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Fig. 2. 128th Street Bridge, Snohomish, Washington.

spans without giving attention to nega-
tive moment resistance and continuity
prestressing.

According to AASHTO, end blocks
are required at post-tensioning (P/T)
anchorages. Experience with recent
bridges in Canada has shown that end
blocks can be eliminated successfully.
If eliminated, end blocks are usually
replaced with special end diaphragms
at the P/T ends to accommodate the P/T
hardware, and to help distribute the
concentrated anchorage forces in the
end zones. More detailed information
on this aspect is given in the full report.

Span Arrangements
and Splice Location

In the design of concrete bridges
using spliced girders, the span layout
is frequently determined by site condi-
tions. The maximum segment size is
usually governed by transportation
constraints and facilities at the fabrica-
tion plant. Segment sizes are selected
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to accommodate these constraints and
to provide splices at locations that are
accessible at the construction site, or
at locations dictated by the flexural
stresses in the girder.

One of the features of girder splic-
ing, which is very advantageous in
many situations, is the ability to adapt
to the requirements for a curved align-
ment of a superstructure. By precast-
ing the I-girders in appropriate seg-
ment lengths and by providing the
necessary transverse diaphragms,
girder segments may be chorded along
a curved alignment. The result is an
efficient framing system and accept-
able appearance as shown in Fig. 1.

The use of precast concrete elements
in the spans, combined with cast-in-
place box girders over the piers,
achieve lightness and shallowness
where they are most beneficial, while
allowing increased depth and greater
mass where negative moments and
shears are high. Continuity of spans

provides greater structural capacity,
better dynamic response, a more effi-
cient use of materials than simple span
construction, and the elimination of
deck joints and their potential for long-
term maintenance problems.

These types of structures, often
referred to as hybrid structures, are
characterized by their aesthetically
pleasing appearance. An example of
this type of bridge is shown in Fig. 2.
Another notable bridge is the Esker
Overhead, shown in Fig. 3. This sin-
gle-span and sharply skewed bridge is
an example of the versatility of spliced
I-girder bridges.

TYPES OF
GIRDER SPLICES

The most common precast concrete
girder splice used in the construction
of bridges is the cast-in-place splice.
This splice is made with or without
post-tensioning. There are other types
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Fig. 3. Esker Overhead, Northwestern British Columbia, Canada.

of splices such as epoxy filled post-
tensioned and structural steel splices.
All these types of splices are discussed
in the full report.

CONSTRUCTION
METHODS AND
TECHNIQUES

The design of a spliced girder
bridge must consider all aspects of the
fabrication and construction sequence.
Proper attention to details is important
to ensure a practical and economical
design. Site conditions, availability of
lifting equipment, shipping restrictions
and capability of local precasters and
constructors must be considered in the
selection of the size of segment and
type of splice to use.

Fig. 4 gives the details of the girder
support conditions and the necessary
steel nose sometimes used for align-
ment of the segment ends. A more
detailed discussion of the construction
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techniques of spliced I-girder bridges
is included in the full report.

SPLICED GIRDER
BRIDGE SURVEY

The full report gives information on
more than 40 bridge projects. Some of
the bridge projects are discussed in
detail, giving information on design,
production and construction considera-
tions. It also includes a table giving the
name and address of a contact person
for each bridge described. These peo-
ple are willing to share their knowl-
edge and experience with engineers
interested in considering this system.

ANALYSIS AND
DESIGN OF SPLICED
GIRDER BRIDGES

In most cases involving multi-stage
construction, it is important to accu-
rately calculate the stresses, deflec-

tions and end rotations of the compo-
nents of the structure during the vari-
ous stages. The method of analysis
used should take into account the
effects of creep and shrinkage of con-
crete, relaxation of steel, and should
be applicable to statically indetermi-
nate structures.

One such method was developed by
Tadros et al.? The method was imple-
mented into a mainframe computer
program in the mid 1970s. The pro-
gram has been used for time-depen-
dent analysis of several bridges.

Recently, Abdel-Karim® introduced
significant program enhancements and
converted it into the PC environment.
The program can be employed to eval-
uate stresses in concrete and steel at
any cross section in a statically inde-
terminate composite beam or plane
frame. It also gives deflections at vari-
ous stages of construction.

Additional features of the program
include up to three different concrete
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types in a cross section, support settle-
ment, internal generation of prestress-
ing profiles, calculation of friction and
anchorage set losses, multi-stage post-
tensioning, shear deformation and
temperature gradient effects.

