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ABSTRACT

The Utah Pilot Bridge, Live Load and Dynamic TegtiModeling and

Monitoring for the Long-Term Bridge Performance gham

by

Steven Petroff, Master of Science
Utah State University, 2010

Major Professor: Marvin W. Halling
Department: Civil and Environmental Engineering

As part of the Federal Highway Administration’sigsTerm Bridge Performance
Program, Live Load and Dynamic tests were condu&ddng-term monitoring plan
was developed and presented for the Utah Pilotg@rithsed on Live Load and Dynamic
tests. As one of seven pilot bridges, the UtahtBitalge is one of the first bridges used
to initiate the LTBP Program. A formal permit appabprocess, with the Utah
Department of Transportation, was followed to gaenmission to conduct the tests and
install long-term instrumentation. Analysis prowldgood results for each test completed,
with a summary of test results presented. A Fileanent Model was created and
refined based off test data. Instrumentation watalled and checked to ensure quality

data was streaming to the collection site.

(244 pages)
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EXECUTIVE SUMMARY

Currently, the Federal Highway Administration’s (WA) National Bridge Inventory
(NBI) contains data on nearly 600,000 highway beglgncluding culverts. The
operational ability of the highway network requieekigh level of performance from
these structures. Given that characteristics ®sdltbridges contain a wide range of
structural types, material types, age, daily teadiind climatic conditions the management
of highway bridges presents a situation where ekterknowledge in many areas is
needed for improved life cycle cost effectivenasd maintenance strategies for the
structures. Developing an approach with highecigfficy and breadth requires more
knowledge from high quality quantitative performamtata on bridges from which to
base the new decisions for life cycle improvement maintenance strategies. The
FHWA has begun a program that will collect, stand analyze such data through a
program called the Long Term Bridge PerformanceBRYProgram. This program will
create databases of high quality quantitative ttabee used for improved practices. There
are three types of bridge monitoring and evaluatimmponents to the LTBP program.

The first component is to periodically inspect trglge through visual and advanced
nondestructive evaluation techniques. Protocothim inspection consists of three levels.
The first being an “NBI Level” which is consistenith the current federally mandated
inspection on a regular basis. The second lewadlled “Element Level Inspection: and
is used in about 46 states. The third is an “agired” inspection based on needs of the
bridge. This component of the LTBP will be carraat by Parsons Brinkerhoff. The only
involvement that USU will have in this component@rdination and scheduling with

the inspection group.



The second component of the LTBP program is thatstfumented bridges.
Continuous monitoring of the bridge will be accomipéd through the use of sensing
technology installed on the bridge to measure andrd certain bridge performance
parameters under normal daily traffic loadings snohonitor for rare or extreme events.
Other periodic testing of the selected bridges beliconducted to determine the change
in global response of the bridge through time. 3ésat are performed include extensive
deck testing, live-load testing, dynamic load-tegtnd nondestructive testing and
evaluation (NDE/NDT). Researchers from Brigham Ygumiversity (BYU) are
contracted with researchers at Utah State UniyefsiSU) to conduct the deck testing.
This testing will involve thorough crack propagatimapping, deck sampling, resistivity
measurements, half-cell potentials, and corrosfarinforcing steel evaluation. Live-
load testing will aid researchers in determining ¢iiobal effects of vehicle traffic.
Dynamic load testing will aid researchers in untserding natural frequencies and
damping ratios of the bridge. Both the live load aynamic load testing will be
conducted by researchers at USU. The NDE/NDT positl be conducted by Rutgers
University.

It is through a contract with the FHWA and the LTt researchers at USU are
working to obtain higher quality quantitative dafebridge performance. USU is a
contracted team member of the LTBP program to @eetise instrumentation and
implementation of all monitoring and testing fordges west of the Mississippi river. A
Pilot Bridge Phase is currently in operation witlke goal to instrument and test a small
number of bridges in preparation for a larger,oratiide bridge monitoring and testing

program. Among the first of the Pilot Bridges sédelcis a bridge in Northern Utah. This



first bridge will provide the groundwork upon whiatany other bridges will be
monitored and tested.

In order to assure quality monitoring and testenrgjnstrumentation plan was
proposed. The instrumentation plan provides a brackgl of the bridge selected and the
information expected to be learned from a bridge wie given characteristics. The
instrumentation plan also served as a formal pragtosL TBP managers at FHWA of the
testing and long-term monitoring arrangements. inBEumentation plan is included in
this document as Appendix D.

After approval of the instrumentation plan was ree#, researchers at USU were
given permission to conduct the live-load testlmmtiridge as well as prepare the long-
term instrumentation. Preparations for the longaterstrumentation required more time
than the testing to coordinate so the live-loatirigoccurred before the long-term
instrumentation was installed. Conducting the tegtiired approval from FHWA and
UDOQOT. The approval from FHWA came via the instruta¢gion plan. Approval from
UDOT came through the process of applying for awiving an encroachment permit.
Obtaining a permit required preparation of a Teseind Maintenance of Traffic Plan that
was submitted to UDOT and subsequently approvesidticument is included as
Appendix B. Both the live-load and dynamic testseveonducted at the same time. An
explanation of the testing and the process to vedéie encroachment permit is given in
the Live Load section. Once the tests were comptietia analysis and refinement of a
finite-element model occurred for both tests, @sotained in the Live Load section of

this document.



A similar process to the live-load test was reqiiii@ installation of the long-term
monitoring equipment. Approval was first obtaineaihi UDOT by submitting a
document containing an explanation of work to beedthrough written explanation and
computer aided drawings, included as Appendix Ger’dubmittal and approval, UDOT
awarded an encroachment permit to carry out thpgsed installation. Details regarding
the construction, installation and validation c# tnonitoring system along with the
process of selecting an appropriate long-term strachealth monitoring system are
further explained in the section title Long-Term mitoring and Installation.

Finally, a summary of the work done to test and moonhe Utah Pilot Bridge is
given. Recommendations for future bridge work isvied in this section based off the

experience gained while carrying out the work fos bridge.



REVIEW OF LITERATURE

Global Health Monitoring

Global bridge monitoring or Structural Health Mamihg (SHM) is used to
describe many different forms of data collectiod analysis. For most uses in civil
engineering, the term global bridge monitoring Bi\Eis typically an identification
process that considers the performance of a steiaia whole by evaluating all forms
of performance characteristics (Brownjohn et @0%). For bridge SHM, the
aforementioned definition is the primary objectiee installing long-term
instrumentation on the Utah Pilot Bridge. SHM regsithe integration of a complex
system of individual data collection and systenpoase sensors joined together into a
network that collects, then deposits data linked tentral location for later analysis and
storage. No matter the structure type, each SH¥eBysequires the use of a data
acquisition system, data collection software, dabaage, a selection of specific
instrumentation, instrument protection, and a miogmal (DeWolf et al., 2006; Farhey,
2005; Brownjohn et al., 2005; Lynch et al., 200802, Cheung et al., 1997).

Due to the rugged and harsh nature of field apiptina, adequate environmental
protection is necessary for continuous long-ternmitooing to be economical and
reliable. Data acquisition equipment must be housedsecure location, typically a
cabinet of some type (DeWolf et al., 2006; FartZ905; Brownjohn et al., 2005). Each
of these articles explains that for reliable dathstinct determination of the project goals
IS necessary to select the correct equipment. Glugpment selected on most bridge SHM

systems involves some combination of strain momigprvibration monitoring,



environmental monitoring (temperature, wind speadd direction, radiation, relative
humidity, etc.), and data storage (DeWolf et 0@ Farhey, 2005; Brownjohn et al.,
2005). Most strain and vibration data collectioovage is conducted off of a triggered
event (DeWolf et al., 2006). Temperature and teten data is often taken at intervals of
15-30 minutes, a rate that follows expected vanni Vibration, or dynamic, data
collection requires a Fast Fourier Transfer (FRifction that will filter out white and
background noise so that the bridge response ally ba determined. Once the system
of instruments is selected, the research teamhsandetermine the data collection and
storage method to be used.

With increasing technology a high speed interneneation allowing direct
communication with a data logger on site is faptaeing the previously accepted
process of storing data on a memory chip or conmpgwdased on site and manually
retrieving the data through a site visit (DeWolkkt 2006; Farhey, 2005; Brownjohn,
2005). Further advances in technology are allowleguse of wireless instruments
during bridge testing (Lynch et al., 2005, 2002¢cérding to Lynch et al. (2005)
wireless technology, when understood and appliecctly, can yield results as reliably
as cable-based systems. Wireless systems are fteostpplied for periodic short-term
tests spanning a few days at the most. Applicaifomireless systems for long-term
SHM has not yet been tested. An economic benefitdavireless systems is there is no
need for cabling or installing of protection fottiag. Intuitively, the greatest saving in
this regard will occur on bridges that are substdigtlarge.

A SHM system for the LTBP Program Utah Pilot Bridgas selected based off

the aforementioned items, including a cabinet ftadicquisition system as well as



providing ample protection for instrumentation. €aiill be taken to ensure proper
installation and adequate protection is providedcetich instrument. In the case of the
Utah Pilot Bridge, no wireless instruments are u3é@ smaller size of the bridge
prohibits the application of wireless instrumerdatfor budget reasons. Data collection
will continue to occur via an internet connecti@ata storage is managed by another
LTBP Program contractor, Siemens America. Apprdaprsample rates, filtering

algorithms, and trigger events were created andeim@nted in the datalogger code.

WIM Sensor

Task 1.2 of the LTBP developmental phase is changdddeveloping an outline
of specific data to be collected. This was accosmgld by the use of focus groups from
select state departments of transportation (DOTSel&ction of LTBP team members
have been assigned to interview at least twelve 'B@mund the country to learn what
information is the most important in those stalédwese interviews are held with a
selection of DOT officials, considered as “Focus@s.” From the focus groups
interviewed, a list of twenty specific study topwsre chosen based on the level of need
that the DOT'’s indicated (Brown et al., 2009). Tealllists the twenty study topics. Four
items relate to deck needs. The deck categoreistty category with four items and
indicates that this is the area of the bridge thatDOT’s are requesting the greatest
amount of information.

The bridge wearing surface, or the deck, is tha afeéhe bridge that will
deteriorate and reach its life expectancy firss tiften assumed that a deck will wear out

twice as fast as the superstructure that supdoetdeck. Therefore, additional



information about a deck and its mode of deterionais influential in providing a longer

life on the bridge.

Table 1. LTBP study topics as defined in Task 1.2

Number Study Topic
1 Performance of Untreated Concrete Bridge Decks
2 Performance of Concrete Bridge Deck Treatments
3 Performance of Bridge Deck Joints
4 Protective Coatings for Steel Bridges
5 Performance of Bare, Coated or Sealed ConcrgierSand Substructures
6 Innovative Designs and Materials

Performance of Embedded or Ducted Pre-stressing?aatdTensioning

7 Tendons
8 Performance of Bridge Expansion Bearings
9 Precast Reinforced Concrete Deck Systems
10 Performance of Jointless Bridges
11 Alternative Reinforcement
12 Direct, Reliable, Timely Methods to Measure Scou
13 Performance of Weathering Steels
14 Influence of Cracking on Serviceability of HP@dRs
15 Performance of Scour Countermeasures
16 Risk and Reliability
17 Performance of Prestressed Concrete Girders
18 Unknown Foundation Types
19 Performance of Structure Foundation Types
20 Performance of Functionally Obsolete Bridges

For a bridge, there are principally two major irgthtat affect the life and design

of the deck: environmental conditions and traffiads. Environmental conditions are

discussed in a separate section. Traffic loadingitsneffect will be evaluated in this

section.

Knowing the assumed traffic loads and traffic vokuare vital to an adequate

bridge deck design. The thickness and materiad fgiven segment of highway is

determined by the pressure applied to the paveatahat location. In some occasions,




information regarding the vehicle weight can adfusave money by knowing which
locations need thicker pavement or which sectiorfiisce with less (Neidigh and
Crawford, 2004).

Weigh-In-Motion (WIM) technology is a result of timeed for axle load data.
Traffic loads on pavement is one of the most imgoarpieces of information required to
determine the life-span of a pavement applicafiypical loads expected on a stretch of
pavement are necessary for accurate and reliablgrdé/ehicle weights can be
determined through static scales or weigh-in-moteminology. Both methods have
advantages and disadvantages. The advantageahatsstles have over WIM sensors is
their high level of accuracy. However, static ssakquire the truck to completely stop
on the scale for a measurement to be taken. Sate stales allow the truck to still be
moving at a very slow speed and thus not requitdl atop. A static scale requires the
time of the driver and the scale operator. The remob people required to operate a
static scale is much higher than the number of lgagguired to monitor and maintain a
WIM station (Prozzi and Hong, 2007). In addition|M\sensors are able to record date
and time of passage, lane and direction of trasetlicle class, speed, wheel and axle
weight, and axle spacing automatically (Prozzi Hotg, 2007). At the same time,
environmental effects, pavement conditions and nudhgr factors provide opportunity
for errors to enter into a WIM sensor reading. €ntlly, ASTM E 1318 provides
standard specifications for design and building\M stations to assist in reducing the
number and size of errors.

WIM sensors are most frequently used in a dynaiweclbad situation, when the

vehicle is still moving at either a low or high sple There are multiple variations of the
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WIM sensor to accommodate need for accuracy arme.pfhe most commonly installed
WIM sensors are piezoelectric and bending platediijle and Crawford, 2004). In a
report by Zhang, Hass, and Tigne (2007) an evalnand comparison of Piezoelectric,
Bending Plate, Single Load Cell, and Quartz Piezxigt WIM sensors were made. A
table in the report presents initial installatiast annual life cost, accuracy of GVW in a
95% confidence, sensitivity, expected life, relidpiand applicability. The piezoelectric
sensor has the lowest initial cost as well asdhest life expectancy. The single load
cell has the highest initial cost, second longéstand highest level of reliability. The
bending plate is consistently in the middle formgveategory. The quartz piezoelectric
sensor costs as much as the bending plate seasisrilie longest and provides medium
reliable data. A decision of which sensor to udékedy to be based on the items listed in
the table by Zhang, Hass, and Tigne (2007). Irctreluding remarks of the report, the
authors advise that the higher accuracy reportethéoquartz piezoelectric sensor
requires more data to confirm.

From the literature analyzed in this section, itlesar that WIM technology for
vehicle load determination is well established. Téwel of accuracy is dependent on
multiple factors. Among those factors are inclutleglselection of WIM technology as
well as the pavement conditions. Zhi, Middletord &fayton (1999) reports that WIM
sensors that are not well maintained or providetl etlequate surface condition before
and after the sensor, will not yield reliable data.

For the data collection needs of the LTBP prognarore specifically as
conducted for the Utah Pilot Bridge, a quartz peectric sensor is required for data

collection. The Utah Pilot Bridge is located appnoately one mile north of the Perry,
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Utah weigh station. The weigh station is instrurednwith two quartz piezoelectric
sensors that are well maintained and installedrdaog to ASTM specifications.
Therefore, a high level of confidence can be assmith the data retrieved from this
site. Due to the relatively high cost of the seraat installation purchasing and
installing a WIM sensor for the Utah Pilot Bridgenot possible. Therefore, an
agreement was reached between USU and UDOT Motoie€Bivision to obtain the
WIM data from the Perry, Utah Weigh Station. ThelJ@search team will be able to
use the WIM data to determine axle weights of thleicles crossing the bridge along

with other pertinent information.

Environmental Monitoring

Environmental effects significantly impact the stural health of a bridge.
Monitoring the effects of environmental impactstba Utah Pilot Bridge will assist in
determining the changes of global bridge charasttesi due to structural damages and/or
improvements or seasonal changes in the environment

Researchers have evaluated the effect that tenupetads on the modal
parameters of bridges (Sohn et al., 1999; Peeter®a Roeck, 2001). Sohn et al. (1999)
used data from two dynamic tests on the Alamosa@aBridge in New Mexico to
create a filter that correlated temperature toangk in bridge frequency. While
researchers were successful in creating a filegrrilated temperature to frequency
change, they admitted that the model required rdata from more tests to further ensure
that the results are accurate. Peeters and DeR66k) developed a model that allowed

researchers to determine if a bridge has underdamage through an analysis of
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temperature variation. In order to use this moadlaseline must be established from
which subsequent temperature readings may proad&de report information. Peeters
and DeRoek (2001) also found that asphalt wilfestifa bridge when below 0°C and
have no stiffening effect affect when above 0°C.

Of all environmental data including: wind speednavdirection, precipitation
amount, precipitation form, radiation, and tempemttemperature is the most
influential in global bridge response. Some cotrelahas been made to how the amount
of moisture, and hence increased mass of a bralhgeges the natural frequency and
mode shapes of a structure (Sohn et al., 1999)tthatvalidity is given to that
assumption. Even then, collecting data on windgipration and radiation has important
implications on bridge design, management and sefety. Suzuki et al. (2007)
demonstrated the need to understand the fastangaoid freezing conditions of a
bridge in regions of the world that experiencegonf a bridge deck. Wind
speed/direction and radiation were important factorthe time of freezing. Furthermore,
radiation has been identified as a leading causexiveme temperature differences on
decks during summer months (Roberts-Wollmann, Braed Cawrse, 2002).

Additional research conducted on box girder bridgges shown the importance of
thermal gradients in design considerations (Rob&iddmann, Breen, and Cawrse,
2002). Liu and DeWolf (2007) found a correlatioriviaeen the changes in natural
frequency to temperature variations. A 6% diffeeeimcnatural frequency due to
temperature was noted. Liu concluded that the tisataral frequency alone for damage
detection is not reliable due to the influenceeshperature effects on the frequency of

the bridge. Huth et al. (2005) found results theggported Liu’s findings. In his research,
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Huth found that the effects of environmental changgd a greater influence on natural
frequency than structural damage. Brefa et al.{p@6termined the amount of rotation
and deflection an integral abutment bridge expeserdue to temperature changes
through an entire year. Deck temperature changes identified as the driving force.
Environmental effects, including temperature, radig wind speed/direction,
and precipitation interact with a structure to apathe behavior and global
characteristics. The Utah Pilot Bridge is in a oegihat experiences extreme
environmental changes. Temperature and radiatimtuiations are of important interest
to the project. Since live-load and dynamic loatdavill depend on the condition of the

bridge, it is important to know what effects tengiare has.

Live Load Testing

Live-Load testing has the ability to track changea bridge over time. Similar to
a dynamic test, the live-load test provides datestablish a baseline that can be referred
to in subsequent tests to determine the chandeiglobal response of the bridge to
factors affecting the bridge. Live load tests gyadally considered in two categories:
proof testing and diagnostic testing (Cai and Shaha003; Jauregui and Barr, 2004). A
proof test is typically used when a bridge undesgsmme sort of drastic change, such as
corrosion or damage that cannot be completely chetexd. A proof test requires the
bridge be loaded to a target load. From therertieelbad capacity of the bridge can be
determined (Jauregui and Barr, 2004). A diagndsstvaries from a proof test in that it
is preferred in situations where the target loatho& be reached due to lack of test

vehicles with ample weight limits, the bridge canhnsk taking the target load, or the
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traffic conditions do not allow for a full bridgdéosure as required by a proof test (Cai
and Shahawy, 2003; Sartor, Culmo, and DeWolf, 198%iagnostic test allows for
multiple lanes to be open during testing, which asaik a preferred option on busy
interstate sections. Due to the high approximatly traffic on the Utah Pilot Bridge,
nearly 22,000 vehicles with 29% truck traffic (NBQO7), a diagnostic test will be
conducted rather than a proof test. However, tladitywof the load test improves if the
only vehicle(s) on the bridge are the pre-weigloadling vehicle(s) selected by the
researchers (Sartor, Culmo, and DeWolf, 1999).

Diagnostic live-load tests, referred to simplyigs-oad test or live-load testing,
can take different forms. The most common is thesgatatic form. Also available is the
dynamic truck load test. Quasi-static tests useawily loaded truck moving at a slow
speed, less than five miles per hour, to avoicetfexts of dynamic loading. A dynamic
truck load test applies variable traveling speddbl@truck to evaluate the effect that
speed has on the bridge (Darestani et al., 200duale information is obtained from
each method. Both methods of live-load testing ballused on the Utah Pilot Bridge.

For either form of live-load testing, standard iseane needed to provide a test
with high quality data. The loading is providedd¥eavily loaded truck, either a semi-
truck and trailer or a heavily loaded dump truclari Eberhard, and Stanton, 2001,
Roberts-Wollmann, Breen, and Kreger, 2001; CaiSimahawy, 2003; Jauregui and Barr,
2004; Barr et al., 2006; Darestani et al., 2000)a¢curately determine the bridge
characteristics, pre-determined load paths are tgsgdide the truck as it crosses the
bridge. Multiple load paths are recommended andipielpasses of the truck on one

load path is needed to ensure quality data (CaSathawy, 2003; Jauregui and Barr,
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2004; Barr et al., 2006). Because parts of thegerire still open to ambient traffic,
which may disturb data, Cai and Shahawy (2003)meaend the use of as heavily
loaded of a truck as possible.

Response of the truck is measured by an arraystuimentation that includes
any form of strain gauge, located on the bridgén@area of most interest to each
project, a deflectometer to determine the absalatkection of the bridge, and
temperature gauges to determine the influencengbpéeature induced strains. The
instrumentation is connected to a data logger depEthigh-frequency sampling for
multiple data readings for each test conducted.Utaé Pilot Bridge will use a
combination of strain gauges, deflectometers, antperature sensors all connected to a
quality data logger to ensure high fidelity data.

It is often the goal of the test to determine tlue istrength of a given bridge for
various reasons. Many researchers have determhaéthe design strength is often an
underestimate of the true bridge strength dueeld factors that influence the bridge
performance (Cai and Shahawy, 2003, 2004; JauesgluBarr, 2004; Barker, 2001,
Bakht and Jaeger, 1990). Another possible objedii\elive-load test is to validate a
finite element model (FEM). In fact, almost evemetioad test will have an
accompanying FEM to further carry out analyticat$efor additional project goals or
objectives (Barr, Eberhard, and Stanton, 2001; RetWollmann, Breen and Kreger,
2001; Cai and Shahawy, 2003; Jauregui and Bar#;28&rr et al., 2006; Darestani et al.,
2007).

It is clear from the amount of information availkalbhat the theory and

applications of a live-load test are well estaldhThere are multiple variations on the
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test that allow researchers to custom design thesgure to the needs of their bridge.

The combination of a quasi-static live-load andatyrc truck live-load test with multiple
instruments will provide adequate data for a FENbcation. The results and analysis of
the live-load test for the Utah Pilot Bridge wik lised to establish a base line for future

research and comparison as the bridge ages.

Dynamic Testing

Dynamic testing is viewed as a dependable techrtmestablish the vibration
sensitive properties of a structure (Conte e2808; Halling, Muhammad, and Womack,
2001; Paultre, Proulx, and Talbot, 1995). Thes@enttes include natural frequency,
damping ratio, and mode shapes. These propergestal to updating and validating
analytical models of the structure to correspondentiuly with the actual bridge
response.

Periodic dynamic testing over a span of years aloegearchers to develop a
baseline, determined on the first dynamic test,@araduate the change in modal shapes
and natural frequencies as a result of environnhentaatural deterioration or
damage/retrofitting events (Brownjohn et al., 20@®)Iton et al. (2005) was allowed a
unique opportunity to compare the modal propeuies concrete bridge before and after
a seismic event that damaged the structure. Weaekstp the Hector Mine Earthquake
of September 1999 Bolton conducted a field modsldad compared the results to a test
conducted three days after the seismic event. streeorded that natural frequencies
decreased by 18%. In addition to seismic evenpgirer damage of a bridge structure

changes the modal properties as reported by Halituqpammad, and Womack (2001).
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Another study on a curved steel girder bridge bythéd, Halling and Barr (2007)
reported that changes in boundary conditions @soltrin changes in modal shapes and
natural frequencies.

