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Tear-off Shingles 
A Washington county provides the results of a paving demonstration project 
that used shingles 

BY K RIS BEATTY, DAN K RIV IT AND MICHELLE CAULF IELD 

King County overlay paving demonstration pro;ect using 3% RAS. 

Editor's Note: 
This is the second pari of a two-part 
series about King County, Washington's 
Shingles in Paving demonstration. The 

.first part was published in the 
July/August 2009 issue ofC&D World. 
This article focuses on the implementa­
tion of the paFing demonstration. Rejer 
to the preFious anicle j(ll' additional 
background and details abow the devel­
opment of the demonstration and the 
materials ~1Jecificati011 . 

The use of asphalt shingles in paving is 
growing across the country. Currently 

11 states have specifications or procedures 
in place for using recycled asphalt shin­
gles (RAS) in hot mix asphalt (HMA). 
King County in Washington state recently 
published a report on its 2009 paving 
demonstration to test the use of RAS 
derived from tear-off roofing scrap in 
HMA on a public road. 

King County Solid Waste Division's 
recycling market development program, 

_____ 2_6_) www.cdrecycling.org 

LinkUp, initiated its "Shingles in Paving" 
effort in 2007, with a goal of establishing a 
strong local HMA end market for RAS that 
captures the resource value of tear-off shin­
gles and diverts this material from land­
fills. The purpose of the paving 
demonstration is to show the addition of 
RAS in HMA has no significant impact on 
pavement performance. Additional out­
comes from the paving demonstrat ion 
include the development of technical stan­
dards to produce the RAS in HMA, as well 
as environmental, health and safety proto­
cols fo r handling, processing and testing 
asphalt shingles. 

Results from extensive initial materials 
engineering tests conducted by the King 
County Road Services Division (Road 
Services Division), with the support of the 
Washington State Department of 
Transportation (WSDOT), indicate using 
RAS as a part of the HMA mix has no neg­
ative effect on pavement performance. The 
first year of performance testing of the 
roadway was completed in September 
2010 and annual testing will continue into 
20 12. 

Designing the Project 
To implement the paving demonstration, 
King County LinkUp and its project part­
ners worked with a team of stakeholders 
to address the interests of key market 
players, ground the study in reality and 
provide technical and other resource con­
tributions. An advisory group was assem­
bled to provide technical input and to 
ensure the demonstration captured objec­
tive engineering data needed to gain wide 
acceptance of results. Road Services 
Division played a leadership role by dedi­
cating a roadway in King County for the 
demonstration, conducting pre- and post­
construction testing, and managing the 
paving contract. WSDOT provided valu­
able expertise an d laboratory services 
related to the development of specifica­
tions and led the HMA mix design and 
testing. Advisory group members includ­
ed regulatory agencies, HMA producers, 
recyc lers, roofing contractors and local 
transportation agencies. 

Selecting the right roadway helped lay 
a foundation for a successful demonstra­
tion. Road Services Division selected a 
two-mile stretch of roadway to be paved 
with 4,000 tons of2-inch thick overlay, 
offering the right mix of HMA tonnage 
requirements and traffic volumes, as well 
as manageable surface and subsurface con­
ditions. Based on extensive evaluation of 
pre-construction roadway conditions, Road 
Services Division designed the study with 
four HMA test sections: two experimental 
sections containing 3% RAS and 15% 
recycled asphalt pavement (RAP), and two 
control sections containing only 15% RAP, 
as illustrated in Table I. 

Designing the technical standards 
involved developing specifications for the 
RAS product and the RAS-modified HMA 
mix. The RAS speci ficat ion included 
requirements for allowable materials, gra­
dation, extraneous materials, moisture and 
asbestos containing materials (ACM), as 
well as health, safety and other environ­
mental requirements associated with han-
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dling asphalt shingles. The HMA mix 
design specified the amounts of RAS and 
RAP, as well as the estimated amount of 
virgin binder replacement from the RAS. 
The inclusion of RAP was not initially part 
of the study but because King County 
roads are traditionally paved with an aver­
age of 15% RAP, stakeholders strongly 
reconunended the experimental mix design 
include RAP to best reflect typical asphalt 
mixes in production today. 

