PROCEEDINGS PAPER

Effect of Strand Blanketing on
Performance of Pretensioned Girders

by Paul H. Kaar and Donald D. Magura*

" SYNOPSIS

Reports a study of blanketing by plastic tubing used to prevent bond
between strand and concrete near the ends of pretensioned prestressed
girders. Tests of five 34-ft. T-beams indicated that the bonded em})'etliment
length required by Section 2611 of the 1963 ACI Building Code is inade-
quate for blanketed strand. Twice this anchorage length is needed to d(?-
velop the ultimate flexural and shear strength of girders when blanketing is

used.

INTRODUCTION

Two methods are in use for limi-
tation of compressive and tensile
concrete stresses near the ends of
- pretensioned prestressed concrete
members. Some of the pretensioned
reinforcement may be “harped”, that
is, deflected upward, pear the ends
of the members, a somewhat costly
fabrication process; or, bond to the
concrete may be prevented for some
of the pretensioned reinforcement in
the end regions. Bond may be pre-
vented by various means; one meth-
od is the use of plastic tubing which
is often referred to as “blanketing”.

The purpose of the investigation
reported herein was to explore the
possible effects of blanketing on the
flexural behavior at service load and
on the ultimate flexural, bond, and

*Senior Development Engineer and Asso-
ciate Development Engineer, respectively,
Structural Development Section, Port-
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Development Division; Skokie, Illinois.
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shear strength of pretensioned pre-
stressed girders. ’

BACKGROUND AND SCOPE

Function of Bond

The initial function of bond is to
transfer the prestress force from the
pretensioned reinforcement to the
concrete member. Laboratory
studies of the bonded length of
strand needed for such transfer have
been reported previously!; and nu-
merous other papers regarding bond
in prestressed concrete are available.
Under service loads, the stress in the

‘prestressed reinforcement normally

remains near the effective prestress
level; the structural integrity of the
member continues to depend largely
on bond in the stress transfer re-
gions; and flexural bond stresses are
negligible.

For loads in the range from serv-
ice load to ultimate flexural strength,
however, stress in the prestressed re-
inforcement must eventually in-
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crease substantially beyond the pre-
stress level. Previous laboratory
work? has shown that a considerable
bonded embedment length beyond
the stress transfer length is required
to develop these increased steel
stresses.

If inadequate embedment length
is provided, ultimate strength is gov-
erned by bond rather than by flex-
ure?, Bond slippage of the strands
occurs in three stages: (1) progres-
sive bond slip begins at flexure
cracks, (2) general bond slip is in-
itiated along the entire embedment
length, and (3) the mechanical in-
terlocking between the helical strand
surface and the concrete is de-
stroyed.

It should be noted that the me-
chanical interlocking is adequate to
maintain considerable strand stress
even after extensive bond slip. In
many cases the strand stress after
general bond slip drops only toward
the prestress level and not to zero
as one might fear. Thus, the final ef-
fect of inadequate embedment
length may be a premature flexural
failure at a reduced strand stress,
corresponding to a final bending
moment less than the computed ulti-
mate strength in flexure.

Bond Requirements

The 1963 ACI Building Code
(ACI 318-63)2, Section 2611, calls
for a bonded embedment of pre-
stressing strands from the cross sec-
tion under consideration for a dis-
tance in inches not less than:

‘ (fou — %fse)D (1)

in which :
D =nominal strand diam-
eter in inches
fou = calculated stress in pre-
stressing steel at ulti-
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mate load in ksi’
fse = effective steel prestress
after losses in ksi.

The embedment length required
by Eq. (1) was based on tests of
beams with all strands bonded from
the section of maximum moment to
the beam ends. The end of the em-
bedment length can then overlap the
stress transfer length near the beam
supports, where a state of flexural
precompression exists even at high
loads, and where a lateral compres-
sion is provided by the vertical
beam support reaction. When
strands are blanketed for a consider-
able distance into a member, how-
ever, both stress transfer and flex-
ural bond embedment may take
place in a concrete region subjected
to tension, and even cracking, before
the ultimate load is reached. Under
these severe conditions, the embed-
ment length given by Eq. (1) may
be inadequate.

