MADOFF & KHOURY LLP

ATTORNEYS AT LAW

PINE BROOK OFFICE PARK
124 WASHINGTON STREET, SUITE 202
FOXBOROUGH, MASSACHUSETTS 02035

TELEPHONE: (508) 543-0040
FAX: (508) 543-0020
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January 26, 2023

SECOND SUPPLEMENTAL MEMORANDUM IN SUPPORT OF APPLICATION FOR
SPECIAL PERMIT AND SITE PLAN APPROVAL AT
157-165 LOWLAND STREET, HOLLISTON, MASSACHUSETTS

The affiliated Massachusetts business entities Holliston Asphalt & Concrete Inc. and

M & M Estates LLC, together with their equity holders and affiliates Master Paving
Corporation and Middlesex Asphalt Services, Inc., submit this memorandum in support
of their amended Application for Special Permit and Site Plan Approval dated as of May
17, 20227,

A. Specific Relief Sought Under Bylaw

1. Allowance of Right or By Special Permit for Asphalt and Concrete Work.

By the Application, the Applicant seeks this Board’s approval under Section 111(G)(2)
and/or (G)(3) of the current Zoning Bylaws of the Town of Holliston (the “Bylaw”) as
last amended as of May 13, 2022), of a special permit for the continuation and
improvement of the asphalt and concrete manufacturing and recycling operations
located at 157-164 Lowland Street, Holliston, Massachusetts (the “Property”) that have
been conducted thereon since the 1960’s at the latest (and perhaps earlier) . The
Property is located within the “Industrial District” as prescribed by the Bylaw.

(@) Subsection Il G(2) of the Bylaw, as amended as of May, 2022, provides that
within the Industrial District in which the Property is located “general industrial
uses, including manufacturing, storage, processing, fabrication, packaging and
assembly comprised not more than 15,000 square feet of floor area devoted to
such use and otherwise in compliance with local, state and federal laws, rules
and regulations, but not including any use which involves the manufacture,

! On April 13, 2021, the Applicants filed their original Application for Special Permit and Approval of Site Plan
with this Board. Following the effective date of the certain amendments to the Holliston zoning bylaw taking effect
as of May 13, 2022, the applicants filed an amended application referenced above on May 17, 2022
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storage and transportation and discharge, or disposal of hazardous or toxic or
radioactive waste, hazardous, toxic or radioactive materials" are allowed as of
right.

Alternatively, the Applicants seek special permit for the continuation of the
asphalt and concrete processing and recycling operations that have been
conducted at the Property for over the past 60 years under Section lll(G)(3) of
the Bylaw, as amended as of May, 2022 as “ general industrial use, including
manufacturing, storage, processing fabrication packaging assembly that occupy
more than 15,000 square feet of floor area not including Warehouse .... “

2. Need for Approval of Ancillary Outdoor Storage of Materials, Heavy

Equipment and Trucks.

Further, as ancillary and essential to such primary fabrication and recycling
activities, the Applicants seek the Board's approval for the outdoor storage of the
asphalt, concrete and other construction materials, processed materials and the
fabrication, crushing and recycling equipment at the Property.

As described below and in the Site Plan, as revised, submitted with the
Application, the Applicants propose to maintain storage piles, relocated to
improve and make more efficient stormwater drainage and acoustical issues, of
pre- and post-processing asphalt and concrete materials and to maintain the
equipment needed for such fabrication and recycling in the outdoor locations
shown on the Site Plan. Accordingly, and pursuant to Section Ill (H) (10), (11)
and 12) of the Bylaw, as amended as of May 2022, the Applicants seek this
Board’s approval of the outdoor storage of these materials and equipment.

(i) Under Section lli(H)(10), the Bylaw permits as of right the maintenance of
building materials and equipment exposed to view to the extent actually
necessary during active continuous construction work on the same lot. While
the Applicants submit that the materials and equipment proposed to be
maintained at the Property are not engaged in construction of a particular
building or roadway project being installed at the Property itself, the work and
materials being performed are necessary to the construction material
fabrication and process being undertaken on a regular basis at the Property.

This Bylaw section does not require by its terms that the materials and
equipment be used in building an industrial, office or other building, roadway
or project to be located at the Property; the Bylaw language does not specify
that the ultimate building or project for which the work is undertaken be
located at the Property — all that it requires per the plain language of the
Section is that the equipment and materials be “actually necessary during
active construction work on the same lot.”



Such is the case here — the processing and recycling work is construction
work (work undertaken in connection with construction activities) and the
storage of the equipment and materials is maintained on the Property where
the work is done.

(ii) Alternatively, if Section Il (H)(10) of the Bylaw is interpreted to imply that a
specific construction project (i.e., a building, roadway or other project) must
be installed on the same lot on which the storage is maintained, the
Applicants submit that this Board’s issuance of a special Permit under Section
[lI(H) (11) of the May 2022 Bylaw is appropriate. The Section provides that,
in an Industrial District, this Board has the authority to issue a Special Permit
which allows:

“‘commercial open storage of raw materials, finished gods or construction
equipment not associated with active permitted construction or agricultural
uses”

The Applicants submit that this Section also does not specify that the active
construction work be associated with a building construction on the Property,
and that the use of the Property for active continuous construction activity
providing materials to projects being constructed at other locations should
qualify under Section IlI(H)(10), but to the extent the Board disagrees with
that interpretation of Section IlI(H)(10), the Applicants request approval of a
Special Permit from this Board for those same outdoor storage of equipment
and raw and finished materials necessary to the Applicant’s continuation of
the asphalt and concrete work under Section IlI(H)(11) of the May 2022

(iii) Lastly, and again, if this Board finds allowance by right under Section
l1I(H)(10) , the Applicants request that this Board grant a Special Permit for
the accessory outdoor storage of equipment and materials under Section
I11(H) (12) which authorizes this Board to issue a Special Permit in and
Industrial District for “accessory outdoor storage clearly necessary to the
operation and conduct of a permitted industrial or commercial use.”

3. Parking of Trucks and Equipment Not Directly Associated with Work Being
Done on Site.

In addition to the outdoor storage of trucks, equipment and materials at the Property
needed to support the asphalt and concrete processing operations, the Applicants seek
to construct at the portion of the Property shown on the Site Plan a garage which would
provide for overnight parking of trucks and other items of equipment that the affiliates of
the Applicants use in other operations off-site

Curiously, the Table of Uses in the Bylaw does not address use of properties within the
Town for vehicular parking in any section thereof, whether as to commercial, industrial
or other properties. The parking of unrelated trucks and equipment for overnight



storage for most of the year and seasonal (winter) long-term storage would be limited to
the garage and the area surrounding it, and would be conducted in such a manner, with
modifications to the Property, as to limit adverse traffic, noise, environmental and other
impacts. Again, the Property has been used since at least the 1960’s for the parking
and storage outdoors of trucks by third parties, as has a number of other properties in
this same zoning district and on Lowland Street itself. The Applicants submit that this
Board should permit such parking, within and around the garage area, as a continuation
of a use of the industrial property that prior owners of the Property and prior and current
owners of neighboring properties on Lowland Street and other roads in the Industrial
District have been permitted to do currently and historically

4. Site Plan Approval under Section VIl of the Bylaw for Modifications to Land,
Construction of Garage and Related Improvements.

As shown on the Site Plan and as set forth in the materials presented by the Applicants’
engineer Connorstone Engineering, Inc.(“Connorstone”), the Applicants are proposing
upgrade the site with a new garage replacing the dilapidated structures on the rear
portion of the Property, to be used for storing paving company trucks. This garage and
surrounding area would be served by paved aprons for paving equipment storage and
employee parking. In addition, the Applicants propose to extend the back berm of the
Property to enhance noise control and wish to install an additional noise barrier fence
near the garage (these proposals will be fleshed out in modifications to the Site Plan
that will accompany an acoustic study report currently in process. The Applicants also
propose to upgrade the stormwater management system at the Property, as
Connorstone has and will present both to the Board and to the Town’s Conservation
Commission. Finally, the Applicants will upgrade all utility connections and the septic
system on the site.

The Applicants seek this Board’s approval of such modifications and improvements to
the Property pursuant to Section VII of the Bylaw — Site Plan Review.

While the Applicants submit that the parking usage and areas at the Property and the
storage of outdoor materials and equipment will not be increased beyond that
historically used by prior owners of the Property, including the preceding property owner
under this Board’s 2011 decision, the Applicants are proposing to install a garage at the
Property at the location shown in the Site Plan and are proposing material modifications
to the Property which will beneficially impact the neighboring properties, the Applicants
seek this approval of the Site Plan under Section VII (4) and (5) of the Bylaw, as
amended in May 2022.

In accordance with Section VIl (5) of the Bylaw, the Applicants submit that the Site Plan
presented under the Application satisfies the criteria for site plan approval in that:

(a) It provides improvements to the acoustic and stormwater protections currently in
place at the Property which will substantially improve effects of the activities
which have historically been undertaken both prior to the applicable zoning



requirements of the Bylaw and in accordance therewith under relief previously
granted by this Board;

(b) The Site Plan and related materials provide for material upgrades to the
stormwater management systems in place at the Property, which Connorstone
has and will detail for this Board;

(c) The Site plan provides for a replacement septic system to serve the Property
which is a material improvement from the current essentially non-existent
facilities on site;

(d) The proposed new garage and other improvements will provide safe vehicle
storage and the relocation of certain material piles on the Property are proposed
to improve the overall conditions at the Property for the benefit of the users
thereof and of the neighboring properties and their occupants.

(e) The Site Plan provides superior access for regular operations on site, along with
access for emergency situations, and t with the materials supporting the plan,
present superior designs for loading, unloading and parking f vehicles incidental
to the operations proposed to be conducted on site.

Again, the provisions proposed by the Applicants under the Application and the Site
Plan substantially improve the uses and configuration of asphalt and concrete
processing at the Property along with related parking, storage and other accessory
activities that have been in operation at the Property since at least the 1960’s. By the
Application, the Applicants seek only to continue such operations, with substantial
upgrades to mitigate the environmental, noise and traffic issues with neighboring
properties. The Applicants submit that the uses to which they propose to put the
Property are not only an improved continuation of the uses to which prior owners put the
Property predating the current zoning requirements, but also fit within the substantially
similar industrial and other uses which non-residential neighbors are currently operating
in the Industrial District.

B. History and Specifics Regarding the Property

The Property is located within an Industrial District under the Bylaw and was
originally developed as a concrete batch plant which, following the closing of that plant,
has been used since at least the late 1960’s, as an active materials recycling facility,
initially operated by the Simeone Corporation, then by Independent Bituminous Co., Inc.
(Mr. Benjamin Montenegro), then Aggregate Industries and most recently by the
Applicant’s predecessor owner and operator American Recycled Materials, Inc.
(“American Recycled”) The Applicants purchased the Property from American
Recycled Materials Inc in March of 2022 and filed its original Application in April 2022,
followed in May 2022 with an amended Application, incorporating and referencing the
amendments to the Bylaw approved as of May 13, 2022.



Pursuant to that Certificate of Action Special Permit and Site Plan Review Decision of
the Town's Planning Board (the "Board") dated August 11, 2011, a copy of which is
attached hereto as Exhibit "A" (the "2011 Decision"), the prior owner of the
Property, Michael Brumber and his entity American Recycled (collectively, the
"Seller”) operated a facility at the Property which processed and recycled asphalt and
concrete materials and stored the same outdoors on a year-round basis, along with
the gravel, loam and wood chips.

To conduct such operations, the Seller maintained and operated at the Property
portable crushers, screeners, conveyors, and loaders which process and moved the
recycled and other materials on-site. By 2011 Decision, the Board authorized the
Seller's storage and processing of asphalt, concrete and other materials as identified on
the site plan approved in connection therewith in outdoor piles labeled raw and
processed materials. The perimeter of the site was and remains surrounded by concrete
barriers and earthen berms.

In addition to the 2011 Decision issued by the Board, the Seller obtained from the
Massachusetts Department of Environmental Protection (the "MDEP") a Permit for
Recycling, Composting or Conversion operations (the "RCC Permit"), a copy of which
is enclosed here with. Under these approvals, the Seller processed and recycled
asphalt and concrete building materials which were stored within the Property and
processed and stored gravel and loam on the site. The Applicants have applied for a
transfer of the RCC Permit, and the MDEP informs that approval for the transfer is
pending.

Paragraph 1 of Conditions of Approval set forth in the 2011 Decision specifically
stated that the Special Permit and other approvals therein were not transferrable or
assignable and thus, despite the Seller's recording of the 2011 Decision at the Norfolk
County Registry of Deeds in 2011, the 2011 Decision does not "run with the land," and
the Applicants hereunder seek the Board's approval of a modified and improved site
plan and operations proposal under the same provisions of the Bylaw in order to
operate a similar, but improved, asphalt and concrete recycling operation at the
Property, in line with the use of the Property over the past half century, yet
respectful of and responsive to the interests and rights of the neighbors in the
industrial District in which the Property sits, along with the proximate residential
property owners and occupants.

C. Features of the Property and Stormwater, Noise and
Parking Issues and Proposed Improvements to Such Conditions

The Property is situated on a gravel outwash of highly permeable sandy soil and
is surrounded by large earthen berms. No rainwater runoff or dust control water (which
is pumped out of the sentiment pond on the Property) can leave the site due to the
surrounding berms and a large underground stone leaching facility covering the
southwest corner of the Property, positioned in a triangular area which is the lowest
aspect of the Property. The storm water is fully contained on the site via an existing



stormwater operation and plan which includes a complete stormwater management/
containment berm that surrounds the entire yard as well as the large retention pond of
the western edge of the site and an in-ground infiltration basin. The Property and the
operations thereon are located so that storm water is collected in the Southern corner of
the Property where any residual sediment and material is collected for re-use. A portion
of the stormwater runoff is directed into a retention pond where the sediment is allowed
to settle and periodically recovered for re-use.

As outlined in the Application, the Applicants are proposing to significantly
improve the stormwater management process in its proposed future operations.

By the Application, the Applicants seek the relief to utilize the Property in an
equivalent manner as allowed under the 2011 Decision, provided, however, that the
Applicants are proposing to make improvements to the site to reduce and streamline the
recycling facilities and the operations maintained on the Property.

The Applicants have proposed in the Application to limit the processing of
concrete and asphalt product to cleaner quality of such materials, with the goal of
eliminating associated debris. Further, the Applicants shall not engage in the processing
of loam, wood chips and other earth materials formerly processed by the Seller under
the 2011 Decision and will eliminate the processing of brick materials.

Also, the Applicants seek under the Application the Board's approval to construct
a new office, garage and operations center as identified in the Application. The location
is in the current area of the equipment storage and smaller repair shelter. The structures
currently existing will be razed and a new facility will be constructed which will reduce
the noise generated at the Property upon start-up of trucks and other vehicles.

Further, the Applicants propose to extend the berm to wall off sound transmission
to the West and Southwest and to install fencing on the top of that berm. The Applicants
also propose to install fencing for noise barrier along the Southeasterly property line, at
which a large ditch exists (abutting the property at 175 Lowland Street), to install a wall
at the trailer on the Property to mitigate noise to the Southwest. Materials processing
would take place with machinery on the lower floor of the site and delivery and dumping
of incoming material will continue with a proposed reduction in the time that trucks
loaded with the materials to be recycled and having recycled materials will be reduced.

As discussed in the Application, parking needs at the Property are limited, and
parking areas for limited number of employees and visitors are proposed to be located
at the prospective garage building and the existing trailer.

Most traffic at the Property will be from construction trucks entering and leaving
the facility, with loaded trucks entering the site being directed to climb the dumping
ramp on the South side of the Property and will leave through the 'yard area' (denoted
on the plan submitted with the Application). Trucks picking up material will be loaded in
the yard area.

The proposed garage building will have doors on each side. Trucks typically will
enter from the southeast and exit on the opposite side. Outdoor storage of equipment



will be northwest of the garage, at the processing location (crushers, loaders etc.) and
at various work locations on the Property.

As stated above, the Applicants propose to eliminate all brick recycling operations
undertaken by the Seller pursuant to the 2011 Decision together with all loam
operations. Further, while keeping the existing recycling operations essentially where
previously located, the Applicants will present to the Board additional noise barriers and
other acoustic enhancements along with an acoustic study showing the positive impact
on the sound levels of the work at the Property for neighbors. Further, the Applicants
propose to house most trucks stored at the Property in the new garage to be built, so as
to substantially reduce the outdoor vehicle storage that the Property’s prior owners
employed as well as many current neighbors of the Applicants.

D. Relief is Appropriate as a Continuation of Prior Non-Conforming Use

The Applicants submit that the proposed uses of the Property, as detailed in the
Application, should be permitted, whether as by right Sections Il (G)(3) of the current
Bylaw, under Special Permits within the Board’s authority under Sections Il (G)(3) and
(H) (10), (11), and/or 12, by variance or such other relief as the Board may deem
appropriate

In line with the continuing use of the Property since the 1960’s, the Applicants
seek to operate at the Property an asphalt and concrete processing and recycling
operation in support of off-site construction projects and roadway work, along with
accessory equipment and material storage. The federal and state governments have
since the 1970s emphasized the importance of recycling of demolished asphalt and
concrete for use in new projects, thus reducing the need for wasteful dumping of such
materials that do not biodegrade. The Federal Highway Administration, together with
the American Association of State Highway and Transportation Officials issued a report
in September 1980 entitled “Guidelines for Recycling Pavement Materials” emphasizing
the critical need for recycling of asphalt and concrete torn up in roadway and other
improvements for use in new construction. It is estimated that since the 1970’s, all
asphalt and concrete processing operations have incorporated a material percentage of
recycling in their production. See copy of narrative portion of this report attached hereto
as Exhibit ”’B.”

The Applicants understand that the Seller had a volatile and antagonistic
relationship with this Board, the Town and the neighbors. The Applicants pledge to this
Board and the abutters that they do not intend to, and will not, create any unreasonable
or impermissible disturbances and will operate in full acknowledgment and respect of
the noise, traffic and stormwater drainage considerations that the Town and the owners
of the surrounding properties are concerned about.



The Applicants are prepared to detail shortly with a revision to the Site Plan and
accompanying noise study specific improvements to be made to the Property to limit the
impact of the noise generated by the material recycling operations and the traffic
considerations and will work with this Board and the Town in setting reasonable
limitations on traffic coming in and out of the Property.

Section 5 of Article VI-E of the Bylaw requires the Board, before granting a
Special Permit, to consider the proposed use in relation to the site as well as the
adjacent uses and structures and shall find that there will be no significant adverse
effects to the neighborhood or the Town, considering the following criteria:

(a) The degree to which the proposed use complies with the dimensional
requirements of the Bylaw, is in an appropriate location and does not
significantly alter the character of the neighborhood; whether the
project is compatible with existing uses and other uses allowed by-right
in the district and is designed to be compatible with the character and
the scale of neighboring properties.

(b) To the extent feasible, the proposal has been integrated into the
existing terrain and surrounding landscape, minimizing the impacts to
the aquifer and/or recharge area, wetlands, steep slopes, and
floodplains.

(c) Adequate and appropriate facilities shall be provided for the proper
operation of the proposed use, including screening and provisions for
convenient and safe vehicular and pedestrian circulation within the site
and in relation to adjacent streets and properties.

(d) The proposed project shall not create any significant emission of noise,
dust, fumes, noxious gases, or any other adverse environmental impact
including stormwater, erosion, and sedimentation.

(e)  There shall be no unreasonable glare from lighting, whether direct or
reflected, onto ways, the night sky or onto adjacent properties.

Massachusetts General Laws Chapter 40A, Section 6, provides as a general rule that:

a zoning ordinance or by-law shall not apply to structures or uses lawfully in
existence or lawfully begun, or to a building or special permit issued before the
first publication of notice of the public hearing on such ordinance or by-law
required by section five, but shall apply to any change or substantial extension of
such use, to a building or special permit issued after the first notice of said public
hearing, to any reconstruction, extension or structural change of such structure
and to any alteration of a structure begun after the first notice of said public
hearing to provide for its use for a substantially different purpose or for the same
purpose in a substantially different manner or to a substantially greater extent



except where alteration, reconstruction, extension or structural change to a single
or two-family residential structure does not increase the nonconforming nature of
said structure.

The Property has been used for the proposed uses since the 1960’s in various forms
and this Board approved the use of the Property for the same uses that the Applicants
propose in the 2011 Decision, which by its terms is not of right transferrable or
assignable to any successors in interest to the Property. The Board’s concerns are
justified given the history between the Town and the Seller following the 2011 Decision.
But the Applicants are not the Seller and have and will propose substantial
improvements to the Property that, while modifying the use, in fact improve and reduce
the activities and byproduct (noise, drainage, etc.) over which the Board is justifiably
concerned. The test then “turns on whether, and to what extent (if any), those
operations are a "change or substantial extension" of the uses that existed” on the
subject property prior to the current zoning ordinance which would be used to prohibit it,
such examination turning on

1. Whether the use reflects the "nature and purpose" of the use prevailing when the

subject bylaw took effect.

2. Whether there is a difference in the quality or character, as well as the degree,
of use.

3. Whether the current use is “different in kind in its effect on the neighborhood."

MS&G Lakeville Corp. v. Town of Lakeville, Massachusetts Land Court, 15 LCR 259,
260, (2007 WL 1576144) (2007); citing Powers v. Building Inspector of the Town of
Barnstable, 363 Mass. 648, 653, 296 N.E.2d 491 (1973); see also

Bridgewater v. Chuckran, 351 Mass. 20, 23, 217 N.E.2d 726 (1966).

The Applicants shall present to the Board those noise, stormwater and traffic mitigation
elements that will improve and limit adverse impact on its neighbors to levels that fall
within objective standards for the same as established for the Property, thus
alternatively justifying this Board’s approval of the permitted uses as a reduction of the
long-standing historical use of the Property or establishing the uses proposed, while
constituting a change in the historical use, are reductions and improvements which
strongly support the Board’s approval of a Special Permit therefor.

Attached hereto as Exhibit “C” is a former version (post-1995) of the Table of Uses
adopted in the Bylaw which reflects at Items 42 and 42a (page 21) that slightly modified
versions of Section Il (G)(2) and (3), permitting general industrial uses, including
manufacturing, processing, fabrication, packaging and assembly activities, in floor areas
of up to and more than 15,000 square feet. This confirms that both of these Sections
were added as of the May 1995 Town meeting. Further, the limitations on outdoor
storage of equipment and materials imposed under Section IlI(H)(10), (11) and (12)
were added to the Bylaw in modified forms as of 1981 — see Uses 46, 48 and 49 at
page 23 of Exhibit “C.” Such dates of bylaw adoption all follow the commencement of
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the asphalt and concrete processing, and equipment, vehicle and material storage that
the Property has been put to for decades.