Through a competitive bidding pro­
cess, Road Services Division awarded the 
paving demonstration contract to 
Woodworth & Co. in July 2009. 
Woodworth is an HMA producer and 
paving contractor, as well as a recycler of 
tear-off and manufacturing scrap asphalt 
sh ingles. Woodworth proposed using an 
exis ting RAS stockpile (ground product) 

for the demonstration. While the RAS Finished RAS product stockpile at Woodworth & Company, Inc. in lakewood, Wash. 
specifications called for specific quality 
assurance and quality control (QA/QC) 
procedures of incoming whole shingles, 
King County agreed to consider the pro­
posed stockpile provided the material met 
asbestos and material engineering s tan­
dards. Initial testing of 20 samples of the 
ground stockpile using the standard polar­
ized light microscopy (PLM) test for ACM 
came back non-detect for all 20 samples. 
King County also tested additional sam­
ples using transmission electron 
microscopy (TEM), a more sensitive test 
for asbestos, which detected ACM-in 
low levels. King County worked closely 

Table 1: Test Section Layout 

with its asbestos-accredited laboratory and 
a consultant with extensive experience as a 
roofer and accredited asbestos inspector, to 
understand the test findings. Given the low 
level of ACM by weight in the samples, 
the expert consensus was the ACM came 
from non-sh ingle material. The team 
decided more aggressive inspection and 
sorting of incoming material was needed to 
identify and remove any potential ACM. 

Using a revised protocol and on-site 
training, the crew at Woodworth 's facility 
hand-sorted and rejected any potential 
ACM roofing materials from new incom-

Test Section #2 Test Section #3 Test Section #4 

1000 tons/day Y, mile Y, mile Y, mile Y, mile 

Lane 1 HMAMixwith HMAMixwith HMAMixwith HMA Mixwith 
(eastbound) 15%RAP 3% RAS and 15% 3% RAS and 15% 15%RAP 

RAP RAP 

Lane 2 HMA Mix with HMAMix with HMAMixwith HMAMixwith 
(westbound) 15%RAP 3% RAS and 15% 3% RAS and 15% 15% RAP 

RAP RAP 

Table 2: Final RAS Stockpile Test Results 

Test protedure I Require ment ! lab Sample KC·09· Lab Sample KC·09· Lab Sample KC·09· 
. 1122 1123 1124 

Gradation, 1/2-inth sieve 1100% Passing 199% 98% 98% 

Gradation, 3/8-ln<h sieve 195% .Minimum. 94% 92% 93% 
Passmg 

Ughter Extraneous Material j 1.S% Maximum 0.06% 0.01% j o.o3% 

Total btraneous Material 13.0% Maximum 0.06% I o.ot " i 0.03% 

[,Moisture Content 1 5.0% Maximum 10.0% 19.3% __jlO.S% -·--
Source: King County, final report: "Shingles in Paving Project: Paving Demonstration• (February 20 I 0} 
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ing roofing material. Two types of poten­
tial ACM roofing materials were identi­
fied: built-up roofing with an aluminum 
coating and a patching material found on 
a few of the shingles. Within several days, 
a new RAS stockpile was produced, test­
ed and accepted for processing. 

Employing Materials and 
Engineering Testing 
Materials engineering testing of the RAS 
product after processing indicated the RAS 
product met the exn·aneous materials limit 
of the RAS specification, but did not meet 
the gradation and moisture content require­
ments. Key engineering properties of the 
fin ished RAS product are summarized in 
Table 2. Even though the materials exceed­
ed the gradation and moisture limits, the 
Road Service Division determined the 
RAS product substantially met the engi­
neering intent for the paving demonstra­
tion. This decision was in part based on the 
facts that Woodworth's process included 
further reducing the material in size when 
blended with RAP and that excessive 
moisture content was manageable given 
consistent readings. 