Scope of Tests

The investigation was carried out
to evaluate separately the effects of
blanketing on flexural behavior and
on shear capacity.

Three girders were designed and
tested for the study of flexural be-

‘havior. Girder 1 had no strands

blanketed and was used for compari-
son. Girder 2, designated as “par-
tially blanketed”, had strands so
blanketed that the embedment
lengths were twice those computed
by Eq. (1). The “fully blanketed”
girder, Girder 3, was designed with
embedment of the blanketed strands
equal to the lengths required by Eq.
(1). All three girders were over-re-
inforced” with stirrups to prevent
interference of shear distress with
flexural and bond behavior. The gir:
ders were subjected to 5 million
cycles of service load and subse-
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quently tested statically to failure.
The shear investigation involved
static testing to destruction of a non-
blanketed girder, Girder 4, and a
girder with partially blanketed
strands, Girder 5. The girders were
similar to those in the flexure study
except that the number of stirrups
was reduced in order that any effects
on shear capacity of blanketing
strands would be demonstrated. The
stirrups in Girders 4 and 5 had a

spacing 1% times that computed by.

Section 2610 of the 1963 ACI Build-
ing Code, assuming a concrete
strength of 5000 psi. It should be
noted that Girder 5 had a slightly
heavier web reinforcement than Gir-
der 4, due to the smaller prestress
in the blanketed regions.

TEST GIRDERS

- All girders tested had the cross
section shown in Fig. 1. The precast
I-section is a Type III AASHO-PCI
standard prestressed concrete bridge
beam to half-scale. The girders were
34 ft, long, simply supported over a
33-ft. span. After the girder cross-
section and span were chosen, the
girder design consisted of calculating
the prestress force and location to
utilize the allowable stresses given
in Table 1. Twelve seven-wire
strands of %-in. diameter were used
in the arrangement shown in Fig. 1.
In the design it was assumed that
the strand would be tensioned in-

Table 1—Design Stress limitations,

itially to 175 ksi and that the ten-
sion after all losses would be 140
ksi. '

The ultimate flexural strength of
the girder was computed using Eqgs.
(26-4) and (26-6) in Section 2608 of
the 1963 ACI Code assuming an ul-
timate strand strength, f,, of 250
ksi. The working load moment was
calculated from the requirement of
Section 1.13.6 of the 1961 AASHO
Standard Specifications for Highway
Bridges* that every section of the
girder have an ultimate strength of
at least (1.5D +2.5L) where D is
the dead load effect and L is the
effect of design live load including
impact. The magnitude and location
of the live loads were governed by
the working load moment, with the
further requirement that the mo-
ment diagram should be similar to
that of a reasonable moment en-
velope for highway bridge girders.
The live load consisted of four
equal concentrated loads in the ar-
rangement shown in Fig. 1.

The moment diagram at failure
due to dead and live loads was
computed assuming that the maxi-
mum moment was equal to the ul-
timate moment of the non-blanketed
girder cross-section. From this dia-
gram, locations werebdetermined at
which it was possible to reduce the
amount of tensile reinforcement by
blanketing of strands. The position
of the blanketed strands in the gird-

l

AASHO Standard Specifications for Highway Bridges 1961

STAGE ‘\ STRESS LIMIT
At transfer of prestress, Compression 0.6 f,; = 2,400 psi
f ;= 4000 psi Tension 3V £, =190 psi
At full design load, Compression - 040f,= 2,000 psi
f;, = 5000 psi Tension at bottom
face of girders ‘ ZEero
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. Fig. 1—Cross-Section and Loading Arrangement of Test Girders

er cross-section and the lengths of
the blankets from the girder ends
are given in Fig, 1.

Stresses in the concrete at initial
prestress and at other periods in the
load history are shown in Fig. 2.
End stresses were computed at the
inside limit of the 26-in. prestress
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transfer zone. This transfer length
was determined in previous work?.