The proposal for development and usage of the Property as outlined in the Application
is fully in line with and constitutes an improved and reduced level of use of the Property
that has been conducted since the late 1960’s within the Town’s designated Industrial
District. The Town has previously approved similar uses on Lowland Street — see for
example,

(a) the 1978 decision issued by the Town’s Zoning Board of Appeals to
Independent Bituminous Co., Inc. permitting the production and recycling of
earthen building materials on Lowland Street for many years; and

(b) That July 2020 decision of this Board granting approval to the property owner
and 75 Lowland St. to continue outdoor storage of equipment and materials
processing of wood chips and related activities, in light of the fact that the
work had been conducted at the subject property for over 35 years.

See copies of each of these decisions attached hereto as Exhibit “D.”

In this case, the Applicants propose that this Board, following a full presentation
and review of the traffic, acoustic and stormwater studies submitted to date and to be
presented, that the proposed uses of Property under the Site Plan and the configuration
of the improved, modified and reduced level of such operations are a significant
improvement upon the uses to which the Property has been put in the past including
those uses and activities of the Seller which were admittedly contentious and
troublesome for the Town and the neighboring property owners. The Applicants submit
that the continuation of asphalt and concrete processing and recycling operations at the
Property, subject to the improvements proposed which will mitigate a great deal of the
issues that the Town and neighbors had with the Property’s operation under the Seller's
control within the objective standards and limits adopted by the Town in the Bylaw, will
make more than appropriate this critical industrial use in this designated Industrial
District. Further, the processing and recycling of concrete and asphalt as proposed by
the Applicants provide a significant environmental and societal benefit. See, e.g., Paulini

Loan LLC v. Ottaviani, Massachusetts Land Court, 23 LCR 436, 2015 WL: 4158239
(2015) (finding that, subject to the noise, traffic, dust and other mitigation efforts of the
applicant were appropriate to address the concerns of the Town of Framingham over
permitting a concrete batch plan, such use not being per se subject to denial where
sufficient mitigation efforts are found); see Oakham Sand & Gravel Corp. v. Town of
Oakham, 54 Mass. App. Ct. 80, 84, 763 N.E.2d 529 (2002),(contrasting situation where
pre-existing use is expanded beyond prior use such that the expanded use must thjen
comply with current zoning)

Further, and with regard to truck and equipment storage, since the applicants purchase
of the property in April 2022, the site has lain dormant, this Board instructing that
nothing can be done at the Property unless and until this Board issues new special
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permit. The Applicants have been fully respectful of the Town’s demand for a complete
cessation of all use of the Property, to their great economic and operational detriment.
Despite the Applicants’ ownership of the Property that has been used for decades this
very purpose, along with other uses, the Applicants have tabled their intention to store
trucks and other equipment at the property and rented costly alternative space pending
this Board's consideration of the Application. The Applicants request that the Board
consider the interim use of Property for reasonable truck and equipment storage within
the Industrial District as has been done historically and as is being done by the
neighboring industrial operations surrounding the Property.
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EXHIBIT ”A”

Certificate of Action Special Permit and Site Plan Review- Michael Brumber
Dated August 11, 2011
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EXHIBIT “B”

Portion of Federal Highway Administration Report entitled “Guidelines for
Recycling Pavement Materials” September 1980
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EXHIBIT “C”

Former Table of Uses Incorporated into Zoning Bylaw for Town of Holliston
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EXHIBIT “D”

Decisions of Town Boards Regarding Uses on Lowland Street
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CERTIFICATE OF ACTION -

L SPECIAL PERMIT AND SITE PLAN REVIEW — MICHAEL BRUMBER:; wo ™
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Decision Date: August 11, 2011 . E
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Applicant: Michael Brumber

Address: 157 Lowland Street, Holliston, MA
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|

Owner: BA Simeone c/o Aggregate Industries, 400 Green Street,

| T T T

Assessors’ Reference: Map 12, Block 4,
. /19/2011 08:50 AM
Zoning District: Industrial (I) Page 10f6 09

It is hereby certified by the Planning Board of the Town of Holliston, Massachusetts, in
accordance with the Rules and Regulations of the Holliston Planning Board, Article V1, Site

) Plan Review, a duly called and properly posted public hearing of said Planning Board was held
on July 28,2011 and continued to August 11, 2011. At a duly posted meeting on August 11,
2011, it was voted to approve a Special Permit and site plan application based on a plan entitled
“Site Plan of Land in Holliston, MA” prepared for Michael Brumber of 815 Highland Street,
Holliston on a motion made and duly seconded. The plan set was prepared and stamped by
Bruce E. Wilson, Jr., PLS of GW Site Solutions Inc. of Franklin, MA. The application was filed
with the Planning Board Office on July 7, 2011 and concerns a 7.07-acre property on Lowland
Street in the Lowland Industrial Park identified as Map 12, Block 4, Lot 34.

S

CA g

[
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Hearing notice under the requirements of the By-Law and MGL, c. 40A included the following:
1. Publication of a hearing notice in the Metrowest Daily News on July 13 and 20th,

2. Posting of the public hearing notice with the Town Clerk on July 7%, and

3. Abutter notification (including surrounding towns) by mail on July 12

The Applicant filed with the Planning Board the following, which are contained in the records at

the Planning Board office and are incorporated into this Decision by reference:

1. Application and narrative for Site Plan Review filed with the Planning Board and Town
Clerk on July 7, 2011 signed by the Applicant and Owner’s Representative.

2. Plans entitled “Site Plan of Land in Holliston, MA”, consisting of two sheets, dated July 7,
2011 (revised through August 11, 2011) prepared and stamped by Bruce Wilson, Jr. PLS.
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Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

The Planning Board also received correspondence from the Town of Holliston Fire Chief (dated
July 27) and Police Chief (dated August 2) as well as Richard T. Westcott, PE of Westcott Site
Services, civil engineering consultant for the Planning Board (dated July 18, 2011). The
aforementioned are contained in the Planning Board files and are incorporated into this Decision
by reference.

PUBLIC HEARING AND FINDINGS

During the course of the public hearing, the following individuals made appearances on behalf of
the Applicant and Owner: Michael Brumber (applicant), Attorney Mark Helwig, Dennis Lydon
of Aggregate Industries (owner), Bruce Wilson, PLS of GW Site Solutions, Inc.(surveyor),
Russell Waldron of AES Applied Ecological Sciences (wetland ecologist) and J. David
Simmons, Esq. of Angle Tree Consulting. No abutter or other party of interest was in attendance.

The Applicant explained that the property, which is the subject matter of several historical
Zoning Board of Appeals Special Permits and Variances and this application, is located on
Lowland Street within the Lowland Industrial Park. The existing buildings, parking, and outdoor
storage areas are all located within the Industrial zoning district. The Applicant will occupy one
of the buildings as an office and will store excavating equipment, construction materials and the
company’s fleet on site.

The Applicant requested a Special Permit under the Holliston Zoning By-Laws, Section III-A
Schedule of Use Regulations (#42a “General industrial uses...” and #49 “Outside storage of
building or other materials not covered elsewhere in this by-law”) for processing and outside
storage of building materials and equipment year-round. The exterior material storage areas are
not proposed to be individually enclosed but are identified on the site plan with piles labeled as
raw and processed materials, and the site perimeter is primarily comprised of concrete barriers
and earthen berm. The Applicant is primarily engaged in processing and recycling of asphalt and
concrete rubble material to produce “recycled aggregate” materials suitable for construction
projects. Such processing requires a Determination of Need (Large Operation) from the
Massachusetts Department of Environmental Protection (BWP SW 02). The quantity identified
in that permit application totals 125,000 tons per year with a maximum of 1,000 tons received
per day (300 tons on average). This aspect of the operation — receiving unprocessed materials --
is limited to approximately 6 months per year (April — October). Materials will be acquired from
rehabilitation and construction of roadways, parking areas, storage area restoration and
construction sites as well as demolition of bridges, buildings and other structures. The Applicant
has indicated that a maximum amount of 10,000 tons of materials will be stored while “in
process” and 10,000 tons of processed materials will be stored prior to shipment. Approximately
20 tons of non-recyclable residue (primarily rebar and wire mesh) have been identified and will
be stored until shipped to another recycler.

Proposed site improvements were described, including truck circulation, screening, parking and
security. Manufacturer specifications for a portable track-mounted crusher which will feed a
portable screener that will sort and disperse recycled asphalt material into assorted sizes from %
to 3” have been provided.

At the public hearing sessions, no abutters offered testimony for or against the proposal. Upon
motion made and duly seconded, the public hearing was closed on August 11, 2011.
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Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

Having reviewed all the plans and reports filed by the Applicant and his representatives and the
representatives of the Town, considered the testimony at the Public Hearing and having viewed
the site, the Planning Board has determined that the Application for Special Permit and Site Plan
Review is consistent with the requirements of Sections III-A and VII of the Zoning By-Law.In
connection with the application for Special Permit for Use pursuant to Section III-A, the Board
makes the finding that the use is in harmony with the general purpose and intent of the By-Law.

The Site, as noted, is presently vacant within a planned industrial park. The proposed use of the
site for outside storage of materials (sand & gravel, recycled asphalt and concrete products, and
equipment) is consistent with the uses allowed under the zoning by-law within the Industrial
district. The Board finds that the aforesaid uses can be made at the Site in a manner that is not
detrimental to the surrounding areas provided that the conditions of this decision and that of the
Commonwealth are complied with.

The Board finds that the intended use and associated traffic will not have a negative impact upon
safety, as Lowland Street is a planned industrial roadway and that the entry provides for
appropriate sight distance for vehicles exiting the site. Finally, the Board finds that the
completion of the facility will result in improvement of the Site and will promote business
development in the community. The Board also finds that the proposal meets the General
Conditions for approval specified in Section VII (2)(a-g) of the Holliston Zoning Bylaw.

CONDITIONS OF APPROVAL
The Board’s decision to grant the Application for Site Plan Review is subject to the following
conditions:

1. This Special Permit is issued solely to the applicant and is not transferable or assignable. The
Special Permit is not valid until recorded and indexed at the Registry of Deeds in accordance
with the provisions of MGL, c. 40A, s. 11. The copy of the decision to be filed must contain
a certification by the Town Clerk that 20 days have elapsed since after the decision was filed
and that no appeal has been filed or if such appeal has been filed, that it has been dismissed
or denied.

2. A copy of the recorded decision and revised plan sct shall be presented to the Inspector

of Buildings. Unless amended with the approval of the Planning Board, the endorsed plan

set shall be the plan of record and operations shall proceed in accordance with the
improvements shown on said plan and this Certificate of Action.

The Applicant shall not receive or process asphalt and concrete rubble material requiring a

Determination of Need (Large Operation) from the Massachusetts Department of

Environmental Protection (BWP SW 02) until said “permit” is presented to the Inspector of

Buildings.

4. No corrections, additions, substitutions, alterations or any changes shall be made in any
plans, proposals, and supporting documents approved and endorsed by the Planning Board
without the written approval of the Planning Board. Any requests for modifications shall be
made in writing to the Planning Board for review and approval and shall include a
description of the proposed modification, reasons the modification is necessary, and any
supporting documentation.
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Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

5.

10.

11.

12.

14.

15.

16.

17.

18.

A copy of this decision shall be kept on site and shall be made available to all site
contractors.

Non-security lighting shall be extinguished overnight within 30 minutes after close of
operations.

Prior to commencement of authorized site activity, the Applicant shall provide to the
Planning Board Office the name, address and business phone number of the individual(s)
who shall be responsible for all activities on the site. Additionally, the Police and Fire
Departments should be provided with an emergency notification sheet.

Street numbers (5-6” in height) are to be added to any freestanding sign installed along
Lowland Street.

Outside storage of materials and equipment not associated with site environmental cleanup is
limited to areas designated on the site plan. Pile heights are limited to 25” and safc site
circulation must be maintained at all times.

The applicant shall install/repair the dust suppression system prior to commencement of
processing operations and shall operate that system at all times when the crusher and screener
are operating.

The applicant shall not cause a nuisance to residents due to dust and/or odors. If, in the
opinion of this Board, the above measures do not sufficiently mitigate noise and dust
migrating off the property, the Board will notify the Applicant in writing and the Applicant
shall supply a corrective action plan within thirty (30) days for the Board’s review and
approval. The Inspector of Buildings may teke additional measures as the Town’s Zoning
Enforcement Officer.

No outside activity, including loading of materials is allowed on-site prior to 7:00 a.m. or
after 7:00 p.m. Monday through Saturday with the exception of seasonal snow plowing
activity and properly-noticed overnight activity to receive millings. Notification must be
given to the Building Department and Police Department a minimum of 24-hours in advance
of overnight activities. A maximum of 20 nights for such activities are allowed per calendar
year. No processing shall occur after 6 p.m.

. The Applicant shall take measures to prevent vehicle queuing at the site entrance and along

Lowland Street, especially before 7 a.m.

The applicant shall also direct his vehicles as well as deliveries to utilize the industrial roads
in the area in order to minimize impacts to residential areas. This includes utilization of
Jeffrey Avenue and Whitney Street to access Washington Street.

The responsibility for the maintenance and operation of the drainage system will be the
responsibility of the applicant. The applicant shall maintain the drainage system and shall
provide semi-annual inspection of the sedimentation basin to the Planning Board. If
necessary, the Applicant shall clean the basin so as to maintain the system in proper working
order.

The Board reserves the right to impose additional requirements in the event that the drainage
system fails and water overflows, creating a safety issue.

Prior to the issuance of a Certificate of Occupancy, the Applicant shall submit an as-built
plan stamped by a professional engineer certifying that all site improvements are completed
in accordance with the approved plan. The Applicant shall submit a statement certifying that
all conditions of approval of this decision have been met.

Prior to the issuance of a Certificate of Occupancy, the Police and Fire Department shall be
provided with keys to any proposed gates and buildings (e.g. Knox box) and an accurate
materials list depicting the contents of the storage areas (including MSDS).



Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

19. The double-walled aboveground fuel storage tank shown on the site plan shall be inspected
and approved by the Holliston Fire Chief.

Planning Board Vote
The Board’s vote in favor of granting Special Permit and Site Plan approval for Michael

Brumber is as follows on a motion made and duly seconded:

John J. Donovan Yes
Parashar Patel Yes
Jonathan Loya Yes

Geoffrey Zeamer Yes
Warren Chamberlain Yes

HOLLISTON PLANNING BOARD
BY:

(U pnguar—r

ohn J. Donovan
Chairman

I hereby certify 20 days have elapsed since after the decision has been filed in my office and
that no appeal has been filed or if such appeal has been filed, that it has been dismissed or

denied.

%‘/ﬁj{j@% pue: S /6. 401

Elizabeth Greendale
Town Clerk
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Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national
highway research program employing modern scientific
techniques. This. program is supported on a continuing
basis by funds from participating member states of the
Association and-it receives the full cooperation and support
of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board’s recog-
nized objectivity and understanding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation subject
may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental
agencies, universities, and industry; its relationship to its
parent organization, the National Academy of Sciences, a
private, nonprofit institution, is an insurance of objectivity;
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings
of research directly to those who are in a position to use
them. .

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included
in the program are proposed to the Academy and the Board
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs
are defined by the Board, and qualified research agencies
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are
responsibilities of the Academy: and its Transportation
Research Board. :

The needs for highway research are many, and the National
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation
problems of mutual concern to many responsible groups.
The program, however, is intended to complement rather
than to substitute for or duplicate other highway research
programs. :

NCHRP Report 224

Project 1-17 FY '77
ISSN 0077-5614
ISBN 0-309-03029-3

L. C. Catalog Card No. 80-83199
Price: $9.20

Notice

The project that is the subject of this report was a part of the
National Cooperative Highway Research Program conducted by the
Transportation Research Board with the approval of the Governing
Board of the National Research Council, acting in behaif of the
National Academy of Sciences. Such approval reflects the Governing
Board'’s judgment that the program concerned is of national impor-
tance and appropriate with respect to both the purposes and re-
sources of the National Research Council.

The members of the technical committee selected to monitor this
project and o review this report were chosen for recognized
scholarly competence and with due consideration for the balance
of disciplines appropriate to the project. The opinions and con-
clusions expressed or implied are those of the research agency that
performed the research,.and, while they have been accepled as
appropriate by the lechnical comimitiee, they are not necessarily thuse
of the Transportation Research Board, the National Research Coun-
cil, the National Academy of Sciences, or the program sponsors.
Each report is reviewed and processed according to procedures
established and monitored by the Report Review Committee of the
National Academy of Sciences. Distribution of the report is ap-
proved by the President of the Academy upon satisfactory comple-
tion of the review process. ’

The National Research Council was eslablished by the National
Academy of Sciences in 1916 to associate the broad community of
science and technology with the Academy's purposes of furthering
knowledge and of advising the federal government. The Council
operates in accordance with general policies determined by the
Academy under the authority of its Congressional charter of 1863,
which establishes the Academy as a private, non-profit, self-governing
membership corporation. The Council has become the principal
operaling agency of both the Academy of Sciences and the National
Academy of Engineering in the conduct of their services to the gov-
ernment, the public, and the scientific and engineering communities.
It is administered jointly by both Academies and the Institute of
Medicine. The Academy of Engineering and the Institute of Medicine
were established in 1964 and 1970, respectively, under the charter
of the Academy of Sciences. The Transportation Research Board
evolved from the 54-year-old Highway Research Board. The TRB
incorporates all former HRB activities but also performs additional
functions under a broader scope involving all modes of transportation
and the interactions of (ransportation with society.

Published reports of the
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

are available from:

Transportation Research Board
National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Printéd in the United States of America.

~



FOREWORD

By Staff
Transportation
Research Board

The recycling guidelines contained in this report will be of special interest to
individuals involved in the planning, design, and construction of pavement rehabili-
tation projects. Rehabilitation is rapidly becoming a major factor in the use of
available highway funds, and the recycling of pavement materials has become an
important pavement rehabilitation alternative. The guidelines contained herein are
based on a thorough review of literature on pavement recycling, field experience
gained from Federal Highway Administration Demonstration Project 39 (“Re-
cycling Asphalt Pavements”) and other projects, and an experimental program
involving laboratory and field studies. These guidelines provide the practicing engi-

‘neer with the latest information on recycling of pavement materials, particularly

with regard to material selection, structural design, and construction specifications.

The need to reuse or recycle existing pavement materials for the reconstruc-
tion and rehabilitation of both asphaltic and portland cement concrete pavements
is of increasing importance in order to optimize the utilization of available materials
and energy supplies as well as funds for operating our highway systems. The objec-
tive of the research conducted under NCHRP Project 1-17 was to develop realistic
guidelines for recycling of pavement materials for the reconstruction and rehabilita-
tion of existing pavements.

The Texas A&M University researchers had previously prepared a state-of-the-
art report published as NCHRP Synthesis of Highway Practice 54, “Recycling Ma-
terials for Highways.” This report provided a basis for the Project 1-17 literature

_review. However, because of the rapidly evolving nature of pavement recycling

technology, much of the information for the preparation of the guidelines was
obtained from experience in the field during the design and construction of pave-
ment recycling projects. Additionally, the researchers conducted a field evaluation
of the performance of previously constructed recycled pavements, and laboratory
studies were performed on recycled asphaltic concrete mix design and modifiers.
The research covered recycling of both asphaltic and portland cement concrete
pavements. Because of the extensive field experience and more advanced state of
the art with asphaltic pavement recycling, the guidelines are more complete for this
type of pavement.

The final report as submitted by the researchers consisted of three volumes.
Volume 1 contained the research report. Volume 2 included a large number of
appendix items covering the various portions of the laboratory and field studies.
Volume 3 documented the guidelines and another group of appendix items. This
report (NCHRP Report 224) combines major portions of the research report from
Volume 1 and the complete guidelines plus the more significant appendix items from
Volume 3. Although not included in the published document, copies of the remain-
ing Volumes 2 and 3 appendix items have been printed by the research agency as
Supplement A and Supplement B. Copies have been distributed to highway and
transportation agencies and are available to other interested persons from the Pro-



gram Director, NCHRP, Transportation Research Board, 2101 Constitution Ave-
nue, N. W., Washington, DC 20418. A listing of these items is contained in
Appendix K of NCHRP Report 224. '

Although the art of pavement recycling continues to evolve, the guidelines for
the planning, design, and construction of recycling projects are suitable for imme-
diate implementation. They are based on extensive field experience and contain
procedures for selecting from among recycling alternatives, construction and energy
information, material requirements, and model specifications. Additional informa-
tion is needed on long-range performance of recycled pavements. The report con-
tains suggestions for data collection and analysis to fill this need and provide for
improved pavement rehabilitation guidelines.
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SUMMARY

GUIDELINES FOR
RECYCLING PAVEMENT MATERIALS

Rehabilitation and maintenance of the present transportation system is costly,
time consuming, and material intensive. Reuse or recycling of the existing pave-
ment materials for rehabilitation and maintenance purposes offers several advan-
tages over the use of conventional materials and techniques. Among the major
benefits are conservation of aggregates, binders, and energy as well as preservation
of the environment and existing highway geometrics.

Because recycling appeared to be an ‘attractive alternative for pavement re-
habilitation and maintenance, the National Cooperative Highway Research Pro-
gram synthesized available data on recycling and published the information as

. NCHRP Synthesis of Highway Practice 54. In order to provide information for

implementation of recycling technology, NCHRP Project 1-17 was initiated to
develop realistic guidelines for the recycling of pavement materials. Results of this
project are documented herein.

The guidelines for recycling pavenient materials have been developed in this

project based on existing literature, personal conversations and correspondence, and

a laboratory and field testing program. These guidelines are intended to prov1de to
the practicing engineer the following information:

1. Point out the potential advantages of recycling.

2. Assist both in making a preliminary analysis of recycling as a pavement
rehabilitation alternative and in identifying a suitable methodology. -

3. Provide guidance and criteria for making a detailed analysis of cost, energy,
materials design, structural design, construction specifications, and quality control.

4. Recommend a methodology for evaluating project results so that recycling
alternatives can be compared with conventional methods of rehabilitation.

