
Presenter
Presentation Notes
I began working with highway construction materials at Michigan DOT in 1973 and have maintained an interest in materials engineering for 45 years.  In the last 3 years I have successfully applied for 3 FHWA grants; 2015 SHRP2 R06C Technology Demonstration of Moba PaveIR Thermal Scanner, 2016 FHWA Enhanced Compaction Project, 2017 State Transportation Innovation Counsel grant for Implementation of Dielectric Profiling System for Compaction acceptance of asphalt pavements.  I am delighted to share my vision for Use of Advanced Technology for Quality Assurance in Alaska with you today.



Presenter
Presentation Notes
Hello, I’m Rich Giessel, State Quality Assurance Engineer for Alaska DOT.  For those of you who do not know me, I like the simplicity of the scientific method.
It is illustrated here in its most basic form.  Observation, Repeatability, and Logic



1. Failure Modes Drive Testing Philosophy Shift
2. Implementation History of ICTs in Alaska
3. Surprising things we have discovered with 

Dielectric Profiling System (DPS) GPR
4. Main Features of Continuous-Full-Coverage 

Specifications for Compaction Acceptance
5. Compaction Defect Mapping and Remediation

Outline

Presenter
Presentation Notes
My presentation has five sections, with the last 3 of those sections on the Dielectric Profiling System.

(ICT=Intelligent Construction Technologies, GPR=Ground Penetrating Radar)



Major Failure Modes:
1. Studded Tires (a political problem)
2. Poor Compaction (a construction problem)
3. Poor Tack Bond Between Layers (a Specification 

and pay item problem)
Minor Failure Modes:
 Stripping (a surface chemistry problem)
 Rutting & Shoving (a mix design problem)

1. Failure Modes of Asphalt Paving

Presenter
Presentation Notes
Minor Failure modes can be solved in the materials Laboratory.  



Avoidable Major Failure Modes:
2. Poor Compaction
3. Poor Tack Bond Between Layers

Our focus will be on Enhancing Compaction

Avoidable Major Failure Modes

Presenter
Presentation Notes
Assuming a properly designed and constructed “Perpetual” embankment section free of support layer failures.



• We Must Abandon Random Testing 
“The primary problem is not so much to 
determine the average conditions, as it is to 
make reasonably certain that possibly the most 
unfavorable conditions are known over a given 
area that may give rise to soft spots.”

Donald M. Burmister (1948)

Required Shift in Philosophy-1

Presenter
Presentation Notes
70 years ago Burmister identified that the Number 1 problem with Random testing was Primarily caring about the Average of test values.  Other false premises are (No. 2) that there is a Gaussian distribution of test values on heterogeneous materials and (No. 3) that test location selection needs to be unbiased, this is only true if you accept premise 1, that our primary concern is getting a good guess about the average value.



OPTIMAL SAMPLE SIZE
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Presenter
Presentation Notes
How good is our guess about average conditions from a small sample size?  For 10 random compaction samples with a lower specification limit of 92% of MSG, PWL 90 variability is ±8%.  This means that the Compaction Pay Factor could be anywhere between 0.96 and 1.04 for this 5000 ton lot of Asphalt or ±$24,000 at $120/ton.
(Graphic internally developed by Dennis Dvorak, FHWA)




• Adopt current state-of-practice technology to 
achieve 100% testing & inspection coverage
 Intelligent Compaction (IC) Rollers provide 100% 

pass coverage, temperature, ICMVs
 Paver Mounted Thermal Profilers (PMTP) provide 

100% thermal mapping of mat
 Asphalt Surface Dielectric Profiling Systems (DPS) 

using Ground Penetrating Radar (GPR) provide 
100% Mapping of compaction

Required Shift in Philosophy-2

Presenter
Presentation Notes
Random testing has almost no chance of finding a pothole size defect.  CFC testing has almost no chance of missing a pothole size defect.
(ICMVs = Intelligent Compaction Machine Values)



• No potholes or raveling joints
• Longer-life pavements
• Much less maintenance
• Lower life-cycle cost

Expected Outcomes

Presenter
Presentation Notes
1% increase in compaction gives 10% increase in pavement life.



