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A.  IDENTITY AND INTEREST OF AMICUS CURIAE

RAP 10.3(e) requires amicus curiae to describe its interest in a case
before the Court. Haney Truck Line, LLC (“Haney™) provides
customized, mission critical truckload transportation solutions to quality
driven customers shipping in and between Washington, Oregon, Ilaho,
California, Montana, Wyoming, Utah, Nevada as well as British Columbia
and Alberta Canada. Haney helps create companies create sustainable
transportation excellence as a part of their distribution framework.

Haney’s livelihood depends on the free flow of commercial
transportation vehicles on Washington State highways, including over the
[-90-bridge. Haney drivers use the bridge frequently. The proposed
changes to the configuration of the bridge or other highways, including
alteration or reduction of its capacity for use by motor vehicles, will have
a substantial economic impact on Haney, on the trucking industry, on
businesses that depend upon the industry, and on the citizens those
industries serve. |
B. ISSUE PRESENTED FOR REVIEW

Has WSDOT violated the 18th Amendment to Washington’s
Constitution and statutes constraining its authority to lease the center lanes
of 1-90 because that land is currently needed and used for highway

purposes?
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C. STATEMENT OF THE CASE

Haney accepts the statements of the case as written by the parties
in this case and confines itself to the legal issue referenced above.
D, SUMMARY OF ARGUMENT

Haney, and the trucking industry at large, need and will continue to
need, all of [-90 for highway purposes. The suggestion that giving the

center lanes to Sound Transit will not negatively impact trucking because

trucks do not curtently use the center lanes is a fallacy., Other vehicles

that currently use the lanes will be diverted to the outer decks, increasing
traffic for all vehicles, including trucks.

Also, Sound Transit has now been shown to have significantly
overestimated its ridership numbers. WSDOT’s elaim that the lanes will
not be needed in the future is based largely on Sound Transit’s disproven
projections. At most, this means WSDOT’s suggestion that it can predict
that the lanes will not be needed in the future fails, and this Court should
enter summary judgment in favor of the taxpayers. At the very least, this
damaging new analysis by the auditor means that Sound Transit’s
assertions cannot be taken at face value, and should be tried in court.

This Court should conclude that WSDOT has not only violated the
18th Amendment (Wash. Const. art. 1 § 40) as argued by the petitioners,

but that WSDOT has also violated statutes constraining its authority.
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E.  ARGUMENT

g)) The Notion that the Two Center Lanes of the Most

Heavily-Travelled Bridge in Washington Are Not or Will
Not Be Needed for Highway Purposes Is Untenable

An administrative agency possesses only that authority of law
granted or necessarily implied by statute. Wash. Pub. Ports Ass'n v, Dep't
of Revenue, 148 Wn.2d 637, 646, 62 P.3d 462 (2003). If an agency
exceeds its authority, violates a statute, or violates the Constitution, its
actions are void, ultra vires, and invalid, E.g., Reftkowski v. Dep’t of
Ecology, 122 Wn.2d 219, 234, 858 P.2d 232 (1993) (Department of
Ecology attempt to adjudicate water rights without authority “null and
void™); Noel v. Cole, 98 Wn.2d 375, 381, 655 P.2d 245 (1982) (superseded
byvstatute on other grounds, Dioxin/Organochlorine Ctr. v. Pollution
Control Hearings Bd., 131 Wn,2d 345, 362, 932 P.2d 158 (1997) (agency
land sale executed in violation of statutory procedure requiring
environmental impact statement void and ultra vires)); Gugin v. Sonico,
Inc., 68 Wn, App. 826, 846 P.2d 571 (1993) (agency administrative rule
that amounts to legislation is invalid).

WSDOT’s power to lease or sell highway property is also
restricted by statute. Real property dedicated to highway purposes may
not be sold unless (1) WSDOT determines the property “is no longer

required for transportation purposes,” (2) it is in the public interest to sell
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the property, (3) WSDOT receives consideration “for land or
improvements or for construction of improvements at fair market value.”
RCW 47.12.063. Highway land may not be leased unless it is “not
presently needed” for highway purposes. RCW 47.12,120. WSDOT may
sell highway land at public auction only when it “is no longer required for
highway purposes.” RCW 47.12.283. Finally, WSDOT has discretion to
sell any “unused” state property when it is in the public interest. RCW
47.12.080. Although each of these statutes is worded differently, the
intent is the same: the law does not allow WSDOT to sell or lease a
highway that is currently needed or used as a highway.

WSDOT suggests that its power is discretionary, and that the
statutes impose “no mandatory duty” to retain the two center lanes of 1-90
for highway purposes. This elaim is incorrect. Each of the four statutes it
cites in support of its “discretionary authority” is, in reality, a restricted
grant of authority that may only be exercised when the land is no longer
needed or used as a highway, RCW 47.12.063 (ability to sell conditioned
on prerequisite fact that property “no longer being required for
transportation purposes”); RCW 47.12.120 (WSDOT may lease lands “not
needed” for highway purposes); RCW 47.12,080 (WSDOT may sell only
“unused” land); RCW 47.12,283 (sale authorized when property is “no

longer needed for highway purposes™). These restrictions are not
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discretionary: they are statutory restrictions on WSDOT’s statutory grant
of authority. This Court must ultimately interpret the statutes and
determine whether WSDOT has acted within these limitations,

WSDOT acknowledges that there is no Washington case law
directly addressing the limits on its authority to dispose of highway
property. Br. of Resp. WSDOT at 20 n.4. Washington courts and other
jurisdictions have addressed — in varied contexts — the issue of how to
determine when property is “needed” or “used” for highway purposes.

However, this Court has addressed what land not needed for
highway purposes looks like. In King County v. Hanson Inv, Co., 34
Wn.2d 112, 208 P.2d 113 (1949), this Court interpreted a deed that
conveyed land to a county “for the use of the public forever, as a public
road and highway....” One portion of the land was rectangular and sixty
feet wide, conducive to building a highway. Id. at 120. However, another
portion was a three-acre triangular block that was far too large and
irregular to be logically used for the highway. When WSDOT sought to
institute eminent domain proceedings to establish the irregular portion of
the land a public park, the county instituted proceedings to abandon the
portion as no longer needed for highway purposes. The original
conveyors objected. Id. at 115. This Court rejected the argument that the

“highway use” terms of the original deed had been violated. The evidence
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established that not only was the parcel in question not actually being used
for highway purposes at the time, it was illogical to imagine that it ever
would be. Citing with approval the words of the trial court, this Court
noted: “It is puzzling that a deed, given for ‘road’ purposes, should
include...a tract of land of so large an area and of such irregular shape, It
is inconceivable, however, that the parties contemplated that the entire
area in that locality could, or would, be covered by an improved road.” Id,
at 120, Given the surrounding roads and topography, the shape of the
parcel, and its proximity to the lake, this Court concluded that the County
was correct in concluding that the property was not needed and could be
sold to WSDOT to establish it as a park, Id. at 121,

Hanson established that courts are capable of ascertaining whether,
as a factual matter, property is no longer needed for highway purposes, It
is a question of looking at past and current use, logic and logistics. 1t is
not beyond the expertise of the Courts, as WSDOT suggests. Hanson also
suggests that property is not needed for highway purposes if it is not used
and logistically cannot be used as a highway,

The Utah Supreme Court has also confronted the issue a
government entity attempting to vacate a highway as “not needed.”
Culbertson v. Board of County Comm'rs of Salt Lake County, 44 P.3d 642,

654 (Utah 2001), In 1991, when Hermes Associates, Ltd. sought to
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| expand an existing shopping center in Salt Lake County. Part of the
project proposed converting public streets to private use. The County
issued Hermes a conditional use permit, and passed an ordinance vacating
the public rights of way, claiming they were “not needed as a public
highway or public right of way.” Id. at 654. Abutting landowners filed an
action against the County protesting the development, in part, on the basis
that the County failed to abide by its own ordinances and state law by
changing the status of the roads where the expansion would take place.
The Utah Supreme Court reversed the district court's grant of summary
judgment, concluding that the streets at issue were public and thus were
required to conform to the County's conditional use permit and all zoning
and roadway ordinances., The court also held that the County had erred in
granting "roadway exceptions because the County failed to follow its own
rule for granting exceptions." Id. Specifically, the Court disputed the
notion that a portion of the road being closed was not public and therefore
there was no authotity supporting permanent closure.

More than one hundred years ago when urban development was
moving westward, courts began to establish parameters for determining
when highways were needed by the public. In Maire v. Kruse, 55 N.W,
389, 85 Wis. 302 (1893), the Wisconsin Supreme Court resolved a dispute

between landowners when the plaintiff was cut off from the highway by
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the defendant’s fence. Id. at 390, The defendant had felt justified building
the fence because a statute stated that any public highway abandoned as a
route of travel for five years would revert back to private ownership. Id.
The actual highway in use at the time the dispute arose was not the platted
highway, which the town had allowed to fall into disrepair forcing
vehicles to use an alternate route. Therefore, the defendant claimed, the
town had abandoned the old highway and it belonged to him. The
Wisconsin Supreme Court concluded that the lack of use of the platted
highway could not be equated with a lack of need for the highway as a
route of travel. Id, In that case, the need of the highway was obvious:
“This highway, as such, has not ceased to be traveled. It is traveled all the
time, with this slight variation.” Id.

The common sense proposition that can be gleaned from these
cases is that a highway that is regularly used by the public is “needed” and
“being used” for highway purposes. When a highway is constantly

traveled by the public, it is needed for highway purposes.

(2)  The Central Fact Upon Which Sound Transit and WSDOT
Rely to Claim that the Center Lanes Will Not Be Needed —
Ridership Numbers — Has Just Been Contradicted by the
Washington State Auditor

Sound Transit and WSDOT claim that although they are taking

away the center lanes for vehicle use and guaranteeing that the outer decks
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will never carry more than three transport vehicle lanes and one HOV lane
each way, the center lanes will not be needed because light rail will
“increase person throughput” resulting in fewer vehicles on 1-90.

However, this “fact” has been contradicted by no less than the
Washington State Auditor, and can no longer be the basis for these .
agencies’ claim that they are abiding by RCW 47.12.120.
hitpi//fwww.sao.wa.gov/AuditReports/AuditReportFiles/ar1008277.pdf. In
that report, the Auditor reveals two critical facts: (1) Sound Transit’s light
rail ridership projections are overstated by at least 27-32%, and (2) those
who do ride light rail will mostly be current bus riders, rather than vehicle
drivers who switch to light rail for their commutes. Zd. at 53, 64.

As traffic in the 1-90 Seattle-Bellevue corridor continues to
increase, light rail will not reduce vehicle need for the corridor in
anywhere near the numbers Sound Transit is claiming in order to
circumvent the 18" Amendment and the relevant statutes. Sound Transit
and WSDOT cannot ctedibly claim that the two center lanes will not be
presently needed even after their project is finished, assuming they can
even make that claim ex post facto.! There are simply no grounds for their

assertion that the lanes will not be presently needed in the future,

I At the very least, these agencies should have to prove that contention in a
court of law.

Brief of Amicus Curiae -9



(3)  The Center Lanes Are and Will Be Needed for Highway
Purposes; Losing Them to Non-Highway Purposes Will

Severely Impact the Trucking Industry and the Businesses

That Reply Upon It

By any conceivable interpretation of the statutes upon which
WSDOT relies, the two center lanes of 1-90 are currently needed for
highway and transportation purposes. It is not only needed, it is a
“highway of statewide significance” as designated by RCW 47.06.140,

WSDOT claims that the capacity of 1-90 will not change with
removal of the two reversible HOV lanes, but this assertion is
insupportable. During the morning peak commute drivers have a total of
five westbound lanes (three general purpose and two HOV lanes). With
Sound Transit’s reconfiguration, capacity would fall to only four
westbound lanes. The same reduction would occur during the eastbound
commute in the afternoon, This is a 20% redﬁction in lane capacity during
the morning and afternoon peak commute hour,

The plan will also reduce the number of HOV lanes from two in
each direction to one. A University of Washington study recently
observed that HOV capacity is already inadequate, and that the problem
will only increasge in the future:

Performance data have indicated that travel speed and

reliability in the high-oceupancy vehicle (HOV) lanes of

the central Puget Sound freeway network are not meeting
the adopted state performance standard on an increasing
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number of segments. Furthermore, trends suggest that HOV
travel demand will increase.

Washington State Transportation Center 2007-2009 Biennial Report,
Appendix A at 19,

Sound Transit and WSDOT have suggested the trucking industry
will not be harmed by the removal of the two center lanes, because large
trucks do not use those lanes for travel, This suggestion ignores the fact
that increased traffic on the outer decks — which with this plan is a
certainty — will significantly slow down freight, increase costs, and slow
productivity not only for the trucking industry, but for all those businesses
that depend on us. A recent Washington Policy Center Study suggests that
freight vehicle drivers would be the most devastated by this plan:

Accounting for different modes, freight vehicle drivers

would suffer the most. During the morning peak drive, the

number of freight trucks able to cross the bridge into

Seattle would drop by 24%. Leaving Seattle, truck drivers

would see a 19% reduction during the afternoon peak

commute,
Appendix B.

The negative economic impact on the trucking industry cannot be
underestimated. The Federal Highway Administration estimates that
freeway congestion cost about $32.15 per truck per hour of delay in 2005.

http://www.thwa.dot.gov/policy/otps/bottlenecks/execsum.htm. In 2005,

the average roundtrip peak commute along the 9.1 mile corridor was 28.2
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minutes. Appendix B, This means delay represented about 9 minutes, or
32% of a roundtrip peak commute. Using the highway administration
estimate, trucks making a roundtrip peak-hour commute across the [-90
bridge in 2005 incurred a cost from delay of about $561,725. Id.

Congestion and costs will increase, not decrease, with the lease of
the center lanes of 1-90 for light rail. In 2030, if [-90 remains the way it is
today, the average roundtrip peak commute is estimated to take 45.1
minutes. Adjusting for inflation, the cost to the freight industry would be
about $4.9 million per year, or $8,596 per truck. Under the light rail
option, the average roundtrip peak commute would climb to 54 minutes
and truck capacity would fall by 20%. Even with 20% fewer trucks able
to cross the bridge during the peak commute, the cost to the freight
industry would actually increase more than $5.2 million annually, costs
that will be passed on to consumers through higher prices. Id Assuming
the remaining 20% of trucks would still need to cross the lake either by
finding an alternative route or walting for the congestion on [-90 to clear,
the total cost to the commercial trucking industry would climb to $7.5
million, or $13,157 per truck, Id.

Leasing the two center lanes of 1-90 for light rail would not only
forego land desperately needed for highway purposes, it would directly

increase the cost to the commercial trucking industry by $2,624,425
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million a year, or $4,561 more per truck, just. to cross the 1-90 bridge
during the peak commute. Id. This is 54% more costly than if Sound
Transit did nothing on 1-90. Id.

Trucking will not be the only industry harmed by the removal of
the two center lanes. Ultimately, businesses served by the trucking
industry will also be harmed. Farmers in Eastern Washington will not be
éble to get their products to market as efficiently as they would if the two
center lanes remained in use for highway purposes. The transportation of
products from the Puget Sound basin eastward will be delayed.
Commerce throughout Puget Sound will be adversely affected, making
ports here less competitive than ports in Vancouver B.C., Portland, and
California.

The center lanes are presently needed for highway purposes. They
will always be needed, Their transfer to non-highway purposes not only
offends the Constitution and violates WSDOT’s authority, it would have
real and lasting negative impacts on the very taxpayers — including the
trucking industry — that pay gas taxes in order to fund this highway.

F. CONCLUSION
WSDOT has violated statutes constraining its authority to sell or

lease highway land, as well as the 18th Amendment. The land at issue is

needed for highway purposes, and it cannot be sold or leased for non-
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highway purposes until it is no longer needed and used as such. Tt is
difficult to tmagine any property in the entie State of Wa’éhington that is
needed for highway purposes more than the two center lanes of I1-90.
Removal of those lanes from use will have a devastating impact on the
trucking industry. No sector of the economy is more dependent on the
highways. This Court should act to stop WSDOT’s action in violation of
its statutory authority and the Washington Constitution,
DATED this 18th day of January, 2013.

Respectfully subrnitted,

Stephei IAHGpE, WEBA #4932
Crane DunhaPLEC

2121 5" Avkhue

Seattle, WA 98121-2510

(206) 292-9090

Attorney for Amicus Curiae
Haney Truck Line Company
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PART IV: LIGHT RAIL AND INTERSTATE 90

SOUND TRANSIT'S PROPOSAL TO PLACE LIGHT RAIL ACROSS I-90 WILL INCREASE TRAFFIC
CONGESTION

by Michael Ennis
Director, Center for Transportation
2007-12

Summary

Sound Transit’s plan to place light rail on Interstate 9o will reduce overall vehicle capacity on
the bridge by 15% during the morning peak commute and 8% during the afternoon.

Light rail will increase vehicle delay on the bridge by 27% during the morning peak drive and
24% during the afternoon peak.

8T2 will cause average westbound vehicle speeds to fall 21% during the morning peak
commute and eastbound drivers in the afternoon wouild see a 17% decrease.

Freight vehicles would suffer the most. During the morning peak drive, the number of freight
trucks able to cross into Seattle would drop 24%. Leaving Seattle during the afternoon peak
drive, trucks would see a 19% reduction in capacity.

The light rail option will cost the commercial trucking industry about $7.5 million annually
simply to cross the I-90 bridge during peak commute times. This is 54% more than if
policymakers did nothing on I-90. ‘

The light rail plan on I-go also appears to violate the federal government’s National Strategy
to Reduce Congestion.

Introciuction

One of the more controversial projects in Sound Transit’s proposed second phase (ST2) is reconfiguring
the center lanes of Interstate 9o (I-90) to accommodate up to 19 miles of light rail between Seattle and
Bellevue. The proposal includes replacing the two center High Occupancy Vehicle (FIOV) lanes that
cross the bridge with light rail, a form of high capacity transit (HCT).

Because Sound Transit is alveady re-striping the outer lanes across the bridge to squeeze one HOV lane
in each direction (approved in its first phase) Sound Transit claims there would be no net-changg in lane
capacity due to replacing the center lanes with light rail.[1] This claim is not entirely accurate and will
be examined later.

Called East Link, Sound Transit estimates the light rail lines to Bellevue will have capital costs of $3.017
billion in 2006 dollars, which represents nearly one-third of the total asset package in ST2. Sound
Transit also estimates that once the East Link project is complete in 2030, ridership would range
between 31,000 and 36,000 daily riders, depending on the routes chosen.[2]

Light Rail Would Make Traffic Congestion Worse

Sound Transit’s East Link, which includes reconfiguring the center lanes on I-90 to accommodate light
rail, would have a negative impact on the bridge’s vehicle carrying capacity. In other words, Sound
Transit’s plan to place light rail across the I~go bridge would make traffic congestion worse.

Consider the following charts, which fllustrate the average daily vehicle carrying c‘:apacity of the I-g0
bridge with and without light rail in 2030.[ 3]

hitp://www.washingtonpolicy.org/Centers/transportation/policynote/07_ennis_partiv.html 8/12/2010




Part IV: Light Rail and Interstate 90 - Policy Note - Washington Policy Center. Page 2 of 5
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Light rail would cut gfternoon vehicle carrying capacity by 8%.

Including all modes, the morning peak commute at mid-span on the I-go bridge would experience a 15%
reduction in overall capacity and the afternoon peak commute would experience an 8% reduction in
capacity. ,

This means the number of vehicles that can physically eross the I-9o bridge during the morning and
afternoon peak commutes would be reduced as a direct result of adding light rail to I-go.

Accounting for different modes, freight vehicle drivers would suffer the most. During the morning peak
drive, the number of freight trucks able to cross the bridge into Seattle would drop by 24%. Leaving
Seattle, truck drivers would see a 19% reduction during the afternoon peak commute.[4]

Drivers of single passenger vehicles would see a 20% reduction in throughput during the morning peak
commute and a 10% reduction during the peak afternoon cormmute.

Drivers of High Occupancy Vehicles (F1OVs) would not pay as steep of price as freight and single
passenger drivers. During the morning peak commute, both 2-person and g-person HOVs would enjoy a
9% increase in capacity. But peak afternoon HOV commuters will endure a 3% capacity reduction.

