, 60538 T 600°CLL
Tz onTn5b, BWE/NEOD =713 60 45T I00CEBZ DN, FIREEOIAI 1
AR O A T3 2 & C, 1 R INERF DFEG IR AL 2 600 CREEEICHIZ 5 2 &8 T
X7,
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2.3.4 HERKR

(D#tigkE % SB

WiEkE % SB OEBR%OBEERNEZR 2.3.5 BLOR 2.3.6 (277, B 2.3.5() (CR-9
TeOARME Y, Rlm D RERF AT S 1L, RO bR R A BTz, B 2.3.5(b)
F 0, ZhdeofifimEo L7 T U DI REEIBAAE L TR Y, ARz BV TR
T ICEL T\ EEZ N5,

B 2.3.6() &b, veTvEEMIIRESEIRELTRY, NET7 TP ERETEY B
7 L— MR A LN, ZOEMIZEY, B 2.3.6dICRTEIIE, FT7I7rIIiXK
JEEERET TV, B2.3.6(0) L0, AV MMLOXEEFIT E T TRE A%<, 2mm
FREJER > TEY, @R MUTEAWMERR ALz, LU G, RV how AR
W, 7 = ZHROELF MR <, EARBEICED ETHAICU = THEAGHAEEETE 5
RE &R LT, B 2. 3. 6 (o) ISR T Rt oBERN LY, U= 7HEH G 150~250mm
PHI(R S o el O YRR/ NP O R 7 T o DI R[EREIEANE U TNz, RO v = 7
AW RS S e oz, B 2.3.6(e) 1SR X D IT, BN O R JE K o T
77 VBN TN OEHRE Uiz, —K, B Isilins o mifl] 900mm OfLfE T/3
2 7 Z 7R ORISR 1T B2 B (11 T 272, ReEORERITA bz,

PLEOBERIA &, Mgk 3 SB CIahFiEIc L 0 Wl CRRE AR LB 26
b,

(QZK)¢§EBH6L75>9®%%@E

235 =hHKRELVR/NHRDIERE (SB)
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D RHDT IS ODXELER (e)/NREOENERIRR (£ : TR, & : LA/
2.3.6 ZIRERDIEREKE (SB)
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@7 v FHWA T 7LD RERAHSE: CB-CS

T XRBAMA T THEEOREEEHKSE CB-CS OERGOEERNZE 2.3.7 BLUR
2.3.81Tr%, ®2.3.7() kv, BioBERHKENS Z LIcky, BHROLbAEER
NI HINT-, BHRREBICBIT L AT T Eiica 7 U — MNEERAE T TRY, A/ Py
HIZBWCTEMTmAICELTW =B BN, 2.3.7() £V, RESGHRETH-
T, HEfF&E A X v RIIERET, ZothBn <l ar 7V — oBEL/NShotz,

E 2.3.7() L0, U= T7BEAMHMIEICET DEEERITT < THE LTz, Zhid,
NNEAETIA O Wi i MBI IR 25 (IR 3~ B B o 23 U D B, R olaliiz & s+ 5 7201
SEESIZAE U D A £ — 2 o N@EUS I X0, BYEETSEET) D/ SO IRBEAE S
L7ebDTHDH, Lo T, CB-CS Tik, ZOHERFZIBWTRA T 7T gimoa s
MNCTHE Lihole B x bbb, UV 7HEAEHMIICBTA AT 7ORIZI TR
F7 EENPOT v XL — RN HRTE DRULE 2o TV, FEBRPIKRE X 5
T L3, BRI RS L,

2.3.8(a) LY, VxTHEAEMIIREIMEELCERY, HMEFER SB LFEERIZ/INET 7
TV ERRETEy N — MBI A BT, 2.3.8(b) kv, A MLITHIFEICEK
D 2mm VL - TRV, @R MATEAMERE RN, L LR, R b
O AT, 7 = T HROELT BN/ <, BARBEICED F T = TEAH T HIE
RCE DN ZR LT,

X 2.3.8(c) IR HEOEERR LY, v THAEI D 150~250mm PHI(A /3
VAN O YRR NEDO T T T VB XY = TITREBERE A T Wi, v 7Izidt
AT K2 PR SRR S e o 7, 2.3. 8D ITAT L DI, G o Ry A i X[
T7 7o VICBOWTHANTMOERNAEUN, EffEAX v NICE W 2T 7 LBESR
TWD E7 7 o DIFmMVERIE R <, RRKROBEIRIZZA B 720> T,

PLEDHEIRIN S, T v X EMA T 712 L D RERAME: CB-CS Tlxhi PRIz L v
MEFFRE 2R LT EB 2 bND,
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A 2

O BEFEREZ Y FOEMIKR (£ : RA/NUhRFE, B RinfHi)
2.3.7 fzbh#H, RASTOBR-EE X5y FOERIKR (CB-CS)
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BESNTES 2346078011234

a0 N B LA N t

(a) EESERDEIERK R (b) ARJL FL & TERARIL b DERIKER

(d) /DREOEHNERAR

(238 ZinEDEEZIKIRE (CB-CS)
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B)%JE RC 27 72 L 555488/ %: CB-RC

EHE RC R 7 7T HHRORERA G CBCS@£%%®%WRR%HZSQEiUH
2.3.1012/r7, B2.3.9(a) LV, IOREESAHEINDZ LI , R DI
ERH NI, w@%%"f5277h\ 3/7)~%F%ﬂibfk@,zn/$%
Wi W CEMITINGEL CWetE 2z onsd, B 2.3.9() LV, XX KO
ERThE L, JEL 3/7)~F®%%%/\bvﬁglz&QQUﬂLW%ﬁ%%SWmm
OXMIZBNT, 277 EEICITAMTFIZ L 28N AE T TRY, AT 7030 [ElHEHT
ﬁuﬁﬁbt;k#bﬁéolz&gwib,Ewmﬁlfﬁé%%ﬁmﬁﬁékﬁﬁﬁ
1AW L Cne, 20 BN OMEIC LY, U= 7HESHORESIRGIME T U, f#WESF
BEhZELLEEEZLND,

K2310@ L0, VeT7HEAHIIRELSEIELTEBY, NETF 7TV ERETEY B
T L— MIEER A BT, B2.3.10(0) £V, R MLUEKIEIZ LY 2mm BREEYLA - T
Wie, AV MLOJEEFRIZWT ORI S FRIRE Th 7=, &AL M2k SB, CB-
CS LV b REREAMER N ALz, Ziux, CB-RC (23T D AEREO AR /L MREER
TOOCREEE TEL TANL FORIEN LI VIR T L2/ TH D, L LRRL, AL kot
ABTREINT, 7 = TR OSRRT R 2R <, RSHREEICE D £ THOIC Y = T AR AR T
X DHef1E LTz,

B 2.3. 10 (¢) (/R TRIRAHE ORI L 0, © = THA S 150~250mm NHI(A /<
AN D IEPEFE N D R 7 T U DI RN A U W, Ee, U= T AKIE
R R ST, B2.3.10(d) 1R T X918, REGHOBERXEO T 7 7 v it
R 130mm FBREORE REINEENE LT, —F, &2 7 FIZLY R T 7 LB
NTWb L7 7 o ixmERIT e <, REROREIR LA b7,

L EOEERNI G, FERC X7 712K 55E2AME CB-RC TiEihiF & HAMIZ LY
FREELIZEEZ 6D,
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! ) - A SR *'\.
(O EEFER S v FOEMIKIR (Rinfti)
2.3.9 fzbh#H, RASTDBR-HE X5y FOERIKR (CB-RC)
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(a) EEERD

() /NEOENERIKR

2310 ZimEBOHBFIKIR (CB-CS)
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2.3.5 RANUHRDF-HHE S VESEOEE R

AR D bR b b REE R 2.3.11 L& 2.3.12 \TRT, KhicizzhEh R
72212 /400D (=300mm) & [R5 7= A FE L2 /9000D (=13.3mm/min) & f it 3 5., 7ok
72 7L, CB-RC D A X itz oz D1 BEIEARFE & 72 o I 7o O i #li S Coizb
H D2 DELHELT D, £, Vo7 ESE COREREEEZERT 5720, U THEEHIC
BUFAEEEAZE 2. 3. 13 1CRT, Vo 7EAHROREEMAIT, B2.2.2~2.2.4(a) 2777 D5
& D6 OALE TRIE L 7= $hiBZENL D 25 % Wi O I E AL & IR (275mm) T L TR 72,

gk E D SB TiL, MEBALEG 10 pEHETET 7 7 U ViREEICL 2 bANA
HL, 20k, 20 pEETIEZbAMER L, R2.3.13 kv, 27 pEETY = 7HE
EOBEER A IFH LTV D, 20 3RHCITRFREOT 7T VA T00CLL EE 7> TED,
EHTHIERAKRE KT LTWAIZH b LT bAMER L TWDLDIE, U= 7THEH
IZBWTHERRIIAREI N2 EEx N5, B2.3. 121737 X 9518, 27T mENG T
DHEENBIEUILUO, ZORMICIFFESGHTEY EPH A TEY, B2.3.13 17
T TEEHORERAND G, HEAWMORRENERK LTS Z ERbns, 30 SEIZIE
AV N ZERE~OBITIC L D T2 b E DT A A LAV, LR, TobA s Lk,
36 IR T AIE LT, ZD%, 41 DIl bHREENZME L2, ZHKEIREIZ
Borfz LB L, SEMBAEZET L7,

Ty XEMA T TN DERBRO CB-CS TiE, MEBHLAD 10 EE TOB- bz
X SB LEBETH 7203, ZOBRTDOHBMERT 2 Z LR LkIT7Z, £72 10 4L
Bt oo 7S CoRERA LHIR Lz, ZAuL, MEBHAS 10 20 A0 CIYARE &M A kT L
TU = 7HEEHMOBEKPINME T Lo EE 2 b, EHEERPHET L7548 ThH,
SB & FIERICAHA N MDA TORRREIUIAE T S EZEXONHD, GREOLEITET
TUVDIBEFETT TR, T7I70VE AT T EROBEEIIL > THLEZbARAEAT
Lo ZHHOERIZEY, 10 LD U = 7ESGEH CORERRR L OF R bABMERT 5
ZEBRSHWRLEEEXOND, —JF, TOHILSB DL I WD FE o CTHEAEH OlEER
MEETLHBGIIALNT, 2.3 1T IR T LI ICHRAICTZbANREARL, 42 43 ICRA -
PIITE LT, FD%, 52 DT bBEENERE L1720, RNKRIREBICE - 72 &k
L, @A T Ui, IR LR O/NES a7 ) — k25 7138 E /NI ~S58 T
DINE L, MY/ NENR R E RERT LS E CTH RN A7 7N LR 2729, #l
LB CE AR O # I3 X OB TR ) O FIdERe & 722 b, LavL, CB-CS
TIE RS OEEERREE L2720, v = 7HEAH ColER KRGS X OhiFm A om
XA D 2o T2, ZDZ LA, CB-CS OAREERIEY SB LV 10 DR 25 BREICH £
SlEmEEZLND,

RC 27 712k 5 AZD CB-RC TIF, M2.3.11 kv, MEMHHAO LT 7T DR
LD DA PMEORERIK L D L R&E o7, Zhik, CB-RC TIiZ RC 27 7 OWEL)
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BICLY, oORBRIKEL_RTET TV UNMRETHo 2720 TH D, £72, CB-CS L&
720, 10 LR, U= THESIICET AR OERA A LN, ZIUTRETRO AT T
BT = 7AW COEEIRIICES Lizizh EE2 605, £ 0%, 8kB/NEERL RO
BE FRICEIMIMR FIC LY, hallizbAPM AL, 65 DICRA-bARICEL, K
2.3 12T LI D E THOAEENEIE S5 = L2 WEE XFFL#HIT -, CB-
RC TIEA T 7 & OEAMEHFRIC X 2 EfIFRIMES X ONE/Tm 7 o Bz, b A
T TN Y = TR ORI E S Lz 2 &8, MigE 3O SB LY biibAankE <
&4y, BRI 2 5 L e o BB EEZ A DD,

B SRS T OB 1SO BRI /- DA BIEE U - 556 0 G2 [BlHs /4 o L BR300
0.15rad TH 5, E.2.3.13 1T X I9IZ, V= 7HEAHORBEGEMATWTOREBRIK D
0.15rad 2 CTK Y, EXMITREEBICEDS ETY = 7TEET ORI MBS L OV
Wid 2 Z &< EmRRFICBW T HICERE CX DN AR LTz,
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2.3.6 INEDEERER

PO LEE/NZOFLRE FEAOBRAR 2. 3. 14 17T, /NROHOH L &IXE
2.2.2~2.2.4(a) (Z/R3/NEMIEEL O Dhl & Dh2 (2381 2 /K7 AR ZENL DS fE X 0
KD, INEREJRREIIANRCHREICB T LT 7707, v, E77 P DIREDEY
lEZ Az, "Pcix, NEORE EFIC K% BBMOOMREEA2 X 107 LAT[mm], Z =
TAT : /NEDOEENRE EF[K)ESE L L TORT, WTHLORBRE S FIRICHEVEREOH LT
W3, 700K BLEDIRE ERFFIZIZ T2 O AIAZIT Y D 5 FIAHLBLGUT KV #g s 5 18] O 2L
IR LTV D, ZHIUTEH S OBEMEE T TORTEEEREORMINEESR 26 & [FEEORE
RThd, MEFRDOSBELOT v FHMAT T2 LD REEEGHED CB-CS OO
L&, BHEVCOELIZFEF-ELTWS, ZOZ LD, TyXFEMAT 7T REEROM
CHLZWERT ARSI NE WL D, ZoZ &, WHES 219, ZHD 2007 v ¥4
A T TN & DB REOEAIMEER & FEOKETCH D, —F, RC AT 712Xk 55%Eed
i CB-RC OO L &M X T oRERAR L v /hE <, IRE EA 600K FEA(INEWGE
DB 20 SR OO LETHER T2 &, BHHBEVCOELY 2EIZE/hSV, 3T THR
WIOBEMIFFFO%EE RC A7 72X HERERROERTIX, MOH LERMEE H B
OEMIFE—HL TN Z &2 n, MEAYHIC CB-RC OMEHE/NEOMOM LANH S 4
ZEHIT, e TAmFT— AV FREBL Wb EEZ NS, BihOR 2.5.9 8
FOBR 2. 5. 10 I~ EHENTE— A v MEBB XD LY, 2T 703 R oSk
PLIZFH 5 L7= CB-RC Tif, SB & CB-CS L &2V 18 /37 & TR A CAMTORETH
Sl EBEIND, SE/NROBIENRE ERICL > TR TT 2 &, A7 T7HOE A
FEEIZENTHWENO RN R T T HE~BE L, $5 /N O K28 ERE & e
Lo ZOZENMORHELIHNCHFE LIEBEZOND,
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Expansion of the beam [mm]

-40 - X |Collaps

-60 -
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Average temperature rise of the beam [K]
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2.3.7 FHEHLRHEBOBEFTEDHR

AT INEREIZ 331 D R O E (PREAATE) P& RS RIRE O AT E
(HE AT E) LOHREZE 2.3. 15 1277,

B 2.3.15(a) ~ (c) £ v, o Jedlfnf fnf BIIA QT E D —EME 2 R> T\ D, —7,
FHR OB IR, L0 OREDICHER L TRY, R THERMED 14% 08
Lo TS, ZHVUTHEAEEE 0K L, Ao RERICH WU v ZIIATEIC K D]
BMELTWARDIZXL, ARV o ZFEMY Y X ERI—OMFEICLAHIEIE LTS
7o ThD, £7-E2.3.15(@) LV, SB TIIHAEICIE S& 7= bABENHEL 72512251 C
PR EmENELS oo T0D, ZHET U DR ha— 7 ERBO N TN
DTHDH, 12720, AL TIPS OREZ B E LTEY, WEFEME) HROT-/E
MAE—AL FEMITMAIOHEIZ L0 BEELITH 720, THOITRFICREE 250,

/NGRS 0D [RIHE % 48) TR 2 72 80 O i Gl A 1 B P13, Gluimil o0 BIRAHREL &2 S35 &
Thb, ZDI=%, BB A M F it /KT 3 L O E/ N2 O ERALIC X 57RO |
TR FICE S B— A "B OREL 2T 5, B 2.3.15@) ~ (@) LV, wTho
AR S IBRIINC P EF- LT D, ZhUE, BT b AT X D/ o [BlER AN & B 1
BRI DI, RImEROAMITE— A R EWINS W72 SIS T 5, HREERE, PIIANEL
IO L VNS < Teofe, THUE, ER(ETY = 7HESHOAMITH 2K T L, &2 T
FE—AY N+ BZETE L o272 ThH D,

X 2.3.15(a) kY, SB Ti, HAENIE D A T- 27 I PH—FFAYIZIK T LT 5,
ZDEEDHEPEAITHER L2, FREMEHE LSRR T Lz, Z0% PL
LPITFHOMENM U, AAEREE C PIIHIEfG E A2 QMERE LT, BT - 721212 PAMEIN
L7=BEIE, AR FERNL MLOEMBIOVNRE T 77V ERETEY FTL— |
DEMIC L - T, BAEOEEEKAA BN L0 EELLND,

X 2.3.15(0) £ v, CB-CS Tix, MEBILA 7 D PHRRABIZIKET L, TO% PAEEM
THZLFerolc, TOHA I 7 TCREGEOEESHENHE L7-b DB 2 65, 40
FRFDLPIE SB %L < 10kN (L ThH Y, FERIIT v X EMRA T T NY = 7THEEGH TO
[P TS Lo T2 2 EX D, —J5, CB-CS TIXABER b AdlE DL
DS S AL, e e B P I AR EERE £ CRTE O B CHIEIN T & 7o,

R 2.3.15(c) £ v, CB-RC TiZ, 155375 30 ST T POBMRAIIET Lz, Zhix
BImEBlZ BT 28T DOKRTIZE Db D EEZI NS, TDE, 90 FFRFZEBNTY,
PBMET T2 Z L3/, WEFFEN ZRFF Lt 72, (PIE, 40 /3FET SB @ 1.7 52
EOMEETRL, 90 2K TH 10kN BREDMEAZ R L, ZiLLY, RAERFETRC X770
VT HEAE CORBEIUCT G- L 2 E B30 d, RikOi@EY, CB-RC CTIIHAEICED
ANZ 72D HJNEN R & 72 0 T2 oA L D ARERM OB EZN KR roTelz®, 90
G35 P I S TP I OMER AT > T2, PZEF) 18N £ THIIN S B /ZBRICHEL
REFER AR Mo olodd, ERKIFREIZE -7 LIl L CEREKT L,

59



[NM] d@ peo| ebp3

[NM] do peoj Jeyua)

AN AN ~— ~— 0o o
) T T T T
awi asde|0)
LA Ao g
(A
\ 4 (@)]
ﬁ\ﬁ.. : K £
—1 { oy
S R
_I ﬂl S
1 P
P
/o \\Fw
a 7 —
H Y
| o
il oY
\ £V
L —_ 1
o) o © o
it

20 30 40 50
Time [min]

10

(a)SB

[N3i] do peo| abp3
o o o o
< 5] « -
aw asde|j0D
' 7
= \s
.2
=
3 N
L2 7
; .@.\.m
Q. f Kit—%
o 0 o Yo
(q\] ~— ~—

[NM] do peoj Jejue)

30 40 50 60
Time [min]
(b) CB-CS

10 20

0

[NY] d@ peo| ebp3

[NM] do peoj Jeyus)

o o o o o
Yo} < ™ N ~ o
awnjesdejjon -
.--m h
o ~ H— i
L LI -
o T[C e \
o e
£ :
o v mPe
s s |/
= | :
© : \
m )
n \
F— i
s Al
- eV
< = i
=) .5 1
nd NG
. 1 1
Yo} o Te} o 0
N N -~ ~

40 60 80 100 120
Time [min]

20

(¢c)CB-RC

2.3.15 HEFREAEHR

60



2.4 KKBEHH T ADFEHEETIL
2.4.1 NSKBSEE (FRAIEBE

Y = TEAEAT BN KRR TSR R S h s 5A, B 2. 4.1 IR T LIS,
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My = wrN -yt 4 N gt 4y fN oy ol - gl + Wl - ewl + N -yt (2.4.21)
wN =0, a : B¥sfh OB1RE )
wN=32q— N : FuREOSIEE
urN = 50, (6,5) - upa b7 oBIEAE D
upt = to + tp/2 L u NOYERE S 2 T 7 L £ T Rak
twlN = 50y (0y) "ty (xn — tc — tf) LU =T DFIRET
wt =X — (X — te — t£) /2 S wNOTERLE B AT 7 Bl & TO MR
ewN = —50,(6,)  ty(tc+H—x,—tp) V=7 OEMRA
ewt =X + (tc+ H—x, — t£) /2 D ewNOTER SIS 25 7 i E T o ihEE
N = —0,(8,7) - a D R T UV OEME T
gt =te+H—tp/2 L NOERIAED S 25 7 Lo TR

L OFTEN B, 1%, IN =0k 0 K(2.4.22) TRDOHN D,

— N+ .0,0,) t,2t.,+H)— ,N—2X
x, =[Sy we we uf 1 (2.4.22)
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B RFERAHR T FMMHICBIRINAE LW EHE0 < ny/np < 1520Zq < Py
RFERAHRD K KA MT ) pMy OFEET L O—F & LT, Tmiilco5E 2 E
PAN

b,

MG = N gt + oy fN oyt + N -t + 0N - gt + N -yt

D RHEER O BIRE )

C kT TV ORIRE T
L ufNOVERED S 2 Z 7 B & T o

wN =12q

urN = 50y (8ur) - upa

urt =tc+tp/2

twlN = s0y(0y) "ty (xn — tc — tf)

twt = Xn — (Xn — tc —tp)/2

ewlN = —50,(8,,) - t, (tc + H—x, — t)
ewt =X+ ({tc+H—x,—tr)/2

N = —0,(6is) - @

it =tc+H—te/2

(2.4.23)

72T D5IEAT]
W NOIER A B 25 7 L& T oo B
U =7 OEMEE T

D ewNOTER S B 2T 7 1§ T oo iR
TV OERMES

L NOTER LSS A T 7 L E CoakE

X OHSTEI Ex, X, EN =0L 0 X(2.4.24) TR HND,

_ _lfN + so-y(gw) tw(2tc + H) — qu —2q

Xn

tc]: : :lﬂ

20y O L (2.4.24)
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____________________ \
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BE AR TRIEP SN BRE ZNITALE T D58 (ny, /np = 172OP, > 1P + P)
BERGEO KK R AT S pM, ODFFREET V& LT, BMERSLEN = 7 NITLE
THGEGP, > WPy + e P)DISHESAMEZR 2.4 13 17T, 20L&, gM1ER(2.4.25) T

Kb D,
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ot

My = N -yt + Nt 4 N et 4 N - ot + o - gt + fN o gt (2.4.25)
wN = 10, ra : BYREROFIRE
wN =0, ,a D R OBIRE T
urN = 50, (0y5) - s b7 T U OBIER T
ut = te+ /2 D uf NOVER S 2 F 7 B & Tk
twlN = 50y(8y,) - ty (X — tc — tf) =T DBIEEN
rwt =X — (X — te — t)/2 S NOTERLE B AT 7 Bl & TOFERE
awN = —50,(6,)  ty(tc+H—x,—t;) V=7 OEMRA
ewt =X + (tc+ H —x, — t£) /2 D ewNOTER SIS 25 7 g £ T o g
N =—50,(01r) 5@ : N7 T UV DEME
iyt =te+H—ts/2 Dy NOFERI RS 2 T 7 L & T O HfE

