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DESIGN METHOD FOR MIXED STRUCTURES

(PART 1, STRESS TRANSFER MECHANISM
OF EXTERIOR JOINTS)

By Minoru WAKABAYASHI, Koichi MINAMI and Yasushi NISHIMURA

Synopsis

The object of this study is to make clear experimentally and theoretically the stress
transferring mechanism of exterior joints in mixed structures. Four specimens are tested
under reversed loading. The column is composed of steel and reinforced concrete and the
beam is made of steel. Experimental variable chosen is the ratio of the flexural strength
of steel element contained within composite column to the flexural strength of composite
column. Main discussion is concentrated on the failure mechanism, hysteretic characteristics
and the ultimate strength. On the basis of test results, the analytical model is suggested
and the ultimate strength formula based on the method of superposition shows a good
agreement with the experimental results.
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Fig. 1 Specimen and cross sections.
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Photo. 1 Arrangement of reinforcement.

Table 1 Test program.

Column " Beam Experimental
—_— — <eoe—,  Panel : .
. ! Variable
Specimen Scctlon Steel Pomon Reinfor- Section | Thickness VAL
b, XD, Section cement e
(mm) (mm) (mm) (mm) (%)
i §D16 |
S 000 4D13 | 0
‘ 64@50
. H-150 75 4”‘?16
S 035 A 545 8-D 10 34
250 %250 OERY L gagso | 17200100 16
| X16x19
Hosox7s AP
S 065 4D10 65
X9X9
66@50
H-150X75  4-6¢) |
S 100 oAb | 1000

X12x16 65@50

M*) M, : Flexural strength of steel element contained within composite column.
M, : Flexural strength of composite column.
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Table 2 Mechanical properties of materials.

Steel Reinforcing Bar Concrete
P 0y Grmax & ¢ a7y Tmas & F, F,  FJ/F,
(t/cm?) (t/cm?) (kg/cm?)

4.5 2.8 402 0.305 64 237 3.53  0.328

9 255 409 0.287 py, 55 528 0.148
12 3.3 476 0.208 206 272 0.0919

16 082 432 0.337 D13  3.65 5.55  0.167
’ ’ ' D16 3.52 535 0.213
19 2.55 421  0.340

Note F, : Maximum compressive strength
F, : Splitting tensile strength
g, : Yield stress
Gmes : Maximum tensile strength
& : Maximum elongation
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Photo. 2 Loading apparatus.
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Table 3

Test results.

Flexural Diagonal Maximum Calculated
- Cracking Tension Load Flexural ! i
Specimen Load Cracking Load Strength of | Lo W1
> o) \ Beam
Py (O ,])N 7(” P ) - /'Bfi,(t)‘i
S 000 1511 4Dh)*  1.81(1.41) 6.83 (6.51) + 0. 583(0. 555)
S 035 4.06(1.13) 3. 45(6. 06) 10.11(10. 48) 1172 . 0.863(0. 894)
S 065 2.03(1.90) 4.01(4.15) 11.79(11.91) ' T1.01 (1.02)
S 100 1.71(2.65) 8.21(7. 99 12.44(12.42) 11.06 (1.06)

*y () : Negative Loading
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Fig. 3 Hysteresis loops.
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(a) For reinforced concrete column. (b) For steel column

Fig. 4 Stress transfer mechanism.
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Fig. 5 Axial load-moment interaction curves based on method of superposition.
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x=5cm 10

A series

B series

A series(x=5cm) A series(x=10cm)

Photo. A-1 Failure modes

Table A-1 Test results.

neutral axis x (cm) ‘ 21 15 10 5
B ‘ Maximum Strengtih Poax ) 88.8 59.1 42.3 26.0
A Series | Bearing Stress gy (kg/cm?) 423 394 423 520
1
‘ a1/60 % 1.33 1.24 1.33 1.63
: | Maximum Strength P, () 3.1 5L0  8L8
B Series 1 Bearing Stress g (kg/em?) — 602 464 511

a1/o9 ™ - 1.89 1.46 1. 61

7;)7 rror: VCuB'ir;Eompressive Strength