Increased Delay and Lower Vehicle Speeds

The reduction in throughput will lead to an increase in delay for drivers crossing Lake Washington on I-
90,

In 2030, peak travel times in the morning from Eastgate to Seattle would increase from 32.5 minutes to
41.4 minutes with light rail.[ 5] That is a 27% increase in delay over doing nothing, And easthound
drivers in the afternoon would see a 24% increase in delay.

In another measure, the average speed to cross the I-go bridge would worgen with light rail. Westhound
vehicle speeds would fall from 16.8 miles per hour in 2030, to 13.2 mph during the morning peak
commute, a 21% reduction. Eastbound drivers in the afternoon would see a 17% decrease in their
average speed. :

http://WWW.Washingtonpolicy.org/Centers/transportation/policynote/07__ennis . partiv.html 8/12/2010
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Economic Impact on Freight

The Federal Highway Administration (FEIWA) estimates that freeway congestion costs each truck about
$32.15 per hour of delay in 2005.[ 6]

A free-flow commute across the 9.1 mile corridor on I-90 between Bellevue and Seattle should take 9.6
muinutes, or 19.2 minutes xoundtrip,[ 7] Delay does not exist in this ideal scenario and thus does not
result in a cost to the freight industry.

In 20085, the average roundtrip peak commute along the 9.1 mile corridor was 28.2 minuies.[8] This
means delay represented about 9 minutes, or 32% of a roundirip peak commute. Using the FEWA’s
estimate, trucks making a roundtrip peak-hour commute across the I-go bridge in 2005 incurred a cost
from delay of about $561,725.

The following chart illustrates the I-9o bottleneck and the cost to the commercial trucking industry, with
and without light rail in 2030.

Estimated Annual Freight Cost From Traffic D elay
With and Without Light Rail ot [0 n 2030~
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2008 2030 No Aotlon 2030 With Light Rail
Interstate 90 Options

In 2030, if I-g0 remains the way it is today, the average roundtrip peak commute is estimated to take
45.1 minutes.[9] Adjusting for inflation, the cost to the freight industry would be about $4.9 million per
year, or $8,596 per truck.[10]

Under the light rail option, the average roundtrip peak commute would elimb to 54 minutes and truck
capacity would fall by 20%. Despite 20% fewer trucks able to cross the bridge during the peak commute,
the cost to the freight industry would be more than $5.2 million annually, costs that will be passed on to
consumers through higher prices, Assuming the remaining 20% of trucks would still need to cross the
lake either by finding an alternative route or waiting for the congestion on I-90 to clear, the total cost to
the commereial trucking industry would climb to $7.5 million, or $13,157 per truck.

In other words, Sound Transit's light rail proposal would directly increase the cost to the commercial
trucking industry by $2,624,425 million a year, or $4,561 more per truek, just to cross the I-90 bridge
during the peak commute. This is 54% more costly than if Sound Transit did nothing on I-90.

Causes of Increased Delay

The negative traffic impacts caused by Sound Transit’s light rail plan across I-9o can be atiributed to
three factors: narrower lanes, weave and capacity. .

In order to squeeze a single HOV lane into the main-line, Sound Transit is re-striping the current
roadway to make the shoulders and general purpose lanes smaller. The narrower roadway will have two
effects: drivers would generally be foreed to slow down, and traffic accidents would make it harder for
drivers to negotiate the smaller roads.

As with most restricted lanes, merging will also slow traffic. Without direct access ramps, transit and
carpool drivers would have to cross three general-purpose lanes before they reach the exclusive HOV -
lane,

The third factor s lane capacity. Sound Transit says that replacing the two reversible center lanes with
single HOV lanes in the outer roadways does not reduce lane capacity.[11]

This is not entirely accurate. During the morning peak commute drivers have a total of five westbound
lanes (three general purpose and two HOV lanes). With Sound Transit’s reconfiguration, capacity would
fall to only four westbound lanes. The same reduction would occur during the eastbound cormmute in
the afternoon, This is a 20% reduction in lane capacity during the morning and afternoon peak
commute hour,

http://www.washingtonpolicy.org/Centers/transportation/policynote/07_enmis_partiv.himl 8/12/2010
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The Federal Government’s Concerns
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Sound Transit intends to seek federal funds for its East Link Project, but the federal government has
already expressed “concern for the degradation of the function of I-go0.”[ 12] And since the corridor is a

federal highway, the federal government has jurisdiction over the approval process.[ 1 3]

The I-90 project also appears to violate the federal government’s National Strategy to Reduce
Congestion, which allocates federal dollars based on a project’s ability “to reduce congestion.”[14]

In fact, the Federal Highway Administration (FHWA) has already raised concerns to Sound Transit
“about how the proposal of HCT in the I-90 corridor will impact I-g0 operations and safety,”[15]

If the federal goveinment decides the loss of vehicle capacity is unacceptable, Sound Transit could either
lose all federal funding, which means taxpayers could be onthe hook for the additional costs or be forced
to abandon light rail entirely for another HCT alternative, like a Bus Rapid Transit/High Occupancy

Vehicle (BRT/HOV) option,

Either way, the changes would be significant and oceur only after voters had already decided on the

current proposal laid before them by Sound Transit.

Conclusion

Not only would this proposed project fail to reduce iraffic congestion, Sound Transit’s $3 billion plan to
place light rail across I-9o would ironically make congestion worse. This would have a negative impact

on drivers, and would cost the commercial trucking industry millions of dollars,

It is not fair to voters for Sound Transit to include the hght'raﬂ project on I-90 in its $30 billion
proposal, when federal officials have already expressed their unease with a plan that increases traffic

congestion and Sound Transit officials know the risks.

Interstate 90 is a federal highway and is the primary east/west corvidor from Seattle to the eastern
United States for both passenger and freight vehicles. Deliberately increasing congestion contradicts the
core functions of government and further perpetuates the public’s skepticism about the process.

When comparing Sound Transit’s light rail plan across I-90 with the no-action option, drivers and

consumers actually would be better off if pohcymakers did nothing.

This is the fourth chapter in an ongoing series of analysis onthe RTID/ST2 ballot measure. The
previous installments include: “Part I: The Cost of Sound Transit,” “Part II: Your
Transportation Tax Burden,” and “Part I1I: Cost Exceeds Benefits In Sound Transit's
Light Rall Expansion.” Michael Ennis is the Center for Transportation Policy Director at
‘Washington Policy >Center, Nothing in this document should be taken as any attempt to aid or hinder
the passage of any legislation before any legislative body. Contact Washington Policy >Center at 206~

937-9691 or www.washingtonpolicy.org.

[ 1] hitp://www.soundtransit.org/Documents/pdf/projects/eastlink/East%20Link_Segment_A.pdf

[2]

hitp://www.soundiransit.org/Documents/pdf/projects/eastlink/EastLinkBoardBriefingBook.11.9.06.pdf

[3] Data adapted from the Interstate-go Center Roadway Study completed by the Washington State
Departiment of Transportation in July 2006, The full report can be found here: http://www.wsdot.wa.g
ov/NR/rdonlyres/2D30E991-6159-4F2A-A84B-284622643B79/0/IgoCenterRoadwayStudy.pdf.

. [4] Ihid.
[5] hid,

[6] http://www.fhwa.dot.gov/policy/otps/botilenecks/execsum.him

[ 7] The free-flow commute time was estimated using a Time, Speed and Distance caleulator found here:
http://www.csgnetwork.com/csgtsd.html. Assumed a highway speed of 60 miles per hour for 9.1 miles.

[8] Data adapted from the Interstate-90 Center Roadway Study completed by the Washington State
Department of Transportation in July 2006, The full report can be found here: htip://www.wsdot.wa.g
ov/NR/rdonlyres/zDsoEg91-6159-4F2A A84B-284622643B79/0/I90CenterRoadwayStudy.pdf.

[2] Ihid.

[ 107 Assumes an annual 3.5% rate of inflation. The WSDOT corridor study estimates an average of 570

http://www.washingtonpolicy.org/Centers/transportation/policynote/07_ennis_partiv.html
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trucks crossing the bridge in 2036 during the morning and afternoon peak commute,
[11] hitp://www.soundiransit.org/Documents/pdf/projects/ eastlini{/ Bast%20Link_Segment_A.pdf

[12] .
http://www.soundtransit.org/Documents/pdf/projects/eastlink/EastLinkBoardBriefingBook.11.9.06.pdf

[13] Ibid.

[14] vhttp: / fvww.fhwa.dot.gov/congestion/index.htm

[15]
hitp://www.soundiransit.org/Documenits/pdf/projects/eastlink/EastLinkBoardBriefingBook.11.9.06.pdf
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MESSAGE FROM THE EXECUTIVE DIRECTOR

cially important as the baby boomer generation begins to retire.

The Washington State Transportation Center (TRAC), a partnership of
WSDOT, the University of Washington, and Washington State University, was
created in 1981. We remain committed to the conduct of research in support of
informed decisions and improved practices within Washington and the transpor-
tation community. We thank the researchers, students, and industry profession-
als in both the public and private sectors who make our transportation research
program so successful. '

We also welcome your feedback on this report and our research program,
and encourage you to stay in touch through our website at
http://www.trac.washington.edu.

As I wiite, Washington and the mmansportarion community are in the
midst of some tough economic challenges. Now, more than ever, it’s important
to ensure that our research funding is spent wisely to address critical knowledge
gaps. The research summarized in this report is doing just that. The results of
these projects are helping the Washington State Department of Transportation
{WSDOT) and other transportation providets domore with less, increase the life
span of our transportation infrastructure, and proactively address change so that
we can provide a safe and reliable transportation system for the traveling public.
Within this report, you'll find projects that seek knowledge, methods, and strate-
gies to

» retrofit, rather than rebuild, existing bridges and structures so that
they are able to better withstand earthquakes

+ speed the delivery of our construction processes ‘ -
*  maximize the movement of people and freight more reliably on our
existing infrastructuze
¢ minimize the impact of the transportation system on Washmgton s
natural resources Leni Oman
Executive Director, TRAC

¢ improve the durability of highway pavements and steel structures.

Recently, the WSDOT State Materials Engineer reviewed the contribu-
tion that research has made to pavement condition in the state. His analysis
of changes in practice resulting from 11 research projects revealed an estimated '
savings of $106.7 million annually. Through these improvements in practice,
pavement condition in Washington remains in fair or better condition on 93
percent of the roadways, despite a decreased budget and increases in population,
lane miles, and vehicle miles traveled.

Similar outcomes are true for other areas of study. Over the last 20 years,
investment in research has resulted in knowledge and tools that lead the nation
in passenger and freight mobility. Safety research has helped reduce faral and
injury accidents. Research has also helped WSDOT target transportation project
needs, improve project design and delivery, and maintain the transportation sys-
tem. Through our partnership, we conduct practical research with useful results.

In addition to the knowledge gained through research, research helps
provide a knowledgeable work force for the future. Students involved in the
research projects gain valuable experience and knowledge about transportation
practices, laying a strong foundation for their future employment. This is espe-

Duectm, Office of Research & Library Services, WSDOT
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Steel Truss Bridge at Deceiion Pass

Research at the Washington
State Transportation Center (TRAC)
addresses the needs of today’s trans-
portation systems. The studies cover
a variety of fields, and many require
interdisciplinary contributions. These
studies benefit from the collaborative
work within and between research insti-
tutions in Washington, as well as other
organizations. Through these partner-
ships TRAC is able to leverage knowl-
edge, funding, and other research
resources to provide costeffective and
innovative solutions to transportation-
related challenges.

Project Funding and Support

From July 1, 2007, to June 30,
2009, TRACUW researchers were in-
volved in over 60 research projects, for
which the budgets totaled nearly $8.5
million. Budgets for TRACWSU’s 16

projects totaled over $4.75 million.
These figures do not include TRAC’s
administrative budgets.
Research support came from
a variety of sources. In the past two
yeats, TRAC received national support
from - _
Federal Highway
Administration
Maricopa County Association of
Governments, Arizona
National Institutes of Health
Oregon Stare Department of Trans-
portation .
Transportation Northwest
Transportation Research Board
Western Federal Lands
Highway Division
U.S. Congress
U.S. Customs and Border Protec-
tion :
U.S. Department of
Homeland Security.
U.S. Department of
Transportation

A number of TRAC/WSDOT
projects were supported by consortia
or pooled funds in which the depart-
ments of transportation from other

states were involved, including those of

Alaska, Arizona, California, Colorado,
Connecticut, Florida, Idaho, Illinois,

Kansas, Méryiand, Michigan, Minne-
sota, Missouri, Nebraska, New York,
North Dakota, Ohic, Oregon, Pennsyk
vania, Tennessee, Texas; Washington,
and Wyoming.

" In addition to WSDOT,
in-state public supporters for TRAC.
projects included

Community Transit

Seattle Children’s Hospital Re-
search Institute

" Sound Transit

Western Washington
University E
TRAC received private support

from or worked as a subcontractor with

Cambridge Systematics ’

Honda R&D Amerieas, Inc.

Kittleson and Associates

Post, Buckley, Schuh &

Jernigan, Inc.

'Coﬁperatiﬂn and Colfaboration

The breadth of TRAC research
topics over the past two years involved
45 faculty and researchers from the fol-

. lowing 16 UW and WSU departments: -

Applied Physics Lab, UW

Aquatic and Fishery Sciences, UW~
Axchitecture, UW

Atmospheric Sciences, UW

Civil and Environmental -
Engineering, UW

Civil and Environmental
Engineering, WSU

Construction Management, UW

Economic Sciences, WSU

Electrical Engineering, UW

Evans School of Public Affairs,
Uw

Forest Resources, UW

Human Centered Design and Engi-
neering, UW

' Information School, UW

Mechanical Engineering, UW ~ .

Office of Educational
Assessment, UW

Social and Economic Sciences -
Research Center, WSU .

Urban Design and _Pi‘alming,-UW

.Through these research proj-
ects, TRAC researchers worked with

" numierous partners including private

consulting firms, product manufactur-
ers, other universities and research

facilities, cooperative associations, and

public agencies. Most research would
not have been possible without the
cooperation of these partnérs, and the
collaborations have resulted in more
successful and valuable results. Cver

‘the biennium, TRAC collaborated with

the numerous research partners listed
below.
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Uniiversimies AND ResearcH InsTiruTes
Arizona State University
Battelle Marine Sciences

Laboratory
Battelle Memorial Institute
Foundation for Scientific and

Industrial Research,
Trondheim, Norway

Pacific Northwest National Labora-
tory
Royal Military College of Canada
Eastern Washington University
Texas Transportation Institute
University of South Florida
University of Texas—El Paso
Wayne State University

Through our partner organiza-
tions, TRAC also participated in the
Region X Transportation Consortium
that is working to strengthen the
netwotk between University Transpor
tation Centers and state DOTs in the
Northwest.

PusLic AGeNnciEs

British Columbia Ministry of
Transportation

Canada Border Services Agency
City of Des Moines -

City of Federal Way

City of Mukilteo

City of SeaTac

City of Siloreline

Confederated Tribes of Colville
Reservation

Federal Aviation Administration

King County Metro Transit

Port of Seattle

Port of Tacoma

Seattle Public Schools

Sound Transit

Washington Department of Fish
and Wildlife

U.S. Departmentof Agriculture

U.S. Fish and Wildlife Service

U.S. Maritime Administration

Volpe National Transportation
Systems Center

PrivaTe CompANIES

American Presidents Line
Central PreMix Prestress Co
General Technologies Inc.

IBI Group

Maersk Line -

Matson

MLB Company

Nichols Consulting Engineers

Telematics Wireless

" TrafficGauge

“TransCore

Yamaha

AssodaTions
Northwest Regional Modeling
Consortium :

‘Washingron Trucking Associations

Student Involvement

A new way that the univer-
sities and WSDOT partmered was.
through the Student Studies Program.
The WSDOT Research Executive
Committee established the Student
Studies Program to supplement the
department’s capabilities to perform
small and quick research tasks and to
provide students at the University of .
Washington and Washingron State
University educational opportunities to
explore transportation subjects. TRAC
coordinated the effort, led by Mark
Hallenbeck (UW) and David McLean
(WSU)}, and provided oversight. Stu-
dent work within this program, spon-

- sored by different departments witchin

WSDOT (Rhonda Brooks, Research

Manager), includes the following:

* collection of data for GIS mapping
on the migratory patterns of radio
collared cougars to identify their
key highway crossing locations

* identification of critical sulfate
concentrations iri soils and
groundwater sources in Washing-
ton that may be dFtrimentaI to

" concrete structures and founda-
tions | 4

*

[

analysis of media coverage of

significant events in the Olympic

Region to evaluate agency success-
es and identify areas for improving
public communications

evaluation of the current and
future uses of *social media” to as-
sess how WSDOT might use them
to further customer outreach

evaluation of the WSDOT website
to ascertain whether the pages
are effective in giving people the
information they need
collection of information on key
components of the capital, oper-
ating, and institutional arrange-
ments of ferry systems in other
states and countries
examination of the Whatcom
County Smart Trip and other
neighborhood Smart Trip pro-
gratos so that other mewopolitan
planning organizations in Wash-
ington can be informed if they

“decide to set up similar programs

a survey of people at selected
senior centers to characterize some
of the issues that transit agencies

" will face with the increase in retir-

ing baby boomers _
assistance to small communities
whose main street is a state high-

~way in developing axchitectural

and landscaping guidelines to
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define and maintain the character
of their towns

* researching and writing articles for
the Pavement Interactive website
on topics including construction,
materials, pavements, and more

* analysis of various strengths of hot
mix asphalt to provide data for the
Mechanistic Empirical Pavement
Design (MERG) Guide.

Technology Transfer

Research dollars are wasted if
clients are unaware of research results,
unable to understand research find-
ings, or unable to implement them.
That's why TRAC emphasizes technol-
ogy transfer as part of its operations.
TRAC makes a special effort to ensure
that research teports are understand-
able by developing project sumimaries
and providing guidance to writers.

WSDOT also prepares synthe-
sis reports that sunumarize currently
available information to assist decision
makers. This past biennium WSDOT
and WSU staff developed 22 reports
~ on a variety of topics. WSDOT staff
also prepared Research Notes for nine
studies. These short, nontechnical
documents are distributed to all state
DOTs and other interested parties. In.
addition, WSDOT developed a list
serve to distribute Research Notes and
reports.

As’examples of recent technol-
ogy transfer endeavors, over the past
two years researchers began to survey
and assess WSDOT photo collections
to improve the management of photo
resources for both public and private
use. They participated in a Pavement
Tools Consortium that fostets the
continued development and implemen-
tation of computerbased paving tools,
and they established a consortium to
develop and implement a variety of
computer-based tools for sharing and
integrating geo-spatial transportation
data. TRAC researchers also continued
to support a traffic mansgement center
intern prograim at WSDOT 1o the
mutual benefit of University of Wash-
ington civil engineering students and
WSDOT Traffic Management.

TRAC also continued to main-
tain and improve its website, htip://
trac.washington.edu to inform visitors
about TRAC work, provide access to
research reports and project informa-
tion, and guide researchers in produc
ing wotk through TRAC.

Intercity transit, Lacey, Washington.
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Completed Projects

Composite MATERIAL ALTERNATIVES TO
Twiser 1N THE ConsTRuCTION OF WiNG
Watis

The wing wall system of 2
ferry terminal positions the vessel bow
and dissipates energy through impact

during the ship’s approach for berth-
ing. The material of choice for ferry
terminal wing walls has traditionally
been timber treated with preservative
chemicals, which has the desirable
properties of stiffness, wear, friction,
and low cost. However, with the listing
of salmon as an endangered species in
Puget Sound, the continued installa-
tion of biocide-treated wood products
in existing or new harbor facilities has
become problematic. In response, this
project explored the use of two wood-
plastic composite (WPC) materials to
replace current timber elements for
the wear surfaces of wing walls. The
researchers found that the materials’
structural capacity and ability for devel-
opment into large wing wall sections
varied, but they concluded that if the
positive environmental attributes of
the WPCs are judged to offset their
higher initial costs, WPCs appear to be
a viable substitute for treated timber in

ferry terminal wing walls.

