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Summary : This paper presents the main results of an axperimental research
recantly performed at the University of Lidge, tha aim of which was to
analyse the behaviour till collapse of strong axis beam-to-column composlte
Jjoints commonly uged in practice,

1. INIRODUCTION

Many multi-storey frames ave built now in such a way that the concrete
fleors contribute to the strength of the stesl skeleton and participate to
the structural behaviour of the framing. :
Work performad Iin this field har however principally focused on the study
of the individual frame components {(columns and composite floors) and not
so much on that of the connections between these elements. This has led
the departments RPS “of ARBED-Recharches (Luxemburg) and M6M of the
University of Lidge (Belgium) to introduce a two and a half years rasearch
project (01.07.87 to 31.12.89) to the Commission of the Buropean
Communities (agresment N* 7210-SA/507 C.E.C.-ARBED) in view to :

- investigate experimentally the behaviour under static loading and until
collapse of 38 interior composite joints between a steel column and a
floor composed of steel beams surmounted by a reinforced concrete slab on
the one hand, and of 18 interior and exterior bare steel Joints on the
other hand;

- develop mathematical methods for the prediction of the non linear
rasEonse till collapse of these joints on base of the knowledge of their
mechanical and geometrical properties; N

- develop a program for the non linear calculation of steel and composgite
frames with seml-rigid jeints,
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This paper presents the main results of the experimental part of the
research dealing with the composite joints. Another paper 1s aimed at

presenting the mathematical modelling of the behaviour of these joints.

Two types of cleat connections between gteel beams and columns are
considered; they only differ by the presence or not of one cleat connecting
the upper beam flange to the column flange (figure 1).

411 the connections use bolts of quality 8.8 (H.5.bolty) preloaded with a
specified torque moment associated to a not-controlled hand tightening.

A clearsnce of 1 mm s adopted betwean bolts and thelr holes while the
clearance betwsen the beam and the adjacent column flange is 15 mm.

The slab thicknees ie kept comstant : 12 em. It breadth is fixed to 120 cm
because of considerations dealing with the slab effective width.

Concrete strength has been kept as constant as posalble and corresponds to
normal concrete.

The concrete slab is connected to the steel beam by means of shear stud
connectors sllowing for a full interactionm.

The continuit{ of the concrete slab at the column support ig achleved by
means of two layers of six rebare each.

All the mechanical and geometrical proyertias of the specimens have been
measured but are not listed here,

The following parameters have been investigated :

- the type of sections used as column and beanms: it was decided to use a
single HE section (HEB 200) as column and IPE saections as beams, In
accordance with a current practice for multi-stovey bulldings;

. the relative beam-to-column stiffnesa: because of the role played by the
beam depth in the force distribution between the steel and concrete
components of a composite joint {(with a specified column section), three
different beam depths are chosen : IPE 240 - 300 - 360.

. the sizes of tha comnecting cleate: for constructional and structural
reasons, unaqual leg 150 X 90 mm cleats are used, the larger leg being in
contact with the beam. For sake of simplicity, all the cleats in a
specified connection are identical. Two different values of thickness
are considered with a view to assess the Influence of the cleat
flexibility:

&) 150 x 90 x 10 mm cleats
b) 150 x 90 x 13 mm cleats

- the percentage of steel reinforcement in the slab : three different bar
diamoters (10,14 and 18 mn) have been aselected in order to cover the
current range : 0,67 ¢ -1,3 & -2,1 %,

The collapse of the composite joints with IPE 240 beams being associated to
the buckling of the lower beam flange and not to the collapse of the
connection 1tself, therefore only the results of the test series with
IPE300 and 360 beams are presented in this paper (see table 1),
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(a) composite joints with 2 cleats  (b) composite joints with 3 cleats
per connaction per connection :
(tegts 30 n 20 or 36 x 20) (tests 30 x 3c or 36 x 3o)

Figure 1 - Types of eomponitu‘jointu teeted in laboratory.

The experimentdl testing arrangement is given in figure 2.
Beams #nd colusns are guided laterally so that any displacement of the test
specimen perpendiculer to the plane of loading is prevented.

¢ test specimen 1s loaded by mesns. of & S0 tons fmck, ‘periitting a
maxieus vertical displacement of 20 em, : :

7he load is fuvoreased step by step either up to the collapse éf the joint,
or up to the maximua vertical displacement. Unloadings ara carrisd out
during the tests.

The specimens are instyrumented as debcribed in figure 2 and 3,
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Figure 2 - Cruciform testing srrangement and location of displacetent
: transducers. ) co
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Figure 3 - Location of the displacement transducers and of rotation
transducers (6-7) in the vieinity of the comnectlons,

3. EXPERIMENTAL CURVES.

The following deformability curves have been plotted for each test
performed (see figures 2 and 3): .

1) M-w curve (w = vectical displacement of the column)

R O

2) M:9 curve (¢ = relative rotation of the connection)
) -_iﬁlwg*LZl {(firat assessment)

¢ - (5) - {(9) + 2
' Zﬂb
vhere Hb = dapth of the beams,

L L12)] (second assessment)

3) H-¢ __ curve (¢w8 = relative rotation without slip of the connection}
—

$,, - B2
* Tus 2“b

4) H-¢ . curve (écz = component of the connection rotation éws due to the
Ll compression in the column web)

-] - i
* Yoz ZHb
5) M- . curve (¢bf - component of the connection rotatfon ¢ws due to the
—bf . deformation at the upper beam flange)
- {5)
* YTZ 2Hb '

. For each test, the strains have been measured in the beam flanges and in
the rebars (20 strain gages) in view to explore the stress distributioen in
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the twe beam sections located Just near the steel connections. Thias hae

enabled to report for each test :
(6) the mean values of the straing in the steel reinforcement of the

concrete ulab;

' (7) the mean values of the stresses in the steel relnforcement of the

concrete slab;
(8) the mean values of the stresses in the beam flanges.