ER PO BRSTEIfL &, X, IN =0k 0K (2.4.26)TRDOHN D,

— N+ ,0,00,) t,2t. + H) — ;N — ,.N— N
X, = If sOy\Ww) " twlslc uf r ur (2.4.26)
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(B)FERA ARG CHMPE T SLHN DS TG NITALE S 2568 (n,/ny = 1520, P, < (P, < 1B, + 1 P)

= A\
TER

R GE D K SRR TN ) My OFFEE 70 & LC, B STshs T s P IS ALE

T 2% 8 (P <Py < WPy + P DISHE S ZE 2.4.14 (8T, ZD L&, pM I3
(2.4.27)TRO B D,

My = N -yt + o N vt + ypN o=y pt + N -yt + o N - gt
bR O5IRE S

=

wrN = rO0y " ur@

wN = =N + qu +whN + lfN)

—s0y (Huf) furd

qu =
urt = L + tf/Z
wN = —50y(6y) " wa
wt=tc+H/2

N = —s0,(8i7) - pa
yt=to+H—t;/2

D AR OBIRE

C BT oV oERS
D u NOYEREN S 27 7 L & TR
DU = T OIEMEA
: WNOTERENS AT 7 Bt & Tl
T I UV OEMA

Dy NOFEF A 5 A5 7 Ll Co Bk

(2.4.27)
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(6)F2 A LR TP SLH S ESRAENICALE T 238 (ny/ny > 100OP, 2 ,,P)

SERG RO KRG E M ) gMy OFEET V& U, R SIE BRI E
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HiLb,
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ufN = —50,(0yf) s : BV UV OEME
upt = te +tp/2 Dy NOVEM RS AT 7 Ll & T O R
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2.4.4 FipTyx THESEHOEIFE S

WAV MO EEB LIZT = 7 HEAERO AT/

Mgk E G0 SB I X UG DU &M I L7727 v &R 7 7 HAkD CB-
CS Ti%, AN MDA EZZE L TU = 7THEEHOAMITH ) 2 FHfid %, SB XU CB-
CS OEMITMH ARFIC Y = 7HEEICA LD hosmicix, B 2.4.16 I+ ki, BT
AV MRS & BICERKRM N E LI REBARET 5, AV MEIORKM /1T = 7Dl
SRR 77 & ARV b OF AW D O /NS WENSIRESND EB 2 LNDHN, RE
BRClIA L b Od AMERIZK L THRL MMLOJEERIZERA)/ NS o Toizd, Av b
HOFKIMFNILAR N b OX AW %2 05, R MNEOREBELZD = 7S
D K SR RIT T ) My 1350(2.4.29) KV kDB D,

My = =Ny 0 (= Ny D) (2.4.29)
wlNy = —1pNy = 0.6 -m-n- pa - Fy(6)) ARV N 1S T2 0 o ARSI )
ZZ T,
p : ETFAL N OMRE(140mm)
m s AW AL i)
n DAL RARE(L )

D ARV SR H R (314mm?)
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QAT T HEBRE LY = 7HEESHOA/TTN

FREERFE TR 7 7N EmO R EITICF 5 L7 RC A7 7{:4%k® CB-RC CiX, V=7
BEESHOGAMITI NI AT THOMBEEMEST L, AT THEZBR LY = 7HEAHOA
PR 7T g My OFHIEE 7 2L, B 2,417 (SR AlIFI R AE U D o5z v
%, SRS A EEREHEST 20T, MY RE REERATENAE URWIRY, T XTOHRL b
PR RKRMINGZEST 2 Z LTV E WO RIRO S &, FAMEROE IRV MG B3 Kt 7
23 LTCRIE 2, 28O R 3G T2 6 D EEL TWD, RIFFETHZDE
ZHERAL, FBRL MR KM ,N, \CEE L, 723 BSOS RE R 77, N, 125 LTz
WHeZ e KET T A xR 2 b0 L L, ZOROARNL MBI BRIV MO &K /1 &
HISZHN D O FERE & OIFIRIRIC 5 D IO EARE T Do AT TIHHN 2 Bl T
L6 O bfh & T OBRICONWT S, B2 4171277 X918, A M & FRER b
BIBHRICH 2 O INET D, LROADONHZIE L, EN = 023K T 5 K 5 Far
&% ED CTHEMONINEHEESE, FEREDLYVOE—AL MRk L2k, U
= THEEHMOBMITM N Z2HET 5, xM, 13(2.430) LV RDHN D,

JRME = Nyt + Nt + N ot + N ot + Ny ot (2.4.30)
wlNy = yra * 1oy o LY ORRRIN 77
N = Ny (o = 1 t) /(= ) D FIRAICAEC S T)
ubN = 1pNy (Xn = upt)/ (X = 1pt) P BBV MZAEL D)
N = Nu (e = mpt)/ (X — 1) BRIV MZEL D)
Ny = —0.6-ay, - Fy,(6,) D TEEARV S o AT )

EXF oI E X, X, IN = 0L Y X(2.4.31)TROLND,

5, = Lo VVE —4XZ (2.4.31)
2X
=77 L

Y = (lbt + mbt + ubt + 3urt)leu + (Zlbt + lrt + urt)urNy
Z = (lbt + mbt + ubt)urt " leu + (lrt + urt)lbt " urNy

CB-RC OV =7 HEEHWEIZ BT 5 L FE O ITAEERIZB VTS 300°CLLF TH

0, EEENS OMERTIINES o722 EZ NS0, EIRH OB RIEIRREE 1T 2.2.4
DR 2. 2.5 ITRTHEIERED 0.2% 4 7> Mt EHAWS
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B F77roldity N7 L— b OBEAEEE L5 O& T

234 HITENIZEBY, VaTHEEMEIRESLSEEL, NET 7T P ERETE Y B
7 L— OB E T, ZOEMICEY U TESBOARTE I T s ELL
N%, ZOFELPET S0, SBOMPWMAOEZERIIBNT, NNETFT7 T VL RET
Ty b= bO#EMEER LY = TEEHOAHITI) M IZOWTHEERT S,
JMITITE 2. 418 (R I DIREEAE L, HRfER AN i K /7, Ny W L, 3o LB L
R HB AN K 7,5 Ny, (23 L7 IRRE 2 KT TS IE T2 b DL L, TBREHEROR L
RS IE R B ARV MO K ) & T SElAs & O B & o FLFIBIERIC B 2 I 0 oA 2 ARUE T
%o BEMER ORI N, 13, FERFERO WL & /N RO ERRFEIRIREE & ORUZ L VKD D,
EFLOADIAEAE L, IN = 0A3BRALT D & 5 PArshfLiE 4 &0 CTH O IN & il S+,
EEREDYVDE—AL FERDLZLIZEY, vV=THEESHMOAMTI A ZFET 5,
M 12432 K VR BB,

1My = wplNu upt + mpN = mpt + N -t + fNy -5t (2.4.32)
uwpNu = 0.6 ,a - Fp (6p) o FEEARV N X AW
mbN = upNu (X — mpt) /(X — upt) D AR MZAEL DN
wN = wpNu(Xn = 1)/ (n = wpt) D FBEARALNMZAELDSH
Ny = 1y aeomsac- 593(001) L FTIETeAEy NS e R ORI D
' e Kt 7
ZZ T,
ifGcontact  © IERRELOWIEFE(T 7 > VRS 9mmx At v F 7L — MES 9mm=81mm?2)
Oir,s DU = THEAREMEO T 7 7 v ViRE[C]

50, (81r)) ¢ Oup BEOD /N O IR KR FRFE [N/mm?]
R(2.4.32) h O STEIT X, 1%, IN =0k Y K(2.4.33) TRD LN D,

‘. = ubNu (ubt + mbt + lbt) + lfNy " ubt
n 3upNu + fNy

(2.4.33)
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Force distribution
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2.5 fAEHEIC & SFHEE & RERMEDLLE
2.5.1 fMHKEROGE

(V)BT ) D&%

WiskE g SB OTI A OFFAE AR 2.5.1 12, (BT E— 2 P fiaR 2.5.2 1
AT, ERETE— A2 X, RBREEER L ORP RO {E P &SRR O -
DO FEFD PR O s P O EBRME A VTR Lo, MAWIENZIZBYE I LY #
BEICAELC2AMIFE—A Y MM OBEINL, 2.5 3FHIAEK 20 KNm A2 THIMLZ, 2
Dk, ML 10~20kNm 2 THR L, 27 5ICHEE O RO — RIS M MK T L7z
P, RV R ZEREASOBATIC X 5 BTN £ 0 M AFHOBEM L, AREERRAL /H)IC
T = THESIO AT My LR LT, ARCRRZAEL LT E— R R M
1%, 35 SCIERTTR ) pM &% L < 2o 72, i) (pMy) & My DFn) & hif ' — A >
NEEA D M I E M OF)23% L < 7p o 7z kEfIE 38 3 Th Y, FEBRCTOHIEERR (41
M EBER—E LT,

Bl SRR IS X 2 AT INEN D55 11, MR/ N O E /T ) pME A3 EER O fif 8 L~ L
(30.1kNm) % Flrl> 7= 18 EICHRET 5 LIAE SN, V= 7HESHOREREYIC L VRO
P ARRESMELZEZELLND, 20 HLIED U = 7THESEH O G#ITT ) My 135
BB W OB M M, & ElRlS> TR Y, fERICBWTHEFIIMRRSE CTh 72, Z
DT LD, U= TGOS GTE LI MR AR D SB Tk, HE My E E 0
HERAEOKRMAZETHHREThH T LWV R D,

(AR ER N AR S =

BT A7 gME | + My [l D BT M, OFIG AT, AT k) o 2 =
2.5. 31T My VX pMy | & | My |0 5 5 DB/ IME A B U T, B RO AR /1 0.11
ThoTens, EWEB/NEOT 7 T o IREDN 500°CLLE & 22572 10 43 LIKE, 1E#F T ) gM;
PEBITART L7eolost L, #Eado AT My O T I3HESH Ch o 72720, AdhiF
AN ER L, 30 DEICHEKTO0.55 L7po7z, LR, AL howAMM KT IoeE, &ith
T IHRT U, AERFICIX 047 & 72 oo, ZD X HIT, MERER SB CTlE, HiRFFIIX
ZR RO EMITTH AN LR Th o =Dkt L, KERIZIT Y = 7HEEoah I m
NAMT ) O SRRELE ET-, FIERICE L S REL TR END Y = TS Th -
Th, KERHIITE OEESEHIC L 0 ZOmAMERENRE < EIND 2 L &R LT,

B 251 T L9, MNRETFZI7 vV ERETEY b L— hOEMEZBREL-Y =
THAMO AT My 13, M; EBERAS TH Y, HEER T My X0 5%RE LE 512
BEol, Lo T, ZOEMICED Y = 7EEHOAIMITI I ~DOFEILIEA/ N EWEE
A%, ZOZ b, BREREBRED CB-CS & CB-RC O v = 7HA IO AT/
FHIIZEBWTIE, ZOFEMOMREZBE LN L ET 5,
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BEN 2R C& AAHEMEDN B 5, ISO [RA - b AL, i EHENEREITh 0 BT — A
Y MIELEGEOLARERMETH L, — IS, BIRE—A L MIRBMHE— A P L—
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SEBRIE D BREERERE] (5)) 41 52 90 ULk
B 25 T — 95 234
23 BAfF & A& v NIRAR — 689 861
v S 826 870 949
i j'i e 873 921 983
% ) Tor5Y 864 926 990
E | w - s AR 119
= — — (R
|2 257 f D1 s 208
/% BRI R 512 565 690
=
#l TEFL L 494 542 745
AT 5ER | BR b REER 0.92 0.86 0.73
AT E— AL FO iR 1.08 1.01 1.34
. BRI 0.11 0.09 0.12
== AT AR S e Y 60 4315 — — 0.43
=i vdiipale)e ” -
ikt 0.47 0.27 0.30
P IR A 0 0.66 1.00
i B 0 1.14 1.15

93



2.6 AEDFLD
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JEIMBIERES 2 BT D,
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3.2 BEMBERBROME

3.2.1 EREHHIUVBOFHABRKDEH

(1) EBR S

REBRICE T DEBZEKZR S 21177, B3 2. TITRT X 9 I/NRIIE, 2 EOFER
ICBWTHRER E TA 7 7N R OREMEFICEHE S LZFE RC A7 712 558 E2E K
Zazfns, OUPIE, B 3.2 2 1R HMSFRIO GG, B THY, Mk yEm
FERR G DB 70 KK REFE T 28I LA R RIBIC I 1T 2 EdNT T ) 2 g+ 5
e DRBRIKTH S, 3P B LV 6UPIE, B 3.2.31TmnT KIS, /INERITHTT HREMA
T, HATRE)B L CERT 2 REBUT, ERRLE) THESNICRE T L— L LGN D
F% ADFRBRIETH L, NRIT R Y =7 HH TELXREOH Y P 7 L—MZ&ED
WV PEEESCLT, vaT7HER) SN TEY, RET L—AZ X0 #h 5w & Rigon
AR END, 3P BLU6UPLLT, V= 7HE0 LT 5)1%, WA & RiuEER)
P S AT B K BT SRR B R O K IOMBAR J6 L OV ANBIRIZ 31T 2 B 2 4B T 57
DORBRIETH S, 3P & 6UP DFEWL, 7= THESEORmAFNV MELT, B MDA
BRLOMAEEOFETH S, FHELONE, ME L LY = THEAEICHPE L L, R
N NEBDOHREFRERE T HTETH T, LL, SEICHEM LI 3P ICBWTHEEHT
D|E/NS o Tolow, 6UP TIHESHOMAEE L E 28 L Lic, HEERTOZLE
BRI A=21T 1 2T 50NFRITH LA, FRROBEICEY, 7= THEEHOM I
BT 2R LmT TEE L,

£3.21 EBREH
- oy . e
P VA% N N N
Ralia gepap | O PAH | e ol | KR
0UP TP - - -
3p XL 3 < 151 L 5V o
6UP v T EE 3AX27| L

2EDERERC AT 7 AW EREMBEOFERTIL, RHFHAETFE—A 2 M0 4%%
TER & WA, 90 Ll LD KKRM ) &2 F Lz, REBRTIE, 2 iV bETHREL
NAOE, BRI E—22 b 5 Bl FEBRWEICEH Lz, 2 OMIXEHEHEER
FIZEDBIRE—RA Y LT, BIRE—AY MO U3 IZHETHWMETH S, HMGETIX
ANRCHRZAE T D EMITE— AL PPBRERE—AL PO 1B LD LHIIHEL G2 (B
3.22 W), v 7EARTHLRIUFMELG X7, Vo 7TEGRZOMITT— AV NIRIX
X 3.2.3 2, £ ERIK & 1, ISO834 HZEYENNEMEEE - S 0E VW INEVE 1T - 72, Bl I,
A8 R0 K SR TE p TR ) 2 #eER 4 5 72, IS0 RO E 721 b, fEH
BEAIMN KNS ETMEEKGE L=, v 7HARTIE, ISO RADARIZES AT
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INEVEHLT L, A RFF L2 BRIk 282 mad Lz,

3. 2.1 IIRT X HIZ, ARBEOSEZIZIE H-300x150x6.5x9(SN400B) %, KA T 7
WKIZ7 7y b o7 —FES 1.2mm)A B TR LCEHALZ RC A7 7 (EE
120mm, Fc=24N/mm?2)% i\ 7z, 2 ED RC 2 7 7RO AR (CB-RC) T, V=7
BEBICI VTR BAE S & CEBITT ) 244252 BT, D6 ORBEMAZ FAW5 Z L1
KOO AT TNz /&< Lic, —F, BEAL LT RICHV b L BRI
D10 LI ETH 720, AEOFEERTIT D10 O RIEFHEH SD295A % 150mm v~ F THLF L
oo AT T LERBRIIFANE AL v FJISB 1198, ®16)IC LV BiE L7, T2BmRR LT
DTSRI D AN R E TICRLE T R &AM & A2 v FEHn 3, KA G
FHEE 8IS EXB2.) K VR, ZORER, 15 ARKE o7, ZHEVARVERTO
FTEAEUL 30 AL 72D, RRABRKTOHFME AL v FEEAREIE, 0% ERZ XD,
AT T ORI G HE T 150mm RIFE CTFF 36 AL L7z, AR OMHRIT 2R CHim
ThD,

_ min(P,, .P,)

n , (3.2.1)
Py=F-sa o BB /N oW T At 77 (1,099kN)
P, = 0.85F. - t.- b, D AT T ORI /1 (2,152kN)
b, =2 (0.5 -03 l_ ) (W—-B)+B D AT 7 ORNEB7Imm)
BAMFE A X v N 1 K72 OF AW
q = 0.55cayF. - E, : (74kN)
T,

F  : SN400B #fif o E 58 (235N/mm?)

a o SRE/NROKRETTEFE(4,678mm?2)

F, a3y 7V — NORGHEEREE (24N/mm?)

te A7 7HEZ(120mm)

W AZ 7HE(950mm)

B $E/NROE(150mm)

sc@ :BEfTE X &y FoOiEWTEE(201mm?)

E. :=2y7U—FOFIRY 73 (22,318N/mm?2)

a7 U—MIEREICT7 7 v bF vy X7 L— MRS 300mm [BE TE A Z T HIiAR, N
ARIZT xRN a 7 V—F0bRBEL TELTNORWESBEE LT,
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Normal weight concrete

Deformed bar SD295A Fc=24N/mm?
D10@150l 950 I
;;;g100' 150 T 150 T 150 T 150 T 7150 T100! -
5 < T T T T = 1 = @
§\ i y ﬁn , " :Eg
Flat deck (t1. 2mm) Haadad wtud =
Bean (sN4o0B) | 2160150 2
H-300x150x6. 5x9 P~
co

| 400 | 150 | 400 |
®3.2.1 EREOEE HEEAL : mm)

(2) B OFFEHBR IR O LA

X 3.2. 312 H OFHRBREZ "4, ARERITHABRERAFBRATOR - 120 ) THEES
iz, BOFRRBIEOTEL ZOMBYFORRICEDLE TRE L, FATREEER
KZIZIE H-350x175%Tx11 D SS400 #4 & v, B 3. 2. 4 127~ 3 K 9 12 5 Oui % fl#2
ALTHED, ey b7 —Fr2AWTETFT 77 o PRtE2E IRV MEEES LT,
REBRAROERE ZBG1IET 5720, B 3.2.30@)BLUR 3.2.4(a), (©)Imd Loz, K7
L=/ 4 JICTC, FOT7L—MIEE LTI H#ME RET L—L 28k 7 L — &
L TCARNVNEE L, 72720, B 3.2.4@IZRTEIICHETL— hOAR L MNLEETF
HNZIRS 220, MG mIcAE cE D L oIC Lz,

3P BLW6UP O = 7HEGHMIEOHMAER 3. 2.5 ITRT, ¥ 7HEAIIEL, BERK
BB SN AT 7 F 7 L— b /N O U = 7w, PrEOBRBREEZHET 5 &
9, HAPLEIC X 0 REEZREEESE, mAORNL N FI0T-M20 # HWTH v ME#REIC K 5
—HBEEEG 1T o7, 3P O U = 7HEAIMIARIL, 2 BOERLFEKRTHY, &HFRL b
BLE AL 1 5Ix3 K& L7z, 6UP Tl 2 %Ix3 KDOE AN MgiE E L7z, RC AT 7 D
ik, BERKREO LT T oY FEICERE LTEEM & 22 v FIIS B 1198, ®16@150)i27C
BE L,

B)VENLRIEN B

3.2.2 L0 3.2.3 ®(a), OITRITAEICEMETZREL, AREORET M
e, BmEOARFEF MEMZRIE LTz, /MR EOSREFMENIE, NRICEE L ZHE
TR RICET ) AL 2R E L, ZRLANOEFTOSRE ST IMAENMIL, KAT 7 EIC&HE
EALBRET DRI EA2 T, ZHUCERY SREM G 28R E L CRIE Lz, RimEo
AR MZENLE, B 3. 2.6 (23 sBRIREGE CHZENL G A4 BRI I Befid S B IE L7z, 12
WOHFRTDHIE, AN HROEEEN D D R O E AN DY) E A ZE LT i &
L7z,

101



| |

| 3 | cM=1/3M,

> :Furnace temp. measuring point
' :Displacement measuring point

! Load cell
i loading jig
: Y Y tl Y A
Plaf =
Pin-roller X X -
s | Patition boad
uepor 4, 600 (Heating area)
2,100 1, 200 2, 100
‘ 5,400 (Support span) ‘
6,400 (Total length of specimen)
longitudinal section
—B (a) RFAMAETE (A-A" BTE)
- ¥ - 2 A’
<+
" L ¥ i ¥ i Y ¥ o
| v % E
T Plan view
(b) FEE

1200

300

Jack (500mm stroke)

Load cell

\>3& protection

i/ 7 7 7] Sis

Arw——  Upper burner
Lower burner

Transverse section
(c) EEF A M brmE (B-B' )

3.2 2 B FHARAOMRS & VEFEE HABAL - mm)
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>

My = |cM|+ | M| = 1/3M,

CPleft CPright
i e
e 7 7 e
i cM .
1 H 1 |
[ I
1 : x ]
< :Furnace temp. measuring point
Y :Displacement measuring point
Girder| (protected) h - s Loading jig
T | Loading beam | Headed stud ¢ 168150
\_ 1y RO slaby Y Y
144 1 ¢ 9 1 ¢ iZ8 1§ @/0N1 § /% 1 0 N 1 T T LA T T I
ﬁ Unprotected beam
b N
%P‘ " Stiffener tomm G bolte pragimt 2
in-roller .
prlretler o X X 4
Support 4,600 (Heating area)
Patition boad
/ | |

2,100 \ 1,200 | 2,100

87.5 5,400 (Support span) 8.5
5,575 (Total length of speci men)

longitudinal section
(a) RFARErE A-A" Brm)

—B

{=]
° Girder H-350x175% 7 11(S5400) L=5205mn (2h protected) ] =
= o oo =3
g 5 8 0000] Tecoo o o Bi|
% AR co0o0| lecoe ce
- RC slab, t120mm, Rebar 2-D108150 (SD205) g
=z ¥
2=y ¥ i ¥ i ¥ V- -L¥ % %
- e
=I= & © g
58 . &
= g Unprotected beam H-300x 150 x 6.5 x 9 (SN400B) , Headed stud ¢ 168150 Leadiie “g/lﬁ
o 0 0oos] [6006 o o
°e o000 [ocae BB _g
b e B =
r . b
L8 Plan view
(b) FmE=
Jack (500mm stroke)
Girders
. Load cel |
Overturning Furnace lid

prevention jig

Edee protection
. g;;%/ /lf ﬁzﬁg —

N
8
N Pin-roler o Upper burner
17
g Support bdse Bottom burner
g g o
b o o
2 3o
&
=
2
s O] HO)
3
710 l 600 ‘ 710
2020

Transverse section
(c) EmFAmrm (B-B" Brm)

®3.2.3 HOFRHABRKOMKS & VHFREKE GHEEAL - mm)
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P~ H-125x125x6. 5x9
oYy (Welded to furnace frame)
PL-15
Furnace wall 445
: 175 270
ZQCQ F10T-M22 4095 Top 60 g0 60 40
oio A
;?:ii:?;ﬂ :?:eee-.?—.-i?-:--_ ------------------------------------- =_¢, c':;_ @ G::')
o 00000 o e ¢ eeeeld
; Girder I |
! (Parallel to the beam) 2 : : =
! . o | -e- -®-
i: Girder S ' '
WA (Orthogonal to the beam)
ANl—
(a) F@EE b EEEAEY FTL—F
F10T-M22

H-125x125x6. 5x9
(Welded to furnace frame)

IJIlZl - .II:III

%| /PL-15

I~

Girder
(Orthogonal to the beam)

s5lee

Furnace frame

Furnace wal |

AN

/.