Excitation for a dynamic test typically falls withtwo broad categories: 1)
ambient vibration and 2) forced vibration. Selectad either or both methods of
vibration depends on structure location and reseanareference. Conte et al. (2008)
argued that forced vibration tests provide moreieate modal identification results than
ambient vibration tests due to the fact that etioitais well-defined and can be optimized
to excite certain vibration modes. Giving an explaon to the difficulty of using ambient
vibration, Conte et al. (2008) clarified that adead system identification methods are
needed to determine the modal shapes from amlaststas a result of the low signal-to-
noise ratio in the data. DeWolf et al. (2006) con&d that determining the natural
frequency of a bridge is more difficult with ambiesbration than forced vibration. Liu
and DeWolf (2007) used ambient vibration to collemttinuous vibration data. From
numerical analysis it was determined that thereevegght significant modes in the bridge
but due to the low excitation of the ambient t@ffow, only three modes were used in
the research study because the ambient force wasiffizient to excite all eight modes.
Bolton et al. (2005) used a custom-built drop-weigipact hammer to excite the
structure. Halling, Muhammad and Womack (2001) lstiedttlich, Halling, and Barr
(2007) used an eccentric mass shaker capable ywhgdrequencies and forcing to excite
the structure for their respective tests. Contd.g2008) used a combination of traffic
load, vehicle-induced impact and ambient vibratmexcite the structure. Paultre,

Proulx, and Talbot (1995) employed the use of teawvily loaded dump-trucks with
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trailers traveling at high speeds (90-100 km/h)rmduce the needed vibration on the
structure. However, the use of ambient vibratiotadgimportant on structures where
input excitation cannot be directly measured odiadpThis occurs on larger structures.
Gul and Cutbus (2008) presented a system of asalyeps that employs multiple
filtering and categorizing methods to use ambidntation data to accurately record the
dynamic response of a bridge structure.

Regardless of the method of excitation used, alddtaystem of data collection
must be implemented to collect needed data. Res&artypically use a system of
accelerometers, velocity transducers, a high-i@atgéng data-logger, data collection
software and a portable field computer (BoltonlgtZz®08; Conte et al. 2008; Halling,
Muhammad, and Womack; 2001, Mertlich, Halling, &adr, 2007; Ruth et al., 2005;
Paultre, Proulx, and Talbot, 1995). The locatiomsfruments on the bridge is often
determined prior to testing by a finite element elo&ach of the previously cited
researchers used a finite-element model to eitbtrohine or assist in the placement of
instrumentation on the structure.

For the tests conducted by USU researchers itpsitant to establish high-
guality data that will be used to establish a hasdbr future comparison. The LTBP
program has an initiative to learn more about l&idgterioration with time. Periodic
dynamic tests compared to a baseline will aid Ritesearchers in evaluating bridge
maintenance and rehabilitation methods. A testagaslucted with the use of forced
vibration from an electromagnetic shaker. For thahUPilot Bridge, a forced vibration
test will occur using multiple force-balance vetgdransducers and a rapid sampling

data-acquisition system.
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Few researchers have provided their data for fuanetysis and comparison. The
method to collect quality data is well establishgdesearchers around the nation and the
world. This is evident in the varying ways for coeting a test with each test producing
high fidelity results. The intent of this testirggto go beyond conducting a high-quality
test that yields text-book like results. The intsrio catalog the data for future use by

researchers to compare the bridges’ change of dgrmasponse over time.
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BRIDGE DESCRIPTION

To initiate the selection of the LTBP Utah Pilotidtye, a portion of the National
Bride Inventory (NBI) for Utah was supplied to tresearchers at USU. Collaboration
between researchers at USU and Virginia Tech prexdiaadraft selection criteria table
which was utilized as a starting point for focusthg search. The NBI database contains
116 different items, some with parts (a) and (g)which the bridge is inventoried.

Selection of a Utah Pilot Bridge was completed ppraximately 15 of those items.

Selection Criteria

Among the 15 selection categories, a hierarchyngiortance was applied during
the initial search through the NBI. The 15 categ®ivere given specific criteria for each
search. Upon completion of each iteration, a visualysis of the bridges that met all
these requirements was compiled. Images througlgl@ddaps were utilized to obtain
an accurate evaluation of the bridge without reqgie site visit. These Google Maps
provided aerial and street views of the bridgescivhallowed the researchers the
confidence to make informed decisions of whetharatrto include the bridge on a short
list for future site visits. Multiple ranges wenepdied to each selection category resulting
in many iterations of the NBI database.

Selection categories that were not allowed to chamgre the superstructure type,
percent truck traffic, deck condition, and numbklaoes. Other selection categories
were allowed to vary in magnitude to provide difier search criteria and thus additional

potential bridges. For instance, the bridge skeanis selection category that was varied
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as the search progressed. By adjusting the allekewd the number of bridges in the
gueue increased allowing researchers to investigate possibilities.

After a thorough investigation of the bridges ie tHBI database, five bridges
were selected for further consideration. Site sigteach of the five bridges were
conducted by a small number of researchers from téSldcument each bridge with
pictures and a personal assessment of the bridgbtioms. From this initial site visit, the
number of potential pilot bridges was reduced tar fo

Subsequently, a second more in depth, investigatemconducted with the full
USU research team and a small contingent of theeg@arch team. Together the group
visited each bridge site to collect additional pies and allow for a more in depth visual
inspection of the bridges. This second visit ocediton March 5, 2009. Figure 1shows
the USU and VT research team visiting the bridge Would eventually become the Utah
Pilot Bride.

After the March 5, 2009 site visit, the LTBP teantluding representation from
the FHWA, conducted a discussion of each of thoslgbs. Strong and weak points of
each bridge were reviewed along with what couldebened by selecting each particular
bridge. The conversation resulted in the conclugham deck conditions were of vital
importance. The Utah Pilot Bridge has a thick akpheerlay that could potentially cause
difficulty in the deck evaluation portion of the BP Program. The Pilot Phase of the
LTBP is in existence to develop protocols for fetbridge testing. The asphalt overlay
would challenge the ability of the deck testingmeao record pertinent data. While other
characteristics of the Utah Pilot Bridge were rotasirable as others, the asphalt

overlay created a significant interest in the LTi88m. The group that met on March 6,
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2009 selected three bridges, which were then raimkeder of preference for
consideration as the Utah Pilot Bridge.

Shortly after the March 6, 2009 meeting, the Utap&tment of Transportation
was contacted. Researchers from USU met with Gloiter, the UDOT Bridge
Maintenance Engineer, to discuss their willingrtesallow access in order to monitor the
bridges. The inspection reports and additionalitdet@m each bridge were supplied and
reviewed at that meeting. From the discussionas determined that structure number
1F 205 would be the best bridge for the LTBP Progaad the interests of UDOT. This
bridge also corresponds to the first choice oflfhBP focus group. The final NBI

criteria that were used for selection of the UtdbtmBridge are listed in Table 2.

Figure 1. Visual inspection as conducted by USU\&hd
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Table 2. Criteria used to select Utah Pilot Bridge

Number Description Range Actual Bridge Values
2 Highway District 1,2 1
16 Latitude > 40°20'59" 41°27'29.4"
17 Longitude <112°15'50" 112°3'18.6"
21 Maintenance Responsibility 1 1
27 Year Built 1970 < Year Built < 2000 1976
28A Lanes On 2 2
28B Lanes Under <3 2
29 ADT > 5000 22,255
34 Degrees Skew <40 0
42A Service On 1,6 1
42B Service Under 1,4,5,6 1
43A Structure Kind 5,6 5
43B Structure Type 2 2
45 Main Unit Spans <5 1
109 Percent ADT Truck >6 29

Bridge Background and Inventory

The Utah Pilot Bridge, structure number 1F 20%csited 1.5 miles west of
Perry, Utah; about 60 miles north of Salt Lake Clif§ah. It was constructed in 1976, and
carries two lanes of northbound traffic on IntetiesthS. The structure carries the 1-15
traffic over Cannery Road which lightly used doad that allows for local access for
farmers to maintain their fields. A more detaileddtion is given by latitude and
longitude coordinates: 427’ 25.92” and 11203’ 18.72", respectively. A side view and

aerial view of the bridge are given in Figure 2.
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Figure 2. Side view looking east. Aerial view fr@oogle Maps, top is north.

The superstructure consists of 5 prestressed TWpPASHTO prestressed
concrete girders, as indicated in Figure 3. Tharcdpan length is 80 feet, from abutment
to abutment. The actual girder lengths are 82.6 Tde abutments are integral
abutments. Inspection records indicate that atleys and the abutments appeared in
good condition as of 2005. From the USU researtimsgection it was found that the
bridge abutments and parapets have experiencekirigasee Figure 4.

Other locations on the bridge show considerable wigee undersides of the
parapets, particularly at joints, have effloreseetacvarying degrees. As seen in Figure
5, some cracking has created spalling of the par&tker damage to the parapet is
limited to cracking that provides a pathway forarfdes to penetrate, as seen in the photo

on the right of Figure 5.
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Figure 5. Cracking on underside of parapet.



26

An 8-inch thick concrete deck with a 3-inch thidphalt membrane was applied
at initial construction. Subsequent deck treatmbate allowed a total accumulation of
asphalt well over 3 inches thick. During the dez#ting, sections of the asphalt were
removed to test the concrete deck. Typical asplegiths were found to be 6-8 inches as
seen in Figure 6. Figure 7 shows the current dattktive asphalt overlay. In September
of 1991 “major repairs” were undertaken to replag deck surface and parapets from
degradation and wear that was reported based orspection in September of 1982.
During the 1995 inspection, it was noted that #yairs were completed and looked
“good”. In 1997, some transverse cracks with efffmence at the south end of the bridge
were noticed. The cracking and efflorescence reeshminor until a report in 2003 that
noted that the transverse cracking began to inengadensity and the efflorescence
increased as well. In 2005, a new wearing surfaa® applied to the deck. It was
recorded that the parapets had some spalling &nd tas full transverse cracking every
5 to 7 feet with efflorescence. Figure 8 and Figustow schematic drawings of the

bridge elevation and cross section, respectively.

LV
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Figure 7. View of deck looking south.
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Figure 9. Cross-sectional view. (Dimensions arieat)

Bridge Description Summary

A pilot bridge was selected in the State of Utathwie assistance of the NBI

database and multiple site visits. Pictures wekertdor ease of remembrance and to

provide visual aids when discussing the bridge witier LTBP team members. Figure

10 shows the location of the Utah Pilot Bridge witthe State of Utah. The bridge is

located 60 miles north of Salt Lake City, Utah elblnorthbound.

Specifications of the bridge include:

1.

2.

3.

Two lanes of traffic carried.

Total structure length = 80 ft.

Single span, continuous structure.

Superstructure uses 5 AASHTO IV Precast PrestreSeadrete Girders

No Skew, 0°

NBI ratings of Deck = 7, Superstructure = 8, Sulbdtire = 8 (2007).
Structure Inventory and Appraisal Sheet, electranid paper copy of design

and as-built plans available from UDOT.
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8. Access to bridge is very high, rarely used locel miad passes underneath.

9. High Truck Traffic, 29%, provides excellent cand&léor a plethora of heavy
load traffic.

10.Bridge deck has Asphalt Overlay.

11.Integral Abutment Construction.

12. Scheduled for removal of existing overly and reptaent of overlay.
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Figure 10. Location of Ut Pilot Bridge ndicallaryired bubble.
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LIVE LOAD

Structural Testing Procedures

Based on criteria established by the LTBP Prograsearchers selected UDOT
structure number 1F 205 located near Perry, Uthls Gridge was selected because of its
geographic location, structure type, deck typdfitraount, percent truck traffic, and
excellent accessibility. Through load testing aodtmuous monitoring of the structure,
LTBP researchers will be able to better predictnteaiance schedules and models for
bridge owners. Establishment of a baseline forreutomparison is vital to understand
the change with time. Load testing data providesxaellent source for refining a finite
element model to be used in prediction of futuidd® response.

A live-load test was performed on the structuree $bope of work required of the
research team from USU included providing an tgspilan, installation of instruments,
load testing and data collection, as well as prielamy analysis of the live load data.
Table 3 provides a more detailed description ofstingcture and the testing information.
Instruments used for the structural testing inctlg@ surface mounted strain sensors,
Figure 11, and 7 “Twanger” vertical displacemerdflgkction) sensors, Figure 12.

A complete description of senor locations and idieation numbers are provided
in Error! Reference source not found. through Figure 17. Strain sensors were placed
predominantly in two locations over the heighttwé girder. Those locations are at the
extreme underside fiber of the girder, see Fig@&eahd at a location near the top of the
web, see Figure 19. Four sectional locations weeel o place the sensors longitudinally

along the structure, as seertirror! Reference source not found.. Strain gauges at the
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mid-span were placed three feet from the centettreesoid diaphragm and harping-
point disruption. Twangers were placed at 0.35lalmyut 28 feet, from the north
abutment and at mid-span. The deflection readingldvoot be affected by the
diaphragms or harping point so the Twangers wédtelileectly at mid-span requiring no
adjustment similar to the strain transducers. Téar+abutment location is five feet from
the abutment. Placing the instruments right abath@ment would result in extremely low
strain readings. Five feet was chosen as a locaganto the abutment, but far enough

away that readings would produce useable results.



Table 3. Structural description and testing infaiiora

| tem

Description

Structure Name
Testing Date
UDOT Structure Number
Location

Route

Structure Type
Number of Spans
Structure Length
Degrees of Skew
Structure Width
Roadway Width

Wearing Surface
Reference Location (X=0,
Y=0)

Vehicle Travel Direction

Vehicle Beginning Point
Load Paths
Sample Rate

Number of Test Vehicles

Type of Test Vehicles
Structural Access
Requirements

Access Provided By
Traffic Control Provided By
Total Field Testing Time
Field Notes

Cannery Street Undercrossing
November 8, 2009
1F 205
Perry, Utah
Interstate 15
Pre-Cast, Pre-Stressed ConcreteGird
1
80’
0
44
42'
Asphalt

South East corner

North
Front Wheels 15' 3" From Test Reference
Location

See Figure 16
Quasi-Static Tests 50 Hz
Dynamic Tests 100 Hz
2
UDOT Dump Trucks

Boom Lift
UDOT/USU
USU/Interstate Barriead
1 Day Set-Up, 1 Day to Goct
See Appendix B
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Figure 11. Surface mounted strain transducer, sigpwlentification number.

Figure 12. Deflection instrument, "Twanger.”
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[ STRAIN TRANSDUCER

WIRELESS
INS.‘T? MENT
1991 NODE
1935 1975 1006 1085
1992
1971
1032

2x10 DIMENSION LUMBER
USED TO SUPPORT
WIRELESS NODE

Figure 14. Cross-sectional view of Section A-A wgduge identification numbers.

Figure 15. Cross-sectional view of Section B-B wg#uge identification numbers.

COSTRAIN TRANSOUCER D DEFLECTION INSTRUMENT
"TWANGER"

WIRELESS
INSTRUMENT
1593 NODE
1988 W 1990(] .932 1972
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Figure 16. Cross-sectional view of Section C-C wg#luge identification numbers.
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Figure 17. Cross-sectional view of Section D-D vg#uge identification numbers.



Figure 19. Location of strain transducer at higlpestsible location on web.
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Testing setup

Instruments were installed with the use of a bofiyskee Figure 20. Near the
abutment, personnel could access the instrumeatidmcwith minimal difficulty.
Locations at the top of the web required that #s=archer be elevated, either in the
boom lift or on a 2x10 plank, see Figure 21. Indbal sensors were attached to the
concrete with the use of a fast-setting adhesidespecially designed mounting tabs. The
strain transducers required two small tabs, whiéeTtwangers required the use of four
larger tabs. Figure 22 shows the four larger taesl dor the Twangers and a strain
transducer attached using two smaller tabs. Thengera were initially deflected and
attached to a weight at the ground level, see EigQr For additional information on how

the instruments were installed, see Appendix C.

gt

Figure 20. Boo lift and weights used t'dprovidda'ahdeflection for “Twangers.”
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Figure 21. Researchers access instrument locations.

Figure 22. Installation tabs for Twanger and Sti@ansducer.
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The use of both strain and displacement measursrpeotides the researcher
responsible for data analysis with an adequate@aif the structures behavior to
loading. A finite element model can best be refingith the combination of deflection
and strain data. Typically, a model will be refirtedhe deflection data and a check

conducted by comparing the results to the stradings.

Carrying out Live Load test

Following the installation of the instruments, adetest was performed. This test
was conducted during a time when traffic was air@mum, as per requests by traffic
safety personnel from UDOT and the Utah Highwayd?aSemi-static tests were
performed with the use of two heavily loaded UDQihg trucks, see Figure 23. The
vehicles’ gross weights, wheel rollout distanced atiher important truck data are
provided in Table 4. Figure 24 and Figure 25 prewadgraphical representation of the

vehicle footprint. Strains and displacements weo®rded simultaneously at a frequency

of 50 Hz.
Table 4. Important truck information

|tem Truck 1 Truck 2
Vehicle Type Tandem Rear Axle Dump Truck
Gross Vehicle Weight (GVW) 50,080 Ibs. 51,460 Ibs.
Front Axle Width 6'8" 6' 8"
Front Axle Weight 17,100 Ibs. 17,080 Ibs.
Rear Tandem Pair Width 72" 72"
Rear Tandem Pair Weight 32,980 Ibs. 34,380 Ibs.
Spacing-Front Axle to®iRear Axle 13'6" 13'5"
Spacing-1' Rear Axle to 2 Rear
Axle 4' 5" 4'6"

5 Wheel Revolution Roll-Out 54' 0" -
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Figure 24. Test vehicle #1 footprint, UDOT dumpcku
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o \
Figure 25. Test vehicle #2, UDOT dump truck.

Load paths

Six predetermined load paths were chosen, usimgrdination of one or two
trucks. Figure 26 shows the six load paths. Lodl g is not shown in the diagram
because it was a full speed live load test withtthek driving down the center of the
east-most lane. The exact position of the truakrédly and longitudinally can only be
approximated due to the high traveling speed otrilnek. The location of the truck on
the bridge was determined by the horizontal disgdrnam the south-east corner of the
barrier to the driver side wheel. Since there iskew in the bridge, no compensation
was needed in that regard. The longitudinal pasitibthe truck on the bridge was
mapped with the use of a device called “AutoClick&his is shown mounted to a truck
in Figure 27. At each wheel rotation, the devicaildsend a signal to the data
acquisition system and set a mark in the data. Wwhig the exact location of the truck

can be tracked as it crosses the structure.
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Figure 27. Autoclicker mounted on a truck.

Maintenance of traffic

Accurate and high-quality live-load test data reggithat the only loading on the
bridge be caused by the pre-measured and pre-wktglek. To provide this type of
access, the use of a single lane closure and higpatsol assistance were used. The
bridge site did not provide staging room for batitks to safely maneuver without the
use of a lane closure. For each load case, a Utgiwidy Patrol officer would create a
slow-down, which is essentially a moving roadbloak,seen in Figure 28. This allowed a
four to five minute window in which there was naftrc on the bride and researchers

could safely maneuver trucks onto the structurecamaplete the load paths.
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Figure 28. Slow-down produced by highway patroioef.

Data Review

All processed data was plotted to graphically pilevan assessment of the live-
load response. Determination of high-quality datassessed by the reproduction of the
same bridge response for identical truck positiansl elastic behavior (the strains
returning to zero after truck leaves the structuBgmparison was made on quasi-static

load paths (Load Paths 2-4). Appendix A contaiptoafor each sensor.

Reproducibility

Data analysis showed that the reproducibility ef tesults from identical truck
positions is very possible as seen in Figure 29Fagdre 30. The two figures display

sensors B1971 and B1975 for Load Path 3. The trweke driven across the bride on
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Load Path 3 two times, providing a chance to compae reproducibility of the test.
Sensors B1971 and B1975 are located at the crasisisé-A, 5 feet from the abutment,
on a girder flange and at the top of a web, respaygt The location explains the reversal
seen in Figure 29 and the sporadic behavior seEmgure 30. This shows that the
integral abutment effects the response of therstemidings due to the moment
developing at the end.

One sensor that does not have completely reliasiglts or sure confidence in its
reproducibility is Twanger 3. As seen in Figure Bfast deflection records follow a
smooth parabolic shape as is evident in Twangérd,land 5. However, Twanger 3 was
found to have sensor issues. After analysis inabgit was determined that a faulty
strain gauge is the cause of the sporadic readingther testing with a calibration

machine confirmed to researchers that recordedfaataTwanger 3 is unreliable.

Elastic behavior

All strains showed linear behavior with respecth® loading applied by the
subject trucks. All strains returned approximatelyero after the trucks left the bridge.

This is seen in Figure 29 and Figure 30.

Load distribution

A vital piece of information to obtain from a Liussad test is the lateral
distribution of loads across the bridge. The AASHIRFD code spends a fair amount
of time in design calculations predicting the |labstribution of the bridge. Figure 31
shows the deflection curves of Twangers 1-5 ford_Bath 4 run two. Twanger 5 is

located on the far east side of the bridge and ferf on the far west side. The loading
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is such that Twanger 5 will record the most deftectvith each subsequent Twangers
reading a lower value till the lowest value readatinger 1. Figure 31 shows this
comparison with Twanger 1 showing a slight liftioigthe bridge due to rotation. This

implies load distribution across the width of thelge.

Dynamic effects

An attempt to calculate a dynamic impact factos wat made for the Utah Pilot
Bridge during this live-load test. To adequateliedmine an impact factor, multiple
truck types and multiple truck speeds would be adé¢d make a confident conclusion on
the impact that vehicle weight and speed have emymamic response of the bridge.
However, a high-speed live-load test was perfororethe Utah Pilot Bridge to identify
any potential for dynamic effects caused by vekicle

Truck 1 was driven across the bridge two sepdraes at a high speed, around
40 MPH. This loading scenario was labeled load pathFigure 33 shows a comparison
of the dynamic load path compared to one of thesigstatic load paths. The series are
presented in their raw form, no smoothing or aveiagd/Vhile the dynamic load path
does have a few more variations, peaks and vallegsabsolute maximum strain value is
no greater than with the static load path, andtigadly slightly less. This shows
conservatism in the design code for dynamic effenta bridge and the small effect that

this particular vehicular loading had on the dymaresponse.
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Sensor B1971 for Load Paths 1 and 2
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Figure 29. Comparison of reproducibility for LoadtP 3.

Sensor B1975 for Load Paths 1 and 2
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Deflection Distribution Across Width of Bridge
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Pseduo-Static vs. Dynamic Deflection VWalues
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Figure 33. Comparison of dynamic effects with statlues.

Live Load Test Conclusions and Recommendations

Analysis of the live-load test data reveals thatrésponse magnitude of the
sensors used is typical of the bridge type and 3ize strains and deflections were
relatively low due to the shorter length and s#@fa of the structure. A slightly higher
strain reading would result in more confidenceafuaiacy and prediction of bridge
response. However, data recorded is of high quaigymparison of various load paths
and repeating various load paths multiple timeslpced data that indicates that the
sensor readings are highly accurate. Refinemeaffioite element model will provide an

analytical tool for predicting the response of ltinelge structure to various loadings.



51

It is recommended for additional live-load testofghis bridge that researchers
use as heavily loaded dump-trucks as can be obtalie trucks used for this test were
loaded to the legal limit. An effort to find a héawset of dump trucks would most likely
result in higher strain readings. It is also recanded that researchers plan to test this
bridge on a Sunday morning, or other low traffroéi The bridge selected has an
estimated 22,000 average annual daily traffic cewtit approximately 30% of that being
truck traffic. Attempting the test at a time of eu@oderate traffic is very difficult due to
the number of vehicles accessing the road.

Finally, this test produced an excellent sourcearf-destructive testing to

determine the structural response to real trucfit@a

Finite Element Model

The formulation of a Finite Element Model (FEM)awery important part of the
analysis section for the Utah Pilot Bridge. Them\arious reasons for creating an FEM
for the Utah Pilot Bridge. One reason is to docuintle@ current state of the bridge
through an analytical model. Producing a model teplicates the bridge structure at the
time of initial live load testing will allow resegrers to compare future testing to the
current state. This is considered a baseline. Agra#ason to create an FEM is to use it
for comparison of girder distribution factors. Aoperly refined FEM has the capability
of representing the bridge response from any tloa#ting. Therefore, a comparison of
the AASHTO LRFD girder distribution factors canf@de from the results obtained
through the FE model. Calculation of distributfantors is not part of the scope of this

study.
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The following sections explain the assembly of M, and present the results

of the FEM compared with the live-load test.

Assembly of FEM

The finite element mode was created in SAP2000iderE4. This program
serves the purpose of creating a three dimenspitaeof a physical structure. Material
and geometric properties are required input fielgghe modeler. The initial analysis of
the finite element model began by creating threassge models for comparison with
measured live-load response. Since there are nm#ayedt ways to model a bridge that
will produce reliable results, a comparison of thoges was made before detailed
refinement began.

The three model types created for this bridge issed model made of frame and
shell elements, the second of solid elements, laathird a combination of frame and
solid elements. Each of the models was checkeddturacy by comparing the moment
due to an applied load at mid-span at any crogsoseaf the bridge to the exact moment.
Upon completion of the live-load test, rough analygas completed to determine which
model most accurately predicts the bridge behavior.