2. Implementation History of 
ICTs in Alaska

Presenter
Presentation Notes
We began moving to CFC Compaction Testing in 2013



• Intelligent Compaction Rollers required at Sitka 
Airport for Night Paving. (Bruce Brunette 2013)

• Echelon Paving also employed to reduce 
longitudinal joints from 11 to 5.

Intelligent Compaction Rollers

Presenter
Presentation Notes
Bruce Brunette wrote our first IC spec and Amanda Gilliland, QC Manager for Knik Construction put together people, training and equipment to make it happen.



Paver Mounted Thermal Profiler (2015)

Presenter
Presentation Notes
In 2015 I wrote a successful SHRP2 R06C Grant for demonstrating PMTP technology at TSAIA, Peger Road in Fairbanks.  It was subsequently used as part of 2016 Enhanced compaction project on Glenn Hwy: Hiland to Eklutna that Alaska DOT was awarded the following year.  
Photo: Paul Angerhofer, Moba Corporation setting up the Moba Pave IR system on a Granite Construction Paver.



• Real-time thermal mapping, color display on 
paver provides immediate feedback to DOT 
and paving crew

Pave IR Benefits



Example Pave-IR Display



Birth of a Pothole
Research Report – July 1, 2001
Research Project Agreement T9903, Task A3
Cyclic Segregation

CONSTRUCTION-RELATED ASPHALT CONCRETE
PAVEMENT TEMPERATURE DIFFERENTIALS
AND THE CORRESPONDING DENSITY 
DIFFERENTIALS – Report No: WA-RD 476.1

Washington State Transportation Center (TRAC)
University of Washington, Box 354802
University District Building
1107 NE 45th Street, Suite 535
Seattle, Washington 98105-4631

Presenter
Presentation Notes
This 2001 report is definitive study linking cold lumps to potholes.



Tarped vs Not Tarped 

Presenter
Presentation Notes
Note uniform high temperature of mix from tarped load right behind paver



Cold Spots - Infrared vs B&W Photo

Presenter
Presentation Notes
Impossible to compact asphalt below compaction temperature range.  Green spots read 153 F, 159 F



• Pay a $75 Bonus for each 150’ segment with 
No Thermal Segregation (0-250 F variation)

• 2140 each 150’ segments = $160,500 potential 
bonus on 15 miles of 4 lane highway

Glenn Hwy Incentive (2016)

Presenter
Presentation Notes
You get what you pay for.  If you want to get rid of future potholes then pay for temperature uniformity.



• No bonus for 150’ segments with Moderate 
Thermal Segregation (25-500 F)

No Incentive



• $75 Penalty (not used on Glenn Hwy) for each 
150’ segment with Severe Thermal 
Segregation (>500 F)

• Only used the Carrot

Penalty or Disincentive



• PMTP is an objective tool for rewarding best 
practices such as:

1. Tarping all loads
2. Steady delivery of material to project with a 

minimum number of paver stops
3. Tying loads together when dumping
4. Use of Material transfer vehicle to homogenize 

temperature and smooth material flow to paver

PMTP Use Rewards Good QC

Presenter
Presentation Notes
MTV used on Glenn Highway project had 25 ton surge capacity.



• Dielectric Profiling System (DPS) using 
Ground Penetrating Radar (GPR) gives: 
1. Dielectric Mapping 
2. Readout as % Voids, % Compaction, or Density 

in asphalt mat in real-time once calibration data 
from drilled cores has been entered.

(Note: Testing equipment became commercially available in May 2016 with 
FCC approval.  Alaska purchased the 10th machine made in October 2016)

Newest Methodology (2016)

Presenter
Presentation Notes
I have walked over 100 miles collecting compaction data with the PaveScan RDM in the last two years.



Fritz Cove Dielectric (July 2018)

Presenter
Presentation Notes
Here is a screen shot of 3500’ of the Glacier Highway in Juneau.  Station 82-98 was paved in cold weather with rain event at Station 90.  Station 98-117 paved in warmer weather.  This was Forensic work, performed on 8 month old pavement placed in October 2017, with only three drilled cores.
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Mainline Dielectric vs % Compaction

Presenter
Presentation Notes
Only 4 cores, 89.5%, 94.5%, 96.5%, and 97.3% of MSG were drilled for this calibration, but the correlation to dielectric values was good.  
Our specification calls for a minimum of 9 cores and a correlation of at least 90% for a calibration where DPS data is used for Compaction acceptance.  
I prefer a correlation of 95% or better for calibrations.