(c) BOFMHABRFDIEER AR A-A" MrER)
3.2.4 EXRKELEFITREDEAE (FHEHEAL - mm)
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Headed stud @®© 16@150
30 / Deformed bar D10@150
-

o S [/ o o //d

1L Al 10 1/ 1
[ T~ A7~ ]

120

240

Girder -

H-350x175x7x11 L& -
NK

300

Beam
H-300x150x6. 5x9

P NG N F10T-M20
4 . N\ Gusset plate (t9)

50{70{70/50

(a)3P
Headed stud ®16@150
/// Deformed bar D10@150

o o [/7 o a [/

/
T T AR T AT/ /A
M~ 1T __7/7A1 7 11 7 AV 7 1

120

¢
¢
b
240

==

300

Beam
H-300x150x6. 5x¢

H-350x175x7x11

Girder A z{}_g}__ﬁi
| =]
2

| NGusset plate(t9)

115 |so_|5o
(b) 6UP

B3.2.5 Oz JESETEOFM GHEBEAL - mm)

(a) BEREZR

b))z THEER
®3.2.6 KEAEMECDRELME
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3.2.2 BEMAERE K VERFHITRIME

(1)#eTs Ak

ARBREIE, K3.2.20@)BLUR 3.2.30@) IRT LIS, HEA/ 5400mm &7 5
IOt btovrrn—T—RE LICREB L, V= TEARTIIERKEE CHREKZ
TFE LT, RBRIRA~OHTIE, A/ ) S 600mm ONLE T/INEICEEE U 7-# s
HZ2MLT, Vv yF e T 2 flimic L —EMESE Lz, EripRla,
120 OFRT= A 3T0mm FH2 O 7= o F Clelis rTRE 72 BRIEE & A e,

185720 OWGRE LI, TERATT— A2 NEMERZTIRM, 7o 7HARETIX
M) ERBDORERE—A L N LR DMEP,O 13 M Lz, GRROBEKRE—A L b
i, B3.2.7 8Lk 3. 2. 2 1 TR AT A VT, A BMEEREHEE 30D
X3R5,

_ @D,
| [
\ zc
Hh LB
H
s e
‘1

M3.2.7 BRE—A Y FEEDEHOARETE
%3.2.2 RERKER

F /NSRS SN400B o HE YETH  (235N/mm?)
F, c a7 U — b OFFEHEERE (24N/mm?2)
sa D B R ORI E A (4,678mm?)
Sl CEREROWIE _RE— A 2 F(7.21X10"mm?)
: B 2O (300mm)
<d AT T EIR SRR RO ELE TOEEE(270mm)
b, | : 257 OHHIESTImm)
te : AT 7R E(120mm)
n a7 ) — oY o TREE(15)

£, XEB2.2DHEM] LY, PITEAMEZHET D,

(te/sd)?
Pe T on(1—t./.d)

pe = sa/(b. - d) = 0.01971

(tc/sd)*
2n(l—t./d)

EXEVI>0E% 50T, PIENIA T THNNLE T D, T D& X, PATEIN Ex, (35X
3.2.3) L vk s,

/= (3.2.2)

=0.01185

106



= 2(t./sd +n- pt)

_ (te/sd)? +2n-p,

=144mm

(3.2.3)

BoNTzx, 2 ANT, BREOEE _KE—4 2 b LIERB.2.49L kD605,

c'n

Z,

n

2

_ bt (t2 te\2 2 o 04X 105mmd
I, =—— B +lx,—=) (+ s +sa(d—x,) =2.04X10%mm (3.2.4)

AT 7 bk LOBRE B T & COWHEfRIL Z .86 L OZ 0%, £hein(3.2.5)8 LUK
(8.2.6) L Wk BEND,

tz(tc"'H)_xn

=2.13X10"mms3

=7.40X105mms3

(3.2.5)

(3.2.6)

UEXY, BREOERRKRE—AY FMIFRE2NE VRO LN,
(3.2.7)

M,, = min (Mg, (M)

M. =085F," .Z,

sMy =F - Z;

=435kNm
=174kNm

a7 V—hNAT T EENEEST HSHEITE— A B
D BRE R TSR T DI E— A B

EXEY, ERROBERE—AL FM,IT 174kNm & 725, BHNTEM, KLY, BREEO 1
M7= 0 OREHEP, 1ZIR(B.2.8) LV RDBND,

M, —wlL?/8
Dy TWE/® _76.8kN
B =T
s,
L . XFFA%(5,400mm)

L s Hfer R BERE(1,200mm)
w o RERIK B H(3.52kN/m)

PIEXY, KERTO 1 KE72) OFMWEPLIE, PO 13 ThHDH 25.6kN L7225, &

(3.2.8)

Al

IR 2> & FEERIE T IF 5 TORMHT BHRERIRZE 3.2.8 (IR7, EBRKTHRET, H

30

25 1
20 1
15
10

5 |

0

R CHIEI T & 72,
30 r 30 r,, Startloading
Controled target load 25.6kN Controled target load 25.6kN
25 i ‘ 25
20 2 20
— o o S o
Z £ = ©
=15 15[ §§ S| sl |2
Q. ke nc 82 i ©
s 10 -E Hod 10 e 2
Z S o)
5t ouP L 51 & » 3P
0 ~ 1 1 1 1 0 1 1 1 1 1 1 J
-30 -20 -10 0 10 20 30 40 -30 0O 30 60 90 120150180210

Time [min]

Time [min]

% Start loading
Controled target load 25.6kN
Solid: Right
.g’ ) Dashed: Left
T £
1] @©
£ 2
5 a B6UP
& =l
n

-30 0 30 60 90 120 150 180 210
Time [min]

X3.2.8 #AMEHEGER (EH,DS 0P, 3P, 6UP)
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(2) & URFRF O R I

AR BT R INEAET) O B — R - DA BR 2 B 3. 2. 9 1R, #Ufar O#LPHIXRERATE D
113 T %, MHIZIZHE L LT, BEMES L OEENDSE OWMEHEGRIZ L 5 Rzb
HE P TORT,

3.29 kv, UvxTHEERTIIEME L THEFHEEARE VA, Wb BHis
FrOFMREOHS (L -To, 2 FWORGER < B 2.2. 8 1CHAD &, ARFERTITHMEF R
R L VW EEZ/R LT, 2 EDOFERTIE, XROTZOAANRE R L7225 &5 R
DR EZ HlHl ST DITR L, AERRTIIRET b—20R L4 Lo /o IR 5mH 0O
FHRfRMET Lcew b BEXA BN D, RV MABOELHED AN,

w
o

N
&)

N
o

-
(@)

-
o

(cpright + cPleftf)/2 [kN]

1 2 3 4 5

Mid-span deflection [mm]
B3.2.9 B0 TR

CPave.
o

3.2.3 HABABEBAERLELUMBAE

U = T HEAR ORI OWBRIL AR 3.2.10 (TR T, AL MRAREREZ 3 AL L2 3P T
(3, B3.2.10(a), (dIRd LIS, NREmE A BN 300mm OfZEIZ AES 77 > 7 v
b KUM= MR KK TIERL L 72 RMEEIBE 2 3% 1, ¥ = 7T EAMBA S RN LD
B LT, EARAKRRIEIME D0 3FIMIH TV DR TH D, RV M RARELZ 6 KL L
72 6UP TiE, B3.2.100), (&), (NITF-T LI, vV=T7HaflcEmAPEL L THE
BARRITESND L DICUTe, ATREDIAHEIZIT AES 777y 2L,
3.2.10(0) ~ (IR & 91T, V=7EICES 50mm ZFEH L, SMVEIZE S 25mm & 2 £
HATEET 72, £72, RC 27 7 OIEFAEBOME N EZEMBA I RN E S, ES
26mm O AES 7727y FEadFRICE T2, B3.2.10(c) ~ (€) ITRT LI,
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RC A7 7 — AT KZEM I L OATRIZE —IFRER S, B INTICm e VWL 9, oo
M ZE S 25mm @ AES 75 v 47 v FCEWE, EiZo oUP T, B 3.2.2(c) 17
T LI, RCAT T LIFREOMICIFELZZTEL T, FFEHAHE LT,

BRGE A S R W OIR FEHIEAL B 2 R 3. 2. 11 (a) 1SR d, $0E/ NEOIRERIEICITY
— A8 K BAVEH(D1.6mm) & AV, B S To AT L AEDOIE 2 AR > NS
52 EC, $IMOREIZAEBENAFEE Lz, KAZ 7HNOREIZITET I v 7 #7E K 2VE
*H(@0.65mm), KA T 7EEOBIEITIZIHN T A8 K BGExH(D0.65mm) % H /-, 8t
ALy R~OBEXL, BEREAY v REERIZOLOTHEE Lz, AT T HALE TOE
BaHL, FHREH VTR T 7RI S & EE Lz,

7 = 7AW OEEREMEZR 3. 2. 11 () 12T, A FORENEICIE, BTy
7 #5 K BAFERHPO0.65mm) % VY, BB 2 AL FEHIZA L THEE Lz, AL had 2
FEdE O 6UP Tix, B 3.2.10(b) IZ/~7 1 ¥ B (Riafil) & 2 FIH (ARl Z o
AV NMREZRE L, 6UP OFR/Vv MEERIEHOBEMTEEMA SN 20,
3. 2. 11 () ITRT L 91T~ —& MR kA %2 AV CTEVE X 2 (R7# L 7=,

FREBREA~DOINENT ISO834 FEVENNEME L Hiff I L U 7=, JFPNIREE DOJIE 1T 1T > — A s
K #E 3 (©3.0mm)Z vy, B3.2.2 B8 X OE 3. 2. 3 1Z-T 4 Wi 2\ CT/NEO TE & M
MlE OF 12 EFTCHE AT > 7, FPRIREHRIERE R AR 3.2.12 1277, FWNIREITWT
NORERIR L 1SO834 FZEUENMNAE EE dh iR I —B L 7=,

109



Ar— C’; A
. — 7 — T 777
ar 0L /78 T r_/ar 07 AT/
11 AT 7 il I | 7 | I | A | /A
= -
d row
x| 1st row IS \_/
—
\Fki?e rotection (54 \ Fire protection
(AES?bIanket and (AES blanket and
fire protection in paste form) fire protection in paste form)
(a) RFA@MTE (3P) (b) &F 75 [ #rE (6UP)

AES blanket(t25mm)
F [E
\\'\X P AES blanket(t50mm)

AES blanket(t25mm)

() EFARME A-A" ME)
AES blanket(t25mm)

[ —
3

1

]

Furnace
wall

Furnace
wall

AES blanket(t50mm)

o

Furnace
wall

a

|| o a. a.

lass
I

[

AES blanket

% (t25mm)

Furnace
wall

\ Fire protection

(AES blanket and
fire protection in paste form)

(d) sgFAmMrE B-B" WrE) (3P)

AES blanket(t25mm) AES blanket(t50mm)

AES blanket
(t25mm)

Furnace
wall

Furnace
wall \
Fire protection

(AES blanket and '
fire protection in paste form) )

(e) sEEFAMME (C-C° WrE) (6UP) ()Y z TEEEBMEDHBE KR (6UP)
®3.2.10 »zJEANOHEERR
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Furnace temperature [°C]

Deformed bar SD295A
D10@150 X :Thermocouple

- 950 J
%‘100I 150 " 150 " 150 " 150 T 150 "100'

8
~ x| &
o
Flat deck Headed stud 2=
Beam (SN40OB) Fms@wo g
H-300x150x6. 5x9 —
= = §.
| 400 | 150 | 400
(a) R/ REFE
Deformed bar SD295A
D10@150 > :Thermocouple
[ 950 :
(100" 150 " 150 " 150 " 150 " 150 '100' .
e . . - - — =8
\ 5 & Iﬁ - X a Eg
Flat deck Headed stud S
F10T-M20 —O
Beam (SN40OB) =
Gusset plate (t9) H-300x150x6. 5x9 =
(o]
| 400 | 150 | 400 L

(b) » = T A EITE

3.2. 11 FERIADREREGLE (TR : mm)

1000

1000 [ . 1000

©
o
o

800 800 [ g

600 H 600 rif

(2]
o
o

N 400 400

N
o
o

200 f

N
o
o

200

. {\‘\.\
®©
f Open furnace

o

0 10 20 3 40 0 30 60 90 120 150 180 210 O 30 60 90 120 150 180 210
Time [min] Time [min] Time [min]

3.2.12 {FNREFIIER (EH 5 0P, 3P, 6UP)
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3.2.4 ERMHELVZTOEERE

/NEE(SN400B), w7141 ~(F10T) 3 K ORI #EH(SD295A) O & iR 4 5 | iR O 5 R
—EZR 32377, RBRITEIZIISGO56T ICHEHLL, /N7 T UNOER, &
AV NBLOSITR SN L0 L, e X SRR 2Bk L, RBEEIX, O
T 5% FE T 0.3%/min DT HEEHIE, OTH 5%LL ET 2.25mm/min 7 @ A~y K
BN (O A EE 7.5%/min F2Y4) & U7z, fit k878 2 A0S U 7o/ NRIC L Dt koAt % 5=
%%a“é 1%, 800°CLARE DS IREE 2 R T 2 MR H 503, BURTIXT — 25 Z L

, NREBXOE IRV MZBW T 1000°CE TORIRSIERBR 21T - 72, /NG B
fﬂ@m RE A B BERTREE 1L O A 1% 55 1 & VT,

INEOOT I 1% 2B 3.2.13(@) 12, m/1AR/V hoslRMREA#E 3.2.13(b) i, #
FOOTFH 1%k 2B 3.2.13(0) 127, 25 L LT, B 3.2.13(a), (b) [ I 8% Eifif
KRS CORIBRERFHEA, B 3.2.13 @) I EM B O AkET A4 K7 > 7 394
T, A RT v Z2NIRENTWDH EHEETHEH L, B3.2.13@) LY, /NEOOTH 1%
RIS 0, kA&t mHR R R FHE & R FER O F Al Ch -7, 700°CLL EIZB1T D
FEUESR I |6k B A ERIL, 700°C : 0.21, 800°C : 0.12, 900°C : 0.10, 1000°C : 0.07 T
botr, KEBROMEL~LIERE—X 2 D 13 TH D2, HMIEHIC L 288520
Mt kB AT 5 &, 600~T700°C CHEXFFRENZHERLTLLEEZOND, A KT v /I
FEH SN TV A EHE & el d 5 &, 300°CLLEICBWTEREE 3~25% FE 5 RE 2
FoTHY, MREHEEAETH-oTEVW2 5, B3.2.130b) XY, &AL hD5[ER
S, MHAIES O SRR ERFHE S MRRBEOK T AR TH - 7=, 300°C £ TIEAH FIRME
Z kRl o 7228, 300°CLREDIERTNE Uo7z, B 3.2.13(c) LV, #FHOOT A 1%L
7%, 200°0CTHARE72Y, 400°C £ TIXATERIRE O FRIEA EEY, 500°CLLEDEK
TREFELM- T,

RC AZ 7IfER Licar s U — hEFOH : HiE-27-15-20-N)OFE 2% 3.2. 412, Wi
H%O)J—’ﬂ”ﬁéf“%i% 3257 2 BORBRMEITI 2 NAREDa 7 Y — MEABIBTH-

DIZxt L, ZIKE@-K%%{ZIKT %, KKRRICBIT ABROTER 2D 7 ) — NROF
7J<>5:+Jz WNF 27202 6 PHU EOBRBEMMAZHIR LIZZ LG, BRYEDOT-D D PP
FEHE I IR A uc,crﬁwf:o a2y 7 U — hOEKIE, R EFE—FETEE U/
EPOERER 7227 )V — a7 ZHWTEIL, TORIL2.89% Th-7,
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Stress at 1% strain [N/mm?Z]

+£3.2.3 MOEESIRARER—&

[ N/mm?*]

Temperature[°C] AT* | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
Beam Yield stress| 307 | 278 | 323 | 253 | 229 | 199 | 109 | 49 28 24 16
SN400B tensile stress | 456 | 435 | 581 | 548 | 438 | 312 | 169 | 75 45 49 32
High strength bolt | Yield stress| 1054 | — — 924 | 782 | 374 | 146 | 52 42 29 18
F10T-M20 tensile stress | 1092 | — — 11047 | 799 | 475 | 247 | 108 73 49 32
Rebar Yield stress| 372 | 353 | 373 | 326 | 300 | 256 | 155 64 37 — —
SD295A-D10 tensile stress | 543 | 539 | 691 | 654 | 526 | 378 | 212 91 62 — —

Test standard : JIS G 0567 , Test specimen : I -6 shape

*AT: Ambient temperature

Xyield stress shows the effective yield stress at 1% strain.

350 ‘ ‘ ‘ 1200 400
300 }{ —8-Test results = 1000 E\\Q _5-Test results = E’l\a/E ’_—g_‘m‘suTs‘
\E{ Ave. values in € ___ AlJ recco- £
250 [} Guidbook £ \ mendation £ 300 |
B\E — AlJ recco- Z. 800 i Z
200 \ mendation %) %
qc) 600 .3 200
150 2 s \Sk 2 \\
2 = SD295A
" T EndooB 2 F10T \\& o 100
50 i = 200 \S\s 2 L
0 u\lf‘e\ﬂ 0 5 o B o
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Temperature[°C] Temperature[*C] Temperature[°C]
(@) INRDBEEKAE (b)yBmARIL FDEBIRE S (o) B DB HE KA E
3.2.13 M DERRE
#3.24a29)—F+ORE
Unit mass[kg/m®]
F.[N/mm?* | W/C[%
c (N/m’] Pl W C S1 G1 G2 Ad
24 53 183 346 857 352 528 2.768

Cement C : Ordinary Portland cement(3.15g/cm®)
Fine aggregate S1 : Crushed sand 60%, Lime crushed sand 30%, Sea sand 10%(Surface dry 2.63g/cm®)
Coarse aggregate G1(®5~15mm), G2(®10~20mm) : Crushed stone from Najio (Surface dry 2.62g/cm®)
Admixture Ad : AE water reducing agent, Standard form, Class I

#3.2.5 2y ) — tOEREREEE

Curing Age Compressive strength
Standard water | 7 days 29.8 N/mm?
Standard water | 28 days 36.0 N/mm?

Site sealed 28 days 39.0 N/mm?
Site sealed 202 days 48.8 N/mm>

Average of 3 bodies(®100mm X 200mm)
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3.3 RBRBRBLUEER

3.3.1 HAEMBRREROME

EBRER—EAR 3.3 1 IRT, HEMGED OUP TiX 24 43T ISO RAHAICEL, 30
SEEC AT 7 BN E U CHITREE L=, ZhicstL, v = 7HAR0 3P BLO
6UP DFEERTD ISO RATOABZERFFIIEMBOEL EERoTc, U= THEETIE,
Y T TORAMIERE LT 75 COREMEBEAAL L= b 00, HE ) 5 A mR
\ZoTo o CEBRMEZRE Lt T, BEME L0 IAEERRE < BT 2R ERo7,

£3.31 ERER-¥

FRER R ISO [RA 7= o AR R | ANEGE T IRFfE AEE— R
ouUP 24 45 30.5 45 B AR i
3P 61 4y 62 4y

AU T AR
6UP 57.5 4y 59 77

3.3.2 EMAEEARE L EAHNOMERNRE

AN W gD SR KB P A RO O W E OBER R AR 3.3.1(@) ~ () Io7~d, L7 7
YUBXOT I oVOREL B 3.2 11 @) IRTERDRIE SIS FEEE R,
A RO W ENIRE X WO T I OREBRE SRR TH - 7=, MY & B EeE
BOF7 TVl FHOBENE LS L, Bk OUP O#FINEWE T 30.5 /3R iX
800°CIZE LT, V=7HAER P BLV6UPICBWT, 30 DLIEOTFY T v JIREL,
FEPNTREE & BOCCUA T DZETHERS L, %960 2HHZ 900CIZE L=, E3.2.13(@) LY, 7=
THEAROMBGE TR T, NEHM OB ITFERO VI0BEX TERTFLTWEEX
DD, MEGE TR ITESCITIRENMET Lz, A7 7RO TiminiRE L, £ 60 2KEZ
240°CREETH Y, MBGET % LFECMICIRE EF U722, B~ HURRZ 7= 0 FHeihix
B00CUTIZHE-TEY, AT THOBERTIT NS hoTztBEZXOND, £z, LG
KT 150CLL T THh Y, Bifhd L OUEMERM O 2> 27 U — R OEER NI h o7
EEZBND,

3P B L V6UP O v = 7 HEE M iR E N EME R 2B 3.3. 2 12777, ®3.3.2(a) LV,
U= TR WE Lz 3P TIE, MBE~ A S L C, mlRr MEEET 140°CLLT,
A7 7 HREIX 100°CLL T ToH Y, 7 = 7 HEGHIWm O OFRER T IT/hEhoTz &
25N %, AN MLEN 70°CHTTER L TWD DL, v = 7SO KB V-
N2 MR KM OEKRDEBELEZ LD, 3P DRV MEE ERMN 2EOER LY ©IE
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WICELS M 5NT=DE, =2 MRWAM O EKICEECNZ, kgERZEnSE
C/NREEE S 300mm OFIFHE THEI N TWZTDTH D, 3.3.20) kv v =78
BEREWE L TR0 6UP TIE, ARV MEE MBS T 59 3R, 2 511 H (FFu{il)
THI 640°C, 1 | HEREH)TITH 530CICE -7z, B 3.2.13(0) L v, 6UP OhnE& T
1L, ARV R OSEMRENFIERED 2~3 EREFTETFLTWEEEZ LD, 30
LB D 1 FIH & 2 B H OIREZITF 100CTH - 72, MEE T, R MEEITEHO)
WART Uiz, —77, A7 7SR IIMBGE T2 o0 B L7eay, g~ fim iy
IOV R 1200CLLTTH Y, SFHOMER TIX/NShoTe B b5, 28D RC X
F THEED AR CB-RC Tix, BURD I 1 BRI AR Y OB 2 L, 1 REEEATOR
Jv MREITK 600°CTH - 72, KEERD 6UP TIIEA 2 Ei kB L LI b b 67,
AL MEEIX 2 32D CB-RC & KEN -T2, T, BEAREORSPIFIMNIHTEY
KEHE Y N7 L— NMRENNSholzZ &, BLO, B3.2.10(F) 12xd XL 5 (R oeE
Y)Y RS Z L CTHEAME WIS & LI OEATENEA RS TEBYD, N—F
— SRR E AT RRIREDN NS Do T2 2 &, BEAEEDOFERNEE KL o Tz
ZENRREBZOND, BLEORIZBWNT, KEDO Y = 7HERER TORIMRMN I OB
BRI, ERMICB T DKM ERESERSTEY, 2EOERO TN L0 EEOR
DUSIEWEEHIREOFEEH Th o2 B2 b D,
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3.3.1 R/NUHRRIZE T S M KBEES BEOMENEEREHR

