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1.Introductiion

In recent years, composite and mixed structures are getting more
applications as rational structural systems due to saving in material
and maintenance cost. However, so far a few experiments were done
on beam-column composite rigid connections. Therefore, a study is
being carried out now in order to clarify behaviors and roles of studs
in those connections. In the study; however, reduced models with
small diameter studs(6mm) were used. There was; however, no
useful data on 6 mm studs in order to evaluate the composite
comnection  strength.  Therefore, a study on 6 mm diameter
studs was required to provide basic understandings of mechanical
behaviors of 6 mm diameter studs such as the shear and pull out

strengths. ;
2. The Experiment ] o n
Shear and tensile (pull out) tests were carried out on 6 mm diameter *

studs. A total of 78 specimens were tested for shear and tension. |[] d h i h ]

Three types of stud of 35, 45 and 60 mm long were tested. The

parameters of this experiment are the height of the studs, the concrete | okl om0
strength, and existence of the reinforcement in the concrete slab. Figs

1 and 2 show the tests specimens. New testing methods of one stud Fig. 2 Pull out test specimen.

for shear and pull out were developed using a center hole jack as
shown in Fig 3 and 4. Also extensive shear and pull out tests were
carried on 6,9,13 mm diameter studs with different heights. The
location of studs in the concrete slab was considered to investigate
the effect of the distance of stud from the concrete edge. -
3.The experimental results and discussions

(a) Shear test

The shear test results were listed in Tables 1 and 2 with four
calculated values by existing evaluation equations. The four

equations that were used in the calculation and a modified one as
follows:

Q,=100+As \/(hs / ds)fcu +1000 (by Hiragi) M

Fig. 3 Studs tension test. Fig4‘ Studs shear test.

Table 1 Shear test{concrete o=18.6 N mmz) Qu(kN}
hs{mm) INo.| Exp. | Eq. 1| Eq. 2| Eq. 3| Eq. 4 | Modified Eq.
2 f . 11105 [19.17| 857 | 16.71]17.16] _ 10.08
Qu=0.4+ds"v/fcu - Ec (by Fisher) ) 2 | 1064]19.17| 857 | 16.71] 17.16] 10.08
35 [ 3190711917]857|1671]17.16] _10.08
Q,=58.3.ds - hs+/fcu (by Slutter) (3) 4 [10.76]19.17] 857 | 16.71] 17.16] 1008
5 110881 19.17] 857 [16.71{17.16] 1008
Qu=86,30ds‘[(hs /ds)fcu (by Hiragi) “@ 111126} 20.42] 857 |2148| 1945] 11.33
2 [12.18]20.42] 8.57 | 21.48] 19.45] 11.33
45 [ 3] 11 _|204p]8s57]21.48]1945] 11.33
2 4 [1212]|20.42] 8.57 | 2148 1945] 11,33
Q,=100"As (hs/ds)fcu+20()ds S) 5| 9.66 |2042] 8.57 | 21.481945] 1133
- g 1125 |22.06] 857 | 2865 2246] 1297
(Modified equation ) 2 [12.89]22.06] 857 28.65] 22.46] 12,97
60 [ 311095|2006] 857 2865/ 2246] 1297
4 11028]20.06] 8,57 | 2865| 2246] 1297
51 94 |2206] 857 | 2865|2246 1297

Note: the shear force Qu given by the above Equations in kilogram force using the dimensions in cm.
Where, Qu: shear strength of a stud in kgf, As: the cross sectional area of the shank of the stud in cm?, hs height of
stud in cm, ds: diameter of the shank of the stud in cm, fcu: compressmn strength of concrete in kgf/cm
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Table 5 Effect of stud location on shear sirength(c,=27.25 N/mm2)

The mgdified equatiop above estin}ates the shear strength satisfactorily (GmereCongth] Location from [Exp. Load| Faflure
comparing to the experimental values in the case of low concrete strength. But | (mm) | (mm) Slab Edge um] (KN) | Mode
it gives a little bit higher estimation values for the studs in high strength 3 - 470 concrete
concrete. A relation between the present test results and existing test results for 6 35 > 30 1382_| swd
normal size of studs having the diameter from 13 to 22 mm is shown in Fig. 5. 6_] 60 40 7.21_ | concrete
. 3 50 80 1216 | stud
The new data showed the same trend as the existing data. 5 0 >80 13.86 | stud
(b) Pull out test 9 45 > 80 31.13 stud
In the case of .pu_ll out test, Tables 3 anq 4 show the test resul.ts with calculated 193 Z: :Zg zgg Co::iw
values by 4 existing equations and a derived one. Those equations as follow: 3| 80 >80 .39 | stud

