


DESCRIPTION OF SPLICE

General Description of
Splice Components

The ABB pile splice uses steel
components to transfer tensile
forces from one pile section to the
other. Compression stresses are
transferred by direct contact of full
section steel plates cast directly
onto the ends of the precast sec-
tions. Fig. 1 illustrates the steel
components that make up the
splice. The steel plate caps, desig-
nated A in the drawing, are cast di-
rectly onto the pile ends. Welded to

the cap plates are carefully oriented -

machined steel rectangular blocks
(B) and dowels (C). Each dowel
mates into a block and is secured
by a shear pin (D) which is driven
into the block through a transverse
hole in the block and dowel. Rein-
forcing bars (E) are threaded into
the rectangular blocks and round
dowels, and the reinforcing bars
transfer tensile stresses to the pile
sections by bond.

The cap plate assemblies are

supposed to be identical so that any
pair of pile segments can be
spliced. The air bleed holes on the
cap collars must be placed on top
during casting of the pile.

Fig. 2 shows how the compo-
nents are positioned within the
ABB splice. The components are
labeled with the same letters as in
Fig. 1. A lock washer (F) springs
open as the shear pin (D) is driven
in, and then springs back tight
around the pin shoulder to prevent
easy withdrawal of the pin. The
splice shown in Figs. 1 and 2 has
four spliced bars, while the splices
used in this test series had eight
spliced bars, as shown in Fig. 3. It
will be seen that the splice plate is
actually 23% in. (600 mm) square
but is slightly tapered to facilitate
removal from the forms.

The individual steel components
for the test pile splices were fabri-
cated in Sweden in order to expe-
dite the test program, using three
different grades of steel. The cap
plates are ASTM A36 (f, = 248
MPa) steel, with the 24 x 24 in. (610

X 610 mm) end pieces %6 in. (7.9
mm) thick and the collar pieces %
in. (3.2 mm) thick. The A-Joint
Corporation plans to produce the
steel components in the United
States using domestic steels.

The reinforcing bars are ASTM
A615 Grade 60 (f, = 414 MPa) #10
(32.3 mm) bars. The ends of the
deformed bars were turned to
round and threaded with UNC
(Coarse) threads, 1% in. (31.75
mm) diameter seven threads per in.
(3.63 mm pitch). The threads were
cold rolled rather than cut.

The reinforcing anchorage bars
were fabricated in two lengths, 48
and 60 in. (1219 and 1524 mm), so
all eight bars in a pile splice would
not end at the same section. The
anchorage bars were placed in the
splice plate in a staggered config-
uration so that there was one 48 in.
(1219 mm) and one 60 in. (1524 mm)
bar at each corner of the pile. The
differences in the sizes of the dow-
els and blocks resulted in a 14 in.
(356 mm) stagger at the far ends of
the reinforcing bars.
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Fig. 1. Details of typical ABB splice.
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Fig. 2. Typical ABB splice as connected.
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Increments of Load Application—Tension Test

Nominal stress in Load per Total load,
anchorage rebar, ksi strand, kips kips
0 0 0
15 7.65 153
30 15.25 305
40 20.35 407
50 25.40 508
55 28.00 560
60 30.50 610
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Fig. 3. Strand numerical identification and stressing sequence.
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Problems With Splice Assembly

Two separate problems with the
splices were encountered in the
bending and compression tests.

The first problem encountered
was relatively great difficulty in
mating some of the pile sections to-
gether so that the locking pins
could be driven in to lock the two
sections together. It must be
recognized that this operation was
done with the piles in the horizontal
position rather than with the seg-
ments vertical as would be the case
during field driving operations, but
there still would have been some
problems with this set of pile seg-
ments.

These particular splice units
were custom made in matched
pairs, and they were shipped in as-
sembled matched pairs. However,
this matching was not consistently
maintained during the casting and
shipping process, and some of the
specimens were assembled from
mismatched sets of splice hard-
ware. When a matched pair of
splice-end components were used,
the mating of the two segments was
done with very little effort.

The splice components in this
test series were prototypes, and
production type jigging had not
been prepared.

The second problem occurred in
the prestressing plant. The
threaded #10 (32.3 mm) reinforcing
bars were screwed into the back
sides of the dowels and blocks only
after the splice units had been
placed in the formwork and the
strands strung through them. This
was physically very difficult, and at
least three of the bars had been
screwed in only one to three turns,
and this led to problems in the
bending test specimens.

