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Table 1 Details of rectangle concrete slab with mild steel tests and calculated enhancements

Dimension Reinforcement

Slab Lx1xh/ Long span Short span Spacing/ feu/ P/ Piest/ e A max/ el Peal/
mm XmmXmm ¢/  fy/fu/ duct./ ¢/ fy/fu/ duct./ mm MPa (kN-m_Q) (kN~m_2) mm Phest
mm MPa % mm MPa %
M1l 1700x1100x18.2 2.42 732/756 1.49 2.42 TH7/777 3.26 50.8 41.3 8.52 20.74 2.44 72.5 2.55 1.04
M3 1700x1100%x22.0 1.53 451/487 6.39 1.49 454/495 8.98 25.4 35.3 6.35 12.28 1.93 85.4 231 1.19
M5 1700x1100%x18.9 1.47 406/500 9.89 1.48 435/473 9.87 12.7 37.9 8.69 17.92 2.06 68.1 2.33 1.13
M7 1700x1100%x20.4 0.84 599/653 3.30 0.85 604/679 2.91 12.7 41.6 5.11 8.65 1.69 49.7 1.62 0.96
M9 1700x1100%x22.0 0.66 450/470 1.30 0.68 402/454 3.93 6.35 37.6 5.07 7.35 1.45 22 1.47 1.01
M11 1700x1100x18.6 2.42 732/756 1.49 2.42 757/777T  3.26 50.8 39.8 5.11 8.89 1.74 72.4 191 1.09
M13 1700x1100%x36.6 2.42 732/756 1.49 2.42 TH7/777 3.26 50.8 42.0 21.94 29.12 1.33 54.4 1.39 1.05

R LA ES 5 AN I AR 2 5 mm, Hoh M1 B M3 (R E)EE RN 9 mm.

Note: All slabs have 5 mm cover to reinforcement in long span, except M11 and M13 have a cover of 9 mm.
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Table 2 Details of square concrete slab with mild steel tests and calculated enhancements
Dimension Reinforcement

Slab Lx1xh/ Long span Short span Spacing/ feu/ P/ Piest/ e A max/ el Peal/

mm XmmXmm ¢/ fy/fu/ duct./ ¢/ fy/fu/ duct./ mm MPa (kN-m~?) (kN-m~?) mm Prest

mm MPa % mm MPa %

M2 1100x1100x19.1 2.42 732/756 1.49 2.42 T57/777 3.26 50.8 38.0 13.8 26.99 1.96 60.4 2.13 1.09
M4 1100x1100%x20.1 1.53 451/487 6.39 1.49 454/495 8.98 25.4 35.3 8.17 18.29 2.24 65.2 2.06 0.92
M6 1100x1100%x21.6 1.47 406/500 9.89 1.48 435/473 9.87 12.7 38.6 15.72 27.03 1.72 48.0 1.67 0.97
M8 1100x1100%x19.0 0.84 599/653 3.30 0.85 604/679 2.91 12.7 42.9 6.68 10.70 1.60 29.8 1.36 0.85
M10 1100x1100%x19.7 0.66 450/470 1.30 0.68 402/454 3.93 6.35 37.3 6.36 9.89 1.56 19.6 1.26 0.81
M12 1100x1100x19.4 2.42 732/756 1.49 2.42 757/777 3.26 50.8 40.7 8.96 16.17 1.80 65.4 2.10 1.16
M14 1100x1100%x35.9 2.42 732/756 1.49 2.42 757/777 3.26 50.8 40.2 31.03 41.18 1.33 46.0 1.35 1.01

A RBE LA ES T AN I AR 2 5 mm, Hoh M12 B M14 (R EEE RN 9 mm.

Note: All slabs have 5 mm cover to reinforcement in long span, except M12 and M14 have a cover of 9 mm.
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CALCULATION OF TENSILE MEMBRANE EFFECTS OF CONCRETE
SLABS USING DEFORMATION ADDITIVE
DECOMPOSITION THEOREM Y

Dong Yuli?
(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract Significant experimental and theoretical research work showed that, concrete slabs at large vertical
displacements could support loads considerably greater than those calculated by the well-established yield-line
approach. The mechanism for supporting the load was shown to be tensile membrane action, which could
form within the slab irrespective of whether it was restrained or unrestrained horizontally at its boundaries.
Most of these research works were based on work method. Combining of previous research work and segment
equilibrium method, Bailey (2001) proposed a simplified design method, which took account the membrane
action of composite floor slabs at large displacements. This model considered the slab with no in-plane horizontal
restraint at its edges, can carry a load greater than that calculated using normal yield-line theory, is partly due
to in-plane tensile stresses developing at the centre of the slab and partly due to the increase in yield moment
in the outer regions of the slab, where compressive stresses occur. The enhancement included two parts, one is
due to membrane action and another is due to membrane forces, of yield line load for each element. Typically
the enhancements of 2 elements are not equal, and the difference was explained by the effects of vertical shear or
the in-plane shear. Because Bailey’s theoretical derivation was based on in-plane resultant moment equilibrium
equations, and assumed the fracture failure model of reinforcements occurred through the depth of the slab
across the short span at first, so it is not unified with the yield-line theory, and may lead to tedious calculations.

Based on the additive decomposition theory of deformation gradients, this paper presents an energy-based
model to determine the limit carrying capacity of concrete slab at large displacement, which considered the mem-
brane effects and unified with the conventional plastic line theory. The model could predict the load-carrying
capacity of either rectangular or square concrete slabs with both orthotropic and isotropic reinforcement, and
could interpret why for similar reinforcement the square slabs always fail at a lower vertical displacement com-
pared to the rectangular slabs, and the reason of fracture of reinforcement along the short span of rectangular

slab. Comparison between the developed model and test results shows good correlation.

Key words membrane effect, extension of reinforcement, plastic hinge line theory, concrete slabs, additive

decomposition theorem
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