(3) EREEFUMSACRE LAKBEEG > 7)) - PEOWALDONT

R EBRKE

1 =

HBHEB T2V - P (SRCIEBELCEFNT
BBE o) — b EOHBERERB AR C A
FBEEL LN TWAGANHER BT 7 % 1
BLLTREIATKS, V)

EHRE, COLAMHBEREDE LS+ &
E2 N EWMEBWS NICERE LA S R CRE
. — W FICH T B RE L RO
AN AT ERERE TR\, C OERE R
RUBAOHRENTEE L. 20RO #ITH P
RO AMHDEICONTEE LA LD TH Do

I * B

-1 #HEG

R L SM504A

SR30TH b

EHIESD35, BHR
T b A O BB B fTablen
CHRTo 27y 2> 27 ) — VA 1 EERI Y 2
V- b e L. FOBESRUBREOME 5 Tabvle)
e S

EHEHE L Tables K RTE Y, BREMT L
it av By sy BT 3 v
7)) - OEWEE Ty 7)) - FEEEO K
Thbho HABMIEE N N=490kN, T L#
BE Lo T/, RBEOHEMRE T,

Table 2 Mixing and Mechanical Properties of Concrete Materials
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Fig. 1 Test Specimen

Table 1 Mechanical Proverties of Steel Materials

yield point Tensile Est rlonga-
O~y) Strength tion
(N/mm2 ) (W/mm 2) (%) (%)
B 12 (sms04) *1 355.2 536.6 1.70 | 18.7
" ” *2 356.7 493.9 - 25.5
B 6 (sshl) *1 308.7 Lhg .3 1.90 | 19.5
v (8M504) *2 355.8 L92.0 2.20 | 20.8
D16 (sp35) *1L 387.1 619.% - k.9
" " *2 435.1 696.8 - 19.7
9 ¢ (sr30) *1 372.4 482.2 - 23.3
" " *2 375.7 s2k.0 - 30.4

*¥1 b'60LE00,b'90L600,b 120L600 , b 601900 ,b '9O0LI00
b'120L900
*¥2  H'90L1200

Table 3 List of Test Specimen

Mixing Propotion by Welght| Water- Maximum Maximum Young's M/QD

Speci- Cement strength Compressive | modulus b’ 1.0 1.5 2.0

Slump /

mens Cement'anE _Coarse ratio (Fe) Strain(€u) (cE) b
‘Aggregate Aggregate| (%) (cm) (N/mm 2) (%) (11/nra?) 0.2 1% 1 -
* 1 1 2.40 1.h2 55 19 2L 4 0.206 14140 0.3 1 1 1
® 2 1 3.17 1.57 56 13.5 35.5 0.298 18620 0.k 1 1 ~

¥ Number of Test Specimen
# 1 »'60L600, b'90LE00, b'120L600, b'60L900, b'90LY00, b'120L900 P

*

2 Db'90L1200



I-2 MAOFERVCHEEES

MAFER Fig2 CRTHRY . E@HHTo@n
He— Ay RURBABMNEMAL S FETD S,
RBRAEO M RO EANE T (9=21502105t0y
% Fig.3 ICRTHET, T4 Wap=10 150
HKBAEZOWEIC, Wop=20 OXBEKIZO~0
BEICT 4 ¥ -2 b4y -y (WS.6)% i
Lo

1-3 # 2
ARBREKOHIT O FENRAER S (eMer) | &
AMTOCENSER N (eQer) | 23> 2 — b
BEHCHNATnDEEEL LN BEDOBRKTH
(eQm oMm)R (F £ ¥ # 4 R=3.0% B¢ Ot 7 (eQD
eMp) % Table 4 KRTo % F.
°Qp (eMp) FPABREER L AE TS 5o
DUSINFEREY Figd T, 242, EBRET
BOBBREORKF % Fie5 KRTo

eQm, (eMm),

1
T mﬁgm B ——
.
=]
- ,
moiliack
L. I
M Load Cell
Load
Cell
i

£
I~1 SECTION
Testing Apparatus

ERXBEOBEMRE Fie s @)C. % . BE
MO akHE Mep FIIC Fig.s MICRT o #Hh
R AMT Q). MR O O) LA A
(R=00, 0 : @AM X <Y E) Th ho % #.
Fig 6 DORAM B P A REEBLAET
»5bo