Additional testing was conducted on the 
HMA mix during production and pavement 
construction. Testing verified all but one of 
the four test sections substantially met pro­
ject specifications and materials standards. 
The test section in question was the fi rst 
RAS-modified HMA mix, where higher oil 
and fmes content led to significantly low air 
voids (an engineering parameter of pave­
ment) in the job mix. In-place density tests 
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further verified air void loss. These results 
were below the WSDOT acceptance toler­
ance for air voids for field-produced HMA. 
However, the pavement looked perfect at 
lay down and initially performed as expect­
ed. Additiona lly, WSDOT' s HMA m ix 
design was slightly over-engineered in that 
it was for a roadway with more traffic than 
what is typical for the demonstration road­
way. The engineering team decided to leave 
the questionable test section pavement in 

place but to modify the HMA to reduce the 
asphalt content and fines for the second 
RAS-modified test section, which proved 
successful 

The high oil content in the fi rst RAS­
modified HM A mix indicate the RAS 
product introduced into the HMA mix con­
tributed a greater amount of asphalt binder 
to the final HMA product than originally 
anticipated. Both Woodworth and 
WSDOT staff hypothesize double grinding 

Since 1957, Morbork has deve~ 
oped o reputation for designing 

and producing durable, high per· 
formonce wood reduction mach in· 
ery reHecting customer input end 
innovative problem solving 
features. With o world-class 
manufacturing facility of 1.5 mil· 
lion square feet and nearly 600 
employees, Morbork has continu· 
oily grown by meeting the needs of 
its customers. 

Morbark serves o variety of indus· 
tries end applications involving 
wood and organic materials 
including forestry, sawmill, tree 
care, and recycling. The product 
line includes hand fed chippers to 
self-feeding whole tree chippers, 
tub and horizontal grinders, 
deborkers, sawmill equipment, and 
opplicolion specific attachments to 
get the job done. This equipment 
is ovailoble in tow-able versions, 
track or electric powered. 

porlotion costs. 
processed materials ore saleable, 
Morbork's extensive line of 
machines comes through with uni· 
form, predictable quality, tailored 
to meel the customers' needs for all 
jobs Iorge and small. 

Morbork has demonstrated its lead· 
ership over the years and has pio­
neered many substanlial production 
and safety enhancements. Today, 
machines equipped with our 
outomoled feed syslems create the 
highest production output in the 
industry. Customers con remotely 
monitor their equipment's opera· 
lion from !heir offices or laptops 
and automatically receive emoils 
or text messages regarding 
selected events on lhe machine. 
We con even diagnose service 
issues before they cause machine 
downtime or hove technicians show 
up al the job site the first time with 
the correct ports. 

Morbork's equipment odds volue Morbork also manufactures replace­
in two primary ways - firs!, by ment and weor ports and provides 
converting wood and wood waste first-rote customer service, includ­
moteriols into saleable, profitable ing technical phone support ond 
products, ond second by reducing facility troined service technicians, 
the volume of materiels to sove os well as support facili ties and 
spoce in landfills or reducing tronr dealers throughout the world. 
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RAS to meet the gradation requirements 
resulted in smaller particle sizes and may 
have enabled more of the RAS binder to be 
released and effectively used in the HMA 
than originally predicted. Future research 
and analysis is recommended to confirm 
this hypothesis. 