The chosen model uses solid elements for bothehk and the girders. Thus, the
model that was refined is assembled completelylid €lements. Solid elements can
perform well because they incorporate six stregsbese normal and three shear stresses.
However, there are several drawbacks to usingsaoiduding the complexity of
working with solids and the large number of elersarged to model the bridge. This can
greatly increase the runtime of the analysis oait make the computation not feasible

due to increased requirements.
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The girders and deck are composites of tri-linessahedrons, or eight node
bricks. These solid elements have 3 translatioegteks of freedom per node. It was
preferred that the solid elements were compactragudarly shaped to improve accuracy.
Because of the design of the girders, the elemveaits shaped as rectangles. Figure 34
shows the mesh for the interior girders and Fi@&rehows the mesh for the exterior

girders.

N -,
\ | /.~

Figure 34. Interior girder mesh for solid elements.
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Figure 35. Exterior girder mesh for solid elements.

Formulation of the exterior and interior girder ines was completed using the
snap on grid option available in SAP 2000. A ghdttcoordinated with the shape of the
cross-section was created and followed as a teenfdatcreating area elements. Once the
cross-section was created, it was extruded atricifements for the total length of 80 ft.

A deck mesh close to 1-ft by 1-ft was used to alémeurate placing of the truck load on
the bridge deck. A larger mesh would have beerepred for modeling and
computational ease. However, a finer mesh prodacesult more close to the exact
response and allows for more precise placemefieofvheel loads. Figure 36 and Figure
37 show the completed bridge with the correct witikhgth, cross-section, and mesh

discretization.
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Figure 36. Completed cross-section with colorses@nting various sections.

Figure 37. 3D Representation showing all girdeis sattions represented by colors.

Figure 36 and Figure 37 also shows the color schesed to represent the
different sections for material property modificeits. Each color represents a different
section where the material properties for eachegiade specified separately. The deck is
divided into five sections where the material pmbips are allowed to changed
individually same as the girders. Both the eastvaest parapets are modeled using the
same material properties. Dividing the bridge imioltiple sections allows for accurate
material adjustment during refinement.

Before beginning the refinement process and addibgaring restrains, the

model was checked for accuracy. A single point wad placed at the very center of the
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bridge with a simple pin-roller support. Five indiual groups were created at mid-span
using the Group Command in SAP 2000 to determiaertbment at that point. Section
Cuts were used to output the moment at each latalize moments of all five groups
were added together and compared to the theoreti@almum expected from the point
load. The moment calculated by SAP was within afewcent of the expected value.
Since the group command uses an approximation methall the elements in the group,
the accuracy obtained was enough to allow the auathafidence that the model was
assembled correctly. The final model consists pfaxmately 19,500 joints and 12,500
solids.

End restraints have a significant effect on thecstiral response of the bridge.
The design of the bridge uses integral abutmeamtsaitt somewhere between a fixed-
fixed and a pin-pin support condition. Integral abent behavior is modeled with the use
of horizontal and vertical springs at the girded aeck level. Vertical springs with
infinite stiffness were used to model the bearimgp®rt for the girders while horizontal
springs with varying stiffness’s were applied & tirder base. Additional horizontal
springs were applied at the deck level to replitiageadded stiffness of the approach.

The girders used on the Utah Pilot Bridge are peesed, precast concrete Type
IV AASHTO girders. They have a large number of pesssing strands with a centroid
that forms a harping shape. At the girder endsc#mtroid of the prestressing strands is
located 13.50 inches from the bottom of the girdée harping point is located 32.0 feet
from the ends of the girder. At the harping paihg centroid of the prestressing strands

is 4.08 inches from the bottom of the girder.
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SAP2000 allows replication of a prestressing stsahdough the use of an
element called a tendon. For this element, a Tesdotion is defined starting with the
material property and then physical sectional priogge Once the section is created, the
tendon element can be created. Creation of a teild®AP2000 requires the selection of
two points, the starting and ending of the tendmilowing this, a screen allowing for
refined adjustment of the tendon appears. For taé Bilot Bridge, a Tendon with the
exact harping shape was created along the cemefithe prestressing strands as shown
in the drawings. When applying the prestressing,|I&AP2000 allows for a point load or
a stress. A point load, or force was used for tt@hUWilot Bridge. Friction and
Anchorage losses are allowed inputs for tendon etesn Those values were set to zero
for the Utah Pilot Bridge since those losses hdneady occurred. Additional loss
parameters including Elastic Shortening StressgC&iress, Shrinkage Stress, and Steel
Relaxation Stress are inputs that were set at zero.

Figure 38 shows a 3D view of the tendons in theehdde right side, and the

actual structure on the left side for comparisofooétion.

%/

L
Figure 38. Showmg tendons and how they fit comgb&oe3D image of bridge.
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Results of FEM

For refinement purposes, only Load Path 2 was tsegfine the model. As
mentioned in the previous sections of the live-ltest, two UDOT dump trucks provided
the necessary excitation. The information on LoathR2 and the truck dimensions and
weights can be found in the Structural Testing Bdoces section. This information was
used to select the location of each wheel load.

Wheel loads were represented by single point loagsljed at the assumed
centroid of the wheel. Point loads can only be igplpht nodal locations. Nodes were
only created at corners of solid elements. Thigdichthe location of possible load
application. Even with the given limitations, thgpécation of the load was within a few
inches of the load path. It is important to notat #ven though the load path is clearly
defined and the axle dimensions do not changeadhel path the truck followed is
impossible to record given driver capabilities ahfficulty of moving such a large truck.

To be as accurate at possible, the truck positias mapped continuously as they
crossed the bridge during the live-load test. Fodeling simplicity, the truck was
moved at increments of four feet along the lendtthe bridge. Therefore, the first few
applications of load on the bridge include only fitet axles of the trucks until the
distance on the bride is far enough to includerélae axles. This same situation occurred
as the truck left the bride, only in reverse. Tt Few loading applications are
experienced only by the rear axles.

There are 25 different load cases in the finitenelet model. Each load case
contains the two trucks as they travel in an assupaeallel formation across the length

of the bridge. When checking the solution, all 2Ses were run. This allowed for actual
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comparison of the duration of the load path. Valuesh each of the instrument locations

were then extracted from the SAP2000 output andpeoed with the data from the live

load test. Figure 39 through Figure 45 show a corega of the deflection values for

Load Path 2 between the actual test data andrilte &8lement model analytical results.
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Figure 39. FEM vs. measured deflection for Twar@ifer
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FEM vs_ Measured Deflection Twanger(2
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Figure 40. FEM vs. measured deflection for Twar@ier
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FEM summary

A finite element model was created for the Utalotridge that employs solid
elements to create a 3D representation of the phiyisiidge. The model was refined
using data retrieved during a live-load test. Rssshowed a good correlation, see Figure
37 through Figure 43. This model will store thedges condition through time to

compare with future test results.
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DYNAMIC TESTING

A dynamic test was conducted on the Utah Pilot ggridt the same time as the
deck testing and NDE/NDT testing. Timothy Thurge®the student who conducted the
dynamic test and provided analysis of the dynarata.cHe has provided a small amount
of information to explain the test setup and infation learned during the dynamic test.

An electromagnetic harmonic force shaker was ts@dovide excitation for the
dynamic test on the Utah Pilot Bridge, see Fig@eAdfull scale dynamic test was not
conducted on the Utah Pilot Bridge. Instead, tiewas used as an in-field preparatory
stage for a full scale dynamic test schedule ferGalifornia Pilot Bridge. A
demonstration version of a data acquisition syst&® used to gather data and verify the
usefulness of the system. This data acquisitiotesy$iad a total capacity of four
channels. One channel was dedicated to measuengutiput of the electromagnetic
shaker. The other three channels were used to meelsdge response as recorded by
three velocity transducers, see Figure 47. Fig8rehbws the test set-up.

Traffic flow continued as normal on the bridgeidgrthe dynamic test. This
resulted in a large amount of noise, especiallytdube 29% truck traffic on the bridge.
It was difficult for the noise to be filtered outthe data with only three channels
measuring bridge response. Table 5 summarizes dd@lnfrequencies, the change in
phase for each mode and the damping ratio at eade.nfrigure 49 shows a plot of
magnitude in units of in/s, the unwrapped phaaaits of degrees and the coherence
function. The half-power bandwidth method was usechlculate the damping ratio for

each mode, as seen in Figure 50.



Figure 47. Velocity transducers as used on the Btk Bridge dy

namic test.
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Figure 48. Instrument layout for the dynamic testlee Utah Pilot Bridge.

Table 5. Dynamic response summary

Mode Frequency A Phase Damping

1

2
3
4

6.778
7.861
9.551
14.36

81.64
199
158
152

4.16%
3.89%
3.49%
2.99%
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LONG-TERM MONITORING AND INSTRUMENTATION

For the monitoring life of the Utah Pilot Bridgastirumentation was installed to
provide data for bridge health evaluation. Monitgrof the Utah Pilot Bridge is
exhaustive, in order to obtain maximum informatiat.factors that affect bridge
performance are considered in the instrumentati@m @nd are categorized by the LTBP
Study Topics. Monitoring over the project life walllow for changes in the bridge
response to be recorded.

Monitoring equipment planned for installation o ttitah Pilot Bridge is listed

and explained in the sections that follow.

Long-Term Monitoring Sensors

To provide a complete monitoring system that sasghta from all possible
bridge characteristic parameters, many differestriments were selected. The type of

instruments selected and a brief description ofiéaprovided in the following sections.

Weigh-in-Motion (WIM)

The WIM sensor preferred for the Utah Pilot Bridgea quartz piezoelectric
sensor. This sensor was chosen, among all posildlesensors, because it is capable of
measuring vehicle weights at freeway speeds, 75 Aginaphical representation of a
Quartz WIM sensor is given in Figure 51. A WIM senis capable of recording traffic
counts to inform researchers of the number of Vekithat use the bridge each day, as

well as the percentage of the daily flow that tsila@ited to trucks.
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Initially researchers planned to purchase and lirtbia instrument. Further
investigation found that a quartz piezoelectricseens installed near the Utah Pilot
Bridge. A Port of Entry is located approximatelyeanile south of the Utah Pilot Bridge.
It currently operates four WIM sensors, two for fmeithbound and two for the
northbound traffic. Each direction of traffic haseoWIM on the freeway, where vehicles
travel at the posted freeway speed limit, and dowegathe lane leading to the port of
entry where trucks travel at a speed much lessfteaway speeds. Figure 52 shows the
WIM sensor installed along the lane leading togbse of entry; showing sensors in
parallel and an inductive loop. The WIM that isdted along the lane is owned by the
Utah Department of Transportation (UDOT) Motor @arDivision (MCD). The WIM
that is located on the interstate is owned by zapei company, Pre-Pass. Figure 52 and
Figure 53 show the instrument as installed in dasway for the Perry, Utah Port of

Entry.

d—l.l:-ld by pad | San e ol )

Al et Dnug i

Sniadts perging rhrrerds

Bl i rrond el

Figure 51. WIM sensor, www.cardinalscale.com
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Figure 53. WIM installed in lane leading to Pefdgah Weigh Station.
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Researchers from USU were given a tour of the weigtion and shown how the
WIM sensors work and record data. The WIM ownedJBDYOT is calibrated
automatically every 100 trucks with comparisonhte static scale. The computer
algorithm knows when the 18@ruck crosses and subsequently directs that tathe
static scales. A calibration is made from the statiale measurement to the WIM sensor
so that the WIM sensor maintains a high level alaacy. A sample of the data retrieved
by the WIM was shown to the USU researchers. Reptasves from the UDOT Motor
Carrier Division lead the tour of the site.

Data from the WIM location in the northbound direntare available to the USU
research team after discussions with the UDOT M@Gtrier Division and subsequent
drafting of an agreement between USU and the UD®@toMCarrier Division.

WIM sensor data will be monitored continuously @athlogued in a rain-fall
histogram. Ideally, all other data will be samplesded on a triggered event from the
WIM sensor. However, for the Utah Pilot Bridgerigdered event from the WIM sensor
data will not be possible. Most trucks will crobe WIM sensor then enter the weigh
station. It is not known how long it will take farparticular truck to reach the bridge
structure. A truck may have a Pre-Pass accounbaraflowed to travel past the weigh
station at original speed, eliminating the requieetto enter the weigh station. However,
if the truck must enter the weigh station, it vgillbw and may be stopped for inspection.
Either way, travel speed is slower and unpredietabhus, a trigger is unlikely since a
dependable time of arrival on the bridge structimenot be calculated. Because of this
difficulty, a streaming video camera is recommentteproperly capture and document

"unusual” or "significant" events.
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The WIM sensor is important to obtain vehicle wesgthat lead to strain and
deflection measurements. This will aid researcbatkering data for the following list of
LTBP Study Topics. performance of bridge deck trestts (2), performance,
maintenance and repair of bridge joints (3), penfamce of bare/coated concrete super-
and sub-structures (5), performance of embeddedtmesing wires and tendons (7),
performance of bridge bearings (8), performangaretast reinforced concrete deck
systems (9), risk and reliability evaluation foustural safety performance (15),
performance of pre-stressed concrete girders pErjprmance of structure foundation

types (19), and criteria for classification of ftinoal performance (20).

Traffic camera

A traffic camera with the basic capability of avioesolution streaming video is
necessary to understand traffic flows during sigarit events. When coupled with a
WIM, a streaming video camera will provide adequita to understand what caused a
certain event. Since the WIM setup for the UtaletFBiridge is not capable of providing
an accurate trigger of an event, a streaming vided will facilitate in capturing traffic
events.

A video data collection and recording system isessary for analysis purposes.
The system requires enough hard drive space te aflsearchers opportunity to retrieve
the data before a revolving rewrite process ersisged data. Not all video footage will
be permanently recorded. Researchers will anatyzg-lerm instrument data and note
any unusual readings by the sensors. They will trsenthe time stamp on that data to
retrieve the appropriate video footage from theperarily stored files. Understanding

the flow of traffic over the bridge will aid in uedstanding bridge response.
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Weather station

Environmental effects ranging from expansion anatraetion of materials
through heating and cooling cycles due to dailygerature variations to the more
extreme freeze-thaw conditions of seasons are iaoior determining bridge health.
Seasonal temperature changes can cause joint moydmearing movement and local
strain variations. All of these parameters regattention. Knowing the response of the
bridge to environmental conditions will help in @nstanding changes in stress and
strain.

A weather station will include instruments to rettne following data:
precipitation, wind direction, wind speed, radiatibumidity, and ambient air
temperature. All equipment for a weather statiolh lvé securely fastened to a pole
located in a safe location. The location was setebased on approval from FHWA and

UDOT according to standards, installation requirete@nd UDOT permission.

Strain gauges

In the category of strain gauges, the Utah Piladdgr has two Vibrating Wire
Strain Gauges placed on the girders. The high acgwand longevity of the vibrating
wire strain gauges will provide a precise comparigbthe structural response of the
bridge over time and through deterioration. Thevssampling rate of the vibrating wire
strain gauges will be recorded on a set time iaterv

There are an additional six foil strain gauges giaon the bridge. They will aid
in understanding the bridge response to excitdtading scenarios. The data will be
recorded on a much faster time interval than theating wire strain gauges and only on

triggered events. Collected data from the foiliatgauges will be stored following a
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triggered event. Foil strain gauges have a tendentyrift” over time, which will
require periodic zeroing and eventual replacen@ntdintain data quality.

These strain sensors will address the followingoid TBP Study Topics:
performance of bridge deck treatments (2), perfoiceamaintenance and repair of
bridge deck joints (3), performance of bare/coatmucrete super- and sub-structures (5),
performance of bridge bearings (8), and performarigee-stressed concrete girders

(17).

Velocity transducers (seimometer)

Three velocity transducers are placed on the biidgecord dynamic responses
due to excitation from vehicles passing over ad asgehny possible seismic activity. In
addition to vehicle loading, Utah is in a seisnicaktive location and any seismicity
will affect the bridges. It is important to knowwahe Utah Pilot Bridge responds to
dynamic loading. Long-Term dynamic analysis wilbyide for an opportunity to see the
change in bridge mode shapes, modal frequency amgidg ratio through daily and
seasonal changes as well as changes due to ampdgien or rehabilitation efforts.

The velocity transducers will address the followiisgyof LTBP Study Topics:
performance of untreated concrete bridge deckgpg&tjprmance of bridge deck
treatments (2), performance, maintenance and rephnidge deck joints (3),
performance of bare/coated concrete super- andtsuttures (5), performance of bridge
bearings (8), risk and reliability evaluation fongtural safety performance (15),
performance of pre-stressed concrete girders fEfjormance of foundation types (19)

and criteria for classification of functional penimance (20).
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Deck water saline content

The Utah Pilot Bridge experiences repeated frekaarconditions with heavy
snow fall during the winter season. It is well do@nted that bridge decks freeze before
soil supported roadway surfaces. UDOT applies wgrgmounts of de-icing agents on
roadways to provide for safe driving conditionshnaixtra de-icing agents applied to
bridge decks to keep the water from freezing. Tlistrmommon de-icing agent used in
Utah is salt. The chlorides in salt can resultiffedng levels of corrosion to the bridge
superstructure.

It is of interest to determine the quantity of saéiced on the Utah Pilot Bridge in
order to understand the effects that chloride appbn has on the deterioration of the
superstructure. Two IRS21 Lufft Intelligent RoachSers will be installed on the deck of
the bridge to measure the saline content of themmt the bridge deck.

The IRS21 Lufft Intelligent Road Sensors will adsirdollowing list of LTBP
Study Topics: performance of bridge deck treatm&jtsperformance, maintenance and
repair of bridge deck joints (3), risk and relidlyilevaluation for structural safety

performance (15), and criteria for classificatidriumctional performance (20).

Tilt meters

Four total tilt meters are used on the bridge tmnor the effects of an integral
abutment behavior. To compare the change of abutrotation to girder rotation, one
titmeter was placed on the abutment while a se¢ittinteter was placed a few feet off
the abutment on the girder, as seen in Figure SatirAary reason that the Utah Pilot
Bridge was selected was because it is construditidntegral abutments. For this

reason, monitoring of the abutment and near-abutgiester behavior is accomplished
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through the use of four tilt-meters. The first ne girder on the east side, which also
corresponds to the right or truck travel lane, Wwélthe location of the tilt meters. A pair
of tilt meters will be installed at the north aralith ends of the bridge. At each location
one tilt meters will be placed on the abutment Wwatlveen the east exterior girder and
the first interior girder from the east side whiie additional tilt meter will be placed on
the first interior girder from the east side appnoxtely two feet from the abutment wall.
A pair will be installed on the north end of thedge and a pair will be installed on the
south end, thus four tilt meters.

These sensors will address the performance of éhagrings (8), risk and
reliability evaluation for structural safety penfioance (15), unknown foundation types
(18), performance of structure foundation type9,(&ad criteria for classification of

functional performance (20).

Thermocouples

Temperature sensors are installed on the briddethwt intention of measuring
the temperature of the girders and abutments ettlelcations. Localized knowledge of
thermal gradients will allow researchers to underdtjoint movements, bearing
movements and local strain ranges as a resuleddifferential temperature reading
across a girder.

A thermocouple will be placed in the same protectiousing as each of the six
foil strain gauges and the three velocity transdsCEhe vibrating wire strain gauges and
tilt-meters have built in thermistors to accounttemperature variations so the

temperature will be known at those locations witithe placement of a thermocouple.
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Figure 54. Showing two tiltmeters installed onegmder and one on abutment.
While no study topics are directly answered with ithstallation of

thermocouples, the temperature data provided isssecy to accurately report the

measured response from each of the sensors plémeesghte the structural health

monitoring system of the Utah Pilot Bridge.

Service, maintenance, and replacement

Through the duration of the monitoring period, agrtcosts will acrue. Some of
these ways are through routine maintenance ofghgment placed on the bridge
structure, service costs including communicatidefimet and maintenance costs
including but not limited to site visits and dagder/instrument software updates. It is

likely that many unforeseen maintenance costsasitle due to the large amount of
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equipment installed and difficulty in knowing afl what happens at a bridge site such as
vandalism, weather occurrences, traffic incidemtisrmlge maintenance operations as
performed by UDOT. It is expected and known thatase instruments will require
replacement during the monitoring period. Prepanaith planning for these costs will

provide a much easier method of replacement.

Analysis and Data Storage

Analysis

Data processing will be conducted by the Utah Stiiigersity Research Team.
A datalogger, capable of connecting to the intean&tommunication with a modem, will
collect, deliver, and record raw data to a seciteefar further analysis. Integration with
the communication service and the datalogger Wdlxafor constant real-time updating
of data. A constant communication connection vathove the need for time consuming

visits to the bridge site for data retrieval.

Data storage

A large amount of raw data will be collected thrbube project life of the Utah
Pilot Bridge. This data will be stored by Siememaekica as defined in Task 1.3 of the
LTBP Program. Data access will be coordinated thindBiemens American for accurate
and consistent data retrieval. This system is sbagsembled and as such, an

explanation of how it operates is not possiblénat time.
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Installation

Installation was divided into two phases due teetand resource constraints. The
first phase consisted of the site preparation whichuded the installation of the
instrument pad, instrument tower, instrument cabic@nduits, junction boxes, and
instrument boxes. The second phase included thalatgon of the sensors. The first
phase occurred all at once, during the dates o€EMa5-20, 2010 which coincides with
USU'’s Spring Break. Spring Break was more condutiv@hase One because no classes
were held so students were able to spend largeu@isiof time on the project with no
interruptions. Phase two was carried out over mpleltevents dictated by arrival of
instruments and determination of installation mdthd he following two sections

describe each phase and the work completed duaiig b

Phase one

All tools and materials for installation were pl@sed and shipped to the bridge
site prior to phase one beginning. Shipping coedisf loading all equipment into the
USU Structural Testing Laboratory trailer and drtyit to the bridge site prior to the
start of Phase One. Appendix C contains the compided drawings followed by
installers during phase one. Slight modificatiorsgevmade from the drawings with
regard to the total number of sensors and theitmtaf the conduit on the bridge. The
instrument pad with the tower and cabinet remathedsame. These drawings provided
the necessary understanding of what work was tiobe to allow for an estimate of the
materials and equipment needed. Figure 55 showlsealquipment purchased, loaded in

the trailer.
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Installation progressed starting from the instrutypad and working toward the
bridge. It was decided that this would ensure guaksembly and placement of all
conduit. The instrument pad is the focal pointh& installation, so its location was a top
priority. The exact location was selected basetherease of access for a ride-on-
trencher to scale the steep slope safely and ateecp@n for tower maintenance and
tower guy wires.

Once the location of the pad was selected, excavédr the pad and tower
footing began. The trench for the conduit followeskt, with the trenching beginning at
the top of the hill, near the bridge, working tod/éine instrument pad, see Figure 56.
When the trench and footing were completely dug ftinmwork for the pad and
reinforcing steel for the tower and pad were plaseé Figure 57. Before pouring the
concrete, the conduit running from the bridge ®¢hbinet and tower were placed since
part of the conduit penetrates the instrument paéd,Figure 58. A ready mix concrete
company was hired to provide and deliver the cdeomich was poured into the form
and finished, see Figure 59 and Figure 60. Instafiadf the cabinet occurred the day
after the pour to allow the concrete time to cees Figure 61.

Manufacture installation recommendations for tretrumment tower suggest
installing the mounting stakes into the concreterduthe pouring process with the
bottom ten foot section connected to the mountiages. Attachment of the lower ten
foot section guarantees exact location of the mogrstakes and provides a surface from
which the tower is leveled.

Multiple junction boxes were installed to allow feasy transition of multiple

turns and intersections due to the bridge geonagtdyinstrument location. One large
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junction box was installed on the abutment winghttedt provides a transition from the
underground conduit to the conduit installed onlthdge. Although only one length of
conduit was needed to house all instrument cableagdditional three conduit lengths
were placed in the trench to allow for growth autsleshooting in the future without the
need for extra trenching. Figure 62 shows the baured conduit pipes entering the
junction box on the wing-wall from the top and 8iegle conduit leading to the
instruments on the bridge at the bottom of the jondoox.

Smaller junction boxes were used near the abuttognbvide a transition from
the east-west oriented conduit to the north-sout#nted conduit. These boxes were
modified with coring bits to provide a secure, watght connection between box and
conduit, as seen in Figure 63. These smaller baxes modified to act as
instrumentation protection by cutting the backse Timin supply conduit runs a few
inches under the girders with a junction box atdacation where an additional line of
conduit rises up to the deck level.