Principal Investigatars: Bender, B./Woleott, M.2, WSU
Research Manager: Willaughby, K, WSDOT

Technical Monitor; Bertucd, T, WSDOT

Sponsors: WSDOT/FHWA

DerecTion of Voips iN PRESTRESSED
ConcreTE Bripges Using THERMAL
IMAGING AND GROUND-PENETRATING RaDAR
In the nondestructive inspec-
tion method of thermography, thermal
imaging cameras detect infrared energy

emitted from an object and then con-
vert this énergy reading into a display
of the material surface temperature.
Ground-penetrating radar {GPR) is a
nondestructive inspection method that
uses radar pulses to image subsurface
structures. This project investigated
the usefulness of these two structural
inspection methods for detecting air
voids in the prestressing strand ducts -
of concrete bridges. Key questions
included what internal defects can and
cannot be detected? What heating ap-
plications produce the best inspection
results from infrared imaging? What

" concrete thicknesses can be inspected

with GPR? The study included both -
Iaboratory tests on concrete simulated
bridge walls and field inspections on
four bridges in western Washington.
The findings from this study will help
WSDOT engineers more effectively
utilize these nondestructive inspection
methods to find air voids and other
internal structural defects that require
repair to maintain the safety of the
state’s bridges.

_Principal Investigator: Peflock, DG, WSU ~ -

Project Manager: Willoughby, K, WSBOT
Technical Monitor: Khaleghi, 8, WSDOT
Sponsor WSDOT/FHWA

WA-RD717.1

Researchers are exploring the use of wood-plastic composite materials to replace biocide-treated wood in

ferry terminal wing walls
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Dynamic Response of Bripges 7o Neagr-
Fauwi, Forwarp DirecTiviTYy GROUND
Mormions

Research has shown that a spe-
cial type of earthquake ground motion
that occurs in the form of pulses near
a fault can cause significant damage
to structures. In addition, traditional
simplified analysis methods for seismic
design have been shown to be insuf
ficient fo capture the full effects of
this type of ground motion on bridges.
The objective of this project was to
take advantage of a recent increase
in ground motion data to improve
the understanding of the response of
typical reinforced concrete and precast
concrete bridges to these pulse-type

forward directivity ground motions.
The results from detailed structural
analyses of three post-1990 bridges

in Washington showed that signifi-
cant seismic damage may occur # the
structuzal response is in tune with the
period of the ground motion pulses. -
The researchers developed a methodol-
ogy for seismic analysis that accounts
for the additional hazard resulting
from pulse-type ground motions. This
work should help WSDOT design safer
bridges by more accurately analyzing
and predicting their seismic response at

sites near faults.

Principat investigators: Rodriguez-Marek, AfCofer, ¥/, WSU
Research Manager: Witloughby, K, WSDOT

Technical Monitor: Willoughby, K, WSBOT

Sponsors: WSBOT/FHWA

WA-RD 689.1

ErrecT oF INTERMEDIATE DIAPHRAGMS ON
PresTresseD CONCRETE BRIDGE GIRDERS IN
Over-HeiGHT TRUCK IMPacTs

Bridges struck from beneath
by overheight trucks can be damaged
enough to interrupt service. The use
of intermediate diaphragms in con-
crete girders may improve the impact
resistance and thus the survivability
of bridges, but to date only limited re-
search has been conducted. This scudy
sought to develop and validate dynamic
numerical finite element models to
simulate the response of prestressed
concrete bridge girders with intermedi-
ate diaphragms. The researchers also
perform a numerical parametric study

- to evaluate the effects of critical factors
- on the design of the'diaphragms. The

results of this study will assist in the
development of standards of practice
for the design of prestressed concrete
bridge girders with intérmediate
diaphragms, and the recommenda-
tions and proposed guidelines will help
bridge engineers make better design de-

cisions for prestressed concrete bridges.
Prindipal Investigatars: Qiao, P/Mdlean, DI, WSU

andYang, M, UTSA _

Research ianager: Willsughby, K., WSDOT -

Technical Monitor: Kialegh, B. WSDOT

Sponsars: WSBOT/FHWA

WA-RD 696.1

Rarip ConsTRUCTION OF Bringe BENTs
witH PrecasT CoNCRETE

7 Bridge construction can
dramaticaily increase traffic delays
and congestion, particularly in areas
with heavy traffic volumes. Traffic
disruption can be reduced if reinforced -
concrete columns and cross-beams can
be precast offsite and then assembled
together at the bridge site. To take ad-
vantage of the benefits of using precast
bridge components in Washington
state, precast concrete systems must be
developed that notonly can be con-

* structed quickly but that also perform

well under earthquake loading. A previ-
ous phase of this program addtessed
some of these issues. The goal of this
Phase 2 work was to develop methods

~ of designing and constructing precast

concrete bridge bents that can be built
quickly and that will perform well un-
der earthquake loading. With the use
of reliable precast bridge components,
WSDOT will be better able to reduce
onesite bridge construction time,
thereby causing less traffic disruption
and fewer construction hazards.

Principal lnvestigators: Stanton, S F/Eberhard, M.0, UW
Reseasch Manager: Willoughby, K, WSDOT

Technicat Monitor: Kapur, 2, WSDOT.

Sponsors: WSDOT/FHWATransNow

WA-RD 684.1,684.2, 6843

New models will help engineers determine the effectiveness of intermediate diaphragms in improving
the resistance of bridges to damage from overheight trucks (here on 90 near Easton, Washington).
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Setsmic Assessment of WSDOT Bribes
wiTH PrEsTRESSED Howlow-Core Pites

Hollow prestressed reinforced -
concrete piles were used as foundations
for many bridges in Washington state
during the 1960s.

Tests have shown that when
piles of this type are loaded to failure,
they fail in a sudden, brittle manner
- that is highly undesirable in seismic
regions. However, because fullsize
tests are impractical, those tests were
performed on specimens of a much
smaller scale, and the test results can-
not be extrapolated with confidence
to actual piles in place. To address
this and other questions, a detailed
computer model to accurately simulate
the behavior of prestressed hollow-
core piles was developed and verified
through comparison with experimental
tests. The computer model was then
expanded to represent the configura-
tion of actual piles, both in the ground
with the effect of the confining soil
and at the connection with the bridge
superstructure. Given this informa-
tion, a typical bridge built on such piles
was evaluated for seismic loading. The
resulting knowledge about the failure
mechanisms for bridges of this type,
the forces required for various levels of
failure, and a definition of the earth-
quake magnitude that will cause failure
will allow WSDOT bridge engineers to

design safer retrofits and new bridges.
Prindipal Investigators: Cofer, W./HGawady, M., WSU

Research Manager: Willoughby, X, WSDOT

Technical Monitor: Khaleghi, B, WSDOT

Sponsors: WSDOT/HHMA

WA-RD 7321

Seismic RetrorIT of RecTanGuLAR Bainee
CoLumns _ L
Engineers continue to develop
and implement retrofit strategies to_
upgrade the seistnic performance of
existing bridges. This study investigated
retrofitting measures to improve the
seismic performance of rectangular col-
umns in existing bridges. Experimen-
tal tests were conducted on 0.4-scale
column specimens with details that
were selected to represent deficiencies
present in older bridges in Washington
state. Five columns were retrofitred
with carbon fiber reinforced polymer
(CFRP) composite wrapping and one
specimen was retrofitted with a steel
jacket. The specimens were subjected

o increasing levels of cycled lateral

displacements under constant axial
load. On the basis of the results, the
researchers recommended that oval-
shaped jackets be used whenever pos-
sible to retrofit rectangular columns.
Column specimens with ovalshaped
jackets of steel and CFRP composite
material performed similarly, both pro-
ducing ductle column performance.
With practical and effective guidelines

for the seismic retrofit of rectangular
columns, WSDOT engineers will be
able to more costeffectively maintain

safer bridges.

Peincipal Investigaters: Mclean, D.L/Sack, R /Elgawady, M, WSU
Project Manager. Willoughby, K, WSDOT

Technical Monitor: Wiksan, D, W3DOT

Spensors: WSDOT/FHWA

 WARD7I6.

Anew procedure will aid engineers in evaluating

the status of qusset plates on steef truss bridges
(such as this one over the Nooksack River on SR
539, Washington). .

‘Active Proiecis

EvaLuaTion oF Gusser PLATE CONNECTIONS -
w SteeL Truss Brinces

"The recent failure of a large
steel truss bridge in Minnesota has
been, in part, attributed to overstressed
and buckled gusset plates. This cata-
strophic event signaled concerns about
the potential for similar overstressing
of gusset plates in steel truss bridges
across the country. To help bridge
engineers in evaluating gusset plates,
the Federal Highway Administration
released FETWA Bridge Design Guid-
ance No. 1; howevert, the complex
design methods make rapid assessment -
difficult. To remedy this, a studyis
under way to develop a new procedure
for rapid and reliable evaluation of
the state of gusset plates, including
their maximum stresses, likelihood of
gusset buckling, and critical connec
tion configurations. The new approach
should enable bridge engineers to more
expediently evaluate the capacity of
gusset plates, allowing the gusset plates
with near critical demand-to-capacity
ratios to be identified for further, more

refined analysis or retrofit.

Prindpal Investigators: Bermazn, J/Lehman, D./Roeder, C, UW
Project Manager: Wiloughby, K., WSDOT

Technica! Monitor: Coffman, H., WSDO0T

Sponsors: WSDOT/FHWA
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Researchers are investigating the primary causes of transverse shrinkage cracking in WSDOT concrete
bridge decks (above, restrained shrinkage cracking from an AASHTO ring test).

MimicaAtion STRATEGIES FOR EARLY-AGE
SurinkAGE CRACKING IN BrIDGE DEcKs
Early-age shrinkage cracking
has been found in bridge decks across
the U.S,, including in Washington
state. Such cracks in a bridge deck al-
low water, de-icing chemicals, sulfates,
and other corrosive agents to penetrate
into the concrete and substantially di-
minish the deck’s service life. Because
concrete deck repair is expensive and
can cause traffic delays, the extent of
this cracking needs to be reduced to
prevent premature deterioration. This
project is addressing that issue by work
ing to determine the primary causes of
the transverse shrinkage cracking oc-
curring in newly constructed WSDOT
concrete bridge decks and to develop
appropriate mitigation strategies to
reduce or eliminate eatly-age shrinkage
cracking. The results should improve
the durability and service peiformance
of Washington bridge decks, decrease
maintenance costs, and increase bridge
safety and longevity.
Prindpal Investigators: Qiao, P/Mdiean, D1, WU
Research Manager: Willoughby, K, WSDOT

Technical Monitor: Sheikhizadeh, ., WSDCGT
Sponsar. WSDOT
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Completed Projects

PERFORMANCE ANALYSIS AND FORECASTING
For WSDOT Hicaway Prosects

The time and cost of highway
projects are important for highway
agencies to control. The objectives of
this research were to develop tools to
monitor the contractot’s performance
during construction in order to detect
unsatisfactory progress and to improve
the prediction of time and cost for
highway projects to reduce overruns.
The researcher developed minimum
and average performance bounds by
using regression analysis and a set of
successfully completed projects clus-
tered in categories based on quantities
of asphalt, contract value, project dura-
tion, and project miles. The researcher
also developed time and cost predic-

tion models based on a number of

major variables in pavement projects.
These new tools better enable WS-
DOT construction managers to more
carefully monitor the performance of
projects during construction, as well as
to mote accurately estimate construc-
tion duration and cost before projects

are bid.

Principal Investigator: Abde] Aziz, AM., UW
Research Manager; Lindquist, K, WSDOT
Technical Monitor: McDaniel, C, WSDOT
Sponsor: WSBOT

WA-RD 675.1

Researchers are developing tools t monitor
contractors' peformance during construction to
improve the prediction of time and cost and reduce
overruns {construction of 1-90 off-ramp at Atlantic
Street, Seattle).
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Completed Projects

Anavysis oF Deer AND ELk-VenicLE
CotLisION SiTES ALoNG STATE HicHways IN
WasHinGTON STaTte

WSDOT personnel remove
approximately 3,000 deer and 85 elk,
killed by collisions with vehicles, from
Washington state highways annually.
To reduce these numbers, this project
developed models to assess the influ-
ences of road characteristics, habitat
features, deer densities, and deer
behavior on the frequency of ungu-
latevehicle collisions (UVCs). A key
factor found to influence the potential
for UVCs on state highways was the
number of deer in the surrounding
area. The modeling also indicated
that parameters related to better deer

2 - habitat were associated with higher col-

lision counts. These results suggest that
providing passageways for deer to cross
over or under highways, constructing
barriers that prohibit entry onto road-
ways, and discouraging deer presence
near highways by reducing the quality
of adjacent habitats may decrease UVC
rates, thereby reducing accident costs
to motorists and improving safety for

both humans and the animals.

Principat Investigator: Myers, WL, Washington Department of Fish
and Wildiife

Research Manager: Brooks, R, WSDOT

Technical Monitor: Garey, M. WSDOT

“Sponser: WSDOT

WA-RD7011

Dererminanion of Hyprautic ConpITIONs
AnD Epoy-Like MoTions N THE CULVERT
TesT Bep AND THEIR EFFecTs o UpstrEam
Juveniie Satmon Passase

Road culverts on federal,
state, and private lands currently block
upstream passage of juvenile salmon to
thousands of miles of suitable rear-
ing habitat. The WSDOT is leading a
cooperative program to study juvenile
salmon passage through culverts by

- conducting experiments in a fullscale

culvert system at a state hatchery. The
overall goal of the culvert test bed
program is to identify culvert con:
figurations and associated hydraulic
conditions that facilitate successful
upstream passage of juvenile salmon.
This study sought to determine wheth-

er the culvert retrofits recommended
by the Washington Department of Fish
and Wildlife, sloped-weir baffles, limit
juvenile salrhon passage. Culvert slope,
baffle spacing, and baffle height were
vatied, and velocity was measured. A
separate, concurrent biological study
was conducted by Battelle Memorial
Institute. The study results will provide
professionals with guidance for retrofit-

ting culverts.
Prindipat Investigator: Homer-Deving, A, UW

" Research fanager: Brooks, R, WSDOT

Technical Monltor: Petersen, 1, WSDOT - -
Sponsors: WSDOT/FHWA
WA-RD £87.1

EeLGRASS RESTORATION IN THE PACIFIC
NorTHWEST: RECOMMENDATIONS TO
ImpRrROVE PROJECT SUCCESS

Eelgrass (Zostera marina L.)
is the most widespread of neatly 65
seagrass species and plays an important
role in nearshore ecosystems. Because
of their continued losses, seagrasses
are a focus of conservation dnd resto-

" ration efforts. This project surveyed

eelgrass restoration and mitigation
project results and recommendations
in the Pacific Northwest since 199C.
The report concluded that, under
favorablé site conditions, and if the
reason for the initial foss of eelgrass is
understood and corrected; eelgrass can
be restored to match tlie structure and

function of natural eelgrass meadows.

However, eelgrass restoration science is
hampered by knowledge gaps. Recom-
mendations included the development
of standard monitoring protocols and
a clearinghouse of e¢lgrass restoration
and monitoring results that will pro-
vide summaries and data from eelgrass

enhancement efforts.

Principal investigator: Thom, R., Pacific Northwest Nationaf Labora-
tory -

Research Manager: Brooks, R, WSDOT

Technicel Monitor: Carey, M., WSDOT

Sponsor: WSDGT

WA-RD 706.1

EnvironmenTAL InvesTigation oF Heavy
ETaLs v HicHway Runorr

Stormwater runoff from high-
ways is a growing concern across the
country. The Federal Highway Admin-
istration currently identifies cadmium,
chromium, copper, iron, lead, nickel,
and zinc as the heavy metals typi-
cally associated with highway runoff.
The U.S. Envizonmental Protection
Agency states that the primary sources
of these metals are wear and tear of
various vehicle components such as
tires, engine parts, and brake pads;
auto body rusting; lubricants; and fuel
combustion. Although attempts have
been made to relate stormwater runcff
quality to average daily traffic (ADT)
loads, the relatonship between mer
als in stormwater runoff and levels of
traffic has proved to be complex, and -
simply treating highway runoff from




Washingtor Stase Tansporiation Center

PROJECTS: ENVIRONMENT

408-2009 i3

Biennigt

roads with high ADT is not the answer.

To help WSDOT find both shore and -

long-term solutions to costeffectively
address concerns about highway run-
off, this research suggests that a robust,
scientifically defensible methodology
be developed for predicting the timing
and location of enhanced metals treat

ment in highway runoff.

Principat Investigators: Barber, M.E./Yonge, DR, WSU
Research Manager: Brooks, R, WSBOT

Technical Monftor: Schaffner, L, WSDOT

Sponsor: WSDOF

Movement ano Haemmar Use oF CHinook
SaLmon Swmiotrs, NortHERN PikeEmintow,
AND SmaLtmoutH Bass Near THE SR 520
BriDeE, 2007 Acoustic Tracking Stupy
Many Chinock salmon in Lake
Washington must pass beneath the
fourtane SR 520 bridge on their way
to Puget Sound. This study undertock
to evaluate the movement and habitat
use of Chinook salmon smolts and two
kinds of their predators near the SR
520 bridge. The researchers tracked
tagged fish near the west end of the
bridge, which is within a major migra-
toty corridor for the salmon. They
found that most actively migrating
salmon appeared to be delayed by the
bridge, Conversely, many fish that were
holding in the area rather than migrat
ing chose to teside in areas near the
bridge for prolonged periods. For the
northern pikeminnow, the bridge did

not seem to be a major foraging site,
but larger smallmouth bass were often
found near bridge columns. WSDOT
will use the results of this and future
studies to help minimize impacts on
fish in Lake Washington as it designs a

new bridge for the site.

Principal Investigater. Celedonia, M.1, US. Fish and Wildiife Service
Research Manager: Brooks, R, WSDOE

Technical Manitor: Bloch, P, WSDOT

Sponsor- WSBOT

WA-RD 694.1

Pram TALK

__ Several government agen-
cies have been requesting that writers
improve the quality of environmental
policy documents by applying prin-
ciples taken from Plain Language (PL),
a movement to make communications
with the public easier to read, under-
stand, and use. This project sought to
determine whether implementing some
specific PL guidelines would influ-
ence readers’ perceptions and com-

In rebuilding the SR 520 bridge across Lake Washington, WSDOT will consider new information about the
behavior of fish, including migrating salmon, near the bridge and its columns.

R

prehension of environmental policy
documents. After a literature review
and survey, the researchers examined
the effects of heading phrasing and
personal pronouns. Results revealed
that headings in question form can
make documents seem more familiar
but less reliable than when headings
are in statement form. Use of personal
pronotins can make information seemx
easier to find and more friendly. These
findings showed that PL precepts can
affect readers of environmental policy
documents, but more work is needed
to further understand the impacts of
PL guidelines on the public.

Prindipal investigator: Spyridakis, J., UW

Research Manager: Brooks, R, WSDCT

Technica] Monitor: Realkvam, {, WSDOT
Spansor: WSBOT

Active Projects

ipenmiFying Hise Risk Locarions oF
AnmiaL-Venicie CoLLISIONS FOR
WhasHinGTON _ o

In Wasﬁington State, more
than 3,000 collisions occur yearly
with deer and elk on state highways.
Therefore, identifring high-risk loca-
tions for animal-vehicle collisions
{AVCs) and appropriately aliocating
limited resources to improve safety
are important tasks for WSDOT. The
objectives of this study are o build a
relational database that stores data on
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AVC occurrences, highway geometry,
wraffic variables, and animal habitats;
to develop a new modeling approach
that can quantify the relationships
between AVC risk and roadway and/or
environmental variables; and to iden-
tify locations on selected Washington
state highways that are at high risk for
AVCs. The benefits from this research.
will be a better understanding of AVCs
on Washington highways and a list of
locations at high risk for AVCs that are

a priority for investigation. In addition,

the findings of this study may establish
a solid foundation for developing a
statewide animal habitat connectivity
plan, a necessary tool for minimizing
AVCs with the construction of future
highways.

