CHAPTER 5
SUMMARY, CONCLUSIONSand CLOSING STATEMETS

51  Summary

The purpose of this research project was to derive a reatively smple yet acceptably
accurate model to predict the srength of composte floor shear connections festuring the
ELCO Grade 8 standoff screws.

The strength prediction model was derived based on the results of 254 push-out tests
performed a Virginia Tech. The resaults from 6 available full-scae short-span joist tests that
featured standoff screws as shear connectors were not used o evaduate the performance of
the strength prediction mode!.

This dudy was based on the redization that the fallures of shear connection in
composite floors occur in three different modes. screw shear, concrete rib falure, and screw
pullout. Each of the falures was andyzed separately, and the find strength prediction mode
represents asynthesis of those analyses.

In addition to deriving the dstrength prediction modd, a rdiability sudy amed a
deriving a drength reduction factor for the ELCO Grade 8 standoff screws was aso
conducted. It was shown that the derived strength reduction factor should idedly be applied
to the drength of the standoff screw and that this reduced strength should be used in the
cdculaion of composte member moment capacity. The proposed ELCO Grade 8 standoff
screw strength prediction model is shown below as Equation 4.4.

When therib is perpendicular to thejoist:
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When therib isparallel tothejoist:
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where:

F = grength reduction factor = 0.85
R = shear strength per screw, kips

tic = top chord thickness, in.

Hs = screw height, in.

h =rib height, in.

wr1 = bottom rib width, in.

fc = concrete compressive strength, ps
Ly  =length of the shear plang, in.
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Wr2  =topribwidth, in.

N = number of screwsper rib£ 12

Asx  =nomind cross-sectiond areaof the screw, in.?
Fu = screw tendle strength stress, ks

ls = verticd distance between screwsin arib, in.

In peforming the abovementioned reiability sudy, several additiona issues were
identified.  Their nature and dgnificance exceed the scope of this study, and subsequent
studied may be required to address them. These issues are further described in the section
5.4.

5.2.  Conclusons

Standoff screws gppear to be a reliable dternative to welded shear studs in light-
weight composte floor joists. Ther overdl ductility, rdaively smple inddlation, and the
eimination of wdding are mgor advantages. A rdatively high number of screws required in
larger joists and a lack of ductile behavior when used in pists with thicker top chords are the
most prominent disadvantages.

Usng the ultimate strength of the screws versus usng therr drength & certain dip
vaues (i.e, the dip of 0.20 in.) was shown to be judtified and did not have adverse effects on
serviceghility.
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The derived drength prediction modd offers a rdidble and reatively smple way to
evauate the strength of alightweight joist composite section with standoff screws.

Longitudind rib splitting, the occurrence of which is not characteristic for full-scale
gpecimens, was happening routindy in push-out specimens that dther contaned a reaively
large totd number of screws per specimen, or were not sufficiently reinforced againgt rib
solitting.

The effect of top chord angle yield strength on the strength of shear connection failing
by screw pullout could not be fully redized from the available data due to the amdl range in
the angle yield strengths.

ELCO Grade 8 dandoff screws do not exhibit a satifactory leve of ductility when
used in joists with reatively thick top chords. The result of CSJ13 indicates that no
redigtribution of horizontal shear force occurs. Screws closer to the supports therefore fall
fird. At the same time, screws closer to the mid-span carry sgnificantly less load, or no load
whatsoever, at the time of failure of the first shear connectors.

The results of this sudy suggest the need for a different design procedure for
composite joigts than for composite beams in terms of how the strength reduction factor is
goplied. It would agppear that the moment capacity of compodte joists is directly
proportiona to the strength of the shear connector used, and thus the dtatistical characteristics
of the strength of the shear connector have a direct effect on the drength of the composite
section itsdf. The dtudion is completdy different with compodte beams, their moment
capacities are not directly proportionad to the strength of the shear connectors used. Also,
datistical characteridtics of the shear connectors affect the moment capacity of a composte
beam differently a different percentages of compodte action. These differences result from
neglecting the contribution of the top chord to the moment capacity of composite joists. The
resulting approach br composite joists would be to apply a separate strength reduction factor
to the drength of the shear connector, and to then use that reduced strength in the calculation
of the compodte jois moment capacity and corresponding rdiability studies aimed at finding
anew strength reduction factor for the moment capacity of composite joists.
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5.3. Limitations
There are a few limitations to the derived strength prediction modd and the use of

gandoff screws in genera. Mogt of them could be eiminated by subsequent research. They

are asfollows
The top chord thickness shdl be in the range of 0.109 in. to 0.250 in. The
lower limit is the thinnest tested thickness and the upper limit is governed by
both the sdlf-tapping characteristics of the screw and dudtility.
The yidd drength of the top chord angle shdl nomindly be 50 kd. At this
point, it is unknown, how a sgnificantly lower or higher top chord angle yidd
strength would affect the strength of shear connection.
The number of screws per rib shdl in no indance exceed 12, as thet is the
highest number of screws per rib experimentadly evduated. Mogt of the time
this number will be governed by practicd condderations as the space
available for the ingdlation of screwsin narrower ribsis fairly limited.

5.4. Future Research Suggestions
Severd additiond issues should be resolved to be able to fully predict the behavior of
gsandoff screws. They are listed asfollows:
The effect of top chord yield drength on the drength of gtandoff screw shear

connection. This could be found by conducting severd pushrout test series
featuring angle thicknesses between 0.109 and 0.138 in. and top chord yied
grengths sgnificantly lower or higher than 50 ks.

The drength reduction factor for the moment capacity of composte joid.

This topic applies not just to standoff screws, but to al shear connectors. A
resarch project on this topic would idedly incude full-scae short-span
composite joist tests that would have their shear connection strength designed
usng the drength prediction modd and corresponding strength reduction
factor derived in this sudy. Based on the results of these full-scale tedts, a
separate strength reduction factor would be derived for the composite joist

moment capacity.
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Standoff screw ductility in thick top chords.  An investigation of horizonta
shear load didribution among screws in top chords grester than 0.200 in.

should be conducted to determine the influence of this parameter on the
flexurd response of composite joists.

Longitudind rib_gplitting. Based on occurrences of longitudind rib splitting,
any subsequent pushrout tests should contain the least total number of screws

per specimen possible (idedly less than 14) to prevent this inapplicable mode
of falure
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