(13) FJ% H W $BLA 5 & B0 b o 45 P B OF % 0 3% 31 1k

O 1t % s B X! T kX2

1. #

WM Ea 2y - P TCRRSNALIERTHI, AHOoBRBELE=2 2 ) - POEMBERHER L
BEMBOKE»E» LAGENRHEERA T Y, K2 bLR, BEBEHCHERBIN TV 2,
HFE, 2229 -toBE, BEERIOGDIMFEEOBRLH IR EGBRB SN, ToARRFCHER
ERGFEXBENOARN IS 2. EORNOCHGER L 2EEHEH 229 - (SRCEBTIFEH O
R, e v sy b0 —BREH/FLOVEMNBEE SR e HEFE2HBHERBK/LEZRC
HR (B, FHMEL 2> 70 - PEH L CnfADTh b e Ui A% N m 3T Lt Ey
BT, I THBENE AKX LR T IS B, SRCHEGHEcrElNie LT, BEmEEAFXNSRE
INTWB, TOHFATREANETCRT2EBHOEIE AP BEZ AT, ELSHEFIFIRLEEL
HEEDCH LA ERIFCLIBELEL, SHLCBGOHEET=2 29 - b (SCEET) EH
CHEATE LG EORMA S Y, RENEFRCES < BIECRY 205 5

IoronEREBEAC, Fig llm4 5%, Z20LTF7 7 v VEHOAMCTET KIS LRERRE
Cr-<avs) -t EONERIABO - RBHBRLHRCHRE L. REHERE 22 2 0 —
PCHEBLASCRIFSRCEOHHMITBE B A s v EFRE»D, HEOHBHE2BEBE L
SCRUSRCRIZHE~T, 22 ) -t OFROCFHANMS/NELSEB I, $ERRBELC—~%
MrRIFSN, TORKBHAH ORISR ERBHEBRALAOSCRIBYT 5 HENEEI» Y
Bwﬂéntf::TH.ﬂﬁﬁﬁ%CT%ﬂ&%%Ltﬁ%ﬁK:yﬁu-b%ﬁﬁLt%&%W

jatl

OHPBFRELRCL - T, BBCTESMHzACRERNKROBRBW N L EOBERERH Lo
Ly, SHbZFROSCRUISRCE*SL-ERHBHRAL 227 ) - P THEDHBVREELLZEK
BHZo W, BRAWHEHFACEICHHLHSLRBHNORBRAL ST LY 5 vV EHCHST B H
ECTEOHERA vFHL, *OXFEZRET S,

2. BRENHHRCEDT A RBHOBIHEE o
MM o2y 2y - D BEREBESITHCHLA, BB HWT %

LT ED —hCh R, I, v o) — b OB R L, &~
v sy - P RS EANEHCESBRALBENE AN (202

-~ bEERBEC CHTAIMOMBAKEs Othin ) KETVTHR
MO HIRROLA, RRBCHT 2h vk FERM Y= - » >~ Fig | Deformed H-Shaps
Mit, AR E- A P EREROHIECKASDLREETE S,

ML R HESWHRT - EEMREE, x 2F - LAEEE . =X



2.1 WEEIERFAFCAM (FERT)0HE B

(1) WHE—%kE—A4> b ROPrE ofsk o©
2v 20 - FOBEEEREEL £ Ec 2% L\ s RS LB, — Asi «
dAc 0
Fig.20oSRCHEMHOY-YHoFHoo=2v 29 -+, IMRFS Y rw@ Lsi
Xci
BErHEO—®E- 2y barnZhncGy, sGy, 1Gy & T hid Y Y
] , Asi
1GY=cGY+sGY=] xiedA,+ (n-1I5%(Au+AL) o= o
A

¢

- Bk (X0 (n-za @A) " _ _
Fig.2 Section of SRC

EB B, 227 Y — FOBEEBE BETHIE

’

IGn=I§3Xi,+nzxsi-AsiJr(nfl)msi-Asi @

LB, M, T2 TR D B TR R L
- T
1Gn =gX02+ nJrx, (AsiJrAlSi ) 3
TEbLEND, Bl —k®e— 4 v P AFBELIHMOPLUTH Y  ERBH IS L2229 - E
R rLPvEHEcoBBXIRO~00bBBEIROL I EHNTE S,
(a) @k, HEM& ETHHZSRCEDBA (Fig.3(a ) 5H)
H@® 1Ga=0 10