Principal Investigator: Wang, ¥, UW

Research Manager: Brogks, R, WSDOT

Technical Monitor; McAllister, K, WSDOT
Soonsor: WSDOT

JuveniLe Samon BenavioraL REsPONSE
10 FerRY TErRMINAL LigHT MiTicATION
TrReATMENTS

Studies have found that shad-
ing caused by over water structures
such as ferry docks may affect juve-
nile salmon migratory behavior. To
facilitate fish passage beneath ferry
terminals, scientists experimented with
increasing light beneath the docks and
reducing or eliminating dark shadow
edges cast by terminal structures. To-

ward that end, this study is evaluating
the use of fiber-optic technologies to
minimize shading under existing struc-
tures. UW researchers are collaborating
with Battelle Marine Sciences Labora-
tory to complete feasibility testing of

a commercially available fiber-optic
system, locking at its area of coverage,
its optimum placement and configura-
tion to decrease shadow edges, and
the responses of migrating juvenile
salmon to the light mitigation. The
tests include in situ sampling of fish
behavior under different experimental
lighting treatments. If the lights prove
effective and cost efficient, they will
enhance the migratory movement of

these endangered fish.
Principal Investigator: Simenstad, 5., HW
Research Manager: Brooks, R, WSBOT
Technical Monitors: Huey, R /Garey, M, WSDOT
Sponsor: WSDOT

Rebuction oF Unperwarer Souno Levers
rrom Pie Driving OPERATIONS

The sound generated by driv-
ing large-diameter steel piles underwa-
ter may have adverse effects on marine
animals. In fact, the documentation
of fish kills at several pile driving sites,
including Washington state ferry ter
minals, has led to increased regulatory
concern and tighter permit restrictions.
Researchers are proposing to rediice
tlie noise from pile driving by at least
35 dB 10 meters from the pile by modi-

fying a previously developed device
called a Temporary Noise Attenua-
tion Pile (TNADP), which surrounds
the pile as it is driven into the soil.
This modified TNAP will be tested in
the fall of 2009 at the Vashon ferry

terminal dolphin replacement project.

The researchers will also measure and
model shaliow water sound propaga-
tion to enable engineers to predict
sound levels at distances of up to 500

meters from the pile. The modeling
effort will help improve the prediction
of noise levels from pile driving during
the planning stages of future projects, .
thereby streamlining associated regula-

tory processes. | )
Principal Investigators: Reinhatl, P/Dahi, PH,, UW
Research Manager: Brooks, R, WSDOT

Technicsl Monitors: Grey, M.Aaughlin J Huey R, WSDOT
Spenser WSDOT

A new device may reduce the noise of underwater
pile driving and fts effects on aquatic animals,
allowing WSDOT to conduct pile driving operations
year round (Sauk Rivey, Washington, stabilization
project).
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{ompleted Projects

ArTEriaL FLOW MEeTHODOLOGY
Through its research program,

WSDOT has developed and deployed a

performance monitoring methodology

that uses the WSDOT’s FLOW system

of loop detectors and data archiving
processes to monitor Puget Sound
freeways. Because most trips involve at
least some use of the regional arterial
network as well, 2 method of monitor
ing arterial performance that comple-
ments the existing freeway monitoring

Researchers are developing a method of monitoring arterial performance that will complement existing

techniques would enable performance

of an entire trip to be analyzed, not just
the freeway component. To develop
siich a method at low cost to any trans-
portation agency, this study investi-
gated the general relationship between
the data from loop sensors at signalized
intersections and the overall level of
congestion on the arterial. The project
also developed a prototype analytical
method to utilize such data and ex
plored issues that would make deploy-
ment of a traffic signal sensor-based
arterial monitoring system feasible, If

successfully developed, such a method
for monitoring arterial performance
will aid in planning and operational
analyses, as well as in potential real-
time monitoring applications such as

online traffic maps.

Principal investigators: Hallenbeck, M.E /ishimary, 1#./Kang, 1,
Uw

Research Manager: Brodin, D, WSDOY

Technical Monitor; Trepanier, T, WSBOT

Sponsor: WSDGF

Couneestion Anavysis ano WSDOT
SupPORT

As part of WSDCOT’s con-
tinuing efforts to manage the central »
Puget Sound region’s transportation
network and enhance traveler mobil
ity, WSDOT’s Northwest Region has
an ongoing need for timely, detailed
technical information on-traffic condi-
tions, historical trends, and emerging
transportation issues associated with
the area’s roadways. Since 1995, TRAC
has developed data collection tools and
analyses to provide this information for
Seartle area freeways. This project con-

~ tinued to update those freeway moni-

toring analyses, enhance evaluation
tools, and provide technical support

to WSDOT. This included conduce
ing analyses for the seventh and eighth
editions of the WSDOT Central Puget
Sound Freeway Usage and Performance
Report, now published as interac-

tive graphics on-ine at http://depts.
washington.edu/hov, as well as yearly
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analyses of the HOV lane network. The
project also developed Seattle freeway
performance and congestion analy-

ses to suppott the WSDOT’s Gray
Notebook performance monitoring
program. The information provided by
these analyses helps WSDOT improve
freeway operations, conduct planning
studies, and analyze alternative stat
egies to improve the Puget Sound trans-

portation network.

Prindipal Investigators: Hallenbeck, M.E Aishimaru, ) M./ang, J,,
uw

Research Manager: Brodin, D, WSDOT

Technical Menitor: Neeley, M., WSDOT

Spanser; WSDOT

ConstrucTioN TRAFFIC Driver Benaviorat
Stupy

During major highway
closures in the Seattle area, a signifi-
cant percentage of drivers temporarily
change their travel behavior, dramat-
cally reducing the number of vehicles
on routes where construction occurs
and notably increasing traffic on alter
native routes. Traffic and transit data
analysis have determined that some
drivers shift their travel schedules,
toutes, and modes, but complete data
have been unavailable to understand
the actions of the majority of drivers
during closures. This study conducted
a survey of residents in the greater Se-
attle area to determine driver behavior
during major highway construction
closures in the urban area. The infor

_ PrassIX

mation from this survey research will
be helpful to decision makers in un-
derstanding what actions the majority
of drivers take during construction clo-
sutes, why they take them, and whether
these actions are sustainable in provid-

ing longterm congestion relief.
Principal Investigator: Maore, DL, WSU

Research Manager: Lindguist, X., WSDOT

Technical Monitors: Suchan, S./Helmann, 1., WSDOT
Spensor: WSDOT

HOV Lane Evawsnion anp Moniroring

- Surveys have shown consider-
able support for the construction of
HOV lanes in the Puget Sound region.

The work of HOV traffic counters is helping plan-
“ners evaluate the impact and adequacy of the
Puget Sound HOV lane system.

In this ongoing study researchers are
conducting a multi-faceted evaluation
of the effectiveness of HOV lanes. The
evaluation includes yearly analyses of
data collected to describe the number
of people and vehicles that use the
HOV lanes, the reliability of the HOV
lanes, travel time savings in compari-
son to general purpose lanes, violation
ratés, and public perceptions. These
statistics are available at http://depts.
washington.edu/hov/. The resulting
information is intended to help trans-
portation decision makers and plan-
ners evaluate the impact and adequacy
of the existing Puget Sound HOV lane
system and plan for other HOV facili

ties. - .

Principal Investigators: Halleabeck, M.E/Ishimary, 1id./Kang, J,
uw

Praject Manager: Brodin, D, WSDOT

" Technical Monitor: Trepanier, T, WSDOT

Sponsor WSDOT

Quannrying Incioent-Inpucep TraveL
DeLays on Freeways Using TRAFFIC
Sensor Dara, Puase |-

It is generally believed that
more than 50 petcent of congestion
on freeways is non-recurrent and that a
large portion of that congestion is the

‘result of incidents. Particular atten-

tion should be paid to travel delays
caused by non-recurring congestion

. because it may be effectively alleviared

through traffic management, control,

and incident response. To better
understand non-recurring congestion
on Puget Sound fréeways, researchers
developed a database of loop detector -
and incident data to support delay es-
timation studies and decision making,
developed an algorithm for quantify-
ing incidentinduced travel delayon
freeways that uses maffic sensor data,
and created a computer system, the
Advanced Roadway Incident Analyzer
(ARIA), that automates the algorithm’s
delay calculadions. The result should
De a better understanding of incident
delays that helps WSDOT in choosing
the most effective incident response
strategies and congestion countermea-

sures.
Principal Investigator: Wang, Y., UW
Research Manager: Brodin, D, WSDOF
Technicat Monitor: Trepanier, T, WSDOT
Sponsers: WSDOT/ Tramsowr/FHWA
WA-RD700.1

Starewipe OperaTioNSs Data ARCHIVE

To imiprove the performance of
the state’s roadways, WSDOT requires
a robust and flexible system to collect,

. store, summarize, and make available
_ roadway data. A number of efforts have

been undertaken within the WSDOT
to collect, archive, and distribute data.

The primary objective of this.research

effort was to recommend cost-effective
ways to make existing WSDOT data
more readily availible. The intent was
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to allow previously collected data to

be easily located by users throughout
WSDOT, who could then quickly
understand, obtain, and integrate them
with data from other sources. Work on
this project produced valuable informa-
tion about how people access the data
and how to combine dissimilar but
related data sets. Two data prototypes
were developed. The first was designed
to test user interfaces for identifying
available data, and it also provided
WSDOT analysts with better access

to WSDOT’s FLOW performance
statistics. That site has been refined as
part of the Statewide Traffic Data Mart
project. The second prototype was used
to test mechanisms for combining dis-
similar types of waffic data in order to
provide more analytically useful data
combinations. This prototype is avail-

able at http://140.142.198.49/.
Principal Investigators: Hallenbeck, M.E./Sanderson, A, UW
Research Manager: Brodin, D, WSDOT

Technical Monitor Trepanier, I, WSDOT

Sponsors: WSDOF/FHWA

WasHingTon INciDEnNT Response TracKiNG
SysTEM '

The Washington Incident
Tracking System (WITS) database was
written in a darabase language that pre-
vented it from being readily accessed by
other computerized WSDOT applica-
tions. This project rewrote the WITS
database with Microsoft SQL Server

lmpmvements 1o WSDOT' Incident Tracking System, used by its [ncident Response Team, will make the
data more accessible and allow WSDOT to better manage roadway operatzons

to make the data more accessible
within WSDOT. At the same time, the
project team updated the functional ca-
pabilities of the WITS. This included
developing a better user interface, addi-
tional reporting capabilities, improved
incident location referencing systems,
and the ability to enter data directly

‘into the WITS database from remote

devices. With these changes, WSDOT
is better able to access WITS datz,
combine those data with other datasets
to better manage roadway operations, -
and develop more integrated decision

support tools.

Prinipal Investigators: Hallenbeck, M. E/Sanderson A, UW
Research Manager: Brodin, D, WSBOT

Technical Monitor: Bremmes, B, WSDOT

SponsorWSDOT

Active Projects

DevELOPMENT OF A STATEWIDE TRAFFIC
Dara Mart~ 4
The limited ﬁiﬁdiﬁg available
to expand roadway capacity means that
WSDOT needs to optimize the perfor
mance of its existing roadway system.

To do this, WSDOT needs to monitor -

the performance of current roadways,

track the effectiveness of its operations

strategies, and plan for operational
improvements. Currently, WSDOT
does not have the data collection,
analysis, and archiving system—called a
data mart—necessary to support these
tasks. In response, this project is de-
veloping the functional specifications
for a WSDOT operations data mart,
assessing the capabilities of data archive
systers that WSDOT regions currently
use, and identifying the additional data
sources needed to provide input to

the data marr. This material has been
delivered in technical working reports
to WSDOT. In the nearterm, these
recommendations are being used to en-
hance WSDOT’s current data systems
{(see http://trac29.crac.washingron.
edu/flowdata/maps/ ; passwords can
be obtained from TRACUW). With
the eventually resulting data mazrt;
WSDOT will be better able to monitor
the effectiveness of its operations ef-
forts, which will enable it to more cost

" effectively improve the efficiency of its -

roadway system.

Principal Investigator: Hallenbeck, M.E, l}W
Research Manager: Bradin, D, WSDOT -
Technical Monilor: Neeley, M., WSDOT
Spansor WSBOT

Erricient INcipeNT Response Procram
Opzrations A

The Incident Response (IR}
programi in Washington state is respon-
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Researchers are evaluating near-and Iangtefm srategles fur meeﬁng roa;I_ay users‘needs for travel
time refiability.

sible for clearing roadways as quickly
and as safely as possible to restore the
normal flow of traffic. The program
first started in Seattle in 1990. It

now consists of a partnership among
WSDOT, the Washington State Patrol,
contracted registered tow truck op-
erators, and contracted private media
assistance vans across the state. The
objective of this project is to evaluate

‘the current state of Washington IR

program. This evaluation includes an
inventory and comparative analysis of
the different program elements, as well
as an analysis of deployment statistics
and service levels to determine how
incidents affect congestion on the
roadway. Identifying the strengths and
weaknesses of the various program
elements will give decision makers ob-
jective data on which to base decisions
for IR program modifications. In addi-
tion, analyzing the impacts of incidents
and incident response on congestion
should provide guidelines for deploy-
ment strategies, helping the program
provide the highest level of service at

the most efficient cost.
Principal Investigater: Hallenbeck, ME., UW
Research Manager: Brodin, D, WSDOT
Technical Manitor: Legg, B, WSDOT-
Spenser: WSBOT

EVALUATING ALTERNATIVE OPERATIONS
Stratecies 10 ImproVE TRAVEL TIME
Revasiry (SHRPIELT1)

This project is intended to
identify and evaluate both near- and
longterm strategies for satisfying
roadway users’ requirements for travel
time reliability. As members of a team
led by Kittelson & Associates, TRAC
researchers are envisioning the future
to create a longer view of how new
operational approaches might improve
travel reliability. The project involves
developing a profile of current and
furure highway users and describing
their individual and collective needs
for travel time reliability, assessing the
effectiveness of transportation agen-
cies in meeting the reliability needs of
those highway users,-and establishing
goals and desired performance targets
for travel time reliability. The research-
ers are also identifying trends likely
to affect travel time reliability and its
importance over the next 20 years, and
developing a Concept of Operations
for three alternative futures for the year

2030.

Principal Investigator: Hallenbeck, M.E, UW

Research Manager: Zegeer, |, Kitielson & Assodiates
Technical Menitor; Hyman, W, TRB

Spanser: Stralegic Highway Research Program, Transporfation
Research Board
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FeasigiTy oF CREATING A VEHICLE LENGTH
CLASSIFICATION SCHEME

Many states collect length-
based vehicle classificarion data, but
{few states use the same criteria for
classifying length. Agencies need to
understand the variability in their data
collection programs in order to better
use their limited tesources for collect-
ing vehicle classification data. The final
product of this pooled-fund study will
be a nationally approved, length-based
classification scheme and the estab-
lishment of calibration standards for
vehicle length-based measurements.
About ten years ago, WSDOT created
a vehicle classification scheme based
on vehicle length. That scheme places
vehicles into thirteen distinct catego-
ries. WSDOT’s intent for participating
in this pooled fund study is to update
its current length classification scheme
and to verify that the waffic data it
has collected and reported to date are
approximately equal to the final ¢las-
sification scheme resulting from this
study. State DOT’s will use the results
of this study to update computer chips
in traffic countets and for other data

collection applications.

Research Manager: Lindquist, K., WSDOT

Technical ionitor: Rosen, J., WSDOT

Spansors: Minnesota {Lead), Alaska, Connectiout, Florida, Idahe,
1ingis, Michigan, New York, Ohio, Pennsylvanis, Texas, Washington,
and Wyoming -

HOV Action PLan

Performance data have indi-
cated that travel speed and reliability
in the high-occupancy vehicle (HGV)
lanes of the central Puget Sound
freeway nefwork are not meeting the
adopted state performance standard
on an increasing number of segments.
Furthermore, trends suggest that HOV
travel demand will increase. This ef
fort is evaluating the performance of .
Seattle-area HOV lanes, focusing on
congestion on L5 in the initial phase.
Researchers have idéntified segments
where congestion routinely occurs, de-
termined the potential causes of those
bottlenecks, and developed a range
of potential shortterm {0 to 5 years)
enhancements to improve HOV traffic
flow at those bottlenecks. The results
from this project have the potential to
increase person throughput, improve
transit efficiency, and more effectively
maintain desited incentives to com-
mute via HOV modes of travel. They
will also inform WSDOT plans and
studies that require assumptions about

HOV operating policy.
Principal Investigator: Hallenbeck, M E., UW
Research anager: Brodin, 0, WSDOT
Technical Menitor: Prestrud, €, WSDOT
Sponser: WIDOT

PerFormANCE VIEASUREMENT FRAMEWORK
AND Comessﬂdx ManacemenT Uppate

In an effort to improve its
planning process and be more account-
able to taxpayers about how transpor
tation funds are spent, the Maricopa
County Association of Governments in
Phoenix, Arizona, is developing 2 more
effective system for monitoring and
reporting transportation performance.
As a subcontractor, TRAC is providing
technical assistaince to Post, Buckley,
Schuh & Jernigan, Inc in developing

" and revising the performance evalua-

- system. TRACs efforts include provid-

tion tools for use in that measurement

ing documentation on the perform-

ance measutes and congestion manage-

ment systems and practices currently
used in the Puget Sound metropolitan
region, as well as providing technical
assistance in recommending which
transportation measures to produce,
how to calculate and report those meas-
ures, and how to apply the measures to
evaluate the performance of the system
in relation to the county's transporta-
tion policies.

" Principal Investigator: Hallenbeck, M.E, UW

Research Manager: CGeaarelli, A, Post, Buckiey, Schuh & Jemigan,
Inc
Sponsor: (Maricopa County Assodiation of Govemments, Arizona

QuanTIFYinG INcpenT-InpUCED TRAVEL
Devays on Freeways UsiNg TRAFFIC
Sensor Dara, Paask [l

To develop more effective ways
to alleviate non-recurrent congestion, a
better understanding of the impacts of
incidents on congestion is essential. To
better understand incidentinduced de-
lay on Puget Sound freeways, research-
ets in Phase I of this study developed a
database of loop detector and incident
data, developed an algorithm for quan-
tifying incidentinduced travel delay .
on freeways that uses traffic sensor
data, and created a computer system
that automates the algorithm’s delay
calculations. However, the performance
of the algorithm, based on Determin-
istic Queuing Theory (BQT), was not
stable. So in this phase researchers
will try to improve the accuracy of the
algorithm. Better quantifying incident
induced delay will allow cransporta-
tion agencies to make appropriate

- investment decisions in congestion

mitigation measures and to allocate
limited monetary and labor resources.
to maximize the benefitto-cost ratio of

such investments.
Prindpal lavestigator: Wang, Y, UW

- Research Manager: Brodin, D, W3DOT

Technical Monitor: Legg, B, WSDOT
Sponsar: WSDOT
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Cross-BorDER TRANSPORTATION PATTERNS
AT THE WESTERN CascaDE GATEWAY AND
Trane CoRRIDOR: IMPLICATIONS FOR
MumicaninG THE IvpacT oF DEeLay oN
Recionat SuppLy CHAINS

The Pacific Highway border
crossing in Blaine, Washington, is the
fourth busiest commercial crossing on
the northern U.S. border and the most
significant commercial crossing for
Western Canada and the U.S. The pri-
mary commodities that flow across this
border are agricultural/food, wood,
and paper products. Nevertheless,
reseatrch on the northern ULS. border

eastern portion of the border betweeri
Oantario, Canada, and Michigan and
New Yotk. In resporise, this study de-
veloped 2 commetcial vehicle profile of
transportation patterns and commodi-
ties for the Pacific Highway border
crossing, filling the western border data
gap with descriptions of both regional
trade and current transportation delay
patterns, consequences of delay, and
causes of delay. This increased under-
standing of cross-border commercial
travel can aid in the development of
solutions to mitigate border delay and
its impacts.

Peindpal Investigator: Goodchild, A ¥, UW

Technical Menitor: Davidson, D, WWU
Sponsor: Western Washington University

has typicgdly.focused on trade along the

-FREIGHT ScANNING TOUR

Within Washington state,

" freight mobility is a major concetn

because of this state’s dependence on
freight for economic growth. Unfor-
tunately, Washington's freight system
is stressed. The Notrwegian and other
European governments have also rec
ognized that their freight systems are
facing challenges and have funded
several latge projects to apply technol-
ogy to increase the effectiveness of
their goods transportation systerms.