DESIGN EXAMPLE

This example was selected based
on discussions at PCI Committee
Days, April 1990. No innovations or
deviations from current practices are
attempted here. The preliminary
design is limited to the design of an
interior girder. A two-span bridge
example is used here to illustrate the
design steps in detail. The necessary
data is summarized below. Fig. 5
shows the bridge layout and cross
section.

In the preliminary design of this
example a lump-sum procedure was
used to account for the time-dependent
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effects. However, the final design of
the bridge should be based on a more
detailed method of analysis. The fol-
lowing design criteria are given:

Design specifications:
AASHTO Bridge Specifications.

Material properties:

Concrete: f, (precast girder) = 7000
psi (48 MPa)

f. (CIP joint and deck) = 4000 psi
(28 MPa)

Prestressing steel: Grade 270 low-
relaxation steel

Mild reinforcing steel: Grade 60 steel

Loading:

Superimposed Dead Load (SIDL)
from wearing surface, parapet, and
miscellaneous items = 320 1b per lin-
ear ft (4.67 kN/m) per girder

Live Load (I.LL): AASHTO HS25-44

Construction schedule:
The bridge is constructed according to
the schedule in Table 1.

Preliminary Design and
Results of Stress Analysis

The preliminary selection of the
amounts of pretensioning and post-ten-
sioning steel and the tendon profiles
are shown in Fig. 6. The prestressing
requirements were determined based
on the AASHTO allowable stresses.
The composite section was then
checked for ultimate conditions and
was found to be adequate.

The stresses in the composite girder
at the end of each construction stage
are shown, in Fig. 7, for the maximum
positive and maximum negative
moment locations. It can be seen from
this figure that satisfactory stress lev-
els prevail throughout the entire con-
struction period and under the effect
of the SIDL (Stages 1 through 5).
However, upon introducing the effect
of live load in Stage 6, the compres-
sive stress in the top fibers of the pre-
cast girder at Section B is calculated to
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Table 2. Approximate quantities and cost per girder line.

‘ ]
Description Quantity Unit cost Total cost
1. Spliced I-Girder Precast Concrete Option
(1) Precast girders 75 cuyd $ 570 $ 42,750
Post-tensioning
(includes post-tensioning hardware, labor) 6891 Ib 1.5 10,336
Diaphragms ‘
(includes framing, labor) 9cuyd 450 4,050
(2) 7 in. deck
(includes concrete, forming, reinforcing bars) 54 cuyd 300 16,200
(3) Traffic barriers 133 ft i 25 3,325
Total
Cost per sq ft of deck = $76,660 x 6 girders + (42.75 ft x 350 ft) $ 76,660
~$31 per sq ft of deck ‘
— ‘ {
1L Structural Steel Composite Girder Option
(1) Structural steel girders
(at 421.1 1b per ft) 147,385 1b $ 084 $ 123,803
Stiffeners, field splice, miscellaneous items
(5 percent) 7369 1b 0.84 6,190
(2) 9.5 in. deck
(includes concrete, forming, reinforcing bars) 125 cu yd 300 37,500
(3) Traffic barriers 266 ft 25 : 6,650
Total ‘
Cost per sq ft of deck = $174,143 x 3 girders + (36.5 ft x 350 ft) $174, 143
~$41 per sq ft of deck

*Note: 1 ft=0.3048 m; | in.=25.4 mm; 1 Ib=4448N; 1 sq ft =0.0929 m’, 1 cuyd = 0.764 m".

CONCLUSION

The survey conducted for the pur-
pose of this research revealed several
important trends in the design philoso-
phy of bridges. Among the most im-
portant of these trends is the desire to
eliminate all deck joints, including
those at the abutments (i.e., by provid-
ing integral abutments).

Other trends include the increasing
use of high strength, lightweight con-
cretes, precast deck panels, and more
slender section shapes capable of re-
sisting both negative and positive
bending. A swift response by the pre-
cast concrete industry to these and
other market needs will ensure sus-
taining the competitive edge of con-
crete over alternative materials.

Splicing of I-girders provides a con-
venient means of extending the span
capabilities of existing standard
AASHTO and PCI shapes beyond
their conventional span ranges. It can
be viewed as a step forward in the evo-

July-August 1992

lution of precast concrete technology
in the area of bridges.

The new spans are not only longer,
but they are structurally more efficient
and provide a better riding surface due
to the added continuity. In some cases,
longer spans make it possible to reduce
the number of piers required, thus sub-
stantially reducing the substructure cost.
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