201

&) - MEORANREICBIY 3 ERINHE
B T M B e KE— - LY

EXPERIMENTAL STUDY ON SHEAR STRENGTH OF
COMPOSITE COLUMNS HAVING STEEL TUBE

By Minoru WakaBavasai, Koichi Minami, Ryoichi Sasaxki
and Hiroaki Ocawa

Synopsis

The main objective of this investigation was to study the shear behavior of composite columns
having steel tube subjected to alternately repeated bending and shear. The principal variables of
test program were: (1) the composition of column cross section (Concrete encased and infilled
steel tube column, Concrete encased steel tube column, Concrete infilled steel tube column and
Pure steel tube column), (2) the cross sectional shape of steel tube (Round and Square) and (3)
the axial load ratio (0 and 0.2 N,). Main discussion was concentrated on shear strength, hypo-
thetical failure mechanism, deformability and shapes of hysteresis curves of columns.
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Fig. 1. Cross Section of Test Specimens.
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Table 1. Test Program.

Cross Sectional|  Axial Applied
Specimens Composition of Column Cross Section Shape of Load Axial
Steel Tube Ratio Load (t)
RAO Concrete Encased and 0 0
RA2 Infilled Steel Tube Column 0.2 18.7
RBO R R R
- RB2 Concrete Encased Steel Tube Column Round 0.2 13.9
8 - - R
% }Egg Concrete Infilled Steel Tube Column . 0(.)2 ; | : 0
RDO ) 0
) RD?2 Pure Steel Tube Column L ( 0.2 6.6
SAQ Concrete Encased and 0 o
SA2 Infilled Steel Tube Column 0.2 20.7
T SBO o 0
P ,,§§2,A,{ | Conerete Tincased Stecl Tube Column Square 02 | 167
5 SCo 0 0
X sC2 Concrete Infilled Steel Tube Columnii i 0.2 8.7
SDO i I o | 0o
| sp2 ,,,t Pure Steel Tube Col?mn 0.2 5.2
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Table 2. Dimensions of Specimens and Mechanical Properties of Materials.
Dimensions (mm) N Mechanical Properties (kg/cm?2)
Speci- Reinforced Concrete |Steel Tube| Concrete i Steel Tube 'Mam Re- .Web Re-
mens . inforcement | inforcement
T b k D J b ng Di st F. l F, g0y ! s0u 70y ‘ 0y rw”z/‘ rwfu
“RAO | 151 | 153 1 95.5| 98.3 \ 88.93.96] 296 | 18.4] 2890 ; 3520 | 3320 4970 | 2630 | 3790
. RAZ | \2 | 151 [ 149 965\ 99.1:88.9|3.96 | 241 | 2890 | 3520 | 3320 - 4970 | 2630 | 3790
% "RBO | 151 | 149°[97.4 96.4|89.5]3.95 288 | 24.5| 2890 | 3520 3320 | 4970 | 2630 | 3790
£ | RB2 | 150 | 151 | 97.7] 96.4|89.4| 3.97| 274 | 19.7] 2890 | 3520 | 3320 | 4970 | 2630 | 3790
4 'RCO ! | 89.513.95| 200 | 2890 | 3520 ' ! '
RC2 ‘,,., wJBQA 3.95 | 286 | 2890 \ 3520 |
RDO 89.5]3.95 2890 | 3520 -
RD2 ] 89.4|3.93 , 2890 ' 3520
SA0 151 [ 150 [ 97.1[96.6|75.2|3.06| 241 | 24.7 | 3000 | 4110 | 3770 | 5460 2740 | 4030
SA2 151 | 150 | 97.5]96.3| 75.3 | 3.05 ' 275 207!3000 4110 | 3770 | 5460 2740]4039
~ I'SBO 151 | 150 |97.5:96.3| 75.3 | 3.05] 232 | 20.7| 3000 | 4110 | 3770 | 5460 2740 ' 4030
% SB2 151 | 150 | 978|963 75.2]3.051 237 | 19.4| 3000 | 4110 | 3770 | 5460 2740 4030
n 'SCO | 75.3|3.07 379 28.7| 3040 | 4090
sc2| | l 75.1|3.07, 366 | 28.7 | 3040 | 4090 B
SDO 1 ] 75.3| 3.09 3040 | 4090 |
_sp2 | | | 2 753,3.08° | 3040 | 4070
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Fig. 9(a). Load-Deflection Relationships (Series 1).
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Fig. 9(b). Load-Deflection Relationships (Series 2).
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Fig. 11. Deterioration of Shear Capacity.
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Table 3. Measured Strength.
Speci- ! Positive Loading (t) | Negative Loading (t)

__ mens QVELVL‘QQTJ 955‘ VQmiaV.x ‘90.0370,4.!:@@967;;;.‘ ‘&{ ‘,QEZ’, l;Q.SE’ 767;”7‘ VQO,Oéra&d;‘,ﬂQm{;Uﬁrad?
‘RAOEG.]I 3.00}9.53‘ 9.63 ‘ 8.04 ‘ 7.55 |5.02 440 6.36‘ 7.94 } 7.70 1 7.50
RA2 | 7.52|4.00]9.37 9.38 7.44 6.98 | 896 3.74|8.17| 9.02 7.56 | 6.94

