














they are on the more vertical part of
the curve, the differences are greater.

This assumption is of little or no
consequence when the strands are ade-
quately anchored so that the failure
mode is ductile yielding. However,
when the failure mode is strand slip, it
is possible that the lower placed
strands can slip at lower load, perhaps
causing a “zippering” effect. This fur-
ther emphasizes the need for conserva-
tive development assumptions.

When some strands are debonded
for part of the length, they may not be
able to accommodate the strain associ-
ated with the straight line strain distri-
bution. Thus, the nominal moment
strength may be either that available
with only the fully bonded strands or
that available when the straight line
strain distribution allows the stress in
the debonded strand to be developed,
and the stress in the fully bonded
strands are reduced because of the re-
duced strains. Example 2C illustrates
the former case and Examples 2B and
3 illustrate the latter case.

It is not always obvious which anal-
ysis will result in a higher allowable
nominal strength. Computer programs
could be set up to check both cases,
whereas the conservative approach of
neglecting the debonded strand until it
is fully bonded may be more appropri-
ate for hand calculations.

DESIGN EXAMPLES

Appendix A shows examples of
strain compatibility analysis for differ-
ent assumptions and conditions of
debonding. The section chosen is a
typical 10 ft (3048 mm) wide, 26 in.
(660 mm) deep, pretopped double tee
prestressed with ten /2 in. (13 mm) di-
ameter low relaxation strands with a
specified minimum ultimate strength
of 270 ksi (1860 MPa). The results of
the calculations are summarized in Ta-
bles 1 and 2.

In Example 1, the difference be-
tween using strain compatibility, i.e.,
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considering the reduced concrete
strains, and the common practice of
neglecting the reductions is shown by
the differences between the results of
the calculations in Example B1 vs. Ex-
ample B2; in this case, approximately
10 percent. In Example 2, the differ-
ences are even greater, with a maxi-
mum calculated nominal capacity of
540 ft-kips (732 kN-m) when concrete
strains are considered; only 85 percent
of the value calculated when strains
are neglected.

Example 2 also illustrates the differ-
ence between the assumption of strand
slip being the failure end point
(Example 2B) and assuming that the
debonded strand will slip and be inef-
fective up to the point that it is fully
bonded (Example 2C); in which case,
ductile yielding would be the failure
end point, but with fewer strands con-
tributing to the strength. For design
purposes, the maximum of these two
values should be used.

Thus, a conservative design for this
member would assume that the nomi-
nal moment capacity is 540 ft-kips
(732 kN-m) from the point that the
eight bonded strands are developed
[77.8 in. (1976 mm) from the end] to
the point that the two unbonded
strands are developed, 155.7 in. + 5 ft
0 in. debonded length or 215.7 in.
(5479 mm) from the end, at which
point it becomes the maximum value,
672 ft-kips (911 kN-m) (see Fig. 6).

Example 2 also shows that at 14 ft
(4267 mm) from the end, the assump-
tion of strand slip will yield a slightly
higher nominal moment strength. How-
ever, if a value of ¢ = 0.85 is applied
to this value, as opposed to the
¢ = 0.9, which can be used for the fail-
ure end point of ductile yielding, the us-
able moment strength is somewhat less.

RECOMMENDATIONS

The ACI Building Code should be
revised to give guidelines on the cal-
culation of nominal strength in the

strand development area. These guide-
lines should include:

1. A requirement that the strength
reduction factor of ¢ = 0.85 be applied
to the calculated nominal moment
strength, M,, when the failure end
point is strand slip.

2. A requirement that for members
with debonded strands, calculation of
nominal strength in the development
region be based on strain compatibil-
ity, or conservatively, the contribution
of the debonded strand be neglected
until it is fully bonded.
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