The conduit was installed on the deck between itfieig to collect as many
instruments as possible with the least number nflo, see Figure 64. Additional boxes
were used at instrument locations. These boxew &lothe main line of conduit to
continue, if needed, while providing an easy actassach individual sensor cable, see
Figure 65. Flexible PVC tubing was used to traasifrom the main feeding line to the
individual instrument boxes, see Figure 66. Inatadh of the individual sensor boxes and
connecting them via the flexible conduit was thst Eep in phase one. Adequate traffic
control was used during the period of time reseagBpent at the bridge site; see Figure

67 and Figure 68.
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igur 56. Trenching, starting poit near bridgetnt.



Flgure 58. Conduit runnlng from pad to bridge.
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Figure 60. Finishing concrete.
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Flgure 62. Junctloh box Ioacted on abutment_wm@ swa



Figure 64.

Conduit running along

underside o
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Figure 65. Junction boxes providing access forimséents into supply line.

/]

Figur'e‘66. Flexible conduit connects instrumentesoto suply line.
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Figure 68. Traffic control seen on road Iedin@rlide.
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Phase two

Phase two involved the installation of the instemnts on the bridge, their
assemblage into the data acquisition system, gatifin that all instruments are sampling
correctly, and ensuring that data is streamingpéocbllection center.

The first instruments installed were the vibratmige strain gauges, the full
bridge foil strain gauges, thermocouples, and &ters. Cabling was placed for the future
installation of the velocity transducers. Purchasel time did not allow for installation
of the velocity transducers at the time of instalaof the other instruments. The
installation of the velocity transducers occurrbdrfly after receiving them.

The weather station, with it respective instrursemtas installed once the solar
panel system was decided on and in hand. Sincethetbolar panels and the weather
station instrumentation are installed on the saowmeet, it was decided that their
installation would occur concurrently to ensure ltest fit. Also installed on the
instrumentation tower is the traffic camera. Th&tnmment tower was the last portion of
the actual instruments to be installed.

The vibrating wire strain gauges are Model 40@dnfiGeokon. Installation of the
vibrating wire strain gauges required the use ofigable anchors for concrete
applications. A 1/2" hole is drilled for each ofdwanchors, see Figure 69. The hole is
filled with an epoxy and the anchors are set inefisure accurate placement of the
anchors, a spacing jig (provided by Geokon) wasl.uBRis jig provided the exact drill
location.

Installation of the foil strain gauges by Hitequeed an epoxy purchased from

Vishay Microsystems, M-Bond AE-10, that is madel@org-term applications. M-Bond
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AE-10 has a 6-hour cure time, during which timeastant pressure of 5-20 psi is
required. In order to apply the needed pressutieetatrain gauges, a system of pressure
application was devised. A bolt with a large nuswat to the size needed to fit in the
instrument box but long enough that with minimahtmn of the nut, pressure would be
applied. Since the sensor location is ideally ledah the middle of the box, a small
wooden plank was cut to size that provided a bggroint. The wooden plank was
placed on the metal lip of the box for support.ndadl piece of metal was cut to the exact
size of the strain gauge, fitted with a foam pamt] eovered with packaging tape to avoid
any adhesion of the epoxy to either the metal efdlam. The metal provided for even
distribution of the force applied by the nut and tham padding provided a non-cutting
application distributor. Figure 70 and Figure 7bwlthis mechanism from different
angles and views.

Prior to applying the epoxy, the concrete surfaes prepared by sanding the
surface with fine sandpaper, degreasing the sudeaag conditioning, then neutralizing
the area. All products used for this process wecemmended by and purchased from
Vishay Microsystems.

The tiltmeters are Geokon Model 6160 MEMS Tiltmeténstallation on the
Model 6160 requires only one bolt mounted intodbecrete as seen in Figure 72. The
Model 6160 is sold with a mounting bracket andré¢ésis steel anchor bolt. The anchor
system requires one drilled hole. Leveling is acglished through the zero adjust pins,
see Figure 73.

Thermocouples were installed in all foil strairuga boxes for a total of six on

the entire bridge. The thermocouples were placéd the foil strain gauges to allow for
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any needed temperature compensation for stf&i@.wire was purchased in 1000 foot
spools and cut to length on-site. Once installetthénbox, the two leads were twisted and
soldered together. Since the length from the insémtation box to the thermocouple
reaches approximately 200 ft., a thermocouple thia¢ is shielded was chosen. This
allows for the most accurate temperature readirgpasible. The thermocouple wire
chosen was Type T, shielded.

Velocity transducers chosen are model L4 Seismersiedr Geophone, from
Sercel. The L4 chosen has a 1000 gram suspendedwrtasnoving dual coil. The
instrument operates at 1.0 Hz. A significant read®orchoosing this instrument is due to
the small size and relatively nonexistent needrfamtenance. The overall dimensions of
the L4 are 5 1/8 in. tall and 3 in. in diameterjgiéng just less than five pounds. Sercel
provides the L4 completely sealed, therefore régiino maintenance. In fact, the
manufacture recommends that any maintenance néedeerformed at their laboratory.

During the instrumentation development stage ai$ @wetermined that the physical
location of the L4 along the cross-section of thdde would be on the underside of the
deck, equally spaced between the two girders. Toredhe instrument in this location, a
holding cradle was designed and manufactured at fdEldstallation. This cradle has
the capability of leveling so that the L4 will prock accurate readings.

The solar panel and all weather station instrushesgre installed on the
instrumentation tower by lowering the tower andati;ig each instrument individually
according to manufacture recommendations. To prdteccable wires from the harsh

environment, a combination of rigid and flexiblendait was used. The instrument tower
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has a conduit that takes cables from the basesdbther to the instrumentation box. This

is a separate conduit from the conduit used foirtsguments from the bridge.

CLASSIFICATION

ieaf lastromentatior

Grout or Epoxy:

Groutable Anchor Concrete —e

Figure 69. Schematic drawing of vibrating wire strgauges.
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Figure 70. View of instélla:ti?rf'method for hitealfstrain gauges.
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Figure 72. Geokon MEMS 6160 Tiltmeter.
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{side view) Mounting Bracket
51 mm ';',
Zerp Adjust
Drop-In
Anchor
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e Tilt
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—| 22 mm |—

Figure 73. Side view installation of Geokon MEM361Tiltmeter.

Data Acquisition System

The chosen data acquisition system includes nelltidules purchased from
Campbell Scientific as well as additional equipmieoitn various vendors. The core of
the data acquisition system is a Campbell ScienifR5000. This system is capable of
supporting almost any instrument and sampling g hates. Due to the assortment of
instruments selected for installation on the UtdbtBridge, a data acquisition system
capable of sampling data from all types of instraote@vas necessary. The CR5000 was
selected and purchased based off of flexibility padormance.

To expand the number of sensors possible on tdgeéyra multiplexer was used

to increase the number of channels. The selectdibhexer is a Campbell Scientific
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AM16/32 Multiplexer. The multiplexer serves as teading unit for the thermocouples
as well as the temperature reading from the Gedktmeters.

In order to relay information from the bridge ditea storing facility, a wireless
CDMA router was selected. The router is a CalAmpd@ell 882-EVDO-VZW router.

It is capable of operating at a frequency of 80zMh a cellular bandwidth. With the
option of using either a serial or Ethernet conioacto the external device, the chosen
router allows for direct connection with the CR500us reducing additional modules or
instrumentation requirements for a network integfalche router is activated with an
account through Verizon Wireless and runs off of I®C, supplied through the

CR5000.

With the guidance of personnel from Campbell Sidiena code was developed
to sample data through each of the sensors. Thdatktcustomized code allowed for
individual settings on instruments including cadition values, sampling rates, channel
location, trigger values, channel selection, reicmydocation, automatic processing, and
information delivery.

Upon complete installation of the instruments afl as the data acquisition
system, a check for accuracy was made. Softwahpsed from Campbell Scientific
allowed for real-time viewing of the data at thalge site with a laptop computer.
Verification was made that all sensors were sargpiorrectly and that they were all
zeroed properly. A copy of the code is placed ipémpdix E.

The majority of all code development was made iptes/to installing the system,
some settings could not be made until everything sed-up on site and data was

flowing. For instance, triggers for the foil strggauges could not be determined until
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real-time viewing of the data was possible. Stramges gathered during the Live-Load
test were available, but it was unknown what thmgyeawould be based off of typical,
everyday traffic. In addition, the trucks crossthg bridge on any given day are much
heavier than the trucks used during the Live-Laest. tAnother area requiring specific
attention once the system was complete was theHeaster Transform calculated from

the Velocity Transducers.

Long-Term Instrumentation Summary

Monitoring equipment includes: a weather statiotraffic camera, vibrating wire
strain gauges, foil strain gauges, velocity traceds, tilt-meters, deck water saline
content sensors and thermocouples. Table 6 proaidistribution of instrument location
categorized by bridge anatomy. All of these insiuats were linked to a datalogger that
controls the sampling rate for each instrument. ddalogger is housed in a cabinet
located within the right-of-way of the freeway fmuit of the “clear zone”. The cabinet is
securely fastened to a concrete pad. An instrurtientiower houses the weather station
instruments as well as a video camera and intsatetlite dish. It is located on the same
concrete pad as the instrument cabinet. Compudedairawings describing the
construction of this system is included in the Amgliz C.

Each instrument was installed according to manufaatecommendations for
proper long-term durability. Cable transmittingal&iom the instrument to the data
acquisition system is protected from the environniierough the use of Schedule 40
Gray PVC conduit. This conduit is attached to tindegs and abutment with the use of

concrete anchors. From the abutment to the insintinabinet, the conduit is buried for
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additional protection and safety. At the instrumpead, the conduit enters the cabinet and
connects with the data acquisition system. Fortamfdil information see attached

drawings in Appendix C.

Table 6. Distribution of instruments

Tower
Wind Direction/Speed
Temperature/RH Probe
Precipitation Detector
Pyranometer (Radiation)
Traffic Camera
Solar Panel

Deck

Lufft Intelligent Road Sensor
Underside of Super
Structure

Vibrating Wire Strain Gauge

Foil Strain Gauge
Tilt Meter
Accelerometer
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SUMMARY

As partial fulfilment of requirements for the degrof master of science in civil
engineering, a bridge was selected for the LongrT®ridge Performance Program. This
bridge underwent specific testing and evaluatioesiablish a baseline for future
comparison. The tests conducted include visualkictspn, NDE/NDT, material testing,
live-load test and dynamic load test. All of théssts aided in selecting correct and high-

performing instruments for the long-term monitorpytion of the LTBP.
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Appendix A: Live Load Strain and Displacement Plots

Appendix A contains plots showing the strain andigal displacement,
deflection, for each individual sensor along loathg 2, 3, and 5. The specified load
paths were selected due to the ease of trackinigt¢haéon of the dump truck as it
crossed the structure. As mentioned earlier, l@dd pne consists of the trucks backing
toward each other till they are at mid-span. Loathgour has a time domain much
longer than any of the other tests given that Rutdlowed after Truck 1. Having the
longer time domain makes comparison more diffichit.show comparison of the
sensors’ ability to record and reproduce accurate,doad paths 2, 3, and 5 were
selected. Sensors were located at specific distanoe the abutment and along the
height of the girder, sderror! Reference sour ce not found. through Figure 17. Table 6
summarizes the sensor name and location on thgebsitlucture.

The y-axis, either microstrain or deflection, varie the reported range, is fixed
to allow for easy comparison of the magnitude esatsor experiences. The x-axis,
distance along the bridge structure, was fixed@tfl. The bridge structure is 80 feet
long. The extra length is required because “0” fiasiis taken at two wheel rotations
back from the start of the bridge structure, appnately 21.5 feet. Data returns to zero
at approximately 100 feet from starting. Notatiorthe legend indicates the load path
first and then the sensor. For instance, in Figdrdine 2B1032 represents Load Path 2
Sensor B1032. Appendix A contains 27 Figures, sareng the response of each

instrument to three separate load paths.
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Table 7. Summary of sensors and their locationtherbridge

Gage Section Distance (ft.) Description

B1032 AA 5 Underside of girder flange.

B1971 AA 5 Underside of girder flange.

B1972 CcC 37 Near top of web.

B1975 AA 5 Near top of web.

B1976 CcC 37 Underside of girder flange.

B1977 AA 5 Underside of girder flange.

B1980 CcC 37 Underside of girder flange.

B1981 CcC 37 Underside of girder flange.

B1982 CcC 37 Near top of web.

B1983 CcC 37 Underside of girder flange.

B1985 AA 5 Near top of web.

B1986 CcC 37 Underside of girder flange.

B1988 CcC 37 Near top of web.

B1989 AA 5 Near top of web.

B1990 cC 37 Near top of web.

B1991 AA 5 Near top of web.

B1992 AA 5 Underside of girder flange.

B1993 cC 37 Near top of web.

B1996 AA 5 Near top of web.

B2017 AA 5 Underside of girder flange.
Twanger 1 DD 40 "Twanger" measuring deflection.
Twanger 2 DD 40 "Twanger" measuring deflection.
Twanger 3 DD 40 "Twanger" measuring deflection.
Twanger 4 DD 40 "Twanger" measuring deflection.
Twanger 5 DD 40 "Twanger" measuring deflection.
Twanger 6 BB 28 "Twanger" measuring deflection.
Twanger 7 BB 28 "Twanger" measuring deflection.




106

Sensor B1032 for Load Paths 2.3, and &
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Figure 74. Sensor B1032.
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Sensor B1971 for Load Paths 2.3, and 5
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Sensor B1972 for Load Paths 2.3, and &
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Figure 76. Sensor B1972.

40

20

Sensor B1975 for Load Paths 2.3, and 5
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Sensor B1976 for Load Paths 2.3, and &
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Sensor B1977 for Load Paths 2.3, and 5
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Sensor B1980 for Load Paths 2.3, and &
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Sensor B1981 for Load Paths 2.3, and &
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Sensor B1982 for Load Paths 2.3, and &
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Figure 82. Sesnor B1982.
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Sensor B1983 for Load Paths 2.3, and &
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Sensor B1985 for Load Paths 2.3, and &
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Figure 84. Sensor B1985.
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Sensor B1986 for Load Paths 2.3, and 5
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Sensor B1988 for Load Paths 2.3, and &
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Sensor B1990 for Load Paths 2.3, and &
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Sensor B1992 for Load Paths 2.3, and &
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Sensor B1996 for Load Paths 2.3, and &
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Figure 92. Sensor B1996.

40

20

Sensor B2017 for Load Paths 2.3, and &
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Twanger! for Load Paths 2,3, and 5
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Twanger3 for Load Paths 2,3, and 5
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Twangers for Load Paths 2,3, and 5
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Twanger7 for Load Paths 2,3, and 5
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Appendix B: Live Load Permit Application
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INTRODUCTION:

This document contains the intentions of researchers from Utah State University (USU) in
collaboration with researchers from Brigham Young University (BYU) to conduct certain tests
on bridge structure |F 205, one mile north of the Perry, Utah, Weigh Station as part of the
Federal Highway Administration’s Long Term Bridge Performance Program (LTBP). It is the
intent of the researchers to conduct live load testing and deck testing. An explanation of each
test, a description of the instruments that will be utilized, and a plan for Maintenance of Traffic
(MOT) is provided. An Appendix contains drawings describing the (MOT). It is our intention to
perform this work as soon as possible during the Fall of 2009.
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LIVE LOAD TESTING:

General Description:

A Live-Load Test is a test that determines the response of a bridge subject to loading by a
moving truck. It is recommended that the use of one heavily loaded UDOT gravel truck provide
the loading for the live load test. The truck will be driven across the bridge at speeds in the range
of 2-3 mph, on determined load paths. In addition to the slower speeds, the truck will be driven
across the bridge at the posted speed limit to analyze the actual effects of traffic on the bridge. It
may be desirable to park the truck at mid-span to gather the maximum deflection obtained in the
most accurate manner. Since the overall structure length is relatively short, it is desirable to
select a truck with the greatest maximum weight possible. The bridge will have temporary strain
gauges mounted on the underside of the bridge while the UDOT gravel truck of known weight
passes over. The instrumentation and proper maintenance of tratfic is explained in the following
sections,

Required Instrumentation:

For accurate strain measurements, approximately 20 strain gauges will be temporarily attached to
the girders at mid-span and five feet from the abutment. Deflection instrumentation will be
temporarily mounted at the mid-span on the underside of each of the five girders. Approximate
instrument locations are shown in Figures 1 and 2. A data acquisition system will be set up and
maintained under the bridge. All instrumentation can be installed with no MOT. The road
underneath the bridge is approximately thirty two feet wide and carries little to no traffic.
Therefore, instrumenting the bridge from underneath will not interrupt traffic on the bridge in
any way. As mentioned, a data acquisition system and mobilization of personnel and equipment
will also be located under the bridge.
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Figure 1: Approximate location of temporary live load testing equipment, plan view.

uge

Instrument

Figure 2: Approximate location of temporary live load instrumentation, girder cross-section
View.

Maintenance of Traffic:

To provide adequate Maintenance of Traffic (MOT), Interstate Barricade will be contracted to
provide signage consistent with the requirements established by the Utah Department of
Transportation (UDOT). This includes, but is not limited to, reflective drums, arrow board,
flags, truck mounted attenuator, message board, and other warning signage. Interstate Barricade

3

125

125



will provide personnel to deliver and set up all traffic control as well as provide any adjustments
needed during testing. Drawings specifying the MOT plan are provided as an attachment.

Testing will require approximately four consecutive days for completion. The first day will be
used to implement the Live Load test. The remaining three days will be used to conduct the Deck
Testing. Researchers at USU and BYU are aware that the [-15 corridor along the Wasatch Front
carries a large amount of traffic and certain times during the day are busier than others. For that
reason, researchers request access to the bridge from Wednesday to Saturday with the times on
the bridge being from 9:00 am to 4:00 pm on Wednesday, Thursday and Saturday with the time
for Friday being reduced to 9:00 am to 3:00 pm.

It is anticipated that the east lane of traffic will be closed first. For the live load test, a duration of
1% hours will be needed to complete all testing protocols per lane. At the conclusion of the test,
Interstate Barricade personnel will modify the MOT system to close the west lane of traffic.
Upon completion of the lane change, another 1'% hours will be needed to complete all testing
protocols for this second and last lane. No MOT will be required under the bridge. The road
under the bridge is a frontage road with little to no traffic. However, to provide warning to any
vehicles that may approach the bridge, adequate signing and a number of orange reflective
barrels will be placed around vehicles and the data acquisition system.
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DECK TESTING:

General Description:

Deck testing will involve assessment of the present condition of the deck, including extent and
severity of damage as well as evaluation of causal factors especially related to corrosion of the
reinforcing steel. The following specific tests will be performed across the upper surface of the
deck:

1. Distress survey, including identification and mapping of cracks, patches, potholes, and other
defects and damage

2. Chaining survey to determine, if possible, areas at which the asphalt overlay is delaminated
from the underlying concrete substrate

3. High-frequency ground-penetrating radar survey to image the reinforcing steel and detect
compositional variations within the deck structure

4, Impact-echo testing to evaluate the integrity of the deck materials

In preparation for a second set of tests, the asphalt overlay present on the upper deck surface will
be removed, either by milling or by sawing, to expose bare concrete at up to 10 discrete locations
on the deck. The openings will be approximately 1 ft by 2 ft in size. Ideally, at least half of
these test areas will be situated in wheel paths, with the remainder located in the shoulders. The
following specific tests will then be performed in the exposed areas:

1. Cover depth measurements and determination of top-mat reinforcing steel location and
orientation

2. Resistivity testing to evaluate the quality of the cover concrete

3. In-situ pulverization and sampling of concrete using a hammer drill and up to a 1.5-in.-
diameter bit for laboratory determination of chloride concentrations to a maximum depth of
between 3.5 in. and 8 in.

4. Half-cell potential testing to determine the state of corrosion of the reinforcing steel

5. Linear polarization and electrochemical impedance spectroscopy testing to determine the rate
of corrosion of the reinforcing steel

6. Coring using a 4-in.-diameter bit to a depth of between 3.5 in. and 8 in. to facilitate strength,
stiffness, permeability, and other materials characterization testing in the laboratory

The holes created in the concrete bridge deck will be filled using a high-strength, rapid-set, low-
shrink grout, and the membrane under the overlay, if present, will be repaired using hot-pour
asphalt sealant. New hot-mix asphalt will then be compacted in place using a sliding plate
and/or a “jumping-jack’ compactor. All materials will meet UDOT specifications, as applicable.
According to UDOT personnel, this deck will then be rehabilitated within one or two years.

Required Instrumentation:

Accomplishment of half-cell potential, linear polarization, and electrochemical impedance
spectroscopy testing will require a single, temporary, electrical connection to the reinforcing
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steel at each location from which the asphalt overlay is removed. As the deck does not have an
impressed-current cathodic protection system, the connections will not present any risks to
research personnel, nor will the connections compromise the integrity of the deck. The purpose
of the connection will be to ensure electrical continuity between equipment probes and the
reinforcing steel in accordance with the test protocols.

Maintenance of Traffic:

To accomplish the deck testing, research personnel anticipate needing lane closures for four
days. These four days of needed MOT for this work occur concurrently with the four days
explained in the Live Load Testing MOT.

Supporting Documentation:

The following pictures document the tests proposed for this research:

Figure 3: Marking a grid pattern or deck esting.
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Figure 5: Performing a chain drag test.
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Fe 7: Performing impact-cho testing.
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Figure 10: Pulvizing concrete samples with a hammer drill.

Figu-r-e 11: Removing pulverized concrete samles for laboratory analysis.
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Figure 12: Conducting half-cell potential testing.
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Figure 14: Coring.
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APPENDIX A

MOT for Live Load and Deck Tests
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GENERAL NOTES (APPLIES TO ALL TC SERIES STANDARD DRAWINGS)

USE CURRENT EDITION OF UDOT STANDARDS FOR TRAFFIC CONTROL USE THE MANUAL ON
UNIFORM TRAFFIC CONTROL DEVICES (MUTGCD) FOR TRAFFIC CONTROL ELEMENTS NGT SHOWN
N THE TC STD DWG SERIES.

CURRENT EDITION OF STANDARD HIGHWAY SIGNS MANUAL FOR SIZE AND DESIGN OF
SIGNS.

2 ug
STANDARD S

o

10,

SEE STD DWG TG 2A AND TC 28 FOR WORX ZDNE SIGNING AND DEVICE REQUIREMENTS
USE MINIMUU 48% 5 48" S7E FOR DIAMOND WORK ZOME WARNING SIGNS.

COVER OR REMOVE NON—-AFFLICASLE SGNING, BOTH EXISTING AMD WORK ZONE SIGNS.
REMOVE NOW-APPLICAELE PAVEMENT MARWINGS FOR OFERATIONS LONGER THAN 3 DAYS,

REMOVE OR RELGCATE NON—APPLCABLE PORTABLE SIGN SuPPUFTS AND SIGNS TWICE THE
WORK CLEAR ZONE (WCZ) DISTANCE, SEE SHEET TG 3. TAB

REFER TO STANDARD SPECIICATION Q1554 FOR FLAGGING REQUIREMENTS
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USE THE POSTED SPEED LMIT PRIGR TO WORK ZONE TO COMPUTE THE SIGN SPACING,
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Pre-Application/Concept Date:_ 9-3- 7009
Meeting Project Location;_£- /5
UDOT Region One e e

T Ll
W predmirany masting podes Decartmend peranne] sdionioa sutherilies an 2arly opgonunky fo sxaming the fessiblity of e 3
socnss proposal with (he ppiicant snd t corsider whather i & cermissibie wnder the Jieparimant's sccess sErderds. Thi
ey provites 80 cppornty to discuss ste specfs condtons and opions fr slo accese ocation and desgn, acoess plang,
nd agree on Fa necessany malenals o be submitied wih the krmar panei applicadon Frelminery ciscussion ol these mallers
AN expediie: har mview and evRtuaE of [he permil spplcaion.” - Adminstraliee Rule RI30-G, Seton 727

‘ Attendees  {Fleace Prmt) I Bt | Phane |
| O Durin Duersch, PE | UDOT 8-l Traffic [ 620-1607 (Traffie Engr} :
[ Brad Humpherys, PE. l UDOT Bl Precon 520-1508 (Precomstructica Engr)
| O Glen Ames, PE. | UDOT Bl Triffic 620-1619 {Asst. Traffic Engr)
| 3 carie Jicobson, FE 3§ UDOT B Traffic §20-1673 [ Ase. Traffic Engr}
O Teramy Vgl UBOT Bl Permis G30-1604  (Pesmits, Supvr)
| ETadger (Jay) Gensreus UDOT Rl Bermits 6201639 (Permils Officer}
: ; (DT £*f v f20-/C83
+ 5P i Okl e v B - g w2 S T i
e PROL. Tptd- x O P s A
” « » aver—f—2
Project Seape:_foridn e Por furmmace {:jh"eT acce J—E) -
ihsTall Testing Cguipmen] .
ApcessCategoey: | 2 3 4 5 67 2 0 Varinnee Hequrad? ¥/ N
Permit Application (Impact) Level: 1 {10010 500) IH500to 3000) OI I
Traffic Impect Smdy Required? Y (N |

Seudy Area (As delined by Permats Officer or Region Traffic Engineer):

Hequirements for Complate Plan Set
[CJSite Plan {including vicinity mag, address, existing and proposed access details, adjacent groperty lines

& neceszes, roachways, s ) [ ICounty Flat'Aesial Fhots
[ Typical X-seetion (6" HMA, 8 UTBC, LE* GB) [iCurt & Gutter (GW 2)
Osidewali (GW 3] Ooriveway (GW 4) CJADA Ramps (GW 5
OGrading & Drainage Flan Cluitity Plan Cpavement Profite
Dispesation:
Rule R348, Roadway Caiegories, Permit Applications, and TIS Requirements
are available ot hiped : wiind m=ctid=571. UDOT Region 1 Permits
T 166 W Southwell St
5 ’/f Opden, UT 84404
‘“é&_ﬂ/ - - — Phone: BO1-6L0-1639
= UDOT Region | Official Fax: 801.620-1 665

This form is not an approval (implicitly or otherwise) for the project discussed,
The Department reserves the right to require additlongl conditions or submittals not identified above.
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Appendix C: Long-Term Application Document
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INTRODUCTION:

This document contains the intentions of researchers from Utah State University (USU) to
monitor bridge structure 1F 205, one mile north of the Perry, Utah, Weigh Station as part of the
Federal Highway Administration’s Long Term Bridge Performance Program (LTBP). It is the
intent of the researchers to install long-term monitoring equipment on the bridge structure. An
explanation of the monitoring, a description of the instruments that will be utilized, and a plan
for Maintenance of Traffic (MOT) is provided. An Appendix contains drawings describing the
mstallation of instruments and MOT. It is the intention of USU to perform this work as soon as
possible.