Fritz Cove % Compaction

Presenter
Presentation Notes
% Compaction pattern is identical to Dielectric pattern, only vertical axis values on the left have changed.  Black dots are core locations selected by the PaveScan RDM system computer.



DPS - PaveScan RDM (2017)

Presenter
Presentation Notes
Enhanced Compaction Project on Glenn Hwy only completed 4 nights of paving in 2016.  22 night of paving spilled over into 2017 season May 22 to June 21.  Equipment shown is the PaveScan Rolling Density Meter manufactured by Geophysical Survey Systems, Inc. (GSSI)



• PaveScan Rolling Density Meter Provides:
 Geo-located Data
 400,000 pulses per second processed with 

equivalent time sampling to produce 60 scans/sec
 60 scans (dielectric readings) per second recorded 

to Raw Data File
 =10 Dielectric readings per foot of travel at 6 ft/sec 

(~ 4 mph walking speed) per antenna 

PaveScan RDM

Presenter
Presentation Notes
6,666 pulses are processed into each dielectric reading.  Dielectric readings are recorded every 1/10 foot of travel.  Equivalent time sampling limits reading radar reflections to the first half wave reflection, a penetration of about 0.77 inches in a typical asphalt.



• Related to Speed of RADAR through a Material

e = C2 / V2 or   (V = C / √e)
Where: e = Dielectric 

C = Speed of light in a vacuum
V = Speed of RADAR in material

What is Dielectric?

Presenter
Presentation Notes
Dielectric value is the ratio of the speed of light in a vacuum squared to the speed of radar through a material squared.



RADAR is fastest in Air e = 1 (V=C)

RADAR is slowest in Water e = 81  (V=1/9C)

Asphalt Concrete e = 4-7 (V=0.5-0.35C)

(note more air gives lower dielectric, i.e. RADAR 
passes through porous asphalt faster)

LOW DIELECTRIC = LOW DENSITY

Relative Speeds of RADAR

Presenter
Presentation Notes
Radar travels 9 times slower in water than in air, 2 to 2.6 times slower in asphalt



3. Surprising things we have 
discovered with DPS GPR



• Answer: Defects we have never “SEEN” before
• For example, density variation across a 

longitudinal joint

What can we “SEE” with GPR?



Presenter
Presentation Notes
Alignment of PaveScan RDM for mapping compaction across Mat Core 70 and Joint Core 70J on June 10, 2017, our 13th night of paving in 2017.



Core 70J (91.7%) – Resolution 0.25 ft

Presenter
Presentation Notes
Hot mat is on the left.  This joint was stacked on the cold side of the joint.  Orange blocks = 98% compaction, dark blue = 85% compaction, dark green = 90% compaction.



Core 69J (92.9%) – Resolution 0.25 ft

Presenter
Presentation Notes
This joint was stacked on the hot side of the joint.  87% Compaction in the dip.



Core 87J (94.9%) – Resolution 0.10 ft

Presenter
Presentation Notes
Full resolution with 10 readings per foot displayed for each of the three antennas.  Note six blue blocks in dip = 88% compaction.  Stacked joint on cold side was holding some roller water as indicated by the two red blocks reading 105% compaction.



Core 87J – Distance Statistics

Presenter
Presentation Notes
Started 2’ from joint and rolled over and past joint into adjacent lane, total distance of 4.2’ recorded by DMI on rear wheel.  DMI triggers reading every 0.1’  Minimum values match graphic display at dip. Maximum values just past the dip also match graphic display with left antenna reading 105%.  
Getting three readings across a joint verifies that the defect is not isolated.



Core 87J – Time Statistics

Presenter
Presentation Notes
1269 reading right on the joint took 21 seconds to collect in Time Mode.  Again average readings of three antennas is 88%.



Core 85J (92.4%) – Resolution 0.25 ft

Presenter
Presentation Notes
Better joint than at Core 87J even though compaction was 2.5% lower.  Note no dip below 92% on this core.