FABRICATION AND INSTRUMENTATION

The girders were fabricated and
tested by methods commonly used in
the PCA Structural Laboratory. A
general description of facilities and
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test methods is given elsewhere3,
Fabrication

The precast beams were produced
in a prestressing bed set up on the
laboratory test floor. The strands
were tensioned individually using a
20-in. stroke center-hole ram. The
tension in the strand was measured
by a load cell placed between the
strand grip and the anchor plate at
the dead end of the bed. The 175-ksi
strand tension was attained by in-
itially overstressing the strand so
losses would not; decrease the pre-
stress below the target value. Strain
measurements of the strand after
stress release, casting of the deck
slab, and storage, showed 140 ksi

after losses to be a realistic figure.

The stirrups were positioned and
the concrete cast on the day follow-
ing strand tensioning. Moist curing

- of the beams was discontinued after

three days and the strands were cut
by an acetylene torch. .

The formwork for the deck slab
was cantilevered from both sides of
the precast beam in such a manner
that the slab dead weight together
with the forms was carried by the
beam acting as a simple span. In
this way usual field practice was
simulated. The deck slab was moist
cured for three days after casting,
and the specimens were then' ex-
posed to laboratory atmosphere of
70°F. and 50 percent relative hu-
midity.

Materials

The prestressing steel used was

_seven-wire stress relieved strand of

%-in. diameter and 0.080-sq. in. area.
All strand was free of rust and was
cleaned of surface oil before ten-

sioning. The properties of the strand

are listed in Table 2.
The stirrups used in Girders 1, 2,
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Tabie 2 .
Properties of Prestressing Strand
GIRDER YIELD TENSILE
NoO. STRESS* | STRENGTH
! Ksi -KSl ;
| 266 o277 !
.2 266 277
i3 266 277
4 270 279
b 262 272

*Stress at one percent offset

and!3 were 'plain No. 2 bars. The;
stirrhps in Girders 4 and 5 were|
mad!é of No. 2 deformed bars and!
were selected from a group in which
the yield stress ranged from 50.5
ksi to 54.5 ksi. R

The concrete used in the fabrica-
tion of the precast beams contained
a blend of Type III portland cement,
and %-in. maximum size aggregate.
A blend of Type I portland cement
was used in the deck slabs, In both
cases the concrete was air entrained.,
The concrete cylinder strengths giv-
en in Table 3 are hased on tests of:.
6x12-in. cylinders rtaken from -al-,
ternate batches. The cylinders were.
cured and stored with the individual
beam and deck slab specimens. All
concrete strengths for Girders 4 apd
5 are at the time of the test to fail-,
ure.

The blankets covering the strand.
were polyethylene flexible tubing of
Yie-in. internal diameter with a %e-.
in. wall. The ends of the tubes cov-
ering the strand were taped shut to
prevent entry of cement grout. Fig.
3 shows the strand blankets and tap-
ing of the ends. i

Instrumentation

Strains were measured by mon-
itoring SR-4 electrical resistance
strain gages by means of continuous
strip chart recorders. The strand
gages were aligned along one helix
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Table 3—Properties of Concrete

Compressive Strength, psi
Girder At Start of At Sratic Test
No. Cyclic Loading to Failure
Deck Beam e Deck Beam
1 4050 8380 5320 9260
2 3810 6570 5680 7460
3 4540 7820 5600 8230
Split Cylinder Comprescive Strength
Girder psi- psi
No. —
Deck Beam ) Deck Beam
4 507 571 4940 7000
5 565 657 | 4910 7930

of the strand. In all girders, various
strands in the bottom layer were
gaged 1.5 ft. and 5.5 ft. either side
of mid-span. In addition, the middle
layer of reinforcement in Girders 1,
2, and 3 had gages 8.5 ft. from mid-
span. Gages on the concrete at mid-
span were placed on the top face of
the deck, on the girder side an inch
below the deck, and on the girder
tension face. On one side of midspan
in Girders 4 and 5, the stirrups be-
tween the support and the outer load
point were gaged at the neutral axis
of the composite section.
Deflections were measured with a
precision level sighting to scales at-

Fig. 3—Close-up of Strand Showing Strand Blanket
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tached to the deck over the supports
and at midspan. Girders 4 and 5 also
had scales at the Ya-points of the
span, and for Girders 2 and 3 scales
were placed at even more frequent

intervals along the span.