LONG-TERM MONITORING:

General Description:

The LTBP is a 20-year program funded by the FHWA. The main goal is to record and store
high-quality data on selected bridge characteristics that can reasonably be measured. Throughout
the life of the project, instrumentation will be placed on the bridge to provide data for bridge
health evaluation. Monitoring of the bridge will be extensive, in order to obtain the maximum
information possible. Monitoring over the project life will allow for changes in the bridge
response to be recorded.

Required Instrumentation:

Monitoring equipment includes: a weather station, a traffic camera, vibrating wire strain gauges,
encapsulated foil strain gauges, accelerometers, tilt-meters, deck chloride sensors and
thermocouples. Table 1 provides a distribution of instrument location. All of these instruments
will be linked to a datalogger that controls the sampling rate for each instrument. The datalogger
will be housed in a cabinet located within the right-of-way of the freeway but out of the “clear
zone”, The cabinet will be securely fastened to a concrete pad. The concrete pad will also be the
location of the instrumentation tower that will house the weather station instruments as well as a
video camera and internet satellite dish.

Each instrument will be mstalled according to manufacture recommendations for proper long-
term durability. Many instruments require a small 4" to 4" diameter hole drilled into the bridge
girder/abutment to install a fastening bolt or connector. The depth will not exceed 3 for any one
connector. Other instruments will require the use of epoxy to mount the instrument on the bridge.
Cable that connects the instrument to the data acquisition system will be protected from the
environment through the use of Schedule 40 Gray PVC conduit. This conduit will be attached to
the girders/abutment with the use of concrete screws to ensure a secure hold. Beginning at the
abutment, the conduit will be buried for additional protection and safety. The conduit will run
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from the bridge abutment to the instrument pad location (for additional information see attached
drawings). At the instrument pad, the conduit will enter the cabinet and connect with the data
acquisition system.

Table 1: Distibution of [nstruments

Tower

Wind Direction/Speed
Temperature/RH Probe
Precipitation Detector
Pyranometer (Radiation)
Traffic Camera
Solar Panel

Deck

Lufft Inteligent Road Sensor

Underside of Super Structure
Vibrating Wire Strain Gauge
Foil Stram Gauge
Tilt Meter
Accelerometer

Appendix A contains a set of drawings describing the long-term monitoring plans.

Maintenance of Traffic:

To provide adequate MOT, USU will contract with a Utah Department of Transportation
(UDOT) approved contractor to provide signage consistent with the requirements established by
the UDOT. This includes, but is not limited to, reflective drums, arrow board, flags, truck
mounted attenuator, message board, and other warning signage. The contractor will provide
personnel to deliver and set up all traffic control as well as provide any adjustments needed
during testing. Drawings specifying the MOT plan are provided as in Appendix B. To ensure that
a bottle-neck situation does not result from too long of a queue, at least one individual of the
research team will be tasked with watching the traffic to notify the contracted traffic control
operators of any additional signage that is needed.

The majority of the installation work will occur under the bridge, where traffic control is not
needed. However, two-one-day lane closures will be needed to install chloride sensors. The
chloride sensors are SR21 Lufft Intelligent road sensors. They measure the chloride
concentration on a deck. Their application requires approximately a four inch diameter core into
the deck of the bridge to a depth of approximately three inches and running a cable from the
instrument to the edge of the bridge and to the instrument pad. The cabling will run through a
small cut made in the deck by an asphalt/concrete saw and filled with non-shrinking grout.
During those two days, USU will use the approved contractor to provide MOT. Preferred days
are during the week, Monday — Friday between the times of 9:00 am to 3:30 pm.
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Long-Term Sensor Installation Agreement

Researchers from Utah State University (USU) plan to install sensors on structure number 1F
205 on 1-15 as part of the Federal Highway Administration’s (FHWA) Long-Term Bridge
Performance (LTBP) Program. USU received permission through UDOT Region | office to
install certain sensors on said structure. UDOT is not held responsible to replace or finance the

replacement of sensors damaged by routine maintenance procedures conducted by UDOT
Region 1.

The parties have agreed to this statement on and shall be in effect till

Marvin W. Halling Tommy Vigil
Associate Professor, USU UDOT Region 1 Permit Director
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Contacts:

Steven Petroff

Graduate Student

Office: (435) 764-0346

Fax: (435) 797-1185
steven.p@aggiemail.usu.edu

Dr. Marvin Halling
Associate Professor
Office: (435) 797-3179
Fax: (435) 797-1185
marv.halling@usu.edu

Dr. Paul Barr
Associate Professor
Office: (435) 797-8249
Fax: (435) 797-1185

paul.barr@usu.edu
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Appendix D: Instrumentation Plan
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1.0 Introduction:

The Utah State University (USU) Long Term Bridge Performance (LTBP) Program research
team used the National Bridge Inventory (NBI) to help select a bridge for the pilot study in the
state of Utah. A number of criteria were deemed important and significant for the bridge
selection. Those criteria were used to filter the bridges in the NBI database to create a short list.
The researchers from USU and Virginia Tech (VT) then made site visits to each of the bridges
on the short list to further narrow the reduced group for selection through field investigations. As
a result, the number of bridges was reduced to three. After approval from a Federal Highway
Administration (FHWA) representative, the researchers then met with officials from the Utah
Department of Transportation (UDOT) for their input. Based on the discussions with the UDOT
officials, one bridge was selected for the Utah Pilot Bridge. An evaluation of the selected bridge
was conducted to determine optimal instrumentation layout and locations. Explanations of
detailed visual inspections, periodic testing, monitoring, data processing, and data storage for the
Utah Pilot Bridge are contained in this document.

2.0 Bridge Selection:

To initiate the selection of the pilot bridge in the State of Utah, a portion of the NBI for Utah was
supplied to the researchers at USU. Collaboration between researchers at USU and Virginia Tech
produced a draft selection criteria table which was utilized as a starting point for focusing the
search. The NBI database contains 116 different items by which the bridge is categorized.
Selection of a Utah bridge was accomplished on approximately fifteen of those items.

2.1 Selection Criteria:

Among the fifteen selection categories, a hierarchy of importance was applied during the
initial search through the NBI. The fifteen categories were given specific criteria for each
search. When each iteration was completed, an analysis of the bridges that met all these
requirements was compiled. A visual analysis of images through Google Maps was then
utilized to obtain an accurate portrayal of the bridge without requiring a site visit. These
Google Maps provided aerial and street views of the bridges, which allowed the
researchers the confidence to make informed decisions of whether or not to include the
bridge on the short list. Multiple ranges were applied to each selection category resulting
in many iterations of the NBI database.

Selection categories that were not allowed to change were the superstructure type,
percent truck traffic, deck condition, and number of lanes. Other selection categories
were allowed to vary in magnitude to provide different search criteria and thus additional
potential bridges. For instance, the bridge skew is one selection category that was varied
as the search progressed. By adjusting the allowed skew the number of bridges in the
queue increased allowing researchers to investigate more possibilities.
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After a thorough investigation of the bridges in the NBI database, five bridges were
selected for further consideration. Site visits to each of the five bridges was conducted by
a small number of researchers from USU to document the bridge with pictures and a
personal assessment of the bridge conditions. From this initial site visit, the number of
potential pilot bridges was reduced to four.

Subsequently, a second more in depth, investigation was conducted with the full USU
research team and a small contingent of the VT research team. Together the group visited
each bridge site to collect additional pictures and allow for a more in depth visual
inspection of the bridges. This second visit occurred on March 5, 2009. After the March
5, 2009 site visit, the LTBP team, including representation from the FHWA, conducted a
discussion of each of those bridges. Strong and weak points of each bridge were
discussed along with what could be learned by selecting each particular bridge. The
discussion resulted in the conclusion that deck conditions were of vital importance. The
focus group that met on March 6, 2009 selected three bridges, which were then ranked in
order of preference for consideration as the Utah Pilot Bridge.

Shortly after the March 6, 2009 meeting, the Utah Department of Transportation was
contacted. Researchers from USU met with Chris Potter, the UDOT Bridge Maintenance
Engineer, to discuss their willingness to allow access in order to monitor the bridges. The
inspection reports and additional details on each bridge were supplied and reviewed at
that meeting. From the discussion, it was determined that structure number 1F 205 would
be the best bridge for the LTBP Program and the interests of UDOT. This bridge also
corresponds to the first choice of the LTBP focus group. The final NBI criteria that were
used for selection of the Utah Pilot Bridge are listed in Table 1.
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Table 1: Criteria used to select Utah Pilot Bridge.

Number Description Range Actual Bridge Values
2 Highway District 1,2 1
16 Latitude > 40°20'59" 41°2729.4"
17 Longitude < 112°15'50" 112°3'18.6"
21  Maintenance Responsibility 1 1
27 Y ear Built 1970 < Year Built < 2000 1976
28A Lanes On 2 2
28B Lanes Under <3 2
29 ADT > 5000 22,255
34 Degrees Skew <40 0
42A Service On 1,6 1
42B Service Under 1,4,5,6 1
43A Structure Kind 5,6 5
43B Structure Type 2 2
45 Main Unit Spans <5 1
109 Percent ADT Truck =6 29

2.2 Bridge Background and Inventory:

The Utah Pilot Bridge, structure number 1F 205, is located 1.5 miles west of Perry, Utah.
For this reason, it will be referred to as the Perry Bridge. It was constructed in 1976, has
two lanes of traffic and is part of the I-15 corridor. Tt carries the I-15 traffic over Cannery
Road. Cannery Road is not a busy road that allows for local access for farmers to
maintain their fields. More detailed location is given by latitude and longitude: 41° 27’
25.92” and 112° 03° 18.72", respectively. A side view and aerial view of the bridge are

given in Figure 1.
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Figure 1: Left-Side view of bridge looking East. Right-Aerial view of bridge from Google
Image, top i1s North.

The superstructure consists of 5 prestressed Type IV AASHTO prestressed concrete
girders, as indicated in Figure 2. The clear span length is 80 feet, from abutment to
abutment. The actual girder lengths are 82.5 feet. The abutments are integral abutments.
Inspection records indicate that the all girders and the abutments appeared in good
condition as of 2005. From the USU researchers’ inspection it was found that the bridge

abutments and parapets have experienced cracking, see Figure 3.

- Caae,

s YL L 4 L SR .
Figure 2: View underneath bridge. Left: Close-up to show Type IV structure. Right: Pan view to
show all five girders.



Figure 3: Cracking at Abutment.

Other locations on the bridge show considerable wear. The undersides of the parapets,
particularly at joints, have efflorescence to varying degrees. As seen in Figure 4, some
cracking has created spalling of the parapet. Other damage to the parapet is limited to
cracking that provides a pathway for chlorides to penetrate, as seen in the photo on the
right in Figure 4.

Figure 4: Cracking on underside of parapet.

An 8-inch thick concrete deck with a 3-inch thick asphalt membrane was applied at initial
construction. Figure 5 shows the current deck with the asphalt overlay. In September of
1991 “major repairs” were undertaken to repair the deck surface and parapets from
degradation and wear that was reported based on an inspection in September of 1982.
During the 1995 inspection, it was noted that the repairs were completed and looked
“good”. In 1997, some transverse cracks with efflorescence at the south end of the bridge
were noticed. The cracking and efflorescence remained minor until a report in 2003 that
noted that the transverse cracking began to increase in density and the efflorescence
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increased as well. In 2005, a new wearing surface was applied to the deck. It was
recorded that the parapets had some spalling and there was full transverse cracking every
5 to 7 feet with efflorescence. Figure 6 and Figure 7 show schematic drawings of the
bridge elevation and cross section, respectively.




175

‘F‘ 44,3 |

"__l B N A e — 1——_ S ———— —j

—f—j_j:;'—_—'jT_—f
I ~— 88— 88 88— 43

Figure 7: Cross-sectional view of Bridge deck and girders (All dimensions are in feet).

2.3 Summary

A pilot bridge was selected in the State of Utah with the assistance of the NBI database
and multiple site visits. Pictures were taken for ease of remembrance and to provide
visual aids when discussing the bridge with other LTBP team members. Figure 8 shows
the location of the Perry Bridge within the State of Utah. The bridge is located 50 miles
north of Salt Lake City, Utah on I-15 northbound.

Specifications of the bridge include

+  Two lanes of traffic carried

¢ Total structure length = 82 ft

* Single span, continuous structure

+  Superstructure is made of 5 AASHTO IV Precast Prestressed Concrete Girders

*+ No Skew, 0°

» NBIratings of Deck = 7, Superstructure = 8, Substructure = § (2007)

+  Strueture Inventory and Appraisal Sheet, electronic and paper copy of design and
as-built plans available from UDOT

*  Access to bridge is very high, rarely used local dirt road passes underneath

+ High Truck Traffic, 29%, provides excellent candidate for a plethora of heavy
load traffic

* Bridge deck has Asphalt Overlay

* Integral Abutment Construction

* Scheduled for removal of existing overly and replacement of overlay
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Figure 8: Location of Utah Pilot Bridge in relation to state of Utah

3.0 Study Topics

The USU research team used criteria contained in the LTBP Study Topics evaluation table to
determine the most appropriate testing/loading methods and monitoring equipment. Twenty
study topics have been outlined by the LTBP Program team and are listed in Table 2 in
accordance with LTBP program Task 1.2. Each test or monitoring method suggested for use on
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the Utah Pilot Bridge will provide information for multiple study topics. The range of testing
methods and monitoring choices was determined in order to comply with specific study topics.

Rank

Table 2: LTBP Study Topics.
Issue

n B [9%] 3]

o e -

Performance of Untreated Concrete Bridge Decks
Performance of Bridge Deck Treatments
Performance, Maintenance and Repair of Bridge Deck Joints
Performance of Coatings for Steel Superstructure Elements
Performance of Bare/Coated Concrete Super- and Sub-structures
Performance of Innovative Bridge Designs and Materials
Performance of Embedded Prestressing Wires and Tendons
Performance of Bridge Bearings
Performance of Precast Reinforced Concrete Deck Systems
Performance of Jointless Structures
Performance of Alternative Reinforcing Steels
Direct, Reliable, Timely Methods to Measure Scour
Performance of Weathering Steels
Influence of Cracking on the Serviceability of HPC Decks
Risk and Reliability Evaluation for Structural Safety Performance
Performance of Scour Countermeasures
Performance of Prestressed Concrete Girders
Unknown Foundation Types
Performance of Structure Foundation Types

Criteria for Classification of Functional Performance

4.0 Finite-Element Modeling

For the Perry Utah Bridge, 3 distinct Finite Element Models (FEM) have been developed using
SAP2000 version 11. SAP2000 serves as a productive and practical structural analysis program
for 3-D modeling. Because there are several different ways to model a bridge that will produce
acceptable results, threc bridge models have been developed and will be analyzed using data
collected from the live load and dynamic tests. The three types of bridge models that were
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considered for this bridge are frame and shell elements, solid elements, and a combination of
frame and solid elements. Each of the models was checked for accuracy by comparing the
moment due to a 10 kip load applied at mid-span at any cross section of the bridge to the exact
moment. The moments of the frame/shell model and frame/solid models were within .004% of
the actual moment. The solid model was within .03%. Once the live load testing is complete, the
data collected will be compared to that of the models. The model that behaves more closely to
the live load data will be selected as the model used during the bridge study. The data will also
be used to calibrate the bridge model. Figure 9 shows a 3-D representation of the bridge model
using frame/shell elements.

Figure 9: 3-D representation of the bridge model using Frame and Shell elements.

The first model is composed of frame and shell elements. The deck was modeled by shell
elements which were formed using bilinear quadrilaterals with four nodes. This element has 6
degrees of freedom (3 rotational and 3 translational) per node and the aspect ratio, a ratio of the
longest dimension to the shortest dimension of an element, was kept under 3. This shell element
was developed under the thick plate formulation to account for transverse shear. The shell
element also considers out of plane bending effects, tension and compression during the
formulation. One of the disadvantages of using shell elements is their inability to model pure
bending by over stiffening the element. The girders were modeled by using 2 node frame
elements. Frame elements are an efficient and simple model that is good for predicting the
deflection and moments in the girders. Because it is assumed that the girders will behave
identically to the portion of the deck above them, the frames were rigidly constrained to the deck
as shown below in Figure 10. The frame and shell model will require fewer elements as
compared to the other models. However, because of the simplification of using frame and shell
clements for the bridge, the model is limited in predicting stresses due to local stress
concentrations.

10
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Figure 10: Shell elements for the deck and Frame elements for the girder.

The second model uses solid elements for both the deck and the girders. Solid elements can
perform well because they incorpoerate all six stresses (three normal and three shear). However,
there are several drawbacks to using solids including the complexity of working with solids and
the large number of elements used to model the bridge. This can greatly increase the runtime of
the analysis or it can make the computation not feasible due to the increased computational
requirements. The girders and deck are composites of tri-linear hexahedrons, or eight node
bricks. These solid elements have 3 translational degrees of freedom per node. It was preferred
that the solid elements were compact and regularly shaped to improve accuracy. Because of the
design of the girders, the elements were shaped as rectangles and near triangles. The aspect ratio
was still kept near or below a ratio of four for both elements. Figure 11 shows how the elements
were connected together.

11
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= =olid Element (deck)

< Solid Element {girder)

Figure 11: Cross section showing Solid element modeling method.

The third model was a combination of both frame and solid elements. The girders were
developed as two node frame elements and the deck was modeled as tri-linear hexahedron solid
elements. The aspect ratio for the deck was kept below three and the elements were compact and
regularly shaped to improve accuracy. Rigid body constraints were used to attach the girders to
the deck as seen below. This model allows the analysis to be run much faster than the solid
model, but will employ the accuracy of using solid elements for the deck. Figure 12 shows the
solid element deck and frame element girder connected together with a rigid body constraint.

< Sold Element (deck)

e———— Eigid body constraint

'
'
1

A

P

X .
g ¢
' '
' '

¢ < Frame Element (grder)

Figure 12: Cross-Section showing Solid element deck and Frame element girder.
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An AASHTO HS-20 truck was loaded on the bridge at mid-span, see Figure 13, and the
maximum deflection was found. Typical axle distribution and weights are shown in Figure 14.
The truck has a spacing of fourteen feet between each axle and was loaded on the bridge at mid-
span as seen below. Five different support conditions were taken into consideration for the
analysis for each model. Although the roller support was considered in the model, it is not
expected that the bridge support will behave as such because of the nature of the integral
abutments.

30"
40

44 :

P Y PR

Figure 13: Location of HS-20 wheel loads on bridge.

13

181



HS20-44 8,000 LBS. 32,000 LBS. 32000 LBS
Figure 14: AASHTO HS-20 truck with axle loads.

Analysis for each of the three models was conducted using various support conditions. The
support conditions selected and used for comparisons are fixed-fixed, fixed-roller, fixed-pin, pin-
pin, and roller-pin. Each of these support conditions was selected in an attempt to see the
response of the bridge as conditions change. Once results from the live load and dynamic testing
are complete analysis of the data will allow for a comparison to be made with the model and
support condition more similar to the actual bridge. Preliminary analysis of the bridge was
conducted by running the three models with the given support conditions under the loading of an
HS-20 truck. The results of the deflections are given in Tables 3 and 4. Table 3 contrasts the
deflection due to the change in support conditions for each of the three models by comparing all
other support conditions with the fixed-fixed scenario. Deflection can change over 100% due to
variations of support conditions.

Table 3: Maximum deflection comparisons from Fixed-Fixed condition in each model.

Maximum Deflection (inches)

Support Conditions Solid % Diff  |Frame/Solid| % Diff | Frame/Shell | % Diff
| 0.061 0.064 0.063
| 0.095 57.200 0.100 57.943 0.098 55.857
— 0.070 14.962 0.086 35717 0.084 34454
— 0.073 20,823 0.115 £0.528 0.113 50279
T | 0.134 120,830 0.148 132981 0.145 131623

Table 4 shows the relationship between the deflection in the three models for any given support
condition. In this table the percent difference is calculated for the frame/solid and solid models
with respect to the frame/shell model. The results indicate that the frame/solid model behaves
somewhat similar to that of the frame/shell model differing from 1.2%-2.6%. The solid model
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behaves much stiffer. The deflection in the solid model differs over a wide range from about
negative 3.6% to negative 35.4% with respect to that of the frame/shell model.

Table 4: Maximum deflection comparisons between models using Frame/Shell as base line.

Maximum Deflection (inches)

Support Conditons Frame/Shell Frame/Solid % Diff Solid %o Diff
’:: 0.063 0.064 1280 0.061 3656
—_:,1 0.098 0.100 2.605 0.086 -12.200
: 0.084 0086 2231 0.070 -17.624
A 0113 0.115 1.420 0.073 -35.430

374 0.134 -8.14¢6

@ 0.145 0.148 |k

A modal analysis was completed on each model to find the natural frequencies for each set of
support conditions. Table 5 contrasts the frequency due to the change in support conditions for
each of the three models. Tables 6, 7, and 8 show the relationship between the frequency of the

three models for any given support condition.

Table 5: Modal Analysis with % Diff using Frame/Shell as baseline.

Natural Frequencies

Frame/Shell Frame/Solid Solid
— (™ e | = ] ] B v | o — I =] R 8| ey
Support Conditions e T L = = | = 8 = L = = =

\ ‘
i‘ V865|878 (977|842 |-270]855)] -261)| 956 [-207] 887 251 | 896) 200 | 985| 081
} "jj 612|666 | 741] 6.10 [-136] 6359 | 093 | 724 [-233] 6663 769 | 6.83] 297 | 786| 6.00
! B 722|842 | 842 T1B | 0.57) 722 |-1424) 812 | <333 807 1176 | 841) 012 841|112
i 5 80 | 623(760)376|076] 616 -141] 734 |-330) 7647| 31.83 | 797[2735] 2238|2219
IU Ay 37| 478 [ 638) 419 | 403] 407 022 603 | -3.24) 3071|-13.65] 4.73[ -1.16) 773|244




Table 6: Natural Frequency for Frame/Shell with %Diff comparing support conditions in each
model with Fixed-Fixed as baseline.