BRMAHENeD RAInBEA Yo KEWN
BAEZ2MEER L. BAMOBEOREBH AL Y
NKENRANIL ZLBERETTo RAM I LUE

Ot A& T B O — % 6L 1 18

CH T B0 HE TR Y 2K
-~ ELEBEZLLWEA%ERT. K
ERE (R=3.0% 2 1) <&

Yot L AAEEREBEAE R
CBEFE LSS ERTo

AWEMBOMTE - £~
PMEHEBEERVFRCER
ThEZhOEBI Y EH LA
% (s B rd) OBIH DK

crack(a) .,
R:005-01"
crack(b)
| re02-03%
(| erackte)
Re05-10"

Fig. b4
Cracking Pattern

90 lo30)
| -

. I " — s 5 1]
@0 e Lg
i ] ;EB: | il
- =Do® | ‘4° 0 bial Gauge
a . b b 200 | uu—q"—‘ 1 Wire Strain Gauge
| o lsol 12 L2 ‘éﬁ: 600 | ' '
1 b'60L900 b'90L900 b'1201L900
@ . . . ,
Fig. 3 Measurement of Deflection and Location of Flg. 3 Over-all View of ipecimens after Testing
Wire Strain Gauge
Table L4 Test Results

Specimen eMer eMcr eQer eQer eQm | eMmn eMm eQm eQm eQm eQp | eMp eMp
< {(kN-m) | cMer | (kN) | cQer (kN) * (kN-m) cMm cQ1 cQ2 c03 (kN) © (kN-m) ~Mp
b'60 1600 | 35.28 | 0.99 | 184.24 | 0.93 | 291.9L 87.58 0.67 | 1.11 | 0.62 | 1.01 | 263.63 79.09 0.80
b'90 L600 | 30.87 | 0.90 |184.24 | 0.92 | 323.69 97.11 0.74 | 1.13 | 0.69 | 0.98 | 292.0L 87.61 0.89
©'120L600 | 35.28 | 0.99 | 202.86 | 1.01 | 341.73 102.52 0.78 | 1.09 | 0.73 | 0.94 | 269.50 80.85 0.82
b'60 1900 | 39.69 | 1.13 | 147.00 | 1.05 | 232.26 10L.52 0.80 | 1.02 | 0.65 | 1.01 | 226.38 101.87 1.03
b'90 L900 | 39.69 | 1.13 | 147.00| 1.0k | 236.18 106.28 0.81 | 0.94 | 0.67 | 0.93 | 213.6L 96.1L 0.97
b'1201900 | 35.28 | 0.99 | 166.60 | 1.18 | 280.28 126.13 0.96 [ 1.01 | 0.79 | 1.00 | 225.50 101..43 1.03
b'90L1200 | 29.40 | 0.73|137.20 | 1.24 | 223.54 13L.12 0.83 | 0.96 | 0.63 | 1.10 | 210.70 126.k2 10T
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Table 5 Outline of the

