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1. Introduction: The shear capacity across initially cracked reinforced concrete sections has been
analytically predicted by combining models for steel axial pull-out ! and model for stress transfer
across plain concrete crack plane (2. The compatibility relation between steel bar pull-out (s) and
crack width (w) is simply taken as w = 2s. However, the mere combination of the above two
models is not satisfactory to predict the stress transfer behaviour across an initially cracked RC
plane, specially in the case of larger diameter steel reinforcing bar B3l One possible explanation
is the reduction in confinement given by the steel crossing the crack, owing to the local curvature
induced in the reinforcement by the crack shear. The objective of this study is to determine
possible reduction in the internal axial stiffness of the reinforcing bars, as compared to that
derived from pure uniaxial pull-out tests, due to the localized bending moment induced by the
crack shear. If such a reduction is substantial, then the constitutive equation for stress in steel,
subjected to pull-out and crack shear, should not only be a function of steel pull-out (= w/2), but
also that of shear displacement associated with the 3-dimensional aspect of generic steel model.

2. Experimental outline: For the above stated

problem, two experiments were carried out with | oo load gap sensor
beam specimens, hereafter referred to as B1 and B2, Fo:;j E| l ,
having a vertical cold joint at mid-span, whichwasthe | B1 B2 | J
expected crack location. Specimen B1 had five 12mm o =~
diameter bars and specimen B2 had a single 25mm bar wire for pull-out
diameter bar, crossing the crack plane. The - = ————f
experimental set-up is shown in Fig. 1. ZZ T (77777777 777777

3. Reduced stiffness on pull-out of bars: From the | |straln ¢ages ;ﬁfok specimen
experimental results it can be observed that the zone ron o

in which local curvature is induced for specimen B1, |7

having 12mm diameter bar, is not so large and is
limited to a region of *3D’ (D: bar diameter) from
the crack, with maximum curvature at 1.5D’ (Fig. 2). Also it can be seen that the reduction in
axial stiffness of this bar is not substantial (Fig. 3). This indicates that the local curvature has little
effect on the mean stress and mean strain relation for a smaller diameter bar and the
conventional 1-D model of reinforcement can give reasonable results. However, for specimen B2,
having 25mm diameter bar, the zone of local curvature extends up to nearly *5D’ from the crack,
with maximum curvature at around 2D’ (Fig. 2) and the reduction in axial stiffness is about 50%
compared to the full tension capacity that can be developed, owing to the curvature effect (Fig.
3). Compatibility relation between the local curvature and the shear slip has been attempted by
assuming a simplified second degree parabolic distribution as follows
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Figure 1: Experimental set-up
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where ¢(x) is the local curvature and ¢, is the maximum curvature within the influencing zone.
8 is the shear slip at the crack. 85 is the shear slip originated from the local shear deformation of
steel bars within the influencing zone which is not so significant before the yielding of the steel
and is neglected for the present report. As can be observed from Fig. 4 the shear slip can be
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predicted with reasonable accuracy from the assumed curvature distribution profile. Fig. 5 shows
that if the curvature influencing zone, taken as 5D’ is considered, the axial stress in the bar at the
crack can be predicted quite well from the bar pull-out upto the reduced yield mean stress level
of the reinforcing bar. Beyond that, the mean steel axial stress is overestimated by the existing
axial pull-out model [ and there is a significant reduction in the sectionally averaged yield level
obtained from the tests as compared to the model, due to the shear displacement along the crack.

5. Conclusions: From the above discussion it can be concluded that

i) Localized curvature is induced in steel bars due to shear across a crack plane, the magnitude
and zone of influence of which varies with bar diameter.

ii) In the case of larger diameter steel bar axial stiffness is considerably reduced due to local
curvature induced by shear slip along a crack.

ii) A simplified parabolic curvature distribution of the reinforcement can be used to predict the
shear displacement of the specimen. In continuation an enhanced model for bar pull-out needs
to be formulated as a function of shear slip and crack opening.
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