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Development of Structural Design Procedure of Buildings Harmonizing Damage Control S
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n Analyses
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Steel and concrete as structural materials used for buildings were investigated at
elevated temperatures, to design building structures not to collapse, and to predict damage on structural
members during and after fire. Stress - strain relationships of these materials, and their bond - slip re
lationships were idealized on the basis of experiments and numerical analyses. Beam - column assemblages w
ere tested at elevated temperatures. The results were compared with the numerical analysis ones. A new tes
t method using a small furnace was developed for a beam-column subassemblage. Finally, an influence of cra
ck on temperature distribution in reinforced concrete members was experimentally and analytically studied.



M X C—19, F—19, Z—19.

1. WFZERsE S0 5

ﬁ?‘f, mﬁ)(nXu %, *%Lnxﬁ‘ﬁ’ iﬁEﬁL
TWb, HlziEskim= 27 ) — ME&ETIL,
MEVE S, A E i IENSEEDD
W2 LT, ik ER E IR SR A R 235 2
THEIICRESND, BUTOMEREHIIR
ELrREEEHLE LNz Z ick i
KEREF EMVAEREH &, ENENBERRG & HE
ELTITHIZENRTE R LS5,

VBRI KRR I, BN D A2 BNEEE
IS D DI L e DI TH D, ZD
RIEHM L, BHIfTE FicknWT, B
DoDHEIRREREREET, Fiz, E
LTI B 720,

EA 72 & it K IR R 2 EBRAICE D 2 8
DIt KPEREFEBRIC BT ISO TiX, &Rk &
LCHMOER EERHFEEEZHRTEL TWD,
AR ORRIEIL, B ORIMIKTZ, £
7o, EREEORMEE, AR T O
HE (FEMIcT2%8E68) 2 RLT0W5H, Z
N OZFEE}L, MEIORIMEIRT &I R
LCW5, #M 2T 5 5 OME OIS T)
~OT HABRICE T 2RMMERNME T 5856
DM EIOER Sy DEEN K E 72l FMa

RO E-LWERP AN & 2620,

HHMITEMAELE2 XRHTH5Z N TExS, <
I a T REEE N SN D 0 E D
Ic& s,

HEIZ X VAU 2 HEREIL, HEBOR
P, B OIRENRE, TRE, BRMEREIZ X o
TkED, a7 UV — MEEEYMOEE
W, OOEINE, =7 U — b FIEE, SRk
R, 227 U — NEEE, SRR - e 2,
Rt Ch 8 a7 U — hDIRKE
WX o> TRl E b,

SHITIIRESIC L 2 BEILX, a2
— FOOOEI & FIBE, S5O & Wk
PITRES AL E WS BLUETEME N 5,

e, A, mHEMC ﬂ#émﬁ%m
)(uXu+&nH%Dé“@‘6/\@E/]fcﬁuXu —
V— 7/h@&~%%%lfiﬁgnéﬁ
BTN ETIE o7,

2. MO E™
Kﬁ%@ﬁ%ﬁ,@%%ﬁﬂﬂ,%m,%
H&ﬂ/i)%%ki@%ﬂ%@ﬁ%
W, FOEEEC Téﬁ%Mﬁ%%ﬁﬁ
L, BEAlzET b5 Lichb, iz,

e, HER EEM OMRFEREZIT O 2 LITXD,

FEHRIFIZR T DA 2R, ME O
RAIEF V26 L COMEEIT Y, EHIC
1%, WS ODDOEM EBEATHND 72 5 e
FHRLOM K ERZITV, MO AER,
BEAMorikEE L, ok L THAE
DOREF AT T Iz EES < it & VLT oFE
iz175, LAEX 0, eSS, 1
R, HEEHER L OVE RO K EZEE,
FRIZRE AT 2 TR 5 FIEERET 5,
LBz, BRESINTIRDIFIZB W THERE
B2 =R ER T D HIEOBRREEIT ).