The laboratory testing program conducted on pavement modifiers, recycled
asphalt mixtures, and recycled portland cement concrete mixtures resulted in the
following findings:

1. Testing techniques must be carefully controlled when asphalt modifying
agents are evaluated.

2. Laboratory evaluation tests must be performed on a project by project basis.

3. Existing methods to predict asphalt modifier contents are sufficiently accu-
rate to allow the engineer to estimate required modifier quantities. ’

4. The temperature susceptibility of modifier—asphalt blends is dependent on
the type of modifier used. The amount of modifier (within reasonable limits) does-
not greatly alter the temperature susceptnblhty

5. The compatibility of asphalt modifiers and old recycled asphalts needs to be
defined more accurately.

6. The resilient modulus value indicates the ability of a modlﬁer to alter the
properties of the old recycled asphalt.

7. High Marshall flow values are often associated with recycled mixtures.

8. Recycled and conventional mixtures with acceptable Marshall stabilities
may not have adequate Hveem stability.



9. Recycled mixtures may be water susceptible. Modifier type apparently
daes not affect water susceptibility.

.10. The water susceptibility test recommended by Lottman (40) is more
severe than vacuum saturation and soak procedures used routinely at Texas A&M
University.

11. Recycled pavements need to be sampled at several locations in order that
project variation can be considered.

12. Portland cement concrete made with recycled portland cement concrete
or combinations of recycled portland cement concrete and asphaltic concrete can be
designed such that acceptable strength characteristics in both compression and ten-
sion can be obtained. Increased water contents will normally be required when
crushed. recycled aggregates are used to produce the desired workability. Higher
shrinkage and poorer durability can be expected for recycled ‘aggregate: portland
cement concrete. Increased water content and the fact that old portland cement
concrete used as an aggregate is not air entrained may contnbute to the observed
lower durability. '

13. Suitable econocrete mixtures can be made with recycled portland cement
concrete or combinations of recycled portland cement concrete and asphaltic con- '
crete. Increased water contents will normally be required to produce.the desired
workability when crushed recycled aggregates are used. Lower strength, poorer
. durability, and higher shrinkage can be expected for recycled aggregate econocrete
mixtures..

The structural evaluatxon of recycled asphaltlc concrete material led to..the.
following conclusions: . i .

1. Hot recycled asphaltic concrete is generally structurally comparable to
conventjonal asphaltic concrete. :

2. Hot Tecycled asphaltic concrete used as a base course is potent;ally very
effective in either maintaining or increasing the structural capability of a pavement
section.

3. Hot recycled asphaltic concrete surfaces are slightly stiffer than conven-
tional asphaltic concrete surfaces. As a consequence their fatigue characteristics
require careful study.

4. In-place recycled asphaltic concrete materials used as base courses have
successfully employed stabilizers including asphalt cement, emulsified asphalt, lime,
and cement.

CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

The concept of recycling pavement materials has been ments. This report is intended to serve as a guide to the
available and has been used for many years in a limited engineer and provide assistance in determining when re-
manner. In recent years, because of more interest in such cycling is viable and how to perform the recycling opera-
factors as energy and materials conservation recycling has tion from-a design and construction standpoint.

become a more attractive alternative to rehabilitating pave-



Specifically, the guidelines contained herein are intended
to do the following:

1. Point out the potential advantages of recycling.

2. Assist both in making a preliminary analysis of re-
cycling as a pavement rehabilitation alternative and in
identifying a suitable methodology.

3. Provide guidance and criteria for making a detailed
analysis of cost, energy, materials design, structural design,
construction specifications, and quality control.

4. Recommend a methodology for evaluating project re-
sults so that recycling alternatives can be compared with
conventional methods of rehabilitation.

Figure 1 shows an overview of the guidelines.

BACKGROUND

Federal, state, and local agencies including city and
county governing bodies responsible for transportation fa-
cilities are faced with a number of problems including the
following:

1. A reduction in available funds for transportation fa-
cilities caused by inflation, decline in tax base, reduction or
leveling in revenue from fuel tax, and fiscal demands of
other programs among other factors.

2. Materials supply problems resulting from depletion of
sources near the point of use; unavailability due to zoning
laws; increased haul distances and associated transportation
costs: strict environmental codes limiting production in cer-
tain areas and requiring major expenditures for air and
water quality, noise control and pit and quarry restoration;
and use of construction materials for other than construc-
tion purposes.

3. Equipment availability problems resulting from re-
duced budgets, high cost of new equipment, and other
factors.

4. Manpower problems resulting from fiscal constraints
on wages, which often create a deficiency of trained equip-
ment operators and qualified engineering-oriented employ-
ees, labor-management problems, and need to increase pro-
duction to provide for an economical operation.

5. Energy problems associated with fuel availability, cost,
and urgent need to reduce energy consumption.

Because of these problems and others, there is an urgent
need 'to optimize the use of aggregates, binders, equipment,
manpower, energy, and funds from planning, design, con-
struction, rehabilitation, and maintenance standpoints.

One solution to some of the transportation problems out-
lined is to reuse or recycle existing materials for construc-
tion, rehabilitation, and maintenance purposes. Recycling
of pavement materials (such as asphaltic concrete and port-
land cement concrete) offers several advantages over the
use of conventional materials. Among the major benefits
are conservation of aggregates, binders, and energy and
preservation of the environment and existing highway
geometrics.

Conservation of aggregate and binder is important. Al-
though the United States has an abundant supply of source
materials for production of quality aggregates for the fore-
seeable future (I, 2), distribution of these sources does not
always coincide with location of need. Thus, it has become
necessary to haul aggregates over large distances. This has
escalated the cost and the energy consumed in constructing
transportation facilities. Recycling the aggregate in the old
pavement for reconstruction, for rehabilitation, or for main-
tenance purposes will decrease aggregate demand and ex-
tend the supply of construction aggregate at a time when
sources (particularly near urban areas) are being depleted
because of high use, mining restrictions, environmental pro-
tection regulations, and appreciating land values.

CHAPTER I CHAPTER I CHAPTER I CHAPTER ¥
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ATTERNATIVE ALTERNATIVES ALTERNATIVES CORS
BENEFITS EXISTING PAVEMENT DESIGN EVALUATE
MATERIALS HISTORY AND MIXTURES CONSTRUCTION
CONSERVATION PHYSICAL DESCRIFTION STRUCTURAL METHODS
ENERGY CURRENT TEST ASPHALT MOOIFIE PAVEMENT
CONSERVATION DATA PERFORMANCE
PRESERVATION
OF INVESTMENT
ity ECONOMICS
cosT
st comie
LocaTiON I
EXPERIENCE
EQUIPMENT CONSTRUCTION TO CONVENTIONAL
£ ERFORMANCE SPECIFICATIONS METHODS
CRITERIA QUALITY CONTROL

Figure 1. Overview of guidelines for recycling pavements.



Conservation of binders is another important advantage
accorded by recycling. For example, pulverization and re-
use of asphaltic concrete normally requires about 1 to 3 per-
cent additional asphalt, whereas a new asphaltic concrete
mixture requires about 6 percent. This saving of about
10 gal of asphalt per ton (0.04 1/kg) of asphaltic concrete
can contribute to the national fuel conservation program.
Asphalt can be used directly as fuel for electrical power
plants, for utilities at refineries, or can be converted to other
hydrocarbons for use in aircraft, automobile, and ‘steel
manufacturing.

The conservation of energy is apparent in recycling op-
erations if one considers the reduced hauling required for
aggregates and the reduced hauling and production energy
required for the binder in recycled pavement materials.
Energy savings of recycling operations, however, should be
determined on a job-to-job basis.

Recycling can contribute to- environmental preservation
by reducing the amount of new materials required for high-
way use. Thus, a corresponding reduction is possible in
environmental problems of mining the new material and
manufacturing the products, in addition to avoiding the
problems associated with disposition of the old pavement.

The maintenance of highway geometrics can be achieved
relatively easily by pavement recycling. For multilane fa-
cilities, only the distressed lane need be recycled. Full
width overlays are not required to promote drainage. Ver-
tical clearance problems caused by overlays at bridges,
signs, and tunnels can be overcome by strengthening the
existing surfaces, base, or subgrade. Vertical control prob-
lems with drainage facilities, such as gutter flow lines, curb
height, inlet capacity, and manholes, are reduced when
recycling operations are used instead of overlays.

Because the benefits of recycling appear promising from
a wide variety of viewpoints, a number of agencies includ-
ing the National Cooperative Highway Research Program
(NCHRP) have sponsored research. NCHRP Synthesis of
Highway Practice 54, “Recycling Materials for Highways,”
was the first comprehensive summary of recycling informa-
tion (3). Federal Highway Administration sponsored pro-
grams include Demonstration Project No. 39 (4, 5); Dem-
onstration Project No. 47 (6); National Experimental and
Evaluation Program (NEEP) Project No. 22 (7); Imple-
mentation Package 75-5 (8); Office of Research studies on
“Softening or Rejuvenating Agents for Recycled Bitumi-
nous Binders,” “Tests for Efficiency of Mixing Recycling
Asphalt Pavements,” “Data Bank for Recycled Bituminous
Concrete Pavement,” and “Materials Characterization of
Recycled Bituminous Paving Mixtures”; and HPR and spe-
cial state studies (9, 70). Other government sponsored
studies have been performed by the Corps of Engineers
(11) and the Navy (12).

Associations and institutes that have contributed to the
collection and distribution of recycling information include
the American Concrete Paving Association, Asphalt Emul-
sion Manufacturers Association, Asphalt Reclaiming and
Recycling Association, The Asphalt Institute (13), Na-
tional Asphalt Pavement Association (14, 15), Portland
Cement Association (/16) and West Coast User-Producer
Group on Asphalt Specifications (17). In addition, con-

ference sessions and symposiums have been held on pave-
ment recycling at the Transportation Research Board,
American Society for Testing and Materials (18), and
Association of Asphalt Paving Technologists.

Because recycling has become an attractive alternative
for pavement rehabilitation and because of the large amount
of developing technology that has become recently avail-
able, NCHRP formulated a research project (NCHRP
Project 1-17) to develop realistic guidelines for the re-
cycling of pavement materials. The investigation per-
formed under NCHRP Project 1-17 for the development
of guidelines for pavement recycling is described herein.

RESEARCH OBJECTIVE AND APPROACH

The overall objective of this project (NCHRP Project
1-17) was to develop realistic guidelines for the recycling
of pavement materials for the rehabilitation and reconstruc-
tion of existing pavements.

The general research approach used to accomplish this
objective consisted of reviews of the existing literature, per-
formance of laboratory and field tests, together with analy-
sis of the data and evaluation of the practicality of the
guidelines. Specifically the following tasks and subtasks

were performed:

Task 1—Develop guidelines for recycling pavement
materials

Conduct literature review,
Define recycling approaches.
3. Define conditions under which recycling is a feasi-
ble rehabilitation alternative.
4. Define laboratory and field tests suitable for evaluat-
ing materials to be recycled.
5. Define preliminary pavement design methods.
6. Determine costs of various recycling alternatives and
define a method for life-cycle analysis.
7. Determine a process for selecting the most promis-
ing recycling alternatives for a given project.
8. Define laboratory and field tests suitable for the
design of recycled mixtures.
9. Define detailed pavement design methods.
10. Determine energy requirements for various re-
cycling approaches.
11. Develop specifications for major recycling ap-
proaches.
12. Prepare interim guidelines for pavement recycling.

N =

Task 2—FEvaluate practicality of guidelines
1. Identify guideline problem areas.
2. Perform laboratory and field testing and analysis pro-
grams to resolve identified problem areas.
3. Refine interim recycling guidelines.

The “Interim Guidelines for Recycling Pavement Ma-
terials” was prepared and copies of the report were distrib-
uted to state highway and transportation agencies.

Laboratory and field test programs were conducted to
provide a basis for improvement in specific portions of the
interim guidelines. Studies were performed to provide in-
formation for the following purposes:



1. Preparation of specifications for asphalt recycling
modifiers.

2. Preparation of mixture design methods for recycling
asphalt and portland cement concrete recycled pavements.

3. Definition of mixture characteristics of recycled as-
phait and portland cement concrete recycled mixtures.

4. Structural coefficients for recycled mixtures.

5. Performance of recycled pavements.

6. Evaluation of the practicality of the developed re-
cycling guidelines.

On the basis of the comments received and the laboratory
and field test programs, the interim guidelines were revised.
These revised guidelines are issued in this report (NCHRP
Report 224). Full details of the laboratory and field test
results and more complete discussions of design criteria for
selecting pavement recycling alternatives are contained in
the Volumes 2 and 3 appendixes of the agency’s final re-
port as submitted to the sponsors. For the availability of
these materials, the reader is referred to the “Foreword” in
this report. For the convenience of qualified researchers,
the contents of this appendix material are listed here in
Appendix K.

USE OF THE REPORT

Figure 2 shows the overall concept of pavement rehabili-
tation and the fact that recycling is only one of several re-
habilitation alternatives the selection of which depends on
the observed pavement distress, the establishment of the
probable causes of distress based on field and laboratory
study, and design input information such as the history of
pavement maintenance requirements and costs, history of
pavement performance, horizontal and vertical geometric
controls, environmental factors, and traffic.

Once recycling has been selected as a possible rehabilita-
tion alternative, the guidelines. can be used to select the
most promising recycling option. Chapter Three should be

used if an asphalt pavement is to be recycled; Chapter Four
should be used if a portland cement concrete pavement is
to be recycled.

Chapters Three and Four describe the limited laboratory
and field tests that should be performed to establish the
material resources available in the pavement and the types
of possible stabilizers that can be used with the materials.
From this preliminary information, recycling alternatives
can be selected. Chapters Three and Four also cover a
more detailed evaluation of the promising recycling alterna-
tives. Detailed laboratory tests are described that determine
stabilizer contents, the need for recycling agents, and the
pavement structural requirements. (The term recycling
agent has been defined by the Pacific Coast User-Producer
Group as a “hydrocarbon product with physical character-
istics selected to restore aged asphalt to requirements of
current asphalt specifications.” It should be noted that soft
asphalt cements as well as specialty products can be classi-
fied as recycling modifiers or agents. The terms asphalt
modifier, softening agent, and reclaiming agent have also
been used to describe this product.) Energy requirements
for the recycling alternatives are outlined as well as con-
struction specifications.

Chapter Five is devoted to a description of methods to
determine the performance of recycled pavements. Both
field and laboratory testing programs are outlined. These
data are suggested for use as feedback from which the en-
gineer can select future pavement rehabilitation alternatives.

Chapter six contains example problems that illustrate the
methodology used in the guidelines to define a recycling
method suitable for a particular pavement. It should be
realized that more than one recycling approach will likely
be suitable for a given pavement. In addition, the engineer
must consider life-cycle cost and energies associated with
both recycling and conventional rehabilitation alternatives.

Appendixes have -been prepared to provide- the detail-
necessary for the engineer to successfully use the guidelines.
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Figure 2. Recycling as a rehabilitation alternative.



CHAPTER TWO

FINDINGS—STATE-OF-THE-ART AND LABORATORY

AND FIELD TEST SUMMARIES

RECYCLING ALTERNATIVES

Recycling or reuse of existing pavement materials for
pavement rehabilitation, reconstruction, and maintenance is
not a new concept. A wide variety of recycling approaches
has emerged since 1915 (19). Categorization of recycling
approaches is usually based on (1) the recycling procedure
used, (2) the type of paving materials to be recycled and
the end products they are to produce, or (3) the structural
benefit to be gained from the recycling approach. Each of
these categories has its own merit in describing the pur-
pose and applicability of a given type of recycling. A cate-
gorization based on the recycling procedure has been used
in this report.

Definitions for recycling categories have been prepared
by the Federal Highway Administration Demonstration
Project No. 39 Technical Advisory Committee (4), a joint
National Asphalt Pavement Association—Asphalt Institute
Committee .(20), Asphalt Recycling and Reclaiming Asso-
ciation (21), National Cooperative Highway Research Pro-
gram (3), U.S. Army Engineers Waterways Experiment
Station (/7), and Navy Civil Engineering Laboratory (12).
For convenience, pavement recycling alternatives have been
divided into several general categories:

1. Surface recycling—reworking of the surface of a
pavement to a depth of less than about 1 in. (25 mm) by
heater-planer, heater-scarifier, hot-milling, cold-planing, or
cold-milling devices. This operation is a continuous, single-
pass, multistep process that may involve use of new ma-
terials, including aggregate, modifiers, or mixtures.

2. In-place surface and base recycling—in-place pulver-
ization to a depth greater than about 1 in. (25 mm), fol-
lowed by reshaping and compaction. This operation may
be performed with or without the addition of a stabilizer.

3. Central-plant recycling—scarification of the pavement
material, removal of the pavement from the roadway prior
to or after pulverization, processing of material with or
without the addition of a stabilizer or modifier, and lay-
down and compaction to desired grade. This operation may
involve additional heat, depending on the type of material
recycled and the stabilizer used.

Surface Recycling

Surface recycling differs from the other broad categories
of recycling in that it involves reworking the surface of a
pavement to a depth of less than 1 in. (25 mm) (unless
multiple passes are made). Thus, surface recycling has a
limited effectiveness in repairing rough riding or severely
rutted roads or in significantly increasing the load-carrying
capacity of the roadway. However, surface recycling is

presently the most popular form of recycling because it can
treat a wide variety of pavement distress, including ravel-
ing, rutting, flushing, and corrugations at a reasonable cost.
‘Additionally, data illustrate the usefulness of heater scari-
fication plus an overlay to reduce reflection cracking. Other
advantages of surface recycling appear to be its ability to
promote a bond between the old roadway and a thin over-
lay and to provide a transition between the new overlay and
existing gutters, bridges, pavements, and so forth. The ma-
terial removed by planing and milling can be reused in sta-
bilized or unstabilized bases and shoulders and in stabilized
surfaces.

The evolution of surface recycling equipment is not well
documented; however, literature indicates that three of the
original heater-planer units wére developed in California in
the 1930’s (22). One early unit was a heater, towed as a
semitrailer behind a truck trailer, followed by an indepen-
dent grader. A second unit was a combined heater and
planef. A third unit was a heater mounted on-a -grader.
The grader blade on this unit was replaced by a planer
blade. The diesel oil-fired heater was pulled by the scarifier
arms, and the solid rubber tires were cooled by water drip-
ping from a front-mounted water tank. The blade could be
rotated to deliver the cuttings inside the rear wheels on
either side. The cuttings were picked up by a front-end
loader (22).

The first surface recycling machine that did not use heat
apparently dates to about 1936 (22). This device used
chisels to cut the cold roadway. Since the early days of
cold surface recycling, techniques have been developed to
grind the pavement with rotating drums equipped with
cutting teeth. '

Since 1930, a wide variety of recycling equipment has
been developed and a number of innovative techniques es-
tablished. For discussion purposes, this equipment and the
associated techniques have been categorized into heater
planers, heater scarifiers, hot millers, cold planers, and cold
millers.

Heater Planing

Heater planing has been used primarily for maintaining
pavement longitudinal grade and transverse cross slope.
Other uses include removing pavement from bridges to re-
duce the dead weight; maintaining proper clearances in tun-
nels, at underpasses, and at sign bridges; removing improp-
erly designed or constructed chip or slurry seals; and re-
moving surface irregularities from rough pavements caused
by instability, swelling clays and/or repeated maintenance
activities such as crack sealing, and the like.



It is a common practice to heat and plane a pavement
prior to overlay. This activity will correct rutting problems,
remove some of the pavement roughness, and provide a
header cut, gutter cut, or keyway to prevent feathering of
the hot mix. Any material that is removed from the road-
way can be reused.

A unique application of the heater planer is to use the
heating units to aid in a corrective maintenance activity.
For pavements with poor skid resistance, a layer of polish-
resistance aggregate is spread on the surface with a conven-
tional seal-coat spreader. The heating unit then heats the
pavement and is followed by a steel-wheel roller to embed
the aggregate into the old pavement surface. This activity
is particularly effective where flushing or bleeding is a
problem.

Heater Scarifying

Recycling operations using the heater-scarifying ap-
proach take many forms. The basic operations consist of
preparing, heating, and scarifying the surface; adding addi-
tional materials if required; compacting; making final ad-
justments to manholes and drainage structures; and opening
the facility to traffic.

Heater scarifiers have also been used to remove pave-
ment surface irregularities. Use of these units immediately
before making an asphaltic concrete overlay offers some
advantages. Pavement surface roughuess can be removed
to provide a smooth surface for a new wearing course and
thereby eliminate or reduce the amount of leveling course
required. The bond between the old pavement and a new
asphaltic concrete overlay is also improved by use of the
heater scarifier or heater planer immediately before an
overlay. :

Reflection cracking, which is a major consideration in
overlay design, may be reduced by use of heater scarifying
prior to overlaying asphaltic concrete pavements. Docu-
mentation illustrates this advantage in the southwest.

Hot Milling

Hot-milling has not been extensively used in the United
States. The process is limited to aspalt-surfaced roadways
and is performed for the same general purposes as given in
the section on cold milling.

Cold Planing

Cold-planing operations are commonly performed in the
summer on asphalt-surfaced roadways. The primary pur-
poses of cold planing are to remove corrugations and other
stability failures, to reduce the amount of rutting, and to
remove improperly designed or constructed chip seals or
slurry seals. The appearance and performance of cold
planing are not as satisfactory in most cases as the heater-
planer technique.

Equipment normally used for cold planing by city and
county governments is a motor grader with hardened steel
blades. The operation is normally considered to be mainte-
nance, and the removed material is often reused.

Cold Milling

Cold milling has been performed on both asphalt-
surfaced and portland cement concrete-surfaced roadways.
The major purpose of cold milling is removal of surface
deterioration.

Millings can be used for unstabilized base courses or
stabilized base and surface courses. The millings can be
treated either in-place or at a central plant.

The types of pavement distress that can be treated by
cold milling include rutting, raveling, flushing, and corru-
gations of asphalt-surfaced pavements; and rutting, ravel-
ing, scaling, faulting, and spalling of portland cement
concrete-surfaced pavements. The success of cold milling
depends on the nature and extent of the distress, among
other factors.

Additional applications of cold milling include repairing
a rough-riding road, improving skid resistance, and pre-
paring an asphaltic concrete or portland cement concrete
surface to receive an overlay. Automated grade control
features on many cold-milling machines afford the oppor-
tunity to improve ride quality.

Most milling operations improve the surface texture of
the roadway and crush the exposed surface of the aggre-
gate. Both the improved surface texture (macrotexture)
and the crushed aggregate (microtexture) promote skid re-

-sistance. The improvement in skid resistance may, how-

ever, be tempurary il the aggregate is polish susceptible.
The improved pavement surface texture will also increase
the bond or shear strength between the old surface and a
new overlay. This bond strength is particularly important
for portland cement concrete overlays such as those used
on bridge decks.

In-place Surface and Base Recycling

In-place recycling of old asphaltic concrete and portland
cement concrete pavement is not a new concept. Almost
every state has used conventional construction equipment
such as bulldozers, vibratory compactors, rollers, and the
like, to crush old pavement and combine it with a portion
of the existing base or subbase to form a reconstituted
structural layer, The development of pulverizing equip-
ment and processing techniques are among the more im-
portant recent refinements of in-place recycling.

