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The photograph shows a model in four stages: the first stage is the bent cap by itself, the second stage is the bent cap
supporting one span’s beam, the third stage is the bent cap supporting two span’s beams, and the fourth stage is concrete
on top of the bent cap joining the spans together in an integral joint.

Fully Precast Bridge System used in Washington State Highways For Life Project,

Part 1—Research
Bijan Khaleghi, Washington State DOT

The Washington State Depart-
ment of Transportation (WSDOT)
Highways For Life (HFL) project
offers a precast concrete bridge
system that is simple, rapid to
construct, with excellent seismic
performance. The WSDOT HFL
project includes precast segmen-
tal columns, precast bent cap,
and precast superstructure. The
project is also known as the US
12 Bridge over I-5, Grand Mound
to Maytown Interchange Phase
2 Bridge 12/118 Replacement.
This article is the first in a two-
part series on the bridge project,
and it covers the research behind
the project.

Precast connections are typi-
cally made at the beam-column
and column-foundation inter-
faces to facilitate fabrication and
transportation. However, for
structures in seismic regions,
those interfaces represent the
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locations of high moments and
large inelastic cyclic strain rever-
sals. Provisions must be made
for bridges in seismic regions to
transfer greater forces through
connections and to ensure duc-
tile behavior in both longitudinal
and transverse directions. It was
envisioned that a fully precast
bridge system could be favor-
ably used in accelerated bridge
construction (ABC) projects in
seismic regions(1).

Monolithic action between the
superstructure and substructure
components is the key to seismic
resistant precast concrete bridge
systems. Lack of monolithic
action causes the column tops to
behave as pin connections result-
ing in substantial force demands
on the foundations of multi-col-
umn bents. While the transverse
stability of multi-column bents is
ensured by frame action in trans-

verse direction, stability in the
longitudinal direction requires
the column bases to be fixed to
the foundation. Developing a
moment-resisting connection
between the superstructure and
substructure makes it possible
to develop plastic hinging at the
column bases. Integral bent caps
introduce moment continuity

at the connection between the
superstructure and substructure
forcing columns into double-cur-
vature bending, which tends to
substantially reduce their mo-
ment demands at the foundation,
affecting the sizes and overall
cost of the adjoining foundations.
The University of Washington(2)
(UW) in two research project
with WSDOT demonstrated the
satisfactory performance of the
column-to-cap connection. The
first project performed pullout
tests(2) of large size bars placed



into corrugated galvanized
standard post-tensioning ducts
with cementitious grout, and the
second project performed the
testing of precast column to cap
connection made with grout-

ed ducts. The UW pullout tests
demonstrated that the develop-

Ld — 15[ fu-&'

The second term in Equation
(1) represents the effect of the
pullout cone, and the difference
between duct and bar diameters.
AASHTO LRFD requires that the
development length be increased
by a factor of 1.25 for seismic
applications (3) WSDOT BDM(4)
recommends using a higher
factor of 1.5 for field applica-
tions of grouted duct system.
Table 1 shows the minimum
embedment length of grouted
bar-duct sleeves. The minimum

ment lengths of bars grouted into
ducts are significantly reduced
compare to those development
lengths required by the AASHTO
LRFD Specifications(3) Article
5.11.2.1. The development length
equation developed for the
WSDOT Bridge Design Manual
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development lengths are based
on A706 Grade 60 deformed
reinforcing bars with expected
tensile strength (fue) of 95 ksi,
and compressive strength (f’g) of
6.0 ksi.

As part of the HFL project, the
UW has performed several tests
of precast column-to-footing
connections. To achieve proper
interface shear transfer between
the precast column and the cast-
in-place concrete footing, the
exterior of the column is rough-

(BDM),(4) shown as Equation (1),
is based on the UW experimental
tests, and shares the same de-
pendencies on steel strength, bar
diameter, and concrete or grout
strength with the AASHTO LRFD
development length equations.

(1)

ened near the bottom to improve
the transfer of shear stress. The
shape of the lower column seg-
ment extending into the footing
is changed to octagonal to pro-
vide more uniform interface sur-
face. The precast column extends
just below the footing, to assure
that the force transfer at the bot-
tom of the column bars can take
place satisfactorily. The column-
to-cap beam connection is made
with a small number of large bars
column grouted into ducts in the

Bar Theoretical
Bar Outside .DUCt Grouted Sleeve L/d Grouted Bar-Duct
. . diameter d" b Develoment
Size diameter . Develoment Sleeve .
] dduct, in. L hiL i Length, L, in.
dbﬂ, in. ength, L, in.

