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Doing More With WIM - Agenda

e Introduction and Motivation

 The Hurley WIM System

 The Hurley Bridge Structural Health Monitoring (SHM) System
e Typical Data

 Live Data Web Site

» Results Thus Far & Future Work
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Hurley, Wisconsin &
lIronwood, Michigan

US-2 is the main east-west
route across the Northland

- US-2 crosses Montreal
River bridges at state line in
Hurley/lIronwood

-~ Much logging traffic
between western UP and
Ashland, WI — many
overweight trucks

. e Opportunity for combined
Madison® . e SYStem for enforcement,
sukee  Planning, and bridge

| “health” monitoring




Considerable logging from timber lands in western Upper Michigan
to sawmill in Ashland, Wisconsin — many overweight log trucks

Michigan allows heavier trucks with additional axles (“Michigan
trucks”) — these trucks are legal in border areas of Wisconsin

But, Wisconsin bridges were not designed for Michigan trucks - what
impact will this have on the bridge? Possible overload damage?

Opportunity for a system to combine enforcement, plan ning,
and bridge structural health monitoring (SHM)
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Bridge B-26-7: WB US-2 over Montreal River —two lan es

Continuous 5 girder steel bridge with composite dec k, 120’ long, 30°skew

AADT 5200 vehicles, 13% trucks — GVW limit 80 kips

WisDOT Structures
concerned about
possible overload

damage from heavy
trucks
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WIM Site Overall Layout \;\
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 Scales in both all lanes, both directions

 Westbound lanes used for bridge monitoring
(EB and WB bridges are identical)
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WIM Detall — Westbound Lanes
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WIM Sanity Check — Courtesy Michigan DOT

40 kip 80 kip



WIM Enforcement Results

* Three tickets issued to overweight trucks
thus far by Wisconsin State Patrol
— Officers view WIM display via air card in cruiser

— WIM data not admissible for issuing a ticket, but
sufficient to pull over & weigh on static scale

« Michigan State Police prefer to use a
different data link; antenna recently installed
In cabinet



Brldge Structural Health Monitoring
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Why Bother With SHM On The Hurley Bridge?

Let’s face it — this bridge is unremarkable, BUT...

SHM is interesting because we WIM will tell us about the vehicles
crossing the bridge

We can compare known inputs (traffic) with system outputs
(bridge response) — this itself is novel

Because this bridge is of a common type, we may be able to
generalize the lessons learned here and apply them nationwide



SHM Quantities of Interest

Strain at high-stress areas of the steel girders

Strain at ends of representative cover plate

Acceleration of steel girders at midspan (vibration response)
Displacement of girder with respect to east abutment
Temperature of steel (daily and seasonal changes)

Two Monitoring Modes

Long-term: report hourly average of strains, temperatures, and
displacements

Dynamic: when WIM detects a Class 7+ truck, record all channels at
100 Hz for seven seconds



Bridge B -26-7: WB US-2 over Montreal River — two lanes

Instrumentation Plan




Steel Plan with Instrumentation



Strain Gauges — Single Axial Gauge & 90°Rosettes



Thermocouples



Accelerometers



Displacement Sensors at East Abutment



Cables tied to

flange with

malleable iron

clamps

N

Wiring and Electronics
Enclosures

Fully potted signal
/ conditioners in
freely-draining

electrical box for
protection



Girder 4
nidspan, under

Girder 4 cover

right lane

plate end

Static Load Test

« UB-60 under-bridge inspection
truck (63 kips GVW, 40’ overall
length) parked in right lane at 10’
Intervals across bridge



Girder 2,
under left lane

Girder 3, under

Dynamic Load Test

UB-60 under-bridge inspection
truck (63 kips GVW, 40’ overall
length) crossing bridge at 35 mph
In left lane

centerline



Remotely-Acquired Data

Recall two monitoring modes -

Long-term: report hourly average of strains, temperatures,
and displacements

Dynamic: when WIM detects a Class 7+ truck, record all
channels at 100 Hz for 15 seconds



Air Temp. (F)

Midspan Strain on

Girder 1 (ustrain)

Typical Long -Term (Hourly) Response



Remotely-Acquired Response: Class 7 Log Truck with Traller
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Influence of individual
axles plainly visible

Girder 3, under
centerline



Remotely-Acquired Response: 125 kip Class 13 Log Tr

Influence of individual
axles plainly visible

Girder 4, under
right lane

Stress reversal

/

Cover plate end
under right lane

uck



But Wait! How Did The Data Get Here?
And What Do We Do With It?

 Challenge 1: If we are to get any data at all from the site, our
remote SHM approach will require robust strategies for
communication and control.

 Challenge 2: However, long-term remote SHM (we expect Hurley to
operate for at least two years) will generate mountains
of data — what can we do with all that?



Our Response: The Data Exchange Framework



Challenge 1: Power & Communication

WIM Roadside Cabinet & Camera
Mast

110 VAC power & high-speed
Internet service
PR

Power ——

Fiber-optic network connection 7
Fiber-optic switch closure —

transceiver
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NU Bridge SHM Cabinet



Challenge 1:
Communication & Control Equipment in NU Cabinet




Challenge 2:
Archive & Distribute Data Via a Web Site

Every day, new data
are entered into the
Web-accessible
relational database

Comprehensive,
searchable database
eliminates problem of
multiple data files

Displays for long-term
and dynamic data

Reporting capability



Dynamic Data and WIM Integration
Event Listing



Dynamic Event Page



Parametric data from dynamic events

 Waaaay too many dynamic event waveforms to examine individually

* Instead, extract waveform parameters and see how they evolve over
time: zero-to-peak strain & “permanent” offfset

e This also eliminates quasi-static temperature effects

Max. zero-
to-peak
strain

 Of course, we still save the entire waveform so we can examine
unusual events or analyze in a different way in the future.



Statistical Modeling of Hurley Bridge Data

Other researchers are
processing raw data
with statistical tools to
look for trends
underneath daily &
seasonal cycles

Found transverse
displacement trend that
agrees with anecdotal
reports

Std. displ

Std. displ

Standardized residuals (longitudinal) over time using GARCH(1,1) model

4 ‘

Raw residuals
Linear fit

Process control boundary

Jun-1

Rawresiduals

Linear fit

----- Process control boundary

Jun-1

(Durango-Cohen & Chen, unpublished data)



Wrapping Up

NU and WisDOT have installed a combined WIM-SHM system on a
border bridge

We have nine months of data now (~64,000 truck crossings); project
will probably last at least two years

Too early for major conclusions, but we have noticed a trend in
displacement relative to the east abutment that can’t be explained
by temperature effects and is consistent with anecdotal reports —
proof of concept

Measuring truck responses in terms of zero-to-peak data

Reporting data autonomously via a password-protected Web site is
essential for management
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