Stabilizers such as lime, cement, asphalt, and other
chemicals have been used in these processes. Use of ce-
ment as stabilizers for recycled bases and surfaces dates to
1942 (23). Use of asphalt with recycled material probably
dates to the early 1940, although the most recent work
indicates 1966 (24). States that have performed in-place
recycling of the type described include Arkansas, Califor-
nia, Florida, Illinois, Indiana, Kansas, Kentucky, Louisiana,
Maine, Michigan, Nebraska, Nevada, New Jersey, New
York, Pennsylvania, Tennessee, Texas, and Washington.
Probably all states have recycled existing bases and surfaces
without the addition of a stabilizer.

Two basic approaches can be used for in-place recycling,
depending on the thickness of the pavement to be treated
and the thickness of the asphaltic concrete surface. If the



asphaltic concrete surface is about 5 in. (125 mm) thick or
less, specially designed pulverization equipment can be used
without preliminary ripping and breaking. For asphaltic
concrete surfaces thicker than about 5 in. (125 mm), mo-
tor graders with scarifiers or dozers with ripper teeth are
usually used for the initial breakup. Heavy equipment
(dozers, rollers, compactors) can be used if additional
breakdown is required prior to pulverization.

A major advantage of in-place recycling is the ability to
significantly improve the load-carrying capability of the
pavement without changes in the horizontal and vertical
geometry of the roadway. Other advantages include the
ability to treat almost all types of pavement distress in
asphalt-surfaced roadways, to reduce or eliminate reflec-
tion cracking, to reduce frost susceptibility of the recycled
material, and to improve skid resistance and the ride quality
of the roadway.

Among the disadvantages are the following: quality con-
trol is not as good as that of central-plant operations, pul-
verization can not be easily performed on portland cement
concrete-surface roadways, proper curing conditions are
often required for strength gain, and cost and traffic disrup-
tion may be relatively high.

Central-Plant Recycling

Central-plant surface and base recycling has been prac-
ticed for a number of years. Pavement and building rub-
ble has been crushed and used as both.unstabilized and
stabilized base course in Washington, D.C.; Los Angeles;
Minnesota; and San Francisco. The recycling of portland
cement concrete back into portland cement concrete has
been investigated briefly in the laboratory, and only the
State of Iowa has placed experimental projects (25). Re-
cycling of asphalt paving surfaces into asphaltic concrete
using central-plant operations had an early history with
Warren Brothers in 1915 (19), but very little experimenta-
tion was conducted from that time until 1974 (25).

Processes involving use of additional heat in central
plants and recycling agents as the stabilizer have a tremen-
dous future. It is anticipated that about 10 percent of the
asphaltic concrete hot-mix market will be supplied by hot
central-plant recycling operations in the next 3 to 5 years
(26). Thus, 30 to 35 million tons (27 to 32 Tg) will be
produced. The plants will be either new plants or existing
plants (numbering in excess of 4,700), which will be al-
tered to solve pollution problems that arise when asphalt
mixtures are recycled.

Increased interest in central-plant recycling has led to
development of new techniques for heating the reused ma-
terials and new concepts for pavement removal-and sizing.

Two approaches have been used to size the material prior
to recycling in a central plant. The pavement can be re-
duced in size in-place and then hauled to the central plant,
or the pavement can be removed from the site and sizing
can be performed with equipment normally associated with
aggregate processing. In-place sizing equipment includes
hot- and cold-milling machines, heater-planing equipment,
and on-grade pulverizers.

Central-plant sizing can be performed with conventional,
fixed, and portable crushing and screening equipment. The

pavement is normally ripped and broken to a size suitable
to be received by the primary crusher prior to loading onto
the haul units. In some instances, it is economical to use
grid rollers and other types of construction equipment to
produce a suitably sized material on the roadway prior to
hauling to the central plant. Jaw and roll crushers have
proven to be satisfactory.

Equipment to centrally process recycled material is com-
mercially available and for convenience can be separated
into at least four general categories: (1) direct flame heat-
ing, (2) indirect flame heating, (3) superheated aggregate,
and (4) without heat. Details of the type of equipment
presently used can be found in NCHRP Synthesis of High-
way Practice 54 (3). '

RECYCLING MODIFIERS

Asphalt binders present in recycling pavements often
have physical or chemical properties that make the “old”
asphalt undesirable for reuse without modification. Ma-
terials have been developed to restore these old binders to
a condition suitable for reuse. This concept is not new and
has been the subject of a number of studies during the last
several years (9, 12, 17, 29, 30, 31, 32, 33, 34, 35).

Materials used to alter properties of asphalt cements have

been called softening agents, reclaiming agents, modifiers,
recycling agents, fluxing oils, extender oils, and aromatic
oils.
. The_term “modifier” will be used to designate this type .
of material in the report and originates from ASTM Sub-
committee D 4.37 (Modifier Agents for Bitumen in Pave-
ments and Paving Mixtures). The general definition of a
modifier is “‘a material when added to asphalt cement will
alter the physical-chemical properties of the resulting
binder” (29). A more specific definition has been devel-
oped by the Pacific Coast User-Producer Group for the
term “recycling agent.” A recycling agent is a hydrocar-
bon product with physical characteristics selected to restore
aged asphalt to requirements of current asphalt specifica-
tions. It should be noted that soft asphalt cements, as well
as specialty products can be classified as recycling modi-
fiers or agents.

The purpose of the modifier in asphalt pavement re-
cycling is to:

1. Restore the recycled or “old” asphalt characteristics
to a consistency level appropriate for construction purposes
and for the end use of the mixture.

2. Restore the recycled asphalt to its optimal chemical
characteristics for durability.

3. Provide sufficient additional binder to coat any new
aggregate that is added to the recycled mixing.

4. Provide sufficient additional binder to satisfy mixture
design requirements.

Properties of Modifiers

Modifier properties of interest to the engineer are those
that can be used for specification purposes to ensure that
the modifier will perform the following functions:

1. Be easy to disperse in recycled mixture (17, 32).



2. Alter viscosity of old recycled asphalt cement to the
desired level (17, 30, 32, 33).

3. Be compatible with the old recycled asphalt to ensure
that syneresis (exudation of paraffins from asphalts) will
not occur (17, 30).

4. Have the ability to redisperse the asphaltenes in the
old recycled asphalt (33).

5. Improve the life expectancy of the recycled asphalt
mixture (17, 30, 32, 33).

6. Be uniform in properties from batch to batch (32).

7. Be resistant to smoking and flashing if used in hot mix
operations (17, 30, 32, 33).

Tests that have been investigated by various groups for
inclusion in specifications are as follows:

1. Viscosity at 100, 140, 210, 275 F (38, 60, 99, 135 C),
ASTM D2170, D2171 (9, 17, 30, 32, 33).
2. Flash point, ASTM D92 (9, 12, 17, 30, 32, 33).
3. Volatility, ASTM D1160 (30, 35).
4. RTF-C residue (weight loss, viscosity change, duc-
tility, penetration), AASHTO T240 (17, 32).
5. Rostler parameters (compatibility, chemical composi-
tion), ASTM D2006 (9, 12, 17, 30, 35).
6. Clay-gel absorption chromatograph, ASTM D2007
(33).
7. Mixed analine point (9, 36).
8. Refractive index (9, 36).
9. Fire point (9).
10. Smoke Point (9).
11. Solubility parameter (33).
12. Specific gravity, ASTM D70 (9, 17, 30).
13. Viscosity-gravity constant (36).
14. Spot test (17).

A review of the references cited indicates that materials
of a wide range of viscosity, as well as other properties, are
(60 C) ranges from 2.4 to 64,000 centistokes (0.0024 to
64 Pa - s), flash points range from 190 to 658 F (88 to
348 C), asphaltenes content ranges from a trace amount
to 51 percent, nitrogen bases range from 1.2 to 41.2 per-
cent, paraffins range from 0.2 to 43.5 percent, and specific
gravity ranges from 0.891 to 1.148.

Blends of Modifiers and Aged Asphalts

It is sometimes assumed that the field mixing process to-
gether with a reaction time (of unknown length) will al-
low the modifier and the “old” recycled asphalt to be com-
pletely mixed. If this supposition is accepted, the problem
of blending old asphalts and modifiers is greatly simplified.
The basic laboratory steps consist of extraction and recov-
ery of the old asphalt followed by mixing various per-
centages of modifier until the desired consistency is ob-
tained. This process is basically 4 trial and error procedure;
however, methods of predicting :modifier contents to pro-
duce desired viscosities have been developed and published
by Arizona (37), Chevron (32), Dunning (33), Navy
(12), Pacific Coast User Producér Group (17), and Witco
(30). The basis for all of thesé methods is basically the
same in that the viscosity of a blend of asphalts of differ-

ent viscosity can be characterized by equations of the
following form:

log (v) = a + bp (Refs. 12, 31) (1a)
log —log (v) = a + bp (Refs. 17, 30, 32) (1b)
log —log (v) = a + b (log p) (Ref. 33) (lc)

where v is the viscosity of the blend (normally measured
at 140 F (60C) in centistokes, p is the volume percent
modifier in the blend, and a and b are constants. If no
modifier is used, the viscosity is that of the old asphalt. If
100 percent modifier is used, the viscosity is that of the
modifier. Hence, the constants a and b must be determined
for each old asphalt-modifier blend.

A procedure suitable for use in the recycling guidelines
has been developed by the Pacific Coast User-Producer
Group (17). Charts developed by Chevron (32) and Witco
(30) are for proprietary products. Detailed data on labora-
tory blends, field blends, and mixtures of modifiers and
recycled pavement materials are given in Appendix C of
Volume 2 of the agency report (see App. K for further
details).

In brief, the laboratory and field tests performed in this
study consisted of the following.

From the original 36 modifiers tested, seven were se-
lected for blending with a laboratory-aged asphalt. Modi-
fiers were selected primarily to provide a wide range of vis-
cosity as measured at 140 F (60 C). Emulsions were not
used because hot mix operations were used in all mixture
laboratory work.

Modifier 1 was commercially produced for recycling of
asphalt pavements. Modifier 2 was a reclaimed motor oil
from the Texas A&M University Transportation Center.
Modifier 3 was commercially produced as a lube stock.
Modifiers 4 and 5 were AC-5 asphalt cement. Modifier 5
had higher paraffin content than modifier 4. Modifier 6 was

~a- commercially “available slurry oil-and Modifier~7 was"a ="

roofing asphalt flux. The laboratory-aged asphalt was a
specially prepared air-blown Los Angeles basin asphalt
cement prepared by Dougals Oil Company.

Modifier concentrations were selected to produce a vis-
cosity of 1,000 = 200 poises (100 =20 Pa-s) at 140F
(60 C) (requirements for AC = 10 asphalt cement). It is
interesting to note that although the viscosity at 140 F
(60 C) was controlled over a fairly narrow range, the pene-
tration at 77 F (25 C) for all blends conforming to AC-10
requirements ranged from a penetration of 42 to a penetra-
tion of 142, while penetrations at 60 F (15.6 C) ranged
from 10 to 70 and viscosities at 210 F (98.8 C) from 14.7
to 24.8 poises (1.47 to 2.48 Pa - s). In the case of modi-

* fier 7, an asphalt cement was produced that did not meet

the AC-10 requirements for penetration at 77F (25C)
(ASTM D3381). Thus, temperature susceptibility of an
asphalt blend is a function of the modifier selected.

A limited laboratory program was undertaken to deter-
mine if modifier content also affected temperature suscepti-
bility. The results indicate that temperature susceptibility
is not greatly affected by the amount of modifier.

From the seven modifiers selected for study with the
laboratory-aged asphalt, four (modifiers 1-4) were selected
for blending with asphalts extracted and recovered from
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pavements located near Rye Grass, Wash.,, Woodburn,
Ore., and Abilene, Tex. These pavements were used in hot
mix recycling projects. The three projects produced a range
in viscosity and temperature typical of many in-service
pavements.

Blends of materials from location 3 of the Rye Grass,
Wash., project consistently gave low viscosity and high
penetrations as compared to other locations. This can be
explained by the relative soft nature of the extracted and
recovered field-aged asphalt from location 3. Similar be-
havior was noted on results of location 5 blends where the
field-aged asphalt had a relatively low viscosity. Blends of
modifier 2 result in the largest variation among locations.

Asphalts extracted from the various locations of the
Woodburn, Ore., project were.more consistent in their prop-
erties. However, viscosity measured at 140 F (60 C) varies
in excess of %100 poises (=10 Pa - s) among locations.

Temperature susceptibility of blended field asphalts is a
function of the type of modifier used. A relatively high
penetration asphalt is produced when modifier 4 is used
with the asphalt extracted and recovered from the Rye
Grass, Wash. and the Abilene, Tex., projects. Review of
data from the Woodburn, Ore., projects indicates that a
relatively low penetration material will be produced with
modifier 4.

Extraction and recovery tests performed on mixtures af-
ter laboratory mixing, compacting, and Marshall testing,
show that the mixtures in which modifier 4 was used hard-

“Teried more during the mixing=and compaction ‘operations

than did mixtures with the other modifiers. Mixtures con-
taining modifier 1 exhibited the lowest amount of harden-
ing during mixing and compaction.

Penetration-ductility test results obtained after 150 days
of curing at 140 F (60 C) indicate that all modifier-project
combinations meet the established criteria. That is, the
blended asphalts can be expected to produce a paving mix-
ture with satisfactory performance.

Mixtuers of Modifiers and Recycled Pavement Materials

Pavement materials from the three recycling projects
(Woodburn, Ore.; Abilene, Tex.; and Rye Grass, Wash.)
were obtained and used to prepare laboratory mixtures for
property characterization.

Mixture proportions were determined by laboratory test-
ing; Chevron (32), Pacific Coast User-Producer Group
(17), and Witco (30) mixture design procedures were used
as a starting point. CKE, oil equivalencies, and surface
areas were determined on the ‘aggregates so that these
methods could be used. The materials used for the labora-
tory mixtures contained 30 percent laboratory standard
crushed limestone and 70 percent recycled material. The
amount of modifier selected was that required to soften the
old asphalt in the recycled mixture to a viscosity of about
1,000 poises (100 Pa-s) at 140 F (60 C). AC-10 asphalt
cement was added as needed to control air voids. Results
of the test program illustrate the property variation that can
be expected between sample lJocations for a given project
and a given modifier.

Modifier 4 could not be added in sufficient quantities to
soften the old asphalt in the Rye Grass and Woodburn

projects to the desired viscosity while maintaining an ac-
ceptable air void content in the mixture.

Values of resilient modulus are within ranges normally
associated with asphaltic concrete mixtures. Marshall prop-
erties are typical of recycled mixtures in that high stabili-
ties and relatively high flow values are obtained.

Hveem stability values for the Rye Grass and Woodburn
projects are relatively low. Acceptable Hveem stabilities
were obtained on the Abilene project. Marshall stability
values for the three projects with modifiers 1, 2, and 3 are
generally in the range from 800 to 1,000. These values are
in general acceptable for base courses and some types of
surface courses. Thus, these data present an interesting
anomaly, in that, the Rye Grass and Woodburn mixtures
are acceptable from a Marshall stability standpoint, but not
from Hveem stability criteria. As stated in the literature, a
correlation does not exist between Marshall and Hveem
stabilities.

It is interesting to note that the resilient modulus of sam-
ples fabricated from materials at location 3 of the Rye
Grass project is low, indicating a softer field-aged asphalt.
The low resilient modulus at Woodburn locations 2 and 6
can not be as readily explained. However, modifier 1 has
a more pronounced softening effect at location 2 than on
other locations in the Woodburn project.

A careful examination of the data results obtained from
laboratory samples cured at 32, 77, 140, and 275 F (0, 25,
60, and 135 C) for various lengths of time, removed from

the curing room; placed-in a77F (25-C) room for-3-hours;=—--

and then tested to determine their resilient modulus indi-
cates that the rate of change in resilient modulus and as-
phalt hardening is not only a function of curing tempera-
ture and modifier type but also a function of the field-aged
asphalt. Thus it is imperative that detailed tests be per-
formed on each project to be recycled.

Samples subjected to water susceptibility tests (Lottman’s
procedure (40) and a vacuum saturation and 7-day soak
procedure developed after work performed by Schmidt at
Chevron Research) indicate the following:

1. The type of modifier has little effect on the water
sensitivity of recycled mixtures provided adequate mixing
and the desired viscosity are obtained.

2. The Lottman water susceptibility test is more severe
than the vacuum saturation and soak test.

3. The ratio of the retained “strength” varies, depending
on the type of test performed (resilient modulus, stability,
tensile strength).

4. The mixtures prepared from recycled asphaltic con-
crete from Abilene are the most water susceptible.

STRUCTURAL EVALUATION OF RECYCLED MATERIALS

A review of the literature has suggested that little infor-
mation is available which defines the load-carrying ability
of recycled materials. Therefore a laboratory and field test-
ing program was initiated to define these properties. The
structural evaluation program consisted of two major ef-
forts: (1) an evaluation of the AASHTO structural layer
coefficients of various recycled materials used as surfaces
and/or bases, and (2) an in-situ, nondestructive evaluation
of recycled materials.



The basic data used to determine the AASHTO coeffi-
cients were the laboratory-measured resilient moduli values
obtained over the range of temperatures that the AASHO
Road Test pavement experienced during its life. The in-
situ, nondestructive evaluation program compared the prop-
crties of the recycled riaterial with that of a reference or
control layer in an adjoining pavement section. The ref-
erence section was of conventional construction and usually
had an asphaltic concrete surface course. The Dynaflect
was selected as the method by which to evaluate the in-situ
recycled pavements.

Complete details of this work can be found in the Vol-
ume 2 appendixes of the agency report (see App. K for
further information). The results are summarized as
follows.

Laboratory-derived material properties such as Hveem
and Marshall stabilities, indirect tensile strengths, moisture
susceptibility, and resilient moduli indicated that recycled
asphaltic concrete could be expected to replace conven-
tional asphaltic concrete in the pavement structure with
satisfactory results.

Recycled asphaltic concrete used as both surface and
base courses appears to be able to function as well as con-
ventional materials based on a comparison with the stan-
dard paving materials used at the AASHO Road Test. This
comparison was made using the structural layer coefficents
calculated for the recycled material and compared with the
structural coefficients developed at the Road Test. Al-
though there are obvious limitations in comparing mate-
rials only in this way, the structural coefficient is based on
the most thorough study of pavement performance avail-
able and is believed to give a realistic first approximation
of the performance of recycled materials.

The greater stiffness of the recycled materials studied is
evident. The effective thicknesses (based on stiffiness) of
most recycled materials were greater than the conventional
layer used for comparison. Here, the pavement engineer
should always exercise caution when using a layer equiva-
lency, structural coefficient, or thickness ratio. The authors
wish to point out the fallacy of a single, unique structural
coefficient or thickness equivalency factor for any material.
Indeed, the factors are highly sensitive to the material char-
acteristics of the surrounding layers, the thickness of the
varjous layers, and the entire structural pavement inter-
action. However, it is reasonable to infer that the recycled
pavements, which have functioned successfully for as many
as 7 years and which maintain a stiffness comparable to, or
greater than, the conventional layer evaluated against, are
structurally as sound as conventional materials. Of course,
this must be verified by more thorough laboratory fatigue,
creep, and permanent deformation testing. Such character-
ization should be evaluated in both layered elastic and
viscoelastic structural pavement analyses.

FIELD CORE STUDY

The field core study was initiated to determine the
mechanical properties of field-recycled mixtures. These
data were used as input for determination of the AASHTO
structural coefficients. Comparisons of these data with
laboratory-molded and conventional field-produced mate-
rials were also made.
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Two cores were taken at each of nine locations for Min-
nesota, Iowa, Kansas, Nevada, and Utah. These cores were
obtained from 1,000 ft (305 m) of pavement section. Re-
silient modulus values were obtained at —13 F (—25.C),
32 F (0C), 68 F (20C), 77F (25C), and 104 F (40 C).

Before-and-After Recycling Comparisons

Cores from both the recycled section and the old pave-
ment prior to recycling were obtained from the Rye Grass
(Wash.), Abilene (Tex.) and Woodburn (Ore.) projects.
Material property comparisons between the after- and the
before-recycling cores are summarized in the following.

Rye Grass, Washington Project
Data obtained on this project indicate the following:

1. The resilient moduli at various temperatures are
slightly lower on recycling due, in part, to the addition of
a softener or asphalt cement modifier in this project. The
slope of the resilient modulus—temperature curve is about
the same for both the recycled and prior to recycling core
data, indicating similar temperature sensitivity.

2. Neither the recycled nor the before-recycled cores
were moisture susceptible based on resilient moduli tests.

3. Hveem stabilities were below 30 for both recycled
cores and before-recycling cores. The recycled cores have
a larger stability and are somewhat less sensitive to moisture
effects because they showed no appreciable stability loss
due to Lottman conditioning.

4. Marshall stabilities and flow showed little change due
to recycling. No moisture damage effects were detected in
the recycled cores by the Marshall test.

5. Indirect tension testing also revealed that the before-
and-after cores were not susceptible to moisture effects.

Abilene, Texas Project
Data obtained on this project indicate the following:

1. Resilient moduli of recycled materials and before-
recycled materials are very similar both in the magnitude
of the moduli and in the susceptibility of these moduli to
temperature at 77F (25C) and below. Significant dif-
ference exists at 100 F.

2. The recycled material was significantly more suscepti-
ble to moisture effects as measured by the change in re-
silient modulus than the unrecycled material. However,
this must be tempered by the fact that the recycled layer,
used as a base, was a combination of old AC surface and
old base material.

3. Marshall stabilities were considerably lower after re-
cycling. The stability values indicate that moisture damages
both the after and the before-recycled materials.

4. Hveem stability values of the recycled mixture are be-
Jlow 30. The stability values indicate that moisture damages
both the after- and the before-recycled materials.

5. Cores from the recycled pavement indicated a sig-
nificant susceptibility to water as measured by the indirect
tensile test.

6. Resilient modulus, Marshall stability, Hveem stability,
and indirect tensile test results indicate that the recycled
mixture is water susceptible.
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Woodburn, Oregon Project
Data obtained on this project indicate the following:

1. The resilient moduli at temperatures above —10F
(—23 C) are significantly higher after recycling. The slope
of the resilient modulus—temperature curve is nearly identi-
cal for both the recycled and the before-recycling core data.
These data indicate similar temperature susceptibility.

2. The percent loss in resilient modulus as measured by
the Schmidt test after Lottman water exposure is about
equal for both the after- and the before-recycled cores.

3. The Marshall stabilities after recycling increased by
35 percent. Stabilities of the recycled and unrecycled cores
were comparable after Lottman conditioning. Large Mar-
shall flows were experienced on Lottman-conditioned after-
recycling cores.