CK—19 (tm)

BAKINS, #h0, BB LI OEEZ T A —
2L L=, MED D W v L ToEE
WCER Lz, BEHMEROki=> 27 U — K
MR X OB E & EW I3t 3 D &k
it kR E R L o E R RE T A -
ODOFEWET — X =55,

3. WFgED kL

WL, BBk Mt oA v 2 —7 =1 R,
A, BLOZEEENENO L~V THENE L
Too 27 U— MPEFE BRIHIZ DOV T OISR
3£ <, BEOHEEBRTE 570, A
ZeTCIX, MEOA v 2 —T7 =24 2L LT,
ay 7 — bk EEHBEOME-T Y R
AHHL, FEBRE, MATHICRRGE LT,

D EWAT LT, AEEEMOMm kLR
ZR - BAFCIT O HIEEBR LT,

F/z, 27U —RMZE S5 TRABEOON
BN AKPERRIC KT THEB LA LT, =
ix, N OE S RE WG &
EWmo 1/2~1/3 A7 — )V OERERIKEZ HW
T INENIEBR 24T - 1=,

a g U — FREEZ T TR, SREEIC
ONWTHMNREIToT=, T720b, BEER
FE B OM B ATV, SiRE IS A
U AN E O, mﬂﬁﬁwﬁﬂﬁéﬁm
BESM AR T D 2 LI K A BICET S
F— 2 B85,

LIF, #SAFENAEOEMZ LT,

(1) frEFELAOETAL 27—k
MO OSKMHE& &R B & ARERMTIC
JS%, fib Model Code (ZHC &k D W5
=0 BfR & SRR CE R EE & A
DHEDITIIR L, $kmi5] &k & RT3,
IR L V100°CH 5 600°C £ T 100°CHI AT
HBREE 2R E Lz, 27 U — MREIZD
WTh BAZERREE A 20 N/mm® & 40 N/mm* 0 2 Ff
Lz, £, it 27UV —FrDA v
H—T oA AEDEFMIZET ML LA
[REZMAT 21TV, a7 U— NSO
BRFCBT DY 7R L BmER T N3
W= RO BERBICIZ OB N D A T =K A
A~ SR G R 2 1572,

(2) OCENNENLZVNIEESAAIC
%@-ﬁ%:/7)~bﬁﬁ@ovﬁh%
EERMNIREE 04T & OBRE D291

50 X 45X 150mm /L& JLHE 5K H iz

~mm@®vwﬁh%,?7myy—b%&

FIATeZ LIZE DAL S HT,

AR A



AP N AR AR

RN 2 E L2fE R, OOEILIE
(L& CONEHRE LA-PHER S,

3) OWENLEAE= 7 U — RO
KVEIZ G- 2 D848 Wi 300X 400mm C, X
SUEEEEE 2, 700mm O8KFH = > 7 U — NGk
L, $hEMEEAMZSZ LI2XEY 150mm [H
fBCOVENEAEL I, ZTOFEMEAL,
YEN OIRE S3Ai i~ T2, OOVEI7UIE, 150mm
fH B C eSS 10mm, /& & bmm D =AFED J v F
ERITDHZ LK THER ST, BRI,
MO, RMME, EimEE2ZLTN
Mz 7%, BXO, REFEA 1/50 £ TER
S, EWREE TR LEROEET
4R TH D,

BRIk

FALERSIIRAE RN

BRSS9 % Te o A D HERS

NG O O-OFFVIR I

750 (a)BL
E—Tr] BL ok
o - 120min
5650 LI - S Sy~ g e
-~ " L i
o ~— A ————"—290rin
2550 . »* B O D B o 4
& ey oy
[}
g4s0 ‘ GUTin
(]
F 350
0 2 4 . 6 8 10 12
Section number
750 —— = 55— (b)BS
§650
T — .
§550 ® - PR % Y s DT:QOrmn
© ‘9’ Tregt
[}
g450 60thin
(V]
F 350
0 Se%tion nun‘?ber 8 10 12
750 (c)BE:
................. BN =—— BE
5650 Lt p—somme—SURFRET._UN o e _._.120'”'"
< ir )
Ss50 < & P S e ..¢90rn|n
© ol >
ué_450 60min
(V]
F 350
0 2 8 10 12

Sei‘:tion nun?ber

W T T i Bl £ 5 EAB AL B R T D
Al 75 1) 0D PRSI S 43 A

W T B A R ER AR AL E T, OOYEINA S
HWTHE TORED, OVEIND 72 W EiE To
BE 2R K TI0C ElE~7=, —J5, ZWrmh
B ETFERALE TIE, OOER O 22 W o
FRERKRTIUISCEHWERE Lo 72,



500 (a)BL
- BL o Lm
Hege el T B L ® B 0rhin
G400 B .':"“\. L
£300 2N N~ 90rin
E ;._.__4\‘/0—0\0«/
2500 60rin
€
(V]
" 100
0 2 Section nur'r?ber 8 10 12
500 (b)BS
............... BN ——E5S
5400 % 'S
e O RRE S B R
£ 300 Y A N Pt 4 T 90rhin
2 N T N A A |
8_200 60min
€
(]
F 100
0 2 Section nun?ber 8 10 12
500 (c)BE:
----------------- BN BE .a ) . U
200 B ool K s » o ®20rhin
o 90min
VA\

