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Coupling of fhe
RHM systam datn sraam

wih tha FEM modal
resubed in Penisyhanio'’s
first “smart bringa.”

Improving asset
management

Remote health monitoring

of the Hawk Falls Bridge

By Raymond A. Hartle, PE,
and Toader A. Balan, Dr. Techn. Sc.

he Hawlk Falls Bridge in Beaver Couney,
Pa., is a continuous, 680-foot-long, rivered
stee] deck truss struceure buile in the 1950s
that is owned by the Pennsylvania
Turnpike Commission (PTC). In the
summer of 2005, based on datm obmined
during a routine Natiomal Bridge Inspection

Standards inspection effore, the PTC programmed

the sgucture for an $875,000 repair project o

remove observed corrosion-related deficiencies in

truss members,
In the fall of 2005, the PTC agreed w implement

a pilot remote health-monitoring (BHM) system,

proposed by Michael Baker Jr., Inc. {(Baker), and

LifeSpan Technologies (LST). The EHM system

would track service load serains of selected truss

chord members as an indicator of bridge perform-
ance before, during, and afeer projece repair efforts.

The syscem proposed was comprised of the follow-

ing fundamental components:

+ permanent LST dual-channel strain sensors with
memary capability o record both pealk serain and
ACHVE SITain;

+ g secure, hard-wired inscallation and onsite data

The Howk Falls Bridge in Bewwer County, Pa,, was built in the 1950s ond is
owned by the Pennsybvanio Turnpike Commission.

acquisidon conerel box thae records sensor dam

and then wransmits it via wireless communication

technology: and

+ a remote neework operations center where dat is
received and stored on a secure server and made
available to PTC management through a pass-
word-proteceed Internee connection.

Data from the RHM system is anticipated eo
promote a bereer understanding of aceual bridge
response and to improve future bridge manage-
ment decisions.

T compliment this daea, Baker created a 3-D
finite element madel (FEM) of the structure using
MIDAS/Civil Modeling, Integraved Design &
Analysis Software for Civil Souctures), a general-
purpose finite element software developed by
MIDAS Information Technology Co, Led.
Coupling of the RHM system data seream with the
FEM model resuleed in Pennsylvania’s firse “smart
bridge.” The system auromatically provided {and

Figura 1: Duakcharnel sirain sersors record the parfamonca of thres truss
members — o lower chord ond two uppar chaords.
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Figura 2: Monitorad fruss members wers madelad in detail using 4-inch plote
alemants in the wicinity of the sansors.
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continues to provide) actual service-level daa. The
FEM maodel was loaded with various waffic config-
urations to generate outpue that simulaces service-
level performance. Mawhing the prediceed resules
of the FEM model and the RHM sensor daea vali-
dates the accuracy of the model and was accom-
plished with only minor restraine parameter tuning
of the support nodes. The validated FEM maodel
provides demiled information about the entdre
bridge structure, and can be updated in “near real
time” to reflect changes in bridge performance.

The smart bridge platform of an EHM system
integrated with a FEM is a powerful management
tool that empowers agency owners o allocats
financial resources for maximum efficiency. Three
primary benefies of this pladorm are as follows:

1) Reliable bridge performance — The PTC has
247 assurance that the performance of the
bridge meets service needs.

2) Predictable bridge response — Changes in the
service level and conditon of the members are
introduced into the system and their effect is
reported accurately and objectively.

3) Economical — Onece a preservation project is
defined, the PTC knows whar the most cost-
effective activiries are to realize the best return
0T iNVestment.

To realize these benefits, the smart bridge plat-
form muse support the key objectives of perform-
ance decumentation, safery, and maintenance
prioritization.

Performance documentation

The traditional method for evaluating the
performance of a bridge seructure is o consider the
existing field condition in an analysis process using
standard design software programs. This method
resules in saffective resafys because of inherent
uncertainties in bridge inspecton daea, safecy
factors buile ineo the designfanalysis programs, and
the application of notional vehicles that are approx-
imations of actual service loads. The combination
of 2 RHM system and FEM analysis is a new
method that produces ofjeceive resalss. The sensors

in the BRHM system provide aceual values of strain
produced by real service load conditions.

LST sensors are calibrated, time-tested, versa-
tile, and reliable. Daea from the EHM syseem
reflects the actual performance of the stucmre and
accounts for all field conditions. The MIDASCivil
software is robust and has the flexibility to model
any seructure at deeail levels ranging from global to
pinpoint. Most imporaandy, the model can be
regeneraced automatically in near real dme based
on changes in field conditions. This allows the
mterface with the EHM to maineain the accuracy
of the model.

On the Hawk Falls Bridge, 12 LST dual-channel
strain sensors continue to record the performance
of three wuss members: L15-L16, a lower chord
member at mid-span of Span 2; TT14-U15, an upper
chord member at mid-span of Span 2; and U20-
U221, an upper chord member over the pier
between spans one and two (Figure 1). Each sensor
records longitudinal displacement over a length of
approximately 4.5 inches. The FEM model of the
structure was prepared per the original design
plans. The majoricy of the members are beam
elements; however as shown in Figure 2, the
members listed above were modeled in precise
detail using 4-inch plate elements in the vicinity of
the sensors.

This spacing places 1 node between the contact
points of each sensor and was done ineentdonally wo
correlate precisely the sensor data with the model
output. Various live load combinations, dynamic
effects, and secondary loading effeces were applied
to the model. Afeer some adjustments of the global
boundary (restraint) condidons, the FEM maodel
and the RHM system demonstrated excellent
correlation. An example is provided in Table 1
where the measured displacement value from
Sensor MNo. 3 (HFB-003) is compared wich
displacement prediceed by the model for one
combination of the AASHTO HS-25 Design
Loading. The equivalent microserain (pe), which is
e x 10, is determined by dividing the predicred
displacernent by the element dimension of 4 inches.

Table 1: Displocement volwe comparison

ke Rt sysiom s does ot ke dead b,
[iymamic resporsa of an H325 vehicks travaling of &0 mph
e Thermal affeas’

Displacement Yolues (Inches x 10-)
Truss Membar | Semsor Homber | Model Hodas RHM System' | MIDAS /Civil FEM Predicied

Total Total Live load® Thermal®
14015 HFB-003 567 568 1,047 936 471 1457
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