‘End slip of the strands relative
to the concrete was detected by
dial gages mounted on the project-
ing ends of the strands.

In the static tests to failure, the
force at each load point was meas-
ured by load cells positioned in the
loading assembly.

TEST PROCEDURE

Girders 1, 2, and 3 were subjected
to 5 million cycles of the design live
load prior to static testing to failure.
The dynamic load was applied by
four rams of an Amsler hydraulic
pulsator unit at the load locations
shown in Fig. 1. A girder under
cyclic loading is shown in Fig. 4.
Each girder was first loaded statical-
ly through five live load cycles. In
the first and fifth cycles, the loads
were applied in 500-1b. increments
at each load point, and strains and
deflections were recorded at each
load level. Thereafter, the girder
was loaded dynamically, with static
tests carried out after approximately
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Fig. 4—A Test Girder Ready for Cyclic Loading

1 million, 2% million and 5 million
cycles. At the completion of the 5
million cycles, the girder was moved
and tested statically to destruction.

All five girders were loaded to
failure with the test arrangement
shown in Fig. 5. The loading ap-
paratus was made up of steel cross-
heads and rods, and the loads were
applied by hydraulic rams reacting
against the underside of the test
floor®. "The four equal concentrated
loads were applied in 1000-Ib. incre-
ments with readings of strains, de-
flections, and end slip taken at each
load level. ‘

TEST RESULTS—GIRDERS 1, 2, AND 3
Strength '

The measured and calculated ulti-
mate moments and other character-
istics of the three girders are given
in Table,4. The calculated ultimate
moment was computed using the
equivalent rectangular stress distri-
bution of the 1963 ACI Building

Fig. 5—A Test Girder Ready for Static Loading

Code. Since the properties of the
concrete and steel were carefully
determined, and the loading precise-
ly applied, a ¢-value of unity was
used in the expression:

My, =¢Asfud(1—059) (2)

in which
M, = ultimate resisting moment

¢ = capacity reduction factor

A, = area of prestressed tendons

fs« =calculated stress in pre-
stressing steel at ultimate
load

d  =distance from extreme com-

pression fiber to centroid of
the prestressing force
q = Asfs/bdf, = reinforcement

index .

b =width of compression face
of flexural member

f, =compressive strength of
concrete

The calculation of ultimate strength
was based on a value for fs, equal
to the measured ultimate strength

Table 4—Characteristics of Girders

Ultimate Moment Ratio | Maxi 5
Girder Test Cale sznncl::;:‘ N‘;l::u'lrllm
No. f!- - Meose Strain q Cracks at
kips kips Meate {midspan) N Ultimate
1 Non Blanketed 459 471 0.98 0038 0.058 18
2 Partially Blanketed 454 472 0.96 0032 0.054 20
3 Fully Blanketed 395 471 0.84 0009 0.055 13
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of the seven wire strand used.

In the case of Girders 1 and 2,
all strand ruptured nearly simul-
taneously at ultimate load after ex-
tensive yielding. The strengths of
these two girders were nearly the
same, the ratio of Myest t0 Meaio being
0.98 and 0.96.