Lower web
tower flange

o
T

Stop heating

-
--o
-~

nexposed surface
1 1 1

0 10 20 30 40 50 60 70 80 90 100 110 120

Time [min]

(a) OUP

Open furnace

Lower rebar

b X~ Py

Upper rebar

posed surface -
1 1 1

0 30 60 90 120 150 180 210
Time [min]

(b) 3P

Upper flange

Open furnace

7 Lower rebar
Upper rebar

Unexposed surface

90 120 150 180 210
Time [min]

(c) 6UP
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Temperature [°C]
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500

400
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Lower bolt

- . [0]
£ |8
‘g l g:_ 3P
1 1 1 1 1 1 ﬁ 1 1 1 1 1 II Ox 1 1 1 1 1 1 1 1]
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Time [min]
(a)3P
[ ! !
Lower bolt |
: 6UP
§_| Solid: 2nd row
ol Dashed: 1st row
!
|

PR S S S NN S SN SO SN S | NN SN SN SN SN SN S S
90 120 150 180 210
Time [min]

(b) 6UP

3.3.2 oz JHRERMICHE T HHENEERERER
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3.3.3 MEMARDR/NNHRE LV RIHEHDBIGKIR

(1)HffiZ: OUP

Mm% O OUP OB ERMEZR 3.3.3 1277, B 3.3.3@@) It ki, Hiigo
OUP TiZ, IZEANRXVERIZOIE>TAZ 7 OMIEIZ T 6 OMTOERAE L TE
v, EfFICkoREhT-bAERER LI, B 3.3.30) I T X518, AfldEsSick
WTC, AT 7 RO a7 ) — N OFEEPHER SN2, ZiudmE 30 RIS S
HLDOTHD, ZDOZ L5 OUPIE, 30 HONLIC#H g At CIEITm A ORFIZEL, dhif
FREEA I = X LR ENT-EEZ NS, —J, B 3.3.3@ IR TEHICRHEY =70
HFAWEIESC T 7 7 o VO REBEEITA ot 12, B 3.3.3@)Im7T &9
RO A Z 7 FEIITRHEORE MR SN oz, ZiuL, OUP 2SHMSCFRREMF
TEEIN W29, ZRICAmTFE—2A 2 PRELRWEDTHS, K 3.3.3d) iTx
T EIICHITHREBIZESTCH ET 770 VBT = 7 OENFRIOEITHER SN2 h
277,

Plbkv, BHikE Sh-AmEsBE oUP T, 2/ 2RICEMITE— 22 F23ME
ALTEY, WmaEOREICE O CEMPMAICEL, FRELE-ZEEX N5,
S50, BAMITHEICE > THRUERIXRAEET, INREERAWE L LEARRICE
WTH AT TN R D/NREOREEIEIH OB R PR TE 1=,
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(c) RImfHED R 5 T DIEHIKIE (RBRERTER) (d)/hEOENERRBR
3.3.3 HEBRMADIFGIKIR (0UP)
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Qv = 7HELER 3P

B % D 3P ORI ER 3.3.4~3.3.6 IZ7”T, 3.3.4(a) DTz LFHIRPITRT
oz, HHR LR, ZiORERHENARIEIN, BHEOT-DbAEENL LT,
A0 R S NS K) 1700mm DX TIEMIFIC L 5 AT 7 Filid b O@ENAE LT
eh, A7 7 o ar s ) — MNEEITHRE IR oTc, TOZENE, ANUHRO
ETRNCITEERNIDBH T EE X B D, Bl ) 800mm DX E THEEITFIZE D
AT T B OBEMNAE U, ZHUIREEEERRIZ K A Al E— A M, AT T
WERF AP L TV e Z L 2R LT 5, BIRICBIT 5 2T 7 Ll o aZU I 51% 35
LB INT- LD TH Y, HRalZBHEN ARl ~IER L ThoTz, B 3.3.4()
ORI L DI, EFFAMEO AT 7AEICHE VT 150mm RF(E ARG EOFEMN & A2
v R DOHEOCEIN DR I NTZ, ZIUT AT THREO R % FafT & A % v K3 R
LIDICELLIOVENTHY, BERKE LR ESNDHEME AL v ROEF LD,
Ay Y — AT T ORI N L AR LTV D,

UV T HEAEOBERNAZR3.3.5(), () IZRT, V= TEAHOREREIIIET I/
Enotz, 2IEL, U THEAEHOIRZRE/NEY = 7RETTHTEY, IR A
HFRAPNCBI ZAFEN T DT OND, ZHITNROBHIHEIC X 0 MEh )7 m o558 7)
DEUETZOTH D, —7F, EHAMEARR L OERBEFRFIZBWT, R MERTCHER &
U = TR OUEHRKIT W, AV M LOBRE R EE IR SR o 7o, EAAKRE EOBE
fPEAZ Y RICK O AT T REERHREND 2 LT, AT 7NEFH 2 HIT ISR L TaZhIC
B, voT7ESHMOBEEZBIELLEEZONS, —FT, B 3.3.50@)IIRT LI
B35 400~1000mm NRIDOALE T, V= 7 OB AR L OT 77 o 30 RERFE 23
BENT B3 3.6 IR T LD ICRTHEEXMOT 7 7 VBREIMNCETER L TV,
PR OREIRITRE Loz, £72, AT T LEMNE ALy FTHEERLTWS 7
7 VX, BASOERITA LR 5Tz,

PLEXY, @ARNL R 3ARN 1FIEE S V2w = THA IS A48 2 i L7 3P Tl
U = ARSI T A PR R OB R L 0 BRI TR 123 B L, ISO
R DRCE S THIMITRBICED o7, —7, RIRY =7 Ot AW EIE S R S
Nl enn, TABBREREITL ClebARn R LIZEEx N, 121K, VT
AEBICITREWT I X OVHE 728151372 <, IS0 R T= O AEER O MBERICB VT HER
KBEA~DIEIMEEERE ) & Prde LT 72,
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3.3.4 HEBRADIB/GKR (D THEEEIP)
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e * i | .
() NBBHDOT 75 > SRMERE ™ T THAKER
3.3.5 % 1 THAEMGEDBEKR (VT THESR IP)

3.3.6 NROBESERKR (V= THEER IP)
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() = 7 4% 6UP

&G D 6UP DGR AR 3.3.7~3.3.10 (2777, B 3.3.7(a) D= bAIRFITR
T L 91T, 3P LIARICEEGDOEERR RN BE S, EHlEOTDLAERNA LT, AN
Y B HNICK 1700mm O X TIEMIFIZ L D A7 7 T b OBENAE T TV,
AT 7 bdoar s ) — NEBIIMR I N/ hoTc, 2O D, AU FROERMT
MINNXE RN D272 B2 HILD, B0 B 700mm OXFECAFIck2 257
RIS DRENE T2, 6UP DA T 7 Eiih 6 D@ NFEA L TV K, 3P Ik,
LB WKE TH o7, 23U 6UP Tty = 7HAE 2 Bt kKB L Li-7=,
AEALE TORERHHEIMET U CRB A & 0 RN E L2 B2 5D, ME
ETHERZICIE, ZROOENRMERL, B 3.3.7T0)ITRT X I ICEFHHmEOAT 7
RIFE OB S 80~100mm(_ ISR S EE STV D8 S)DALEIC K E RBEODEIN A BIR S
iz, Zhux, /DNEOBBIUEIZHE, RifhEo a7 U — kAT 72O E R 234E
U, ML D0 A RATY v MUDHERHENECTE O EEZ NS, V= THEASE
M AEEE Lz 3P TIXREBEO O VEIUIE U -T2 DIkt L, #EWMOEWE L LT-
6UP TIIA/N MO AAMET LT, MmEMMERFD SRR AT TRHICER Lz &
ExoD, A7 7O a7 ) — MIEEHRPELTZ OO, ZOH%OKEEEC
BT b R E 2 frfF LT 72,

U = THEAWMOEERNZR 3.3.8(a), b)ITRT, V= TEAOEEEEILIER /)N
Eotz, 3P LRBRIS, U THAEOIRIRE/NEY 2T RETTRTRY, INEOH
HIAEIC L 0 Ml T OB EANE U2 LD, —J7, HANERR X O s
RSN T, AL MO & ¥ = 7RO REET, AL N FLOBEE 72 EE I
RENnotz, —F T, B 3.3.8() [RT L D IZEEEA B 400~1000mm PRI DAL E T,
V= 7 OFAWEREL LT 7 7 v PO REEE SRR S LT,

B 3.3.9 ICEAZKE EOFEMN X 2 X v ROEFRNE TS, BEfE AKX v R A
RIFENEND LD RERNELCTEY, Zhif, EXKRECREINDEMNE AL v R
DEZENCEY, 207 ) — AT T OEEEHFNRABEINT-Z L 2R L TN D,

X 3.3 10 (TR T LI ICREBEREMOT 7 7 > PREIMIER L TV, RERORR
JEIRIIFRAE L 2D ole, £, AT T LHMNEAZ Yy RTHERERENA TS L7 7 Uiy,
SN ~DEEFN LI B IR T2,

DIEXV, AR N 3AN2HEE SN = 7T HAM A2 HyE s Lz 6UP 2B\ T
b, 3P L[EIERIC, BRUGEHRFROBRIC X 0 BRI Tl 235w B L, IS0 BRAE
TR ES> THMITREICE O R0 oTo, —F, R =7 O AWEE D TR S
ZEMD, HAMRENEIT L ClbABRERLZEBZ XN, 2L, UV 7HEAH
IR B K ONBEE 7248151372 <, IS0 R 7= b ABIFES O A EEICB W T HER KGR
OIS INBTERE) ZAREF LT 7o, MNEVE TIEAZIZIE, /NREOHANUGEIZ X 551811 &
D, ATTEO a7 ) — MIMEBRENE T, LEBn-> T, 2EDOERD X 5 123
HTAT THNEGEE SNHGE LR, AT TN EARARE ETHEfEAY v K
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IZEVEESNDHEDAT THMAOFHHIZB N TIE, BERXREEDa 7 ) — D
BEERTDOUERD D,

e — - e N

- w— ﬁ“;ﬂ?n =
: M

(@ FE=hHKRRELVRS TOBRIKER
RN |

b) RFESAEHHOR S TRADDBRKR (£ : HE, T : £8)
3.3.7 RBRADEERR (Y TEER 6UP)
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T

(a) S ERD LMK

©) /NRIHMOT 75 VO REMER L7 = THAMER
(3.3.8 V) THEAMMEDEGIKE (V= THE2 6UP)

e

- AR R sy b i -
3.3.9 EXKRRLDEMHERE2Y FOZER 3.3.10 /NEDO@EIERIKR
(D TS 6UP) (D THEEZ 6UP)
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3.3.4 AEEFDSIERANICHT HESEHMHIDER

ATEI TR~ Y, 7= 7EEARO 3P 5 X 6UP TlX, IS0 [Ri7-bAEEE TOM
Bl L O OZROUMBIRICE T 2N EB OB T TH, U= 7HEAHMOMBER LUK
ZRBEITE LT, BERRE~OIEIEERDZEBRT L2 Lidimnoiz, REITIE, /b

DEFZIRE « MHAPEENERZRKRICL VMR IND ZETHEL I8N L, U= THEEHO
il 5 (MR ) 2 beie U, BEE MW L7270 > T2 BRIZ DWW TEET 5,

INROEH T A IAE S EARRIC L VRSN D Z & TEL D RAOEIE, K3.3.111C
AT LI, ERRBEOFRE L WSROI E— A FRFEEED Y ORPHEE— A
N oM LTS E ORI OGEMEL FE LSR5, 723, ERICEW THEZZ KRR ImHIT
BES ST > TR o T2 B X BNDM, 22 TR KOEHNAE L 25E28EY
D128, BEARRGO WS % B & AE Lz, Z0& & IE L SRR NI1EH(E.8.1)
L VRDBN, ZOREEIT 164kN & 7257z,

N =2:Mp/l (3.3.1)
My = goy{t; - B2/2+ (H - 2t()t2/4}  : REOHTE DY OREEME— A > | (61.7kNm)

T,

l EAZRPD Z 23 D445 (750mm)
6Oy VT MT & D R DFER A (358N/mm?)

H = KZOHEV(350mm)

B KEOWRE(175mm)

ty  RKRPEOU=T7EI(Tmm)

tr . KREO7 7 VEZ(11mm)

(@R A1 =pD

ANNANNN

AN

Wil
3.3. 11 NROBMAEEBEICLYELZETKROMFE—2 Y F9H
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RV 1ARDT0 OFAKIF7,N, 1 3(B.3.2) K VKD 5,

Ny = 0.6 .a * Fyy(6)) (3.3.2)
sz,

wa AL NG Amm?)

0, AL MREBED TEEC

Fpu(8p) 1 OpHED AL b OIS 3R S [N/mm?2]

PRI KB A i L7z 3P OINEE THREO ARV MEE IR A THH 140°CTH H, K
IV ROBEERTIXIZEAE o BEZBND, £ T, Fp @)l HIREOSER S %
b E, SPIZRBITAARNL N 1 ARYZ0 O AWM /IIX 206kN & 720, AL b 3 K50
BEHMEIX 618kN L 725, ZOMEIT/NEOMAMRIC L VAL 28 E LTHEEI LD &K
KA 164kN % EEl> TV, #EAEHOMEST MO IR0 8 > 1272 DINEF I LUK
HIBRIZBWTY = 7EESH NN Lot E 2 bD,

el A BB & L7z 6UP TiX, A/ M EIREORSEIL 587TCTHY, AL hDjl
PRI SIEF RO /4 FTIRT LTV B2 b5, 3.24 HIOE 3. 2. 13 1IZRT AL b
DOEEIEREZHNS L, 6UP BT LR N 1A Y720 OF AWM /1% 52kN F T
TLTWEEEZOND, ALk 6Ky DE AWM DOAEHEIL 312kN TH Y, HESH
HEROENT) 164kN % L[R5 72728, MEH I L O BERRIZ W T U = TG D Rk
LipolotEBEZ BN,

AREBROERKRO AT 1500mm T D EEMIZEBITH A3 X0 LIEFITHE N>
72728, NROETT RIS T 2R AN KRE L, EEORR LY & K& 28 8 AET
mEEZOND, FNTH, AFEBRIZEBWTIT ISO BAT-DAEEE TOMNAL L TZED
BOKGBRRIZB N TY = TN BT 5 Z L idkdol, 72720, BERREEHA
T/NEPEGELE XD NRIZREOSGEITIE, BT 228812 X 0 S5 B o R 13
REL D128, LORESQRENIDBEL, Vo THESHNPEETHEBENSDH, £0
Bt DA TR OZF BN OV TIE, AR E S O 128 O 72BN FEER<CE 0284
ZETEISIFATIC L 2 BMRFDRLETCHY, SHOBFREE T 5,
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3.3.5 HhAHEBEIUVMARER

(D) 7= o258

2R b OFRHEBR AR 3.3.12 12, AUl b Aol EE o RRHES 2 R
3.3 13 IR, KHiciE, (BB L LR D &, K(B.3.H)IC L HRATDIHE
FE dD/dt % PFE TRt T %,

D= L2/(400d ) [mm] (3.3.3)39
dD/dt = L2/(9000d ) [mm/min] (3.3.4)39
ZZTC, d: BP0 (300 mm), L KEFA (5400 mm)

E72, REORALY B0, V= 7HEEGHMOMEMA0,%2, 3.3 140X 5I12ERL, Ei
THRIE SV ENEZANID, D23 K OHh S MZNLDh1, Dh2(#iRDE 3.3.20 B 6k
oo 22T, B 3.3 14 IR TEIICKEDRLY MO, 1385 AN Dh2 & Dh1DFE% %
5 ORI ENLE B 250mm T L TR 7z, 0, DRERIHER 2 3. 3. 15 1T, AERR Tl
BEARKZEO3TFIMCH L TE Y, FARNCIE 50mm O AES 77 7 v R ERWTH45y
KB A L Cuniadod, BERKPORE EFIT/NE L, MR TFIXIEE A ERD -5
EEZbND, LIERn-oT, KEORLD A DM KIL, EimEiFE—X2 hOHEK
ERMA D EEZOND, Ve T HEAEHORERAE, B 3. 3. 14 1T L 912, FriEAALD2
EDIDEEZZN L ORIEMERIE 350mm TERL TREZ0,005, KEDRLY ME0,% 7
L5I< Z LTkl 6, REMHER 2B 3. 3. 16 (T, 7245, HASTRFZ O OUP (231 T,
O LOTNEL 2D LEBEZOLNLD, #HIBDE 3. 3.20 (23T & 51T, #FmZAEN DRI
BWHCREILZ720, $REZEND2EDINLRD HNDH0,% XTI H-bifll LT,
3. 3. 15 (P TRT,

EBIT, AN HEOMBEEN 52 3. 317 1R, fMtdiiE3.2.2 2K 3.2.3 1R
TALE CHIE L7ZENEZENL C, BRI A bRz A s LeRBREESTh D, AHIT
AT RN EREOREMBEIZIS T DREEA T, ZORITEMRAME TR L,

Hiffig oUP

M FFOEEA AR OUP T, 3.1 IR TXRDT-bAAB IR 3.3.17(a)
WCRTEREEM LY, LB TXRDIZLHA A, ML TE Y, Wfke
VOB AR LT, SEEMIIMREG RO N &R LTz,

3.3.12 L v, INEIHIC I X WrE PR 2212 L 2 B RZ OB, Bz b A
WL, EF7 7 VREEBED L, SERIEEN 600CLL & o7 16 3 LI, +
WCERZOMITRIMEETICE Y mbanEnL-EE2on5, 202X, E3.3.17(@)
DERBEENM DR T L DI, 16 HETIFRERICOEV IR RMETH LN, £
PIBSITE T KBNS W EHI RN KR EL 2o TWD T EMnb bbnd, 10 7P, HRx
(27D BRI LT 20 SRR 7= b Al E B EM A B 2, 24 5FFiC ISO R 72

128



PITFE LTz, ISO BRAT-DAHBIFELIKE, 3. 2. 13 RT-OAEENEIE LT, D%
HREZ K LN S mbIAN S BITHI L7, ISO RA T2 DA DK 1.5 Db N E L
72 80 ZyFRRIZH AT RAT T ICH 1T 5 A T 7 Bl D EEN MR S, 30.56 SRR EAZ R T &
R o Tl OEMNEA T L, B3.3.17() L v, JNEGE T i o0 Zerh o oo il 3= 3G 0>
TREL, Bgeiclrasmamm o kR s RIS I EICE L Tz s RS D,
PLEX Y, EE TR RIZI T 2 B8R O E/ T /1235 i,
RREERED T 7 7 o P1X 800 CIZEIE L T Y, T7 7 v VHl ORI X EEFRE D 1
HREREEFTETRFLTWEZEZ LD, ERfr S TEEREIZESFRE—2A L hD 1/3
ThoiHIe, &3 2.3IITRTHMMOEIBRE LY, MEFEROLEIL 600~700C O THA
EIHLEZ2OND, —JF, REBRICKIT L HEMIFrOEESEGHE OUP T, HMSZRO
MERBRICEE SINALEE LD DAABEREN 100°CLL L&D -T2, T, IEVE TIRIZE
WTH 100CU FCHREERTO/NShotzar 7 ) — 277 L OARBIEICL Y, #k 7R
FEDIR TS THNBIZLE N A T TWIZ EJ 325 2 & ¢, AU HiRoiE i oK
TRMEE R TR ThoTeb B2 5D,

LLEXY, Wi > ofcbAz@) 2 L Eligk OUP T, ISO A7 H DK 1.5 %
DIz LHHMBE LT 30.5 IS, EHREBICRKE e EBRE UC, MIFREIC L 0 mESR
B AR LT,

7 7EER S

mﬁfw%3$ﬂ1ﬁm%ént¢:7ﬁAi Ci kWi A e L7- 3P T¢I, K 3.3.15
R TREOALY A LOR 3.3 1T 0) IR TEREENM DA LY, B OUP &IX5k
D, PIOEEFRNA BN, WEICAMFT—2 0 FREL D Z I X2 EliROME
LA s LT,

B3.3.12 L v, InEABALA T 10 40 F TIXEMP D OUP & [FERO 72 DHHERE T - 7208,
Z0%, B 3.3 13 ICRTIbAHEENRD L, PimEERRROMRIZLY OUP LV b
HBRE SN, B33 16 13T LISy = TEAIHOEERAE,1E, 30 7EHE TH
U7z, ZhUE, MBI OE- bz X 5Bl O RIEEZ 9™ 5 720 O i £ — £
v b, BIOEMTRPER TS tiFe—2 > P OFEDICE Y BiOA#ITE— 2 v
ALl eEZBND, ZOZ &1L, B33 15 ITRTEALAKREDRL Y A0,7° 30
SEETHEML WD Z Enb bbnd,

77 VIR 800°CIZHIE L7z 30 7 LARE, tha IZ72bA L, 61 43¢ ISO
RFT-DRTTE LT, MBGETIRO T 75 2138 930°CICELTEY, FT7 7 v Vi o
BRI X H IR D 110 LT &> Tt EZ BN D, K 3.3.170) [TRTEE LN 5y
LY, XY 1 ONAIOFREZENIE 30 /5 DARRIZIEZE LA e <, RV MREEA 150°CLL
TTCIFEAEHERT LR -7z 8P T, Vo 7HEAHORESERIUIIFEE A KT L
ST EBEZLND, ZOIZ ENE, K 3.3.16 (TR T U 2 7TESHOEERAD 30 HLIEIE S
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IWEBLL TN b bbb, —F, BIY =7 OFABIEENIEAE L T X
B EH S 400~1000mm PRI DOENEZENL T, 30 LA CHEAIR S S<BML T\ 5, &
7T, 30 LAED b A OR8N, EFREPEOMKT & Blis w7 = 7 O' AW
JERIC X DHAMEROEKICE D EEZLND, ZOZ b, vxT7HER 3P T,
HEH KB ARG O IE T RIPE DR TN 2T, BT =7 OW ABIEES EEN & 7o
TISORFAT-DAICEFELIEEZ LD,