A

60min

Temperature(°C)
N w
S o
o o
o
N B
3‘; by . *

=
o
o

0 2 10 12

Se%tion nurr?ber
Wi T s R R AL E N d T D
FA 5 18] D PN IR Sy A

4) K - BB T 5 BAREEDH
7 ARSI EEME L oA O IR
BRI 2268, B, oG m~n#
ok AN MR T o B 2 BmEtT o7
DI, AR 21T - 72 IRRE T Ol
KHABREZITOMERH D, TIUTIE KRB
FENRUBE LR D780, BHIITH LN TX
AN

AIFFEIZ BN TIRE L2 HETIE, BICE
T E 2 & L7RIE T, B, BRI U0ER
LA OME AR Z, K« ZIFICBNTT
I LEWTED,

REEEAOK « BT D i KR

(6) SIS AN E T E MO KSR ZE) - 8
REXEBHIC A U DN & O A, INEERES O
BN BR & IEMBVARM SR T2 Z &2k b
WBIIET 2T 25 G5 REEZEHD
& LT, S AN FRE B IR U CHlliar N
EBRAEIToT-, T I T, KRIFFEIZEHBWVTE
F U7z, HAT L7222 O ARE T B O kB
NFEETE 2R EE AW, FORE,

o B Ol T W O E AR L, ORI
N, BRIV METETIE S BIREDIRE &
R0, SREE TR IR T 200°C RV VR
ELhol,

vz
M
« |
PEEE T
+
& #
7l ¥ v AESD
|
T # 1 H-300X 150X6.5X9 (SN400B) b sl o
= HE 1 [J-250X250% 12 (BCR295) i LA
7 [ [ =] 1 E
SHBEH S LTREATL—
Jasal a0 | a0 | s s 1 [ }754 (AR 5 5 b= T <R

SR A O A R A

I3

BRI F10T-M16, & TF55mm
AAWRMY) 1 PL-9x 160X 290
RAM(A) : 2PL-9x 60% 290

o7
BARIL b F10T-M16, ETF50mm
AR 1 2PL-6X170x 200

40

60‘
@ﬁj@@@g{D{I@A

p
5
-
s
R
5

60

40

)

[EWARNVIN S S aey e s

4. WFFEALE
AREFFENHLLTF O X 9 2l R 5 iz,
(1) =27 V— b MHENSEIZ 5] &4k
S EWIOIMERBOFBERICEKSE, 202
— M EERBE O E-FT RO DT — 4 &
B7-, 2 HF—% L fib Model Code FC#
DOHEBTOMEFE-TRYBERET VICESE,
R T COME-T XY FEET VERE L
7.
(2) T7vry— Ml OUVEINEE
LB SRR O MEERICB I 5%
FNEREH TR RS, OOEINIEAE T
OWNHERIRE AP R ST,
(3) /7 vFI2k v 150mm EfE TOWE N
EERL U8k a7 U — NRRBRIRIC K
T 5 MBGRER D D 1%, LI if R A4 350 8 A o7 1
T, OOENNH DWH TORER, OO
E3 D 22O W T OIEE % e KT 90°C L]
Siz, —J, ZeWrimd o BN ERAALE T,
D OFIN D 22N 0 7 23 e K C 118°C i\
B L p o7z, RBRIANIS T 2 KB EN AN E
FESARIC B A2 5 2 T D EHE S5 0,



INFETERT—INhololzd, b7
LERT -2 OERE, HTHRETNMLE T
»H 5D,

(4) K- BB TR EZ#iR L
TS AL O KGRER 21T 5 HiEEBRH L
77

(5) SHBEMERSRE L7I-EHm ez X
D, LLFNB LN T,

(a) SHBEHRDOFEEZD - 150834 D
[RFMEATIZ 72 - T, FERESHOHBEIT
o, PEHOEIRL N HEEE L7232
<77,

(b) SHER LA U A 1L, B
DIREMN B00°CHLIET HETHRL, WE
HRFRES 1 & K O el TIRIZIETHIR L T2,

(c) BHWNEIZH D520 R FIEEE X AR
TR Y = 7 OB B RE CIRE Y, BMGEIZ
DONWTIIRPROITRAE TR E 72, WHE
b, BHEME & EEREIIE R — B LT,