Girder 3, with fully blanketed
strands, showed a much greater
strength deficiency. The girder did
ot fracture near the point of maxi-
mum moment, but at an outside
load point 7.5 ft. from the midspan.
Two of the strand blankets extended
from the girder end to 6 ft.-1 in.
_ from midspan, so only 10 strands
were acting at the fracture location.
Figs. 6, 7 and 8 show the fracture
areas of the three girders. The
blanketed strand can be seen pro-
truding from the concrete of the
fully blanketed strand girder. While
the ultimate test moment was 84
percent of the theoretical moment
at the girder center, the test mo-
ment at the point of fracture was
only 76 percent of the theoretical
ultimate moment at that point.
However, the girder did carry 84
percent of the theoretical load, and
for this reason the moment-ratio in
Table 4 is listed as 0.84.

Load-Deflection Relationships

1,0ad-deflection observations were
made in the static tests to detect,
if possible, any bond slip in the
strands in the working load range
during the 5 million load cycles:
The results of these observations
showed no evidence of bond failure

at these load levels. The load-deflec-

tion relation was linear and in none
of the girders tested was there a
significant difference between the
relation at the first loading and that
after 5 million load cycles. . .
The load-deflection curves sHown
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Fig. 6—Fracture Areas—Girder 1

Fig. 7—Fracture Areas—Girder 2

Fig. 8—Fracture Areas—Girder 3

in Fig. 9, plotted from data ob-
tained in the static tests. to destruc-
tion, illustrate the different per-
formance of the three specimens.
Load-deflection characteristics of
the three girders were nearly identi-
cal from initial load to cracking. In
the range beyond cracking, how-
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ever, the deflection characteristics of

the girders depended on th

e lengt
of strand blankets. Girder lengelf
flected less at a given load after

cracking than did th
strand girders. © Planketed

Flexural Cracking

The number of major
cracks at ultimate load %n thféegil:g
ers also shows an effect of the
blankets. As shown in Table 4, there
were 18, 20, and 13 major cra’cks in
Girders 1, 2, and 3. The flexural
cr'acks of the fully blanketed girder
Girder 3, were considerably wider
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for given loads than

: were fle
f:ra(.:ks in the other two girders.%jrllrn?:
indicates a bond deficiency.

Strand Strain

. Table 5 shows the range of in-
crease in strand stress due to work-
ing load during the cyclic loading
There was no evidence from these
stresses that the girders had cracked,
that the strand had slipped, or that
the performance was other than
normal within the working load
zf;gli. Stress variations were quite

Typical strand strain observations
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a ‘ it ide S d, Lower
ase in Stress in OUTSI. e Strand, A
:.r:\:ll‘:l, at Working Load During Cyclic Loading

GIRDER 2 . GIRDER 3
CYCLES GIRDER 1 pst pst
5700 6540
; S|
1 million : gﬁg 5400 7260
2;/2 r{ul_lézﬂ 6120 5400

ing the static load to destruction
g:; 11slhgown in Fig. 10. This ebserva-
tion also clearly distinguishe.s the
performance of the three g1rd<?rs.
The strain data from th_e 0uts1d.e
strands on the lower and 1nt<?rmed1—
ate level are chosen as typical. In
the case of Girder 1, the §trand
strain increased linearly u1_1t1:1 the
concrete cracked in the vicinity of
the strain gage. After cracking the
strain increased untl the s‘trand
ruptured near midspan at ul.tlmate
load. This behavior was typical of

trand in this specimen.

aHTie unblanketed strand at the

_outside intermediate level of Girder

aved in a manner simil_ar to
12'11211)tef)1f the strand in Girder' 1 in the
static load test. Strain 1n.creased
linearly to cracking and at increas-
ing rates thereafter until ultimate.
The blanketed outside strand at the
lower level of Girder 2 showed nor-
mal behavior to a point beyond the
cracking load. At a well-defined
point, the strain began to dec.rease
and continued to do so until all
strands fractured near midspan at
the ultimate girder load. It may be
noted that the strain 1 ft.-6 in. from
midspan decreased only slightly and

Lood At Each Lood Paint, Kips

Paortially Fully
Blanketed

Girder No.2 §

Non
Blankeled
Girder No.)