It must be noted that the "connection relative rotation M-¢  curve without
slip" obtained by combination of the measurements n* 5 aflf 9 (figure 3)
differs from the one which would result from another test on an equivalent
connection but actually with no alip (cleats walded to the beam for
{nstance); this may be explained by the dependence of the measurement nt 5
upon the slip value at the lower beam flanges.

The nature of the collapse for each specimen tested as well as the ultimate
bending moment supported by the connections are presented in table 1. It
may be seen that these maximum moments represent an appreciable percentage
of the theoratical plastic moment of the composite beam sections.

The collapse of the partial-astrength connections tested is linked up to the
puckling of the transversally compressed column web or to the excessive
ylelding of the rebars according to the percentage of reinforcement in the
concrete slab, :

A brittle failure of sheared bolts has only been encountered for the test
30x2¢.1; it seems to result more from a local problem of load distribution
betwsen the bolts connecting the lower cleats to the flange of the left
beam than from an excess of streas In the bolts,

The test results highlight the importance of the flexibility of the
connections due to the slip between the lower cleat and the beam flange.

It i{s not very difficult and expensive to prevent such slip with the result
of improved rotational characteristics of the composite connections tested
in the frame of this research. .

The two other components of the connection deformability registered during

the tests In laboratory are related to !

- the compression in the column web ;

. the variation of the distance between the upper flanges of left and right
besms (this measurement gives an idea of the concrete glab axial ~
deformation).

The relative importance of these two sources of flexibility 4is strongly
dependent on the percentage of reinforcement in the concrete slab,



Teat Thickness |Diameter|Typa of Fu KIH (X)||Test ThicknessiDiameter ‘E)-.pe of
aumber of the of collapse wax ¢ number | of the of collapne
cleats rebarse cleats rebars
(een) (men) (ma} ()

Iox3e.2 10 14] 8, € 99 J6x3c.} AL 10 8 1
30x3c.3 [£4] 14 a 98 36x3c.2 10 i4 a 80
30x3c. | io i8 a 84 36x3c.3 10 18 8 79
I0x3e. 6 13 lo c {a) I 14 36x3e.5 13 to a 1%
Igxde. b 13 14 [ 95 6xde.6 13 14 8 85
I0xde. 13 18 [ 95 36xde.7 13 8 a 84
I0x2¢c,2 19 10 e 81 Ibxl2e.2 10 to b 67
I0xic, | 10 14 d 89 ¥6x20, 1 10 L] a 82
30R2¢.3 10 1] & o4 6x2c.d 10 t8 [} 14
Joxte.5 13 lo ¢ 79 I6x2a.7 13 [1¢] [ 67
30x2a.6 t3 14 a 99 Ibx2c.6 13 4 8 83
i0xte,7 il i8 a 4 36x2e.5 13 e a 12
* as buckling of the columi web at the level of the lower clests |

b1 collapse (In tension) of the relnforcemsnte in the concrete slab §

ot attalntment of the maxisum permisasible verticsl dlsplacement of tha‘coiuah (20 ¢m) due to

the excesulve yhelding of the xeintorcements in the concrete siab
di collapsa {in shaar) of the bolts connecting the lower cleats and the baan flenges.

_ Table 1 - Deserfption of the collapse for the performed tests.

The parameters investigated in the expérimental part of this research are
the following ! _ ' : '
- the thickness of the cleats ;

- the nunber of cleats |

. the percentage of reinforcement in the slab.

The results of both presented test series (connections with IPE3IO0 and 360
beams) lead to conclude to a similar influence of the here above recalled
parameters according to the typs of beaw. Only the "IPE360 serie” will
consequsntly be discuesed in this paper.

Figure 4 for instance shows clearly the benefical influence of the
percentage of reinforcement on the rigidity and on the ultimate strength of
the connections, The substantial rotation capacity of the composite
connections with bars of 10 mm in the concrete slab 1s linked up to the

tensile ylelding of the rabars,.

Figures 5 to 7 allow to highlight the influence of the cleat thlckness on
the semi-rigid behaviour of the composite connections. It may be seen that
the rotational rigldity and the ultimate capacity of the connections are
not strongly affected by this factor, more especially as the differences
registered may be partly explained by :

- the relative importance of the slip between cleats and bean flanges ,
- the buckling direction of the columm web, which influences the value of
. the collapse buckling load, and which is dependent on the initial
out-of-plane deformation of the web, on 1its direction, and on the
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position of the cleats comnecting the beam web to the column (they are
submitted to compressfon during the test and tend consequently to produce
small bending moments in the colusn web).

" The necessity to connect the upper flange of the beam to the column by

means of a third cleat may be discussed on base of the diagrame of figures
5 to 7 too. The upper cleat do not affect significantly the behaviour of
the connection (figures 6 and 7) as far as the plastic reslstance of the
rebars is not reached in the section of the comnection and the assoclated
plastic deformation has not developed, In the other cases (flgure 3), an
additional bending moment related to the resistance of the upper cleat
submitted to tension forces is carried over to the column by the composite
beans . )
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Figure 4-Influence of the psrcentage of reinforcement in the concrete sleb,
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Figure 5-Influence of cleat thickness and number of cleat (rebars of 10mm)
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Figure 8-Influence of cleat thicknese and nusmber of cleata(rebars of 18mm)