The insertion of the bars into the
blocks was properly done in each
case, and inspection was relatively
simple in this case since the end of
the bar can be seen in the hole in
the block.

TEST SPECIMENS

General Description
Each of the three tension speci-
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mens (T-1, T-2, T-3) consisted of a
90 ft (27.43 m) pile made of two 45
ft (13.72 m) pile sections spliced to-
gether. Each of the bending speci-
mens (B-1, B-2, and B-3) consisted
of a 36 ft (10.97 m) pile made of two
18 ft (5.49 m) sections spliced to-
gether. Each of the compression
specimens (C-1, C-2, and C-3) was
16 ft (4.88 m) long, with two 8 ft
(2.44 m) sections spliced together.
The pile sections were nominally
24 in. (610 mm) square, with
chamfered corners. They contained
20 - 0.5 in. (12.7 mm), Grade 270
(1860 MPa) low relaxation, preten-
sioned strands, spaced around the
perimeter as shown in Fig. 3.

Fabrication of Test Specimens

The test specimens were cast at
the prestressing plant of Gulf Coast
Pre-Stress Co., Inc., in Pass Chris-
tian, Mississippi. The specimens
were cast in steel forms using the
long line method for pretensioning
and using normal production pro-
cedures. The ABB pile splice
assemblies were secured in the
steel forms and precisely aligned to
the pile axis. The casting tolerance
for the deviation of the splice
bearing plates from the perpen-
dicular was 1:150 in both direc-
tions.

The cement content of the con-
crete mix was 5.5 sacks per cu yd
(307 kg/m?®), and the concrete mix
was proportioned for a compres-
sive strength of 5000 psi (34.5 MPa)
at 28 days. Type I portland cement

was used. Pearl River sand and
gravel were used, with 1 in. (25
mm) maximum size aggregate. A
water-reducing, set-control ad-
mixture was used. The mix was
weaker than the normally used
concrete because of the 3000 kip
(13350 kN) limit of the testing
machine used for the compression
tests.

Each strand was initially ten-
sioned to 30.98 kips (137.8 kN)
[202.5 ksi (1396 MPa) = 0.75 £, 1.
The tension specimens were fabri-
cated with 15 ft (4.57 m) of free
strand protruding from the ends
away from the splices, in order to
facilitate the subsequent testing.

No. 5§ gage [0.207 in. diameter
(5.26 mm) ] spiral ties were used in
all test sections. For the tension
and bending specimens, a 6 in. (152
mm) pitch was used along most of
the length of the section, with
closer spacings near the splices. A
3 in. (76 mm) pitch was used for
most of the length for the compres-
sion specimens.

All pile sections were cast on
October 30, 1987. The prestressing
force was transferred November 3,
1987, when f,; = 4200 psi (29 MPa).
The computed steel stress imme-
diately after transfer was 180 ksi
(1241 MPa), giving an initial pre-
compression in the concrete of
about 950 psi (6.55 MPa). The ten-
sion tests were conducted at the
prestressing plant after the speci-
mens had been spliced together.
The bending and compression tests

Table 1. Concrete compressive strength of specimens.

Tension test specimens
Specimen Age, days I ksi No. of cylinders
T-1 19 5.51 3 cylinders
T-2 25 4.99 3 cylinders
T-3 26 5.62 3 cylinders
Bending test specimens
B-1 32 5.53 S cylinders
B-2 33 — —
B-3 34 5.83 4 cylinders
Compression test specimens
C-1 39 — —
C-2 40 — —
C-3 41 5.77 9 cylinders

Metric conversion factor: 1 ksi = 6.895 MPa.
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were conducted in the Newmark
Civil Engineering Laboratory and
Talbot Laboratory, respectively, of
the University of Illinois, in Ur-
bana, Illinois, and those specimens
were spliced together after they
had been shipped to Illinois.

Concrete Strength and
Deformation Properties

The compressive strengths of the
6 x 12 in. (150 x 300 mm) cylinders,
at the times of the various tests, are
summarized in Table 1. Fig. 4
shows measured stress-strain
curves from two of the cylinders
tested when Specimen B-1 was
tested. The peak stresses were
reached when the strain was about
0.0016. The initial tangent modulus
values were 5.5 to 6 x 10° psi (37.9
to 41.4 GPa).