Natural Frequencies for Frame/Solid Model
Support Conditions | Mode 1 | % Diff | Mode 2 | % Diff | Mode 3 | % Dill
: | 842 855 9356
| 6.10 -27.4% 6.59 -22 88 7.24 -24.33
; 718 | 1477 722 | -1554 | 812 -15.08
B = 576 -31.62 6.16 -27.93 7.34 -2321
4 4.1% -50.21 4.77 -44.18 6.05 -36.74

Table 7: Natural Frequency for Frame/Solid with %Diff comparing support conditions in each
model with Fixed-Fixed as baseline

Natural Frequencies for Frame/Shell Model
Support Conditions | Mode 1 | % Diff | Mode 2 | %o Diff | Mode 3 | % Diff
| i 8.65 8.78 9.77
6.19 -25.48 6.05 -24.19 7.41 -24.10
| 1.22 -16.59 7.35 -16.32 8.42 -13.79
————1 3.80 -32.95 6.25 -28.81 1.5 -22.23
L 4.37 -49.52 4.78 -45.52 6.39 -34.62

Table 8: Natural Frequency for Solid/Solid with %Diff comparing support conditions in each
maodel with Fixed-Fixed as baseline

Natural Frequencies for Solid Model
Support Conditions| Mode 1 | % Diff | Mode 2 | % Diff | Mode 3 | % Diff
! i .87 8.96 983
! 6.66 -24.87 6.85 -23.53 1.86 -20.13
I 8.07 -9.06 8.41 -6.17 041 -4.47
B 7.65 -13.77 797 -11.05 Q28 -5 74
L 3.77 -37.48 4.73 -47.26 71.75 -21.24

From the results shown above, it is known that the boundary conditions and type of model used
affect the deflection and natural frequencies of the bridge. Because of the large differences that
can occur between the different models and support conditions it is important that careful
consideration be given when selecting the final model once the live load and dynamic test data 1s
retrieved.
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5.0 Detailed Visual Inspection:

In order to determine the condition state of the instrumented bridge, periodic detail visual
inspections will occur for the Utah Pilot Bridge. Parsons Brinkerhoff will conduct these
inspections. The inspection will follow established LTBP protocols for visual inspection.

6.0 Periodic Testing:

Various forms of periodic testing will occur throughout the duration of the LTBP project.
Estimated costs for testing are included in Appendix A. The different types of periodic testing
include detailed visual inspection (see Section 5.0), live load testing, dynamic load testing, deck
monitoring, non-destructive testing/evaluation (NDT/NDE), and material testing. The proposed
occurrence interval of each test is listed in Table 9.

Table 9: Frequency of Test Methods.

Test M ethod Occurrence

(yr)
Detailed Visual Inspection 2
Live Load Testing 6
Dynamic Live Load Testing 6
Deck Testing/Evaluation 6

NDT/NDE 4oré6

Material Testing TBD

6.1 Live Load Testing:

Live-Load Testing will provide necessary information to track the changes that the bridge
undergoes with time. Changes that will be monitored are the overall global response of
the bridge and critical system behavior of individual parts of the bridge. To know the
cause of behavioral changes on the bridge, it is important to know the starting point of the
bridge. This can be considered as a baseline. Therefore, the initial Live Load Test will be
used in comparison with all subsequent live load tests.

The starting point, or baseline, will be defined by recording data from the live load test
that includes longitudinal and vertical girder strains, vertical girder deflections, deck
strains, joint movement, and bearing rotations. From the truck loads that will be used in
the testing, wheel load distribution factors and dynamic load allowance will be
determined.
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The live-load testing will be a combination of both crawl (static) and full-speed
(dynamic) tests. The Utah Pilot Bridge is a single span, simply supported bridge. The
abutments are integral abutments so it is expected that this bridge will not respond as a
perfectly pin-pin or a fixed-fixed connection. From the cracking that has been observed at
the bridge site, it is believed that a fully fixed condition does not exist. At this time,
estimation is that the bridge acts partially fixed with some rotation allowed due to the
cracking observed. It is recommended that the Utah Pilot Bridge be tested with Static and
Dynamic Live Load tests, as explained below.

Information necessary to understand bridge response gathered during the live load test
will aid in answering the following LTBP Study Topics: performance of untreated
concrete bridge decks (1), performance of bridge deck treatments (2), the performance,
maintenance and repair of bridge deck joints (3), and performance of bare/coated
concrete super- and sub-structures (5) are Study Topics that are better understood from a
live load test. In addition, the change from the baseline over the duration of the project
will provide information for performance of bridge bearings (8), performance of jointless
structures (10), and performance of prestressed concrete girders (17). All of these listed
study topics, and their analysis, will provide further development of criteria for
classification of functional performance (20).

6.1.1 Static Live Load Test:

From fundamental beam theory, it can be shown that the maximum moment of a
simply supported or fixed-fixed beam occurs at the midspan. The calculation of
the moment for either condition is relatively straightforward. It is assumed that
the Utah Pilot Bridge acts somewhere between a fixed-fixed and simply supported
bridge. By knowing the correct theoretical applications of each boundary
condition, field tests can produce results to clarify the actual support conditions
that the Utah Pilot Bridge, and other bridges with its same construction,
experiences.

Data collected from the static live load test will aid researchers in determining the
correct boundary conditions for the bridge in addition to load duration properties.
Instrumentation attached to the girders and bridge deck will provide the necessary
data for researchers to calculate the maximum moment, deflection, and shear in
various locations throughout the bridge. Data can then be analyzed and actual
boundary conditions obtained. This data will be integrated into the FEM created
for further analysis of the Utah Pilot Bridge.

Figure 15 and Figure 16 shows probable locations of strain gauges. Three strain
gauges at each distance location are recommended on all five girders to provide
an accurate strain distribution. The two strain gauges along the web will provide a
strain distribution through that part of the girder providing a good basis for
determining the neutral axis. The gauge located on the bottom of the girder will
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provide a reading of the maximum strain and greatly aid in determining maximum
moments in each girder.

Figure 15 also shows the probable locations of deflection instruments. Virginia
Tech researchers have developed a deflection instrument, or deflectometer, that
accurately measures the deflection of a bridge. The deflectometers used for live
load testing, as shown in Figure 17, consist of a flat aluminum plate with a full
bridge bonded foil strain gage applied to the surfaces. Connected as a cantilever to
each girder and firmly tied to the ground with wire, strains are measured in the
plate as the girder deflects. These strains can be used to determine the vertical
deflection being experienced by the girder. The instruments have frequently been
referred to as “Twangers”.

It is recommended that the use of two heavily loaded dump trucks provide the
loading for the static live load test. Since the overall structure length is relatively
short, it i1s desirable to select trucks with the greatest maximum weight as
possible. The trucks will be driven across the bridge at speeds not exceeding 5
mph, preferably in the range of 2-3 mph, for the three load paths, see Figure 19. It
may be desirable to park the trucks at various locations at mid-span to gather the
maximum deflection obtained in the most accurate manner. For accurate strain
measurements, later analyzed to determine maximum moment and shear,
approximately 30 strain gauges should be attached to the girders at midspan and
five feet from the abutment. The instrument locations are shown in Figures 18 and
16. Temperature readings will be taken during the testing but the effects of
temperature (i.e. expansion and/or contraction) will be minimized by zeroing
between truck runs.
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Figure 17: Deflectometer on bottom flange of a girder.

6.1.2 Dynamic Live L.oad Testing:

Dynamic live load testing methods have preferred application in scenarios where
the effect of vehicle speed on bridge performance is desired. Dynamic live load
tests allow the researcher to monitor the bridge stiffness as a function of the speed
of the traveling vehicle. These effects are related to the functional performance of

the bridge, (20).

It is recommended that the Utah Pilot Bridge be subjected to a dynamic live load
test with varying increments of vehicle speed. Measurements should be made with
vehicle speeds at intervals similar to 5, 10, 20, 35, 45, 55, and 65 mph. Multiple
tests will allow for greater comparisons of the effects that vehicle speeds have on
bridge response. Further, it is recommended that the vehicle used in the test, drive
along three predetermined paths at each of the nominal speeds. These locations
are close to the East edge of the bridge, center line of the bridge and West edge of
the bridge, Figure 19.

Instrumentation for the Utah Pilot Bridge for dynamic live load testing will be the
same as that used for the static test. This will include strain gauges at the midspan
and 5 feet from the end of each girder, see Figures 15 and 16 for schematic
diagrams of instrument locations.
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Fast Load Path

Center Load Path

Figure 18: Pictorial representation of load paths for Static and Dynamic Live Load Tests.

6.2 Dynamic Testing:

The Utah Pilot Bridge will undergo a forced vibration test using an electro-magnetic
shaker. This shaker will produce a harmonic force to the structure. Through measurement
and analysis of the structures response, further understanding into the global
characteristics of the structure can be obtained. With careful planning and consideration,
the resonant frequencies and response shapes of the structure will be determined. The
analysis will allow for multiple conclusions to be made. For instance, assumption of the
static stiffness can be made, modal frequencies, shapes and damping ratios can be
measured and specific trends in characteristics can be made over a range of response
levels. The knowledge that is gained from dynamic load tests can provide values for
calibration with the FEM. After calibration, the FEM has a greater degree of certainty and
thus more confidence can be placed on the analytical results.

Conducting the dynamic test will provide information regarding Study Topics:
performance of untreated concrete bridge decks (1), performance of bridge deck
treatments (2), performance, maintenance and repair of bridge deck joints (3),
performance of bare/coated concrete super- and sub-structures (5), performance of bridge
bearings (8), performance of jointless structures (10), and performance of prestressed
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concrete girders (17). From the change in the modal damping ratios, static stiffness and
resonant frequencies, researchers can determine risk and reliability evaluation for
structural safety performance (15) as well as define criteria for classification of functional
performance (20).

Utah State University owns a number of forced vibration shakers. These shakers have the
capability of running at various frequencies and producing a range of force on the bridge.
The shaker recommended for use in Dynamic Testing of the Utah Pilot Bridge is any
shaker of the equivalent to an APS Electro-Seis® Long Stroke Shaker. Figure 19 is a
picture of a Model 400 and Table 10 displays specifications for the shaker.

A e, O

L =
Figure 19: Electromagnetic shaker with custom built frame.
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Table 10: Model 400 Specifications.
Ttem Value

Maximum Force, Vector 100 Ib.
Maximum Velocity, Vector 30 in./sec
Maximum Stroke, p-p 6.25 in.
Armature Weight 6.1 Ib.
Maximum Overhung Load at

Armature Attachment Point 20 Ib.

Total Shaker Weight 2 ohm
Overall Dimensions 160 Ib.
Length 20.7 in.
Width 12.4 in.
Height 7.0 1n.

The APS Model 400 is an electromagnetic forced vibration shaker. It is fundamentally a
force generator. The force generation takes place in a magnetic field which is
perpendicular to the current. The Model 400 Shaker is capable of generating any time
waveform of force acting between its armature and body, in accordance with an identical
time waveform of current supplied to it. The force magnitude is directly adjustable,
independent of the frequency or time waveform of operation and it may be
instantaneously terminated by interrupting the current.

Recommended minimum instrumentation for the Utah Pilot Bridge for the dynamic
testing 1s sixteen 1 Hz velocity transducers and two accelerometers with a range of 2-4 g
capabilities, for a total of eighteen channels. The location of the shaker on the bridge as
well as placement of the instruments will be finalized upon completion of the FEM.
Fundamental frequencies and mode shapes of the bridge will be considered when
determining sensor locations. Figure 20 shows a schematic of proposed locations. For
estimated costs for Dynamic Testing equipment see Appendix B.

Each circle and/or arrow on Figure 20 represents a sensor. A circle represents a vertical
axis sensor. Each arrow indicates a direction axis. For example. Two arrows
perpendicular to each other indicated that two sensors are placed at the location and
record both transverse and longitudinal directions. Including a circle with the two arrows
indicates that vertical motion is also measured. A bi-axial accelerometer is indicated by
the circles with one arrow extending out. Figure 20 gives an approximate sensor layout
for the dynamic testing.
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Figure 20:Dynamic Test instrument layout diagram.

Access to the underside of the bridge for both the live load testing and dynamic load
testing instrument set-up will be easily obtained. The local road that passes underneath,
Cannery Road, is a wide lightly traveled road that carries maintenance trucks or local
farmer traffic. Therefore, due to the wide road and low traffic, no organized redirection or
closing of local traffic is necessary. This allows researchers to access all areas of the
bridge with little to no encumbrance.

Equipment capable of reaching the underside of the bridge will be rented for use in
installing the live load and dynamic load testing equipment. This can be achieved through
a combination of stationary scaffolding equipment and a mobile bucket truck. The use of
this equipment will allow researchers to easily and safely access the girders and
underside of the bridge deck for placement of gauges. Cables will be temporarily
suspended from the bridge to keep them off Cannery Road. A data acquisition unit and
computer will be set-up in a convenient and safe location for researchers. Installation can
occur at most any time, given that access 1s available during all hours and no special
closure is required. A cost estimate for the periodic testing equipment, scaffolding and a
bucket truck is found in Appendix A.

Testing will likely occur on a Saturday or Sunday night, when traffic is the lightest. The
I-15 corridor is heavily used for commuting and freight traffic, given the estimated
22,250 AADT and 29% truck traffic. A complete closure of the bridge is impossible even
at night. During a discussion with UDOT bridge engineer officials, it is recommended
that scheduled slow-downs and single lane closure occur to provide a ten minute
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windows for researchers to conduct tests. A slow-down requires coordination with the
UDOT and the Utah Highway Patrol. A police officer will start some distance away from
the bridge and slow traffic to a crawl. Once past the bridge, the police officers will return
to the position before the bridge and repeat the process. This will allow for traffic to flow
at a near normal speed and provide researchers the availability of the bridge needed for
quality data acquisition.

6.3 Deck Testing:

The deck testing plan is aimed at quantifying the material properties of the concrete and
steel, namely the permeability of the concrete, the ability of the concrete to provide a
protective environment for the reinforcing steel, the corrosion of the steel reinforcement,
and properties that will affect these items (specifically cover depth of reinforcement,
resistivity of the concrete, chloride contents, and carbonation). The specific tests to be
performed are:

¢ Chloride contents of concrete along the depth of the deck
+ Cover depths of reinforcing steel

* Resistivity of concrete

» Corrosion potentials of reinforcing steel

+ Corrosion rates of reinforcing steel

« Carbonation of concrete

* Coring of concrete

Chloride content of the concrete is perhaps the most important measure in determining
the overall state of the deck. Chlorides are not only a problem in states where deicing
salts are used, but also in coastal regions where structures are exposed to salt water or
brackish water. As mentioned, chlorides are one of the main culprits in corrosion of
reinforcing steel, destroying the protective passive layer on the reinforcing steel, allowing
the steel to corrode, expand, and crack the concrete. Determining the chloride content at
various depths will aid in determining the condition of the concrete both above and below
the top mat of reinforcing steel. Chloride concentrations high enough to initiate corrosion
below the steel is a precursor to both localized spalling of the concrete and large scale
delaminations of the concrete. To obtain adequate data for statistical analysis a minimum
of 30 tests at randomly selected locations should be performed. The test will include
sampling at the following depths:

. Yto %
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* The top ¥" of concrete will be discarded due to the inconsistency in the chlorides
at this depth.

One of the simplest methods used to protect reinforcing steel is using the proper amount
of clear cover concrete over the reinforcing steel. Inadequate clear cover can cause
reinforcing steel to start corroding prematurely, and will exacerbate ongoing corrosion
problems by allowing more chlorides to attack the reinforcing steel. Measuring the
amount of clear cover allows comparisons to be made between the condition of steel with
differing amounts of clear cover concrete. For statistical analysis purposes, the sampling
size would be approximately 40 locations per span. The locations will include the wheel
paths, in between the wheel paths, and the shoulder, and will be randomly selected along
the length of the deck. The actual number of sampling locations will be determined by the
UDOT.

Another measure of the protection afforded to reinforcing steel 1s the resistivity of
concrete. Dry concrete serves as a good insulator against corrosion currents in the steel,
but as the moisture in the concrete increases, the resistivity decreases. The increase in
conductivity is due to the water in the capillary pores containing dissolved salts. The
source of the salts is not only external, e.g. deicing chemicals or salt water, but also from
the internal salts which exist in the cement or any admixtures added to the concrete.
Resistivity measurements are also being studied as a possible method of determining the
permeability of the concrete. Due to the variation of the resistivity values across the deck,
a distribution is used for modeling purposes. To obtain a sample size large enough for
statistical manipulation, a minimum of 30 readings should be taken. However, the final
number of samplings will be determined by the UDOT.

To quantify the corrosion in the steel two tests are performed: corrosion potential and
corrosion rate. Corrosion potentials give an indication of the condition of the steel with
regards to corrosion activity, that is, the potential for corrosion to exist at the location of
the test. While no direct information is given about the rate of corrosion, it generally
increases as the potential becomes more negative. The corrosion rate of the reinforcing
steel is measured using a device such as a 3LP or Gecor device. These devices will
measure the instantaneous rate of corrosion at a given site, but this does not provide any
information about the long-term variations in the rate of corrosion. To achieve a long-
term overview of the corrosion activity of the structure these measurements will be part
of the long-term testing plan, discussed later in this report. Corrosion potentials are taken
at 2 ft spacing on a grid. While this is greater than the minimum required by ASTM
C876, a smaller spacing is desired to determine if the ASTM standard is un-conservative.
Corrosion rates will be taken in both the wheel path and away from the wheel path, with
specific locations to be determined after the initial visual inspection.

Another factor that can cause reinforcing steel to lose its passivity is carbonation of
concrete. The high pH of concrete (generally in the range of 12.5 — 13.5) is what allows
for the steel to form its passive layer. If the pH of the concrete drops below
approximately 10, the passive layer starts to break down, and corrosion begins, regardless
of chloride concentration. Carbonation generally occurs at a very slow rate in high quality

27

195



concrete, but can be a severe problem in highly permeable concrete. Another factor that
can cause the pH of concrete to drop is extended periods of saturation in the concrete.
Water will leech calcium hydroxide from the cement, which causes the pH to fall. While
the carbonation test does not determine the precise cause of lowered pH in concrete,
information gathered from this test can be used in conjunction with the visual inspection,
resistivity, and chloride contents to provide an overall view of what is occurring in the
concrete. Since this test requires drilling a hole in the deck, it will be performed at the
same locations as the chloride content tests.

The final component of the initial inspection will be to pull cores from the deck. A visual
inspection will allow inspection of the surface, but coring through reinforcement allows
for close inspection of not only the steel, but the concrete surrounding it. It will also
allow for the necessary clectrical connections required for the corrosion rate and
corrosion potential tests. Coring quantities and locations will be determined after the
initial visual inspection, but it is likely to be in the range of 6 to 8 cores. A discussion
with the Region 1 Operation Manager at the UDOT indicated that any coring through
steel will require specific permission from a UDOT bridge engineer in the structures
department. It is likely that the number of cores through steel will be strictly limited.

In-field instrumentation for the deck will be limited to a roadway salt sensor. The sensor
selected for this application is the Campbell Scientific IRS 21 Lufft Intelligent Road
Sensor as shown in Figure 22. The IRS21 sensor will measure road surface temperature,
percent salt in solution, freezing point, and water film height. The manufacturer
recommends placing two sensors in close proximity (within several feet) of each other.
The number and specific location of sensors will be determined following the initial
condition inspection, but will likely be in the wheel path close to the approach slab. The
specific interest in this sensor for the pilot study is to compare the salt content on the
roadway to values provided by the UDOT. For future bridges, it is unknown if salt
application data will be available for all the bridges, so the sensor can be used to provide
a reasonable estimate of the amount of deicing salt placed on the bridge.
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Figure 21: IRS21 Lufft Intelligent Road Sensor

In addition to the preliminary survey, follow up surveys will be performed in order to
validate models for chloride ingress, as well as service life models relating to bridge
performance. The results of the long term survey plan can also be used to give specific
information about the performance of the deck. Comparisons can be made to the
performance of both similarly constructed structures as well as structures with varying
design and performance histories.

Since corrosion of reinforcement is a slow process, leaving monitoring equipment in
place for years at a time would prove both extremely expensive and unreliable. Bearing
this in mind, monitoring of the performance and condition of the deck would be better
served by performing periodic inspections similar to the initial condition inspection. The
tests to be performed at regular intervals are the ones which will change as the condition
of the structure degrades (or improves, such as after repairs or rehabilitation). Data that
will be collected at regular intervals for this task is shown in Table 11. For estimated
costs of Deck Testing equipment see Appendix A,

Table 11: Bridge Deck Testing Methods and Occurrence Intervals

Test Method Occurrence (yr.)
Chloride Contents Initial, 6, reassess after 6
Carbonation Initial, 6
Coring Initial, 6
Corrosion Potentials 6
Corrosion Rates 6
Cover Depths Initial Only
Resistivities 6

Visual Inspection, Chain
Drag, Sounding, and Crack

0
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6.4 NDT/NDE:

The type of NDT/NDE will be determined by Rutgers University with input from the
LTBP Program team members. The NDT/NDE program and testing method is projected
to retrieve reliable and excellent data for bridge health evaluation.

6.5 Other Material Testing:

In addition to live and dynamic load testing, other non-destructive testing methods will be
used to quantify the bridge condition state. A number of methods are currently available.

7.0 Monitoring:

Throughout the life of the project, instrumentation will be placed on the bridge to provide data
for bridge health evaluation. Monitoring of the bridge will be exhaustive, in order to obtain the
maximum information. All factors that affect bridge performance are considered in the
instrumentation plan and are categorized by the LTBP Study Topics. Monitoring over the project
life will allow for changes in the bridge response to be recorded. Monitoring will be divided into
two categories. The first category will represent the group of instruments that bridges in every
state will have installed and the second category will be determined for each bridge individually.
The first will be referred to as Standard the second will be referred to as Specialized. Evaluations
of this data will help researchers understand the needed occurrence of periodic testing. For
estimated costs for Monitoring equipment see Appendix A.

Standard monitoring equipment will provide data for performance of untreated concrete bridge
decks (1), performance of bridge deck treatments (2), performance, maintenance and repair of
bridge deck joints (3). performance of bare/coated concrete super- and sub-structures (5),
performance of bridge bearings (8), and performance of jointless structures (10). Specialized
monitoring equipment will provide data for performance of untreated concrete bridge decks (1),
performance of bridge deck treatments (2), performance, maintenance and repair of bridge deck
joints (3), performance of bare/coated concrete super- and sub-structures (5), performance of
bridge bearings (8), performance of jointless structures (10), performance of prestressed concrete
girders (17), and performance of structure foundation types (19). As data is stored, analyzed and
compared with baseline results, risk and reliability evaluation for structural safety performance
(15) and criteria for classification of functional performance (20) can be determined.

7.1 Standard Monitoring:

Standard monitoring equipment includes: a Weigh-In-Motion (WIM) sensor, a Weather
Station, a traffic camera and traffic count. Estimated costs to provide the specified
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instruments are contained in Appendix A. A detailed explanation into the selection and
application of each instrument is conducted in the subsequent sections.

Figure 26 displays probable locations of the monitoring equipment to be placed on the
Utah Pilot Bridge. The location of the WIM sensor is near the Utah Port of Entry. Further
explanation of this is in section 7.1.1. The traffic camera will be located approximately
100 feet north of the bridge to capture significant events.

7.1.1 WIM and Traffic Counter:

The WIM sensor is necessary to obtain vehicle weights that lead to strain and
deflection measurements. This is an important step in determining the
performance of untreated concrete bridge decks (1), performance of bridge deck
treatments (2), performance, maintenance and repair of bridge joints (3),
performance of coatings for steel superstructure elements(4), performance of
bare/coated concrete super- and sub-structures (5), performance of innovative
bridge designs and materials (6) performance of embedded pre-stressing wires
and tendons (7), performance of bridge bearings (8), performance of precast
reinforced concrete deck systems (9), performance of jointless structures (10),
performance of alternative reinforcing steels (11), performance of weathering
steels (13), influence of cracking on the serviceability of HPC decks (14), risk and
reliability evaluation for structural safety performance (15), performance of pre-
stressed concrete girders (17), performance of structure foundation types (19), and
criteria for classification of functional performance (20).

An investigation of multiple WIM manufactures was conducted and most supply
a quartz based WIM sensor. The sensor of choice is a quartz piezoelectric sensor.
This sensor is preferred, among all WIM sensors, because it is capable of being
installed in one day, can measure vehicle weights at freeway speeds (80 mph), is
only two inches wide and the quartz WIM sensor is cheaper than installing other
WIM sensor type. A graphical representation of a Quartz WIM sensor is given in
Figure 23. Figure 24 shows how the instrument appears when installed in the
roadway as taken from the Perry, Utah Port of Entry.
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Figure 22: WIM Sensor, www.cardinalscale.com
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Figure 23: Quartz based WIM as seen installed in a lane leading to Perry, Utah Port of Entry.

A WIM sensor is capable of recording traffic counts. Traffic counts will
accurately inform researchers of the number of vehicles that use the bridge each
day, as well as the percentage of the daily flow that is attributed to trucks. The
WIM sensor has the capability of counting the daily traffic flow across a lane.