3 0.42 2 6.475 15.42 8.0

4 0.56 2 8.133 14.52 10.0

5 0.70 3 10.542 15.06 12.0

6 0.83 3 12.082 14.56 14.0

7 0.96 4 14.372 17.97 16.0

8 1.10 4 16.030 14.57 18.0

9 1.24 6 19.188 15.74 21.0

10 1.40 6 21.083 15.06 24.0

11 1.55 8 24.360 15.72 27.0

14 1.86 8 28.032 15.07 32.0

18 2.48 8 35.376 14.26 40.0

Table 1. Proposed Grouted Bar-Duct Development Length.
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cap beam. Their small number,
and the correspondingly large
ducts sizes that are possible,
lead to a connection that can be
assembled easily on site.
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Improving Concrete Bridge Decks with Internal Curing

Jason Weiss, Purdue University; Carmelo DiBella, Global Consulting, Inc., Turner-Fairbank Highway Research Center;
and Dale Bentz, National Institute of Standards and Technology

The photograph shows internally cured concrete
being cast in a bridge deck Monroe County,
Indiana.

Transportation agencies strive
to provide durable, long lasting
concrete bridge decks. While high
performance concrete is fre-
quently desired due to its resis-
tance to chloride ingress and cor-
rosion, these mixtures are often
accompanied with an increased
risk of early age cracking due
to the use of high cementitious
contents, low water-to-cement
ratios, and finer particle sizes. In
fact it is often said that the ‘high
performance concrete’ produced
is durable, but only between the
cracks. Internal curing is one
method that has been devel-
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oped to design concrete to be
less prone to early-age cracking.
Internal curing also reduces the
rate of chloride (or fluid) ingress
which can lead to corrosion. The
fluid transport properties are
reduced in three ways. First, in-
ternal curing supplies additional
water that promotes increased
hydration thereby reducing the
porosity of the concrete. Second,
internal curing reduces influence
of the interfacial transition zone
causing it to be ‘almost nonexis-
tent’ at the lightweight aggregate
(LWA) when compared with the
interfacial transition zone around
sand. Third, internal curing re-
duces unwanted cracking thereby
reducing other paths for fluids to
reach the reinforcing steel.

What is Internal Curing

Simply stated, the basic prin-
ciple is to use prewetted fine
LWA to provide moisture to the
hydrating cement after the con-
crete sets. This prewetted LWA
is used in place of a fraction of
the conventional sand used in a
mixture. While the water remains

Further Information

For further information, read-
ers are encouraged to contact
the author at 360 705-7181 or
khalegb@wsdot.wa.gov, and
view project information at the
Federal Highway Administra-
tion’s Highways for Life website:
http://www.fhwa.dot.gov/hfl

partnerships/bergerabam/index.

cfm

primarily in the prewetted LWA
during mixing and transporta-
tion, the water can be drawn out
of the LWA due to pressure that
is developed in the pore fluid
(e.g., ‘water’ in the concrete) after
setting, or prior to setting in the
case of evaporation. In the latter
case, the prewetted LWA will as-
sist in reducing plastic shrinkage,
settlement, and its associated
cracking.

This concept of internal curing
is compared and contrasted with
more conventional (external)
curing in Figure 1. Conventional
external curing places water at
the surface of the concrete short-
ly after placement that can be
absorbed over time. In practice,
water curing is often difficult to
perform and as such curing mem-
branes or sealers are often used;
however, these approaches do
not add additional needed water
to the system. Further, in lower
water-to-cement ratio systems
the external curing water can-
not penetrate much beyond the
surface (on the order of 3 mm of



movement after 18 hours). Inter-
nal curing, however, uses the fine
LWA to supply water uniformly
across the cross section as shown
in Figure 1. Proportioning pro-
cedures exist to determine the
amount of lightweight aggregate
to use considering both the vol-
ume of water that is to be sup-
plied and the spatial distribution
of the LWA.

External curing
[ ]
®
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®
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ana (outside Bloomington) that
were cast in September 2010.
This pair of county bridges was
similar in design and location.
Both decks were cast using ready
mix concrete. The first deck was
cast using a conventional bridge
deck concrete mixture, while the
second was cast using an inter-
nally cured bridge deck concrete
mixture that was made using the

External water

aunnin

Water penetration

Internal curing

Initial specimen

@ Normal aggregate

@ Water filled intrusion

After curing

@ Cured zone

Fig. 1. lllustrating the concept of External and Internal Curing (Castro, 2011).