For this project, the researcher visited
and worked with the Foundation for
Scientific and Industrial Research (SIN-
TEF) in Trondheim, Norway, which

is the lead agency for several of these
projects. This cooperation provided an
opportunity to identify advanced tech-
niologies that might be used to improve
freight mobility in Washington state.
Application of new technologies offers
the potential to better track, monitor, -
control, and plan freight rhovements,
which could result in increased freight

system efficiency.

Pringipal Investigator: McCormack, D, UW
Research Manager: Brodin, D, WSDOT
Technical Moniter: Legg, B, WSDOT
Spensor: WSDOT

STrATEGIC FREIGHT TRANSPORTATION
Anaiysis—PHASE 2

A need exists to accurately
determine how changes in intermodal
technologies, energy prices, air quality
concerns, and environmental efforts
will affect the state’s multinnodal trans
portation system, infrastructure, and
economic development. As a follow-up

‘to Phase 1, the objectives of this study

were to identify past, present,.and
prospective freight corridors by vehicle
volume, type and commodity; and to
assess the operation of selected modes
of the current transportation system,
evaluate infrastructure adequacy, and
identify deficiencies and investment
needs. The study also conducted
analyses of mode cost structure and
competitive mode shares as owner
ship and government policies change;
assessed the potential for economic
development opportunities to support
the overall multimodal transportation
system; examined case studies to estab-
lish a baseline of private and public
contributions to individual modes; and
researched opportunities for public/
private partnership investments in
infrastructure to stimulate and support
rural economic development. The re-
sults will aid decision makers in formu-~
lating strategic, coordinated investment
decisions for the multimodal system.
For more information and reportts, see
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the project website at http://www.sfta.

wsit.edu/.

Principat Investigator: {asavent, KL, WSl
Research Manager: Brodin, 0L, WSDOT
Technical Monitor: Lenzi, 1, WSDOT
Sponsor: WSDOT

Storm-ReLaTep Crosuris of 1-5 anp -90:
FreteHT TransporTaTion Economic IMPACT
Assessment ReporT

In the winter of 2007-2008,
severe weather forced closure of
portions of I-5 through Washingron
for four days in December and por-
tions of 190 for four days in January.
To evaluate the resulting economic
impacts, WSDOT contracted with
WSU’s Social and Economic Sciences
Research Center to conduct a survey
and develop a new economic assess-
ment methodology that would provide
a comprehensive analysis of the effects
of the closures on the state’s freight
dependent industries and the economy
as a whole. The researchers found that
the total economic loss from the freight
delay caused by the closures was over
$75 million. In addition, about 460
jobs, over $3 million in tax revenues,
and over $23 million in personal
income wete lost. WSDOT will use the
study results to improve its tesponse
to similar disruptions. The report’s
recommendations inchide providing

more investment for maintenance, bet

ter defining detour routes to I-5, and

A new assessment methodology will help in analyzing the effects of roadway ciosures an fresg ht delay

and the resulting economic Iosses

improving communications with the
freighit industry,

Principal lnvestigator: Moore, DL, WSU

Research Manager- Brodin, D, WSDOT

Technical Manitor: ivanay, B, WSDOT

Sponsor: WSDOT

WA-RD 708.1

Active Projects

DEVELOPMENT AND ANALYSIS OF A
GiS-Basen Statewine Dara Frow
NEeTwork

The ahility of the transpor-
tation system to provide service to

freight carriers is subject to distuption”

from natural disasters, weathes, work
stoppages , terrorist acts, and more.
Although these events obviously have

some economic impacts, the relation-
ship between infrastructure and eco-
nomic activity is not well understood.
Additional work is required to. under
stand the flow of goods through the
system, the dynamics of that flow in re-
sponse to distuption, and the econom-
ic impacts to the industries supported
by that flow. This project will deliver a
statewide, GIS-based intermodal freight
flow map with infrastructure usage by
industry. The resulting tool will allow
more efficient system-wide manage-
ment and prioritization of tesources in

response to disruptive events.
Principal lnvesugator. Goodchild, A, UW
Research Manager: Brodin, D, WSDOT

Technical Manitor: Ivanov, B, WSDOT

Sponsors: WSBOT/FHWA

Truck PerForMANCE MEASURE RESEARCH
Prosect

Although freight bottlenecks
cause millions of truck hours of delay
annually on highways, limited truck
data are available to monitor any type
of performance measures. Therefore, it
is difficult to identify which segments
of the transportation system contribute
to freight delays and to identify specific
locations of freight bottlenecks. Asa
result, it is also difficult to determine
the correct operational, roadway, or
other infrastructure investments neces-
sary to improve freight movements and
to assess whether the investznents that
have been made have been effective.
In response, this project is gathering
GPS data from existing trucking fleet
management systems. These data will

“be used to demonstrate the feasibility

of a truck-based freight performance
monitoring system. The resulting
performance monitoring program inay _
restlt in more effective use of funding
for projects intended to reduce truck
delays and in better estimates of freight

project benefits.

Principal Investigators: McCommack, ED/Nihan, N.L, UW
Research Manager: Brodin, 0., WSDOT

Tedwicl Monitor: lvanoy, B, WSDOT

" Spoasors: WSDOT/FHWA -
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EvaLuanion of Liqueraction HAZaRDs I
WasHINGTON STATE, PHask [

Soil liquefaction, caused by
earthquakes, commonly occurs in
saturated, cohesionless soils, those
often encountered in and adjacent to
rivers and bodies of water. It is hazard-
ous to many existing transportation

structures such as bridges and can add -

cost to the design and construction of
new structures. This project, continu-
ing the work of two previous phases,
developed improved procedures for
evaluating liquefaction hazards spe-
cific to Washington state. The study’s
products included a manual of prac-
tice describing those procedures and
a computer program that produces a
map of liquefaction hazards across the

state. This information will help bridge
designers more cost effectively build
and retrofit state bridges, tunnels, and
roadways, such as the Alaskan Way
Viaduct, by taking into account seismic
features that more accurately reflect
the liquefaction hazards of the soils in

which they are constructed.
Prindpal Investigator: Kiamer, S. L, UW
Research Manager. Willoughby, K, WSDOT
Technical Monitor: Allen, T, WSDOT

Sponsors: WSDOT/FHWA

HiA-RD 668.1

INTERPRETATION OF GEOTECHNICAL
ProPERTIES OF CeEMENT TREATED Sons
One of the most pressing geo-
technical issues is the use of marginal
soils (such as silts and soft rock) as
fill and backfill material for walls and
bridge abutments. The lack of avail-
ability of higher quality materials and
the added costs for these materials will
eventually force engineets to replace
materials of better quality with margin-

al soils. Often however, the high water -

content and low workability of these
soils pose difficulties for construction
projects. Frequently, additives such

as cement are used to improve their
engineering properties. The choice and
effectiveness of an additive depends

on the type of soil and its field condt
tions, and knowledge of the mecha-
nistic behavior of the treated soil is as
important as selecting the stabilizer.

abutments.

This study quantified improvements
in mechanical behavior atibutable to
cement treatment and highlighted the
fact that higher percentages of cement
can turn stabilization from a beneficial

to an extremely dangerous practice.
Pringipat Investigator: Mubunthar, B., WSU

Research Manager: Willoughhy, K, WSDOT

Tedhmical Monitor: Alfen, T, WSDOT

* Sponsors: WSDOT/FHWA
-WA-RD715.1

Researchers are evaluating the use of cement additives to improve backfiled sofls for walls and bitdge _
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STRENGTH AND DEFORMATION ANALYSIS OF
MSE WaLLs ar Workine Loaps

This pooled fund study has
developed an improved method, called
the KStiffness method, for designing A
the internal stability of mechanically
stabilized earth (MSE) retaining walls.
This method appears to produce
designs for MSE walls that ate more
cost-effective than those produced by
the AASHTO Simplified Method.

The K-Stiffness method, successfully developed for designing the intemal stability of mechanically stabi-
lized retaining walls, is being evaluated for application to marginal soils and full-scale walls.

The K—Stiffne_ss method has been
developed and validated only for high
quality, sandy backfill soils. The next

two phases of the study will extend the-

applicability of the KStiffness method
to marginal quality backfill materials
and fullseale field walls, which will be
monitored for validation. Such valida-
tion is neFessary to incorporate the
KStiffness merhod into the AASHTO
Load and Resistance Factor Design
(LRFD) specifications. WSDOT’s

partners on this project are the Alaska,
Arizona, California, Colorado, Idaho,
Minnesota, Missouri, New York, North
Dakota, Oregon, and Wyoming depare-
ments of transportation.

Principal Investigater: Bathurst, R, Roya! Military Coffege of (anada
Research Manager Willoughby, K, WSDOT

Technical Montor: Allen, T, WSDOT

Spansors: WSDOT and State Pastners
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Anarysis oF PEDESTRIAN SAFETY
Trearments By Functionar Ceass
Transportation issues have

historically focused on the mobility
and safety of motor vehicles, not pe-
destrians. Pedestrian safety treatments
and countermeasures have not been
thoroughly monitored, tested, and
analyzed for effectiveness on various
types of roadways. This study evalu-
ated motorist and pedestrian behaviors
at seven arterial locations in Washing-
ton where pedestrian safety treatments
such as medians, signage, and light
ing had been implemented. Data on

. motorist and pedestrian movements

were collected with a digital video
recorder. These data were analyzed to
compate the impacts of the treatments
on pedestrian and motorist behaviors.
A Dbetter understanding of the effec-
tiveness of pedestrian treatments on
various roadway types will help ensure
the best investment of limited safety
resources and will aid WSDOT in pro-
viding appropriate guidance to cities
and counties.

Principal Investigators; Hallenbeck, M.E./Davis, K, UW

Research Manager. Lindguist, K., WSBOT

Technical Monitor: Reeves, B, WSDOT

Sponsars: WSDOT/FHWA
WA-RD 707.1

Cost ErFECTIVE SAFETY IMPROVEMENTS ON-
Two-LANE RuraL State Roaps In
WASHINGTON STATE

From 1999 to 2005, 42.8 per-
cent of the fatal collisions on Washing-
ton state’s highways occurred on two-
lane rural highways. To help WSDOT
increase the safety of its roadways, this
project developed a decision-matrix for
selecting collision mitigation strate-

gies on two-lane rural highways. The

decision matrix consists of three parts:
(1) identification of features and seg-
ments (such as proximity to tural town
centers) with characteristics associated
with higher rates of collision and worse
severities, (2} a list of all major colli-
sion types identified during the study
that includes reference to relevant

- mitigation types, and (3) a summary of

countermeasures, with focus on lower
cost mitigation. The resulting decision
matrix should help WSDOT more ef
fectively design safer two-lane highways

in tural areas. )

Prindipa Investigator: van Schalkwyk, |, Arizona Swte University
Research Manager: Brooks, R, WSDOT

Technicot Monitor: Ofson, B, WSDOT

Sponsor: WSDGT

WA-RD 695.1

- GIS Data Copivg -

University of Washington
researchers aided WSDOT in assign-
ing geographic information system
(GIS) coordinates for collision data.
The data included fatal and disabling

injury collisions on county roads and

“city streets within Washington state

from 2002 through 2007. The purpose
of the project was to complement
ongoing WSDQOT efforts to assemble

a complete geospatial database on
collisions. This will help WSDOT

to identify groupings of high severity
crashes across jurisdictional boundaries
(¢ity, county, state). This capability
will provide WSDOT with another
way to identify areas of need and could
provide an additional way to prioritize

safety projects.

Principal Investigater: Vemez Moudon, A/Hallenbeck, ME, UW
Research Manager: Lindquist, K, WSDOT

Technical Monitor: Enders, M., WSDOT

Sponsor: WSDOT

Along-term project is evaluating the safety effects of landscaped medians and sidewalks.
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Feperal Lanps HicHway SusTaiNaBILITY
BesT Practices anp INTEGRATION WITH
GREENROADS RATING SYSTEM

Although the application of
sustainable practices to transportation
infrastructure can be challenging, Fed-
eral Lands Highway Program (FLHP)
partner agencies all have sustainability-
related goals that they strive to achieve.
This project will develop a user’s guide
of FLHP sustainability best practices
and will contribute to the development
of a sustainability performance rating
system for roadways—broadly termed
“Greenroads”—that can be used to
holistically assess the sustainabitity of
ELHP projects. The user’s guide will be
formally assembled as 2 fully searchable
and interactive Web document hosted
on the Greenroads website. Making
these resources available to FLHP
design and construction engineers will
allow them to make more informed
decisions about roadway sustainability
and to better incorporate such features
to more closely align projects with part-

ner agency sustainability goals.
Principal lnvestigator: Muench, S.T, UW

Research Manager: Amnstrong, A., FHWA

Spoensor. Western Federal Lands Highway Division

GREENROADS

Greenroads is a sustainahiiity
performance rating system for roadway
design and construction. It comprises

a collection of roadway sustainability
best practices that are divided into two
types: required and voluntary. Re-
quired best practices are the minimum
that must be completed for a roadway
to be considered a Greenroad. Volun-
tary best practices, called Voluntary
Credits, are those that may optionally
be included in d roadway project. Each
Voluntary Credit is assigned a point
value on the basis of its impact on
sustainability. Agencies and organiza-
tions can use Greenroads in a variety of
ways, including as a performance met- .
ric for roadway design and construc-
tion sustainability, as a means to define
basic roadway sustainability attributes,
as a means of conferring market rec-
ognition on more sustainable roadway
projects, and as a voluntary or required
baseline standard to which roadways
are design and constructed. Green-.
roads will likely be an important tool
in assisting organizations in implement-
ing and assessing the overall sustain-

ability of their strategic decisions. -
Prindipal Investigator: Muench, S.T, UW

Research Manager: Willoughby, K, WSDOT

Technical Monitor: Uhlmeyer, J,, WSBOT

Spensars: State Pavement Technology Consortium (California, Min-
nesoka, Texes, Weshington)

In-Service EvaLuanion oF Malor
ARTERIALS WITH LANDSCAPED MEDIANS
Interest in landscaping medi-
ans along urban roadways with speed
limits of 35 to 45 mph has been grow-

ing as cities work to enhance safety and
improve the aesthetic characteristics of
their major arterials. The WSDOT is
working with selected local agencies to
evaluate projects that installed land-
scaped medians containing small trees
and compare them to other roadway
treatments that do not. This project is
continuing a longterm evaludtion of
the safety effects of medians and side-

_walks with trees, as well as summarizing

data on the cost of maintaining these
types of landscaping and the effects
these treatments have on vehicle speed
and pedesttian activity levels. WSDOT
and other jurisdictions can then use
the results to make informed decisions
about whether to sllow {(or plan for)
such improvements in furure years.

" Pringipal Investigator: Brighia, B, UW

Research Manager: Brooks, R, WSDOT
Technical Monitor; Brigas, B, WSBOT
Sponsor. WSDOT

WA-RD636.2

PrELIMINARY [NVESTIGATION OF LUMINAIRE

. AND Trarric SiNAL PoLe LiFrespan o
WSDOT has installed thow .

sands of luminaires and over 1,000
traffic signals, each with several poles,

-around the state. Those steel poles’

were projected to have a 25-year design

" - life, and because over half of them

are approaching that milestone, this
research is developing a methodology
for determining replacement priorities
for in-service WSDOT luminaire and

traffic signal poles. The project is also
identifying critical WSDOT details for
which experimental data are not avail-
able in the literature and will begin de-
veloping a methodology for estimating
the remaining life of such structures.
This research will help improve public-
safety by preliminarily identifying the
traffic and luminaire poles in Washing-

" ton state that are most susceptible to

fatigue failure. In addition, by allowing
WSDOT to replace the poles that are
at highest risk of failure and leave in
service those that are deemed safer,
the research will also help WSDOT -
to most efficiently focus its limited

resources.

Peincipal favestigator: Berman, ., UW
Reseasch Manager: Brodin, D, WSDOT
Technical Menttor: Neeley, M, WSDOT
Sponsor: WSBGT ’
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InTerFace MyBus PrebicTion SYsTEM TO
Sounper, Bus Rapip Transit DEvicEs, AND
THE INTERNET

Sound Transit, King County
Metro, and the University of Washing-
ton have collaborated on the develop-

ment of various applications associated
with the successful MyBus and Bus-
View real-time transit information sys-
tems. A number of these applications
wete moved from the UW to King
County Metro computet servers for
day-to-day operation. For this project,
the UW researchers helped Sound
Transit personnel interface the MyBus
prediction system with the Sounder -
scheduling software and signage, as
well as to Seattle’s Bus Rapid Transit
system. This will enable real-time
Sounder commuter train scheduling to
be available on both variable signs and

the Sounder website.

Prindipat {nvestigator: Dafley, D. 1, UW
Technical Manitor: Marquards, N,, Sound Transit
Sponsor: Sound Transit

ITS Evaruation Framework: PHase i

The Phase I ATIS Evalua-
tion Framework project developed
a standard method for evaluating

“the conduct of a range of intelligent

transportation systems (ITS) projects.
The primary purpose of an evaluation
is to give planners a better understand-
ing of intelligent transportation system
{ITS) deployments during various
project stages. The framework focuses
on identifying technical and institu-
tional issues that atise, the measures or
strategies taken by project partners to
address and resolve those issues, and
lessons learned that might be applica-

ble to future ITS deployments. After
the Phase I project, WSDOT identi-
fied 33 additional ITS projects that
also required local evaluation. During
Phase 11, these new projects, covering
everything from ITS planning to safety
improverments, were evaluated within

the adopted framework.

Prindpal Investigators: Briglia, P/Halleabeck, M.E, UW
Reseasch Manager: Brodin, D, WSDOT

Technical Moniter: Vessey, R, WSDOT

Spoasors: WSDOT/FHWA

WARD6721,672.2

SouTH SnoHomisH REGIONAL TRANSIT:
SiGnAL PrioriTy EVALUATION

By reducing the amount of
time that transit vehicles are stopped
at intersections, transit signal prior
ity (TSP) can improve the speed and
on-time reliability of transit. However,
enthusiasm for TSP -hds been tem-
pered with concerns that overall traffic
performance may be compromised
when signal timing plans intended to
optimize traffic flow are overridden to
provide a travel advantage to transit ve-
hicles. To improve levels of Communi-
ty Transit service, the South Snohom-
ish Regional Transit Signal Priority

"(SS-RTSP) project implemented TSP at

selected locations in Snohomish Coun-
ty. Researchers at the UW evaluated
the impacts of the SS-RTSP project onn
both transit vehicles and automobiles
that used the affected streets with both

simulation models and field observa-
tions. The evaluation results showed
that the SSRTSP system provided
remarkable benefits to transit vehicles,
with insignificant negative impacts

to local traffic on cross-streets. While
WSDOT did not directly control the -
signals involved in the evaluation, the

.Department does operate a number of

signal systems for which TSP is being
considered. The results of this evalua-
tion will help WSDOT determine the
optimal TSP operating parameters for
those locations.

Principal Invesfigator: Wang, Y, U

Research ianager: Lindquist, K, WSDOT

Technical Monitor: Senn, L, WSDOT

Sponsers: WSDOT/BrensNow/Cemmunity fransit

WA-RD 6391 o

TeEcHNICAL ASSISTANCE TO ADVANCED
Sarery Svstems Honoa R&D Americas,
Inc.

Honda would like to better
understand which intelligent transpor
tation systems {(ITS} applications are
considered priorities by transportation
agencies and are, therefore, most likely
to be deployed. Honda would also like
an assessment of how the deployment -
of these ITS applications will alter
individuals’ driving experience. TRAC
engineers who have been involved with
the deployment and evaluation of ITS
since its national inception were asked
to provide an independent assessment
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of the state of ITS deployment by

the year 2020. Topics of the resulting
paper included the current state of ITS
deployment in terms of drivers’ and
transportation agencies’ priorities and
the potential roles of automobile man-
ufacturers in meeting those priorities;
technologies likely to be implemented
between now and 2020 and how they
will affect the driving experience as
well as vehicle safety, mobility, and

the environment; and the relationship
between transportation agencies and

car companies.

Principal Investigator: Haflenbeck, ME, UW
Techwical Monitor: Schafinil, T, Honda
Sponsor: Honda R&D Americas, Inc.