Exiting Test Specimens

B =D t (%) (%) | r Wide F1 Made of | Numper ol ]loading
(mm) (Grade J(Grade (N/;r:un') N/bDFe S;c:ionange b'/b | M/QD | Fracture | Specimens|Type
Umemura,H. 0.463]0.160] 24.05 0.163 | H-196819926.5x10 1.7
et sl 4) 350 %350 | (sre) |(sren) | (w.c.) | o.uo08 (s5b41) 0880 f 575y | flexural > A
Unemura, K. 3 1.013} 0.175 | 265.0 H-195819926. 5a10[ ;350 :
3200350 | aioy hsel) | (ne.) | 00 H-goazggﬁﬁoue o350 | 270 | fLexural 8 A
Kato,B. et al®¥ 250x200 0.508 ] 0.282 | 14.99 0.0 H-152810013.229
(8D30) |(8R2k) 26"’5 ! (ssh1) 0.392 2.5 flexural 6 B
e 1.006
(n.€)
10) 0.132 | H-150890x6x16
Kato,B. et al '} 2508200 1.59 to0.152{ 21.12 0.b00 | 1.25
0.528 | H-100#90x16x16 shear 10
(5030) |(sRek) | (w.c.) | o*25) (agh1) 0.600 | 2.5 B
. n 1.33 {0.480} 20,09 | 0.336 | H-200%100a9x12 }0.333 | 2.0
Sasaki,T.et al 300x 300 (sD35) |(sD35) (x.C.} (s8k1) shear 1 C
: 9| . 0.88 [0.953[ 26.07 H-2005100x9x12 |0.333 | 2.0 | shear 3
Sasaki,T.et al 300%300 (sD30) (l-“3§ (N.C.) 0.200 (8841) C
SD30
Wakabayashi,M. | 1502150 1.13 [ 0.180 gl'zg 8'320 H-100a50akx6"  £0.333 | 1.5 | shear 2 D
et a1l ® (8D30) |(SRab) (Eg ) <725 (s841)
N.C.:Normal Concrete Loading Type
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Table 6 Statistical Data of eQm/cQm

Caluculated Value

cQl cQ2 cQ3
Mean Value 1.22 0.94 0.98
Standard Deviation 0.30 0.31 0.05
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Strength of Steel-Reinforced Concrete Beam-Columns whose
Steel Skeleton is Wide Flange Section in Weak Axis

Takeo Naka¥*
Koji Morita¥#*
Masahiko Tachibana¥**#*

This paper discusses the initial flexural and shear cracking strength and
also discusses the flexural and shear maximum strength of Steel-Reinforced
Concrete (SRC) beam-columns whose steel skeleton is wide flange section
setted in weak axis by the present test results and the existing available
test data from reference 4) to 10).

The present tests are scheduled to include the variation of shear-span
ratio (M/QD) and that of effective-width ratio of concrete section (b'/b) as
shown in Fig. 1 and Table 3. The grade of steel skeleton, main reinforcing
bar, and hoop are SMS0A(SSLl), SD35, and SR30, respectively, and the concrete
material is light-weight concrete. Their mechanical properties are shown in
Table 1 and Teble 2. Testing apparatus and the measurements of deflection
and location of wire-strain-guage are shown in Fig.2 and Fig.3 respectively.

The test results are shown in Table 4. The cracking pattern and typical
over-all view of the specimens after testing are shown in Fig.lL and Fig.5
respectively. And the hystersis loops are shown in Fig.6 (a) (b). The
available existing test data are those obtained from the test series outlined
in Table 5.

The summaries of the results which are attained by this investigation are
as follows.

1)  The initial flexural cracking strength (Mcr) and shear cracking
strength (Qer) of SRC beam-columns can be estimated by Eq. (1) and Eq. (2)
respectively.

2) The flexural maximum strength {Mm) of SRC beam-columns can be
estimated by the theory based on the Navier's assumption. The superposed
flexural strength {cMsup.) underestimates the flexural maximum strength of
SRC beam-columns.

3) The shear maximum strength (Qm) depends largely on shear-span ratio
(M/QD) and effective-width ratio (b'/b). The larger the value b'/b is, the
larger Qm becomes when b'/b is less than O.4. And b'/b is grater than 0.k,
Qn becomes approximately the same value. And the smaller the value M/QD is.
the larger Qm becomes. Qm can be estimated by Eq.(8) considering the effects
of b'/b and M/QD.

* Prof. Emeritus of the Univ. of Tokyo, Prof. of Tokyo Denki Univ., Dr. Eng.
*¥*¥  Associate Prof. of Chiba Univ., Dr. Eng.
¥¥¥%¥ Research Associate of Tokyo Denki Univ.