- }RBO !5.08’3.50‘8.21 8.13 \ 6.54 ‘ 5.86 | 3.00 2.92’6‘21’ 6.98 ' 5.86 ’ 5.55

8 I RB2 7.20 2.50‘8.001 8.32 G.OQ 5.08 |4.58 2.50 660 6.83  6.07 538 -

5 RCO l ‘ 421 + 4.08 3.83 ‘ t ’ 4.30. 4.11 ‘ 4.30

“ | RC2 5.48 | 547 3.54 : . 6.02 | 588 4.05
RDO| T 1391 " 38 | 391 ! ‘_1 [ 411 | 400 411
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T ['SA0 |2.00[3.75 8.05| 798 665 | 68¢ 144 268 "6.'29‘"7.50 7.00'*” 668
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© SCO | 4.34 4.23 4.17 i 448 4.45 4.48
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Fig. 12. Measured Strength.
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Shear Plane of Shear-Bond Failure
Fig. 13. Idealized Shear Plane of Shear-Bond Failure.
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Fig. 14. Shear-Bond Failure Mechanism.
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%, BLUERHNOERICL T, B ap HHER->Tn2, Thb5, BTAREE L HEE L
FTHERTAMBROSY, RRBHOERLLBT L L, EAMHH 02N, OFH, 1, ABRELA
ERELLBT 5L, ARRAEOHD, Thih ap BRREVEEZRLTNS,

Table 4. Direct Shear Stress Parameter (a).

Positive Loading Negative Loading
Speci- Computed Strength (t) | Measured Strength Measured Strength | n
mens (t) Apo (t)  @ne ! @ape
2e@n0 | @m0 | a0 | Gmes | r@ ] <Q | Omar | e@ | Q|
_ [ RAOT 406 | [ 1.77 | 963 [557]3.80]0.194| 7.94 |3.8812.11|0.108]0.151
g | RA2| 405 | | 173 | 958 |5.53/3.80 0,245! 9.30 ‘5.25i3.52\0.227‘0236
;§ RBO 369 | 1.73 | 8.13 |4.44]271 | 0.147] 698 |329 156 0.085'0.116
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SB2 | 3.14 ! 180 |, 776 |4.62|2.82{0.151, 750 |4.36!2.56]0.137]0.144
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Fig. 15. Relationships between Direct Shear Stress Parameter and Concrete compressive Strength.

ko> THRMTE LT LMREN D,

7, (9) RiZBWT, BEEG2V7 ) - I EHORBLEANBEEL, 2v7 ) - P BICKLERE
ABTRIE (Qu(=b"-j-Fo[10) &, #AMHREICE 5 KREAMBE Q0 (Sbrj rPurrwoy) DRIASIT
J: bl 'C,

Q0= Qo+ ruQo (10)
LERTHIERTE B,

8. MBI Y — PMEOKBEAMNME

WD (9) RH2NIZ (10) RICL - THESRS 2 > 7 Y — P BSOKRBEAMRIE Qo LHELT,
KTABBERORBEAWMRE Q %

Qo=1cQno+-Qo an
itkot, $1, BEVORBEAWHEE Q %

Qo=:Qmo+ Qo 12)
Ko TENENKRD, 1, RTARORREANBE Q &

Qa=wQu (—_—chmo) 13)
ko, 31, HEEOKREANMEE Q %

Qo=4Q, (=7Qm0) (14)

Itk -T, ERENKYD, £OR% Table 5 L Fig. 16 277, Fig. 16 LB T?OMB LU OF
i3, EHEBLCANBRCBIZAEINLREAEEELRL, HRERE, XTAREI Y27 ) -t EB552
WIRSRTBAORBEANREL, [NRMEERG Y7 ) - t BHORBEANBREYThTAED
Fo

37, BRBAKOWES NI BKBE Qneo &, (I)~12) ROZTNENORBEA WREL DOKE,
Fig. 17 tRL, OHREHED, OHHANEDMEXZNELRT.



Ethe Btk i @EV Y — FEOHANEREICHY B ERIVHIRE 221

Table 5. Calculated Strength.

Positive  Negative
Specimens | ,cQmo +Q@mo Qo rw@o Qo Qo Loading  Loading
Q.maz/QO

RAO 4.06 1.95 1.77 3.72 7.78 1.23 1.01
RA2 4.05 1.54 1.73 3.27 7.32 1.30 1.26
A RBO 3.69 1.88 1.73 3.61 7.30 1.11 0.96
'g RB2 3.62 1.74 1.75 3.49 7.11 1.18 0.99
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SDO 3.17 3.17 1.11 1.19
SD2 2.98 2.98 1.06 1.10
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Fig. B. Dimensions of Cross Section.