Calibration Core 19J (96.2%) 0.25 ft

Presenter
Presentation Notes
Excellent joint heater results, all readings above 95%



Longitudinal Joint at Core 19J

Presenter
Presentation Notes
Photo at joint core location



165 Core Densities: 90.9 to 97.8%
 Compaction Summary - 2017 Data

Bulk/MSG Bulk/MSG
Panel Joint

SB-L1 Average Panel Density (20 Cores) 94.8
NB-L1 Average Panel Density (17 Cores) 95.4
SB-L2 Average Panel and Joint Densities (33 Cores) 94.9 94.1
SB-L3 Average Panel and Joint Densities (3 Cores) 95.5 93.4
NB-L2 Average Panel and Joint Densities (28 Cores) 94.7 95.0

Project Averages 94.9 94.5
Max 97.6 97.8
Min 92.3 90.9

Note:
50 of 101 (50%) of Panel Cores 95.0% or Higher
26 of 64 (41%) of Joint Cores 95.0% or Higher

 % Compaction

Presenter
Presentation Notes
101 Mat cores, min 92.3% Compaction.  64 Joint cores, min 90.9%.  No failures by random testing



SB(Joint CL) Density Histogram

Presenter
Presentation Notes
With continuous joint readings thousands of low density tests are documented.  Note Non-Gaussian distribution of values, typical of construction materials.
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SB Joint Cumulative Densities - 24.5% below 91%

Presenter
Presentation Notes
On 15.2 miles of SB longitudinal joint PaveScan took 758,100 readings at 0.1’ w/ 5 readings averaged to give 151,620 density values, now we get 24.5% low values as measured right on the joint in a tennis ball sized area.



Low Density is Typical at Bridges
S. Birchwood Bridge,
SB Lane 2, 18-24’ LT

Presenter
Presentation Notes
Blue blocks indicate 90% Compaction in this map across a 125’ long overpass bridge.



Low Density Adjacent Rumble Strip

Presenter
Presentation Notes
Even worse compaction adjacent rumble strip, some as low as 80% (20% air voids).  This area will be subject to accelerated oxidation aging of the binder and freeze-thaw damage due to interconnected voids



We don’t want a “Pretty” edge joint

Presenter
Presentation Notes
Roller riding on old paved shoulder with rumble strip bridges adjacent hot mix asphalt, preventing good compaction.



We Want a “Compacted” edge joint

Presenter
Presentation Notes
Erv Dukatz, PhD, VP of Materials and Research with Mathy Construction Company told me how they roll Mill and Fill sections.  2nd pass must be inside vertical face of old shoulder pavement.



4. Main Features of CFC Specs 
for Compaction Acceptance



What Changes?

The main specification change for implementation 
of GPR technology is substituting Percent 
Conforming (PC) for Percent Within Limits (PWL) in 
the Density Pay Factor.

For a lot (5000 tons) of asphalt, placed in a 2” thick lift, PC 
will be based on approximately 400,000 density readings 
(one per square foot, assuming an asphalt density of 150 
pcf).  PWL for that same lot of asphalt would be based on 
10 density readings (one per sublot).



What % Conforming thresholds 
should trigger repair, R&R?

Mat Density Pay Factor = 0.55 + PC/200, allowing up to 5% 
bonus at PC = 100%.  (Lower limit of PC = 50%, PF = .80)

• Remove and Replace is triggered if PF is below 0.80

What PC should trigger repair with Sand Seal?
• Perhaps from PC = 50% to 70%, PF = 0.80 to 0.90?
Or
• Perhaps from PC = 50% to 80%, PF = 0.80 to 0.95?

Presenter
Presentation Notes
Percent Conforming of 70% gives a Pay Factor of 0.90, should the 30% area of low density be repaired before acceptance?
What about when PC = 80%, (PF=.95) should the 20% area of low density be repaired before acceptance?



Cost of Potholes
American drivers pay an estimated $3 billion a year
to repair damage caused by potholes, according to 
AAA. Over a five-year period, 16 million drivers 
reported their vehicles were damaged by potholes, 
from tire punctures and bent wheels to suspension 
damage.

Presenter
Presentation Notes
This is a big cost to our customers!

https://www.oregon.aaa.com/2016/02/pothole-damage-costs-u-s-drivers-3-billion-annually/


Instead of Percent Conforming 
should we use defect size and 
low compaction threshold for 

repair criteria?