4. The Hveem stabilities remained about the same after
recycling as before recycling. However, the loss in Hveem
stability due to Lottman water exposure was lower for the
recycled cores than for the cores prior to recycling.

5. The indirect tension test showed a significant strength
increase for the recycled material. Although the strength
loss after Lottman conditioning was greater for the recycled
material, the absolute value of strength was greater than
that for the before-recycled cores. Tensile strain and
failure decreased upon recycling.

Laboratory and Field Compacted Property Comparisons
 Samples of loose mixtures were-obtdined~after recycling
from the Rye Grass, Abilene, and Woodburn projects.

These mixtures were compacted and subjected to a test
program. Results are summarized as follows:

1. The air void content of field-compacted cores of re-
cycled mixtures is typically larger than the laboratory-
- compacted field-mixed recycled materials. For example,
the air void content of the field cores from Rye Grass av-
eraged 5.1 percent, while laboratory-compacted samples
averaged about 1 percent. Comparisons for the Abilene
project are 10.4 percent versus 4 percent, and for the
Woodburn project 7.7 percent versus 2.8 percent.

2. Resilient modulus values measured at 77 F (25 C) for
field core samples are typically lower than the laboratory-
compacted field-mixed recycled materials. For example,
the resilient modulus of the field cores from Rye Grass
averaged 222,000 psi (1.54 X 10¢ kPa), while laboratory-
compacted samples averaged about 600,000 psi (4.14 X
10¢ kPa). Comparisons for the Abilene project are 438,000
psi (3.02 X 10¢ kPa) versus 996,000 psi (6.8 X 10¢ kPa);
and, for the Woodburn project, 375,000 psi (2.56 X 10¢
kPa) versus 875,000 psi (6.03 X 105 kPa). The resilient
modulus is dependent on air void content. High air void
content mixtures will normally have a lower resilient modu-
lus than identical mixtures with low air void contents.

3. Marshall and Hveem stability values for field core
samples are typically lower than those for the laboratory-
compacted field-mixed recycled materials. For example,
the Marshall and Hveem stabilities of the field cores from
Rye Grass averaged 1,183 and 29, respectively. Laboratory-
compacted samples averaged about 2,350 and 30, respec-
tively. Comparisons for the Abilene project for Marshall

and Hveem stabilities are 1,090 and 26 versus 2,400 and
20. Comparisons for the Woodburn project are 1,760 and
23 versus 2,660 and 40. Stability values are affected by the
air void content.

4, Tensile strength values for field core samples are
typically lower than the laboratory-compacted field-mixed
recycled materials. For example, the tensile strength of the
field cores from Abilene averaged 57 psi (393 kPa), while
laboratory-compacted samples averaged 183 psi (1,261
kPa). Comparisons for the Woodburn are 99 psi (682
kPa) versus 228 psi (1,571 kPa). Tensile strains at failure
are similar for.the laboratory- and the field-compacted
samples.

Comparison of Field Mixtures With and Without Modifier

The major portion of the Abilene project was recycled
without the addition of a low viscosity modifier. However,
a low viscosity modifier (below RA 5) was used on a por-
tion of the project. Loose mixture samples were obtained
after recycling and subjected to tests. Results are sum-
marized as follows:

1. The air void content of samples were 2.9 percent with
modifiers and 4.1 percent without modifiers.

2. Resilient modulus values measured at 77 F (25 C) for
samples containing a modifier were 454,000 psi (3.13 X 108
kPa) and 996,000 psi (6.87 X 10°¢ kPa) without a modifier.

3. Marshall stability values were 2,070 with a modifier

and 2,400 without a modifier. Flow values were nearly

identical.

4. Hveem stability values were 16 with a modifier and 20
without a modifier.

5. Tensile strengths were 130 psi (896 kPa) with a modi-
fier and 183 psi (1,262 kPa) without a modifier.

Comparisons of Asphaltic Concrete and Recycled Mixture

New asphaltic concrete and recycled asphaltic concrete
were placed in the same project on Interstate 8 near Gila
Bend, Ariz. Cores were obtained from this project and
subjected to a test program. Results are summarized as
follows:

1. Resilient modulus testing revealed a great similarity in
the magnitude and temperature susceptibility of resilient
modulus for the recycled cores and the conventional as-
phaltic concrete cores. Resilient modulus after Lottman
conditioning is lower for the conventional material. This
indicates a moisture susceptibility improvement due to
recycling.

2. Hveem stabilities prior to, and after, Lottman condi-
tioning were comparable for the conventional and recycled
materials.

3. Marshall stabilities were significantly higher for the
recycled material, and the effects of Lottman conditioning
were substantially less for the recycled material as mea-
sured by the Marshall stability.

4. The indirect tension data also reflected the superiority
of the recycled material in terms of water susceptibility.

Property Variation Within a Project

Samples of loose field-mixed recycled materials were ob-



tained from five locations within the Rye Grass project.
Twelve samples were molded at each location and subjected
to a test program. Results are summarized as follows. The
average resilient modulus, as measured on 12 molded sam-
ples from each location, is 560,000 psi (3.86 kPa), 593,000
psi (4.09 X 105 kPa); 515,000 psi” (3.55 X 10¢ kPa),
679,000 psi (4.68 X 10% kPa), and 729,000 psi (5.03 X
108 kPa). Marshall and Hveem stabilities and indirect ten-
sion tests were performed on three samples from each of
the five locations. The average Marshall stability values for
the five locations are 2,410, 2,340, 2,310, 2,530, and.2,470;
flow values are 20, 20, 21, 19, and 20. Hveem stability
values recorded for the five locations are 31, 26, 21, 29,
and 40. Tensile strengths were 184 psi (1,270 kPa), 184
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psi (1,270 kPa), 179 psi (1,230 kPa), 197 psi (1,360 kPa),
and 191 psi (1,320 kPa) for the five locations.

GENERAL CONCLUSIONS

‘The -foregoing review of the-literature and experimental
studies has provided theé background- information-necessary
to define recycling procedures, processes, and approaches.
Twenty-four alternatives have been identified for recycling
asphaltic concrete pavements. Eight alternatives have been
defined for recycling portland cement concrete pavement.
Detailed descriptions of these operations are contained in
Chapters Three and Four. Major advantages and dis-
advantages of surface, in-place, and central plant recycling
are given in Table 1.

TABLE 1
MAJOR ADVANTAGES AND DISADVANTAGES OF RECYCLING TECHNIQUES
Recycling Techniques Advantages Disadvantages
Surface ¢ Reduces frequency of reflection cracking

o Promotes bond between old pavement . ° hmtﬁ%mﬂm%mﬁﬂt
and thin overlay o Teater-scarification and heater-

e Provides a transition between new planing has Timited effectiveness
overlay and existing gutter, bridge, on rough pavement without multiple
pavement, etc. that is resistant to passes of equipment
raveling (eliminates feathering) ¢ Limited repair of severely flushed

e Reduces localized roughness due to or unstable pavements
compaction . e Some air quality problems

» Treats a variety of types of pavemen ¢ Vegetation close to roadway may be
distress (raveling, flushing, damaged
corrugations, rutting, oxidized pavement, é Mixtures with maximum size aggregates
faulting) at a reasonable initial cost greater than l-inch cannot be

o Improved skid resistance treated with some equipment

In-Place e Significant structural improvements ¢ Quality control not as good as

» Treats all types and degrees of central plant
pavement distress e Traffic disruption

e Reflectfon cracking can be eliminated e Pulverization equipment in need of

o Frost susceptibility may be improved frequent repair

¢ Improve skid resistance o Pavements cannot be rejected in place

Central o Significant structural improvements o Increased disruption

s Improved quality control e Potential air quality problems at

o Treats all types and degrees of plant site
pavement distress e Traffic disruption

e Reflection cracking can be eliminated

o Improve skid resistance

o Frost susceptibility may be improved

e Geometrics can be more easily altered

o Improved quality control if addition
binder and/or aggregates must be used

o Improve ride quality
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CHAPTER THREE

FINDINGS—GUIDELINES FOR RECYCLING

ASPHALT PAVEMENT

This chapter contains guidelines for recycling asphalt
pavements. Asphalt pavements are considered to be those
pavements surfaced with bituminous bound materials.
Composite pavements containing portland cement concrete
_ that have been overlaid with an asphalt pavement are con-

sidered in this chapter, unless the recycled material is to be
used as econocrete or portland cement concrete. Recycled
composite pavements used as econocrete or portland ce-
ment concrete are considered in Chapter Four.

Once the pavement engineer has determined that re-
cycling is a reasonable approach to rehabilitation he must
decide which recycling method is most suited for the par-
ticular project under consideration. The analysis techniques
described herein are guidelines for the engineer to follow
during this decision process. For convenience, the analysis
technique has been divided into two major sections. The
first section, Part A, is a preliminary analysis identifying the
few recycling methods that appear to be most suitable. The

- second.-section, .Part B,.is.a.more detailed analysis based on
laboratory and field data, cost and energy projections, and
results in a prioritized list of alternatives with appropriate
mixture and structural designs and construction specifica-
tions. The overall view of this preliminary analysis, which
results in a selection of recycling alternatives (Part A) is
shown in Figure 3.

PART A—SELECTION OF ALTERNATIVES

. This part of the report contains guidelines that allow the
engineer to select a few of the many recycling alternatives
available for a particular project. Twenty-four recycling
alternatives have been identified as feasible for recycling of
asphalt pavements. Table 2 gives the recycling alternatives
available. A brief definition of these alternatives follows.
Detailed descriptions of the methods are contained in
Part B of this chapter.

Definitions
Surface Recycling

Heater Planer Without Additional Aggregates (Al).
This operation involves the heating and ‘shearing or plan-
ing of the asphalt surface together with appropriate clean-
ing and traffic control operations. Multiple passes may be
necessary because a single pass is normally limited to %4 -in.
removal. '

Heater Planer with Additional Aggregates (A2). This
operation may or may not involve the heating and shearing
or planing of the asphalt surface prior to the even distri-
bution of a skid resistant aggregate. The skid resistant
aggregate is spread on the pavement surface at a rate of

approximately 1 cu yd of aggregate to 250 sq yd of pave-
ment surface area. Following aggregate distribution a heat-
ing unit is used to heat the aggregate and the existing pave-
ment surface to a depth sufficient to embed the aggregate.
The heating unit is immediately followed by compaction to
press the crushed rock chips into the heated surface.

Heater Scarify (A3). This operation involves the heat-
ing and scarification of an asphalt surface. The operatjon
may include the addition of asphalt and/or a modifier. A
number of variations are possible which are shown in
Figure 4. Scarification is usually limited to % in. to 1 in.
in a single pass.

Heater Scarify Plus Thin Overlay or Aggregate (A4).
This operation involves the scarification of an asphalt sur-
face followed by the addition of a skid resistant aggregate,
a slurry seal, a chip seal, or an asphaltic concrete mixture.
This operation may involve the mixing of the recycled as-
phaltic concrete with the new asphaltic concrete and/or
aggregate and/or recycling agent. A number of variations
are possibic which are shown in Figure 4. o

Heater Scarify Plus Thick Overlay (A5). This opera-
tion involves the scarification of an asphalt surface fol-
lowed by the addition of an asphaltic concrete mix. The
operation may involve the mixing of the recycled asphaltic
concrete with the new asphaltic concrete and/or aggregate
and/or recycling agent. A number of variations are possi-
ble which are shown in Figure 4.

Surface Milling (A6). This operation involves the re-
moval of the surface of a pavement by a hot milling, cold
milling, or cold planing machine. The depth of removal is
variable and may be as great as 4 in. in a single pass. The
millings or shavings are removed from the construction
site. '

Surface Milling Plus Thin Overlay (A7). This opera-
tion involves the removal of the surface of a pavement by
a hot milling, cold milling, or cold planing machine and the
addition of a slurry seal, chip seal, or asphaltic concrete
thin overlay material. The material used for the overlay
may be a new asphaltic concrete or a mixture prepared
from the millings or shavings.

Surface Milling Plus Thick Overlay (A8). This opera-
tion involves the removal of the surface of a pavement by
a hot milling, cold milling, or cold planing machine and the
addition of a thick overlay. The material used for the over-
lay may be new asphaltic concrete or a mixture prepared
from the millings or shavings.

In-Place Recycling

Minor Structural Improvement Without New Binder
(B1). This operation involves the cold planing or crush-
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Figure 3. Preliminary analysis and selection of most suitable alternatives.
TABLE 2 °
OPTIONS FOR BITUMINOUS PAVEMENT RECYCLING
Category Method Description Code
Heater Planer Without additional aggregate Al
With additional aggregate A2
g Heater scarify Heater scarify only A3
<
“g Heater scarify plus thin overlay or aggregate A4
wv
Heater scarify plus thick overlay AS
Surface milling Surface mil1ling only A6
or grinding Surface mi1ling plus thin overlay A7
Surface milling plus thick overlay A8
Asphalt concrete Minor structural improvement without new binder | B1
surface less than | Minor strctural improvement with binder B2
§ 5 inches Major structural improvement without new binder | B3
z Major structural improvement with new binder 84
Asphalt concrete Minor structural improvement without new binder | B85
surface greater Minor structural improvement with new binder B6
5 inches Major structural improvement without new binder | B7
Major structural improvement with new binder B8
Cold mix Minor structural improvement without new binder | Cl
N process Minor structural improvement with new binder c2
L
= Major structural improvement without new binder | C3
E Major structural improvement with new binder c4
=
3 Hot mix Minor structural improvement without new binder | CS
process Minor structural improvement with new binder cs
Major structura) improvement without new binder| C7
Major structural improvement with new binder c8
o |
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Figure 4. Recycling using heater planer and heater scarifier.

ing and pulverizing of old asphalt surfaced pavements (as-
phalt bound materials less than 5 in. thick) and recom-
bining with the existing base and/or subbase to form a
reconstituted layer. Pulverization of the thinner asphalt
pavements need not be preceded by ripping and breaking
and can be adequately accomplished by using a specialized
traveling pulverizer.

Minor Structural Improvement with New Binder (B2).
This operation involves the crushing and pulverizing of old
asphalt pavements (less than 5 in. thick), followed by ad-
dition of new binders and/or recycling agents and re-
combining with the existing base and/or subbase. Stabiliz-
ers such as lime, cement, asphalt, and fly ash may be used
to ameliorate or strengthen this reconstituted layer. Pul-

Chip Seal
: Sprinkle Compact
. Treatment
Sprinkle Compact
Treatment| .

verization of the thinner asphalt pavements need not be
preceded by ripping and breaking and can be adequaely
accomplished by using a specialized traveling pulverizer.
* Major Structural Improvement Without New Binder
(B3). This operation involves the crushing and pulveriz-
ing of old asphalt pavements (less than 5 in. thick) and
recombining with the existing base and/or subbase to form
a reconstituted layer. Pulverization of the thinner asphalt
pavement need not be preceded by ripping and breaking
and can be adequately accomplished by using a specialized
traveling pulverizer. Major structural improvement can be
gained by increasing the thickness of the reconstituted layer
or by means of an overlay.



Major Structural Improvement with New Binder (B4).
This operation involves the crushing and pulverizing of old
asphalt pavements (less than § in. thick) and adding new
binders and/or modifiers and recombining with the existing
base and/or subbase. Stabilizers such as lime, cement, as-
phalt, and fly ash may also be used to ameliorate or
strengthen the reconstituted layer. Pulverization of the
thinner asphalt pavement need not be preceded by ripping
and breaking and can be adequately accomplished by using
a specialized traveling pulverizer. Major structural im-
provement can be gained by increasing the thickness of the

reconstituted layer through stabilization or by means of an

overlay.

Minor Structural Improvement Without New Binder
(B5). This operation involves the crushing and pulveriza-
tion of old asphalt pavements (greater than 5 in. thick) and
recombining with the existing base or subbase to form a re-
constituted layer. Ripping and breaking of the thick pave-
ment prior to pulverization are normally required.

Minor Structural Improvement with New Binder (B6).
This operation involves the crushing of old asphalt pave-
ments (greater than 5 in. thick), adding new binders and/
or modifiers and recombining with the existing base and/or
subbase. Stabilizers such as lime, cement, asphalt, and fly
ash may be used to ameliorate or strengthen the reconsti-
tuted layer. Ripping and breaking of the thick pavement
prior to pulverization are normally required.

Major Structural Improvement Without New Binder
(B7). This operation involves the crushing and pulveriza-
tion of old asphalt pavements (greater than 5 in. thick) and
recombining with the existing base or subbase to form a
reconstituted layer. Ripping and breaking of the thick
pavement prior to pulverization are normally required.
Major structural improvement can be gained by increasing
the thickness of the reconstituted layer or by means of an
overlay.

Major Structural Improvement with New Binder (B8).
This operation involves the crushing of old asphalt pave-
ments (greater than 5 in. thick), adding new binders and/
or modifiers, and recombining with the existing base and/or
subbase. Stabilizers such as lime, cement, asphalt, and fly
ash may be used to ameliorate or strengthen this reconsti-
tuted layer. Ripping and breaking of the thick pavement
prior to pulverization are normally required.

Central Plant Recycling

Minor Structural Improvement Without New Binder
(CI1). This is a cold mix operation. The existing asphalt
pavement is ripped and broken at the job site. Crushing can
be performed on the job site, but most commonly the old
pavement material is hauled to the central plant and
crushed, screened, sized, and stockpiled. The sized ma-
terial is blended to provide the proper mixture.

Minor Structural Improvement with New Binder (C2).
This is a cold mix operation. The existing asphalt pave-
ment is ripped and broken at the job site. Crushing can be
performed on the job site, but most commonly the old
pavement material is hauled to the central plant and
crushed, screened, sized, and stockpiled. The material is
then blended with a stabilizer generally by using a pugmill
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as the primary mixer. Stabilizers such as lime, cement,
asphalt, and fly ash may be used to ameliorate or strengthen
the reconstituted material.

Major Structural Improvement Without New Binder
(C3). This is a cold mix operation. The existing asphalt
pavement is ripped and broken at the job site. Crushing
can be performed on the job site, but most commonly the
old pavement material is hauled to the central plant and
crushed, screened, sized, and stockpiled. Major structural
benefit is obtained by increasing the depth of the reconsti-
tuted layer or by means of an overlay.

Major Structural Improvement with New Binder (C4).
This is a cold mix operation. The existing asphalt pavement
is ripped and broken at the job site. Crushing can be per-
formed on the job site, but most commonly the old pave-
ment material is hauled to the central plant and crushed,
screened, sized, and stockpiled. The material is then
blended with a stabilizer generally by using a pugmill as the
primary mixer. Stabilizers such as lime, cement, asphalt,
and fly ash may be used to ameliorate or strengthen the
reconstituted material. Major structural benefit is obtained
by increasing the depth of the reconstituted layer or by
means of an overlay.

Minor Structural Improvement Without New Binder
(C5). This is a hot mix operation. The existing asphalt
pavement is ripped and broken at the job site. Crushing can
be performed on the job site, but most commonly the old
pavement material is hauled to the central plant and
crushed, screened, sized, and stockpiled. The recycled ma-
terial may or may not be blended with new aggregate prior
to heating and mixing. Direct flame, indirect flame, or
superheated aggregate hot recycling processes are used.

Minor Structural Improvement with New Binder (C6).
This is a hot mix operation. The existing asphalt pavement
is ripped and broken at the job site. Crushing can be per-
formed on the job site, but most commonly the old pave-
ment material is hauled to the central plant and crushed,
screened, sized, and stockpiled. The recycled material may
or may not be blended with new aggregate prior to heating
and mixing. The addition of asphalt and/or a recycling
agent is an integral part of the operation. Direct flame,
indirect flame, or superheated aggregate hot recycling proc-
esses are used.

Major Structural Improvement Without New Binder
(C7). This is a hot mix operation. The existing asphalt
pavement is ripped and broken at the job site. Crushing
can be performed on the job site, but most commonly the
old pavement material is hauled to the central plant and
crushed, screened, sized, and stockpiled. The recycled ‘
material may or may not be blended with new aggregate
prior to heating and mixing. Direct flame, indirect flame,
or superheated aggregate hot recycling processes are used.
Major structural benefit is obtained by increasing the depth
of the reconstituted - layer or by means of an overlay.

Major Structural Improvement with New Binder (C8).
This is a hot mix operation. The existing asphalt pavement
is ripped and broken at the job site. Crushing can be per-
formed on the job site, but most commonly the old pave-
ment material is hauled to the central plant and crushed,
screened, sized, and stockpiled. The recycled material may



18

or may not be blended with new aggregate prior to heating
and mixing. The addition of asphalt and/or a recycling
agent is an integral part of the operation. Direct flame,
indirect flame, or superheated aggregate hot recycling
processes are used.

From a review of the foregoing definitions it is apparent
that the type of equipment, degree of structural improve-
ment, the thickness of the existing asphalt bound material,
and the use of heat in the recycling process are key factors
used to define the recycling approaches. It is important that
the engineer be familiar with the recycling operations pre-
viously defined prior to reading the remainder of the guide-
lines.

Selection of Recycling Alternatives

If the engineer is to select the most appropriate recycling
alternative for a particular project, he must describe or
characterize the conditions of the existing facility. Aside
from historical facts and known conditions, the present
condition must be measured on some rational basis and
compared to standard criteria. Key factors that influence
the decision include the following: (1) surface conditions,
(2) structural conditions, (3) roughness, and (4) skid re-
sistance. These factors together with a summary of key
data describing the existing facility are discussed in the
following.

TABLE 3

SUMMARY OF EXISTING PAVEMENT
CONDITIONS

FEATURE VALUE COMMENT
Location

Size of Project (lane-miles)

Class of Roadway

Existing Pavement Cross Section
(Include date, thickness and
type of original pavement
layers; date, thickness and
type” of subsequent rehabili-
tation and maintenance
activities)

Geometrics

(Number of lanes, width,
vertical clearance, other
constraints)

Traffic Characteristics
ADT

Average daily eq. 18 kip
axle loads

Subgrade Characteristics

Surface Condition
{Pavement Rating Score, PRS)

Structural Condition
{Deflection, 0.001 inch
overlay required)

Roughness
{Serviceability lndex)

Skid Resistance
(SNgg)

Other Factors

{Distance to agyrcyate and
hinder source, available
equipment and contractor
experience)

Existing Facility

Particular data are required to describe adequately the
existing facility for the purposes of rehabilitation decision-
making. These factors are summarized in Table 3 in a form
for easy reference. Specific items noted are as follows:
(1) location and size of project, (2) roadway class, (3)
existing pavement cross section, (4) geometrics, (5) traffic,
and (6) subgrade characteristics. The contribution of the
factors, in terms of a selection process for recycling, are
briefly described next.