TrANSPORTATION APPLICATIONS OF AN
UnmannED AERiAL VEHICLE '
Unmanned aerial vehi-
cles (UAVs) are small encugh to be
launched from a truck but still large
enough to be equipped with cameras
and sensors. They hold considerable
promise for WSDOT, since a UAV
could be used for low-cost data collec-
tion and aerial surveillance where the
locations of potential transportation-re-
lated problems are only crudely known.
Potential transportation applications
inclade avalanche control, search and -
rescue, accident scene photography,
land-use mapping, surveying, secu-
rity inspections, hazardous material
monitoring, construction inspections,

Innovative websites combmmg meteorological and roadway data are helpmg WSDOT to more cost-
effectively maintain state highways, particularly during the winter

and roadway conciition and conges-
tion monitoting. For this project,
researchers conducted a series of tests
to evaluate the general capabilities of
UAVs while also exploring institutional
issues. The tests focused on the use of
UAVs as an avalanche control tool on
mountain slopes above state highways.
The UAVs also captured aerial images
suitable for traffic surveillance and
data collection. The limited tests will
help WSDOT better understand the is-
sues involved in employing UAVs, such
as Federal Aviation Adiinistration re-

quirements and liability, and will guide

its policies on their future use.
Prindipal Investigator: McCormadk, E.D, UW
Research Manager. Brodin, D, WSDOT

Technical Monitor. Trepafer, T, WSDOT

Sponsors: WSDCT/FHWA. -

WA-RD 703.1

WeaTHER INFORMATION SYSTEM FOR
WasHINGTON STATE TRANSPORTATION
Neeps, PHase IV

Researchers at the UW have
developed innovative, Web-based appli-
cations to provide current and forecast
weather conditions for state highway
routes to WSDOT personnel and the

traveling public. The resulting websites
combine complex meteorological and
roadway data from a number of sources
and present them through userfriend-
ly, intuitive Web interfaces. These
websites have received strong posi-

tive feedback. This project continued
work to make a wide range of weather
and roadway information available.

It included maintenance of current
WSDOT weathertelated software and
hardware, management of data resourc-
es, and inclusion of new data tesources
when available. Such information

is already helping WSDOT to mote
costeffectively maintain state highways,
particularly during the winter months,
and enabling the public to plan their

routes for safer travel.
Prindipat Investigator: Mass, C UW
Research Manager: Willoughby, K, WSDOE
Technical Monitor: Heeley, 1, WSDOT
Spensor:WSDOT

Active Projects

_Error MoDELING ANALYSIS FOR TRAVEL

Time DaTA OBTAINED FROM BLUETOOTH
MAC Appress MarcHiNG

Travel time is one of the
variables that travelers and wansporta-
tion agencies most watit to track and
understand. However, collecting travel
time data is challenging because most -
existing traffic sensors cannot measure
travel time directly. Recently, Blue-
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tooth Media Access Control (MAC)
address-based travel time estimation
methods have been gaining attention
from traffic researchers and practition-
ers because they are relatively low cost
and are not difficult to install, suscep-
tible to weather conditions, or subject
to privacy concetns. For this study,
researchers are developing a Bhuetooth
MAC address detection (MACAD)
system, extracting travel time data for
a highway section by using Bluetooth
MAC address matching, evaluating the
travel time data errors produced by the
Bluetooth-based method, and inves-
tigating the error sources. The study
will produce guidelines for using the
developed system for travel time data
collection, and if it is successful, such a
system may give WSDOT an accurate
and costeffective alternative for travel

time data collection.
Prindpaf Investigator: Wang, Y, UW
Research Manager: Brodin, B, WSDOT
Technical Monitor: Keeley, M., WSDOT
Sponsor: VWSDOT

MyBus Intereace 7o GE anp PT

Sound Transit, King County
Metro, and the University of Washing-
ton have collaborated on the develop-
ment of various applications associ-
ated with the successful MyBus and
BusView real-time transit information

. systems and a pilot for sign applica-

tions. In this project, UW researchers
are helping to interface the MyBus pre-
diction system to the Sounder sched-
ule and signage management systems
in order to have both real-time field
displays and a Web presence through

SoundTransit.org.

Principal Investigater: Daifey, D. 1, UW
Technical Monitor: Marquards, K., Seund Transit
Sponsor: Sound Transit

PuceT Sounp In-VEenicLe Trarric Map
DEmoNsTRATION

Traveler information has long
been expected to have significant ben-
efit to both travelers and public trans-
portation agencies. However, current
studies have shown that available travel
information does not result in actual
time savings during most commtite

Real-time transit information systems have been develaped at the UW for King County Metro and Sound
Transit o provide more frequent and reliable information to riders.

trips; that significant route diversion
can tesult in congestion on alternative
toutes and that fewer than expected
travelers have proved willing to pay for
traffic data. To investigate this issue in
detail, Congress requested and funded
a test of the effects of in-vehicle traffic
information and measurement of its
benefits. With the help of subcontrac-
tors Battelle Memorial Institute and
Volpe National Transportation Systems

. Center, this project is examining the

benefits that can be gained from using
in~vehicle traffic information devices.
Two sets of analyses are being con-
ducted. One analysis focuses on the
benefits perceived by travelers who use
the devices, and the other is determin-
ing changes in roadway performance

that occur as travelers use the devices.
Prncipal Investigators: Hallenbeck, M.E./Wang, Y/Rutherford, 0.5,
W

Research Manager. Brodin, D, WSDOT

aciical Monitor: Trepanter, T, WSDOT

Spensars: WSDGT/AS. Cangress
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Forest Propucts’ Usk oF Roabways anp
TransLoap Faciimes i WasHinGTon
Washington’s forest products

sector has changed dramarically over *

the past several decades, as well as .
the movement of timber and forest
products over the state’s roadways.

In fact, the movement of raw mate-
tial resources and products will Lkely
continue to adjust as timber resources
change, and milling and processing
facility investments respond to those

changes. By combining information
from recent studies on the future of
Washington forests with data on toad-
ways and transload facilities, research-
ers estimated the current and future
use of roadways and transload facilities
by Washington’s forest products sector.
Such estimates will allow WSDOT to
better plan its infrastructural needs to

move goods across the state efficiently.
Principal Investigator. Perez-Garcia, ., UW ’

Research Manager: Brodin, D, WSDOT

Technical Monitor: Ivaney, B, WSDOT

Sponsor: WSBGT

Impacts oF ToLuinG on Low-Income
PopuLaTioNs IN THE PUGET SouND REGION
‘The Washington State Legis-
lature recently approved tolling on the
SR 520 floating bridge to help pay for
its replacement. However, to imple-
ment tolls in compliance with federal
law, the state needs to report on how

tolling is likely to affect the state’s low-

income populations. To understand
the socio-economic impacts of both
flatrate and time~varied tolling, WS-
DOT needs to know who will pay the
tolls, how residents will change their
behavior in response to tolls, and what
the impacts of those changes will be.
To help answer these questions, this
study assessed the usefulness of cur-
rently available Washington and Puget
Sound data for estimarting the impacts
of tolling on low-income populations

in the area, developed a preliminary
estimate of the impacts of tolling on
those populations, and suggested data
collection anid methodological strate-
gies for future research. The results will
benefit WSDOT by helping to improve
environmental justice analyses for
Puget Sound transportation projects
and thus help WSDOT comply with
federal regulations. They will also
provide a basis for addressing concerns
raised by elected officials and the,

- public. -

Prindipal Investigator: Plotnick, B, UW

Research Manager: Lindquist, K, WSDGT

Technical Monitor: McKinney, K./Kruger, PW, WSDOT
Spenser: WSDOT ;

WA-RD 7211

Inpian Reservarion Roap GIS Laver Prot

o THE CoLvitLE RESERVATION

Unlike public roads in any
other jurisdiction of the state, Indian
Reservation Roads (IRR), public roads
that provide access to and within In-
dian reservations, Indian trust land, re-
stricted Indian land, and other selected
areas, have not been well inventoried

and assessed, perhaps preventing them

from receivinig funding and improve-
ments for which they would qualify. In
a pilot project, IRRs on the Confeder-
ated Tribes of Colville Reservation
were chosen for study. These roads

are of interest not only to the tribes
but also to WSDOT, the counties of

Okanogan and Pend Oreilles, the U.S,
Forest Service, the County Road Ad-
ministration Board, the Transportation
Improvement Board, the Bureau of
Indian Affairs, and the National Park -
Service because they may leéad to or
intersect with lands or roads within the
purview of these other jurisdictions.
The project developed a geographic
information system (GIS) map of all
IRR roads within the boundaries of the
Reservation. This GIS map is accessi
ble to WSDOT, tribes, and others. An
inventory of location, characteristics,
and status information will be valu-
able for capacity planning and funding.

- future improvements.

Principal Investigator: Winchell, D, Eastern Washington University
Research Manager: Lindquist, K, WSDOT

Technical Monitors: Jollie, C,WSBOT/Kitchel, K, FHWA
Sponsors: WSDOT/FHWA

Trarric ManacemeNT Center DEstGN
WSDOT’s Northwest Region
has been operating a {réeway manage-
ment system in the Seattle metropoli-
tan area since the early 1980s. The
system has expanded beyond the
original Traffic Management Center’s
{TMOC) capability. Addirional staff and
associated wotkstations, video moni-
tors, media viewing rooms, and other
facilities are needed. In addition,
the Region’s Emergency Operations
Center (EOC) needs to be upgraded-
and provided with a permanent facility,




Washis Siate Transportation Center

PROJECTS: MurtmopaL TRANSPORTATION PLANNING

Riennia! Renort 2608-2009 38

probably one that is integrated with the
TMC. In this project, researchers fa-
miliar with TMC operations requested
proposals and supporting materials to
enable WSDOT to hire a consultant to
design a new Northwest Region TMC.
The project also involved providing
technical guidance during the consule”
ant selection process. This project ena-
bled the RFP and agency consultation
process to begin immediately, allowing

WSDOT to save time and money.
Prindpal Investigator: Brighs, P, UW

Research Marager: Brodin, D, WSDOT

Technical Monitor: Balogh, ., WSDOT

Sponsor. WSDOT

TrANSPORTATION DEMAND STRATEGIES FOR
ScHools Prase i

This project, conducted in
two phases, looked at the steps that
‘Washington state can take to reduce
traffic congestion and SOV use at and
around schools. In the first phase, the
researchers reviewed literature on com-
mute trip reduction and transportation
demand management {TDM), school
siting criteria, and examples from other
states and jurisdictions. This second
phase study examined efforts at ten
locations in urban, suburban, and rural
areas of Washington to reduce auto
use around schools. Elementary and
middle school efforts emphasized walle
ing school buses, website networking,
school-based campaigns, and infrastruc-

ture improvements. High school and
higher education programs provided
pre-paid transit service and transporta-
tion education. The study concluded
that auto congestion around schools
can be reduced by state policies that set
targets to reduce auto use and increase
walking/bicycling, update school siting
and performance standazds, expaud-
the Safe Routes to School approach
and align it with TDM efforts, and
require all colleges and universides to
implement universal transit/unlimited

aCccess pass programs.
Prindipal Investigator: Carlson, D, UW
Research Manager: Lindgquist, K, WSDOT
Technical Monitor; Cotton, K., WSDOT
Sponser: WSDOT

WA-RD719.1

WasnnieTon STATE FERRY PASSENGER
DemanD AND LosT Revenue Anaysis
Washington State Ferries
{WSF) currently collects fares from
wallcon passengers and car passengers
{drivers pay both ways) only as they
travel westbound for ferries going to
Southworth, Bremerton, Bainbridge
Island, and Kingston. This creates the
opportunity for passengers to travel
westbound free, then return to their
origin by using a different mode,

"most likely as a car passenger driving

through Tacoma. WSDOT and the
state legislature had questions about
the magnitude of the fare evasion and
whether it would make economic sense

to prevent it. This study analyzed data
to answer those ¢uestions. Conclu-

sions from the findings were that ferry .

ridership and passenger data did not

support these concerns.
Prindpal lnvestigator: Rutherford, G.5., UW
Research Manager: Brooks, R, WSDOT
Technical Moniter: Johnson, ¥, WSDOT
Sponsor. WSDOT

Activé Projecis

AnatryTical PROCEDURES FOR

DETERMINING THE IMPACTS OF RELIABILITY
Mrmicanion Strarecies (SHRP 1.-03}
The objective of the SHRP
1-03 project is to develop relationships
between strategies for improving travel
reliability and metrics for measuring

roadway performance. To achieve that .

objective, the project is focusing on
two primary questions: 1) What is the
cause of congestion? 2) If operational
improvements are made, how do they
improve congestion, including their
effect on travel reliability? Under
subcontract to Cambridge Systemat
ics, TRAC researchets are primarily
focusing on the causes of congestion:
They have also produced a series of
case studies on the benefits of a vatiety
of operational improvements in the

Seattle area.

Prindipal Investigater: Hallenbeck, M., UW

Research Manager: Bill Hyman, TR3

Sponsor: Strategic Highway Research Program, Transportation
Research Board

CTR Survey Processing

A ‘Washington state law tequires
that a commute trip reduction plan
include an annual review of employee
commuting and that it report progress
toward meeting its single-occupant

- vehicle reduction goals to the appro- ’

priate county, city, or town consistent

. with the method established in the

plan. The law also requires a survey of
work sites to determine whether they
are making progress toward or have
met the law’s reduction goals. This
survey is an annual review of employee
commuting at selected worksites and
reporting of progress roward meeting-
single-occupant vehicle reducrion goals.
This information is critical for evaluae
ing program progress.-

Peincipal investigator: Marks, M., UW

Research Manages: Lindquist, K., WSDOT

Technicat Monitor: Cotton, K., WSDOE

- Spensor. WSDOT

ErrecT oF LicHT RaiL TransiT o PHYsicAL
Activity: A NaTural EXPERIMENT

" - Growing interest in the envi-
ronmental factors that affect adults’
physical activity, such as neighborhood
design and transportation infrastruc--
ture, has been hampered by study
designs that limit the ability to draw
causat inference. This project is taking
advantage of the introduction of light
rail transit (LRT) in south King County
(Seattle area), and likely changes in the
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neighborhood envircixment around
LRT stations, to better study the causal
effects of the built environment on
walking and overall physical activity.
The researchers are assessing 1,000
adults living either close to or far from
an LRT station before and after the
introduction of LRT service. In a sub-
contract to Seattle Children’s Hospital
Research Institute, UW researchers are
evaluating changes in the neighbor-
hood built environment, as well as
changes in other transportarion modes.
If this study enables researchers to draw
some conclusions about how the built
environment affects adults’ levels of
physical activity, then perhaps planners
will be able create neighborhoods that

Architecture students are developing tools to help
small communities whose main street through
town is a state highway to communicate their
planning and economic visions for their main
street to WSDOL.

better encourage citizens to be more

active and healthy.

Pringipal Investigators: Vernez Moudon, A/Rutherford, 65, UW
Research Manager. Saefens, B,, SCHRL '
Sponsor: Hational fnstitutes of Health/Seattle Children’s Hospizal
Research [nstituze ’

Measuring EmpLoyer-BASED
TRANSPORTATION DEMAND VIANAGEMENT
STRATEGIES L
This research is develo;fu;;ga
process to estimate how implementing
a particular transportation demand
management (TDM) strategy or mix of
strategies will affect the travel time, de-
lay, and speed within specific corridors.
The research is using emplover data
and employee mode choice data from
Washingron's Commute Trip Reduc-
tion program to estimate the impacts of
the TDM strategies. This information,
combined with data on alternative
modes collected by WSDOT, transit
agencies, and Census data, will be used
to estimate changes in trip generation
and mode split between home and
workplace. The end result will be a
data format or interfacé that metto-
politan and regional planning agencies
can integrdre with their transportation
system planning models to help them
estimate the impacts of various TDM
strategies on travel time, delay, and
speed in specific corridors.
Prndpal Investigator: White, B, University of South Florida
Research Manager: Lindauist, K, WSDOT-

Technical Monitor: Lagerberg, B, WSDOT
Sponsor: WSDOT

SAFE ROUTES To SCHOOL: STATEWIDE
MosiLmy AssesSMENT STUDY -

Most children traveling to and
from school now do so by private cat.
Driving children to school has contrib-
uted to increasing traffic congestion
and has also been linked with increases
in the rates of children’s chronic health
conditions. Unformunately, there are
no quality statewide data on children -
walking and biking to school, which
makes planning and understanding the
scope of the problem difﬁgﬁlc WS-
DOT is now the lead agency in a newly
created Safe Routes to Schools (SRTS)
Pooled Research Project with Texas and
Florida. This project will provide infor-

mation about the most cost effective

ways to identify the number of children

. walking and biking to school at the

state level; school/community charac-
teristics that are most likely to result in
children walking and biking to school;
and implementation efforts that bave
been most successful. Guidance based
on the results of this research will help
state SRTS coordinators make bet

ter funding decisions for their SRTS
programs. The findings should help
improve the health and safety of chil-
dren and decrease schoolrelated traffic

congestion and vehicle miles traveled.
Prindipal Investigator: Vernez Moudon, A, UW

Research Manager: Undauist, K, WSDOT

Technical Menitor: Caybrook, C, WSBOT

Sponsors: WSDOT/FHWA

State Hichwars as MamsTreers: A Stuby
or CommuniTy DEsiGN AND VISIONING

In many smaller communi-
ties, a state highway serves not only as
the primary link to the world beyond
but also as the community’s main

' street through town. For this project,

architecture students from the UW are
providing technical assistance to com-
munities attempting to foster economic
growth by physically revitalizing their
downtown transportation corridors

and restoring them as integrared’
shopping and pedestrian districts. The
students are documenting existing field
conditions, illustrating the redesign or -
restoration of existing street facades

‘and highway cortidors by using digital

imaging and modeling programs, and -
participating in consultant interviews
and community open house processes.
The primary outcome will be a set of
community character design guidelines

for state highway corridors, a tool

intended to help smaller commumni-
ties communicate a proactive vision of
their main street/highway corridor to
the state deparmment of transportation.
Principat lnvestigator: Nicholls, 1, UW

Research Manager: Lindguist, K, WSDOT

Technical Monitor; Reeves, P, WSDOT

Spansor WSBOT

WA-RD733.17
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Completed Project

Biruninous Surrace TREATMENT ProtocoL
A bituminous surface treat-
ment (BST) is a thin surface trearment
of liquid asphalt covered with aggre-
gate. BSTs are normally applied to
pavements with lower traffic volumes,
but it is possible to successfully place
them on high speed, high traffic roads
when precautions are taken. Statistics
from the past 12 years have shown that
in Washington state, BST resurfacings
cost about four times less than hot mix

asphalt (HMA) resurfacings. This study
tested. the average annual daily traffic
and equivalent single axle load levels

as criteria for selecting the appropri-
ate application of BSTs to WSDOT
pavements. It verified the feasibility

of using BSTs 10 maintain pavemeits
with higher traffic levels. The study
also determined the validity of alternat
ing the application of BST resurfacings
and 45-mm HMA overlays. In addition,
it estimated the impacts that increased
use of BST suifaces would have on

the performance of the state-owned
route system. Increased use of BSTs

on higher traffic roads may result in

significant savings for WSDOT.
Principal Investigator: Mahoney, J2, UW

Research Manager: Willoughby, K, WSBOT

Technical Monitor: Plerce, L4, WSDOT

Sponsors: WSDOT/FHWA

WA-RD 6521

Brigr HISTORY OF THE PERFORMANCE OF
Rueserizen Pavements i WasHINGTON
StATE .

WSDOT has been experiment-
ing with the use of recycled tire rubber
in pavements since 1977. Besides the
advantage of recycling rubber, the use
of rubber in pavements is thought to
provide benefits such as preventing
reflection cracking and mitigating tire -
noise. This report traces the perform-
ance history of pavements built in
Washington with recycled tire rub-
ber, including applications such as

chip seals, stress absorbing membrane
interlayers, and open-graded pavements
with rubber asphalt binders. Among

. the report’s conclusions are that modi-

fied hot mix asphalts are more suscepti-
ble to raveling and wear from studded
tires than densely graded pavements,
and it is unclear whether pavements -
with asphalt binders modified with
rubber will have service lives that will
justify their added cost. The results of
this investigation will help WSDOT
make clearer and more cost-effective
decisions in designing its pavements.
Principal lnvestigator: Anderson, ¥, WSDOT

Research Manager: Willoughby, K., WSDOT

Tedhnical Monitor: Uhlmeyer, J, WSDOT

Sponsor: WSDOT
Wa-RD693.1

Dynamic Moburus TesT—LABORATORY

EvaLvuation AND Future ImpLemMENTATION IN

THE STATE OF WASHINGTON

The dynamic medulus test is
still in the implementation stages in
many states. Before the test is imple- -
mented, it is important to evaluate
local conditions in order to have

firsthand informartion on the dynamic

modulus of commonly used mixes.