What size low-compaction area 
should trigger mat repair?

Current programming allows PaveScan Operator to Select 
defect size and compaction threshold for identification and 
mapping of both linear and area defects.

What size area should trigger repair?
(Currently using 8 ft2)

What % compaction should trigger repair?
(Currently using <92%)



What length of low-compaction 
Longitudinal Joint should trigger 

repair?

What length should trigger joint repair?
(Currently using 5 ft)

What % Compaction should trigger repair?
(Currently using <91%)

Presenter
Presentation Notes
Ask maintenance staff to respond to these two questions.



What equipment might one see 
when incentives are given for 

superior mat & joint compaction?



Presenter
Presentation Notes
Pickup machine, Material Transfer Vehicle with re-mixing, Paver w PMTP, IC Breakdown and Intermediate Rollers  
Nightime Paving Operation. Jim Klebesadel, ADOT&PF, Lead Materials Rover with Quality Assurance (right side walking) and
Scott Lamonico, EMC Engineering, Paving Inspector on the Glenn Highway: Hiland Road to Eklutna Road Pavement Preservation.
photographer: Brock Antijunti, Roving Materials Inspector, Quality Assurance, Central Region Construction.  May 2018 DOT Calendar.



What we expect to see

Presenter
Presentation Notes
5 HeatTech Joint heaters 16”x48”



What you don’t want to see

Presenter
Presentation Notes
Roller marks that were not removed by finish roller



Presenter
Presentation Notes
Tack pickup on Shuttle Buggy Tires



5. Compaction Defect Mapping & 
Remediation



Presenter
Presentation Notes
Portage Glacier Road:  Granite Construction, June, 2018







Presenter
Presentation Notes
Ben Lamirand running PaveScan RDM, Portage Lake, June 7, 2018.  Here we are scanning with the left antenna 0.75’ from the unconfined edge near the face of the guardrail, Station 181-191



Presenter
Presentation Notes
Placer Creek entering Portage Lake.  Note: Placer Creek Bridge – Station 187+36 to 188+67 



Number and % Defective – File 001

Station
Starting
Distance

Segment 
(ft)

Defective
%

# of 2-D 
Defects

Defect Straddles
Segments

181 0 89.5 4.07 1 No
182 0 100 10.95 2 No
183 0 100 3.65 0 No
184 0 100 0.17 0 No
185 0 100 15.92 3 Yes
186 0 100 16.09 2 Yes
187 0 100 51.08 3 Yes
188 0 100 62.02 1 No
189 0 100 32.84 2 Yes
190 0 100 31.51 5 Yes
191 0 0 33.33 0 No

Presenter
Presentation Notes
Station 184 has 2 low-compaction, 1 square foot segments, 2/1200 = 0.1667%
With defect size set at 8 square feet, a station with just one defect of that size would be 0.67% defective
Note: Placer Creek Bridge – Station 187+36 to 188+67 (no vibration when rollers are on bridges)




Station 184, 0.17% Defective

Presenter
Presentation Notes
Location, Sensor # and Compaction value can be displayed for any individual value by clicking on a Block in the Heatmap or any point on the line chart.



Station 188, 62% Defective

Presenter
Presentation Notes
Placer Creek Bridge – Station 187+36 to 188+67



Defect Locations – File 001
Starting
Station

Start Distance
(ft)

Ending
Station

End Distance
(ft)

Start Offset
(ft)

End Offset
(ft)

181 11.75 181 15.75 17.75 15.75
182 48.25 182 52.75 17.75 15.75
182 65.25 182 73.75 17.75 15.75
185 62.75 185 73.25 17.75 15.75
185 73.75 185 91.75 17.75 15.75
185 97.75 186 2.25 17.75 15.75
186 80.25 186 86.75 17.75 15.75
187 6.25 187 14.25 17.75 13
187 16.75 187 21.25 17.75 13

187 22.75 189 93.25 17.75 13
189 96.75 190 7.25 17.75 15.75
190 8.25 190 17.75 17.75 15.75
190 18.25 190 42.75 17.75 13
190 49.25 190 89.25 17.75 13
190 91.25 190 95.75 17.75 15.75

Presenter
Presentation Notes
Defect tables are available in this form at the end of data collection by pushing Export Data Button and copying file to USB.  Note that major defect is on Placer Creek Bridge – Station 187+36 to 188+67




Portage Glacier Rd - Sta 139-144

Presenter
Presentation Notes
In playback mode one can also export full width compaction data between any two stations.  Here we are looking at three passes covering an 18-21’ wide lane.