INBGE TE#, B3.3. 12 1R T X510y = 7HAE 3P B L 6UP Tidio b —H
R T AN LN, T, V= T7EEWICBT 5@ IR N ERERD, N
FHRIZIRIRE O SR & M ANMERF O SR BBIZER U D BRI, AL ML & AL MEbe
DI VT T AOBENE L HMICKIESNARVRNREET S0, —BHICy =7
BEAMICR T 2EEEHIME T L2 2 EREREZ 2 61 d, —J, FIBRFMTOIER
RBICBAT LD 13y = TEAE ORI EIE L, 70 /2L, ECHIszbAnimd
L7izeEZOND, MBVETERICTEDADBMNH ST b DD, ZOH%DKMBIEICK
WTh, FEAZRFELEET 72, BumBfE T, $BRoREERTICX AEPEDEE R X0
WA PNIREE ZEDN NS R D Z L IZ L DDA OWIC LY, 2RI HRAIIKET L &
EZoND, HABRTOREDAREBIIESCOICHB L TEBY, NEOBHINEIC X 5 b
NIRRT DAL M, BEEHMTORESRBEITEC o7,

bXv, Ak 3ARTIAYESNWZY = 7HEAE24H9 5 3P T, Lo Rl
ZHhRIC KV e oB 3 fH S, IS0 72 b A BRI LM OUP @ 2 (52l k& 7e o7, 3P
TUE, HTHAEEIZ Lo 7278, Z2rp oo 1E fi P RIPER T 46 L ONR 7 = 7 o8 AKTE
JRIZ X 2 AMEENHER L, IS0 RATZDOACELEZ, —F, ISO RRT-bOARICET D
FTOMEE L NZOBOBBBRRICE T 28N EESOFETCTH, 7V 7HEEHOMER
ORI KJOR L MW 0BG/ <, BARKRESOISTHEERR 2 RFF Lk 7=,

v = 75 % 6UP

BRI N 3 ARN 2 FNEE SN Y = TS A ERE L L2 6UP T, B3.3.15 12
ATREONL Y ABIORE 3.3 17 IR TEHEZEM ALY, 3P & [FERRIC RN O Ex
RN LN, PICAMTE—A L FREL D Z LIS 2BEMBROMELEN S5 &R L
77

(3.3.12 kv, 3P & 6UP Ol-bAh OB A i35 &, 50 FEETIX 3P Db
FDMEDIRE DTz, B33 151RTREORLY AITHE & biRFEFETH LA, K
3.3.16 [T T X9z, A/ b 3AKRD 3P TV = 7HESHOEERA N 0.01rad FREA LT
WZDIZxF L, ALk 6 ARKD 6UP TIX 50 HEHETIZFE ALY = 7HAEHNAEEIL TEH
T, 6UP O OEEEIS LY KEhoToicd B2 b5, 3P LR, 6UP T
R T = 7 O VBT IR AN LUV KR OSRELZEZAS, 30 43 LARE T LR & < B
MLTW5, Ko7, 30 LAED b AEE OB INE, EfIFRIMEDOE T & B
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U= 7O AMIEIRIC L A AMER O KICL D L ELZ LD, 6UP ORIV FELRE
2N B00CEAEZ, WL FEENERIFO 12 UTERomEZ5ND 50 LI,
3.3.16 (R THAHOEEA AL, 6UP O7=b#& 3P % EEl->7-, 6UP % 57.5 %
BRIZISOTRAR =TI LT LA B, iRV k 2 FIEE CRESEI N W E D 6UP LV ¢,
RV b 1 HIEE TS 2 A E L= 3P O MEDTE WA IEREZ R LTz,

6UP Tix, ARoOB 3.3. 70 IR L@y, bR O/NEOHHIHEZAE 2 5lRIC
L0, BIRO AT TRE IS OMERRNEC -, —0F, B33 16Ir-T V= 7#HA
HoRERA ITEGICHRE L TEB Y, ZOMEFRPBESHOREEGK FICERET5 2
EldieiroltEZ NS,

PLEXY, R b 3N 2 ESN-Y = 7HEAGH 2 EghE - L7z 6UP TiX, 3P &
[FIRE, G2 o RN RIC L 0 7o b B3 il S, 1SO 7o b AEI =R I L HEAiE: OUP o
250l B L Ao de, MBIV TIE, 3P X0 LA 1D KE WV 6UP D03 =
I S 203, RV BEBIREER 500°CE#E 2 72 50 4y LKL, 6UP O-b Ak L,
3P LV HREHC ISO BRI T=DAITE LIz, £z, 3P L RERIZ, BT BB L e o 7223,
gy = 7 DX AR X D AMEENE R L-, —F5, ISO [RA-bAHITET D E
TOMEK L O O%OKGREICB I 28 EBORETTH, Vo 7HESEH ORI K
WWFEE OREIT 2 <, BERRKEA~DIS IR ERE S 2 1575 Lk T 7=,

P B DB N K B T2 o 5B O ik

Mg mefEz HB & LT EDbAARFEL D LHHE Sz 2 D RC AT
AR DG AE: CB-RC, #Milis e X ORIERREZ KRE 7 L—AIC KV L 3P B
OB SRR A A OUP OEREZNL /3747 O ik 2B 3. 3. 18 12~ 3, 2 D CB-RC (I A®E
DERR L TFFA R B LSO B 72BN E72 5728, M OSME AT ISO BRI 72
A D TCERL, fRERO X/ gD ORISR N O 1/2 THRLUCBERTHEIZLY,
#1759, F72, OUP O3 RIS D72 A A0, 3P DRKEDNRL VALY =7
HAEMOREAe, CB-RC OV« 7HAMORERAS,OLEZR 3. 3. 19 IZ/R7,

W7 T PN IR 2212 K D B D B3 R 3 2 B 10 /0 IF I, BAMSIRF &7z OUP, K
BT L— LT S 3P, Ml miELa Bl L L7z CB-RC DIEIZTZHOANRKE L 72
277, 3.3.18 DRI DEERRIL LV, Z OEITREGO R HRIC L 0 4 U 5 Beim el
TFE—AVMDEICLDEDEEZZLN, XRICBITHIZDAANELRD L OHlIESN
72 CB-RCIZBW TR b bABIHl Sz, B3.3.19 XV, 10 43FFE TD 3P D KE:
ALY 0513 CB-RC OV = 7HAHOEERMA0, LD /S <I|MA LN TND2, 3P O
DAIF CB-RC LV & OUP IZiidvoTo, ZAUE, REORUVICTE Y EEIZA LAy
EF—AL 0 CB-RC KV b/h&hoizZ b, BIW, 3P TII/NEZOBIEEN MR T
AL DEMNCE D T2DB BN LT RN B 2 HiLd,

ISO [RA 7= o B ZERF DENEZENL /34T 1L, HRG: OUP W= TH L DIzt L, CB-RC
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& 3P TIIHEMETH H, A/ FHRENZEIT 5 CB-RC & 3P oI h—% L Tkv,

HIEBIEH L CWZIEfITE— A v MIFRRBE Ch-7o B X N D, F72, KRR
CB-RC, 3P & HI2£0.8 fHiTichi®E L TH Y, ISO BRAZbABIERZIL, ML bl
FEROMITE—A L M CTholo B2 oD, —F, RO RESA % i+ 25 &,

FEOT-oAHANEICHE E N7z CB-RC TILY = 7EAEFHOERS KE Do 72DITH L,
3P TlIv = 7HEAMOEE LD b KEONLVICKLAEBNEBE L TWE, 20 Lig,

REDQL YRR+ TRNE, 7 7HBEHOAIMTI IR Y T 58T E— A
R % R CAM T E RV ATREMEZ R L T D, AEROBELRKED A ,31% 1500mm T
S ERWIZBTHAN L GIEFITEN -T2, EEORB LD S REZOLQT V>
PITRE DT EBEZOND, £o, /NEDERKEEZHE A CEGEAICELE S 415 NHIEE
HEOGEIITE AR KPNE T/ NEER O BERN R XD, /INER 1 ARV OEEH L
IXAMAIZERE O /NR O 2B R DT KREOR LY Z2EYNICEETILERD D,

Stop heating and  Stop heating (6UP)

) Open furnace(3P)
00 loading(OUP) ( Stop heating (3P)
= \I I / I I Open furnace(6UP)
£ 30 1 i i
c
S 300 | i I I
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E 20 4 .
£ 200 | ! ! L
b | I (.
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a 07 | I |
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op heating (3P
T 30 . - \ /S p g (3P)
£ i |
IS oD : . .
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& 20 132 | 10.8mm/min
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° ; ! I — 6UP
g 0
5 ! ! WW
ks | |
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65(3P and 6UP) , By(0UP) [rad]
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L
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Dh1 —*
6; = (Dh2 — Dh1)/250
3.3. 14 EXKZEDRL YA LYz THSIHDOEEGEA)DESR
02 Il |1
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0.16 s ollg 3! Iy
e ) = ] o
0.14 | 55 §!'8 E! 'g |— OUP
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0.1 f 123 m!!w O! |8 6UP
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0.04 | 96 i Lo
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0 ! Loading Loadlng

3
.g. |
g fighy i
& 100 - |
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2 200 (e (right)
© ! [
= ISO limiting deflection ! . ! 0uP '
g | 243mm . 30.5 min i !
400 L ‘ ! - ! L ! ‘ ! ! ‘
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£ ob Loadlng omtg 3P » |

.E X =SS _— - ’ }

g I |
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[(&]

T ;
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> 400 ! I 1 I 1 ! I 1 I ! 1 ! J
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/D //
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Vertical displacement §/D

96! 80! 9] [rad]
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(2)ih 7 1M 257

A RRERS R AR 3.3.20 12, Fim O L& &/ NREHIRE R oG AR
3.3. 21 (", R MY L EIZDR1D e/ DA L ODh2D A DA G Ol % Sk
AR TR U TR, fEEZIZ A S g2 81T B 8E /INEOSEYRERE &2 iz, B 3. 3. 21
I, SO IEIC L 2O LEOEWE LT 5720, @ mifEE Al e L
72 28OU = 7THAR CB-RC O R AT 5, £, RN NG EO/NEO B | i
O OMFEAE(12X106AT [mm], = Z TAT: 20 FRBEE) 255 L L RY, 7, OUP
DOHBNE MDAUTZEN FH S IZ 728D, 22 Sy BELIBR 1T ] L 7=,

Hififigk OUP

B3.3.20(a) L v, 2o OUP Tid, MMEHIHENZ I\ T, /NE T E(DRL) & /NG EE(DR2)
DO M, a7 U — A Z7(Dh3)iF#&4h, MM OER 2R Lic, Ao/ B
(Dh2)TiE 25 EFICHEAICER L TR Y, TmbHAFRIHEI FIZIAHBGENE LT EE LD
N2, B 3.3.21 ORGHEOH L& TIXZ OZFEIMER T 20D, ZAUIDRIO KNI &
D 2255 E TORMBELTHL TV ARWVWEDTHS, E3.3.21 LV, 0OUP OB O L
B, AR AEWIGE OB B OOBEME L FECho7o, ZOREITIRERA K
ZERNTZZHOOEBERBOLFEKETHY, ZREKEL TH-oTHar 7V —F AT
DNREOEOH L AW RT 2208 I hsneEnz 5,

v = 7HER 3P 8 L 6UP

X3.3.20b), (¢) kv, 7=78E%0 3P & 6UP Ol 5 [a 2 I 12 R o f# % 7w~
L, Ux=T7HEEHORN MR X OMAEREIC L2 KREREWVIIA SR 2T,
DB I 2 TORE R THOF R OER ThH -7, L, RusEEsf sz Eic kv, oUP
AR TEIGDT= bR DNNE o272 Th D, MMEBRMA S 20 73EE Tl TOH|
ERTHOER AR LD, 20 5L, O ULAMER Lz, 24U, 20 RHC8E /N2
ZT00CUL EERVAMENRRE AT LIZE B2 6N, AR RSN Z & TELDE
METEY, O LS SN0 B L L5, IMBVETERZIZIL, AR LEZ—FF
B72 0 = TR OERRKFLOK FIZ X 2 KEOR T VI~ T, Ml m o2z mn i
DiLlc, TDOREFENBIE -T2 &%, 2 UG LTV &, /NEEED 100°CHHE £ T
T L7- 210 4088121, FEBOREREDALT 10~15mm OO LR L=,

X 3.3.21 LV, 700°CE TOIRELIZIVT 3P 35 LU 6UP ORI O UEILH H{#
OOBMEMELY b 2~4 BVNE L, 2 BOMG ML R LRWEETTOY = 7THAR
CB-RC LREETHH-TZ, 2O M5, T00CE TORERICBNTIE, KE7L—2A
DOEETHIT L D IERES DV NEOMOH LICRE LRWEREL, /NEOREIENFE > T
mlkEZOND, HHMOOMEME V b RZEOMOH Lo i Sh - ERIE, 2 B TEE
L72i@by, ANRCERICBWTABITE— AV M2 T2 KMOEIGENEL, Sakim
JEAEME & 72 2 KBNS o Tloleb LB Z Hivd, T00°CLARE, 3P 38 XU 6UP O # DN
H IR S IEICEE Uz, 2 A%, 700°CLL RicEE LRI T U 72/ NE RSS2SR HRIC L 5
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JEREANCEVIAE L= 2 R EZ BN D, T00°CLEIZEIT D CB-RC OffEA 7 M D ERL
3P £ 6UP LW b K&x< 72572, CB-RC CTIxRmDOEYPELSREOT 77 v VICathiFIz
X ORERFHEIEDPHER SNTEBY, NEOEMERN LY REDoTleH EEZ LR
%, RFEHIL 800 CHIE CHERFEMBEDOE)ZE Z L, ORI O IHMEIZ L0 2
AERNRKE IET 4539, —F7, B3.3.21 L0, /NZIEE 800°CHI%IZI T 5 il i &
DREGE 2B IA LT, HEEBROBIZRROZM AR ZEITEEROER IR X 7
A RF SR o T2, FAERENRAE U 5 minis TO MM O WMEARE & 3R R IR 1 F|
DUTETIERTLTEY, ZORATINENERTHRKEEZF LT AN NEDLoT720,
FRZERERE DG S R 2R OB TE 28I L ORI ) IC K& R B L2 RIS R ol b &
bbb,

MHEERRICB T PO = 1X, FRFOMEE L0 b/ oTc, THuE, mAGHR
(IR EAE R X DA S5 RANCES U C/NROIES I Z SN ATREEN H S, b L
<X, FRBAERFO/NEOHOH LIZa2Y 7 ) — MR T TEFEES Liholzb 00, HH
IHERFIZ BN TIEa 7 U — N AT 7 WERA & 72 0 /NG DIHE & ] L 7= FTREME DN & 5
7L, 2 BEEAEOY 2 THEARERTIE, EMBERSM, MEL-UL, REBRRTERLSE,
2L DECERFENERD 20, REEH ST ZOFIKNZHAKICIZTE 2V, HHERE
WIS B WAEIIHI OJFIR 2 B 52N T BINE, BUEMENTEE I L DM BN ETH Y,
SBOBGTHRRELE T 5,
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Axial displacement [mm]

Axial displacement [mm]

10

o

Stop heating & loading
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S ouP
20 + §
10 - g Solid: Left
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Axial displacement [mm]
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g ------------ , = ‘ =
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1.0% ¢ 12X 106AT

0.8%

0.6%
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0.2%
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Expansion of the beam

-0.2%

Solid: Heating phase
Dashed: Cooling phase
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Average temperature of the beam [°C]
3.3.21 MimDBUHL

3.3.6 HIFMAELUEAMMAODEER

HHi2 D OUP Cix 24 43 C ISO BRIt /- AITE L, 30 IFICRFREOR T 7 EigIZIE
ENAET CTHITRE L, 7= 7H#A%0 3P X 6UP @ ISO [BR 7= b 4 F| FERFE | T 5
FROFELETHD 61 3 BLOBTE 3t o, Vo 7HEARTIE, HFmELL)1-
=, BT = 7 COWAMERAHER SN, 07, MBS IS EBREIC T2 5 THF
EXFFENEZBRT D2 i3k oTo, REITIE, 2FED 248IR LIy = THAEHT
%A R O K SRR ) ORI E T V&2V, REBRIZIST D KCEEEIR DN TE LR

—

179,

(1) Hflig: OUP

F9, B CIEMNITHAEE U2 AL OUP oI ic oW TEET %, OUP Dk
SKERFIE TR ) pMf OFFEAER A B 3.3.22 1273, Wi & 70 2 B OUP TlE, &
WNUHRZA U LHITE— A 2 b MEEMIT ) pME A —B LT BRICRAEICE D, E O
fiX 30 pEFCTH Y, FEERCTORREERE & —F L7, 30 BT ARV HFRO T 7T v
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DL w T IEB00CEL LT b o T, MR & U7 S A 572 2 6 R OB & T 1, 800°C
Sl EDERIRIC T, 2 BICR LIREIEE 770 & FUC A DK SR T ) 2 R &
FRECE T,

— 4 -

£ 400

Z 350 2

=, S
0]

§ 300 o
]

©

£ 250 2

g 200 *g

£ 150 >~

GE) 9

8 100 n

> 50 r—r—m i —m—m
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o

Time[min]
3.3.22 BT NETE#ER (BHEZ 0UP)

Q)7 = 7HAZ 3P B3 LV 6UP

U= 7 AR 3P BLO6UP T, A/UHFRETORAT T FOEE TR, Y=
AWM CTORBIXIZEAE b ol Z b, MFM NN DTE > T ATEEME &,
2 IR LU = THA ORERRELE Z 8 L= &R o it ekt 7 vic S &, dhif
Mt /) EHEAE & AER M E O AT, HITHRECES o EREBLETH, BERKE
FOBEMfEAS Yy RTAT 7THEHORBEEAME I NI & T, AT THBY = THEHO
ARSI HFES LB 2 b5, £2 T3P BL U 6UP O v = 7HAEOA/MITH 715
BIZE, 2 BOR(2.4.30)IC LB AT THE LRV NEFEEEZE LAl MG T
NS, —EDWET TIE, ZmICECLAMTE—AL M MEZARCRRIZAETD
EfFE—A 2 b MORELT, ERETFE—2A Y MNIZ—ETH 5, B OEKE EFIHE
v, AT ORI jgMy & A/ D IERIT TR ) pMy OFIEAT, 4l F it )23 EH
iFE—A MM+ METERTL7ZE ZIT, 3 e RERER SN, BIFHREICES L
Ezxbhb,

3P B LW 6UP ot HEtE#E R AR 3.3.23 12777, 3P, 6UP & HITMEGE THED
RHFTH ) My + g My (TERETE— 2 PO 2 FRETH Y, dTFmIC T 07208
N oTe EHELE S D, MBI 1L, EYE/ N OIREE BT E > TERM T M
KT L, 20 SEICIEFIRRFO 1/3 2, MEWE TERICIZFIRFFO U7 REE TR T L,
—77, B3.3.23(a) L v, BEEMWICHAPEEZIE L7z 3P TIE, 7= 7HEEHOATIH /)
RMFEE AV EIET Lotz B3.3.23(b) L0, #E5H 2 EpE & L7z 6UP TiE, &
b MREED B00°CIZE Y MERTRIAE -7 L ZEX HILD 20 5N D jypMy MR A IIET L
TT®, MEGET 59 SyBFICITFIRRF O V2 BREE L7572, pMy & jpMy DRI, FHRFFIC
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13 3P TpMt : jxM;=84:16, 6UP TpMy : ;M;=79:21 Th 73, ME THIZIE 3P
TpM : jgM7=40 : 60, 6UP TyM} : jzM;=46 : 54 L7x o7z, 2D X 51T, AT/~

DREL, FIRFFIE A SRR O E#ITT ) pME 23 B T o 7= DTk L, KKRHZIE
U = 7HEGEHOAMITIN) jgMy DFEIG DI PRE L Ipofe, THUTKIMNERE 0 HETF I B
BERBRD gMy DI THE LVOIIH L, BEEEHSEPE TH > T jpMy O T I EER)
EECTHATZ2DTH D,

500 r
450
400
350
300
250
200 -
150 -
100 -
50

Stop heating

M+ozu 52kNm
0 10 20 30 40 50 60

Bending moment resistance [kNm]

Time [min]

(a) 3P
500 r
450
400
350
300
250
200
150
100

»
U

Stop heating

Bending moment resistance [kNm]

50 ...........
O M-'-CM = 52\kNm 1 1 1 L1
0 10 20 30 40 50 60
Time [min]
(b) 6UP

(3.3.23 BT NSt ERER (VT TEESR)
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U = THEAY 3P B LU 6UP TiE, BT = 7 O AWEE & Sz, 3P B X1 6UP
DY Y = 7 O /MR 71,,Q, DFH MR AR 3.3. 24 127- 7, ,Q, | FHIEEIH KR
Ao S &, XB3HLVEM L, V= 7HES, IZITZA/ N RO T o 7k FERE
R LT,
wQy = wa * 50,(6,)/V3 (3.3.5)

ZIZT, wa U= 7 iERE(1,833mm2), 0,(6,,) : /NS 0 E iR KRR EE [N/mm?]

H AUBTELRI 71, Q) DMERE AW /1,015 L < 72 - 72K, 3P T 31 43kF, 6UP T 35
ST H Do ZHUEE 3.3 13 IR T 7 oA E N ER LIZ Uk & —B L TR,
ZOEIZRIGY = TRERL, CAMEREEM UIsdTc B2 bd, —F, SAWRK
RUZERICHEIFENZRKATH 2 L3 o 70, B AMBRRDIRE b 1 8 2475 Lk
7B L LTE, 30 sy UARRICER T SR AW I OIR T RIER ICREBTHHZ L, U T
DO AW IR A 5 BRI SRR S CTHEAWIM AN M L7z 72d LB 2 b b,

Shear resistance [kN]

Time [min]

(3.3.24 RimHy z TOBAMMAFERZR (V2 THEESRIPELT6UP)
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3.4 KEDFLEYD

RBFR T, BAKRCIRE Y = THA SN RC 27 7 Lo B 2 AR
AT, ¥ = 7HAR) DK SIS L OHBRIC ST 558 % FBIC L0 Rt L, =
DIBTIL, 7= T HEERWOLR b 3R THEAMA~ORNWED Y, F b 6 R TH:
BUAOWK PR L0 2 (L)L EREHE L, 351 HHERHRIRC &5 52 AR L
T, BAGR) OWAMETER T o7, KA CHONEMRBEUTICE L5,

(1) HRBMEEO Y = T HEE RO E- T2 DA BMRITHEMPEI IV ET 2R L7, I
BUREICIE 2 = TIRA M T OB RGRNEE S, FMRIY bebhinRE
<Hifl sz,

Q) V=TEARETIE, BIRMORT THNY = THEMOREETICHFS Lz, Zh X
0, a7 ) —=hA77REGKFEATRSTY, BEffERAZ y FIZKYERZRE:E
ICATZTREEFEISNTEBY, REORQLYVREIER T3 THNIE, 2T 7 O3k REL
RERNRMPF SN D Z L 2R LT,

B) EWHEMTE—A2 b 5 BAER S HMEMETICB W T, ISO [RAT-HAE
BRI, B CIE 24y, V=T EAERTIX61 0L BTSN ThoTln, v TEEA
BT, IS0 [RA - DA LI- % OBUABIRICIS W T b W E X FE) 255 L)
7.