Location and Size of Project. The location and size of
a project may be such that only certain techniques would
be cost effective. For example, projects located in remote
areas will have to be large in size to justify the transporta-
tion of the equipment associated with central plant re-
cycling. In-place recycling is a cost effective approach for
pavement rehabilitation in remote areas where small proj-
ects with low traffic volumes are under consideration.

Roadway Class. Generally, the roadways can be classed
in broad categories as: Interstate and Urban Freeway,
Rural Primary (U.S. and state signed routes), Rural Sec-
ondary (farm and ranch-to-market, park roads, etc.), and
Urban Streets (arterial, collector, local). Roadway class
dictates criteria for determining the need for pavement re-
habilitation as well as general criteria for selection of an
appropriate recycling alternative.

Existing Pavement Cross Section. The date of original
construction together with a listing of the thickness and
types of materials used will be important in judging the
general serviceability of the pavement. Subsequent history
of rehabilitation and maintenance activities, such as seal
coats, overlays, patching, crack sealing, etc., will influence
the determination of a viable recycling alternative. Thick-
ness of each layer of different material, as well as the type
of material and its condition, should be obtained from
project records. Reliance on memory for the information
is often risky. A few carefully located core samples will
provide confidence in the information.

The type or nature of the existing materials will influence
the recycling method selected for a given project. If the
bound materials, such as multilayers of seal coats and over-
lays are variable, both vertically and horizontally, it may be
difficult to make a uniform recycled mixture without add-
ing large quantities of aggregate and/or binder to dilute
these undesirables. Asphalt modifiers and/or additional as-
phalt may also be needed. If the structural strength of the
pavement must be increased, several options exist that in-
clude removing the pavement materials and stabilizing the
subgrade before remixing and replacing the pavement, or
using all existing pavement materials stabilized as a base
course and then overlaying. _

Geometrics. The geometric features of a roadway, such
as horizontal and vertical alignment, are often constraints
to conventional rehabilitation techniques such as asphalt
overlays. For example, the drainage line at curbs and gut-
ters can not be altered without considerable expense. There-
fore, an overlay must be constructed at the appropriate
thickness in the driving lanes and then tapered to near zero
thickness at the gutter. Multiple overlays can cause havoc,



resulting in excessively high crowns at the centerline and
steep cross slopes. Other features such as drainage inlets
and manholes also cause problems of a similar nature. Re-
cycling of existing pavement materials offers a solution to
some of these problems.

Vertical clearance for trucks and other special vehicles at
bridges and overhead signals and signs is often critical and
can not be reduced as would be the case if overlays were
used. Recycling offers a further benefit here.

On multilane highways, the truck or travel lane often
deteriorates before the passing lane. Overlaying only one
of the lanes would be impractical, but recycling of that lane
alone or to strengthen it before adding a general overlay
would provide a more acceptable solution. Similarly, super-
elevation could be preserved or altered as needed without
disturbing adjacent lanes.

Changing the horizontal alignment or adding new fea-
tures, such as shoulder widening or a new shoulder and lane
widening or a new lane, may also be opportunities to use
recycling techniques. Often, these features may not need
the full design strength of adjoining lanes and could be
stabilized in-place, or the existing aggregate base could be
used to make asphaltic concrete without the need for new
materials or for wasting existing materials.

Traffic Characteristics. The speed and volume of traffic,
to a large extent, determine the traffic control problems as-
sociated with pavement rehabilitation activities. The use of
recyelling on high traftic volume urban facilities should be
geared toward those activities that can provide low road-
way occupancy time, can be performed with single lane
blockage, and can use materials with rapid strength gain
after placement.

The volume and axle weight distribution of traffic are
important from a pavement design standpoint. For pave-
ment design purposes, traffic should be converted to average
daily equivalent 18,000-1b axle-load repetitions that are rep-
resentative for the design period. It is suggested that the
AASHTO procedures be used for this conversion.

Subgrade Characteristics. Pavement failures due to fac-
tors outside the pavement layers often need to be consid-
ered. For example, a subgrade that contains a swelling clay
may need to be improved before recycling the pavement
materials would be effective. Another environmentally in-
fluenced problem related to volume change is frost heave.
For both of these problems, recycling may offer a reason-
able solution in that the pavement materials would need to
be removed in any event in order to remove or improve the
poor subgrade. While removing the materials, they could
be reprocessed and replaced after the subgrade has been
prepared. (See App. K for further details.)

In summary, all known information about the pavement
materials and background needs to be summarized and
used in the decision process. Surprises at the time of con-
struction can be avoided usually. by proper testing, evalua-
tion, planning, and design.

Surface Condition

Each potential recycling project should be surveyed for
surface defects that can be used not only to assess the cause
of distress but perhaps to also suggest corrective action.
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Several agencies have devised methods to estimate pave-
ment distress and one such approach is discussed in Ap-
pendix A, Volume 3, of the agency’s report (see App. K
for further information). Once the survey is made, the re-
sults can be summarized and entered on the first line of
Table 4. This table has all the usual types of distress dis-
played across the top and major recycling alternatives listed
along the left margin. In order to use this table, the engi-
neer should systematically look at each distress marked on
the first line and estimate which recycling methods would
correct that distress, and indicate this assessment by plac-
ing a check mark in the appropriate box. Note that a num-
ber of boxes are shaded; this indicates that these recycling
options would not be appropriate. For example, a pave-
ment with severe alligator cracking over 30 percent of the
area would not be improved by using a heater planer (Al)
alone. Similarly, other surface methods would not be ap-
plicable unless a thick overlay followed the operation. Fur-
ther, one can note on Table 4 that some methods of in-
place recycling and central plant recycling would also not
be particularly beneficial for certain types of distress.

Once the viable recycling alternatives for improving sur-
face condition are identified, they can be summarized in
Table 7.

Structural Condition

‘Lhe structural adequacy or structural condition of the
roadway under consideration is determined by the thick-
ness of the overlay required. Overlay requirements should
be determined by an appropriate deflection-based proce-
dure (see App. K). Certain recycling alternatives defined
in this report can be eliminated, depending on the thick-
ness of the overlay required (Table 5). For example, if the
overlay required is greater than 2 in., only those recycling
alternatives providing a major structural improvement
would be considered adequate (A5, A8, B3, B7, C3, and
C8). For overlay requirements less than 2 in., those re-
cycling alternatives providing minor structural improve-
ments are suggested for use (Table 5). Those recycling
alternatives identified as appropriate for improving the
pavement from a structural adequacy standpoint should be
entered in Table 7.

Roughness

The smoothness of ride may be a deciding factor for
rehabilitation of many roadways. Occasionally, a rough
surface may be the only significant problem and surface
recycling would be the solution. If a pavement is rough,
but also has other deficiencies that require more extensive
reworking, the roughness should be taken care of auto-
matically in that operation. Therefore, the need for surface
recycling based on ride measurements (serviceability in-
dex, SI) can be estimated as noted in Table 6. As in pre-
vious discussion, some methods would not be appropriate
and have been blocked out. For example, it is not recom-
mended that very rough primary highway (SI less than 2.4)
be surface recycled without an appropriate overlay (meth-
ods Al, A2, A3, A4, and A6). Those methods that are
considered appropriate should be noted on Table 6 and the
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TABLE 5

SELECTION OF RECYCLING TECHNIQUES TO IMPROVE STRUCTURAL
STRENGTH BASED ON PAVEMENT DEFLECTION

Recycling Methods Thickness of Required
Overlay
None |Less Than| Greater
2 inches | Than
2 inches

Heater Planer Al | Without additional aggregate

A2 |With additional aggregate
Heater scarify | A3 |Heater scarify only

A4 | Heater scarify plus thin overlay or aqgregate

AS | Heater scarify plus thick overlay
Surface miiling| A6 | Surface milling only
or grinding A7 |Surface milling plus thin overlay

A8 | Surface milling plus thick overlay
Asphalt Bl |Minor structural improvement without new binder
concrete B2 |Minor structural improvement with new binder
surface less 83 |Major structural improvement without new binder
than S -inches 84 |Major structural improvement with new binder
Asphalt B5 |Minor structural improvement without new binder
concrete 86 |Minor structural improvement with new binder
surface greater| B7 |Major structural improvement without rew binder
than S inches B3 |Major structural improvement with new binder
Cold mix Cl! |Minor structural improvement without new binder
process €2 |Minor structural improvement with new binder

C3 |Major structural imorovement without new binder

C4 [Major structural improvement with new binder
Hot mix CS |Minor structural improvement without new binder
process C6 |Minor structural improvement with new binder

C7 |Major structural improvement without new binder

¢8 |Major structural improvement with new binder

TABLE 6

SELECTION OF SURFACE RECYCLING TECHNIQUES BASED

ON ROAD ROUGHNESS

Type of Interstate frimary Secondary Urban Streets
Facility Urban Freeway
o | o | o | o |
o o o e N |ed o e
sBRIE BRI | aRER | 2R
Serviceablllty P PN PN Tl | + [ R +|leajeaf
Index
Recycling
Methods

Heater Planer Without Additional Aggregate Al

Heater Planer Hith Additional Aggreqate A2
Heater Scarify Al
Heater Scarify and Thin Overlay A4
Heater Scarlfy and Thick Overlay AS
Surface Mitling A6
Surface MI11ing and Thin Overlay A7
Surface Milting and Thick Overlay AB
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results summarized in Table 7. (See App. K for further
details.)

Skid Resistance

Many pavements may perform adequately from a struc-
tural standpoint, but simply be deficient in skid resistance
because of excess asphalt cement or perhaps because of
polishing aggregate. As part of the overall pavement test-
ing scheme, skid resistance can be measured by using any
one of several test methods, but preferably by the so-called
ASTM skid trailer (App. K). It is noted that all recycling
methods are appropriate for improving skid resistance with
the possible exception of the heater planer without addi-
tional aggregate (A1) or heater scarifier only (A3). The
acceptable recycling methods to improve skid resistance
should be entered in Table 7.

Steps in Determining Preliminary Recycling Alternatives

As discussed earlier, the goal in this chapter is to select
several reasonable viable alternatives to recycle asphalt
pavements. Referring to Figure 3, one can note that after
all preliminary information is collected, the potentially suc-
cessful approaches can be analyzed with respect to cost and
energy savings and the most viable survivors determined.
The steps required to reach these conclusions are sum-
marized as follows:

i. List available information on existing roadway ("l'able
3).
2. Test existing pavement:

a. Surface condition (Table 4)
b. Structural condition (Table 5)
¢. Roughness (Table 6)

d. Skid resistance (App. K)

3. Evaluate other decision factors unique to the par-
ticular project.

4. Make preliminary cost analysis of remaining options
and rank accordingly (Table 8).

5. Consider alternatives that appear most viable and
continue evaluation (Chap. Three, Part B).

PART B—DETAILED ANALYSIS AND DESIGN

" This part of the report will provide guidance and an out-
line for making a detailed analysis of a recycling approach.
Cost, energy, mixture design, structural design, construc-
tion specifications, and quality control requirements are in-
cluded for surface, in-plate, and central plant recycling.
Use of this part will allow the engineer to prioritize the pre-
liminary recycling alternatives selected earlier in this chap-
ter under Part A.

Surface Recycling

As discussed in Part A, surface recycling techniques are
different from the other broad categories of recycling in
that they rework the surface of a pavement to a depth of
approximately 1 in. (unless multiple passes are made).
Heater-planing and heater-scarification equipment have sin-
gle pass capabilities of the order of % in., whereas certain

cold-milling machines can remove up to 5 in. in a single
pass. Therefore, to repair. rough riding roads or severely
rutted roads, multiple passes will have to be made with
certain types of equipment. Significant increases in the load
carrying ability of the roadway are not possible without the
addition of an overlay or rebinding the pulverized material
in an in-place recycling operation.

Equipment and methods, application of surface recycling
techniques, mixture design, structural design, construction
specifications, and quality control guidelines are presented
in the following. -

Equipment and Methods

Surface recycling equipment, first developed in the
1930°s, can be categorized into five basic types of equip-
ment: (1) heater planers, (2) heater scarifiers, (3) hot
millers, (4) cold planers, and (5) cold millers. The re-
cycling techniques that have been developed for the use of
this equipment are items Al to A8 as identified in this
chapter under Part A. More detailed descriptions of these
operations follow.

Heater Planer (A1, A2). The heater-planer operation
consists of a mobile heating unit followed by a planing de-
vice. The heating and planing devices may be contained
in one mobile unit, such as that shown in Figure 5(a), or
may be two pieces of equipment. Auxiliary clean-up equip-
ment is also required.

Heatser-planer operations using additional aggregates have
a sequence of operations such as that shown in Figure 5(b).
The operation consists of separate mobile units for heating
and planing the pavement followed by aggregate distribu-
tion, heating, and rolling. Auxiliary clean-up equipment is
also required. The application of aggregate followed by

_heating and rolling without a planing operation can pro-

vide a skid resistant surface under certain conditions.

Heater Scarification (A3, A4, AS5). The wide variety of
heater-scarification operations, with and without overlay,
are shown in Figure 4. Three typical operations using ad-
ditional asphalt and/or recycling agent and an asphaltic
concrete overlay are shown in Figure 6. As noted, single
pass units are available to heat, scarify, and add new as-
phalt and/or modifier and new asphaltic concrete.

In most instances the heater-scarification—overlay pro-
cedure may be diagrammed as follows: (1) A large, mo-
bile combustion chamber is used to heat the pavement tc
soften the asphalt binder. (2) Closely spaced scarifier teeth
are then used to plow continuous shallow furrows in the
softened materials. (3) The pavement is recompacted.
(4) A liquid recycling agent is applied to the recompacted
pavement surface. (5) An asphalt overlay is placed.
(6) The overlay is compacted to firmly bond the new
overlay to the older pavement structure.

Frequently, there is delay of several days between steps 4
and 5. Also, there is an alternative procedure in which
step 3 is omitted. This alternative procedure has an advan-
tage in that omission of recompaction after scarification
means that the pavement is in a roughened and hot condi-
tion when the overlay is placed. This further ensures a
tight bond between the existing pavement and the overlay.

Surface Milling and Grinding (A6, A7, A8). Surface
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TABLE 7
SUMMARY OF PRELIMINARY RECYCLING ALTERNATIVES
el §|m 3
=3 - v [
Y - - ¥ <
b o w = -
Recycling Methods 23 2| E |2
= C - g‘ - A
28 &|& |
Heater Planer Without additional aggregate , Al
With additional aggregate A2
@ | Heater scarify Heater scarify only A3
~E Heater scarify plus thin overlay or aggregate Ad
a Heater scarify plus thick overlay AS
Surface milling Surface milling only A6
or grinding Surface milling plus thin overlay A7
Surface milling plus thick overlay A8
Asphalt concrete Minor structyral improvement without new binder 81
surface less than | Minor structural improvement with new binder 82
" 5 inches Major structural improvement without new binder 83
E Major structural improvement with new binder 84
[- S
& | Asphalt concrete Minor structural improvement without new binder B8S
surface greater Minor structural improvement with new binder 86
than S inches Major structural improvement without new binder 87 \
Major structural improvement with new binder a8
Culd mix Minor structura) improvement without new binder ()
E process Minar structural improvement with new dinder c2
- Major structural improvement without new binder. c3
= Major structural improvement with new binder ca
-t
§- Hot mix Minor structural {mprovement without new dinder (S
process Minor structural improvement with new binder cé
Major structural improvement without new binder c7
Major structural improvement with new binder ca

milling and grinding equipment is capable of removing
pavement to a depth greater than 1-in. Thus this type of
equipment can be used to provide pulverized material for
in-place and central plant recycling operations as well as for
surface recycling. Equipment is available that can mill to
a depth of about 5-in. in widths from a few inches to 12 ft.
Some of the units heat the pavement prior to milling, while
most cold mill or plane the pavement. Asphalt overlays
can be added after the milling operations.

The guidelines established earlier under Part A have indi-
cated that surface recycling techniques without the addition
of an overlay offer little increase in the load carrying ability
of the pavement. In fact, if a substantial portion of the
pavement is removed, a decrease in load carrying ability
will result.

Application of Surface Recycling Techniques

Heater-planer techniques are best suited for (1) removal
of localized instability problems; (2) correction of slight
and, perhaps, moderate rutting problems; (3) corrections
of bleeding surfaces where additional aggregates can be
used; (4) removal of localized severe surface undulations
caused by swelling clays, frost heave, etc.; and (5) removal
of asphalt mixture prior to overlays along gutters, at bridge
approaches, and at other areas where a feathered edge of
asphaltic concrete is likely to abrade.

Heater-scarification techniques are best suited for (1) re-
moval of localized instability and skid problems provided
additional aggregate is used; (2) correction of slight and,
perhaps, moderate rutting problems; (3) temporary sealing
and rejuvenation of raveled and/or oxidized pavements
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HEATER

NEW AGGREGATE
b. HEATER-PLANER OPERATION WITH THE ADDITION OF NEW AGGREGATE.

PLANER

a. SINGLE UNIT HEATER-PLANER OPERATI(CN.

Qo:nfcnou OF TRAVEL |
CDJRECTION OF TRAVEL.)

Figure 5. Heater-planer operations.

HEATER

with and without transverse and longitudinal cracks (re-
duces rate of reflection cracking); and (4) establishing a
strong bond between an old pavement and a new asphaltic

concrete overlay. Evidence exists that a properly heater-
scarified and modified pavement will act as a stress reliev-
ing interface between an old pavement and new overlay.
However, experience does not show that a heater-scarified
pavement will increase the load carrying ability of the
pavement.

Surface milling operations are best suited for (1) re-
moval of instability problems, (2) correction of certain
types of skid problems including bleeding, cross slopes, and
macrotexture; (3) removal of surface undulations caused
by swelling clays, frost heave, etc.; (4) removal of asphaltic
concrete and portland cement concrete prior to overlay
along gutters, at bridge approaches, and at other areas
where weathered edge of asphaltic concrete is likely to
abrade; and (5) promotion of bond between an old pave-
ment and a new overlay and for general removal for central
plant recycling. )

Mixture Design

The design of mixtures associated with surface recycling
techniques is limited by the nature of the operation. Heater-
planer and heater-scarification operations may use addi-
tional aggregates sprinkled on the surface to provide skid
resistance. These aggregates should be subjected to stan-
dard aggregate tests and a test to ensure that the aggregate
will not polish under the action of the imposed traffic. (See
App. K.)

Heater-scarification operations should be carefully eval-
uated to ensure that the mixfure producéd from this opera-
tion has the properties desired. During the evaluation of
each heater-scarification job, several questions should be
answered: Should additional aggregate be used? Should
additional asphalt be used? Should a recycling agent be
used? Should additional asphaltic concrete be added? The
answers to these questions normally can be determined
only by a detailed laboratory testing program. Samples of
the asphalt surface prior to recycling should be obtained

- and subjected to a series of tests as outlined in Appendix A.

If the asphalt needs to be softened, an asphalt and/or re-
cycling agent may have to be added. If stability is a prob-
lem or if the amount of additional asphalt or recycling
agent required is excessive, additional aggregate may have
to be added. -

The question of adding additional asphaltic concrete is
one based on the amount of load carrying ability that must
be achieved and the amount of additional mixture that will
be necessary to provide a smooth riding surface. The addi-
tional asphaltic concrete may also improve the stability
and/or other desirable properties of the heater-scarified
pavement. When additional asphaltic concrete is used,
standard mix design procedures are suggested for use that
are outlined in Appendix A. .

Surface milling and grinding operations do not require
mix design considerations unless an asphaltic concrete over-
lay is to be used or the millings are to be reused. Standard
mix design methods should be used for the asphaltic con-
crete overlay and designs in Appendixes A, B, and C
should be used for mixtures containing the millings.
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PAVER ROLLER

0. PROCEDURE UTILIZING ROLLING PRIOR TO DISTRIBUTION OF ASPHALT AND/OR MODIFIER,

HEATER-SCARIFIER

T 0|, ikt O

DISTRIBUTOR TRUCK

PAVER ROLLER

b. PROCEDURE WITHOUT ROLLING PRIOR TO DISTRIBUTION OF ASPHALT AND/OR MODIFIER.

SINGLE PASS UNIT

ROLLER

c. PROCEDURE UTILIZING SINGLE UNIT TO HEAT, SCARIFY, ADD ADDITIONAL ASPHALT AND/OR

MODIFIER AND NEW ASPHALT CONCRETE.

Figure 6. Heater-scarification operations.

-Structural Design

Structural design considerations associated with surface
recycling are limited to the thickness of overlay required to
prevent failure due to traffic and reflection cracking. A
satisfactory design method has not been developed to con-
sider reflection cracking. However, evidence exists in the
southwest that illustrates the advantage of using heater
scarification prior to overlays to delay the occurrence of
reflection cracking. Up to 6 years of satisfactory perform-
ance have been obtained with % -in. depth of heater scari-
fication followed by a thin overlay of asphaltic concrete.

Economics and Energy

The costs associated with surface recycling operations are
given in Tables F-1 and F-2. Detailed cost information of
materials used in various operations (Fig. 4) associated
with surface recycling are also included in Appendix F.

The energy associated with suﬁface recycling operations
is included in Appendix G. Little data have been devel-
oped to date to define the energy data consumption for the
various recycling operations; however, sufficient data do
exist in Appendix G to calculate lrepresemative energy re-
quirements for each of the surface recycling options shown
in Figure 4. i

|

Costs and energy comparisons should be made on a life-
cycle basis. A 20- to 30-year period is suggested for the
analysis period. Details of the methodology involved in
this analysis are given in Appendix J.

Construction Specifications

Specifications for heater-planing, heater-scarification, and
heater remixing operations are included in Appendix H.
Specifications for asphaltic concrete used with these tech-
niques should be those commonly used by the contracting
agency.

Quality Control

Methods of testing for quality control purposes are cov-
ered in Appendix I, or methods commonly used by the
contracting agency can be substituted.

In-Place Recycling

As discussed earlier in Part A, in-place recycling tech-
niques are different from the other broad categories of re-
cycling in that all construction operations are performed
on-grade ‘or in-place. Additional aggregate, stabilizing
binder, and/or a recycling agent may be added to the pul-
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verized old pavement material prior to reshaping and com-
paction. These characteristic construction operations create
some quality control problems.

Equipment and methods, application of in-place re-
cycling techniques, mixture design, structural design, con-
.struction specifications, and quality control guidelines are
presented in the following. :

Equipment and Methods

Many agencies have recycled existing unstabilized bases
together with their surfaces without the addition of a sta-
bilizer. Recently, equipment has become available to pul-
verize stabilized bases and surfaces and to use the re-
processed material with a binder such as lime, cement, or
asphalt for a quality base course material. .

