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STRUCTURAL INTEGRITY REINFORCEMENT

The ACI Standards requires structural integrity reinforcement
in both slab/column and beam/column connections as it will
substantially enhance the overall integrity of a structure and
increase the resistance of the structural system to progressive
collapse. Only minor changes are required in the detailing
of reinforcement and connections to achieve significant
improvements in the robustness of the structure.
For slabs, according to Clause 6.3 of ACI 352.1R-11,
at connections without beams, continuous bottom slab
reinforcement passing within the column core in each principle
direction should have an area not less than:
0.5wul1l2
Asm = 		
φ ƒy
Where φ = 0.9, wu= factored uniformly distributed load, but not
less than two times the slab dead load (N/mm2), l1 = length of
span in direction that moments are being determined, measured
centre to centre of supports (mm) and l2 = length of span in
direction perpendicular to, l1, measured centre to centre of
supports (mm).
If bars can only be placed in one direction (due to say a
penetration), then provide 2Asm in that direction. For perimeter
columns, provide two thirds of Asm perpendicular to the slab
edge and for corner columns, provide 0.5Asm in each principle
direction (see Figure 1).

Figure 1 Arrangement of structural integrity reinforcement
If beam depths at the column/support are at least two times
the slab depth, then adequate structural integrity is provided by
following the recommendation in ACI 318M-14 for the transverse
beams.
For beams, structural integrity reinforcement mainly involves
providing continuity of both the top and bottom reinforcement,
so that if a support is damaged, some catenary action can
be provided so that the structure has a higher probability of
maintaining overall stability.
Clause 9.7.7 of ACI 318R-14 requires one half of the top flexural
reinforcement (which is typically terminated past the point of
inflexion), to be extended and spliced at or near midspan. Note
that Clauses 8.1.10.1 and 8.1.10.3 of AS 3600 only requires
one third of the total negative moment tensile reinforcement
to be extended for either a minimum distance D + Lsy.t past the
theoretical cut off point or D past the point of contra-flexure
respectively.

Similarly, rather than simply extending the required bottom
reinforcement into the support, it should be made continuous,
or spliced with bottom reinforcement from the adjacent span. If
the beam depth changes, the bottom bars of the deeper beam
are terminated into the support and the bottom reinforcement of
the shallower beam is extended into and fully developed in the
deeper member.
Clause 8.1.10.4(a) of AS 3600 outlines the minimum required
reinforcement that must be anchored at a simple support. For
continuous supports, Clause 8.1.10.4(b) requires one quarter of
the total positive reinforcement required at midspan to continue
past the near face of the support. Rather than just extending this
reinforcement past the near face of the support, ACI 318R-14
requires that it be spliced with the bottom reinforcement from the
adjacent span to provide continuity.
Also, longitudinal beam bars should be confined by fitments
over the length of the support, as it has been shown that top
reinforcement may tear out of the concrete if not adequately
confined.
The provision of well anchored and/or continuous bottom bars
to prevent progressive collapse is well recognised and therefore
encouraged in every reinforced concrete structure.

ANCHORAGE OF FITMENTS IN BEAMS

Whether columns or beams, fitments must be adequately
anchored to allow the bars to achieve strength over relatively
short distances. The commentary to ACI 318M-14 Clause 25.7
states that fitments should be ‘extended as close as practicable
to the compression face of the member because, near ultimate
load, the flexural tension cracks penetrate deeply toward the
compression zone.’ Also, ‘the lack of a standard fitment hook
may make the stirrup ineffective as it crosses shear cracks near
the end of the stirrup’.
Clause 8.1.10.7 of AS 3600 states that ‘compressive
reinforcement required for strength in beams shall be adequately
restrained by fitments in accordance with Clause 10.7.4’,
which details the requirements for fitments in columns. When
considering fitments in accordance with Clause 10.7.4, be aware
that internal fitments having a cog at one end may not be suitable
for beams.
To improve the effectiveness of the anchorage, it is generally
regarded as desirable to anchor the typical 135° fitment hooks
in the compression zone, which is unlikely to crack and thus
influence the anchorage. While this is generally not a problem
in columns, for beams, problems arise in regions of negative
moment. So where should fitment hooks be located?
The ACI commentary to Clause 25.7 states that ‘A longitudinal
bar within a fitment hook limits the width of any flexural cracks,
even in a tension zone’ and that ‘such a fitment hook cannot fail
by splitting parallel to the plane of the hooked bar’. This suggests
that while cracking may occur in negative moment regions of a
beam, to place all hooks consistently along the top edge of the
beam is still a satisfactory practice.
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If a slab exists at the top of the beam, the logical location for
fitment hooks is on the slab side of the beam, as concrete in
this area is unlikely to spall off in an extreme event. With no slab,
either one of the top two corners of the beam would generally be
preferred as this is generally the compression zone.
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