(4) U= TEARETIE, PRBEEALN R, NREHICBN T =2 7 OW AW
BEJEET 77 POREEENE Uz, BT = 7 ORBRRE AW 711235 < AR
1% ISO [RA - Db AHBERF L W Bho 7228, £ OBERR £ R R X ERE ) 248k
TAHZ Lot

(6) MMEETIER, NREOFIRRZED S MEANGEICE C HBRIS, v=TRaEom R
FERN MDY VT T 2 OBENICERT 5RO TICL Y, Zbiii—
FFROIC A L7228, Z OB OBUmERICIE W T O ATESRE ) 48K 2 2 L3

-7,
(6) ISO [RAT=bHIZELI-EZOBEBBRIZBWNT, NEOBHINMERME INDZ & T

U= THESEICEIRANBECTZD, U= THERETOR/L MR - 13 LT ikl - R
v MLOBAE R XELR A DRI o T,
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3.5)
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Steel Research 128, pp.119-135, 2017

H AR Y - FHG RERGHESE - Ffigsn, 2010.11

HARREZE  EMEOMKIETA F7 7, 2017.2

1S0834, Fire-resistance tests -Elements of building construction- Part 1:General

requirements, 1999.9

3.10) ZHE, EREXRES, HIIRA KKK 26RO FlTm /I3 2 3285

BORFZE, AARBEEOHEERM CE 6 73 & F 634 =, pp.2271-2278, 2008.12
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4.1 [FLHIC

2 BT, RV = 7HEEHORMKEBECLT, #HE8) SN /oERR ORGINEERIZ
D&, ANRUHRE Y = THEATRIZIT 5 W IR 448 O R E R L OMER RO &R
BRIE A T, Mo K KRS 20 L FHiCE 2 DR ARE L2, 2
T, EEHESRPEOA N RIS LOWE SN U = TSI ORE S5 & 5 R
E L FHRTE L, WEFEM THLPH 2 0nil O B 2 T/ & TY 8 & 3 A kR e O ]
BEENSLICEEL LB LD,

HEPBERE R OEE TRIFIEL LT, 8RD 4DXBCEHT DU EIY 22 fENTRE 438\ Tl
D, SRR EREHE S 4235 X U Eurocode 449 Tl ZE51EIC L A EEMT FEN TR I T
W5, ZTIRHOFET, SFoekma Bl —0BERERE AR L, S EEA ST 50
EVE R ot (Wrim R ERE) A2 - T, ARE W R O LS IR E & 3R T & 2 51 F
ETHDH, Ll 2 EOEBRICEWT, EENAL ST 5 EHEEOMEFERLR I ET T v
CETFTTUVTI00CL EDIREENAEL, BT T 0P LEE RC AT 7 ORI X 5B
BENEL AP TIEZOENSIHIZREL Y, R 20CEREOREZNE T, &

T, SEROWBEBLEEMT HHEAICE, AT 7 L0EMEMEEEL, FERLETZT
YV, U7 )OREDENE LY IFFEICARELL I EREET LY, INHEFELC, F
[RZEVE AORA RERE 1D Z AV TEERC A 7 7 L DA RE & x5 L U= Wi iR E
S5 TRT 5 FERRE SN TS, LvL, 790 YL AT 708 MAE SR LT
v REMA T TN R DERDEEVEIR A 8 5 e FIETHRE LIclZdb v, £72, 8F
R AT TOEBNFEZFHNT 2 ECEELRHFME A v ROBEIZEH LIZiFIEIE
RbHebaun,

KRBFIZHIT AR Y = TGO/ O T, A MBS OIRE R SEN) &
2%, BV FBLOIWZIRDIMD 2 HEHOBERITERIMOLOEH S LV b REL D
7=, REOIFHEICHF L 225, Eurocode 340TIL, —MEOEE WrimiaE [ (KBiRE %
U CTHEABOBRELHET HHE, b LLIE, BEW ORI BmERGEEEH»
THET DL HECLY, BEEHOBREEMONENFEICKMEIND, RIREST DM
B A L 72 5 O I3RS SR ORE =N KR E S RO Mt S moBBE N4 T 57
W, ZFOBWIRENIEM L 702, Dait?) & IX R OB HIH 2 28 L LI i-REE o
INENGEBR 2 FEh L, ROBREZWE LI25E L RIZEONENE O 5 BRI~ M L,
FAN D ATRIFTINENE 2 1) D B R OMEVERR IS &, MmO E 2 5
L7e 2Bl K D BBIT FE AR Uc, —J5, My ) CROE G IEOWrm ~H 50 B e
5 BE OIRBENT FIE IR, STy, BUE B ORI § 5 17 0 BUS B 2 % &
L TRV MRS DIREE K5 FE L < PRICEUE, L0 AFRMNICRBOWRBLELRET
HITEMAREL 72D,
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ARETIL, 2 BB 2 RIESE OB S NI E R OWATMAAER Z xR L LT,
E7 TV ERT T OEMSENE, ROV R OBRER LU = THEEIIZB T D BE
BOWINO 3 REBRE LT ZRKITENEC L 2BBIITET VAR L, FEBRRER & Ok
OIRNTET VOZEMERETT 2, SOICEEROIREICHT HHETER A O T
L2, ITICESEZRERCTCOABBICONWTERT D, T LT, BEBO/NIWRERK
53y WG UTe —IRTTAEIIEC KD ITREEIZ D W TIETT 5, — IRtz 1 Tk (k¢
T, —BRRREEY 7 FEEZHWTHESRICERERTRE L 725,
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4.2 FRTHREBROBE

4.2.1 RHOEFOBR,OH-RBEEH

M REBROBEEN TN T 2 EBREMERB L ORBRICOWTL 2 ETER LR, A&
THRET DB FIEOMFHILERERE 52 5720, Z 2 TIRED TR ZEE) IR
DHEy L E LTCEBRERMFIZONW TR D, ERAHS L OnEwsf 4k 4.2.1 12,
AR IAROR, REHNEME RS X OMBUF ~ORERIZE 4.2.1 17T, RERTIE,
F & U THENZEBHOB LD, UV 7HEEGMORESRIICET 2ER L LTA T 71T
e EBREBICHRE LD, BEAFEIOBA»LHRD L, ZNDL AT T HFEOENT EY
TV FHOBMRERGEOENE RS, REBEO SB X, BURESRN LI/~ S 72
ALC100mm E)% AT FNZHWA Z LT, E7 TP EENZEMBUT NS L8
B NREOBBEH LR T 27D ORBRETH S, CB-RCIX, AT TICEERC AT
(120mm E)Z v, L7 IV Emnbar s U — h~OWESH RN S S EWRES
R DRBFEE 2R T 5720 ORBETHH, RCATZTTDar 7 ) — Mg LT, 7
Ty FF X7 L— M1.0mm/E)Z A7z, CB-CSIE, A7 7ICT v FAKA T 7 (RIEEH
130mm, HKEH 80mm)& AWV =ARETHL, B 4.2.1@ OHIIRTEIE, TvxT
L— M1.0mm E, [1E S 50mm, AR 150mm)iZiE T 2 /NE2Iost L CEAR S8 Cld
BEL, PECHEGHICEIELL, ZOZLI2Xy, TyFUETciib77 P EELE
BEARICIBEN, TyFRETII LTIV EEND a7 ) — F~OBRBEINAEL D,
CB-CS 1%, A/ XU HHNZE»TET7 T oY ERIOBIEE RN B2 5 T B G R O REE
R T -0 0RBETH D,

F4.2.1 BPEPICET SRBREME L UMEETR

RER R RATT, AT TEE JINEREER
SB ALC 277, 100mm 41 53
CB-RC 7Ty b xR RACEEERC 277, 120mm 95 43
CB-CS TYXEWMAT T, BREH 80mm  K/EH 130mm 52 5y

4.2.2 RiGEABOWEEAEL L CEEAEME

ARER TR 1B OMAMERED RO LN DHE EEE L, NENEWE CTH - ThH,
EAZ KRR L OVNEIE O 7 = 7THAEICIT 1 BEmAMHYE0 AES 7907 v FEE
12.5mm, 7FEIEE 1300°C, HEE 128kg/m3) & H Cilit kB & )it L 72, KE~DOHEIL,
B 4.2 1@ IR & 512, ST EREicxtd 2 MEVE R OL»/ NS SHBEEREL D
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FIED L L7, RZBEowm@/hammE, B4.2.10) 27T X HICES 50mm O AES 75
o MERHWTEWE, BEEMICEWTHRERBRICHIEY L35 &, MiEhbmo/hnmE
NOEDOBGAZMAAT-DI/NOEEESMLEND D, WEM TIEMEE L5720, #E
HA~OBEE, B 4.2.10) IR T L0 ICEREY v 2 O CERETRIRICH - TEIRY EE &
L7, B 4.2.1(@), ©IFRTEIICEAMOWEITA L MIEN D A/ fi]ic
80mm(Ht v b7 L— RS X 30mm) £ TOHMH & L7,

U = TEAMOIREL, U x THEAHOAMITI N EET 28 e LT, B4.2.1(0),
@) IR T LT, E TRV B IRV MBIOWE ICEB T D805 OEEZME L, #
BINTHEAM T, SROEHE I NENS DN ORI LT, Ty N7 L— &L
PARBRBE~OBBENEL D, L > T, MmO E % 558 L BT 21T
X, ey MU= FOIREZIERET Z20ER’HSH, £2C, B 4.2.1() 1T TKRE
Ay b7 L— MIE TREZNE Lz, RMEEFITIZBON T, ZoHlEME KETE
v N7 L — MNBEG -REERASLMNELTEZD, EHEICBWLTEREBIO Ty N 7L
— N DIRE LIEHT TRO D MERH DA, KERTIX, KREOTT7 7 VS TIREAE
WCREINTWDT2D, T7 7P THIZEBRKRNOMAINT, Sbliern—7—
BEEZN L TCRKBET 7 70 VL XBBRRTEBEINAE LS50 ho TV D%, KEILE
T OBIEE RGN ERICBIT 25 EREL B D, 200D, /N OBNEE
REME IR D RG> M7 L — MEREORHIT FIEIZONTE, RO E L, 4
BOKFTEREEE T 5,

4.2.3 RNHRIZEITHEMABEESRZORERNEME

4.2 1R T L5, AT, AREOEM T EST 2L LT,
ETFT7Iov, =T, BEAERASZ Y FRABLOGa 7 V= AT TR T 7 T, #
i, AT 7HBEOBEZIE Lz, NENPOEENIALED X T 7137 v %7 L — FNERE
KRIZESND 720, PMREE LI BRERES R EELOND, THOOREICITLY
El & R DMETOREZMHEMNT L ZEE2MEL, X7 7RIEERE, NEE ENGHEENT
FRAALE THRIE LT,
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CB-RC

Girder

SB
Girder

AES blanket

Flat deck

P

Pin-roller l',
Support

suppor /

—a— ’, ? i
__ Fin-roller |II
1| . '|
|

Fire protection (boxed)  Fire prolection (profiled)

AES blanket t12.5mm  AES blanket t12.5mm AES blanket 112.5mm

plate t1 Omm

Fire protection (boxed)  Fire protection (profiled)
AES blanket t12.5mm

RC slab

!
Pin-raller |

Support
|

| I
Fire protection (boxed)  Fire protection (profiled)
AES blanket t12.5mm  AES blanket 112.5mm

(a) ABRADBHER

ALC Headed stud - Beam (S5400)
©16-180 - 7 Z77 H-300x150x6. 5x9
@ M
—1 a1 - | LS I Y
; S —" 2 Gusset plate
Canti lever ($5400) © xS
‘ o  (55400)t9
E 2 H-350x175x7x11_~~ o Xlelzs—
Shear reinforcing © x:"g High strength bolt
TRe et plate ($5400) t9 7N ) —-—|-'5{15030' -_F10T-M20

— (Furnace temp.)
anket(12.5mm)

(b) A EDHEIKST (SB)

TAES blanket (t12. Smm)

Girder (S8400) H-350x175x7x11 \‘_‘B ?

(c) ¥ & &R {+iE D &% # (CB-RC)

¥ : Thermocouple ‘

950
| Welded wire mesh ¢ 60150

5’:11* 7

/g'éék"[{i;'t'é' 1.0

KK

!
£

|
‘ o
(==
I }c
R S T

Headed stud ®16-L80
Unprotected beam

X

(d) RANHRRIZE T HEBENDED
BT I PR B JE 32 i (CB-CS)

950
[ Deformed bar SD295A-D68200 | o
- X1k
S o

7

Flat deck plate t1.0% . < Headed stud ®16-L80

High strength bolt
F107-M20 " Beam H-300x150x6. 5x9

Gusset plate SS400

(85400) t9

(e) B INT-Rinv = TESEHOD
b7 I PRIR 2R 7€ i1 i (CB-RC)

Load Composite slab Load 950 X :Furnace temp.
Shear rein- Pin i v 7 A
forcing plate in jJoint Headed stud : L
— e Lid P Lid
ﬁ?’i' = . = - T -
: Beam 3 . E
; T~ dlrder AES blanket X §  Burner e i
Cantilever X . : arkd = i
Pin-roller (t12. 5mm) A X S X { 3
Support X ‘Furnace temp. !

Partition boad

1,200 Support span 6, 000

Heating area 8, 000

(f) MELFE A~ DEABRA BN (RF T RBTHE,
RN RMNBESS, (B-CS)

4.2.1 HABRAIR, REAEMES &

150

Heating area 3, 000

(8) INEURA~ DEAERIRRE NN
()@ F 5 mrmE, CB-CS)

UMNEMFEA DEREIRT (TREAL - mm)



4.2.4 mEEE

RER R A~DOINEN T 1S0834 DIEUENNBZHERL U 7o, K A4 A CHIFIELE S 42 MR o 5
BB/ NREN S D BRAEERT 5720, AR VERELE L, R4.2. 1O ICnT Lo IChE
B b MBFPHPNICRRE LTz, £z, RO e FHEo 8 mnboAME IS K5,
B 4.2 1@ R o, WBHFZEZ O CGREBR RO & IMBYFE ORI A U 2 BRI %
FEUNTE,

FNRENEMEZR 4.2.1(F) , @ IZ7-T, /INEHS & RFESSCLT, —BEmIC
W, BFHMIC 5 B, 1&@%%DwmﬁMﬁ&Tﬁ@3ﬁ@ﬁq5m@mmmV%w
Ebto.421@uﬁ¢¢9 , BEAEAIE TIIREBIC L > TRER AN —F — b b
MBI NELBTD, BE WOFFAKIRE T LY A FELS 25 Z L 8E
éﬂéo%:TE421®,mLm¢io:,%A%ﬁ%@ﬁmﬁﬁ%LMTMEbto
FAPTR R EME O FYIE A B 4. 2.2 12733, FERE B, BB E AL OFNIRE
?ﬁﬁ%%fo—&%®FW@§$W@Eomﬁﬁﬁk%h—ﬁbtﬁ,%ﬁ%ﬁﬁ@ﬁ
Wﬁﬁﬁ%@@momﬁ@%ib%1~2%&§ﬁ&vﬁﬁbko%’T'%%éhf%%
SO FRHT I 1T B A SRR O X PIR BRI EME 2 VY, E BSOS 5y O RERTIC
— RO FNIREREMBEZH WD Z & &35,

REREA~OHEA 2 BRI EMTE—A L bD 4 EOWELLELTZEZS, RBREN
FREEICE D F CoOMERERIE, SB T414y, CB-RC T954y, CB-CS T52 %Ltz

1200 1200

ISO curve I

1000

800

600

Temperature [°C]

Stop heating

| | [

| ol |
. {3 o))
400 | 400 = 400 1<
[} ©
. < g
200 [ solid: General area | 200 Solid: General area 2| 200 || solid: General area || 5.
Dashed: Near the joint | Dashed: Near the joint N | Dashed: Near the joint ;%

- 1

0 0 0
0 10 20 30 40 50 0 20 40 60 80 100 120 0 10 20 30 40 50 60 70
Time [min] Time [min] Time [min]

4.2.2 [FIRTFHRE (EA S SB, CB-RC, CB-CS)

151



4.3 =RFTENEKIZLDIEREBRETIL

AETIE, ZEMEIC K DB T LV O—REHE2 R, I SROKFoEET v
BLOBUERICHOWTIE, 4.4.1 BLX OV 4.5.1 TEMREIZ20F TR,

4.3.1 EBMZEETI

BREIZ L 2 20 T ROBENCET 5 — KRB L LT, H7m, nfOBMREET L%
4.3 11T, BHERIFETFORRIMETL2HDE L, BFmOEPESZHAmE
MRS, BRI X DT B FmA AT 28 E 0, [WEH(4.3.)TESIN D,

(4.3.1)

lQm,n = AAm,n " 29mn

0, —0n

Admn = Amn d
mn

1. = (Am/Ddyy ) (An/Bdyy 1) di
’ Am/ DAy + A /Ady 1
ZITC, jAmn : #&Fm, nOERBEE M), 1qmn @ BB X DT S FmIii
AT DBGEHR[Wim2], Ay, : Hisim, nffOBHEERESR 12 [W/(m K)], dpy, : Sism, o
DFEHEm], Oy Oy K& Fm, nDIREE[C] |, Ay, A & Tm, nOBUREFE[W/(m K)], Ady r,

Ay - Hifim, i b 555 % C O Bfm]

Grid n

Grig m AAm,n
[ v a
’ 7
;dm,n i |
Oy, Bt S g,

® < ® ;
Node m | / Node n

X4.3.1 88Fm, nEOEBEETIL
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4.3.2 BEWMAXBEEBSICETHIKNRNLDBEEETIL

PRI IZB O TRRD ST mATAT 2 & (0, [WIEH(4.3.2) TR SN D,

£Om = pAmGralm + cvdm) (4.3.2)

ralm = Fo - €55 - 0{(67 + 273) * — (0, + 273)%}

cvllm = s (67 — On)
ZIT, Ay MBAKREE (M, 4G : BOFBREIC LV KR DI FmATAT 5B
WIW/m2], By, 0 KK O BT FEEJEREAREL 4D[—], eopp - BT R 4K KOS 1.0,
WM ORISR 0.9, 227V — bOHEFR 0T NEELND), 0: AT 77 ARV UE
#(5.67x10-8 W/(m2 K4)), cpGm : SMBMREIZ LV KK BIEFmA~FiEAT 2 B R [W/m?2],
hg = INEMR D56t FHEMR R (23 W/i(m2 K)) 42, 6, : JFPIRE[C]

ARFGETIE, |EBNRET 7T 00, vaT, ET770V0 3 SDOKTIZHEIL TUs
BT 2479, £72, E7 TPV RT T EOEMEIEIC Lo TNBEEN RS, 20
& EDOBENLO L REAREX, ST EREHES 4212 Ko, H(4.8.8)~(4.3.5)TXK
D 5D YR/ N 4. 3.2 O a fi~c W) DRI, ~F.[— 12 H\\ T, 2h b %&Hp
MR OMBYE R TH YT 5 2 & TR DD, FEOFEE RSO R EXIH IO
x4.4.1, £4.4.2 P57,

F,=1.0 (4.3.3)
F.= (H+B' —Hp)/2B' (= 0.44) (4.3.5)

R
A
\F__,_—r—"c
| H = 400 mm
ib
i
 S— 3
——— a ______ -
le |
" B =200mm
4.3.2 HEHMEMOLEMBOMERKEHETIL
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4.3.3 RS TLAICBTA2ERESR~NDIEEETIL

ary 7 Y— AT 7 EEOFMEAR T, FHiREKE O TEANEL D, HiRZER

ST mATAT DB Q0 [WEH(4.3.6) TR I Do KKIFFILO, DIED G0 LD KE L
BT, 1pQmlFBA, TRDbHATT Ll bEKA~ENHT 5,
at@m = pAmGam + cvm) (4.3.6)

rddm = En * €ep5 - 0{(Bar + 273)* — (6,, + 273)%}

cwdm = har(Oar — Om)
TIT, By BIRZERD B R EEHERIA0), £y s RATHE (=227 U — ROk
$13.0.7)43), hyp : FEMNELHE T O X IREYR#EZE (6.4 W/(m2 K))49, 6,1 : IENNEMAIZE KR EE (20 C
—IE)

4.3.4 THRHBERSDEEETIL

WEHDICBTLEAET NV E LT, WEM LM A £ LD CTH-OERERICE S #
A, WM OBWIMEEGEVRER, B, BE)OREL G AT L i TIEPRES
NTW5, JFH 4100, PEH oBWEEL —E & L TR, BUEHEoT P2 &
%, Eurocode 443 TlX, #HEM OBWIMEZIRERFEOREEE L TRV, BOEEE 2=
B X0 BB iR TFIEDREN TN D, MG KGR FHES +2 T, WEM 2
EHMHEIL, FEOBREDED T—IRILEMEIC LY EMIEE 2R 5 FiEN RS
TW5, ZHOMIrFER, HENEECTHY, WEMOSEEAYMEZEMcEETE S
HTENTWD, —F, HEMOREIRRNOBMMEEL G T 5 2 L3RS T, BIfE,
RO BWPEME AR SN TV D BEBMEHIR DN TV D, & 2 CARFZE T, iR
DEDVEE N STV RWEEM IO T, PNRBRRIC X 2 BRI RSV Tl
BHR D) \CBMEE 2 TS T X, SRMIRE ORI IR C X 2 S G T LV EIR—ET 5,

B 4.3.3(a) ICHEM OB ST T LV ART, 22T, WEM ORTEIRE s, app 23
BOREEG, &, WM O EEANRE ) ynexp BWIIMIRES,, & TN ENE L, WEMNEO
IR A DGRR[0 A, TR bLEFREIZARDL Z LA IET D, D& SWBMA
L TRED DIEFMATAT DEE 0 [WIIE, KR DHIMEEE COBMaL L7 2
ZK[W/(m2K)] Z AT, R(4.3.7)TEREND,
pm = rpAmK(Of — Om) (4.3.7)

ZIT, fphp : MK [m2] (Eurocode 4 25512, WBMNAORER LA 2) =
Iz, B 27 2 v ZKIE, WBM RO ave. (= (0 — 0,)/2)ITIKTFT 2% E LTH
2D

COWMBERET N ERIRE T LHL, KA DD Q. 0, O NELIIUE, Bla &
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U8 AKE O e PR ETRD Z LINTE 2, REBRTHWEZAES 77 7 v FOKIT,
4.3.3(b), @ IZRT LI, ERRABRKL FHEDO AES 77 4~ F12.5mm J&) THE
S/ NVRERER AR (200mm*200mmX9mm & S OHHR) 2 VT, #EM 5 0 1 mhngh
B A ENE L, 55N HMIRE EEBVEE N SR S D, EREBRET, N LAk
DEAMHZIEE 50mm @ AES 77 7 v N CTHGIZHENE LTV S 7280, AR E EF40
FTRCAES 777 v h125mmE) 2N L CIRALZBEIC KD &2 615, Ko,
KREMICRB T DB & 2 AKIE, INRERBRIAOBU XA K T L 7-X(4.3.8) LY
KD BB,
Cs AB, /At

_ ll)/ts o _/ 3 (4.3.8)

ZIT, ps: SAMEE kg/m3], c : SR HLENI/(kgK)], tg : SME S [m], Af,,/At : SEHR
B B EE K]

/NRIERER O B AL MMBMRE & SR E 2B 4.3.3(d) 12, X(4.3.8) TRd 7= & I
ZBT DK% pe. & DBIRICER L2 D& B 4.3.3(e) 12757, 800°'CLAREDK DELILIL,
4.3.6 ffii C£I 35 700~800°C CTHEN K E { EHT2MMHLEET L 49Z H\ 272 T
b2, ITTOKIZIE, EREZEBT LM aERT 2,