The types of equipment used for in-place recycling are
very similar to that used for on-grade stabilization with
lime, cement, or asphalt. In general, the only specialized
equipment is that used to properly size bound materials
prior to restabilization. Specially designed pulverizers,
hammer mills, or cold-milling machines have been devel-
oped for this purpose. The pulverizers and hammer mills
that are presently used require more power and more wear
resistant parts than are presently available on soil stabiliza-
tion equipment.

The recycling techniques that have been identified for the
use of this equipment are items Bl to B8 as identified
earlier in this chapter under Part A. Basic differences in
these techniques are: (1) the thickness of the stabilized
material to be recycled, the use of a new binder, and the
degree of structural improvement.”

The basic sequence of operations for in-place surface
and base stabilization are shown in Figure 7. As noted, the

initial separation of techniques is based on the thickness of
the surface course (thickness of stabilized material). When
the thickness of the stabilized matcrial is about 5 in. or less,
pulverization can be performed without a ripping and
breaking operation. Recycling methods B1, B2, B3, and
B4 are approximates for pavements with 5 in. or less of
stabilized materials; while methods BS, B6, B7, and B8 are
approximates for pavements with 5 in. or more of stabilized
surfacing materials.

The second separation of in-place recycling techniques
shown in Figure 7 is based on the use of stabilizing agents.
Recycling methods B2, B4, B6, and B8 use a binder such
as lime, cement, or asphalt.

Two typical in-place recycling operations are shown in
Figures 8 and 9. The operations are those required when
the existing asphalt stabilized surface material is greater
than S in., and a preliminary ripping and breaking opera-
tion is required prior to pulverization. The type and thick-
ness of the new wearing course will depend on the struc-
tural capacity required by traffic.

The sequence of operations shown in Figure 9 is for a
situation where both a modifier and additional asphalt ma-
terial is to be added to the pulverized material. In general,
it is preferable to add the modifier prior to addition of the
existing binder. If cement and/or lime is to be used as the
new binder, steps 5, 6, and 7 of the sequence are replaced
with a step to apply the cement or lime.

Application of In-Place Recycling T'echnigues

There are several advantages of in-place processing.
Equipment required for the process is minimal and process-
ing in-place affords the opportunity to correct structural
and material problems quickly and, therefore, without pro-

Add and Mix
Siabilizing Agent,
Lime, Cement, Aspholt
or Other Chemicols

Figure 7. In-place surface and base recycling operations.

Pulverize Povement
ond Base Moterial Fine Grode Tack or Prime
{Asphall Concrele and and Ploce Swiace
Surloce Less Thon Compoct Course os Required
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Constructlion .
Area Windrow Windrow| | Pulverize Recompact
Materiol Materiol to Grealer Subgrade or
Depth Sub-base
[ TYock or Prime and
= - - Place Surflace
Rip ond Break Up Pulverize Add and Mix Fine Grade Course os Required,
{Asphalt Concrele Pavemenl Stabilizing Agents, and Moke Final Adjust-
Surfaces Greater and Base Lime, Cement, Aspholt Compac) meats o Manholes
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RIP AND BREAK

EXISTING PAVEMENT PAVEMENT

BT

PULVERIZE EXISTING

WINDROW EXISTING
AND/OR NEW
BASE AGGREGATE

WINDROW EXISTING
ASPHALT BOUND
SURFACE

MIX EXISTING ASPHALT BOUND

MATERIAL WITH AGGREGATE BASE BASE TO

SPREAD UPGRADED

APPLY NEW WEARING
SURFACE

COMPACT BASE

SPECIFIED

THICKNESS
Figure 8. Typical in-place recycling operation without restabilization.

RIP AND BREAK

EXISTING PAVEMENT PAVEMENT

5

APPLY MODIFIER TO
WINOROWED ASPHALT
BOUND MATERIALS

MIX MODIFIED
ASPHALT BOUND MATERIAL
WITH EXISTING AND/OR
NEW BASE AGGREGATE

MATERIAL

78 [l

O A0,

PULVERIZE EXISTING

WINDROW EXISTING
ASPHALT BOUND MATERIAL

WINDROW EXIS'IING

AGGREGATE BASE AND/OR
NEW AGGREGATE
BASE MATERIAL

(

b il

@-n-:@;v"’.'.:@f

MiX ADDITIONAL BINDER

APPLY ADDITIONAL
ASPHALT

(o)

SPREAD UPGRADED BASE TO
SPECIFIED THICKNESS.

COMPACT, SEAL AND CURE

(©)

APPLY WE ARING
SURFACE

Figure 9. Typical in-place recycling operation with modifier agent and additional binder.

longed disruption of traffic. Where an existing asphaltic
concrete course is pulverized and mixed together with the
existing aggregate base, the residual asphalt acts as an ex-
cellent binder to help make the recycled base waterproof
and less frost susceptible. The addition of new binder or
chemical stabilizer, such as lime or cement, may further

up-grade the recycled base’ by reducing swell potential
where active clays are present in the base, by reducing
freeze-thaw potential, by waterproofing the base aggregate,
and/or by increasing the load-carrying capacity of the
pavement structure.
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With an increased load-carrying capacity in the base
course, the pavement structure may be constructed thinner.
A thinner pavement structure could mean less total ma-
terials required and, therefore, a savings of “virgin,” select
materials. Another advantage is that any material gen-
erated as waste due to grade requirement of the new surface
course can be sold or stockpiled for future use.

Generally the equipment required for in-place recycling
is of the basic road building type and is, therefore, avail-
able at almost any location. Furthermore, because in-place
recycling is quite versatile in terms of the equipment re-
quired and the construction sequence, the engineer can
tailor the operation to handle any peculiarities of the proj-
ect. Inasmuch as the equipment required is widely used,
equipment operators are readily available.

The binders most widely used to upgrade the existing
base aggregate (i.e., liquid asphalt, lime, cement, and fly
ash) are usually acquired economically. In addition, the
agencies associated with these: products (The Asphalt In-
stitute,.the National Lime Association, the Portland Cement
Association) provide detailed construction procedures and
suggestions for optimizing the benefits from the use of
these binders.

The ultimate decision as to the application of in-place
recycling is based on a total evaluation considering user
utility, structural requirements, energy expenditures, and
cost.

Construction Procedures

For detailed construction procedures for use of lime,
cement, or bituminous stabilizer, refer to Appendix H.

Mixture Design

The mixture design process for in-place recycling re-
quires the determination of both the type and amount of
stabilizer to be used. If asphalt is to be the stabilizer, the
engineer should consult Appendix A to deterniine the need
for a recycling agent and/or the quantity of bituminous
material. Guidelines for selecting stabilizers other than as-
phalt (such as lime and portland cement) are given else-
where (see App. K for further details).

Structural Design

The AASHO Interim Guide, 1972, procedure for pave-
ment structural design is suggested for use because layer
coefficients, a, for in-place, upgraded materials either are
published in the Guide or can be obtained from other
agencies that have employed these guides for design (i.e.,
the Forest Service) (see App. D). Layer coefficients for
selected recycled materials have been developed as a part
of this NCHRP project and are also given in Appendix D.

Economics and Energy

The costs associated with in-place recycling are given in
Tables F-1 and F-2. Energy data may be obtained from
Appendix G.

Costs and energy comparisons should be made on a life-
cycle basis. A 20- to 30-year period is suggested for the

analysis period. Details of the methodology involved in this
analysis are given in Appendix J.

Construction Specifications

Appendix H contains specifications for in-place recycling
of existing asphalt courses with existing base and/or sub-
base (lime stabilization, cement stabilization, and asphalt
stabilization).

Quality Control

Methods of testing for quality control puropses are cov-
ered in Appendix 1, or methods commonly used by the con-
tracting agencies can be substituted.

Central Plant Recycling

As previously discussed in Part A, central plant recycling
techniques are different from the other methods of re-
cycling in that the material is removed from the roadway
and mixed either cold or hot at a central location. Addi-
tional asphalt, recycling agents, cement, lime, aggregate, or
other materials may be added at the plant to enhance the
overall properties. These recycling operations, although
maintaining good quality control, are often costly.

Equipment and methods, application of central plant re-
cycling techniques, mixture design, structural design, con-
struction specifications, and quality control guidelines are
discussed in the following.

Equipment and Methods

Recycling of asphalt pavements using central plants is
not a new concept. Recycling plants utilizing heat were in
existence in 1915, and large tonnages of rccycled materials
were produced in the Pittsburgh area in the 1950’s and
1960’s. A widespread rebirth of central plant recycling
occurred in 1973 because of the rapid increase in the price
of asphalt cement and increased costs of other construction
materials and equipment. This increased interest has led to
the development of new techniques for heating and reusing
materials, as well as of new concepts for pavement removal
and sizing. Techniques developed are shown in Figure 10.

Pavement Removal and Sizing Operations. Two ap-
proaches have been used to size the material prior to re-
cycling in a central plant. The pavement can be reduced
in size'in-place and then hauled to the central plant, or the
pavement can be removed from the site and crushed at the
central plant. In-place or on-grade removal and sizing can
be performed with equipment normally associated with
surface and in-place recycling—specifically, hot- and cold-
milling machines, heater-planing equipment, and on-grade
pulverizers.

Central plant sizing can be performed with conventional
fixed and portable crushing and screening equipment. The
pavement is normally ripped and broken up prior to loading
in a size suitable to be received by the primary crusher. In
some instances it is economical to use grid rollers and other
types of construction equipment to produce a suitably sized
material on the roadway prior to hauling to the central
plant. Jaw and roll crushers have proven to be satisfactory.
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Central Plant Equip)-nenl. Equipment to centrally hot
process the recycled material is available and for conve-
nience can be separated into at least three general categories
(Fig. 10) : direct flame heating, indirect flame heating, and
superheated aggregate. The concepts of superheated ag-
gregate and direct flame overlap in several existing methods
are discussed next.

Direct flame heating is typically performed with a drum
mixer wherein all materials are mixed simultaneously in a
revolving drum with a flame at one end. The standard
drum mixer plant, as shown in Figure 11, has been used
on several experimental jobs. Problems with air quality
have led to several modifications, such as the addition of
heat shields, split feeds, and the like.

The use of the drum mixer with a heat dispersion shield
has been developed (Fig. 12). The heat shield and addi-
tional cooling air are used to reduce the hot gasses to a
temperature below about 800 to 1200 F and thus reduce
the amount of blue smoke formation. This type of equip-
ment can recycle successfully mixtures containing up to
about 70 percent recycled asphaltic concrete.

The concept of a drum within a drum has been used in
Iowa (Fig. 13). This process is based on a small diameter
drum that is inserted in the charging end of a conventional
drum mix unit. New or virgin aggregate is introduced into
the inner drum where it is superheated to 300 to 500 F.
Reclaimed materials are introduced into the outer drum

Superheated aggregate can be used to heat recycled bi-
tuminous material. Two of the direct flame methods pre-
viously noted make use of this concept to partially heat the
recycled material. Figures 16, 17, and 18 show these meth-
ods which make use of superheating new or virgin aggre-
gate. This superheated aggregate is then used to heat the
recycled or old mixture. Standard plants can be used for
this approach. Figures 16 and 17 show different locations
of blending the new aggregate and the recycled bituminous
materal.

Tandem drum mixers can also be used. The first drum
or aggregate drier can be used to superheat new aggregate.
The second drum or drier can be used either to heat the
recycled mixture (Fig. 18) or to mix and heat the new and
recycled materials. It is possible to use exhaust gasses from
the first drier as a heat source for the second drier unit.

The central plant recycling technique using superheated
aggregate is limited to about 50 percent recycled bitumi-
nous materials. -

The final revision of central plant recycling, as shown in
Figure 19, is without the addition of heat. High produc-
tion rates can be obtained with this type of plant using lime,
cement, or asphalt as a binder. This cold central plant
recycling operation can use up to about 100 percent
recycled bituminous materials.

The recycling techniques identified for the use of this
equipment are items C1 to C8, as identified in this chapter,

through=a—second=charging-chute—Fhc-reclaimed-material— Part_A. Basic differences in these techniques are: type of

and the heated virgin material meet at the discharge point
of the inner drum where heat transfer occurs. This type of
equipment can recycle successfully mixtures containing up
to about 50 to 60 percent recycled bituminous materials.

Split feed drum mixers were first used in 1976 (Fig. 14).
New aggregate is introduced at the flame end of the drum
where it is superheated to 300 to 500 F. At about the mid-
point of the drum the recycled bituminous material is intro-
duced and is heated by the hot gasses as well as by heat
transfer from the superheated new aggregate. This type of
equipment can recycle successfully mixtures containing up
to about 60 to 70 percent recycled bituminous materials.

Indirect flame heating has been performed with special
drum mixer exchanger tubes (Fig. 15). These tubes, which

transfer the gasses, prevent the mixtures from coming into -

direct contact with the flame and extremely high tempera-
tures. These plants can recycle up to 100 percent recycled
materials.

COLD FEED

DRUM MIXER u}

process (hot or cold), use of new bindcr, and degree of

structural improvement.

Techniques C1, C2, C3, and C4 are cold processes; tech-
niques C5, C6, C7, and C8 are hot processes. Techniques
C2, C4, C6, and C8 use new binder; techniques C3, C4, C7,
and C8 provide major structural improvement.

Applications of Central Plant Recycling Technique

There are several advantages of central plant operations.
Excellent quality control can be obtained in terms of parti-
cle sizing; recycling agent content, binder content, blend-
ing percentages of new and recycled aggregate, and mix-
ture homogeneity. Processes involving the use of heat
generally produce mixtures that do not have to be cured
before obtaining near maximum strength.

Other advantages of central plant operations include the
ability of the process to repair nearly all types of pavement

SURGE STORAGE
/N

=

Figure 11. Standard drum mixer plant
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Figure 12. Drum mixer with heat dispersion shield.
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Figure 13. Drum within a drum plant.
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Figure 14. Drum mixer with split feed.
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distress and to produce significant structural improvement. Selection of central plant recycling operations over other
Skid resistance problems can also be corrected by proper recycling approaches will be most dependent on the avail-
mixture. design, including the addition of a nonpolishing ability of plant equipment, the need for structural improve-
coarse aggregate. Reflection cracking can be eliminated ment, and the distance of haul to new aggregaté and exist-
provided the entire stabilized section of the pavement is ing plants. Central plant recycling appears most promising

removed and recycled. when major structural improvements are required on fairly
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Figure 15. Special drum mixer with heat exchanger tubes.

SCREENS
SCALES
. PUGMILL
S

jUEEANII

coLD FEED

AGGREGATE DRIER 1

. 7 If
,Qf;é/ U.QL;

Figure 16. Standard batch plant with old mix added 1o superheated aggregates at the pug mill.
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Figure 17. Standard batch plant with old mix added to superheated aggregate at drier discharge.
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Figure 18. Tandem drum mixers—one heating aggregate only, the other heating old mix, blended in pug

mill with binder.

high traffic volume facilities. With proper scheduling, it is
possible to remove a section of pavement and replace that
same section of pavement the same day. Recycled mixture
made with aggregate from the previous day’s removal
operation can be used.

Construction Procedures

For detailed construction procedures for use of lime,
cement, or bituminous stabilizers, refer to Appendix H (see
also App. K).

Mixture Design

The mixture design process for central plant recycling
requires the determination of both the type and amount of
binder to be used. If asphalt is to be the binder, the engi-
neer should consult Appendix A to determine the need for
a modifier recycling agent and/or the quantity of bitumi-
nous material. Guidclines for selecting stabilizers other
than asphalt (such as lime and portland cement) are given
elsewhere (see App. K for further details).

Structural Design

The AASHO Interim Guide, 1972, procedure for pave-
ment structural design is suggested for use because layer
coefficients, a, for upgraded materials either are published
in the Guide or can be obtained from other agencies that
have employed these guides for design (i.e. the U.S. Forest
Service) (see App. D). Layer coefficients for recycled ma-
terials have been developed as a part of this NCHRP
project and are also given in Appendix D.

Economics and Energy

The costs associated with central plant recycling are
given in Tables F-1 and F-2. Energy data may be obtained
from Appendix G. A 20- to 30-year period is suggested
for the analysis period. Details of. the methodology in-
volved in this analysis are given in Appendix J.

Construction Specifications

Because of the wide variations of ¢onditions surrounding

COLD FEED PUG MiLL

Figure 19. Cold mix plant.

a recycling project, a guide specification must necessarily
be somewhat general. Most aspects of evaluation and de-
sign are covered elsewhere in this report. Once various test
data are developed and the engineer is satisfied that re-
cycling is a reasonable alternative to other methods of
rehabilitation, he must then be able to tell the contractor
what he wants. One approach has been to prepare the
usual construction specifications for reconstruction or as-
phalt overlay; additionally, another set of specifications is
prepared for the most suitable recycling method. Then,
both alternate procedures are presented in the call for bids
and the potential contractors are asked to submit cost pro- -
posals for one or both construction methods. The owner
agency can thus evaluate them to determine the most cost
effective approach.

Instead of attempting to cover all types and options
within the central plant area, a typical, or model, specifica-
tion has been adapted from The Asphalt Institute literature
and is included in Appendix H. This particular specifica-
tion is primarily for hot mix types of materials, but can be
modified for other plant mix operations. During the early
periods of an agency’s utilization of recycling pavement
materials, existing specifications probably will be revised to
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meet one’s needs. After more experience has provided
confidence, a new special specification likely will be de-
veloped, A particularly useful procedure is to quote the
standard specification and then modify it to meet special
requirements with *‘Notes to the Engineer.”

Quality Control

Methods of testing for quality control purposes can be
found in Appendix I, or methods commonly used by the
contracting agencies can be substituted.

CHAPTER FOUR

FINDINGS—GUIDELINES FOR RECYCLING
PORTLAND CEMENT CONCRETE PAVEMENT

This chapter contains guidelines associated with recycling
portland cement concrete pavements. Portland cement con-
crete pavements are considered to be those pavements sur-
faced with portland cement bound materials. Composite
pavements containing portland cement concrete that have
been overlaid with an asphalt pavement were covered in
Chapter Three, unless the recycled material was to be used
as econocrete or portland cement-concréte. Recycled com-
posite pavements used as econocrete or portland cement

—concretetare~consideredTin this chapterr ~—=—= —

Once the pavement engineer has determined that re-
cycling is a reasonable approach to rehabilitation, he must
decide which recycling method is most suited for the par-
ticular project under consideration. The analysis tech-
niques described herein are guidelines for the engineer to
follow during this decision process. For convenience, the
analysis techniques have been divided into two major sec-
tions. The first section, Part A, is a preliminary analysis
identifying the few recycling methods that appear to be
most suitable. The second section, Part B, is a more de-
tailed analysis based on laboratory and field data, cost and
energy projections, and results in a prioritized list of al-
ternatives with appropriate mixture and structural designs
and construction specifications. The overall view of this
preliminary analysis, which results in a selection of re-
cycling alternatives (Part A) is shown in Figure 20.

PART A—SELECTION OF ALTERNATIVES

This part of the report contains guidelines that allow the
engineer to select a few of the many recycling alternatives
available for a particular project. Eight recycling alterna-
tives have been identified as feasible for recycling portland
cement concrete pavements. Table 9 gives the recycling
alternatives available. A brief definition of these alterna-
tives follows. Detailed descriptions of the methods are
contained in Part B of this chapter.

Definitions
Surface Recycling

Surface Milling (A9). This operation involves the re-

moval of the surface.of a pavement by a cold-milling or
cold-planing machine. The depth of removal is variable
and may be as much as 2 in. in a single pass. The millings
or shavings are removed from the construction site.

Surface Milling Plus Thin Overlay (A10). This opera-
tion involves the removal of the surface of a pavement by
a cold-milling or cold-planing machine and the addition of
a thin overlay. The material used for the overlay may be a
new asphaltic concrete or portland cement concrete or a
mixture prepared from-the mitlings or=shavingss- -~ -=

Surface Milling Plus Thick Overlay (A11). This opera-
tion involves the removal of the surface of a pavement by
a cold-milling or cold-planing machine and the addition of
a thick overlay. The material used for the overlay may
be a new asphaltic concrete or portland cement concrete
or a mixture prepared from the millings or shavings.

Central Plant Recycling

Cold Mix Process Without Binder (C9). This operation
involves the breaking of the old concrete pavement on-
grade, loading, hauling, crushing at a central plant, blend-
ing the produced aggregate and mix aggregate as required
to meet the desired gradation, hauling, placing and
compacting.

Cold Mix Process with Binder (C10). This operation
involves the breaking of the old concrete pavement on-
grade, loading, hauling, crushing at a central plant, blend-
ing the produced recycled aggregate and new ~aggregate as
required to meet the desired gradation, mixing with a
binder such as portland cement or emulsified asphalt, haul-
ing, placing, compacting, and curing.

Cold Mix Process—Econocrete (CI11). This operation
involves the breaking of the old concrete pavement on-
grade, loading, hauling, crushing at a central plant, blend-
ing the produced recycled aggregate and new aggregate as
required to meet the desired gradation, mixing with port-
land cement to produce econocrete (a fluid, low cement
content portland cement concrete), hauling, placing, con-
solidating, and curing.

Cold Mix Process—Portland Cement Concrete (C12).
This operation involves the breaking of the old concrete
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Figure 20. Preliminary analysis and selection of most suitable alternatives.
pavement on-grade, loading, hauling, crushing at a central TABLE 9
plant, blending the produced recycled aggregate and new OPTIONS FOR PORTLAND CEMENT
aggregate as required to meet the desired gradation, mixing CONCRETE PAVEMENT
with portland cement to produce portland cement concrete,
hauling, placing, consolidating, and curing. Category Method Description Code
Hot Mix Process with Binder (C13). This operation in- . Surface milling, grinding | Surface milling only 20
volvgs the brgakmg of t!’le old concrete pavement on‘-grade, g or planing Surface milling plus thin overlay | Al
loading, hauling, crushing at a central plant, blendmg.the 2 surface mil11ng plus thick overlay | A1
produced recycled aggregate and new aggregate as required
to meet the desired gradation, mixing the heated aggregate Cold mix process Without binder 9
with asphalt cement or emulsified asphalt to produce as- With binder clo
phaltic concrete or asphalt-treated base, hauling, placing, z Cconocrete Y
: =
and compactlr-lg. . . o 8 Portland Cement Concrete €12
From a review of the {oregoing definilions il 1$ apparent
that the type of equipment, degree of structural improve- Hot mix process With binder a3

ment, and the use of a binder are key factors used to define
the recycling approaches. It is important that the engineer
be familiar with the recycling operations previously defined
prior to reading the remainder of the guidelines.