The Perry, Utah Port of Entry currently operates four WIM sensors, two for the
southbound and two for the northbound traffic. Each direction of traffic has one
WIM on the freeway, where vehicles travel at the posted freeway speed limit, and
one along the lane leading to the port of entry/weigh station where trucks travel at
a speed much less than freeway speeds. The WIM that is located along the lane is
owned by UDOT Motor Carrier division. The WIM that is located on the
interstate is owned by Pre-Pass. Figure 25 shows the WIM sensor installed
complete with sensors in parallel and an inductive loop.
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Figure 24: WIM installed on lane leading to Perry, Utah Weigh Station. See labeling for part
descriptions

Researchers from USU were given a tour of the weigh station and shown how the
WIM sensors work and record data. The WIM owned by UDOT is calibrated
automatically every 100 trucks with comparison to the static scale. The computer
algorithm knows when the 100" truck crosses and subsequently directs that truck
to the static scales. A calibration is made with the scales and the WIM sensor so
that the WIM sensor maintains a high level of accuracy. A sample of the data
retrieved as trucks cross the WIM was shown to the USU researchers.
Representatives from the UDOT Motor Carrier Division lead the tour of the site.

Data from both WIM locations on the northbound direction are available to the
USU research team after discussions with the UDOT Motor Carrier Division.

The UDOT Motor Carrier Division owns the data that is recorded from the WIM
sensor in the lane leading to the weigh station. An agreement has been made for
the USU researchers to receive this data. The WIM sensor that is installed in the
interstate is owned by Pre-Pass.

WIM sensor data will be monitored continuously; ideally, all other data will be
sampled based on a triggered event from the WIM sensor. This event will
coincide with the measurement that the WIM sensor records when a truck crosses
over the bridge. The event will trigger the sensors on the bridge to record
measurements for further analysis. The WIM sensor is an important triggering
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mechanism in this sequence and 1s necessary for determining the truck weights
that cross the bridge. For the Utah Pilot Bridge, a triggered event from the WIM
sensor data will not be possible.

Since trucks will pass the WIM sensor and then enter the weigh station it 18 not
known how long it will take for a particular truck to reach the structure. A truck
may have a Pre-Pass and be allowed to travel along at original speed. However, if
the truck must enter into the weigh station, it may be stopped for inspection or it
may pass through quickly. Either way, travel speed is slower than if there were no
weigh station. Thus, a trigger is unlikely since a reliable time of arrival on the
bridge structure can be calculated. Because of this difficulty, a streaming video
camera and sophisticated software will be required to properly capture and
document "unusual” or "significant" events.

7.1.2 Traffic Camera:

A traffic camera with the basic capability of a low resolution streaming video is
necessary to understand traffic flows during significant events. When coupled
with a WIM capable of recording a triggered event, a streaming video camera will
provide adequate analysis data to understand what caused the event. Since the
WIM setup for the Utah Pilot Bridge is not capable of providing an accurate
trigger of an event, a streaming video feed will facilitate in capturing all events
whatever traffic situation may occur.

Therefore, the use of a short video of traffic conditions will aid in bridge response
analysis. A video data collection system will be necessary for collection and
analysis. The system will need hard drive space that allows for a determined span
of time to be recorded and casily accessed for later storage and analysis. The data
storage space must be large enough to provide a time duration that will allow
researchers opportunity to retrieve the data. Understanding the flow of traffic over
the bridge will aid in analyzing capacities of the bridge.

The location of the traffic camera on the Utah Pilot Bridge will be determined
upon selection of a camera and after consideration of manufacturer
recommendations. A possible location is presented in Figure 26. A pole, for
mounting, will be installed near the bridge for the camera. It is necessary that the
camera have a clear shot of the bridge at all times. A pole of significant height is
necessary to reduce vandalism.

7.1.3 Weather Station:

Environmental effects ranging from expansion and contraction of material
through heating and cooling cycles due to daily temperature variations to the more
extreme freeze-thaw conditions of seasons are important in determining bridge
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health. Seasonal temperature changes can cause joint movement, bearing
movement and local strain variations. All of these parameters require attention.
Knowing the response of the bridge to environmental conditions will help in
understanding changes in stress and strain.

A Weather Station will include gauges, or instruments, to record the following
data: precipitation, wind direction, wind speed, radiation, humidity, and ambient
air temperature. All equipment for a weather station will be securely fastened to a
pole located in a safe location. The location will be in accordance with FHWA
and UDOT standards and installed with UDOT permission.

For the Utah Pilot Bridge, it is recommended to install a weather station near an
AC power unit. This will allow for a heated precipitation gauge. Utah receives
much of its yearly precipitation in the form of snow. A typical precipitation gauge
will incorrectly record the amount of precipitation that falls in the form of snow,
if a heated gauge is not used. Discussions reveal that to record accurate
precipitation readings, a heated precipitation gauge is recommended. The heated
gauge uses a direct AC link. However, in the case that installation and connection
costs are financially prohibitive to provide an AC connection, then a solar panel
assembly with an energy reserve by way of deep cycle batteries should be used. If
a solar panel is used, the precipitation gauge will require a different unit that
requires less demand on the electrical power.

Figure 26 gives an approximate location for the traffic camera, chloride sensors
(presented under the specialized monitoring equipment section), the WIM sensor
and the weather station.

The items in the "Standard" instrumentation package are essential in adequately
addressing all of the listed study topics. The combined effects of loading (WIM data),
identifying unusual loads (Traffic Camera) and environmental effects (Weather Station)
will provide the basis for comparison of all bridges included in the LTBP program.
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Figure 25: Probable location of bridge instrumentation.
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7.2 Specialized Monitoring:

Depending on the type of bridge, its geographical location, and the interests of the LTBP
Team; each bridge will undergo analysis for determining additional instrumentation
beyond the Standard Monitoring Instrumentation package. For the Utah Pilot Bridge a
number of additional instrumentation sensors are proposed. They are listed and explained
in the following paragraphs. A cost estimate for the specialized monitoring sensors 1s
given in Appendix A.

In the category of strain gauges, the Utah Pilot Bridge will have three Vibrating Wire
Strain Gauges placed on the girders. The high accuracy and longevity of the vibrating
wire strain gauges will provide a precise comparison of the structural response of the
bridge over ime and through deterioration. The slow sampling rate of the vibrating wire
strain gauges will be recorded on a set time interval. There will be an additional five foil
strain gauges that will be placed in select locations on the bridge to understand the bridge
response to excitation/loading scenarios. The data will be recorded on a much faster time
interval than the vibrating wire strain gauges. Recorded data from the foil strain gauges
will be stored following a triggered event. Foil strain gauges have a tendency to “drift”
over time, which will require periodic zeroing and eventual replacement to maintain data
quality. These sensors will address performance of untreated concrete bridge decks (1),
performance of bridge deck treatments (2), performance, maintenance and repair of
bridge deck joints (3), performance of bare/coated concrete super- and sub-structures (5),
performance of bridge bearings (8), and performance of pre-stressed concrete girders
(17).

Two velocity transducers will be placed on the bridge to record dynamic responses due to
excitation from vehicles passing over and if there is any seismic activity. Utah is in a
seismically active location and any seismicity will affect the bridges in this area. It is
important to know how bridges respond to dynamic loading. These sensors will address
performance of untreated concrete bridge decks (1), performance of bridge deck
treatments (2), performance, maintenance and repair of bridge deck joints (3),
performance of bare/coated concrete super- and sub-structures (5), performance of
innovative bridge design and materials (6), performance of bridge bearings (8),
performance of jointless structures (10), influence of cracking ont he serviceability of
HPC decks (14), risk and reliability evaluation for structural safety performance (15),
performance of pre-stressed concrete girders (17), performance of foundation types (19)
and criteria for classification of functional performance (20).

The Utah Pilot Bridge experiences repeated freeze-thaw conditions with heavy snow fall
during the winter season. It is well documented that bridge decks freeze before earth
supported roadway surfaces. The UDOT places varying amounts of de-icing agents on
roadways to provide for safe driving conditions. The most common de-icing agent used
in Utah is salt. The chlorides in salt can result in differing levels of corrosion to the
bridge superstructure.
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It 1s in the interest of the LTBP Program for the Utah Pilot Bridge to determine the
quantity of salt placed on the bridge in order to understand the effects that chloride
application has on the deterioration of the superstructure. A minimum of one chloride
sensor will be installed on the deck of the bridge to measure the chloride quantity, For
accurate recording, two sensors are recommended; see Figure 26 for possible instrument
location(s). These sensors will address performance of untreated concrete bridge decks
(1), performance of bridge deck treatments (2), performance, maintenance and repair of
bridge deck joints (3), performance of coatings for steel superstructure elements (4),
performance of bare/coated concrete super- and sub-structures (5), performance of
innovative bridge design and materials (6), performance of bridge bearings (8),
performance of precast reinforced concrete deck systems (9), performance of alternative
reinforcing steels (11), influence of cracking on the serviceability of HPC decks (14), risk
and reliability evaluation for structural safety performance (15), and criteria for
classification of functional performance (20).

Two tilt meters, one placed on the abutment, will be used to measure any rotation or
settlement of the bridge due to various loading conditions. Six temperature sensors will
be installed on the bridge with the intention of measuring the temperature of the girders.
Localized knowledge of thermal gradients will allow researchers to understand joint
movements, bearing movements and local strain ranges as a result of the differential
temperature reading across a girder. Figure 27 displays possible locations of the
specialized instruments for the Utah Pilot Bridge. Figure 28 shows the possible location
with respect to the girder cross section. These specialized monitoring instruments have a
cost estimation provided in Appendix A. These sensors will address performance of
bridge bearings (8), influence of cracking on the serviceability of HPC decks (14), risk
and reliability evaluation for structural safety performance (15), unknown foundation
types (18), performance of structure foundation types (19), and criteria for classification
of functional performance (20).
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Figure 26: Location of specialized monitoring equipment.
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Figure 27: Cross section of girder showing proposed specialized monitoring sensor locations.

7.3 Service, Maintenance, and Projected Replacement:

Through the duration of the monitoring period, certain costs will be incurred through up
keep of the equipment placed on the bridge structure. There will be a number of service
costs which include AC power and communication/internet costs. In addition to that,
there are maintenance costs including but not limited to site visits and
datalogger/instrument software updates. It is likely that many unforeseen maintenance
costs will arise due to the large amount of equipment installed and difficulty in knowing
all of what happens at a bridge site. This may include but is not limited to vandalism,
weather occurrences, traffic incidents or bridge maintenance crews. It is expected and
known that certain instruments will require replacement after a certain number of years.
Preparation in planning for these costs will provide a much easier method for payment.
An estimation of these costs is contained in Appendix A.

8.0 Analysis and Data Storage:

8.1 Analysis:

Data processing will be conducted by the Utah State University Research Team. A
datalogger, installed at the bridge site will collect, record, and deliver raw data to a secure
site for further analysis. A communication connection, in the form of high-speed internet
service, will be installed at the bridge site. Integration with the communication service
and the datalogger will allow for constant real-time updating of data. A constant
communication connection will remove the need for time consuming visits to the bridge
site for data retrieval. This will save time and money over the life of the project.
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Appendix A contains a cost estimate for purchasing a datalogger and the necessary
equipment to record data.

Processing of collected data will be conducted by the Utah State University Research
Team through the use of computer programs. Programs used will depend on the nature of
the analysis, such as Microsoft Excel or MATLAB are likely candidates because of their
universal acceptance, familiarity with the programs, and reasonable ease of use. Data
processing will allow and decisions to be made for future bridge construction.

8.2 Data Storage:

A large amount of raw data will be collected through the project life of the Utah Pilot
Bridge. This data will be stored by Siemens America and Parsons Brinkeroff, as defined
in Task 1.3 of the LTBP program. Data access will be coordinated through Siemens
American and Parsons Brinkerhoff. For accurate and consistent data retrieval, it is
important that the USU research team have responsibility for the coding and
programming of instruments installed on the Utah Pilot Bridge.

If a real-time viewing of data via an internet site is desired, coordination with Siemens

American and Parsons Brinkerhoff is necessary. Adequate precautions for security and
data access reasons must be considered in developing viewing via an internet web page.

9.0 Instrumentation Plan Summary:

An instrumentation plan is proposed for consideration. It is recommended that the proposed
sensors, number of sensors, and data acquisition equipment be approved to produce the highest
quality of data possible. Each individual sensor cost, equipment cost, and expected cost per
periodic test is given in Appendix A.

Constant maintenance of the bridge instrumentation equipment must occur for accurate data
acquisition. Continued costs will arise to replace or update instruments. Power must be supplied
to instruments and payments need to be made for communication connection. The costs expected
for the Utah Pilot Bridge on a yearly basis are given in Appendix A. Certain costs are averaged
over a yearly period. These include chloride and other instrument replacement costs. The
replacements for the chloride sensor are expected to occur every five years. The cost to replace at
that interval is averaged over five years. Other unforeseen costs are likely to occur. A summary
of the budget for the 2009 — 2010 fiscal year is displayed in Appendix A. Individual costs for
cach area shown in the table are further explained in Appendix A.
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2.1 Instrumentation Systems

2.1 Live Load Testing:

Equipment*
Table A 3 Live-Load Testing Equipment.
Item Quantity Cost Unit Total
STS-WiFi4 ChannelNode 2 $ 3,640.00 Each $ 7,280.00
BDI Straintransducer w/Inteliducer 4 $ 595.00 Each $ 2,380.00
LVDT w/Intelliducer 4 $ 715.00 Each $ 2,860.00
Deflection Instrument (Twanger) 8 $ 1,250.00 Each $ 10,000.00

Total= $22,520.00
2.1.1 Cost Per Test (Utah)

Table A 4 Live Load: cost Per Test (utah)
Item Quantity Cost Unit Total

Traffic Control 3 $ 2,000.00 Per Day $ 6,000.00
Truck Rental 2 b 600.00 Per Day $  3,600.00
Equipment Rental 1 $ 450.00 Per Day $ 1,350.00
Travel (per diem - 4 people) 3 b 200.00 Per Day $ 2,400.00
Travel (Airfare - 4 people) 0 $ 500.00 PerPerson §$ -

Travel (Vehicle Rental) 1 $ 100.00 Each $ 100.00
Material and Supplies 1 $ 3,000.00 Each $ 3,000.00

Total = $16,450.00

2.1.2 Cost Per Test (California)

Table A 5 Live-Load: Cost Per Test (California).
Ttem Quantity Cost Unit Total

BDI Sub-Contract 0 $  24,000.00 Each $ =
Traffic Control 2 $ 2,000.00 Per Day $ 4,000.00
Truck Rental 2 $ 600.00 Per Day $ 2.400.00
Equipment Rental 0 $ 450.00 Per Day "s -
Travel (per diem - 2 people) 2 $ 200.00 Per Day $ 800.00
Travel (Arrfare - 2 people) 2 $ 500.00 PerPerson § 1,000.00
Travel (Vehiclke Rental) 1 $ 100.00 Each $ 100.00
Material and Supplies 0 $ 3,000.00 Each $ -
Total = $ 8,300.00
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2.2 Dynamic Testing:

Equipment*
Table A 6 dynamitc Testing Equipment.
Item Quantity Cost Unit
Data[a&ger
Datalo gger 0 $ 9,000.00 Each $
Field Enclosure 0 $ 1,100.00 Each $
14/28 Input Module (Multiplexer) 0 8 1,000.00 Each $
Filtered Analog Input Module (Antialias) 0 $ 3,300.00 Each 3
Excitation Module 0 $ 1,100.00 Each $
2G Compact Memory Card 0 $ 200.00 Each $
Shaker
Long Stroke Shaker 0 h] 7,800.00 Each $
Power Amplifier 0 $ 5,800.00 Each 5
System Cable 0 $ 400.00 Each $
Reaction Mass Assembly 0 $ 4,000.00 Each $
Instrumentation
Velocity Transducer 0 $ 450.00 Each $
Cable 150' (2) 0 $ 2.00 Per Foot 3
Cable 300' (2) 0 $ 2.00 Per Foot b
Cable 450' (2) 0 $ 2.00 Per Foot $
Accelerometer 0 $ 950.00 Each 3
Cable 300' (2) 0 $ 2.00 Per Foot b
Mounting Base 0 $ 50.00 Each 5
Total= $
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2.2.1 Cost Per Test (Utah)

Table A 7 Dynamic Testing: Cost Per Test (Utah).

Item Quantity Cost Unit Total
Traffic Control 0 $ 2,000.00 Per Day $ -
Equipment Rental 0 $ 450.00 Per Day $ -
Travel (per diem - 4 people) 0 $ 200.00 Per Day $ -
Travel (Arfare - 4 peoplk) 0 h) 500.00 PerPerson § -
Travel (Vehicle Rental) 0 $ 100.00 Each $ =
Material and Supplies 0 $ 4,000.00 Each $ -
Total= § 3
2.2.2 Cost Per Test (California)
Table A 8 Dynamic Testiing: cost Per Test (California).
Cost Per Test
Item Quantity Cost Unit Total
Traffic Control 3 $ 2,000.00 Per Day $ 6,000.00
Equipment Rental | $ 450.00 Per Day $ 1,350.00
Travel (per diem - 4 people) 3 $ 200.00 PerDay $ 2,400.00
Travel (Airfare - 4 people) 4 $ 500.00 PerPerson § 2,000.00
Travel (Vehicle Rental) 1 $ 100.00 Each b 100.00
Material and Supphes 1 $ 4,000.00 Bach $ 4,000.00

Total= $15,850.00

2.2.3 Cost Per Test (Assist with Virginia Pilot Bridge)

Table A 9 Dynamic Testing:Cost Per test (Assistet With Birginia Pilot Bridge).
Item Quantity Cost Unit Total

Traffic Control 0 b 2,000.00 Per Day $ -

Equipment Rental 1 b 300.00 Per Day $ 900.00

Travel (per diem - 3 people) 3 b 200.00 Per Day $ 1,800.00

Travel (Airfare - 3 people) 3 3 500.00 PerPerson § 1,500.00

Travel (Vehicle Rental) 1 3 200.00 Each $ 200.00

Material and Supplies 1 b 2,000.00 Each $ 2,000.00
$

Total = 6,400.00
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2.3 Deck Testing:

214

Equipment*
Table A 10 Deck Testing: Equipment.
Item Quantity Cost Unit Total
Titrator 1 $ 7,300.00 Each $ 7.,300.00
Specific Jon Probe 2 by 700.00 Each A 1,400.00
Titrating Supplics 2 $ 300.00 Each b 600.00
Fabrication of Sample Collector 2 b 200.00 Each b 400.00
Resstivity Meter 2 b3 6,000.00 Each $ 12,000.00
Cover Meter 2 $ 3,000.00 Each $ 6,000.00
Gecor 6 1 $ 20,000.00 Each b 20,000.00
Potential Survey Kit 2 $ 6,600.00 Each $ 13,200.00
3LP Device 2 $ 3,500.00 Each $ 7,000.00
Grand Total= § 67,900.00
2.3.1 Cost Per Bridge (Utah)
Table A 11 Deck Testing: Cost Per Bridge (Utah).
Item Quantity Cost Unit Total
Traffic Control 3 $ 2.,000.00 Per Day $ 6,000.00
Travel (per diem - 7 people) 3 h 200.00 Per Dayerson” $ 4,200.00
Travel (Airfare - 7 people) 0 $ 500.00 PerPerson $ -
Travel (Vehicle Rental) 2 b 100.00 Each $ 200.00
Material and Supplies 1 $ 6,000.00 Each $ 6,000.00
Grand Total= $ 16,400.00
2.3.2 Cost Per Bridge (California)
Table A 12Deck Testing: Cost Per Bridge (California).
Item Quantity Cost Unit Total
Traffic Control 3 $ 2,000.00 PerDay $ 6,000.00
Travel (per diem - 7 people) 3 $ 200.00 Per Day/Pecson” $ 4.,200.00
Travel (Airfare - 7 people) 7 $ 500.00 PerPerson $ 3,500.00
Travel (Vehicle Rental) 1 b 100.00 Each $ 100.00
Material and Supplies 1 $ 6,000.00 Each $ 6,000.00
Grand Total= § 19,800.00
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2.4 Long-Term Monitoring:

2.4.1 Cost Per Bridge (Utah)

Equipment*

Table A 13 Long-Term Monitoring: Cost Per Bridge (Utah).

Item Quantity Cost Unit Total
Datalogger
Data]ogg: 1 $ 4,200.00 Each $ 4,200.00
1G Compact Flash Memory Card 1 s 140.00 Each g 140.00
Anti-Alias Module 3 $ 420.00 Each $ 1,260.00
Cablng/C onnectors AntiAlias 3 5 30.00 Each s 90.00
Multiplexer 2 $ 600.00 Each $ 1,200.00
Cabling/C onnectors for Multiplexer 2 $ 30.00 Each $ 60.00
4-Channel Module (communicate with chloride i $ EH0O0 e $ Eiit
sensors and WIM)
Weather Resistant Enclosure and Foundation 1 5 1,000.00 Each s 1,000.00
Traffic Camera
Streaming Video 1 $ 3,000.00 Each $ 3,000.00
Mounting/C onnector Equipment 1 $ 700.00 Each $ 700.00
Infrared Tlhuminator 1 $ 1,200.00 Each $ 1,200.00
Software Package 1 $ 600.00 Each $ 600.00
Power and Communication Cable/C onduit 750 $ 1.50 Per Foot $ 1,125.00
Tower/Mounting Pole 1 $ 4,500.00 Each $ 4,500.00
Weather Station
Wind Speed/Direction | $ 1,000.00 Each $ 1,000.00
Temperature/Relative Humidity 1 $ 400.00 Each $ 400.00
Shield for Temp/RH 1 $ 175.00 Each $ 175.00
Pyranometer (Radiation) 1 $ 360.00 Each $ 360.00
Pyanometer Install Equip. 1 $ 250.00 Each $ 250.00
Heated Precipitation Gage 1 $ 1,500.00 Each $ 1,500.00
Precipitation Leveling Base Mount 1 $ 250.00 Each $ 250.00
Use Mowmnting Pole for Traffic Camera | $ - Each $ -
Vibrating Wire
Sensor 4 $ 250.00 Each $ 1,000.00
Cable and Conduit 400 $ 1.50 Per Foot $ 600.00
Mounting Jig | s 110.00 Each $ 110.00
Gauge Cover Plate 4 $ 35.00 Each $ 140.00
Cover Plate Jig 1 5 30.00 Each g 30.00
Gauge Protection 1 $ 100.00 Each $ 100.00
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Foil Strain Gauges

Sensor 10 $ 100.00 Each $ 1,000.00
Cable and Conduit 2 5 500.00 Per 1000 fi $ 1,000.00
Mounting K it 1 $ 100.00 Each $ 100.00
Gauge Protection 10 $ 50.00 Each $ 500.00
Accelerom eter

Sensor 2 $ 1,200.00 Each Axis $ 2.,400.00
Cable and Conduit 300 $ 2.00 Per Foot $ 600.00
Mounting Base 3 $ 150.00 Each $ 450.00
Mownting Adaptor 1 $ 130.00 Each $ 130.00
Clloride Sensor (Hockey Puck)

Sensor $ 5,000.00 Each $ 10,000.00
Cable and Conduit 100 $ 2.00 PerFoot $ 200.00
IRS2 1 Interface 2 g 700.00 Each $ 1,400.00
IRS21 Module 2 $ 1,000.00 Each $ 2,000.00
Installation 1 $ 5,000.00 Each $ 5,000.00
Tilt Meter

Electromagnectic 2 $ 600.00 Each $ 1,200.00
Cable and Conduit 300 $ 1.00 Per Foot $ 300.00
Mounting 2, $ 100.00 Each $ 200.00
Thermocouple

Sensor l $ 650.00 Per 1000 § 650.00
C onduit 500 $ 0.75 Per Foot $ 375.00
Mounting 1 $ 200.00 Each $ 200.00

Equipment= $§ 53,295.00
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Installation
Table A 14 Long-Terming Monitoring: (Installation).
Item Quantity Cost Unit Total
Installation
Traffic Control 3 $ 2,000.00 Per Day $ 6,000.00
Equipment Rental (High Iift, Scaffolding, etc.) 1 $ 450.00 Per Day $ 1,350.00
Travel (per diem - 4 people) 3 5 200.00 Per Day % 2.,400.00
Travel (Arfare - 4 people) 0 $ 500.00 Per Person $ =
Travel (Vehicle Rental) | 4 100.00 Each $ 100.00
Permits and Connection Fee 1 $ 1,000.00 Each $ 1,000.00
Material and Supplies (Power Box, Condut, etc.) 1 $ 4,000.00 Each $ 4.,000.00
Installation Costs = $ 14,850.00
Total Cost of Monitoring Utah Pilot Bridge = $ 68,145.00
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Cost Per Bridge (California)
To Be Determined Upon Selection of California Pilot Bridge

Equipment*

Installation
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V. Service. Maintenance, and Replacement:

i. Annual Costs (Utah)

Table A 15 Annual Costs (Utah).