E%—Xﬂh%(xfdn4ﬁx<X—d,»%%wx-dgz:AAH=X—m)+A4H5X—¢)+%4H7X—mf

W LT B+X +2-n-A,-X-n-H+A,= 0 "
_neA, B+H
X= e =11 ) )

2T, ABSEMOBKERE ( 2A;, +2A, +A,) THD, BIHEOSCRDOA @ 2A, + A,
ThH B,
Wi, SCRIBLT, 2y - BRI ORME A zZER LecXoedET5 &

(B—tw)Xz+2(n-Asf(AfftW-ds) )X—H-n~As+2Af-dfﬁtw-d:=() 6)

KO~ THLLRL L IHZ

e A+t ds 2A; +di ~t,ed.
B ' neA, ’ n-H<A,

RTFEPAICESETHEY, RO bR THARDONE D, ¥ - TESE LI ELS»D7 7 v VW
HEORSVWHEBHSLE, SEBHARSF - (nohasv) 22y - bpaVaBaln, A2y
PYEBMEBRTOLE BB, 12, BEMEAV o3y 20 - VOBER NS EE T B SCIT,
KOEHACTHYEE RSB Z L3 TE 5,

™



(b)YmMHo=2v2y - rHHE, ERSCROBA ( Fig.3(b), (c)BK)

B-X 0 a _n-A, /22, B
on A (X-g1=0 B X- FER -y @

2T, 8R2v s ) - VEWBIrPOHABOBEBLNEG, s CcoRBTcHY, HEME ETFTHBIR
BELRSCRBogWHH iRy, ROC—HT 5. 4, Fig-3(b)n L5, LFToz7r YW@
BurFLruesry, HE@SoELY =22 ) - PHRHOELL YV C.HIRMOLAESCRD g i,
(H+C. )2 125,

(c)TRSCRomB& (Fig.3(d)sR)

Wy EARE= v 20 - A2 BE0PIHIEABRECH T R0 bROLA, 2 BK
2y 2 - PRCMHMETHAEACRKRA»OPI#MIAREL,

beX +2 (t. (B-b)+nA, X —t, (B=b)-n+A, (H+C,) =0 @

(2) Wm_-mk=—~> b

MCBALLELFRERIHOP L@ CETHE - RE -2t LR THF AR D,

_B-X’
3n

I + I, + A (g, -X) 0

22C, LAWARoZ 0B LEHETOIMMZKE~ 42 FThob,
Fig.3(d)oTEZo Il R CTHA LR S,

s 8 B
p o BXBob) e o
' 3n 3n dfut"{ 9Aflu_©| |ds oty
~ T Afy
e 2 i X X
+AS(HEL - X ) an ifu 1Y fsu | T [ Ta
H w G Aw
T61 [irt aw | WsL K Tel
(3) WmthoRE L'— AL 1 AfL B
P e - 4 PR R B A B O ) R e
NEIRATHFADLN B, Afu=ArL, dfu=dfL Afu = Afl
Ce=dfu-dfL
%:ﬂny?x, %=%%L (12) (a) (b)
8 R - B
b
IIT, o=y — P EMBIEITD T —
u d Af
5o s e X (] it u X
b, o i3 T3y RECEHGT 5500k o Ifuqs |:”=1—_‘]

I

WHTH b Aw - Gsp| Aw

] Gsp Afy
(4) =2y29— @B OBEMMETE | AfL o
CHaAFRABD(RNBERNE) ORE
Af = Afu = AfL

. e o - Ag=Afu+AfL+A
SR ICK L CHREW T S R AT B s=AfurAfL Aw Ce= dfu~dfl

B, BB ET )~ L OBEREC ST B T4 te) (d)
R EEWAMEREFE D, T2 TR, kY
SUyVMOREBCL o CRF-AN D RET
B0 LT, F7 7y LHERFCELD

— 93—
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Fig.4 Symbols and stress diograns in ultimate strength for composite beams



B-X; +F, . .
M, = ";‘4 FA: (Bru+ e ) 0y + LA ( Brut fre )+_t2_( B+ Fe ) 1 ooy an

(b)) GHMsEHERO L7 5 v VAL L 2ELHBSCROSEA ( Fig.4(b)BR)
C(2eb; ody —by +t; TA, )

bl [
X, = = L s
? B°F, +2b, o,

5y

B-X+E, b . .
Mu:4—75~i+w7§(&wdw+n)—J%(dm—xﬁ +A (g, -X,) 0y )
II2C, A HHBHOY - 7 T2 79 VoORBTETHD, S 32> 20 — FEHRE D As
DBELETOHRMETH B,
() HUYWMAE LIS v v L ACHHEABRFCTRSCEOES ( Fig.4(c)BR)