“This project developed a database of

dynamic modulus values for typical Su-
perpave hot mix asphalt (HMA) mixes
that are widely used in Washington.

The database will be used to investigate -

the sensitivity of the dynamic modu-
Tus to HMA mix properties and its

relationship to field performance. It
will alsc be used to evaluate NCHRP's
2002 Guide for Mechanistic-Empirical
of New and Rehabilitated Pavement
Structures. The results will provide WS- -
DOT with the necessary HMA input
parameters for the Guide. In addition,
this darabase will provide WSDOT
with valuable information about the
use of dynamic modulus'in forensic

studies and future research.
Principal Investigator: Tashman, L, WSU

- Research Manager: Willoughby, K, WSDOT -

Technicat Monitor: Pierce; LM, WSDOT
Sporsors: WSDOT/FHWA
WA-RD 7041
Evaruanion oF DoweL Bar ReTrRoFITTING
{DBR) For LonG-TErM LIFE
WASHINGTON STATE =
Since 1993, WSDOT has
been rehabilitating its aged portland
cement concrete pavements by retrofit
ting the transverse joints with dowel - .
bars. WSDOT has found that this
procedure is a cost effective rehabilita-
tion option; however, questions remain
about its situational appropriateness,
long-term performance, and ultimate
failure mechanism. WSDOT has some
of the oldest significant stretches of .
DBR pavement in the U.S. Researchers
toock advantage of WSDOT’s careful -
documentation of construction and
performance to develop guidelines
for dowel bar retrofit project sele¢-
tion and construction best practices,
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create a summary of dowel bar retrofit
performance in Washington state,
and estimate dowel bar retrofit project
costs. The research findings will likely
become standard DBR practice in the
state. And at current costs of nearly
$350,000 per lane-mile for DBR and
with perhaps 1,000 lane-miles in need
of retrofitting, this work will have
direct impact on over $350 million of

work in the next two decades.
Principal nvestigator; Muench, S.T, UW

Research Manager: Willoughby, K, WSDET
Technical Monitor: Baker, T, WSDOT

Spensors: WSDOT/FHWA

WA-RD727.1

New guidelines for dowe! bar retrofit project
selection and construction best practices will [ikely
become standard practice in Washington state.

EvaLuaTioN OF LoNG-Term PAvEMENT
PerrormANCE AND Noise CHARACTERISTICS
oF OPEN-GRADED FricTioN COURSES
WSDOT is working to pro-
duce pavements that reduce noise
generated at the interface between tires
and the pavement. This is especially
important in areas where freeways abut
neighborhoods. In this project, experi-
mental sections of quieter open-graded
friction cousses were built with asphalt
rubber and styrene-butadiene-styrene
polymer modified asphalt binders on
15 through Lynnwood. Sound intensity

_ measurements were taken immediately

after construction and monthly fora

" year. Data showed that both experi-

mental sections were quieter than a hot
mix asphalt control section. However,
although open-graded pavements have
additional benefits, the project also
found that studded tire wear has a sig-
nificant negative impact on the sound
absorbing qualities of the open-graded

mixes.

Prindipal Investigator: Anderson, K, WSDOT
Research Manager: Willoughby, K, WSDOT
Technicat Monitor: Uhlmeyer, £, WSDOT
Sponsor: WSDOT

WA-RD 683.1

Evaruarion of LonG-Term PAVEMENT
PERFORMANCE AND Nolse CHARACTERISTICS
oF Opren-GRADED FricTion COURSES—
ProecT 2

Open-graded pavements have
a higher volume of surface voids thari

densely graded pavements and thus

produce less noise when tires drive over -

them. As citizens request quieter free-
ways, especially when they abut neigh-
borhoods, WSDOT is exploring the

.use of open-graded pavements. This

second study in a series of three experi-

mental projects evaluated two kinds of

open-graded pavernents on two general

purpose lanes of westbound SR 520

through Bellevue, The results showed

that both open-graded pavements were

more quiet than a hot mix asphalt

test section, but the sound intensity

levels of all three increased over time.

WSDOT will have to continue to

weigh the drawbacks of operr-graded

pavements—susceptibility to studded

tire wear with resulting rutting—against

the levels of reduced tire noise demon-

strated in these experiments.

Prindipal Investigalor: Anderson, K., WSDOT

Research Manager: Willoughby, K., WSDOT

Technica! Monitar: Unlmeyer, |, WSDOT

Sponsar:WsDOT

WA-RD691.1

EvaLuaTion of TRiNIDAD Lake AspHALT

OvERLAY PERFORMANCE ’
Construction of the new

Tacoma Narrows Bridge included use

of two transportation technologies

new to Washington state. The first

was a steel orthotropic bridge deck.

This kind of bridge deck was chosen

to reduce weight and lower costs, but

its higher flexibility causes pavement

placed upon it to fatigue and crack
more quickly than pavement placed
on a normal roadway. For this reason,

““the second new technology was a hot

mix asphalt overlay placg& over the
bridge deck that incorporated Trinidad
Lake Asphalt (TLA). The TLA ovetlay
was intended to help resist the deck’s
stresses. This project is evaluating the
short and long-term performance

of the overlay with the TLA binder.
Longterm conclusions will be drawn
over the next five years, at which point .
a report will summarize performance
chatacteristics and recommendations

for future use of the TLA overlay.
Peindgal investigator: Russeli, M, WSDGT

Research Manager: Willoughy, K., WSDOT

Technical Monitor: Uhimeyer, 1, WSDOT

Sponsor WSDAT

WA-RD710.1

-5 SearTie CORRIDOR~PAVEMENT -
DETERIORATION STUDY

The pordand cement con- -
crete pavements {PCCP) constructed
on 5 through Seattle are among a
small group of pavements nationwide
that were built as part of the original
Interstate Highway System and that
lhave never been rehabilitated, despite
remaining in service. The first pave-
ment reconstruction project within this
corridor is scheduled to begin in 2013,
but there is concern that pavement
deterioration will require WSDOT to
act well before then. To address such
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concerns, this study assessed how much
longer each segment within the 28-mile
L5 Seattle urban corridor will survive
before rehabilitation/reconstruction is
required. Researchers also developed
improved PCCP performance analysis
tools and procedures so that WSDOT
can update the assessment and expand
it to other sections of its highway
system. In addition, the project created
a visual means of conveying the current
and future conditions of this corridor
to decision makers and the general
public. The information provided by
this project wilt be crucial in helping
WSDOT budget the funds needed for-
pavenient rehabilitation. Additionally,
WSDOT will receive updated analysis
tools that will allow it to better identify

future rehabilitation needs.
Prindipa Investigaters: Mafioney, LB/ Turkiyyah, 6,UW
Research Manager: Willoughby, K, WSDOT

Techrical Monitor: Hunter, C WSDOT

Spensois: WSDOT/FHWA

WA-RD 682.1,682.2.6833

NovaCuip )

In Eastern Washington,
WSDOT has tried several types of road
surface treatments through rural towns
and small cities, including bituminous
surface treatment (BST), open-graded -

friction course (hot mix asphait (HMA)

Class D}, and finely graded dense
asphalt (HMA Class G). Each presents
drawbacks. Therefore, WSDOT is
seeking a mote cost effective, durable,
and maintainable pavement surface for
these locations. NovaChip is marketed
as a pavement rehabilitation or surface
treatment that hasa durable surface
with resistance to rutting and wear.
WSDOT piaced 26,000 square yards of
NovaChip on a curbed portion of SR
17 through Soap Lake in August 2001.
Evaluation five years later showed that
NovaChip was effective at reducing
both the frequency and severity of
cracking. Ride quality remained con-
stant through the evaluation period,
and wear and rutting were minimal.
Although the cost of NovaChip was

-not found to be competitive with that

of HMA Class G, it was found to be
comparable when the total project cost

was compared.

Prindpal Investigator: Russell, M.A, WSDOT
Research Manager: Willoughby, K, WSDCT
Technical Monitor: Unlmeyes, L, WSDOT
Sponser: WSDOF

QuieTer PAVEMENTS SURVEY

WSDOT continues to search
for pavements that reduce noise gener
ated at the interface between tires and
the pavement. This study evaluated the
relative performance of quieter pave-
ments in the U.S. and Burope by sur
veying 35 of 50 U.S. states about the
performance of their open-graded and
stone matrix asphalt mixes. The states
teported that their open-graded mixes
provided about 70 percent of the serv-
ice lives of their dense graded miixes.
Most states that continue to use open-
graded fricfion course mixes are found
in the southern 11.S. and have different
maintenance issues than states in the -
north, whete snow plowing and stud-
ded tire use are common. The study
concluded that because of these issues,
WSDOT could probably expect shorter

service lives than those demonstrated
in southern states by comparable open- -

graded pavements. This survey will
help WSDOT engineers make more
costeffective decisions about appropri-

ate pavernents for use in the state.
Principal Investigator: Jackson, H.C., Nichols Consulfting Engineers
Research Manager: Willoughby, K, WSDOT T
Technical Monitor: Pierce, L, WSDOT

Sponser; WSDOT

WA-RD688.1.

StaTisTicAL COMPARISON OF QUALITY
Assurance anp Quaury ControL Data
_ As contractors have become
more involved in the design, accept-
ance, and performance of hot mix
asphalt (HMA) pavements, questions

-have arisen about whether the data

from contractor process control tests,
known as quality control {QC) tests, -
are biased or can be incorporated into
the acceptance and pay factor processes
that state highway agencies use. To
examine this issue, researchers assessed
the use of statistical F- and ¢tests for
comparing QC data to results from
agency-conducted quality assurance
{QA) tests. The project locked at data
from four state DOTs and found that
the statistical tests do provide adequate
evaluation when differences are sought
between data from QC and QA testing.
programs. The results suggest that state
DOTs can have confidence in using
QC data for quality assurance purpos-
es, helping to produce higher quality
HMA pavements with more costeffec-
tive oversight procedures.

Principal investigator: Mehoney, L2, UW

Research Manager. Wifoughby, K, WSDOT

Technical iMonitor: Willoughby, K., WSDOT

Sponsers: Galifornia, Minnesota, Texas, and Washinglen
WA-RD 686.1

WSDOT tested NovaChip on SR 17 in Eastern Washington to find a more cost effective, durable, and maintainable paverent surface for rural applications.
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Active Projects

Best PrACTICES FOR THE DESiaN AND
ConsTrUCTION OF PoRTLAND CEMENT
ConcreTe PavemenTs IN WasHINGTON
StaTE

Current portland cement
concrete pavement (PCCP) conditions
in key Washington state transportation
corridors require large-scale reconstruc
tion and rehabilitation. This will be
the state’s largest PCCP rehabilita-
tion/teconstruction effort ever, and if
it is done well, it should last 50 years
ot more. Before embarking on this
effore, WSDOT would like to identify
and quantify design methods, materi-
als, and construction practices that
(1) provide for the most efficient and
effective use of public funds and (2)
provide longlasting, high performance
pavements. This research is help-
ing WSDOT form a comprehensive
rehabilitation and reconstruction plan
that will address issues such as design
details, costs, construction methods, -

and environmental footprinting.
Pringipal Investigator: Muench, S.T, UW

Research Manager: Witloughby, K, WSDOT

Technical Mantor: Uhimeyer, L, WSDOT

Sponsors: ¥/SDOT/FHWA

Concrete Perrormance Using Low
DEeGraDATION ROCK

Marine basalr aggregates
are commonly used in Washington,
particularly as good quality gravel

Before embarking on the state’s largest ever PCCP rehabilitation ffort, WSDOT is seeking to ensure thatit -

uses the most effective and cost-efficient design methods, materfals, and construction practices. -

sources are becoming exhausted, but
their degradation is pronounced.
Although the degradation of marine
basalt aggregates is well understood,
and specifications exist to testrict the
use of low degradation aggregates for
hot mix asphalt and sub-base applica-
tions, the long-term performance of
concrete made with low degradation ag-
gregates has not been investigated, and
aggregate degradation specifications
are needed for their use in concrete.
This study is developing plans for a
testing program to evaluate the long
term performance of concrete with low
degradation dggregates and, in col-
laboration with the WSDOT Materials
Laboratory, is constructing test speci-
mens and conducting preliminary tests
to establish baseline data. The results

of this work will include prevention of

future problems in concrete pavements .

and structures, improvement in their,
construction and maintenance, and
economic savings through improved
access to and utilization of aggregates

“from lower quality sources.

Prindpal Investigators: Qfas, P/McLean, DL, WSU
Research Manager: Willoughby, K., WSDOT

Technical Monitors: Williams, K /Peladna, M., WSDOT
Spensor WSDOT . :

Open Grapep Fricrion COURSES IN THE
Paciric NorTHWEST -

Opeén graded friction courses
are pavement layers constructed of
open graded hot mix asphale (HMA).
The main benefits of their use are
better drainage of water from the
pavement surface, more resistance to
permanent deformation, and poten-

tial reduction in tire-pavement noise.
However, open graded wearing course
performance in the Pacific Northwest
is not well understood. This project is
conducting a review of open graded -
mixtures used in the Pacific Northwest
to determine which mixes are most ap-
propriate for the ares, the performance
achieved by the mixes already used

in Oregon and Washington, and the
prospects for adoption of newer open
graded fricdon courses. Researchers
will specifically review the perform-
ance, advantages, and disadvantages of
using 3/4-inch open graded mixes, as

- well as review and recommend other

types of open graded mixes suitable for
use in. the Northwest. The results will
help ODOT determine how to best -
construct open graded friction courses
for long life and whete to use them
most effectively within the ODOT

roadway netwozk.

Principal investigater: Muench, ST,UW
Researth Manager: Willoughby, K., WSDOT
Technica! Moniter: Hunt, E, GBOT

Sponsor; Oregon State Department of franspartation
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Completed Projects

ErrECTs OF BLAST LOADING ON PRESTRESSED
GIRDER BripgEes

Since the events of September
11, 2001, more attention has been
given to the effects of blasts on struc-
tures. Bridges are especially important
because of their potentially critical
role in the economy and emergency
response. Prestressed girder highway
bridges are very common, but little is
known about how prestressed concrete
bridges respond to blast loading. This
study experimentally and analytically
examined the vulnerability of pre-
stressed girder bridges to explosive
loadings with various orientations.
A finite element model of a precast,

prestressed girder was created and

validated with two fullscale empiri-
cal tests. The girder model was then
expanded o a four-girder, simple-span .
bridge model, and four different
scenarios were examined with explosive
events at several locations above and
below the bridge. The tests allowed the
researchers to draw conclusions about
the level of damage and the integrity of
the bridge after sustaining the various
loads. The results of this research will

be beneficial in retrofitting prestressed
Dbridges to prevent damage that may

result from acts of terrorism.
Principal Investigators: McLean, D.L./Cofer, WE, WSU
ang Ray, J./Ertle, C, US. Ay

Research Manager: Witloughhy, K., WSBOT
Technical Menitor: Lewis, R, WSDOT

Sponsors: WSDOT/FHWA -

Etecrronic ConTAER SEAL Expansion
ProsecT o ’

This was a Federal Highway
Administration-sponsored Field
Operational Test of a transponder-
based container seal system, [ocated
on the doors of cargo containers, for

_ensuring the security of and providing

processing improvéments for contain-
ers transported by truck. The effort,
which expanded on a previous field
test, evaluated the efficacy of these seals
as a tool for detecting unauthorized
intrusions into containers, tracking
shipping containers.both in ports and

along roadways, and reducing roadway

congestion at ports and borders. The
seal is one element in a larger WSDOT
effort to facilitate the movement of -

- commercial vehicles on the state’s

highways by providing enforcement
agencies with regulatory and manage-
ment information from tansponder -
technology. ’

Principal Investigator: McCormack, ED., UW

Research Manager: Brodin, D, WSDOT

Technicai Monifor: Legg, B, WSBOT

Spoinsers; WSDOT/FHWA

Active Projects

DeparTMENT OF HOMELAND SECURITY—
Navionat CenTER FOR BORDER SECURITY
AnND ImmicrATION

The University of Washing-
ton, University of Texas-El Paso, and
Wayne State University are engaged in
a two-year research project as part of
the new National Center for Border
Security and Immigration (NCBSD
sponsored by the Department of

-‘Homeland Security. The goal of the

project is to increase understanding of
and facilitate the development of better
bordetsecurity processes, induding
increased awareness, improved deci-
sion-making capabilities, and betrer .
coordination among stakeholders.

The project’s emphasis is on opera-
tional analysis, information resources, o
and coordinated response, including
analysis to increase understanding of

" the impacts of security alternatives on

international trade.

Prindipal Investiator: Haselkom, M.P, UW
Technical Moaitor: Gemelas T, DHS

Spensor: Department of Homeland Securify -
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Completed Projects’

Trarric ManacemenT Center InTERN
Procram

This project allowed the
University of Washington (UW) and
WSDOT to cooperatively provide

professional experience, training, and
research opportunities at WSDOT’s
Traffic Management Center {TMC) to
students from the UWPs Department
of Civil and Environmental Engineer
ing. Under the supervision of WSDOT
engineers, students learned about

and helped to operate ramp meters,
closed-circuit TV incident identifica-
tion, variable message signs, highway
advisory tadio, and traffic condidon
update reportts on regional phone lines.
They also helped conduct research and
analysis tasks. With this project, the
WSDOT gained a reliable way to staff
the TMC without increasing costs, and
UW engineering students were able to
acquire valuable experience in a real

world setting.

Prindipal Investigator: Rutherford, 6.5, UW
Research Manager: Brodin, D, WSDOT
Technical Monitor: Dang, V., WSDOT
Sponsor: WSDOT

Active Projects

IpenTiRIcATION NEEDS ¢ DEVELOPING,
Documenting anp Inoexine WSDOT
PHOTOGRAPHS

WSDOT has tens of thou-
sands of photos tepresenting all aspects
of its wotk, transportation system
infrastructure, and the transportation
system in use. The collection inclades
both current and historical images.
However, they are not easy to find and

With tens of thousands of archived photos, WSDOT has asked UW researchers to recommend better
systems for image indexing, storage, and retrieval.

retrieve, and requests for these photos
from both the public and WSDOT
staff confirm the need to index the
collection and make it more easily
accessible. This study is surveying and
assessing existing agency photo (im-
age) collections, how they are currently
indexed, who uses them, and for what
purposes. In addition, the study is
evaluating the capabilities of the

- WSDOT Electronic Content Manage-

ment systern, as well as other systems,

for photo indexing, storage, and retriev

al and is identifying missing compo-
nents and recommending soltitions.
The longterm benefits of the project
will include savings in staff effort and
frustration, reduced storage space
needs, and improved management of
photo resources for both public and -

private use.

Prindipal lavestigator: Endicoti-Popovsky, B, UW
Research Manager: Lindquist, K., WSDOT
Technicat Monitor: Culp, J, WSDOT

Spansor: ¥SDOT ’
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PavemenT TooLs CONSORTIUM

The Pavement Tools Con-
sortium fosters the continued de-
velopment and implementation of
computer-based paving tools, such as
the Pavement Guide, Media Library,
HMAView, Stockpile Blender, XPactor,
and EverFE. The major focus of the
pavement tools is to enhance pave-
mentrelared rraining and construction
operations. WSDOT’s partners are
the California, Florida, Idaho, llinois,
Kansas, Maryland, Minnesota, and
Texas departments of transportation,
and the Federal Highway Administra-

tion.