Documenting Pavement 
Performance 
In September 2009, a two mile stretch of 
SE 416th Street in South King County was 
successfully paved to tes t the use of 3% 
RAS and 15% RAP in HMA. After 
paving installation, a series of tests were 
conducted to evaluate pavement perfor­
mance. Extensive initial materials engi­
neering tes ts on the demonstration 
pavement indicate using RAS as a part of 
the HMA mix has had no negative effect 
on pavement performance. The fini shed 
roadway surface was installed to near per­
fect visual condition, comparable to a 
newly paved HMA roadway using tradi­
tional materials wi thout RAS. Initial post­
constructing testing for deterioration, skid 
resistance, roughness, structural condition 
and n1tting indicate all test sections of the 
roadway are meeting performance stan­
dards. Long-term monitoring is scheduled 
and, provided performance standards con­
tinue to be met, the results will help the 
use of RAS-modified HMA gain wider 
acceptance. 

Just as significant as these empirical 
engineering test results, the paving demon­
stration illustrated the critical importance 
of a multi-party partnership approach to 
such research and development efforts. 
Successful implementation of the paving 
demonstration was a direct result of the 
productive input and engagement of Road 
Services Div ision, WSDOT, Woodworth 
and stakeholders. 

Built-up roofing with aluminum coating found 
to be ACM. 
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Moving Forward 
Since the paving demonstration, King 
County has continued to advance the 
development of infrastructure and end 
markets for RAS from tear-off roofing pro­
jects. King County and its partners are 
sharing paving demonstration results with 
key audiences including transportation 
agencies, recyclers and HMA producers~ 
both locally and nationally. 

King County recently completed a 
survey of more than 30 recyclers and 
HMA producers in Washington State to 
better understand awareness and use of 
shingles in paving in the region. Results 
indicate widespread interest in using 
RAS in HMA and general consensus that 
the key to market development is modifi­
cations to the state's road construction 
specification to allow for the use ofRAS 
in HMA. To this end, King County is 
forging relationships with the paving 
industry, including the Washington 
Asphalt Pavement Association, to pro­
mote more research and development on 
the use of RAS in HMA. 

With growing interest from local 
transportation agencies and municipal 
public works departments to use RAS in 
HMA, King County is revising the 2009 
RAS specification to incorporate lessons 
learned from the paving demonstration 
and produce a 20 l 0 RAS specification 
that can be used by agencies planning to 
use RAS in asphalt pavements. The 
revised specification calls for PLM test­
ing for asbestos of whole shingles, prior 
to grinding. To start, the King County 
Solid Waste Division is planning to use 
this revised RAS specification for HMA 
paving associated with its own opera­
tions and facilities: ·the renovation and 
expansion of one of its key transfer sta­
tions and its maintenance paving con­
tract (2011). 

For the broader community of nation­
al interests working to develop HMA end 
markets for a sphalt shingles, several 
questions for further consideration arose 
during the 2009 paving demonstration, 
including: 
• How can the effective binder content of 

the RAS be more accurately predicted? 
Is there a measurable relationship 
between grind size (i.e., gradation) and 
the effectiveness of the RAS binder in 
the finished HMA product? Can this be 
modeled for mix design development? 

• What training is available or needed to 
help shingles recyclers better identify 
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potential ACM through visual inspec­
tions of tear-off asphalt shingle loads? 
Can these procedures be effectively 
implemented in the recycling facility 
setting? What are the most appropriate 
sampling and testing protocols for veri­
fying ACM? 
More information on King County's 

"Shingles in Paving" effort can be found at: 
http://your.kingcounty.gov/solidwaste/link 
up/shingles/index.asp. 

Kris Beatty is LinkUp program manag­
er with the King County Solid Waste 
Division and can be reached at 
Kris.Beatty@kingcounty.gov; 206-296-
3740. Dan Krivit is a consultant with Foth 
Jnfi'astructure & Environment, LLC and can 
be reached at Dan.Krivit@Foth.com; 651-
288-8509. Michelle Caulfield is a consul­
tant with Cascadia Consulting Group and 
can be reached at Michelle@cascadiacon­
sulting.com; 206-449-1106. •~o'O!UD 