A Field Trial in Monroe County
Indiana

Following up on a substantial
amount of laboratory research
that has been performed regard-
ing internal curing, several recent
bridge decks have been cast
using these materials to transi-
tion the technology from the lab
to the field. While several bridge
decks have recently been cast by
the New York State Department
of Transportation (NYSDOT),
this short article will report
some observations from a pair of
decks in Monroe County, Indi-

same raw materials. While the
exact proportions will vary, the
internally cured mixture had ap-
proximately 55% of the fine ag-
gregate replaced with lightweight
aggregate. It should be noted that
this value will vary depending

on the mixture proportions and
the properties of the aggregate,
however it is given as a point of
reference.(1) The cover photo
shows the casting of the internal-
ly cured deck where it was noted
that the concrete was able to be
placed and finished very similarly
to the conventional concrete. In
fact, it was noted by one finisher

that it was less ‘sticky’ and slight-
ly easier to work with.

While research is underway
to quantify the performance of
the conventional and internally
cured bridge decks, some pre-
liminary observations have been
made after the first year. First,
while the one-day strength of the
internally cured concrete was
approximately 10% less than
that of the conventional concrete,
the conventional and internally
cured concrete had equivalent
strengths at approximately 10
days. After 3 months, the inter-
nally cured concrete was 20%
stronger than the conventional
concrete. Rapid chloride per-
meability testing (ASTM C1202)
showed that the internally
cured concrete had a 10% lower
charge passed at 28 days and
nearly 40% lower charge passed
after 3 months. The internally
cured mixture also had a lower
shrinkage. Additionally, it was
noted that cracks developed in
the conventional deck after the
first few months of service (Fig-
ure 2), while at the time of this
article (nearly one year after
placement), the internally-cured
concrete has no visible cracking
(Figure 3). While cracking can
occur in bridges for a variety of
reasons, the lack of visible crack-
ing in the internally cured deck
is consistent with the reduction
in the concrete’s autogenous and
drying shrinkage.

The full report of results from
this trial which include a wide
range of additional tests will be
available in late 2011 from the
Indiana Local Technical Assis-
tance Program.
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Fig. 2. Cracking that occurred when using a of Standards and Technolo- Further Information

“conventional bridge deck mixture” in Monroe . .

County, Indiana. gy, http://ciks.cht.nist.gov For more information about this
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Fig. 3. Currently “crack free” internally-cured concrete bridge deck in Monroe County, Indiana after 1 year in service.
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Planning, Design, Construction, Preservation, and Replacement are All Linked in a Bridge’s Life.

Preserving Bridges—It Means More than You Think

Anwar Ahmad, Federal Highway Administration

Typically the term “bridge
preservation” is associated with
existing bridges. However, bridge
preservation actions and strate-
gies should be considered during
all phases of a bridge’s life, from
the initial planning through de-
sign, construction, and its service
life until the bridge is decommis-
sioned. Considering preservation
throughout these stages is essen-
tial to maximize the service life
and minimize the overall lifetime
cost of the bridge.

The advancement of bridge
design, evolution of materials,
and innovative construction
techniques has facilitated the in-
crease of bridge design life from
50 years to 100 years. Achieving
100 years life for bridges cannot
be accomplished with improved
design practices, high quality
materials, and construction tech-
niques alone. Proper inspection,
maintenance, and preservation
actions and strategies must be
employed throughout the life of

a bridge. So, what does all that
mean? First let’s start with defin-
ing bridge preservation.

Bridge Preservation

Bridge preservation is defined
as “actions or strategies that
prevent, delay or reduce dete-
rioration of bridges or bridge
elements, restore the function of
existing bridges, keep bridges in
good condition and extend their
life. Preservation actions may
be preventive or condition-driv-
en.”(1)

Although this definition may
appear to be intended for bridges
that are in service, a successful
bridge preservation strategy will
encompasses much more.