Blonketed
Girder No. 3

STRAND LOCATION
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e
o' Goge 8'-6" From Midspon On Strand “A 4

g
e Gage I'-6" From Midspun On Strond "B

STRAND STRAIN ABOVE PRESTRESS STRAIN

Fig. 10—Typical Load-5train Relation
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remained well above the original
prestress strain.

In Girder 3 the outside strands at
both the lower and the intermediate
level were blanketed. The strain.
load relationship clearly shows bond
failure at the third increment after
that producing concrete cracking in
the vicinity of the strain gage. After
bond slip the strain of the outside
strand at the lower level decreased
to well below the prestress strain.

In summary, all blanketed strands
sustained some bond failure, while
no bond failure occurred in un-
blanketed strands. As ultimate load
was approached the strain level of
some strands of the fully blanketed
girder decreased to well below the
initial prestress level, while the
strands remained well above pre-
stress 'in the case of the partially
blanketed girder.

In all cases of sudden decrease in
strain, such as illustrated in Fig. 10,
the protruding strands at the girder
ends began to “draw into” the girder
as further evidence of bond failure
soon after the records indicated a
decreasing strain.

TEST RESULTS—GIRDERS 4 AND 5
Strength

The computed and measured
shear forces at failure for Girders 4
and 5 are shown in Fig. 11. Com-
puted forces were determined from
the actual properties of the materials

. used by Eq. (26-10) in Section 2610

of the 1963 ACI Code:

Vn - c
A, =VMu=9V)s (3)
:in which !
© A, =area of web reinforcement

placed perpendicular to the
axis of the member

. ¢ = capacity reduction factor

;’;;December 1965
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Fig. 11—Computed and Measured Shear Forces
at Failure '

V. =shear due to specified ulti-

mate load
V. ' = shear carried by concrete
s = longitudinal spacing of web
_ reinforcement
d =distance from extreme com-

pression fiber to centroid
of the prestressing force
fv  =vyield strength of unpre-
stressed reinforcement
The expression was rearranged and
V. calculated using ¢ equal to unity
and f, equal to 50.5 ksi. The diagonal
cracking shear, V,, in Eq. (3) was
evaluated for each cross-section by
the procedures given in Section 2610.
The ultimate moments of both
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girders were calculated for the_mid-
span section using Eq. (2) with ¢
equal to unity, the strand  stress
equal to the measured tens_11e
stre_ngth, and concrete compressive
 strength equal to measured values..

Girder 4 failed in horizontal shear
along the junction of the web and
the sloping face of the lower flange
as shown in Fig. 12. The failure
plane extended from the region of
the outermost load point to the end
of the girder. The failure was. in-
stantaneous and occurred while the
load was being increased to the next
level. In the failure zone, the ratio
of Viees 10 Vioare Tanged from 0.88 to
0.92. The ratio at failure of Mies
(420 fr-kips) to Meae (474 ft.-kips)
was 0.89.

Girder 5 failed in flexure by frac-
ture of all strands at a section near
midspan as shown in Fig. 13. At
ultimate the ratio of Mye: (466 ft.-
kips) to Mca (461 ft.-kips) was 1.01.
In the region from the inner load
point to the end of the girder the
ratio Of Viest 10 Vige ranged from
0.84 to 1.01, so that shear strength
was practically exhausted.

Load-Deflection Relationship

The load-deflection curves for
Girder 4 (non-blanketed) and Girdgr
5 (partially blanketed) are pre'sented
in Fig. 9 and are compared with the

Fig. 12;-Fai|ure Areas—Girder 4
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corresponding girders in the flexure
series. It is seen that Girders 2 and
5 showed nearly identical charac-
teristics, and both exhibited the typi-
cal ductility of .a flexural failure.

"Girder 4, on the other hand, did not

yield excessively. The flexural ca-
pacity of Girder 4 was not reached,
and only a portion of the load-deflec-
tion curve of Girder 1 was dupli-
cated.