_ As * Osy

Xy = BeF ) 20

M, = A osy(gsf%"—

(3) HRWN
HEHECH T RREAB T T -2 v P M, B, M2bBECIslMdFe -2 v r M, % £33

BELLRETHY, TANB»ORMAETCOBHMX Lyt +Thid, BRWHP. kX THFABA
5

— ZMU 72Muu
P, “LL or P = L, ()
(4) =2rvz0-bre#iBroEMuUcAETsBRMF00E
75 v VRBRIVLERERABIS T % GBI (I3)e/UTH B, 1220, R(13) &
BFOTQ U TRV 22 - PEMAOTHY, LICHBT B, ZAi« 05 » x; b M, T
H5,

BeX o F,
WM. b S, (22)

MRXMNH2 SR OGHMBCRT D 51k, R (21) 22X (22)VCRATHERED,

1 :B'XP°F°.__PL:LX"'E‘, (23)
U M, - b; 2 Lp'bf

Bb, 3v2y - P HEEAEcARNSERT A XME Ly e b7 7 v Vilib, THRLAECEDLEND,

3. ERME
3.1 fERH%

WMELI2m0o@RHCEBCTHZ4 0 HBeMAACEEL, CTEMORH D1 3o&kHx
BLZ=2Y2Y) - t REBEGRAKROB TR K% Fig. 58m¥d. #ALLZSS4 1 BROEBHEH
RUOSEHROBIERBCLABRSAIIZ, 2h 20317, 302xm4THY, SD3ISHEKEOD1 3D
BER A4 LO®iaCTH o FIFHMOBRTHEIX2Em, A€ty PHIR4T7% T, £ OFKHRE
6, 3300kt DvF+ —~ 7R barzsy) - PEFRHLLZ. EBIHECLIZ22229 -0

— 95—



AhFAEXBHET o0, BABEMB3I 41705, BHWEH(F>2CSA#20)
300%™ 2WECHEB L. M, 4> PCREBL2 >y b RAGE,

BERCRPELE L2 2) - POBEM®RABCLISE 22N TN300, 308k e TH - 12,
Er, KR EBEA L2 - PEBRBES T, ¢ 0 L3O HNECHT D HARHEEFE L,
2710 %6 TH O, EEMEE DRI B E TR0 C 8 R RA L1,

3.2 HRBFAE

BHEALTOCHERSAMESFATZIHIC, HB L2 n0oPRHMH2 alMERM IR & L,
MMOEMERCEFOCTHAMOBRE LEME, =29 - b EB T cHRAME2 BB M 3
T, FHELBBCHESR, &5, 2220 - o0 FARPTALT -V T, XRAPREEDZD A%,
1500 = EGEXEMET T, BT rsHBHE 22 ) - o BOI R RB2Y . 77 - VCHl
E Lo

4 . EBHERRUTEE
4 .1 OTLOHRORMMEEFTRMDILH
REEHEH =22 ) - CHRBLLABAABLSSIRERF 2 2 ) - F REABRKIR O B H 6F5
FHEORUUME e BEFH A K St lix £ hFig.6, Fig.7an+. TFTr77vYEH
B, FEGIRWHE o, 1400kt e R HEEBE CHV-TR, 0 TFA20XRMEREn 28 L L1
BENMBECIPHEE LT -HLTHy, EVHERBEHEEL VB HKELLZSCRILN T8
Hmito 2L rmRanr.
4 .2 RREMHIERFEGREOG T4
BUHEME > 29— P CHELBAGBLSS3E LSR3E, DAME o= 79
-V EREEBRKMOBKMED | KRAMHOFHEME Rz &xTable 1 WRT. 22T, By BFtH
EE@MHFHC, P, BHBABEERE2AVCERAMTITH Y, ¢, RBEMPRCEWMEI NI =~ 2
- tOERBRAOCTATH B,
S e ERESL B, 32 - ' BESCROB MRFRERFFE TR L EH L HMH
BMEXEbLTR, O L25#, $1P, 0107/ Chby, £72, 2279 - P REEWKRE,,, &
P, o118, P, TBIEHELVETS -1, Fig7 CnTL5E, GRRAROWER, =27 -

PO FEMBESART Licewi, P, /P HETETLRbOEEDbAZY, TOHGFTH,
P, #t+acirzL, 2 Table | -Comparisons of exp. values with cal. values for ultimate strength