219

Item Quantity Cost Unit Total

Services

AC Power 12 § 80.00 PerMonth  $ 960.00

Communication/Internet 12 $ 100.00 PerMonth $ 1,200.00

Maintenance

Maint. & Calibration Visit (per diem - 2 people) 3 $ 200.00 Per Day $ 1,200.00

Maint. & Calibration Visit (Airfare - 2 people) 2 $ 500.00 PerPerson § 1,000.00

Maint. & Calibration Visit (Vehicle Rental) 1 $ 100.00 Each $ 100.00

Datalogger Software Update 1 $ 500.00 Each $ 500.00

Estimated Replacement Costs

Chloride Instrument Replacement 1 § 18,600.00 Per5Years § 3,720.00

Instrument Replacement 1 $ 3,000.00 Each $ 3,000.00
Total= § 11,680.00

i. Annual Costs (California)
Table A 16 Annual Costs (California).
Item Quantity Cost Unit Total

Services

AC Power 12 $ 80.00 PerMonth § 960.00

Communication/Internet 12 $ 100.00 PerMonth  § 1,200.00

Maintenance

Maint. & Calibration Visit (per diem - 2 people) 3 $ 200.00 Per Day $ 1,200.00

Maint. & Calibration Visit (Airfare - 2 people) 2 $ 500.00 PerPerson § 1,000.00

Maint. & Calibration Visit (Vehicle Rental) 1 $ 100.00 Each $ 100.00

Datalogger Software Update 1 $ 500.00 Each $ 500.00

Estimated Replacement Costs

Instrument Replacement 1 b 3,000.00 Each b 3,000.00
Total= § 7,960.00
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Appendix E: Data Acquisition Code
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'Created by Short Cut (2.8), modified in CRBasibF£2010

'Modified Feb 23,2010 MGA.

'‘Changes include;

‘Subcan measurement rate = 20 milliseconds

'Main scan rate = 2 seconds.

'Flag 6 Zeros offset of tiltmeter #1

'Flag 7 Zeros offset of tiltmeter #2

'Flag 8 Zeros offset of foil strain gages.

'verified SDI12 command returns both Channel 1@hdnnel 2 Vibrating Wire sensors on

AVW200

' Verfied Results from SDI-12 Option "M" are in $horder:
'Results(1) = Vibrating wire frequency in HERTHannel #1
'Results(2) = Thermistor Resistance in OHMS clea#t
'Results(3) = Vibrating wire millivVolt RMS amplied channel #1
'Results(4) = Vibrating wire frequency in HERTHannel #2
'Results(5) = Thermistor Resistance in OHMS clea#a
'Results(6) = Vibrating wire milliVolt RMS amplied channel #2

'‘Converted thermistor resistance in Ohms to De@ressl DegreesF

using the standard Geokon Polynomial coedfits.

'‘Bonded foil gages are being measured every 2@settbnds 'Subscan rate = 20 milliseconds

'Verified subscan operation so that 100 subscarsunements are made
for every 2 second main scan interval.

'Declare Variables and Units

Public BattV

Public WS_mph

Public WindDir

Public AirTF

Public RH

Public SIrw

Public SIrMJ

Public Analog

Public Opn_col

‘Tiltmeter variables and offset zeroing variables

Dim BB

Const Num_tiltTherm =4

Public Therm_tilt(Num_tiltTherm)

Public DegC_Tilt(Num_tiltTherm)

Public Geo_Tiltl

Public Geo_Tilt2

Public Geo_Tilt3

Public Geo_Tilt4

Const Vofset1=0.07988 'Assign default offest ptezeroing the first time.
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Public tiltOfst_1

Public Vcalrepsl

Const Vofset2=0.07988
Public tiltOfst_2

Const Vofset3=0.07988
Public tiltOfst_3

Const Vofset4=0.07988
Public tiltOfst_4

Public Vcalreps2

Public FlagMode4

Public FlagMode5

Public FlagMode6 'Use Flag 6 to zero Tiltmeter 1

Public FlagMode7 'Use Flag 7 to zero Tiltmeter 2

Public Vcalldx1 ' variable for the tiltmeter cal#tion index.
Public Vcalldx2

Public Flag(8) As Boolean

' Vibrating wire temperature coeffecients

Const A = 1.4051e-3

Const B = 2.369e-4

Const C = 1.019e-7

Dim LnR1

Dim LnR2

'‘Copy the following Public variables when creatangew code.
HHHHH AR R AR A R R AR R

Const BGF1=2.1 ' gauge factor for strain gage kloc

Const BCODE1 = -4 " gauge code for full bridge strameck for
wrong polarity

Const Brepl =6 ' set equal to number of strain gages

Public FieldcalAvgs '‘Change in real time public table tlee number

of readings to derive the average value.

B H
Public CalFileLoaded As Boolean

Public GBBLK1(Brepl)

Public GBBIk1Raw(BREP1)

Const Bosetl =0 '‘Default offset of zero (0) for strgages.
Public BKnownVarl(Brepl)

Public BcalModel

Public Bcalreps1(Brepl)

Public BBLK1MV_V(Brepl)

Public BBLK1(Brepl)

Public BBLK1zeromv(Brepl)

Public CalStartldx

HHHHHHH R H R R R R R
Public K
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Public K2

Const Sizel = 512
Const Size2 = Sizel*2 'make large enough for imagimumbers.

Public Velocityl(Size2)
Public Velocity2(Size?2)
Public Velocity3(Size2)

Const VelCalFactorl=1

Const VelCalFactor2=1

Const VelCalFactor3=1

BHHH R R AR R R R R AR R R A R R R R R AR R R
‘Thermocouple measurements

Public PanelTemp

Public AA

Const Num_TC=6 'Set up loop size

Public Ref_temp

Public TC(Num_TC)

Public ScanFlg1x(8) As Boolean
Const CalStrainZero = 10

Public FlagMode8

Const StrainFullShunt = 43
Dim |

Alias BBLK1(1) = Strain_1
Alias BBLK1(2) = Strain_2
Alias BBLK1(3) = Strain_3
Alias BBLK1(4) = Strain_4
Alias BBLK1(5) = Strain_5
Alias BBLK1(6) = Strain_6

Tkkkkkkkkkkhkkhkkkkkkkkkhkkkhkkkkkkkkkkk Valsal a D R D 1 1 V arl ab | es kkkkkkkkkkkkkkkkkkkkk

Public opencollector

Public rainstart

Public rainend

Public rainstartflag 'Vaisala DRD11a wiring

Public Duration ' Delta time in seconds from begng of rainstart till rainend (calculated from
seconds at beginning of the year).

'blk - gnd

'brn - gnd

'ylw - analog into the logger
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'blu - analog into rain on/off
"a 1k ohm pull up resistor is connected to @mae input channel as the blue wire and 5 volts to
" provide a source voltage for the open colleotdput of the sensor

'red - 12 volts

'grn - not used

‘wht - not used

'When creating or modifying a program in Shorttu sure to include this Vaisala code into the

complete CRB code. Don't forget the accompanyirig tible.

Public Results(6)

Public VW1strain 'Frequency in Hertz

Alias Results(2) = VW1Therm_Res

Alias Results(3)= VW1_mVRMS ‘millivolt RMS sighamplitude

Public VW2strain  'Frequency in Hertz

Alias Results(5) = VW2Therm_Res "Thermistor resiséain Ohms

Alias Results(6) = VW2_mVRMS 'millivolt RMS sighamplitude.

Public VWTempC_1,VWTempC_2
Public VWTempF_1,VWTempF_2

Units BattV=Volts

Units WS_mph=miles/hour
Units WindDir=Degrees
Units AirTF=Deg F
Units RH=%

Units SIrwW=wW/m"2
Units SIrMJ=MJ/m"2
Units Analog=mV

Units Opn_col=mV
Units Geo _tiltl=deg
Units Geo _tilt2=deg
Units Geo _tilt3=deg
Units Geo _tilt4=deg

Units VW1strain=Hz

Units VW1Therm_Res=0hms
Units VW2strain=Hz

Units VW2Therm_res=0Ohms
Units Duration = Seconds

'Define Data Tables

DataTable(Tablel,True,-1)
Datalnterval(0,15,Min,10)
Average(1,WS_mph,FP2,False)
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WindVector (1,WS_mph,WindDir,FP2,False,900,0,0)
FieldNames("WS_mph_S_WVT,WindDir_D1_WVT,WindDir_$DWNVT")
Average(1,AirTF,FP2,False)
Maximum(1,AirTF,FP2,False,False)
Minimum(1,AirTF,FP2,False,False)
Maximum(1,RH,FP2,False,False)
Minimum(1,RH,FP2,False,False)
Average(1,SIrW,FP2,False)
Totalize(1,SIrMJ,|IEEE4,False)
Sample(1,Analog,FP2)
Sample(1,0pn_col,FP2)
Average(1,Geo_Tiltl,FP2,False)
Maximum(1,Geo_Tiltl,FP2,False,False)
Minimum(1,Geo_Tiltl,FP2,False,False)
Average(1,Geo_Tilt2,FP2,False)
Maximum(1,Geo_Tilt2,FP2,False,False)
Minimum(1,Geo_Tilt2,FP2,False,False)
Average(1,Geo_Tilt3,FP2,False)
Maximum(1,Geo_Tilt3,FP2,False,False)
Minimum(1,Geo_Tilt3,FP2,False,False)
Average(1,Geo_Tilt4,FP2,False)
Maximum(1,Geo_Tilt4,FP2,False,False)
Minimum(1,Geo_Tilt4,FP2,False,False)
Sample(1,VW1strain,FP2)
Sample(1,VW2strain,FP2)
Sample(1,VWTempC_1,FP2)
Sample(1,VWtempc_2,FP2)
Sample(Num_TC,TC(),FP2)

EndTable

DataTable(Table2,True,-1)
Datalnterval(0,1440,Min,10)
Minimum(1,BattV,FP2,False,False)

EndTable

'This is a data table for the Vaisala rain detedtareeds to be copied as well.
DataTable(start,1,360)

Sample (1,rainstart,FP2)
EndTable

DataTable (end,True,360)
Sample (1,rainend,FP2)
EndTable

DataTable(AMPPHA_3,1,100) 'FFT Table



226

FFT(Velocityl(K2),IEEE4,Sizel,20,mSec,2)'ampm#u& phase

FFT(Velocity2(K2),IEEE4,Sizel,20, mSec,2)'ampdi & phase

FFT(Velocity3(K2),IEEE4,Sizel,20, mSec,2)'amplié & phase
EndTable

DataTable(Dynamic,True,-1)

Sample(brepl,BBLK1(),IEEE4) ‘dynamic table fiast repsonses of bonded strain gages and
tilt meters

Sample(1,Geo tiltl,FP2)

Sample(1,Geo _tilt2,FP2)

Sample(1,Geo tilt3,FP2)

Sample(1,Geo tilt4,FP2)

Sample(1,Duration,IEEE4)
EndTable

DataTable (histo,True,1000)
Datalnterval (0,2,Sec,10)

Rainflow (Strain_1,IEEE4,False,1,10,-200,20000)
Rainflow (Strain_2,IEEE4,False,1,10,-200,20000)
Rainflow (Strain_3,IEEE4,False,1,10,-200,20000)
Rainflow (Strain_4,IEEE4,False,1,10,-200,20000)
Rainflow (Strain_5,IEEE4,False,1,10,-200,20000)
Rainflow (Strain_6,IEEE4,False,1,10,-200,20000)

EndTable

DataTable(CalHist,NewFieldCal,50)
SampleFieldCal
EndTable
B R R R A R R R R R R
'‘Main Program Datal.ogger Measurements start bakene and loop infinitely between
scan/nextscan.
Sequentialmode
BeginProg
tiltOfst_1 = Vofsetl ‘assign default offset ofd0tiltmeterl
tiltOfst_2 = Vofset2 'assign default offset ofcOtiltmeter2
TiltOfst_3 = Vofset3
TiltOfst_4 = Vofset4
Vcalrepsl = 1 'number of sensors per zeroing meuti
Vcalreps2 = 1 'number of sensors per zeroing meuti

For =1 To Brepl 'Do the following to all of BBIk1
GBBIk1(l) = BGF1 '‘Assign default gauge factor (2) tBEK1
Next | 'Repeat above until finished

ForI=1To8
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ScanFlg1x(l) = True
Next |

For1=1To BREP1
GBBIk1Raw(l) = GBBIk1(l)
Next |

CalFileLoaded = false
CalFileLoaded = LoadFieldCal(1)
FieldCalAvgs = 1

CalStartldx =1

'Faster scan rate for dynamic measurements
'‘Code for Foil Strain Gauges, copy when creaéimgw program from shortcut.
Scan(20,mSec,10,0)
BrFull(BBLK1MV_V(),Brepl,mv50,9,vX2,3,5000,F=®,True,0,1000,1,Bosetl)
'‘Bonded Foil Strain start on Differential channel 9
StrainCalc(BBLK1(),Brep1,BBLK1IMV_V(),BBLK1zemv(),BCODE1,GBBLK1(),0)
‘Strain calculation

FieldCalStrain(StrainFullShunt,BBLK1(),1,GBBLK1()BcalModel,BKnownVarl(),CalStartld
x,FieldcalAvgs,GBBlk1Raw(),0)

FieldCalStrain(CalStrainZero,BBLK1MV_V(),BCalRep8BBLK1zeromv(),FlagMode8,0,Cal
Startldx,FieldcalAvgs,0,BBLK1())

'‘March 26,2010 Geokon Tilt meters measured dyceliy for deflection, twist, ETC.

VoltDiff (Geo_tilt1,1,mV5000,5,True,0,250,0.0088214tiltOfst_1)' multiplier and offset
based off calibration sheet and equation Y=MX+B

VoltDiff (Geo_tilt2,1,mV5000,6,True,0,250,0.008B214tiltOfst_2)'Diff channel 6

VoltDiff (Geo_Tilt3,1,mV5000,7,True,0,250,0.0088214,tiltOfst_3)'Diff channel 7

VoltDiff (Geo_Tilt4,1,mV5000,8,True,0,250,0.0088214tiltOfst_4)'Diff channel 8

PulseCount(WS_mph,1,1,1,1,0.2192,0)

'Velocity sensor 3 sensors filling an array defl as "size"

VoltDiff (Velocityl1(l),3,mV5000,15,True,0,250,WealFactorl,0)'velocity on channel # 15.
VoltDiff (Velocity2(l),3,mV5000,16,True,0,250,WealFactorl,0)
VoltDiff (Velocity3(1),3,mVv5000,17,True,0,250,WealFactorl,0)

If | = Sizel Then
K=SIZE1 +1 'toggle fark
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End If
If 1 = SIZE2 Then
=0 'start aller
K=1 'toggle bark
End If

I=1+1 ‘increnment |

If K2 <> K Then 'if buffers are full.
"If Flag(7)= True Then ‘remove flag control
CallTable AMPPHA 3 '‘do amplitude & pkam k2 buffers
K2 =K
EndIf

CallTable Histo
CallTable Dynamic

NextScan

SlowSequence
'Main body of program making environmental measweets and vibrating wire
measurements
Scan(1,Sec,1,0)
If Flag(4) Then 'Flag 4 zeroing control foltirieter # 1.
If ScanFIg1x(4) Then
Vcalldx1l =1 ‘start field call at #1
FlagMode4 =1
ScanFlglx(4) = False
EndIf
If (FlagMode4 <= 0) OR (FlagMode4 = 6) TiHdag(4) = 0
Else
ScanFIglx(4) = True
EndIf

If Flag(5) Then 'Flag 5 zeroing control foltirieter # 2.
If ScanFIg1x(5) Then
Vcalldx1l =1 'start field call at #1
FlagMode5 =1
ScanFlg1x(5) = False
EndIf
If (FlagMode5 <= 0) OR (FlagMode5 = 6) TiHdag(5) = 0
Else
ScanFlg1x(5) = True
EndIf

If Flag(6) Then 'Flag 6 zeroing control foltirieter # 3.
If ScanFIg1x(6) Then
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Vcalldx1l =1 'start field call at #1
FlagMode6 = 1
ScanFlglx(6) = False
EndlIf
If (FlagMode6 <= 0) OR (FlagMode6 = 6) TiHdag(6) = 0
Else
ScanFIglx(6) = True
EndIf

If Flag(7) Then 'Flag 7 zeroing control foltirieter # 4.
If ScanFIg1x(7) Then
Vcalldx2 = 1 'start field call at #1
FlagMode7 = 1
ScanFlg1x(7) = False
EndIf
If (FlagMode7 <= 0) OR (FlagMode7 = 6) TiHdag(7) = 0
Else
ScanFlgl1x(7) = True
EndIf

If Flag(8) Then 'Flag 8 zeroing control foetStrain Gages.

If ScanFIg1x(8) Then
CalStartldx =1
BCalRepsl = Brepl
FlagMode8 =1
ScanFlg1x(8) = False
EndIf
If (FlagMode8 <= 0) OR (FlagMode8 = 6) TiHdag(8) = 0
Else
ScanFlg1x(8) = True
EndIf

'Default Datalogger Battery Voltage measuremeait\B

Battery(BattV)
PanelTemp (Ref_temp,250)

'05103 Wind Speed & Direction Sensor measuremat8smph and WindDir

BrHalf(WindDir,1,mV5000,1,1,1,5000,True,0, 60Hz530)

If WindDir>=360 Then WindDir=0

'HMP45C (6-wire, constant power) Temperature dalee Humidity Sensor
measurements AirTF and RH

VoltSE(AIrTF,1,mVv1000,2,0,0, 60Hz,0.18,-40)

VoltSE(RH,1,mVv1000,3,0,0, 60Hz,0.1,0)

If RH>100 And RH<108 Then RH=100

'LI200X Pyranometer measurements SlrMJ and SIrwW
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VoltDiff(SIrw,1,mVv20,3,True,0,_60Hz,1,0)
If SI'W<0 Then SIrWw=0
SIrMJ=SIrWw*0.0002

SIrw=SIrw*200

'Start of Vaisala Code
'‘Generic Single-Ended Voltage measurements Analog
VoltSE(Analog,1,mV5000,4,True,0, 60Hz,1,0)
'‘Generic Single-Ended Voltage measurements Opn_co
VoltSE(Opn_col,1,mV5000,7,True,0,_60Hz,1,0)
'‘Generic 4-20 mA Input measurement memtiltl
"This is another Vaisala Code that needs to pedwover.
'rain start time routine - rainstartflag has ¢oi@ 0
If Analog < 1500 AND rainstartflag=0 Trine
rainstart=start.timestamp(2,1) ' Option 2econds into the current year. 1 = # of records
back.
rainstartflag=1
EndIf
'rain end time routine - rainstartflag hastmpial 1
If rainstartflag=1 AND Analog>1500 Then
rainend=end.timestamp(2,1)'Option 2 = secamdsthe current year. 1 = # of records back.
rainstartflag=0
EndIf
Duration = Rainend-rainstart

'‘March 26,2010 Rieker tilt meters replaced witholde 6160 Mems type.
'Reiker 4-20 mA tilt meter measurement. Sensoc'sfa +/-10 degrees.
‘VoltDiff(memtilt1,1,mV5000,5,True,0,_60Hz,0.799&tiltOfst_1) 'Multiplier
was changed from 0.0125 to the current value agogtd manufacturer calibration
‘Generic 4-20 mA Input measurement memtilt2
VoltDiff(memtilt2,1,mV5000,6,True,0,_60Hz,0.7®5tiltOfst_2) 'Multiplier
was changed from 0.0125 to the current value acogtd manufacturer calibration

‘offset zeroing for Tiltmeter #1 Uses flag 4
FieldCal (0,Geo_Tiltl,Vcalreps1,0,tiltOfst_lagMode4,0,Vcalldx1,FieldcalAvgs)
‘offset zeroing for Tiltmeter #2 Uses flag 5
FieldCal (0,Geo_Tilt2,Vcalreps2,0,tiltOfst_2a§Mode5,0,Vcalldx2,FieldcalAvgs)
'offset zeroing for Tiltmeter #3 Uses flag 6
FieldCal (0,Geo_Tilt3,Vcalrepsl,0,tiltOfst_3agMode6,0,Vcalldx1,FieldcalAvgs)
‘offset zeroing for Tiltmeter #4 Uses flag 7
FieldCal (0,Geo_Tilt4,Vcalreps2,0,tiltOfst_4a5Mode7,0,Vcalldx2,FieldcalAvgs)

WA Vibrating Wire Measurements@eildulations ###HHHHHHHHHHHHHH##
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'‘Generic SDI-12 Sensor measurements VWstrainl{evivg1,
VWstrain2,VWtemp2

"NOTE: Returned Results from SDI-12 Option "Me @n this order:

'Results(1) = Vibrating wire frequency in HERTHannel #1

'Results(2) = Thermistor Resistance in OHMS clea#t

'Results(3) = Vibrating wire milliVolt RMS amplied channel #1

'Results(4) = Vibrating wire frequency in HERTHannel #2

'Results(5) = Thermistor Resistance in OHMS clea#

'Results(6) = Vibrating wire milliVolt RMS amplied channel #2

SDI12Recorder(Results(),4,1,"M!",1,0)'SDI-12 Pilog$ address changed from O
to Control port 4

'microstrain conversion

VW1strain = Results(1)"2 *4.062e-3 'Geokon fadtoconvert frequency to
microstrain

VW2strain = Results(4)"2 *4.062e-3 'Geokon fadtoconvert frequency to
microstrain

‘Temperatre conversion to Degrees C and F

LnR1 = LN(Results(2)) 'Get thermistor resistaf@ams) from sensor 1.

LnR2 = LN(Results(5)) 'Get thermistor resistafo@ms) from sensor 2.

VWTempC_1 = (1/(A+B*LnR1+C*(LnR1"3)))-273.2

VWTempF_1=VWTempC_1*1.8+32

VWTempC_2 = (1/(A+B*LnR2+C*(LnR2"3)))-273.2

VWTempF_2 = VWTempC_2*1.8+32

BT R T R T R R
'AM16/32B

‘Control port C8 = RES (Turns on the AM16/32B)

‘Control Port C7 = CLK (advances or clocks thayslforward).

'‘Channel 20 Diff is the channel on the CR5000 e theasurements)

PortSet(8,1)'Enable the AM1632B
For AA=1ToNum_TC 'Num TC is constaot humber of thermocouples)

Delay(0,50,msec)
PortSet(7,1)
Delay(0,50,msec)
PortSet(7,0)'Clock multiplexer
TCDiff (TC(AA),1,mV20C ,19,TypeT,Ref_Temp,Tre250,1.8,32)
Next AA

‘Add Termistors from the Geokon Tilt meters
For BB =1 To Num_tiltTherm

Delay(0,50,msec)
PortSet(7,1)
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Delay(0,50,msec)
PortSet(7,0)'Clock multiplexer
BrHalf (Therm_tilt(BB),1,mVv5000,39,Vx4,1,5000¢ ,0,250,5,0)'need to verify
multiplier
'‘BrHalf3W ( Therm_Tilt,1,mV5000,1,Vx1,1,5000, Try@&250,10000,0)
'DegC_Tilt(bb)= 2412.6-(3442.5 *Therm_tilt(bb)}904.4 * (Therm_tilt(BB)"2)+(-
435.97 * Therm_tilt(BB)"3)
' DegC_Tilt(bb) = -104.78+(378.11*Therm_tilt(bb})
611.59*Therm_tilt(bb)"2)+(544.27*Therm_tilt(bb) )+
240.91*Therm_tilt(bb)"4)+(43.089*Therm_tilt(BB)"5)

Next BB

"Degreec_C_Old =2412.6 - (3442.5 * Degreec_@)€§l1904.4 *
Degreec_C_Old"2)+(-435.97 * Degreec_C_OIld"3)
'‘Degreec_C_Old =-104.78+(378.11*Degreec_C_+Jid)
611.59*Degreec_C_OIld"2)+(544.27*Degreec_C_OIld"3)+(-
240.91*Degreec_C_0Old"4)+(43.089*Degreec_C_0OId"5)

PortSet(8,0) Turn off the AM16/32B

‘Call Data Tables and Store Data
CallTable(CalHist)
CallTable(Tablel)
CallTable(Table2)
CallTable(start)
CallTable(end)
NextScan
EndProg
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