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the values of bond resistance over a very short length
of embedment, or indicate values of bond resistance
which are independent of the length of embedment.
Tes.ts with bars of different size which were embedded
a distance proportional to their diameters give the true

‘relation when the effect of size of bar is eliminated. Two

series of tests of this kind on plain round bars of ordinary
mill surface gave almost identical values for bond resist-
ance after eliminating the effect of length of embedment
and size of har, and we may consider that these values
Tepresent the stresses which were developed in turn over
each unit of area of the embedded bar as it was with-
drawn by a load applied by the method used in these
tests. These tests showed that for concrete of the kind
used (a 1:2:4 mix, stored in damp sand and tested at
the age of about 60 days) the first measurable slip of bar
came at a bond stress of about 260 lbs. per sq. in., and
hatithe maximum bond resistance reached an average
Val'ue of 440 1bs. per sq. in. If we conclude that adhesive
Tesistance was overcome at the first measurable slip, it
Wil be seen that the adhesive resistance was about 60
Per cent. of the maximum bond resistance. This ratio
did not vary much for a wide range of mixes, ages, size
of bar, condition of storage, etc. ]

(5) Sliding resistance reached its maximum value
for Pliain bars of ordinary mill surface at a slip of about
9-01 in. The constancy in the amount of slip corre-
Sponding to the maximum bond resistance for a wide
range of mixes, ages, sizes of bar, conditions of storages,
» 1S a noteworthy feature of the tests. With further
the sliding resistance decreased slowly at first, then
more rapidly, until with a slip of 0.1 in. the bond resist-
ance was about one-half its maximum value.

(6) Pull-out tests with plain round bars show end
to begin at an average bond stress equal to about
Sixth the compressive strength of 6-in. cubes from
) € same concrete ; the maximum bond resistance is equal
© about one-fourth the compressive strength of 6-in.
Cubes. These values were about the same for a wide
range of mixes, ages and conditions of storage. In terms
of _the compressive strength of 8 by 16-in. concrete
SYlinders these values would be about 13 per cent. for

'St-end slip and 19 per cent. for the maximum bond
Tesistance, 5

slip

slip
One-

£ (7) _The tests indicate that bond stress is not uni-
101'm1y distributed along a bar embedded any considerable
ength and having the load applied at one end. Slip of

ar begins first at the point where the bar enters the
‘COncre

elsewhere yntil a sufficient slip- has occurred to develop

€ Maximum bond resistance at this point. Slip.of bar
C81Ins last at the free end of the bar. After slip becomes
tghe heral, there is an approximate equality of bond stress
roughout the embedded length.
high Small bars gave a bond resistance somewhat
tegt er th.an the large bars during the early stages.of the
arit' his was probably on account of greater irregu-
max}', of section and alignment of the smaller bars. The
b t’)mllm bond resistance was not materially different
ars of different diameters. :
of th(g) COrr}put-ations based on the elastic properties
tene. DAterials indicate that in the pull-out tests the
Nsile deformation in the bar had a much greater effect
sli € amount of hond stress which permittet.i a given
P of bar than had the compressive deformatian in the

c 3 .

oncrete hlock in which the bar was embedded.

Der 1) Rusted bars gave bond resistances about 15
Cent. higher than similar bars with ordinary mill

Surfa(;e.

of (11) The tests with flat bars showed wide variations
resistance and were not conclusive. Square bars

te, and.the bond stress must be greater here than
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gave values of unit-stress about 75 per cent. of those
obtained with plain round bars. :

(12) T-bars gave lower unit bond resistance than
plain round bars, but gave about double the bond resist-
ance per unit of length that was found for the plain
round bars of the same sectional area.

(13) With polished bars the bhond resistance is due
almost entirely to adhesion between the concrete and
steel.  Numerous tests ‘with polished bars embedded in
1:2:4 concrete and tested at 6o days indicated a maxi-
mum bond resistance of about 160 Ibs. per sq. in., or
about 60 per cent. of the bond resistance ‘of bars of
ordinary surface at small amounts of slip. This value
agrees closely with tests reported elsewhere, and appar-
ently represents the value of the tangential adhesion
between any clean steel and concrete of - this quality.
The sliding resistance of polished bars was very low.

(14) Tests with polished bars with wedging and
non-wedging tapers showed that adhesion was broken
for' both types of bar at about the same bond stress as
in the polished bars of uniform section.

(15) The tests with polished bars with wedging
taper showed that after the adhesion was broken a con-
siderable movement of the bar (as much as I in. with
the smallest tapers) was required before the bond resist-
ance again reached the amount which was at first carried
by the adhesive resistance. The amount of movement
necessary to restore the bond stress to the value of the
original adhesive resistance was inversely proportional
to the amount of taper. This .indicates that a definite
normal compression must be developed in the surround-
ing concrete before a longitudinal component equivalent
to the original tangential adhesion is produced.

(16) It was noted in the tests with plain bars that
sliding resistance was due to inequalities of the surface
of the bar and to irregularities of its section and align-
ment. The projections on a deformed bar give an exag-
gerated condition of inequality of surface or irregularity
of section. Adhesive resistance must be destroyed and
the usual sliding resistance largely overcome and the
concrete ahead of the projections must undergo an ap-
preciable compressive deformation before the projections
on a deformed bar become effective in taking bond stress.
The tests indicate that the projections do not materially
assist in resisting a force tending to withdraw the bar
until a slip has occurred approximating that correspond-
ing to the maximum sliding resistance of plain bars. As
slip continues a larger and larger portion of the bond
stress is taken by direct bearing of the projections on
the concrete ahead.

(17) In determining the comparative merits of de-
formed bars, the bar which longest resists beginning of
slip should be rated highest, other considerations being
equal. The bond stresses developed at an end slip of
o.001 in. furnished the principal basis of comparison for
the different types .of deformed bars. At an end slip of
o.001 in. 12 sets of deformed bars of 3/-in. and larger
sizes embedded 8 in. in 1:2:4 concrete, tested at about
2 months, developed an average bond resistance of 318
Ibs. per sq. in., 4 per cent. higher than the corresponding
value for plain bars. At this stage of the test, two sets
of deformed bars gave practically the same bond resist-
ance, five sets gave lower values, and five sets higher
values than the plain rounds. At an end slip of o.o1 in.,
corresponding to the maximum bond resistance of plain
bars, the average bond resistance of the 12 sets of de-
formed bars was 445 Ibs. per sq. in., 10 per cent. higher
than plain rounds. At this stage of the test two sets gave
about the same values; two sets gave lower values, and
eight sets gave higher values than-the plain bars. The
hooping used in these specimens had a marked effect in