Principal Investigator: Mahoney, 1P, UW
Research Manager: Willoughby, K, WSDOT
Sponsors: WSDOT and PTC Miember States

SOFTWARE TOOLS FOR SHARING AND
IntEGrATING GIS Data

WSDOT established a consor-
tium of public and private entities to
develop, implement, and provide a vari-
ety of computerbased tools for sharing
_ and integrating gec-spatial transporta-
tion data for a variety of purposes and
uses. Funding for the Geo-spatial Inte-
gration and Sharing Data Consortium
{GISDC) is through a pooled fund ax
rangement managed by WSDOT. The
research will help to reduce costs and
increase efficiency by enabling mem-
bers of the consortium to collect and
combine location referencing and GIS

data from multiple agencies to create a
complete transportation network and
associated location referencing systems.
Research Manager: Lindguist, K, WSDOT

Technical Monitors: Griffin, T./Leierer, 4, WSDOT

Spensors: Washington (Lead), Nebraska, Ohie, Idahe, Oregon, and
Ternessee

The main focus of the Pavemnent Tools Consortium is to enhance pavement-related training and construc-
tion operations through continued development and implementation of computer-based paving tools.
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Bridges and Structures :

Cofer, W.F., ElGawady, M. and Greenwood, S.M. Seismic Assessment of WS-
DOT Bridges with Prestressed Hollow Core Piles - Part 1. Pullman, Washing-
ton: TRAC/Washington State University. August 2009 WARD 732.1
http://www.wsdot.wa.gov/Research/Reports/default.hom

Cohagen, L., Pang, ].B., Eberhard, M.O. and Stanton, ].F. A Precast Concrete
Bridge Bent Designed to Re-Center After an Earthquake. Seatde, WA:
TRAC/University of Washington/ Transportation Northwest Regxona}.
Center X, October 2008. WARD 684.3
http://depts.washington.edu/trac/bulkdisk/pd§/684.3.pdf

Pang, ].B., Steuk, K.P., Cohagen, L., Eberhard, M.O. and Stanton, ].F. Rapidly
Constructible Large-Bar Precast Bridge-Bent Seismic Connection. Seattle,
WA: TRAC/University of Washington, October 2008. WA-RD 684.2
heep://depts.washingron.edu/trac/bulkdisk/pdf/684.2.pdf

Pollock, D.G., Dupuis, K.J., Lacour, B., and Olsen, KR. Detection of Voids in
Prestressed Concrete Bridges Using Thermal Imaging and Ground-Penetrat-
ing Radar. Pullman, Washington: TRAC/ Washington State University.
December 2008, WA-RD 717.1 )
http://wwwwsdot.wa.gov/Research/Reports/default htm

Qiao, P., Yang, M. and McLean, D.I. Effect of Intermediate Diaphragms to
Prestressed Concrete Bridge Gizders in Over-Height Truck Impacts. Pullman,
WA: TRAC/Washington State University, January 2008. WA-RD 696. 1
hitp://depts.washington.edu/trac/bulkdisk/pdf/696.1.pdf

RodriguezMarek, A. and Cofer, W.E. Dynamic Response of Bridges to nearFault,

Forward Directivity Ground Motions. Pullman, WA: TRAC/Washington
State University, December 2007. WA-RD 689.1
hitp://depts.washington.edu/trac/bulkdisk/pdf/689.1.pdf

Endeshaw, M.A., ElGawady, M., Sack, R.L., and McLean, D.I. Retrofit of
Rectangular Bridge Columns Using CFRP Wrapping. Pullman, Washington:
TRAC/Washington State University. December 2008, WA-RD 716.1
http://www.wsdot.wa.gov/Research/Reports/default.hrm

Steuk, K.P., Pang, ].B., Ebethard, M.O. and Stanton, J.F. Anchorage of Large-Di-
ameter Reinforcing Bars Grouted into Ducts. Seattle, WA: TRAC/University
of Washington, March 2009. WA-RD 684.1
http://depts.washington.edu/trac/bulkdisk/pdf/684.1.pdf

{onstruction Management

Aziz, A M. Performance Analysis and Forecasting for WSDOT Highway Projects.
Seattle, WA: TRAC/University of Washingron, July 2007. WA-RD 675.1
htep://depts. washington.edu/ trac/bulkdlsk/p&f/ 675.1.pdf V

Environment

Celedonia, M.T,, Tabot, R.A., Sanders, S., Damm, S., Lantz, D.W. , Lee, TM.,
Li, Z., Pratt, I-M., Price, B.E. and Seyda, L. Movement and Habitat Use of .
Chisook Salmon Smolts, Northern Pikeminnow, and Smallmouth Bass Near
the SR 520 Bridge - 2007 Acoustic Tracking Study. Olympia, WA: WSDOT,
October 2008, WA-RD 694.1
http://www.wsdot.wa.gov/Research/Reports/default.htm

Maurer, M.W. Design and Construction of a Field Test Site to Evaluate rhe
Effectiveness of a Compost Amended Bioswale for Removing Metals from
Highway Stormwater Runoff. Olympia, WA, WSDOT, March 2009,
WARD 724.1
http://www.wsdot.wa .gov/Reséatch/ Reports/default.hem

Landsherg, K. WSDOT Greenhouse Gas Emissions Inventory. Olympia, WA:
WSDOT, April 2009, WA-RD 722.1
heep://www.wsdot.wa.gov/Research/Reports/default.htm

Mevers, W.L., Chang, W.Y., Germaine, 5.5., Vander Haegen, W.M. and Owens,
T.E. An Analysis of Deer and ElkVehicle Collision Sites Along State High-
ways in Washington State. Completion Report, Washington Department of
Fish and Wildlife. Olympia, WA: WSDOT/Washington Department of Fish
& Wildlife, May 2008. WA-RD 70L.1 o
http://depts.washington.edu/trac/bulkdisk/pdf/701.1.pdf

Pearson, W.H., Mueller, R.P.,, Sargeant, S.L. and May, L.K. Evaluation of Juvenile
Salmon Leaping Ability and Behavior at the Experimental Culvert Test Bed.
Richland; WA: WSDOT/Battelle Pacific Northwest Division, June 2007.
WA-RD 613.1
http://depts.washington.edu/trac/bulkdisk/pdf/613.1.pdf

Thom, R., Gaeckle, ]., Borde, A., Anderson, M., Boyle, M., Durance, C,, Kyte,
M., Schlenges, P., Stutes, ]., Weitkamp, D., WyllieEcheverria, S., and
Rumill, S. Eelgrass (Zostera marina L.). Restoration in the Pacific Northwest:
Recommendations to Improve Project Success. Olyropia, WA: WSDOT,




Washington State TRasporiation Center

REPORTS

PReport 2082009 - 4D

August 2008, WARD 706.1
http://www.wsdot.wa.gov/Research/Reports/default.hem

Thurman, D.R. and HornerDevine, A.R. Hydrodynamic Regimes and Structures
in Sloped Weir Baffled Culverts and Their Influence on Juvenile Salmon
Passage. Seattle, WA: TRAC/University of Washington, December 2007.
WARD 681.1
http://depts -washington. edu/ trac/bulkdlsi\/ pdf/687.1.pdf

Freeway and Arterial Management

Beaulieu, M., Davis, K., Kieninger, D., Mizuta, K,, RobmsoryMcCutchen,
Wright, D., Sanderson, A., Ishimary, J.M. and Hallenbeck, M.E. A Gmde to
Documenting VISSIM-Based Microscopic Traffic Simularion Models. Seattle,
WA: TRAC/University of Washington, June 2007. WA-RD 678.1 '
http://depts.washington.edu/trac/bulkdisk/pdf/678.1.pdf

Wang, Y., Cheevarunothai, P. and Hallenbeck, M.E. Quantifying Incident
Induced Travel Delays on Freeways Using Traffic Sensor Data. Seattle, WA:
TRAC/University of Washington, May 2008. WARD 700.1
http://depts.washington.edu/trac/bulkdisk/pdf/700.1.pdf

Wright, D.R. and Ishimaru, ] M. Data Quality Handling Approach of TRACFlow
Software Technical Report. Seattle, WA: TRAC/Umverszty of V("lshmgton
May 2007. WA-RD 679.1
http: S/ depts.washington.edu/ trac/bulkdlsk/pdf/ 679.1.pdf

Freight Transportation

Casavant, K. and Jessup, E. Development of a Washington State Freight Data
System. Pullman, Washington: TRAC/Washington State University. August
2007, WA-RD 690.1
http://www.wsdot.wa.gov/Research/Reports/default.htm

Goodchild, A., Albrecht, S., and Leung, L. Cross-Border Transportation Patterns
at the Western Cascade Gateway and Trade Cotridor: Implications for -
Mitigating the Impact of Delay on Regional Supply Chains. Bellingham, WA:
Border Policy Research Institute, Western Washington University, July 2008.

Ivanov, B., Xu, G., Buell, T., Mocre, D., Austin, B., and Wang, Y. Storm Related
Closures of -5 and 1:90: Freight Transportation Economic Impact Assess-
ment Report, Winter 2007-2008. Olympia, WA: WSDOT, September 2008,
WA-RD 708.1 )

htepy//www.wsdot.wa .gov/Reéearch/ Reports/default.htm

Geotechnical Engineering _

Badger, T.C., Fish, M., Lowell, S. and Allen, T. Use of Ring Nets for Slope Protec-
tion for Rockfall: End-ofConstruction Report. Olympia, WA: WSDOT, June
2009, WA-RD 729.1
http://www.wdot.wa.gov/Research/Reports/defaulthtm

Kramer, S.L. Evaluation of Liquefaction Hazards in Washingron State. Seartle,
WA: TRAC/University of Washingron, December 2008. WA-RD 668.1
http://depts.washingron.edu/trac/bulkdisk/pdf/668.1.pdf

Muhunthan, B., Sariosseiri, F. Interpretation of Geotechnical Properties of .
Cement Treated Soils. Pullman, Washington: TRAC/Washmgton State
University. July 2008, WA-RD 715.1 .
hitp://weww.wsdot.wa. gov/ReseaIch/Reports/ default.htm

Highway Design and Safety
Briglia, P., Howard, Z.N., Fishkin, E., Hallenbeck, M.E. and St. Martin, A.
In-Service Evaluation of Major Utban Arterials with Landscaped Medians
- Phase I1. Seattde, WA: TRAC/UW, July 2009. WA-RD 636.2
. http://depts.washington.edu/trac/bulkdisk/pdf/636.2.pdf
Davis, K. and Hallenbeck. M.E. Evaluation of Engineering Treatmerits and
Pedestrian and Motorist Behavior on Major Arterials in Washingron State.
Seattle, WA: TRAC/University of Washington, September 2008.
WA-RD 707.1
http://depts.washington.edu/; trac/bulkdmk/pdf/ 707.1.pdf
Van Schalkwyk;, I. and Washington, S.P. Cost Effective Safety Improverents of
Two-Lane Rural State Roads in Washington State. Olympia, WA: WSDOT/
Arizona State University, April 2008. WA-RD 695.1 .
http://depts.washington.edu/ trac/bulkdisk/pd£/695.1.pdf

Intelligent Transportation Systems

Briglia, P. ITS Evaluation Framework - Phase 2 Update (2009): Seventeen Proj-
ects. Seattle, WA: TRAC/University of Washington, June 2009.
WA-RD 672.2 ’ '
http://depts.washington.edu/trac/bulkdisk/pdf/672.2.pdf

- McCormack, E.D. The Use of Small Unmanned Aircrafe by the Waslﬁngton
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State Department of Transporration. Seattle, WA: TRAC/UmverSLty of
Washington, June 2008. WA-RD 703.1
http://depts.washington.edu/trac/bulkdisk/pdf/703.1.pdf

Wang, Y., Hallenbeck, M.E., Zheng, ., Zhang, G., and Corey, ]. Comprehensive
Evaluation of Transit Signal Priority System Impacts Using Field Observed
Traffic Data. Seartle, WA: TRAC/University of Washington, June 2008.
WA-RD 699.1 :
hetp://depts.washingron.edu/trac/bulkdisk/pdf/699.1.pdf

Multimodal Transportation Planning

Carlson, D., Gruen, D., and Thacker, ]. Transportation Demand Management
Strategies for Schools Phase II. Seattle, WA: TRAC/University of Washmg—
ton, January 2009. WA-RD 719.1
htep://depts.washington.edu/trac/bulkdisk/pdf/719.1.pdf

Carlson, D., Langworthy, M., Wright, ]. and Gruen, D. Transpotration Demand
Strategies for Schools, Phase 1. Seattle, WA. TRAC/Umversxty of Washing-
ton, November 2007. WA-RD 685.1 -
htep://depts.washington.edu/trac/bulkdisk/pdf/685.1.pdf

Casavant, K.L., Jessup, E. and Holmgren, M. Program Scoping/Staté of Practice
for Washington State. Pulliman, WA: TRAC/ Washington State University,
2007. WA-RD 680.1 :
heep://depts.washington.edu/trac/bulkdisk/pdf/680.1.pdf

Perez-Garcia, ]. Forest Products Use of Roadways and Transload Facilities in
Washington. Seattle, WA: TRAC/University of Washington, September
2007.

Plotnick, R., Romich, }. and Thacker, J. The Impacts of Tolling on Low-Income
Persons in the Puget Sound Region. Seattle, WA: TRAC/ University of
Washington, April 2009. WA-RD 721.1
http://depts.washington.edu/trac/bulkdisk/; pdf/721.1.pdf

Pavement

Anderson, K'W., Pierce, LM. and Uhlmeyer, ].S. Brief History of the Per-
formance of Rubberized Pavements in Washington State. Olympia, WA
WSDOT, June 2008. WA-RD 693.1
http://www.wsdot.wa.gov/Research/Reports/default hem

Anderson, K.W., Pierce, LM., Ummeyer, J. S. and Weston, J. Evaluation of

LongTerm Pavement Performance and Noise Characteristics of Open-Graded
Friction Courses. Olympia, WA: WSDOT, March 2008. WA-RD 683.1
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In 2007, the Washington State Legislature initiated
one of the first state truck performance measure |
projects in the U.S.

. in the 2007 Transportation Budget, the Washington State Legislature
appropriated $320,000 in state transportation planning funds, assumed
$128,000 in matching program T federal funds through the Washington |
State Department of Transportation (WSDQOT), and an additional $192,000
in federal funds via the University of Washington TransNow Regional |
Center, to develop a freight database to help guide the state’s frelght
investments and track project effectiveness.

. The Bill directed the project to track truck movements through geographic.
information system (GIS) technology, and assigned management of the
research to WSDOT (Freight Systems Division). -

. The Legislafure reappropriated $324,000 of the total $428,000 authorized
into the 2009 - 11 biennium. This action recognized the time needed to '-
negotiate new contracts with multiple GPS service providers. |




How does measuring truck frelght performance beneflt
Washington State‘? v .

- By accurately tracking truck trip travel times and netWork reliability, the Truck
Freight Performance Measure project dellverables put Washmgton State at a
great advantage for - '

l. Future federal freight funding requests. 4Congreséman Oberstar’s draft
transportation bill requires performance measures, as does the- emerglng
national consensus for re-authorization. -

1. increasmg public accountability to citizens. Tracklng truck freight.
- performance before and after projects are constructed explams the value of
their investments. . - :

1. Making the most productive investments of state dollars. Quantifying delay at
truck freight bottlenecks allows the state to identify key problems and o
prioritize prOJect fundmg 4




l. Future federal freight funding requests

The American Association of State Highway
and Transportation Officials (AASHTO) and
Federal Highway Administration (FHWA)
Freight Performance Measure Task Force has
developed three national freight measures for
the re-authorization bill: '

1. Travel time
2. Reliability
3. Access

Washington State’s Truck Performance
Measure research project accurately tracked
truck travel times and analyzed reliability of
the highway and local road network in Central
Puget Sound in 2009. '

The on-board-truck GPS location reads
documented where many truck trips begin,
where they go and how long it takes to get
there. - '

o

Truck Activity {Trips})

1001 - 13916




Increasing public accountability to citizens
Case Study A: The impact of the 1-90 Bndge constructlon prOJect on
truck speeds in 20009.

The 1-90 floating bridge expansion
joints had deteriorated, presenting a
safety risk. To protect drivers, WSDOT -
replaced the aged and worn expansion
joints on the westbound bridge and |
center roadway in 2009.

WSDOT replaced the expahsion joints
on the center roadway reversible Ianes
from May 4 to 18.

‘The new expansion joints support the -
heavy loads that regularly cross 1-90,
including truck frelght and trans:t
vehicles.

‘Total fund:ng from all sources was $8 5
mitlion.




Increasing public accountability to citizens
Case Study A: How did eastbound truck speeds change before, -
during and after the 1-90 Bridge construction project in May 20097
1-90 Eastbound Average Truck Speeds by Tlme Period
- (Weekdays) -
60
x 50 | ' , iFourWeeks Before
= ’ . : . (?onstmc?ion
-g_ 45 —— | : : -' » 0 | . | : Three Weeks During | :
v ' o Construction ,
40 : : : ‘ : - L ——— Fou.rWee;k's After .
’ e : Constructiqn
35

Morning Peak . Mid-day Afternoon Peak Evening

Eastbound truck speeds were eight mph slower in the evenings durmg the :
construction period then before. :




n Case Study A: 1-90 Bridge project

How did westbound truck speeds change? = -

1-90 Westbound Average Truck Speeds by Time Perlod

(Weekdays)

60

55
- -
8. 50 L . . -
= .. =ee=FourWeeks Before |
T L C,on_struct:on..
S
& 45 :
v semeThree Weeks During

~ Construction
40
memm QU Weeks After
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35 . :

Morning Peak . Mideay - Afternoon Peak Evening

Westbound truck speed_s improved by three mph in the mid-day and
afternoon peak periods after the 1-90 project was completed.




il. Makmg the most productlve mvestments of
public dollars

Mercerdsiand

Truck GPS Data Points .
@ Truck Speeds Less Than 25 MPH
@ Truck Speeds More Than 25 MPH

Case Study B: The Truck Performance PrOJect documented a recurrlng truck__
bottleneck where 1-90 westbound meets I-5. Data are individual bi- -
directional truck speeds from a typ:cal Week (January 2009)




" The Truck Performance Project data will enable
WSDOT to analyze the 1-90 truck bottleneck

Average Truck Speed: 47 mph
Average All Vehicles Speed: 57 mph

Average Truck Speed: 40 mph
Average All Vehicles Spee: 58

Roaons, S RS = B =

Speeds are estimated yearly average, based on data collected from Sépt.embef -
2008 to September 2009. . - T : -




. The truck speed data supports analysis of truck
bottlenecks at ramps and interchanges =

1-5/Corson A\)énue in September 2009 = . - O |

- .




There are benef‘ ts and costs of monltorlng truck
performance on the state network |

Advantages of GPS trd’Ck data:

= There is no other way to accurately track truck speeds on the state and
local road network. - : g L

. ,The state can momtor the performance that matters to trucklng companles
~and shippers: delay, stops and speeds on specn‘tc routes. n

= Datais available fro_m commercial vendors now, and quallty will _improve_ a
as technology advances and more trucking companies install GPS units.

Costs and Iimitations_ of using GPS truck d'ata:

= Thisis a new service. Tracklng truck performance reqwres ongoing
resources to obtaln and analyze GPS data and manage the prOJect

= At this time, vendors aren't capturmg enough GPS reads on many Iocal o

roads across the state to analyze their performance o

et




~ What ar_e‘ the' next steps? |

The Truck Performance Measure research team will complete the fi nal“report " R -
by spring 2011. The research has demonstrated that monltonng truck '
performance is: SRR :

Necessary for new frelght funding. The inforrnatit)n may be required B
to justify federal freight program fundlng and used to support state '
freight investment decasrons ' 2 o

‘Becoming more cost effective. WSDOT and TransN_ow _are able to :

continue this project through February 2011 with no additional fund = -
requests. TransNow estimates that expanding the project to cover the

. entire state will cost $1 80 000 per year in the future much less than the B
pilot cost. e S . S

Critical to meet air quality standards. The U.S. Environmental =~ |
Protection Agency will finalize a new model for emissions analysis in -
2009. The model requires volumes and speeds by vehicle type to .
estimate emlss:ons Truck data is an essentlal mput for a:r quallty

- studies.




Questions?
PIeaS_e contact:

Barbara Ivanov, Co-Director Freight Systems Divi‘s'iorji'
- Washington State Department of Transportation
360-705-7931; :vanovb@wsdot wa.gov ’

Ed McCormack, Research ASSIStant-Professor
TransNow Regional Center, University of Washington :~
(206) 543-3348; edm@u.washington.edu . &

Larry Pursley, Executive Vic':é' President

Washington Trucking Associations -
253-838-1650; iarry@wtassns com

Washmgt«’m $‘ta'te
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