(d) SR OZEGREN 500°CH.DHAITE N
Ti, WERICB T 2RIPER IR Sz h

ST,

5. E7pFEFamCE
(WFFEARFEKAE . WFIE A M OV TR (2
ES )

UEEamsa) GGt 3 1)

O Fx B, AL A KT ME, &
RiCkiTHa 27 ) — hEEHOMET
D RALRICEET %8, 27 U — R LK
M, EFEA, 35, 2013, 1159-1164
® Takeo Hirashima, Kazuma Okuwaki,
Xuansu Zhao, Yuki Sagami and Koji Toyoda,
An Experimental Investigation of
Structural Fire Behaviour of a Rigid Steel
Frame, Fire Safety Science - The 11th
International Symposium, Christchurch,
New Zealand, Feb. 10 — 14, 2014. (reviewed)
@ M. M. RAOUFFARD, A. TOMINAGA, M.
NISHIYAMA, M. SAKASHITA, Temperature
distribution on cracked mortar prisms in
fire conditions, JCI (Japan Concrete
Institute) Annual Convention Proceedings,
July 2014 (reviewed, to be published)

(Fa¥&R] GH1 Oofh)

O  Akpkfz, KHEE, B Bsa, B R,
M e, faM, JEEfl, 7Eilgx,
B ) — MERBEESH LA T DR
BT — A VBEREOMmMKER - 0 1~3, H
AT KPR EEE (B, A-2,
pp. 21-26

© WL, MEFE, ek, B, g
fiha 7 U — ~i&E B3 204 O T K SEBR
(2D 1~2), BARBESRSKESFITHE
FEAESE CRfE), A-2, pp.209-212

©® BEAKET, WTFHAE, KEEH, FHILgE
I, BIRICBITF D a7 U — b S OMtE
Y BRICBET 0% (201 ~2), H

RGP R PR RS (bviE) ,
A-2, pp.881-884

@ ¥ ER, B 85, A w8
H OB, SRS EE O K RFFEEICEET 5
FER (201 ~4), ARBEFSREFMN
A (dbigiE), 2013 4, JbigiE Ko
® FE EER, By 85, B XK, HE R
WE, B OB, KRB & ZOmEAEIRIC
BT L it E T OZE), BARKI T2 2013
FEERFTE RS, 2013 4F, REARKZ

® #A ®Jy, M. Mahdi Raouf, #AH ],
W OHEE, JUE fodh, FEL BN, #kFH =
> 7 U — NEM O KT 2 O OEIR
DR (201 ~3), BRBEEZLIRSFE
ITREEAIEEE GIER), 2014 4, P K%
(@ Minehiro Nishiyama, Research, Design
and Construction of Precast Floor Systems
in Japan, 2013 PCI Convention and National
Bridge Conference, 20134, 7 XA U H
Minehiro Nishiyama, Precast Concrete
Research, Design and Construction in Japan,
Third Brazilian Meeting on the Integration
of Research, Design, Production in the
Field of Precast Concrete, 2013 4F, 7%
D%

©® Minehiro Nishiyama, Precast Concrete
Research, Design and Construction in Japan,
Department Seminar in Civil & Natural
Resources Engineering of University of
Canterbury, 2014 4, ==2—Y—J K
RAOUFFARD M, NISHIYAMA M, SAKASHITA M,
External reinforced concrete beam—column
subassemblages in fire, New Zealand annual
conference on earthquake engineering,
Auckland, P41, Mar. 2014.

(XEF) GF ofF)

(PE 36 M PEAE)
Omiikee Gt o)

TR
B LR
HERF
fEHE
HH
HFEHEA B -
EWNA DR -

ORI (G o)

L FE
LR
HEFIF
FESH -
H
S4EH B
E N DR -

(Z Dfh)



A B

6. HFFTHELAE

(D WFgefa=4E

PEIL s (NISHIYAMA, Minehiro)
AR « RFPt LR - #d
BFgEE &5 50183900

(2) B FE o A

VR fHR (HIRASHIMA, Takeo)
TR - KRG LA Ieft - s
W& 5+ 20334170

% 1 (KONO, Susumu)

W TEKRY -

WY T 2w 7 AWFBERT - Ed%
WoeEFE R : 30283493

JEEH  fndt (HARADA, Kazunori)
AR « RFPE LR - #d
WF9eE &5+ 90198911

W 15 (SAKASHITA, Masanobu)
TERR S « KRB L9kt - Bh#
ot #EFE B : 50456802

2~ B (TANI, Masanori)
PRSTAT L NI EEMT 50T -
KE&ERFge 7 v—>7 - BFge g
Woe#EFE B - 50533973

(3) M FEH