_ Table 3 Pull out test results ( concrete oc =21.7 N/ mm2 )
Tu= 1~06\5 <. le(le + dh)V feu (byPC) (6) Studs | Reinf. JPu(kN)] Eq.(6)] Eq.(7)] Eq(8) | Eq(9) | Derived Eq.
Tu=As - Gs ) 35 |yes | 891 11871377 [ 421 1419 9.92
711 1118 | 1377] 421 14.19 9.92
Tu=0.15 - -dh -hs - Bw <x ’dSZOy (by Sattler)  (8) 45 ;eos 1423] 1743 | 13.77 | 541 19.52 1547
Tu = 10.96 \/hs(hs + d2)v/Bw © no | 1346 17.43 | 1377 | 541 1952 15.47
(by Bode &Roik) 0 |es [1370] 2936 [ 13771 722 28.47 26.06
y bode &Rol no | 145312936 [ 1377 7.22 2847 26.06
Tu=1.33Lex - (Le+dh) *JBw (10) Table 4 Effect of focation of stud on tension strength(oc=27.25N/mm’)
(derived equation) e Ea | Ean | Eam | Eag | O
. Location | Ed Reinf. EXP. F.mode {iN) &N) (kN) N (KN)
In case of the tension test (pull out) of the studs, Eqs [-2 o 1 o35 | Cone [ 7as6 | 1e0s [ 53 | 1675 | U
(6) and (7) have been referred to in the discussion of —2 - e e e e £
the test results. Eq.(6) estimates the pull out strength | —& T 20 0 MY S ¥ L
when the stud failed by cone failure of concrete. §5§ T o T MY AT WMGTE T
. . . o 13_| Cone 266 | 14.05 ] 539 15. 1123
Eq.(7) gives the failure load when the stud fails by [~ o | 752 | Cove | vzs6 | tags | 830 | ors | 112
X . 3 N 30 s 41 | Cone | 1266 | 1405 | 539 | 157 23
tensile rapture and it predicts the maximum strength [ Ve e o f e [ | s L 1
of the stud at the pull out test. Where: As is the area 4 o | Yeo | 8% | Cono | 7o68 | 1405 [ ase [ Jo7s | 1129
of the stud cross section and os is the tensile stress of g0 Comparison with oid data.
the stud. le length of stud, dh diameter of the head of 160 g -
the stud, BW, and fcu is the compressive strength of 2138 -
concrete. By investigating the test results in Table 3~ 100 5 Now d
. . G 80 —— ta
and 4 with the calculated values by Eq. (6), it can be i o O!e,jwd??a
said that the stud of low height in low strength 40 Z L
concrete will fail by cone failure of concrete and the 28 ! . . ,
strength is lower than the estimated values by Eq.(6). 0 2000 4000 6000
When the stud becomes longer than 35 mm and it is do(hs/ds) fou™ (kg™

in high strength concrete, the stud would fail by Fig 5 Comparison with old data
tensile failure of the studs themselves. Therefore, the
strength of the studs became constant with no relation to the stud height. In the case of the 45mm long studs, the
cone failure strength of the studs and the tension strength were very close. In the case of the 60 mm long studs,
all specimens of both type of concrete failed by tensile failure of studs because the cone failure strength becomes
larger than the tensile strength of the stud. The slab reinforcement increased the pull out strength in case of the
35 mm long studs ; however, it showed little effect for the 45 mm long studs and showed no effect in case of the
60 mm long studs, because the cone failure strength was much higher than the tensile strength of the studs
4. Conclusion
From this experiment, the following points can be pointed out.
The fine stud of 6mm diameter behaves as normal studs in tension and shear. For the shear strength a modified equation
proposed. In 35 mm long studs, the reinforcement of the concrete slab increased the concrete bridging and increased the
concrete cone failure for the studs . In 45 mm long studs, the reinforcement of the slab did change the failure mode of the
studs. Even though, the failure load did not increased much due to the high concrete cone failure. In case of 60 mm long studs
the reinforcement of the slab did not seems to effect the failure load of the studs because the concrete cone failure was much
bigger than the tensile load failure of the studs.
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