Following is a brief discussion
of the core stages of bridge life
as they relate to bridge preserva-
tion:

Planning

Effective bridge preservation
strategy begins in the planning
stage for a new bridge. It is cru-

cial to select appropriate ma-
terials that suit the anticipated
bridge environment. Thanks to
advanced research, innovations
and technology in materials
science, we continue to see high
quality and high performance
bridge materials being pro-
duced. Each material type has

its purpose and limitations. So,
it’s critical that the appropriate
material for each bridge element
is carefully evaluated and select-
ed based on the intended service
for that element in a given envi-
ronment. Environmental factors
include: type of service that will
be provided by the bridge; type
of crossing; drainage area; traffic
volumes; and anticipated use of
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Fig. 1. Planning for a Bridge Project.
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anti-icing chemicals. Other en-
vironmental factors also include
the potential for a bridge to be
subjected to hazardous materials,
vandalism, terrorist attack, or
other extreme events. So, in es-
sence, proper planning takes long
term preservation and maintain-
ability of the bridge into account.

Design

The bridge community contin-
ues to strive towards improving
design practices to enhance
bridge safety, facilitate materials
fabrication, and take advantage
of better construction and pres-
ervation techniques. In addition
to the American Association of
State Highway and Transporta-
tion Officials (AASHTO) design
specifications, most State High-
way Agencies (SHAs) have their
own bridge standards, specifica-
tions, policies and procedures.
Some SHAs have developed
design check lists as part of their
quality control and quality as-
surance efforts. Some SHAs are
incorporating “maintenance and
preservation friendly design
details” in their design practices
and policies. These details in-
clude facilitating access to bridge
superstructure and substructure
components for inspection and
maintenance activities; elimi-
nating expansion joints(2) when
possible by using continuous
span designs or by using inte-
gral and semi integral abutment

Fig. 2. Designing a Bridge.
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designs; and considering con-
struction sequences of future
preservation and replacement
activities. Another preserva-
tion related strategy that can be
incorporated in the design stage
is the development of a bridge
maintenance and preservation
check list or instruction manual
for newly designed bridges. Such
bridge manuals are currently
being developed for signature
bridges, but the same principle
can be applied to common bridg-
es. Manuals of this type assist
bridge managers and engineers
in planning and performing the
necessary bridge inspection and
preservation activities.

Construction

There are a number of con-
tracting methods available to
construct bridges such as the
conventional low-bid, design bid
build, or performance based. Re-
gardless of the contracting meth-
od used, ensuring full compliance
with the design plans, specifica-
tions and materials’ tolerances
during fabrication, transporta-
tion, erection, and construction
is the most critical component of
a successful bridge construction
project. High quality construction
and materials will enable the
bridge to function as intended
and thus reduce or eliminate the
need for premature repairs.

Similarly, good design plans and
quality construction materials
and practices don’t guarantee a
good bridge if not complemented
with accurate construction plans
and experienced construction
personnel.

Inspection and Preservation

From the time the construction
phase is completed to the time

Fig. 3. Bridge Construction.
the bridge is replaced, there are
numerous preservation activities
that are essential for keeping the
bridge serviceable. In addition to
conducting routine inspections
and maintenance, it’s critical
that the appropriate actions and
or treatments are applied to the
bridge at the appropriate time.
For example washing and clean-
ing the bridge on predetermined
frequency is often a cost effective
strategy for protecting the steel
components from corrosion.
However, washing becomes an in-
effective strategy if it's not done
regularly. Another example of an
effective preservation strategy is
selecting the appropriate candi-
date bridges for waterproofing
decks with seals and or differ-
ent types of overlays. Sealing a
significantly deteriorated bridge
deck may not be a cost effec-
tive strategy, where as sealing a
bridge deck that is in good or fair
condition on regular basis is a
good strategy for protecting and
preserving the structural integ-
rity of bridge decks. The FHWA
Bridge Preservation Guide -

Fig. 4. Inspecting a Bridge.



Maintaining State of Good Repair
Using Cost Effective Investment
Strategies provides additional ex-
amples of effective preservation
treatments and strategies.

Recognizing the relationship of
preservation to the core bridge
life stages is important to achiev-
ing the desired service life of
a bridge; therefore, achieving
the desired service life depends
largely on the level of collabora-
tion and coordination with the
stakeholders and disciplines that
are involved in the various stages
of the bridge life.

Further Information

For more information about
bridge preservation, contact
Anwar Ahmad at anwar.ahmad@
dot.gov or 202-366-8501.

1. FHWA Bridge Preservation
Guide - Maintaining State
of Good Repair Using Cost Ef-
fective Investment Strategies

2. Many expansion joint materi-
als if not properly designed,
installed and maintained are
susceptible to leaking which
if left unchecked leads to
accelerating deterioration of

superstructure and substruc-
ture that are located below

the joint.
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