










































































Lay (or Pitch) of
Outer Wires of Strand

The lay of the strand is the distance
for an outside wire to make one com-
plete revolution around the straight
center wire. Several observers have
postulated that a shorter lay would in-
crease the bond capability of such
strand. In this series, the 6.5 in. (165
mm) lay of one of the best performing
as-received groups, TA, was indeed
1.25 in. (32 mm) shorter than the 7.75
in. (191 mm) lay of one of the poor
performers, Group D. However, the
lay of Group D was nearly the same as
the 7.5 in. (191 mm) lay of the other
two top as-received groups, A and B.
Thus, differences in lay do not appear
to be of any significance.

CONCLUSIONS

Based on the results of this investi-
gation, the following conclusions can
be drawn:

1. There is a significant difference in
the transfer/development performance
in pretensioned concrete beams among
strands produced by different strand
manufacturers. In this test series:

(a) The high bond quality strands
performed much better than pre-
dicted by the ACI equations for
both transfer and development
lengths.

(b) The poor bond quality strands
experienced a substantial in-
crease in transfer length (end
slip) in just 21 days. All beam
specimens failed prematurely in
bond with the test load applied
at the calculated ACI develop-
ment length, without noticeable
warning deflection.

2. The simple pull-out test
(Moustafa method) of untensioned 0.5
in. (13 mm) diameter strand embedded
18 in. (457 mm) into concrete test
blocks provided an immediate, reliable
prediction of the differences in flexu-
ral beam behavior experienced by the
different strand groups.

(a) With strands having an average
pull-out capacity exceeding 36
kips (160 kN), the transfer
lengths averaged 15 in. (381
mm) at release of prestress and
stabilized, in 21 days, at an aver-
age of 20 in. (58 mm), compared
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to the calculated ACI transfer
length of 29 in. (737 mm) for
the test parameters. The beams
failed in flexure (mostly in ten-
sile failure of the strand) at em-
bedment lengths of 73 in. (1854
mm) (ACI development length),
and 58 in. (1473 mm) (80 per-
cent of the ACI development
length), in 36 tests. There was
ample warning deflection prior
to failure.

(b) With the strands having an aver-
age pull-out capacity less than
12 kips (53.3 kN), the average
transfer length at release of pre-
stress was equal to the 29 in.
(737 mm) predicted by the ACI
equation. However, the transfer
lengths increased to an average
of 45 in. (1143 mm) in only 21
days. The beams failed in bond
in all 10 tests at the calculated
73 in. (1854 mm) ACI develop-
ment length, and at all tests at
the shorter embedment lengths.
Generally, the beams abruptly
failed at or shortly after the for-
mation of the first crack directly
under the applied load, without
noticeable warning deflection.

3. The following tests and observa-
tions did not reliably predict the trans-
fer and development behavior of the
strand in pretensioned concrete appli-
cations.

(a) The end slip immediately upon
release of prestress did not ini-
tially detect the poor bond char-
acteristics of Strand Groups D
and ER, as indicated above. After
21 days, the end slip did increase
substantially to the extent that it
then provided the warning of po-
tential deficiencies in develop-
ment length performance.

(b) There was no distinguishing
color of the strand that gave a re-
liable clue to potential deficien-
cies in bond performance.

(¢) Surprisingly, the amount of sur-
face residue that came off during
the wipe test provided no indica-
tion of subsequent bond perfor-
mance. There was relatively
heavy residue on the best per-
forming strand and the worst
performing strand, and the visi-
ble difference in their residue

was indistinguishable.

(d) The lay (or pitch) of the outside
wires of two of the best perform-
ing groups of strand was nearly
identical to one of the worst
groups and, thus, minor differ-
ences in the lay of strands had
no effect on their bond perfor-
mance in the beam tests.

4. Light rust on strand is not re-
quired to attain outstanding bond per-
formance. The light rust on Group TW
did not increase the bond performance
of the T series strands. The as-
received samples of this strand, TA,
actually out-performed the weathered
samples in both transfer length and de-
velopment length. Also, the cleanest,
smoothest strand group, B, out-per-
formed TW in transfer length and
equaled TW’s outstanding perfor-
mance in the development length tests.
Thus, it can be concluded that strand
purchased from certain manufacturers,
used directly from freshly delivered
coils, can reliably perform better than
predicted by the ACI equations with-
out requiring surface rust or other evi-
dence of weathering.

5. Mast’s strand slip theory, which
utilizes measured end slip due to
transfer of prestress to modify the ACI
equations for transfer and develop-
ment lengths, appears to closely pre-
dict the bond capacity of the strands
tested in this series.

6. Because the flexural bond per-
formance of 0.5 in. (13 mm) strand
with pull-out capacity greater than 36
kips (160 kN) significantly exceeded
the requirements of the ACI equa-
tions, it is anticipated that the limit for
pull-out capacity can be reduced.
Strand from at least six manufacturers
have tested greater than 36 kips (160
kN) in the past, but additional testing
needs to be performed to determine
whether that limit can be attained on a
consistent basis. Flexural beam tests
(as well as 21-day strand slip mea-
surements) are more direct measures
of flexural bond performance, and can
be conducted on strand that does not
meet the 36 kip (160 kN) limit to de-
termine its suitability for use in pre-
tensioned applications.

7. Tentatively, unless a direct flexu-
ral test is performed and until further
testing can generate a lower threshold

77












































