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Abstract - Traditionally, domestic steel design and construction practice has provided extra shear studs to moment frame beams
even when they are designed as non-composite beams. In the 1994 Northridge earthquake, connection damage initiated from the
beam bottom flange side was prevalent. The upward moving of the neutral axis due to the composite action between steel beam
and floor deck was speculated to be one of the critical causes. In this study, full-scale seismic testing was conducted to investigate
the side effects of the composite action in steel seismic moment frames. The specimen PN700-C, designed following the
domestic connection and floor deck details, exhibited significant upward shift of the neutral axis under sagging (or positive)
moment, thus producing high strain demand on the bottom flange, and showed a poor seismic performance because of brittle
fracture of the beam bottom flange at 3% story drift. The specimen DB700-C, designed by using RBS connection and with the
details of minimized floor composite action, exhibited superior seismic performance, without experiencing any fracture or
concrete crushing, almost identical to the bare steel counterpart (specimen DB700-NC). The results of this study clearly indicate
that the beams and connections in seismic steel moment frames should be constructed to minimize the composite action of a floor
deck if possible.
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Fig. 1. Brittle failure of bottom flange of welded steel moment
frame connections in the Northridge earthquake (Bruneau
et. al., 1998)"
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Table 1. A case of structural design sheet showing domestic
typical arrangement of shear studs
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Table 2. Test matrix

FL. NAME H-SHAPE STUD BOLTS Specimens | beam-column connection | composite action
Pre-Northridge
SG1, SG2, flange welding/web  |composite with slab
F-7F H-400X200X8X1 2-0l16@2 -
8F-7 SG3, SG5, SG6 00X200X8X13 ¢16@200 PN700-C bolting (23%)
backup bar remained
Sslf 41’ SSCI}g 53[; H-400X200X8X13 | 2-016@200 RBS
’ DB700-NC | flange/ web welding steel beam
SGIA  |H-390X300X10X16| 2-016@200 minimized notch
RBS composite with slab
6F-2F| SG1, SBI H-400X200X8X13 | 2-016@200 . (10%)
DB700-C flange/ web welding
s . 25mm gap b/w slab
IF SB1 H-400X200X8X13 | 2-016@200 minimized notch and column
dazpsts) =2 A268 ASE(EY A1322) 20149 109 387
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Table 3. Property of material

yield |tensile| yield
. stress | stress | ratio | Elongation .
Specimen o Material

Uy Oy Uy/ou (A’)

(MPa) |(MPa)| (%)
H-700x30| flange| 304 | 454 |66.9 | 30.6 | SS400
OX13X24 | web | 363 | 481 |75.6| 274 | SS400
H-428X40|flange| 357 | 524 |68.0 | 281 |SM490
TX20X35 | web | 358 | 520 | 68.8| 24.1 | SM490
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Fig. 11. Crushing of concrete slab of PN700-C at 3% story drift
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Fig. 16. Opening and closing of gap of DB700-C
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