Glenn Hwy at Eagle River Bridge 
Lane 1 Compaction Coverage

Presenter
Presentation Notes
Export File command generates KML files viewable with Google Earth.  June 2017 



Glenn Hwy at Eagle River Bridge 
Lane 1 Area Defects

Presenter
Presentation Notes
Area defects extend across two or more lines of data.  This feature was programmed to pickup and map those cold lumps coming through the paver that we saw in the Birth of a Pothole slides.



Glenn Hwy at Eagle River Bridge 
Lane 1 Linear Defects

Presenter
Presentation Notes
Linear defect mapping is intended to pick up streaking caused by paver problems.
GSSI is planning to add a new feature where user enters longitudinal joint locations so that data can be isolated for defect export and joint compaction analysis.  The longitudinal joint feature should be available in a future software update.



Rich Giessel
richard.giessel@alaska.gov

(907) 269-6244

mailto:richard.giessel@alaska.gov
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907-269-6244


	Slide Number 1
	Slide Number 2
	Outline
	1. Failure Modes of Asphalt Paving
	Avoidable Major Failure Modes
	Required Shift in Philosophy-1
	Optimal Sample Size
	Required Shift in Philosophy-2
	Expected Outcomes
	2. Implementation History of ICTs in Alaska
	Intelligent Compaction Rollers
	Paver Mounted Thermal Profiler (2015)
	Pave IR Benefits
	Example Pave-IR Display
	Birth of a Pothole
	Tarped vs Not Tarped 
	Cold Spots - Infrared vs B&W Photo
	Glenn Hwy Incentive (2016)
	No Incentive
	Penalty or Disincentive
	PMTP Use Rewards Good QC
	Newest Methodology (2016)
	Fritz Cove Dielectric (July 2018)
	Slide Number 24
	Fritz Cove % Compaction
	DPS - PaveScan RDM (2017)
	PaveScan RDM
	What is Dielectric?
	Relative Speeds of RADAR
	Slide Number 30
	What can we “SEE” with GPR?
	Slide Number 32
	Core 70J (91.7%) – Resolution 0.25 ft
	Core 69J (92.9%) – Resolution 0.25 ft
	Core 87J (94.9%) – Resolution 0.10 ft
	Core 87J – Distance Statistics
	Core 87J – Time Statistics
	Core 85J (92.4%) – Resolution 0.25 ft
	Calibration Core 19J (96.2%) 0.25 ft
	Longitudinal Joint at Core 19J
	165 Core Densities: 90.9 to 97.8%
	SB(Joint CL) Density Histogram
	Slide Number 43
	Low Density is Typical at Bridges�S. Birchwood Bridge,�SB Lane 2, 18-24’ LT
	Low Density Adjacent Rumble Strip
	We don’t want a “Pretty” edge joint
	We Want a “Compacted” edge joint
	4. Main Features of CFC Specs for Compaction Acceptance
	What Changes?
	What % Conforming thresholds should trigger repair, R&R?
	Cost of Potholes
	Instead of Percent Conforming should we use defect size and low compaction threshold for repair criteria?
	What size low-compaction area should trigger mat repair?
	What length of low-compaction Longitudinal Joint should trigger repair?
	What equipment might one see when incentives are given for superior mat & joint compaction?�
	Slide Number 56
	What we expect to see
	What you don’t want to see
	Slide Number 59
	5. Compaction Defect Mapping & Remediation
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Number and % Defective – File 001
	Station 184, 0.17% Defective
	Station 188, 62% Defective
	Defect Locations – File 001
	Portage Glacier Rd - Sta 139-144
	Glenn Hwy at Eagle River Bridge Lane 1 Compaction Coverage
	Glenn Hwy at Eagle River Bridge Lane 1 Area Defects
	Glenn Hwy at Eagle River Bridge Lane 1 Linear Defects
	Slide Number 74
	richard.giessel@alaska.gov�907-269-6244

