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Experimental study on mid-span flexural performance of floor beams
incorporating structural spatial restraints
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Abstract: To investigate the mechanism of flexural overstrength of cast-in-situ reinforced concrete floor beams
incorporating structural spatial restraints, this article takes the spatial position and longitudinal reinforcement ratio
of the floor beams in the structure as variables, designs 12 floor beam specimens with upper erection bar not
extending into the support, and conducts static tests on the mid-span flexural performance. Based on the
experimental method of establishing classical concrete theory, a comparative test of 4 simply supported beams is
conducted. The failure mode, bearing capacity, deformation capacity and axial elongation of beam specimens are
studied in this article. The results show that the ratio of the bearing capacity of the floor beam specimen to the
calculated bearing capacity based on flexural components is 1.57 —2.77, which is significantly improved compared
to the corresponding rectangular and T-shaped simply supported beam specimens. The degree of overstrength is
inversely proportional to the longitudinal reinforcement ratio. Compared with the simply supported beam, the failure
mode of the mid-span section of the floor beams do not change significantly due to the axial compression, but the
ductility of the floor beam decrease. The axial elongation increases with the increase of the deflection. Regarding
the floor beams as compression-flexure components, a method is proposed to determine the corresponding axial force
and flexural moment according to the test peak load of the floor beam. The calculation results show that the ratio of
the moment of the mid-span section of the floor beams subjected to compression and flexure to the moment subjected
to flexure is 1.28 to 2.19. The finite element numerical simulation of the floor beam is carried out in this article.
The results show that with the increase of the included floor range of the floor beam section, the axial force tends to
be uniform along the beam span.

Keywords : floor beams; structural spatial restraints; mid-span flexural performance; capacity; axial elongation;

compression-flexure components
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Fig.1 Two-point loading of floor beam
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Fig.2 Test RC frame structure
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Tab.1 Information of components in the frame structure
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Tab.2  Information of floor beam specimens
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Tab.3  Information of simple supported beam specimen
b/ RETEE LY -
i Wi p/ %
mm mm mm
R-2.05 180 300 300 2¢22+1416 2.05
R-0.86 180 300 300 2¢16 0.86
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Tab.4 Mechanical properties of steel bars
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Fig.6  Crack distribution of floor beam and simple supported beam
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Fig.8 Load-deflection curve
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Tab.6  Ductility coefficient of beam specimens
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Fig. 10  Bar strain of beam specimens
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Tab.7 Comparison of capacity of beam specimens
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(b)P_/P

test' 0

TR p L
BT i FOREA BRI R
KA-1.62 — — — —
KB-2.05 1.91 — — 1.06
KA-2.05 1.80 — — —
KC-1.62 — — — —
KD-2.05 2.80 2.23 1.28 1.27
KC-2.05 2.21 1.76 1.47 —
KC-0. 86 3.20 2.73 1.23 —
KD-0. 86 4.20 3.58 1.15 1.31
KC-1.29 — — 1.39 —
KA-0.86 2.79 — 1.25 —
KB-0. 86 3.03 — — 1.08
KA-1.29 — — — —
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Tab. 8 Analysis results of mid-span moment of floor
beam specimens
- P../ N/ M./ M./ M,/
s kN kN " (kN'm) (kN.m) (kN-<m)

KA-1.62 366 350 0.23 46.7 117.8 87.2
KB2.05 414 371 0.25 49.1 137.3 103.0
KA-2.05 390 320 0.21 43.6 132.0 103.0
KC-1.62 469 497 0.33 66.6 144.5 102.2
KD-2.05 609 729 0.48 88.5 185.6 117.6
KC-2.05 481 434 0.29 60.6 156.0 117.6
KC-0.86 348 396 0.26 55.2 101.2 59.7
KD-0.86 457 681 0.45 74.8 130.9 59.7
KC-1.29 412 443 0.29 60.5 124.8 85.1
KA-0.86 304 371 0.25 48.2 88.7 55.5
KB-0.86 329 428 0.28 53.6 94.8 55.5
KA-1.29 330 339 0.23 45.4 103.0 72.8
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