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Shear strength of interior slab-column connections
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ABSTRACT: An alternative strength model was developed for evaluating the punching shear strength of interior slab-column connections without shear reinforcement. The punching shear was assumed to be resisted
mainly by the compression zone at the critical section, addressing the damage due to flexural cracking at slabcolumn connections by flexural cracking In defining the punching shear strength, the material failure criteria of
concrete was used. In the evaluation of the punching shear strength, the interaction between the shear stress
and the compressive normal stress developed by the flexural moment of the slab was considered. The proposed
strength model was verified by existing test specimens.
based shear strength model to predict the one way shear
strength of reinforced concrete slender beams. In the
model, the shear strength was defined based on the material failure criteria of concrete. By addressing the interaction between the shear capacity and normal stress
caused by the flexural deformation, the effect of the
flexural damage was considered in the evaluation of the
shear strength of beams.
In the present study, the strain-based shear
strength model was applied to the punching shear of
slab-column connections. The applicability of the
proposed model was verified by comparisons with
existing test results.

1 INTRODUCTION
A flat plate is susceptible to punching shear failure at
its slab-column connection. The failure causes significant degradation of the overall resistance of the
structure, and thus the structure may collapse. Due
to that, a lot of research efforts have been made to
investigate the punching shear strength of slabcolumn connections.
Based on the results of research, so far, several
design methods for slab-column connections have
been developed, including ACI 318-05 (2005), CEBFIP MC 90 (1993), BS 8110 (1997), and Eurocode 2
(2002). However, the current design codes differ in
the definition of the shear strength and the location
of the critical section of the slab-column connection.
Figure 1 shows the punching shear strengths of test
specimens obtained from FIP bulletin 12 (2001). As
shown in the figure, ACI 318-08 shows the greatest
deviations in the strength-predictions. ACI 318-05
and CEB-FIP MC 90 greatly overestimated the
punching shear strength for several specimens.
Recently, Choi et al. (2007a) developed the strain2.5
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Because a flat plate has a large span-to-thickness ratio, the punching shear behavior is heavily dependent
on flexural deformation. Usually, at its slab-column
connection, flexural cracking occurs prior to punching shear failure (Farhey et al. 1997, Elstner &
Hognestad 1953, Kotsovos & Pavlovic 1998). The
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Figure 1. Punching shear strength-predictions for test specimen.
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The proportionality coefficient D(h,T) is called
moisture permeability and it is a nonlinear function
N.A.T (Bažant
of the relative humidity h and temperature
z
& Najjar 1972). The moisture mass balance requires
that the variation in time of the water mass per unit
volume of concreteσ (water content w) be equal to the
divergence of the moisture flux J v ( v )
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3 PUNCHING SHEAR CAPACITY AT CROSS
SECTION
The compressive stress is assumed to be parabolically
distributed along the depth of the compression zone.
The punching shear capacity Vn at a potential critical section can be calculated by integrating the governing shear stress capacity vn :

Vn = bo ∫ vn ( z )dz

(2)

where bo = perimeter of the critical section at a
slab-column connection.
In Figure 3, before tensile cracking (Stage AB),
the entire cross-section provides shear resistance. After tensile cracking is initiated (Stage BC), the effective depth of the cross-section resisting the shear
force decreases as the tensile crack propagates to the
neutral axis. Because of this, the shear capacity decreases. After the tensile crack reaches the neutral
axis (Stage CD), shear resistance is provided mainly
by the compression zone. In Stage DE ( αε o > ε o ),
the part of the compression zone experiencing compression softening no longer develops shear resistance.
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4 PUNCHING SHEAR STRENGTH
In the proposed strength model, the punching shear
capacity of a critical section is mainly affected by the
degree of flexural cracking and the perimeter of the
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where ∂we/∂h is the slope of the sorption/desorption
Figure 4. Strength-predictions for test specimen by proposed method.
isotherm (also called moisture capacity). The
governing equation (Equation 3) must be completed
by appropriate boundary and initial conditions.
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