Reinforcing Bar and
Splice In-Air Tests

Several individual splice units
consisting of #10 (32.3 mm) rein-
forcing bars, blocks, dowels and

shear pins were tested in air, as was
a length of the #10 (32.3 mm) rein-
forcing bar. The results of three of
the tests are shown in Fig. 5. The
strains were measured with a 10 in.
(254 mm) gage length exten-
someter.

The #10 (32.3 mm) reinforcing
bars were Grade 60 (414 MPa), and
the measured yield stress was 67.5
ksi (465 MPa). The stress-strain
curve shows a sharply defined yield
point, with a yield plateau followed
by strain hardening. The ultimate
stress was 105 ksi (724 MPa).

The stresses in the two splice
units are those computed on the
basis of the nominal area of the
reinforcing bar, 1.27 in.% (819
mm?), rather than on the reduced
section existing at the threaded
connection. The stress-strain
curves for the two splice tests are
similar. There is a little initial set or
slack in the system, followed by a
range which is nearly linear up to
40 to 50 ksi (276 to 345 MPa) tensile
stress, followed by gradual soften-
ing. The loadings were increased

after the extensometer was re-
moved, and ABB-#1 failed at a
nominal bar stress equal to 75.4 ksi
(520 MPa). ABB-#1 failed abruptly
after large visible deformation of
the shear pin, and appears to have
broken the shear pin, in pure shear,
at its inner end. ABB-#10 failed at
91.5 ksi (631 MPa), with a fracture
of a reinforcing bar in its threaded
length.

Splice ABB-#1 was from the
batch used in the test piles. Splice
ABB-#10 was fabricated in the
United States using domestic
steels. The reinforcing bars were
domestic.

Strand Tests

Two samples of strand were ob-
tained by breaking them out of one
of the compression test specimens
after it had failed. Tension tests
were conducted, and the failure
stresses were 285 and 288 ksi (1965
and 1986 MPa). The yield stresses,
at 0.01 elongation under load, were
both 260 ksi (1793 MPa). Fig. 6
contains the stress-strain curve for
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Fig. 4. Measured stress-strain curves for pile concrete.
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one strand. Young’smodulus was
28.8 x 108 psi (198.6 GPa).

TENSION TESTS

Description of
Testing Arrangement

Each 90 ft (27.43 m) long test
specimen was assembled from two
45 ft (13.72 m) segments and placed
in a 100 ft (30.48 m) long test frame
on four support rollers. The
stressing ends and the anchor end
of the test frame, which was in ef-
fect a prestressing bed, reacted
against each other by means of four
large concrete compression struts.

The test load was applied by
pulling on the free strands at one
end of the test specimen, one
strand at a time. The individual
strands were pulled in the numeri-
cal sequence shown in Fig. 3, in
order to minimize the eccentricities
throughout the test.

The total load was applied in
seven increments, up to a total load

of 610 kips (2713 kN). The load was
applied by a strand jack which had
recently been recalibrated.

The total test load of 610 Kkips
(2713 kN) represents the design
strength, at 60 ksi (414 MPa), of the
eight #10 (32.3 mm) reinforcing
anchorage bars used to anchor the
splice plates.

A dial gage was placed across the
splice connection in order to meas-
ure any separation between op-
posing splice plates as the tension
load was increased.

Tension Test Results

The tension test results were all
similar, and were conducted at the
ages shown in Table 1. The meas-
ured opening of the joints are plot-
ted versus axial tension in Fig. 7 for
all three specimens.

The joint movement for Speci-
men T-1 was 0.012 in. (0.30 mm).
Most of the deformation occurred
after the force exceeded 400 Kkips
(1779 kN). No cracks were found

anywhere in the specimen.

The measured opening of the
joint for Specimen T-2 was 0.011
in, (0.28 mm). The movement is not
significantly different than was
found in Specimen T-1, although
the curve is of somewhat different
shape. Again, no cracks were
found.

The joint opening for Specimen
T-3 was 0.023 in. (0.58 mm) in this
test, about twice that in the other
two. There is no known reason for
the difference. The force was left
on the last specimen for 5 days, in
an effort to detect any time-
dependent cracking. No cracks
were found. Fig. 8 is a photograph
of the splice region of the test
specimen while it was under full
load.

Summary of
Tension Test Results

The three 24 in. (610 mm) square
pretensioned concrete pile speci-
mens tested in tension were fabri-

Tension, kips

700 T T T T

lin. = 254 mm
I kip = 4.448 kN
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Fig. 7. Tension load vs. separation of splice plates.
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