BB OWNERIRE [ZBREFIREARET 5 Z OBREAE T /WL, B EogE S 2RI
LIEPFIETH D, —JF7 . NGB O IMMEGER ) 515 5 AL 2 SR IR & NEE EE o HIE
T—=RDOHRNOBYMELERD D Z ENTE, HBEBMOBWMEEL LT, BMRESE, B
HEER EEZNTNEBNCEEET, Blar ¥ 2 ADOHRTRORZ D LWV FIERH
Do BARMEHCHBE N R E WG S IIIEEM P ORESMILEMR L R0 EE 2
HILDED, ZOHRITITEKRSARESZOFENEENDIMEE LTKREH SN, REFE
il & ERMEOEEMEIIRT-N D, BKRECHBMIEINERL56120%, GKER, #HE
JESBICBA L X I X ARG TALERS LN, T TRELEMABEHET VX
AES 77 oy MU OB BN HEA FTRE CThd 5, Bl 21X, FIaMEm kK& D X 91,
TNEEF IR S & B B35 L0 M EHC b A FTRECH 5,
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Protection Steel Heating sur-

gf Opsurf. = 0 |+ face area

f-pAm
= J,pﬁm;{(af- - 0,,)

_pr,unexp. =On

K: Thermal conductance
(K is a function of 8¢y, 4y )

(a) EBMDIZEETIL

‘ X : Steel temp. + ! Furnace temp.
; = e
Small specimen (Steel plate t9mm) 100mr .
o Heating
50mm .

yx x

AES Blanket (t12.5mm)

12.5mm

% %
Small specimen (Steel plate tgmmbl

ET
E«
o

200mm

R

S50mm

Insulatiocn {AES Blanket)

| 200mm

(b) NEUERERIA S & UFR

EXNREME () NEEABRIADHBINR & PR BRI E L E

1200 50 g
— S 8
o 1000 © 40 | Test g
— g
® 800 sz
3 g 30
T 600 B
2 S<20 |
£ 400 = = ‘
s =
= £
200 g 10 r
e
- 7
0 L L L 0 e ! ! ! !
0 30 60 ) 90 120 0 200 400 600 800 1000 1200
Time[min] Average temp. of protection 8y ape [°C]
(d) NEUERER (A D INEAGKER A 5 (AES TS o7y bOBOVE Y AURE
Bont-REAEE WEMTHEREDERF

4.3.3 BBHEDIETHHBERETIL
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4.3.5 TyxTIL—rEaLH ) —rORBDIERETIL

FoFxFTL—FrUUT, TvR)EFERLE-Zar 27 )= 27 702BWT, TR TFRND
KEMBEZ T DL, BERICLO T vxnar s U — b HEEL TRRBAER SN,
Wi R a Rl 5 2 L BHE IN T APt a1 ERKERERINTHEDT v ¥
MHa 7 U — F~OBBENL, T v X0 ORNMMEER LOZEREOREZERIZLD
SMBREIC L VAL D, ZERBICKIT 25 REREL B ICEE T 2120F, EXETO
BUR A Z 2 TEKERELZ RO LVLERS Y, ITET VN EMEL 705, £72, Shivam
Sharma b “WFHBERMITICLY, T FRHEET D Z LIk rERERE K a7 )
— MEEICRFTEELRS, Ty XnOOMFRY NN THLZ 2R L, 22
TARFATIE, Tovxear 7 ) — L OROERET LE LT, 4.3.4 1TRT LI,
T VXN DI BARZED S a BT D HBMRREIC IV T v X D& Fm~RAT HE
B0, [WliEiR@.3.9 c£&END,
aQmn = apAmFngesra{(6n +273)* — (6, +273)*} (4.3.9)

ZIT, aphm : B X T DT mOREME M2, F, : BEEKELO[-]), fp @ AKX
ShE 43 @ipr & 27 Y — N ORG R OTE= 0.9%0.7 = 0.63[—])

BUREN/ NS, BHEKRICEINDT v X%, MEBRMGE, RENE EF L TR
Wcar 7V —rnbHBET2EE2 06N 5, B4.3.5 [CEREZEDOT v FOFBERM Z =7,
CB-RC(K 4.3.5(), b)) TIFA RV E2REICBWT 77y b T v XOFEEN SN,
CB-CS(E 4.3.5(), NZHBNTH ARV RRTT v XOHPENRA LT, AR st
DT v FEEERITEFE 4.3.5(c) B)T—HB, BALENK > T\, 27210, BEfldoflE
FThENWZ &, F R L FIEETIIS U7 T RIRIER B L 72 5 Z & v n, CB-RC
& CB-CS OFEHTIZEBWT, T v X 0nb a7 U— baDREIWIAN & S X DB A
ELTHEEZIT,

e Ambient temp.

°

» Concrete
Heating sur- em
face area : T

- Air layer

dpAm de.nU ] y
e I Deck plate
n _
e Fire

434 FTyxTL—teavs)— FORDERETIL
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223567z |

(6) R/SAR (CB-CS) (% : LIHD, & : &#) (d) PRI (CB-CS)
4.3.5 RBROT v ¥ T L— FORIEKR

4.3.6 $MEaO)— FORYIEE

FEHTIZ R OV D8 O B e, 38 L OBMRE A 121F, K(4.3.1008 L O0X@.3.1)Ic L b
Eurocode A M\ =, ¢35 & U & EMIRES,, DBIfR K 4.3.6 B L OB 4.3.7 IZR”T,
B p I XIRE T HF 7850 kg/m3 & L7,
20°C < 6,, < 600°CD & X

cs =425+ 7.73x10716,, — 1.69 x 107302 + 2.22 x 107983, [J/(kgK)]
600°C < 6,, < 735°CD & &
cs = 666 — 13002/(6,, — 738) [J/(kgK)]

(4.3.10)
735°C < 6, < 900°CH & &
¢s = 545 + 17820/ (6, — 731) [J/(kgK)]
900°C < 6, < 1200°CO &
¢s = 650 [J/(kgK)]
20°C < 6,,, < 800°CH & &
s =54—333x 10726 /(m
s m [W/(mK)] 43.11)
800°C < 6,,, < 1200°CPH & X
Ae =273 [W/(mK)]

27 ) — b DO EENT Eurocode 4 IZ7rENH TR EZAWS, 7272L, 227 J—FFh
WIS DIFAE L, FOIRFBBERUZ L - T 100°CHHE CIRESERNE X 5, ZNE2FBICE
BT 512018, BUkSRIEBEIT T /L 4102 AW THETAIVERD 5D, EFELOAHENK
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T, Ko T, KRN CTIIAKSBENIZEE TR ORBIBAORELHIET 5720,
FEMT B I XA TS KGR RHEEHI R S5 55T 95°CH D 105 C O TR Y 3
BHHEEE Y 8L 7=X4.3.12)I2 L B BB & V5,
0, <95,105< 0, & X
cc = 890 + 56.2(6,,/100) — 3.4(6,,/100)? [J/(kg K)]
95<06,, <1050 & X
c. = 890 + 56.2(6,,/100) — 3.4(6,,/100)2 + Lw,/(105 —95)  [J/(kg K)]
ZIZT, L KDOERREEER25T kd/kg)t19, wy: 227 U — hOEREKE[%], =227
— FNOEREKBw T, HBRK L F—FRMUECEA L/ VRN Dk ER-7a 27 )
— a7 EAWTERL, ZORIE3.50%TH-7,
27 J— hOBYRESR) 21T Eurocode 4 1R ENAHH(4.3.13)I2 L 5@z 7 ) —
D EROBRE S Z -,
A = 2 —0.2451(6,,/100) + 0.0107(6,,/100)? [W/(m K)] (4.3.13)
B LU0, & EMIRES, PBE AR 4.3.8 BLOE4. 3.9 1TR"T, a7 ) — MNEEIX
IR 5 2300 kg/m3 & L7z, it B, X7 7NICEL S 5851387 b,
2T THNOBMME L= > 7 Y — FDOHDOEZE V-,

4.3.12)

= 5000 5 8000

< : [

o £ 7000 |

< 35 [

S 4000 ‘s 6000 |-

3 B

2L ] L

3 3000 g 5000

[e] (&)

- % 4000 -

(0] “— r

< 2000 ¢ 3 3000 -
Ny

& [

g 1000 £ 2000 |

L 5 I

o S 1000 -

=1 [0] r

Q L 1 L 1 1 1 1 1 L ) 2 L L L L L L 1 1 1 J

2 0 5 0

b 0 200 400 600 800 1000 b} 0 200 400 600 800 1000
w

Steel temperature [°C] Concrete temperature [°C]

04.3.6 S DALY 438 avsy—OAMELRY

Z 100 § 4 -

£ 3

S 80 =

E T 3 r

B o

- o

ey 5

© | S 2+t

> ¢}

£ 40 \ :

. :

3 S 1

§ 20 -g

I °

% 0 L L L L L L L L ) g 0 L L L L L I L L L )

= 0 200 400 600 800 1000 o 0 200 400 600 800 1000
'_

Steel temperature [°C] Concrete temperature [°C]

§4.3.7 S ORzEE Y 439 2V —OREER Y
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4.4 EBHMAKEEBEESHRBOR/NUhROMEANEED
441 BFREETILEBRIHK

AR BT D ESRTFOSEET L E LT, ALC {EERBRE SB o7 L2 H
4.4.1, @442, %E RC 27 7B CB-RC DET LV %2B4.4.3 12, TvFxE
KA T THAERERE CB-CS 0T V%X 4.4.4, F4.45287, DTRORBREKITEW
T, NRWHENOLELEREEZBE L, Wi Of Y0 0k %7 b L CHRALE 4 W
BURHICERE LTz, NRIIT 770, v=7, E77000 3 2ltaEIL, CB-RC &
CB-CS a7 ) — R AT 7 iE@m S FROSEIESZAt, =5mm & L7, SB 5LV
CB-RC T, /NREOMERT M OB D 5T, A/ RGBT [ O
FEZEITA Ul niash, Ml m OBMRE | TEH x5, Lo TSBEB LU CB-RC TlE, H
4.4 1~4. 4.3 |TRT X, ANRUHFRIZEIT ZBMRE TR W & AT 7 OE T
DHEET D, —H, CB-CS TIIT v FOILRIIRDH D728, MG Iz THIRE
ENEUTAEEIZLA2BBHNELS, Lo TCB-CSTiE, K444 BLUOKA.4.5 O
@IZFT LI, MG CORBELEET S, EEOT v X RITITERETE R H 0,
U ZMEHENR AT TNOREIZEET S 4197 Lo TV DD, REENT ClEEMibD 7=
W, REBRA LR =AY v FA50mm) & L7 BB It L=, £ =7 m ot
HEAEZEL, K444 BLORE4 4.5 O@@)IT XL 51 150mm O#EPHD 7% €5 4L
L, ZOkADOEmSIIBEER L L,

ANRHYRZET D SB & CB-RC ORFEMN 2T TORNIA A K 4.4.11C, CB-CSD
BUNEAAER 4.4.2 |- TEBEFERO-ERESM), BEHEIT, bORZHIBIT %
& COBUTAERE, FA&ETF OIREE EHIEHEEAG,, /At(mITH&E T3 5) IZHRFEZI At (AT
Tl Eurocode 4434 BE|Z 5 B L L70)a®T 5 2 & T EAIREAG, &RD, IRORT 7
t + AtIZE T D EAETIRIED,, + A0, 3RO LD, T VAT T BEf & TR VD I Lt
BT 52 L TEREROIRENRD HLD, LT T, AU HRORKRNZRE T HE
WNKIZHOWTEAT 5,

WO F7 7 VOBINE

SBDOANHRIZBITLH T 77 VOBINEIAEREL 41 OLFNITRT, T7T70VD
HAZRFRIS 72 0 OFBEIE, KR O DOWMABE (Qp, & 7 = 7706 DOBMREIZ L DAL
B Qur,w, PTAITRO 1D 0 1Qur,w, B £V Qur 13(4.3.1) D ;@ 3 LUK (4.3.2)D 0y,
WZENZNHIE L, mIZLFZ, niZWZ2(RAT 5 2 & THIMABED RO HILD, LH DX

1%, OB FICBWTHEEETH D, CB-RC DA hROT 75 POBINT 21X
SB L RIEROREZHW G523, CB-CS TldkikoFk 4.4.2 oGNCRT L7 7P LA
BRIZ, MlAaCHlY A T7 70 Vb 0BYREIZ L D HARE L BUERICE EN D,
QU = 7 DB K

SB DANHRIZEBIT DY =7 OB EFR L 41 OQFNRT, Vo7 TlKEN
5OWABE Qu \TZ, ET7 72005 ORI K DWMABE,Qu,ur,» 1Qw,1r 3 E
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L%, CB-RC DY = 7% 8B LEEEDEUNIK L 72V, CB-CS TIIMfl A mIcEEY &9 v
T NOOBRELERIND,
B E7 T PO (SB)

SBDANHRIZBIT D ET7 T o VOBINEAAERAL 41 O@)INITRT, 227 U —h
(ZHEARBMRE R NIEF /NS ALC % EmICERE L7- SB TlE, E7 7 0¥ EmEWiEsE
RELTHD, LER-T, KRDPLDRABE Qup, OFHREICHWLIMAR T L7 T
Y EHEABBEERE LT, LR > T, KB D DA Qp, DFHEIZ AN D INEL
REFE ALp S, E7 TP O/NOMHEE Tl 218 &7, FEEIRELEIF,, b RO 248
ELFAEIND, BMREIZ L DWMABREIL, Vo7 bR EET D,

WD ET7Z DB (CB-RC)

CB-RC DA HFRICEBITAHETZ T VDB EXEZR 4 4.1 O@HINRT, %E RC
AT TNZELDERETHL CB-RCOLETZT U VIZBIT5 SB EOEWE, 27 U —hKA
FTEOBBINELDLZETHD, LER-T, SBOE7T Yo ERIciE, v
7 ) = F AT T OR FIBHKFCS1,7 5 OEMEEIZ X 5 HABE,Qur, ser, BEEND, T v
X EWMAT THEED CB-CS OF v X B/ED L7 Z7 o DI2B80Th, AT 7 L OIS D
7z, CB-RC LFHRICA T 7 D FIEHsF 02D DIRABELZEET D,

R Lt e
~ >~ (Insulation boundary) = (Imulatpn/bo/u.mjary)
3 8 r—uF,
‘ § _§ ™ 19w, uF;
-8 - T Qw;
. 5" IS ‘*Aﬂf=0F1re
= &
T S Jihw
.S =] 13
2 21— aQwyrr;
Y~ \ [ ) —‘—I_i .
~—_ iQLF' Wi T~ LF, i
441 ETFI725000BIZETIL(SB) N4.4.2 9= TDEILZETIL (SB)
.| Ambienttemp. | 2.
s L =
T ecs2a, ecp2a; | 5-
81 sy, : i
T Q O .
- & —'L. aWurcsyy gCDl -8
T8 2 =N
sl 1 : Deck o
-8 UF; ,rQw = i
_ ‘—:" I lQu.ﬂ Wi Ftre
D
e Wi
3 LR

443 E75 0 DEULETIL (CB-RC)
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1 — '1sodny ¥ ot T
Z/xve |4 2/ ley iy = 'mlany 7/ g My = MM iy ¢/ lxyMy = MY (v B B
/ey My = 'mlangY Q54

d
AN, ﬁ ="y 4y = My AYNYe/E iy [-]
4+ 1% g2 + 917 A+ (B + 2/ g SELY SEvIN
y(,g +41) = y? xy(,g +42) = 40y (417 — H) = "My v (g +43) = ¥yt L
By I
¢/xviag = g z/xviag = "y 2/1xv(417 — H)M1 = "My z/'xviag = "y [l Fs S5
Ling S 4 SOt 4 tmldng¥ — Mngd 4 tmrangt — iy 4 HTIMpY | ntmpY — g4 4 MY =
_ Mq Nkb\wmQNkbU - uq whb\—mQ.ﬂmbb - wq N\S\—mQN\SU _ Nq w.&d\—mQ.ﬂKQU UHN_MM_\:%
gy gy “gv gy
N (o A T Min LY v '‘m ¢V YE M Ly v SR ERE
0U-dd) cnscq () ds) Lo (9 L74@) antrd (1) GRS

(04-90 2 95) EXMEQ HILNER/BOWhANVY | Vv E
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BGYA T TIEERETIC BT D T T 2 P OB (CB-CS)

CB-CS DA RUHIIZEIT D L7 T v (AT 7 IEFEMER) OB K X% K 4.4.2 D(5)5
T, TYFIEICBIT A LT o0 TIE, AT T EoEMARL ETV T oY EEBE
BARRITES D, L2 > T, KRD S OWAIE Qur, DFHRIZHI W 2 MR Ay,
i, E7 e YoREE TEICMZ, E7 70V ERmbEEND, FEBEBRIE,:, b
FREOE 2 ME L CRtE SRS, SBEBEIVCB-RC LR D, AU T T H A
HOBBENAEL S CB-CS TIE, MEIlihmIcEEY &5 27 7THiHo L7700 (X
4.4.4(a) ) L OBMZEZ EBET D,
6)7T v X7 L— F OENIZ(CB-CS)

Ty XROBNKAERA 4.2 D6)INTT, T v F THE, KEKPDLOTRABEQp, & =
Y7 U= bhRTTEDORBEOLD RO L DA ,Qp,, , cp1,,, E BT Do 4Q,, 00144,
1, R(4.8.9)D Qunl KIS L, miZDi 1%, niZCD1 ZRAT D Z & TRAZEN KD 5
na, 7 vxoRUEAL CB-RC LFEETH 5,

(N E7 T2 Lt 2 25 7 FigoEN S (CB-CS)

CB-CSD L7 T VLML TND AT 7 PO FIZBIT 2B E R 4.4.2 D(7)
SN, BERIK CB-CS TiX, 7 v ¥ &/ N ECTEBEMICEE L TWDed, L7700
Ear 7 ) — bORITIEERIZIET v ¥PMFET D, LL, 7y FEIH lmm TERE
WIS, ZOFEHTIEar 7V — o7 yXRHEET 5 2 LI2 L5 ERE LRI
N2, AT B, ZOESOT v FIXERT D, KFCS1,,, T, BT T PVUFL,, b
DA T THEACS21 8 T ORIEHFRNCEEY & 9 AT T CD1j D DBREIC L DA
%&AQCSHLUFHI! 1Qcs, 1,524, 5 J:Uansm,cmmﬁgéE L%, &biZ, M4 4.5@I2RT LI,
M7 IEIZBED & 9 7 % D814 0> B DEHHT & 2 AR 1Qcs,,, ps1,,, DATRICEEND,
CB-RC OHEfT & A ¥ v FIRARIEE b FEIHEICA T 7 FHHEE TR+ 528, CB-RC Tl kL~
TV L ERDOAT TRFNO OBYRED B A EE L2 e 2 5,

PBRLERTTEOARDR LT HI21E, WEEEAET HHEMEAX v RORAKR
FEERET 20ERS S, S OBILHEIZa 7 U — X0 R K&, BEfF& R
X RNOBE S FHORESAIL, &R RBRWEFTO AT 7 NOBE S FH O
BN ETRRDEBZEZOND, —TF, AT T Pt E A% v RIBRDOIRED HTE
Z25E, MBODERIB/ NS WATRRER S D, £, BMNEAZ Y KOBREE D
ETFILITHEMETH Y, EBELOAENKE N, T I TAMBITICBW T, BEffE 2Ly
RiZET/ubEd, B0 P8l b ar s ) — AT 7 PO -IRE 2 a1t
X RAL y FIRARIRE & Aot 2 & EBRE & OEIC L0 BT 5.
(®)IEMBMAIZE KU EET D A T 7 ES OB (CB-CS)

CB-CS OIFMBMAZELIZHET 5 AT 7 (T v F ILUE) Fisic B 28U 2% 4.4.2 ©
®FNZRT, AT T EIOKT7CS26; TlX, THO AT 7T 1CS25;, MEiFMmICEY &5
AT THEF 826,113 T OIE S AIZEE Y & 5 CD26,7> b BMAEIT X D ABE Qesze,c525,»
AQCSZG,»,CSZsH_l}S £ zﬁAQCSZGi,CDZGibXE b, &7, HIRZER D @?ﬁlﬂ%ATchzei HAEL D,
arQcsz6, 13, F(4.3.6) D 47 Qm (TKFIG L. miTCS26, AT 2 Z & TIRABENRD HiLd,
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Ambient temp.