Cracking

In both girders, cracking was con-
fined mainly to the region between
the outer load points. Diagonal
cracks were of the type which pro-
gress from flexure cracks, and were
observed in the area between the
inner and outer load points. At the
stage when the diagonal cracks had
extended to the upper flange of the
precast I-beam, horizontal cracks be-
gan to form at the junction of the
web and the sloping face of the
lower flange. In both Girders 4 and
5, just prior to failure, the horizonftal
cracks were continuous from the in-
ner to the outer load points in both
sides of midspan. The crack pattern
of Girder 5 closely resembled that of
Girder 4, indicating that the shear
capacity was nearly exhausted when
the strands fractured. No diagonal
cracks were observed in either gird-
er in the span near the supports; this

Fig. 13—Failure Areas—Girder 5
’ PCI Journal

was substantiated by the strain read-
ings from the gaged stirrups.

Strand Strain

The strand in Girder 4 showed no
evidence of loss of bond at shear
failure of the specimen. The strand
strain increased to the end of the
test in a manner similar to that
shown in Fig. 10 for strand A of
Girders 1 and 2. Readings from the
dial gages at the girder ends indi-
cated no differential movement be-
tween the strand end and the con-
crete.

In Girder 5, all four blanketed
strands exhibited some draw-in at
the girder ends. The two strands at
the outside of the bottom row of
reinforcement showed considerable
slip into the girder; the other two
strands with longer blankets had
substantially smaller movements. Ex-
cept for the gaged location near the
failure section, all strand strains in-
creased continuously to the end of
the test. Strain readings from the
line of gages adjacent to the frac-
ture plane became erratic, and both
increasing and decreasing strand
strains were recorded as the ultimate
load in flexure was approached. Lo-
cal effects due to the proximity of
the failure plane apparently were re-
sponsible for the erratic gage output.

CONCLUSIONS

e The three tests of T-beams uti-
lizing dynamic loads showed no det-
rimental effects of strand blanketing
on pretensioned members subjected

" to 5 million repetitions in the work-

ing load range.

e Beyond the cracking load and
under static loading, some bond slip
occurred for all blanketed strand.

¢ The results from the two tests
in which the girders had less than
the required shear reinforcement in-
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dicate no detrimental effects of
blanketing upon shear strength.

o There is evidence that the 1963
ACI Building Code (ACI 318-63)3

- requirement for bond embedment

length of strand in Section 2611 can-
not be directly applied to blanketed
strand. However, the performance
in these exploratory tests of blan-
keted strand girders with embed-
ment lengths twice those required
by Section 2611 closely matched the
flexural performance of a similar pre-
tensioned girder entirely. without
blankets. : ‘
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Sebastian Inlet Bridge

by W. E. Dean*

A new design in long span pre-
cast prestressed concrete highway
bridges has resulted from particu-
lar topographic conditions at Flori-
da’s Sebastian Inlet. The crossing
on State Road A-1-A is located on
the east coast, about midway of the
peninsula and only 200 yards from
the Atlantic Ocean. The inlet con-
nects the Ocean and Indian River
through a jetty-protected channel
600 feet wide crossing the narrow
coastal barrier island. It is the only
natural opening for a reach of 110
miles. The normal tidal range of
about 2% ft. and the large reser-
voir of the 1 to 3 mile wide Indian

*Principal Engineer, Howard, Needles,
Tammen & Bergendoff, Orlando, Florida.

River produce currents of 6 to 8
fps at every tide cycle.

Channel criteria  prescribed by
the Corps of Engineers required a
main span 180 feet long for a square
bridge to cross the 30° skewed chan-
nel. Vertical clearance is 40 ft. above
mean sea level. With its proximity
to the open ocean, the structure
will be subject to constant exposure
to wind-driven salt-laden spray.
This condition presents a severe cor-
rosion problem for a steel structure.
Several similarly located structures
along the Florida coast require al-
most constant maintenance to pro-
vide a questionable protection for
steel surfaces.

The topography and criteria re-
sulted in the following principal con-
siderations for design:

o Fig. 1—Sebastian Inlet Bridge
December 1965 ’