P,eAEcHs e Specimen Calculation values Exprimental values Comparison
PHLEBHESE A VLS Xpt| Pu Xpz| Puz Pmax Ece py py
Symbol | Type | (cm)| (ton) |icm)| (tom) (ton) (x10°%) Pul Puz

RREXNT2RRHE T OR 1ss3*| sc |125] 1285 [140| 1470 | 1574 | 3300 | 127 | LO7
EROEAWVBRE SN [DAE*? sc |146| 556 49| €56 | 693 4480 | 125 | 107
75y vmemi ¢ |LSR3 | SRC [i25] 1627 (140 1913 | 1960 | 3400 | 120 | 102
DCS5 | Slab | 87 | 2400 |95 2835 | 2830 | 3650 | LI8 | 10O

vy - toMTHEED
MK IE I, g idfERkOH

xI See Ref 4) x2 See Ref. 5)



200 1200 1200 200
id 134 T H o
123 12 i é; - <IX
[ — '! H
] g <
- S e - B.J o 8
o - [ + SR
e LR
) B 3| &
7 = = o
gropse D4 J
B be T H
o w0 - '
Plan view b
?, 2 / 23
200 1800 1200 -
200 1800 200 __ 4" 71800 £
Bt N S 5
of g2 + Re:
BLR L o @
SF = 28
ol B 300 5 2
— 5200 °H
T o |
=)
D =
Side view [aXS)

—— Pyp=84.81¢

;318‘,’.—" ——— NS Pds= 50.7 t
-2 Wu
§ B Wc ¢ H-shape steel
j %‘{_V} —— Exp. values
300 —-— Cal. values {n=7)
C- Section Strain £(x10®
— . L L A f
-3000 -2000 -1000 o 1000 2000
Fig.6 Load - Strain Curves at Midspan Section on LSS3
c™m RM cMm L300

P(ton)

Cal. values (n=8)—-—-—
Average exp. values ( (€80 )

e——e  Con.
x x  Rein.

200
Pyp=1693 1

————— Pds=9481

1800 1200800

i ——

2400 72400 ¢
5o 280

Strain E(xLlO's) 1 ‘ Strain €(x1078) )

-3600 -3000 -2000 -1000 o] 1000 2000

Fig. 7 Load-strain curves at midspan section for composite slab



W% M7~ SC, SRC®Z
DENRIDE6~10x10R

Table 2 Calculated values of bond stress on upper flange of deformed H
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STRUCTURAL CHARACTERISTICS AND DESIGN METHOD OF CONCRETE-ENCLOSED
MEMBERS USING NEWLY DEVELOPED DEFORMED H-SHAPES

by Masakatsu SATO® and Masao ISHIWATA¥**¥

The basic design concept of SRC (steel skeletons enclosed in reinforced
concrete) structures in Japanese specifications has been adopted the method of
accumulative allowable strength. However, since steel shapes and reinforced
concrete member can be strained independently from each other, sectional stress
conditions cannot be obtained, and also SC (steel skeleton enclosed in concrete)
structures are outside the application range of this method.

Authors developed rolled H-shapes, as shown in Fig. 1, with lateral pro-
jections on the outside sureface of both flanges (it's called deformed H-shapes)
in order to secure reliable bonding and to positively adopt the method of
equivalent sections (H-shape is treated as a equivalent deformed bar in stress
calculation) in SC and SRC structures. Through pull out tests! of deformed
frange and static bending tests? on SC beams with deformed H-shapes, it has been
confirmed that the maximum bond stress between concrete and the deformed flange
was a high value 217 kgf/cm2 and SC beams with deformed H-shapes were found to
be nearly equivalent to that of reinforced concrete beams with deformed bars.

In this paper the static bendings tests on concrete-filled composite slab
made of these deformed CT-shapes and bottom steel plates were carried out in our
laboratories. Then the design methods for sectional stress and ultimate
strength on concrete-enclosed and/or filled SC members were proposed. As a
result of experiments and numerical calculations, the following point were
obtained.

(1) As shown in Fig. 6 and 7, the calculated values were in approximate
agreement with experimental values, so the sectional stress in elastic
stage for SC members are evaluated in conformity to the method of equivalent
section in which the tensile stress of concrete is neglected.

(2) The bond resistance of upper flanges of deformed H-shapes with concrete was
so good that even under the maximum loading point for composite slab, no
slippage was observed.

(3) As shown in Table 1, ultimate strength for SC members can be calculated
numerically from the value of maximum resistance bending moment round about
the neutral axis in plastic zone.

Currently SRC beams and concrete slabs made of deformed H and/or CT-shapes
are designed in conformity to these calculated method and constructed for
practical services.
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