\ A 3 TQCSZéi \
'-“N L\F AQCSZé,—.m%___
\‘326i o <« «CS26i1;
ok eCS25{;
Concrete \SSZSg D ANCH26,C525; \
i A e
| Fire DS; \ :
I 0 . \ ;
. irQur;| «CST,, | H
Upper =~~~ el A<—— ha P~
flange i eI
~ B ~yF [1QurbF;,, UFyu[ ~E
=y g ad ™ 3~
~ -g ~] /'[QUF,:WE Pz, _8 =y
weo . ~5~] lw | Lw B
~ ® ®
= =
&0 7]
\\:\ MBS
LF; LFi4q T~
Lower [ --—-T=-_- s Tl e
' o
flange 1 —--oec -2 it TR S
. TR Ax; Axiyq \\

(= 75mm) | (= 75mm) |

A

(a) MEARODIEF5HE
M4.44 £I50DERSTLEEDOEIRZETIL(CB-CS)

arlds26i__ p°

Ambient temp. ™

2Qcs26;,cp26; |

C526; o8 e——— e (D26,
Cs25;—ol ® cp25, | S -
DsLi— PDLipgek| -

]

——*Fire
—"*-\—LT rQur,

Insulation boundary

UFI' F

k\ﬂ,QUFI',Wi

.,

i

/

Insulation boundary

(b) A-A" BTE

) T~ Ambienttemp. | -
= =
‘ b i .C526|'4_1 .CD26,'_|_1 ‘ g -
' Do . = T~ = .
Concrete < o~ _ aQcsiyacs2im css. L S -
|r :“ Ff?‘e:\DSi (“Sé'*{. %.-QC“ ?Hzc'j‘ig?‘fl: ‘-‘_""--“ N \ i:é_l AQCSlE.q.j_.CD Lig1[ _8 =
T ~J | 2 P e - =
! e D51,y 4 ~ - / ik c
Lppat i - L N AQCs144 UF T CD.}K“’ -8~
ange: Soinses =8 R k1o | LR = . — ; - ~
~ 2~ |UF; A Cligs | 1@{5‘1‘;“‘(!1-“1 : Dy NN z -
- 3. 4 | il Sy ) E‘ \ i+1 \ = v
8 7 alesiy, bsh, UFipy |~ 2. ~ & |UF Deck g N
B - ] i+1 N =
N P D T o ~~
b .:M % ‘:w owl' . l’Jl"'!'+l--._ 5 'u“‘ e g - fQDHl {IQD[+1,CD1j+1
T35 ] - 8~ ~ o e
R e ~— 9~ > .
LF; Ly |~ B~ o B W1 Fire
: — 1 ~ 8
T~ A, Ay T~ ~ 7
B " (= 75mm) | (= 75mm) _: ) B ™ B
( ) 3 ( IB; ) < £ = LF£+I

(a) MEHAEDEFIE

(b) B-B’

445 TyFrITL—FERTTTIHRDEUNZE T L (CB-CS)

164

W



7/°vg = i._onu..GNmuvk

THyy2y = $£Su;+:mu<<

T+17 0 T+1
N\.Gnqm — [AY] kud\d —

/9% = Em:ﬁ:v&

[;w] b 2

ey ay = 0LaITsapY TS Y 7/ ey = TmtdnyY D5
) 1 . 1 . 1 +91+7/9 : [—]
0T = 19259, o1 = "Isoy o1 = My 4 = lny !
G2+ (1 + 2/ ¥y Al
) ; : ! 4 )= [;w]
vy = 192504 z/%wg = sy Ty dg = Maydr = Mayd wia++e/a €
z/'xvg 4 Lanyd B BRI
z/xv’vg = 19259, z/ Y xvlvg = H:E\_ THiyydydg = Ta, z/xvig = Ef FE_ )-8
Tozsopy LV 4 Ttlozsolozsopv Hhsattisopnp 4 THlzso tthisoa v TH1g e
i ;@ + _ i’ 0+ B of + o o+ arttgap | ﬂ+.~Q®\ _ f:@k n :.f:..f:@« " .CS;{.S@& _
192ao19esop)¥ 4 1s2s0"9zsopY = tarHhsop¥ 4 HanTHsop v - .
WV g sg™ia W sq? Y2 Kl
WV 19250 ,04° W o 5 T+ w—— U o) danysglang
12019252 152499 7150, gy T
SNmumq gy ov
YA, vy vE e £50) 0 A A ™a SV vE W1 Vv vE SR HRE
? AL
qers Jo #8pe 1eddp) () (WLTHO7 A ELT) =14 L (9) RALLT (9) B

il L4 (L)

(S0-90) EXEMMECHIZNEHRO¥DANY TV VE

165



4.4.2 BITHEREEBRHBEROLLEK
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F7I7 0BT

ANRCHRIZBIT DT 77 0 VBEOY = 7O ROMNFE LT, & HMBEEHE
o7 CB-RCOfER =R 4.4.6 12777, SBIB L CB-CS DfERILZ CB-RC LRZETH
v, fENTE, EBEL $I12 CB-RC OfER E DZEITH40CLL N Th o7, 4.48 X9, T
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DZEFHK 20CRETHY, L7730V - v THOBBEIN T = 7IREICE 2 58T
INEV, T, BT Tl s TICRERBEENETCYH, MEMOBMEE O
LI DEERWIEEN /NS <, KRS DOBGRA (Qu (AN THERIT/N S VAR LovET
RN Th D,

N A%

AZNRCPPUZBIT D BT T U IREORITRER & LT, SRBEOHKAR 4.4.7 IR
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Study of Bending Moment Resistance of Unprotected Composite Beams
with Fin-Plate Joints with Rotational Resistance at Beam Ends in Fire

AUTHOR : Naoya YOTSUMOTO
SYNOPSIS

1. INTRODUCTION

The current fire resistance design codes of steel structures in Japan comprise specification
regulations and performance-based methods. The specification regulations for steel structures
recommend the use of members that have been classified as fire-resistant based on standard fire
resistance tests. In the standard fire resistance test, a simply supported member loaded with the
allowable long-term stress is heated to simulate a fully developed fire. Considering the mechanical
and thermal properties of steel at elevated temperature, the steel must be protected from fire to meet
the required fire resistance time in standard fire resistance tests on steel members. The
performance-based method uses a design code in which the ultimate strength is based on simple
plastic theory to evaluate the structural stability in a fire. Because the fire properties, load levels,
and restraint conditions at the member ends in the actual building are considered, a more
reasonable fire-resistant design can be established. However, the applied strength reduction model
for steel considers a yield strength of zero at 700 or 750 °C; thus, suitable fire protection is generally
provided to the steel members. To ensure that steel structures are fire-resistant, the steel members
must be fire-protected. However, considering the construction costs, flexibility of design, and
demolition waste, the amount of fire protection material should be optimised.

In this study, the feasible fire protection reduction for steel structures was investigated by
evaluating the bending moment resistance of steel-concrete composite beams in a fire. The
investigated floor beams are connected to girders by fin—plate joints, as shown in Fig. 1. Usual steel
structures are composed of many floor beams, which have relatively low heat capacities; thus, much
fire protection is necessary. Reducing the fire protection degree of floor beams may significantly
reduce costs and materials. Fin—plate joints in steel structures are generally pinned. Nevertheless,
such joints have a certain rotational stiffness and considerable hogging bending resistance,
particularly at elevated temperature; this resistance can have a significant effect on the fire
performance of the beam. Consequently, the limiting temperatures and times until failure of beams
with such joints are better than those of simply supported beams with freely rotating beam ends.
When the load level is relatively low, the fire protection of the steel beams can be eliminated or
reduced owing to the hogging moment resistance of the joints. In the case of composite beams with
concrete floor slabs arranged continuously over multiple spans in a fire, the joints exhibit a greater
hogging moment resistance owing to the reinforced floor slab at the beam end. To consider such an
effect in the structural fire design code, the bending moment resistance and rotational capacity of the
joint with reinforcement must be investigated. The end joints can fracture before the beam collapses
owing to the thermal stress caused by the surrounding frame, which restrains the thermal expansion
and contraction of the beam. Therefore, the behaviour of the joint in the heating and cooling phases
must be studied in experiments.

The purpose of this study was to investigate the bending moment resistances of beams in a fire
and the behaviour of unprotected composite beams with fin—plate joints in the heating and cooling
phases based on load-bearing fire tests; in addition, an evaluation method for the resistance was
established based on the following steps:
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(1) Bending moment resistances of unprotected composite beams with rotational resistance of fin—
plate joints at beam ends in a fire were investigated;

(2) Behaviour of beams and end joints in heating and cooling phases was studied;

(3) Prediction method for temperature distribution in section of unprotected composite beams and

fin—plate joints at beam ends was established.

* * +|
Beam |3 | 3 Beam : | : Beam

=

Girder

Figure 1 Study subject

2. BENDING MOMENT RESISTANCE OF COMPOSITE BEAMS PROTECTED ONLY AT
THE BEAM ENDS WITH CONTINUOUS FLOOR SLAB IN A FIRE

To investigate the bending moment resistance of unprotected composite beams bolted to girders in
a fire, load-bearing fire tests were conducted. Table 1 shows the test conditions of the load-bearing
fire tests, and Fig. 2 presents the specimen shape and loading equipment. The test parameter is the
slab specification, which affects the hogging moment resistance of the joint; SB represents the
investigated steel beam with fin—plate joints. In addition, autoclaved lightweight concrete (ALC) was
used for the floor slab of the SB. The CB-CS is a partially composite beam (CB) that includes
composite slab (CS) with a single-stage wire mesh. Moreover, the CB-RC represents a fully
composite beam that includes reinforced concrete (RC) slab and a two-stage deformed bar. All the
joints at the beam ends are friction joints with high-strength bolts (F10T-M20). In addition, the
beam and cantilevers are unprotected. To prevent fractures and a decrease in the resistance at the
joints, the girders and joints are protected with one-hour fire protection. The load level in this test
was M, = 0.4M,, where M, is the total working moment (.M at the mid-span and .M at the
support), and M, is the long-term allowable bending moment of the beam. Based on prior failure
prediction calculations, this load level was determined such that it provided one-hour fire resistance
to the composite beam specimens; 0.4M, corresponds to approximately one-quarter of the yield
moment of the beam. Because the yield stress of steel becomes approximately one-quarter at 700 °C,
simply supported unprotected beams subjected to a standard fire are expected to collapse within
approximately 20 min under this load level. As shown in Fig. 2, the specimen was placed on pin
rollers and subjected to constant loads P with two hydraulic jacks at the centre of the beam such
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that My = 0.4M,. The loads P at the cantilevers outside the girder beams restrain the rotation of
the beam end; they were controlled such that the deflection angles at the support remained zero.
Moreover, the system was heated in accordance with the ISO834 curve.

Table 1 Test conditions

Specimen Floor slab - Reinforcement - Area of main rebar Corr;lngll te 1\/}; (zidol.i‘;i) lerlrlll;e

SB ALC (no rebar) None 28.9k Nm 41 min

CB-CS Composite slab * wire mesh (WFP-®6@150 single stage) + 170 mm?2 0.67 43.7k Nm 52 min
CB-RC RC slab « deformed bar (SD295A-D6@200 double stage) *+ 253 mm? 1.00 45.0k Nm Over 90 min

*1 : Ratio with respect to number of headed studs required for fully composite beam
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Figure 2 Shape of specimen and loading equipment (dimension unit: mm)

To provide some examples, Figs. 3 and 4 show the temperature distributions of the unprotected
composite beam at the mid-span and joint section of the CB-RC. The temperature of the lower flange
at the mid-span after one hour was over 900 °C, and its yield strength decreased to less than 1/10 of
that at ambient temperature. In addition, the temperature of the upper rebar remained
approximately 100 °C, and the strengths of the reinforcement and concrete on the upper edge of the
slab exhibited approximately no decreases. The temperature values of the bolts remained below
600 °C within the first hour owing to the protected beam ends.

Figures 5 and 6 present the mid-span deflections and deflection angles at the joint. Moreover, Figs.
7(a)—(d) show the damaged specimens after the tests. The times until failure were 41 min for the SB,
52 min for the CB-CS, and over 90 min for the CB-RC. The CB-RC did not collapse until 90 min; its
ultimate strength was determined by gradually increasing the load until the load-bearing capacity
was lost after 90 min. All specimens exhibited a deflection of the double curvature (see Fig. 7(a)). In
addition, the joints did not show fractures although they were considerably rotated (see Fig. 7(b)),
and the bolts experienced a shear deformation (see Fig. 7(c)). Thus, the joint had rotational
resistance, which increased the time until failure to more than twice the expected time for simply
supported beams. In the CB-RC, the deflection and rotation of the joint were greatly suppressed
compared with those of the other specimens owing to the effect of the deformed bar on the rotational
restraint at the beam ends. Nevertheless, only the bolts contributed to the rotational restraint in the
CB-CS because the wire mesh at the beam end fractured at the initial stage owing to its low plastic
deformation capacity (see Fig. 7(d)). Therefore, the time until failure of the CB-CS was closer to that
of the SB rather than that of the CB-RC. Based on elastic theory, the deflection angle at a beam end
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that is reaching the deflection limit of a simply supported beam is approximately 0.15 rad. In this
study, the deflection angles at the joints exceeded 0.15 rad in all specimens. In addition, the fin—
plate joints exhibited sufficient rotation capacity without fractures.
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Based on simple plastic theory, when the total moment resistance (sum of the sagging moment
resistance at the mid-span and hogging moment resistance at the joint) decreases to the working
moment 0.4M,, a three-hinge state is created, and the beam collapses. The sagging moment
resistances pM;" of the composite beams CB-CS and CB-RC were evaluated with the full plastic
moment by considering the composite effect of the slab and steel beam. For the SB and CB-CS (their
wire meshes were fractured in the initial heating stage), the hogging moment resistances ;M, of the
joints were evaluated by considering only the bolt component, as shown in Fig. 8. The hogging
moment resistance M, for the joint with slab reinforcement of the CB-RC was evaluated by
assuming the force distribution in Fig. 9. It was assumed that the state in which the lower bolt
reaches maximal strength and the upper reinforcement reaches the yield strength corresponds to the
bending moment resistance. In addition, the force distribution of the bolts located between the lower
bolt and the upper reinforcement was assumed to be proportional to the maximal strength of the
lower bolt and distance from the neutral axis. The same proportional relationship was assumed
between the upper and lower reinforcements.

Figures 10 (a)—(c) compare the calculated bending moment resistances and experimental bending
moments. The calculated times until failure (the time until the total bending moment resistance and
total bending moment become equal) were 52 min for the CB-CS and 90 min for the CB-RC; the
times until failure of the beams with fin—plate joints of the SB and CB-CS could be accurately
determined; and the values of the CB-RC that were determined with the proposed evaluation model
are rather conservative. As shown in Fig. 10(b), ;M increased to approximately 40 kNm owing to the
thermal stress in the initial heating stage; however, it rapidly decreased to 10—20 kNm (as that of
the SB) after 7 min. It was assumed that the wire mesh at the beam ends fractured at this time, and
only the bolts contributed to the subsequent rotational resistance of the joint; ;M of the CB-RC was
more than twice that of the SB; thus, the effect of the rebar on the rotation restraint at the joints was
considerable. However, the ;M; values of the SB and CB-CS at the failure moments were of the
same order as the sagging resistance gpM,;; the rotational restraint caused by only bolts significantly
improved the fire performance of the beam.
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Figure 10 Comparisons between experimentalmoment and bending resistance

3. BEHAVIOUR OF FULLY COMPOSITE BEAMS AND THEIR END FIN-PLATE JOINTS
IN HEATING AND COOLING PHASES

The load-bearing fire tests on the unprotected fully composite beams with fin—plate joints, the
axial deformations of which were restrained by the girder frame, were conducted to investigate the
behaviour of the beam and its end joints in the heating and cooling phases. Table 2 shows the test
conditions of the load-bearing fire test, and Fig. 11 presents the specimen shape and loading
equipment. In this study, fully composite beams with RC slab and two-stage deformed bars were
used. The section specifications of the composite beams are equal for all specimens; the OUP is a
simply supported specimen used to investigate the fundamental fire performance of a fully composite
beam; the 3P and 6UP specimens are composed of girder frames and composite beams, as shown in
Fig. 11. The composite beams of 3P and 6UP are connected to girders by fin—plate joints, and their
axial deformation and rotation at the ends are restrained by the girders. The differences between the
3P and 6UP specimens are the number of bolts and fire-protected or unprotected joints. The load
level in these tests was M, = 0.5M,, where M, is the total working moment (.M at the mid-span
and .M at the support), and M, is the long-term allowable bending moment of the beam. In the
simply supported beam OP, loading and heating were continued until the beam collapsed to
determine the sagging moment resistance of the unprotected fully composite beam in a fire. For the
composite beams 3P and 6UP with girder frames, the heating was stopped when the ISO deflection
limit was reached, and the loading was continued to investigate the behaviour in the cooling phase.

Table 2 Test conditions

. Boundary condition | Number | Protection Load Condition of
Speci-men o level
at beam ends of bolts of joints M, loading and heating
oUP Simply supported — — Until collapse
3p 3 bolts X Yes Stop heating when
Bolted with 1 row 0.5M, deflection limit is reached.
girders 3 bolts X Continue loadlng
6UP 2 rows No during the cooling phase.

273

Failure L

100



My = |cM| + | M| = 1/3M,

) CPIeft Cpright

T l l il
: M = |

| =
,,,,,,, '}\:7 3/
LLLINS LY

< :Furnace temp. measuring point

' Displacement measuring point

Girder| (protected) . = adie i 300 |
1 [ Loading beam 1] Headed stud ¢ 16@150 |
] //ﬁ’» RC slab ) L ¥ - . Y [[ hy
A Y, /A AN A /A A W A, A,
E Unprotected beam b % E

Stiffener tomm -~ - S Joint
%,Pinfro\ler - (3 bolts, protected)

4,600 (Heating area)

Patition boad

| |
2,100 | 1, 200 [ 2,100

8.5 5,400 (Support span) 87.5
5,575 (Total length of specimen)

longitudinal section

= 2]l —— Girder H-350%175% 7 11(S8400) L=5205mm (2h protected) i L =)
s [Fiaw A - TR 7
T |mereesl - S 7 (7 T
- RC slab. t120mm, Rebar 2-D108150(5D295) g
= b ¥
%5 £ s g
=2 [T = 53
b =3
P A R R R AR 1 | And e & v V-t i ¥ Bl S
8s | . . @ o
+ |5 = ¥
58 i ! | g
§§ i “— Unprotected beam H-300x 150 x 6. 5 x 9 (SN40OB) , Headed stud ¢ 166150 Loading jig J; =
Gl i Tesso & o
Tioees — — lsese 33 &
s o . 8

Plan view
Figure 11 Shapes of specimen and loading equipment (3P) (dimension unit: mm)

Figures 12 and 13 show the mid-span deflections and mid-span deflection rates. In addition, Figs.
14(a)—(f) present the damage to the specimens after the tests. All specimens exhibited the same
behaviour up to 10 min. Subsequently, the deflections and deflection rates of 3P and 6UP became
suppressed compared to those of the simply supported specimen OUP owing to the rotational
restraint of the beam ends (Fig. 14(a)). The OP, 3P, and 6UP reached the deflection limits after 24, 61,
and 57.5 min, respectively. The OUP collapsed owing to bending at 30.5 min. Moreover, the 3P and
6UP had approximately equal deflection trends until the end of the tests; they exhibited almost no
differences because of the numbers of bolts and protection conditions of the joints. The deflections of
the 3P and 8UP increased immediately after heating. This was probably because the bolts slipped
when the axial deformation phase of the beam changed from thermal expansion to cooling
contraction, thereby temporarily reducing the rotational resistance of the joints. However, as shown
in Figs. 14(b)—(d), the shear deformation of the bolt and rotation of the joint after the tests were
small, and the joint exhibited no fracture. In the 6UP, which has unprotected joints, a bonding
fracture occurred in the concrete at the slab end immediately after heating (see Fig. 14(e)). This was
because the strengths of the unprotected bolts decreased, and the tensile force was concentrated on
the reinforcement during the cooling phase. However, the bond fracture did not directly decrease the
rotational resistance of the beam end. In the composite beams 3P and 6UP with girder frames,
although the deflection increased rapidly, and a bond fracture occurred immediately after heating,
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the beams continued to support the applied load without any fracture in the joint, even during
cooling.

Moreover, the beam end webs of 3P and 6UP experienced shear buckling (see Fig. 14(f)). Figure 15
presents the calculation results of the shear yield resistance of the beam end web. The shear yield
resistance ,Q, was calculated with ,a- s0(6,,)/V3, where ,a is the sectional area of the web, 6,
the temperature of the web, and (0(6,,) the yield strength of the steel at 8,,. The times required for
the shear yield resistance and working shear force ,,Q to become equal were 31 min for the 3P and
35 min for the 6UP; in addition, they coincided approximately with the increase in the deflection
rates (see Fig. 13); it was assumed that the beam end web yielded, and the shear deformation started
to worsen at that time. However, the load-bearing capacities were not lost immediately after the web
yielded owing to the shear force. This was probably because of the slow decrease in the shear yield
resistances after 30 min; in addition, the shear resistance increased owing to the tension field action
of the web. Furthermore, the behaviour of the shear failure was evaluated based on the shear yield
resistance of the web during fire.
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Figure 15 Shear yield resistance of beam end web

4. TEMPERATURE DISTRIBUTIONS OF UNPROTECTED COMPOSITE BEAM AND ITS
PROTECTED END JOINT

A heat transfer analysis based on the finite-difference method was conducted for the temperature
distributions in the cross-sections of the unprotected composite beams and their end fin—plate joints.
The investigated subject was that presented in Section 2. Figures 16 (a)—(c) show the model of the
grid division. The beam was divided into the lower flange, web, and upper flange, while the concrete
slab was ‘cut’ every 5 mm in the height direction. Although the actual deck shape has inclinations,
the slab shape was simplified to a rectangle. In addition, an air layer forms when the deck is peeled
from the concrete; thus, the heat transfer from the deck to the concrete was set to radiation only in
the analysis. The conduction occurred at the contact between the upper flange and concrete; when
these were not in contact, the heat was transferred to the upper flange by radiation and convection
from the fire. Owing to the increasing heat capacity of the web at the beam end due to the bolts and
fin—plate joint, their volumes were added to the grid of the web at the joint section. When only the
beam end is protected, a non-negligible temperature difference occurs near the protection boundary;
thus, the conduction in the axial direction was considered. As shown in Fig. 17(a), it was assumed
that the internal temperature distribution of the fire protection applied to the beam ends was
instantaneously steady, and a simple heat transfer model with the thermal conductance K from the
fire to the steel surface was applied for the protected regions. The value of K was calculated based on
the measured temperature (see Fig. 17(b)) that was obtained in a heating test on a 200 mm square
steel plate (9 mm thickness); it was protected with the same protection material as the full-scale
specimens. In the analysis, a polyline (see Fig. 17(c)) was used to approximate the test results. In the
simple heat transfer model for fire protection, the thermal properties of the protection can be
determined based on the steel and furnace temperatures from heating tests on small specimen, i.e.
knowing other parameters such as the specific heat is not required.

To compare the analysis and experimental results, Fig. 18(a) shows the temperature distribution
of the unprotected composite beam at the mid-span in the CB-RC, and Fig. 18(b) presents the
temperature distribution of the protected beam end joint. The colours in the graph correspond to the
grid colours in Fig. 16. The analytical results were in good agreement with the experimental ones.
Evidently, by using the proposed analytical model, the temperature distribution of beam part
required for the examination of the bending moment resistance in a fire can be calculated accurately.
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Comparison between analysis and test results

In the next step, the accuracy of the one-dimensional conduction model, which omits the heat
transfer components that have a small effect on the temperature of each beam part, was examined. If
the analysis can be simplified to a one-dimensional model, the spreadsheet can be calculated easily.
In the unprotected composite beam at the mid-span, the heat input from the flame and the
conduction in the height direction dominated over the conduction in the width and axial directions.
Therefore, as shown in Fig. 19, by separating the steel beam including the slab (left) and the pure
slab part (right) and transforming their boundary surface into an insulation boundary, the
calculation can be simplified to a one-dimensional conduction model in the height direction.
Regarding the bolt temperature of the protected fin—plate joint, the heat input from the protection
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material and the conduction in the axial direction dominated over the conduction in the height
direction between the upper and lower flanges and the web. As shown in Fig. 20, by transforming the
boundary surfaces between the upper and lower flanges and the web into insulation boundaries, the
model can be simplified into a one-dimensional model that considers the heat input from the
protection and the conduction in the axial direction. Figure 21 compares the bolt temperature results
of the experiment and calculation with the one-dimensional model. Evidently, the experimental and
calculated values of all specimens were in good agreement. Hence, even a simple one-dimensional
model can provide accurate results.
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Figure 21 Comparison of bolt temperature results
of experiments and one-dimensional model

Figure 19 One-dimensional conduction model
of unprotected composite beam at mid-span

5. CONCLUSION

In this study, the bending moment resistances of unprotected composite beams with fin—plate
joints with rotational resistance at the beam ends in a fire were investigated based on load-bearing
fire tests. At load levels of 40% to 50% of the long-term allowable bending moment, the beams
remained fire-resistant for approximately one hour, even when they were unprotected. The beams
continued to support the load without any fracture in the joints during the heating and cooling
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phases. In addition, an evaluation method for the bending moment resistance in a fire and a simple
calculation method for the temperature distribution of unprotected composite beams and their end
joints were proposed and evaluated.

In summary, the fire resistance performance of composite beams with fin—plate joints can be
determined easily to optimise the fire protection for beams and thereby save costs and materials.

279



	表紙
	目次
	第 1 章  序論
	第 2 章  連続床形式で梁端ウェブ接合部のみ耐火被覆された合成梁の火災時曲げ耐力
	第 3 章  火災加熱時と放冷過程における完全合成梁と梁端ウェブ接合部の挙動
	第 4 章  無耐火被覆合成梁と被覆された梁端接合部の温度分布
	第 5 章  結論
	資料 1  試験体に用いた材料の証明書等
	資料 2  試験体に用いた鋼材の高温素材引張試験データ
	付録 1  梁端部と周辺架構の取り合い部における温度予測手法
	付録 2  耐火設計への適用
	謝辞
	発表論文
	和文要旨
	英文要旨