Selection of Recycling Alternatives

If the engineer is to select the most appropriate recycling
alternative for a particular project, he must describe or
characterize the condition of the existing facility. Aside
from historical facts and known conditions, the present
condition must be measured on some rational basis and
compared to standard criteria. Key factors that influence
the decision include the following as a minimum: (1) sur-
face condition, (2) structural capacity, (3); roughness, and
(4) skid resistance. i

These factors together with a summary iof key data de-
scribing the existing facility are discussed in the following.

Existing Facility

Particular data are required to describe adequately the
existing facility for the purposes of rehabilitation decision-
making. These factors are summarized in Table 10 in a
form for easy reference. Specific items noted are as fol-
lows: (1) location and size of project, (2) roadway class,
(3) existing pavement cross section, (4) geometrics, (5)
traffic, and (6) subgrade characteristics.

Location and Size of Project. The location and size of
a project may be such that only certain techniques would
be cost effective. For example, projects located in remote
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TABLE 10

SUMMARY OF EXISTING PAVEMENT
CONDITIONS

FEATURE VALUE COMMENT
Location

Size of Project (lane-miles)

Class of Roadway

Existing Pavement Cross Section
(Tnclude date, thickness and
type of original pavement
layers; date, thickness and
type” of subsequent rehabili-
tation and maintenance
activities)

Geometrics

{Number of lanes, width,
vertical clearance, other
constraints)

Traffic Characteristics

Average daily eq. 18 kip
axle loads

Subgrade Characteristics

Surface Condition
(Pavement Rating Score, PRS)

Structural Condition
(Deflection, 0.001 inch
overlay required}

Roughness
(Serviceability Index)

Skid Resistance
§8y5)

Other Factors
(Distance to aqyreyate and
hinder source, available
equipment and contractor

experience)

areas will have to be large in size to justify the transporta-
tion of the equipment associated with central plant re-
cycling.

Roadway Class. Generally, the roadways can be classed
in broad categories as: Interstate and Urban Freeway,
Rural Primary (U.S. and state signed routes), Rural Sec-
ondary (farm and ranch-to-market, park roads, etc.), and
Urban Streets (arterial, collector, local). Roadway class
dictates criteria for determining the need for pavement re-
habilitation as well as general criteria for selection of an
appropriate recycling alternative.

Existing Pavement Cross Section. The date of original
construction together with a listing of the thickness and
types of materials used will be important in judging the
general serviceabilty of the pavement. Subsequent history
of rehabilitation and maintenance activities, such as seal
coats, overlays, patching, crack sealing, etc., will influence
the determination of a viable recycling alternative. Thick-
ness of each layer of different material, as well as the type
of material and its condition, should be obtained from
project records. Reliance on memory for the information
is often risky. A few carefully located core samples will
provide confidence in the information.

The type or nature of the existing materials will influence
the recycling method selected for a given project. If the
bound materials are variable, both vertically and horizon-
tally, it may be difficult to make a uniform recycled mix-

ture without adding large quantities of aggregate and/or
binder to dilute these undesirables. If the structural strength
of the pavement must be increased, several options exist
that include removing the pavement materials and stabiliz-
ing the subgrade before remixing and replacing the pave-
ment, or using all existing pavement materials stabilized as
a base course and then overlaying.

Geometrics. The geometric features of a roadway, such
as horizontal and vertical alignment, are often constraints
to conventional rehabilitation techniques such as portland
cement concrete or asphalt overlays. For example, the
drainage line at curbs and gutters can not be altered with-
out considerable expense. Therefore, an overlay must be
constructed at the appropriate thickness in the driving lanes
and then tapered to near zero thickness at the gutter. Mul-
iple overlays can cause havoc, resulting in excessively high
crowns at the centerline and steep cross slopes. Other fea-
tures such as drainage inlets and manholes also cause prob-
lems of a similar nature. Recycling of existing pavement
materials offers a solution to some of these problems.

Vertical clearance for trucks and other special vehicles
at bridges and overhead signals and signs is often critical
and can not be reduced as would be the case if overlays
were used. Recycling offers a further benefit here.

On multilane highways the truck or travel lane often
deteriorates before the passing lane. Overlaying only one
of the lanes would be impractical, but recycling of that lane
alone or to strengthen it before adding a general overlay
would provide a more acceptable solution. Similarly, super-
elevation could be preserved or altered as needed without
disturbing adjacent lanes.

Changing the horizontal alignment or adding new fea-
tures, such as shoulder widening or a new shoulder and lane
widening or a new lane, may also be opportunities to use
recycling techniques. Often, these features may not need
the full design strength of adjoining lanes and could be
stabilized in place or the existing aggregate base could be
used to make asphaltic concrete without the need for new
materials or for wasting existing materials.

Traffic Characteristics. The speed and volume of traffic,
to a large extent, determine the traffic control problems
associated with pavement rehabilitation activities. The use
of recycling on high traffic volume urban facilities should
be geared toward those activities that can provide low road-
way occupancy time, can be performed with single lane
blockage, and can use materials with rapid strength gain
after placement.

The volume and axle weight distribution of traffic are
important from a pavement design standpoint. For pave-
ment design purposes, traffic should be converted to av-
erage daily equivalent 18,000-1b axle-load repetitions that
are representative for the design period. It is suggested
that the AASHTO procedures be used for this conversion.

Subgrade Characteristic. Pavement failures due to fac-
tors outside the pavement layers often need to be consid-
ered. For example, a subgrade that contains a swelling clay
may need to be improved before recycling the pavement
materials would be effective. Another environmentally in-
fluenced problem related to volume change is frost heave.
For both of these problems, recycling may offer a reason-



able solution in that the pavement materials would need to
be removed in any event in order to remove or improve the
poor subgrade. While removing the materials, they could
be reprocessed and replaced after the subgrade has been
prepared. (See App. K for further details.)

In summary, all known information about the pavement
materjals and background needs to be summarized and used
in the decision process. Surprises at the time of construc-
tion can be avoided usually by proper testing, evaluation,
planning, and design. ’

Surface Condition

Each potential recycling project should be surveyed for
surface defects that can be used not only to assess the cause
of distress but perhaps to also suggest corrective action.
Several agencies have devised methods to estimate pave-
ment distress and one such approach is discussed in Ap-
pendix A, Volume 3, of the agency’s report (see App. K
for further information). Once this survey is made, the
results can be summarized and entered on the first line of
Table 11. The engineer should systematically look at each
distress marked on the first line in this table and estimate
which recycling methods would correct that distress, and
indicate this assessment by placing a check mark in the
appropriate box. Note that a number of boxes are shaded;
this indicates that these recycling options would not be ap-
propriate. For example, the central plant operations are
not suitable for recycling continuously reinforced concrete
pavements (CRCP). Similarly, surface milling by itself is
unsuitable for treating several types of distress such as
severely spalled joints.

Once all the viable recycling alternatives for improving
surface conditions are determined, they can be summarized
in Table 14. If the portland cement concrete pavement has
been previously overlaid with asphaltic concrete, a condi-
tion survey should be used and recycling options, as given
in Table 2, should be considered as well as those recycling
alternatives specific to portland cement concrete.

Structural Condition

The structural adequacy or structural condition of the
roadway under consideration is determined by the thick-
ness of the overlay required. The Corps of Engineers pro-
cedure for flexible overlays over rigid pavements or the
Illinois Department of Transportation method is suggested
for use. The equation used in the Corps of Engineers
method is as follows:

t=2.5 (Fh,— ch) (2)

in which: :
t = thickness of the overlay, in.;

F = factor related to the subgrad|e modulus;

h, = required thickness determined using a conventional
portland cement concrete! pavement thickness
method, in.; !

h = existing pavement thickness, in.; and

¢ = coefficient depending on the;condition of the exist-
ing slab (c=1 when the existing pavement is in
good overall structural condition, ¢= 0.75 when
the existing pavement has i’?itial joint and corner

TABLE 11

SELECTION OF RECYCLING TECHNIQUES BASED ON SURFACE CONDITION OF PCC PAVEMENTS
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cracks due to loading but no progressive structural
distress or recent cracking, and ¢ = 0.35 when the
existing pavement is badly cracked or shattered
structurally).

Determination of the factor h, in the equation can be
accomplished by any number of thickness design meth-
0ods—AASHO Interim Guide, Portland Cement Associa-
tion method, American Concrete Institute method, United
States Steel method, Continuously Reinforced Pavement
Group method, and methods presently used by the various
states. Additional details can be obtained in Appendix E.

If the portland cement concrete has been overlaid with
asphaltic concrete, the overlay design procedure developed
by Illinois should be used.

Selection of recycling alternatives based on structural im-
provement is based on the required thickness of overlay as
determined by these methods. For example, if the thick-
ness for overlay is greater than 2 in., surface milling by it-
self and surface milling with thin overlay will not be an
acceptable recycling alternative (Table 12). Central plant
operations should not be scheduled unless an overlay
greater than 2 in. is required (Table 12). Those recycling
alternatives identified as appropriate for improving the
pavement from a structural adequacy standpoint should be
entered in Table 14.

As previously noted, the criteria used for selecting the
recycling alternative is based on the thickness of asphaltic
concrete overlay required: It is not the intent of this cri-
terion to eliminate the consideration of a portland cement
concrete overlay. The use of a portland cement concrete
overlay is one of several rehabiljtation alternatives that
should be considered in addition to the recycling options
contained in these guidelines.

Roughness

The smoothness of ride may be a deciding factor for re-
habilitation of many roadways. Occasionally, a rough sur-
face may be the only significant problem and surface re-

TABLE 12

SELECTION OF RECYCLING TECHNIQUES TO
IMPROVE STRUCTURAL STRENGTH

Thickness of Required Qverlay

tess Than Greater Than
Recycling Method None 2 Inches 2 Inches
” Surface milling only
v
g Surface milling plus thin overlay
2
a

Surface milling plus thick overlay

Cold mix process without binder

Cold mix process with binder

Cold mix process - Econocrete

Central

Cold mix process -
portland cement concrete

Hot Mix process with binder

cycling would be the solution. If a pavement is rough, but
also has other deficiencies that require more extensive re-
working, the roughness may be taken care of automatically
in that operation. Therefore, the need for surface recycling
based on ride measurements (serviceability index, SI) can
be estimated as noted in Table 13. As in previous discus-
sions, some methods would not be appropriate and have
been blocked out. For example, it is not recommended that
rough Interstate and primary highways be recycled with-
out an appropriate overlay. Those methods that are con-
sidered appropriate should be checked off in Table 13 and
the results summarized in Table 14. (See App. K for fur-
ther details.)

Skid Resistance

Many pavements perform adequately from a structural
standpoint, but are deficient in skid resistance because of
loss of surface texture or perhaps because of polishing ag-
gregates. As part of the overall pavement testing scheme,
skid resistance can be measured by using any one of sev-
eral standard test methods, but preferably the so-called
ASTM skid trailer (see App. K). It is noted that all re-
cycling methods are appropriate for improving skid resist-
ance. The acceptable recycling methods to improve skid
resistance should be entered in Table 14.

Steps in Determining Preliminary Recycling Alternatives

As discussed earlier, the goal in this chapter is to select
several reasonable viable alternatives to recycle portland
cement concrete pavements. Referring to Figure 20, one
can note that after all preliminary information is collected,
the potentially successful approaches can be analyzed with
respect to cost and energy savings and the most viable
survivors determined. The steps required in order to reach
these conclusions are summarized as follows:

1. List available information on existing roadway (Table
10).
2. Test existing pavement:

a. Surface condition (Table 11)
b. Structural condition (Table 12)
c. Roughness (Table 13)

d. Skid resistance (App. K)

3. Evaluate other decision factors unique to the particu-
lar project.

4. Make preliminary cost analysis of remaining options
and rank accordingly (Table 15).

5. Consider alternatives that appear most viable and
continue evaluation (Chap. Four, Part B).

PART B—DETAILED ANALYSIS AND DESIGN

This part of the report will provide guidance and an out-
line for making a detailed analysis of a recycling approach.
Cost, energy, mixture design, structural design, construc-
tion specifications, and quality control requirements are in-
cluded for surface and central plant recycling. Use of this
part will allow the engineer to prioritize the preliminary
recycling alternatives selected earlier in this chapter under
Part A.
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TABLE 13
SELECTION OF RECYCLING TECHNIQUES BASED ON ROAD ROUGHNESS
\G% o
r%
c"!,t' Interstate or Urban
s Urban Freeway Primary Secondary Street
o | =
. . o | o | < o |
o~ N . . . . - -
y ' o o N NN N ey
w o (\; q 1 o o ) [ (=] o ) )
+ N (\3 1 + <\; o~ s + N N
e
§ Surface milling only ﬁﬁl—
"g Surface milling plus thin overlay
e Surface mi11ing plus thick overlay
Cold mix process without binder
E Cold mix process with binder
g Cold mix process - Ecanocrete
= Hot mix process with binder

Surface Recycling

Surface recycling techniques used on rigid pavements
involve the use of cold-milling or cold-planing machines.
This type of equipment is capable of removing up to about
2 in. of portland cement concrete in a single pass. Asphal-
tic concrete overlays are often placed after milling. Port-
land cement concrete overlays could also be used.

Milling obtained from the pavement has been used for
unstabilized base courses and has the potential to be used
as stabilized bases and surface courses. :

... A number_of pavements have been—milled-to improve
skid resistance. Surface texture, drainage, and skid num-
ber are improved; however, the immediate increase in skid
number may be temporary if the old concrete contains a
polishing aggregate.

Equipment and methods, applications of surface re-
cycling techniques, structural design, construction specifi-
cations, and quality control guidelines are presented in the
following.

Equipment and Methods

Surface milling and grinding on .portland cement con-
crete was first performed by attachments on motor patrol
equipment. These units were 30 in. wide and had relatively
little production capability as compared to existing equip-
ment that can remove a 12-ft pavement in a single pass.
The sequence of operations involving surface recycling is
as follows: (1) establishing desirable grade line; (2) mill-
ing, grinding, or planing the pavement to the desired depth;
(3) clean-up involving rotary broom:and vacuum equip-
ment; and (4) disposal or recycling of the millings.

Surface recycling operations involving overlays use the
sequence of operations as described, with the addition of a
tack coat and an asphaltic concrete overlay. Portland ce-

TABLE 14

SUMMARY OF PRELIMINARY RECYCLING

ALTERNATIVES

Road Condition

= -1}
= Q wvi o
(=] - %] <
Q- = v o
. (5] : (5] = -
Recycling Process S| 2| 5| w2
| = = 2 ——A
S Q -9 [=] -~
w W Q [ [T -4
Surface milling only
QU
E Surface milling plus thin overlay
1
3 | Surface milling plus thick overlay
Cold mix process without binder
E Cold mix process with binder
f_' Cold mix process - Econocrete
o
E Cold mix process -
S portland cement concrete
Hot Mix process with binder

ment concrete overlays could also be used. Recycling tech-
niques identified in these guidelines and using this equip-

ment are methods A9, A10, and All.

The guidelines established in Part A have indicated that
surface recycling techniques without the addition of an
overlay offer little increase in the load carrying ability of
the pavement. In fact, if a substantial portion of the pave-
ment is removed, a decrease in load carrying ability will

result.



42

*1043U02 3tjjea)
*33345u0d jfeydse jo sayout ¢ adeyd
©°9°9°d §0 S3YOJUL 6 YSNUD pUB IACIWIY

05°01-52°9

00°8

14 80)

43puLq Y1 LK

$532044
Xi{W 0}

{043u0D
L4443 “°)°)°d 40 S3Youl ¢ Ioed
“*3°9°d 40 S3YIUL § YSNAI pue 3IA0WRY

1043u03 3300
. *3712450U033 40 Sayduy ¢ aded
“93°9°d 4O S3YIUL § YSNUD pue IA0UDY

1043U0D. D1 jj0u]
€a3puLq yitm sayout ¢ 3de|d
**9°9°d 40 S3YIu} § YSNJAD pue IA0WAY

1043U03 J§ Jj04)
‘a3puiq 3noyjim saysut ¢ adeyd
£593°3°d 40 S3YdUL § YSnad pue dA0WdY

00°51-00°6

05°8-05°6

05°8-05°6

05°£-05"b

00° 2t

05" 9

05°9

05°S

A
Lo

(U )

81342U0D JUBAD pue|Iaoy

313420U033

43pULq yItp

43pULq INOYI 1N

$5320u4g
XiH Pi0)

[R41U37

{Leaowda your-y)
1043U0D DJ1jse43 *33340U0d jJ|eydse jo
sqQ 00v ‘6uttney ‘buivea(d “bBul( |1y

(1eAocwda youi-y)
(047U0D 21jj0a3 *3340U0d jJeydse jo
sql 002 ‘But|ney ‘6utuead ‘buy|(iW

(1eAowda ydoui-|) |043u0d
d1jsesy ‘burney ‘6utuea|d ‘buty|iln

05°S5-05°¢v

05°€-05°2

05°1-05°0

08V

08°¢

08°0

1y

olv

6V

Ae142A0 X231y} snid but|{iw adreyang

Aela3n0 upyy snd bui| 1w Idejung

’ AQuo bui||tw 3degung

buqued
40 buipuiub
‘bul{tiw 3deyung

3Jryung

‘'suoljdunssy

abuey

3besany

$°pA-bs a3d s3so)
AALIeIuUasauday

apo)

uo§3duadsag

PoyIaN

£i10637e9

SNOILVYTdO ONITOADAA O0d YOA SLSOD FAILV.LNASITUITA

St 314v.L



Application of Surface Recycling Techniques

Pavement milling operations are suitable for correction
of poitland cement coiciete paventenls witlt rutting (due
to tire chains, studded tires, etc.); for removal of localized
severe surface undulations caused by swelling clays, frost
heave, etc.; for removal of pavement prior to overlay along
gutters, at bridge approaches and other areas where a
feathered edge of asphaltic concrete or portland cement
concrete is likely to abrade; and for improved drainage,
surface texture, and skid number.

An added advantage of surface recycling is the increase
in bond strength between a milled portland cement con-
crete and an overlay as compared to a normal overlay op-
eration. This anticipated increase in bond strength may
allow the use of thin overlays on portland cement concrete
pavements.

Milling of concrete often causes spalling of the joints
and/or cracks. Care must be taken to minimize this
problem.

Mixture Design

Materials and mixture design techniques used for over-
lays, either asphaltic concrete or portland cement concrete,
should be based on procedures currently used by the agency
involved in recycling. Particular attention should be given
to providing a long lasting skid resistant surface. If the
millings are to be used for unstabilized base, stabilized base
and surface courses design procedures contained in Ap-
pendixes A, B, and C should be used.

Structural Design

Structural design considerations associated with surface
recycling are limited to the thickness of overlay required to
prevent failure due to traffic and reflection cracking. Ap-
pendix E contains a method to determine the thickness of
asphaltic concrete overlay required to consider the effects
of traffic. A satisfactory design method has not been de-
veloped to consider reflection cracking.

Economics and Energy

The costs associated with surface recycling operations on
rigid pavements are given in Tables F-1 and F-2. Detailed
cost information of materials used in various operations
associated with surface recycling are also included in
Appendix F. )

The energy associated with surface recycling operations
is included in Appendix G. Little data have been devel-
oped to define the energy required for the various recycling
operations; however, sufficient data exist in Appendix G to
calculate a representative energy for each of the surface
recycling options given in Table 9.

Cost and energy consumption should be made on a life-
cycle basis. A 20- to 30-year period is suggested for the
analysis period. Details of the methodology involved in
this analysis are given in Appendix J.

Construction Specifications

Specifications for surface milling are included in Ap-
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pendix H. These are the same specifications that are sug-
gested for use with aspshaltic concrete pavements. Speci-
fications for asphaltic concretes used with these techniques
should be those commonly used by the contracting agency.

Quality Control

Methods of testing for quality control purposes can be
found in Appendix I, or methods commonly used by the
contracting agency can be substituted.

Central Plant Recycling

As discussed earlier in Part A, central plant recycling
techniques are different from the other methods of re-
cycling in that the material is removed from the roadway
and mixed either cold or hot at a central plant location.
Additional portland cement or asphalt may be added at
the plant to enhance the overall properties. These recycling
operations, although maintaining good quality control, are
often costly.

Equipment and methods, applications of central plant
recycling techniques, mixture design, structural design, con-
struction specifications, and quality control guidelines are
discussed in the following.

Equipment and Methods

Recycling of portland cement concrete pavements using
central plants is not a new concept. During World War 11
a crushed concrete pavement was used as unstabilized base
in Iilinois. Cement treated subbase made with crushed con-
crete was used at Love Field in Dallas, Tex., in 1964. The
first econocrete or lean concrete section made with re-
cycled portland cement was placed in California in 1975,
and Towa placed the first portland cement concrete pave-
ment with crushed portland cement concrete in 1976. The
first large scale job using recycled portland cement con-
crete as an aggregate for asphaltic concrete occurred in
Texas in 1969. Techniques developed for central plant re-
cycling of portland cement concrete pavements are shown
in Figure 21.

The pavement removal and crushing operations are nor-
mally performed with conventional construction and demo-
lition equipment. The old concrete pavement is normally
broken with a headache ball or pneumatic ram. The size
of the resulting slab is normally small enough to be re-
ceived by the primary crusher. Additional reduction in slab
size can be performed at the crushing location.

Central plant sizing can be performed with conventional,
fixed and portable crushing equipment; however, reinforc-
ing steel may be a problem and may have to be removed
at one or more of six process locations: (1) on the grade
during the loading operation, (2) during the loading opera-
tion for crushing if stockpiling occurs prior to crushing,
(3) at the entry to the primary jaw crusher, (4) on the belt
after primary crushing, (5) on the belt after final crushing,
and (6) in the stockpile prior to remixing.

Blending and mixing operations in the central plant are
standard operations as are the techniques used for placing
and curing the recycled materials. Gradation adjustments
are often made to improve workability.
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Blend crushed PCC with
(| new aggregates as required

or asphalt

Blend crushed PCC with
new aggregate as required il
— and add portland cement

Crush, screen
and stockpile

Load and
haul to

8reak
pavement

Blend crushed PCC with
new aggregate as required
and add portland cement
and water to make lean
concrete - econocrete

Haul, place
and cure

plant

Blend crushed PCC with
new aggregate as required
| and add portland cement —
and water to make port-
land cement concrete

B8lend crushed PCC with
new aggregate as required
and add asphalt cement to
make asphalt concrete

Figure 21. Central plant recycling operations.

The recycling techniques identified for the use of this

= —equipmient are itemis C9Tto~CT3 as noted earlier—in this™

chapter under Part A. Basic differences in these techniques
are the types of materials that are produced. Techniques
C9, C10, Cl11, and C12 are cold processes; technique C13
is a hot process. All of these techniques have the capability
of providing major structural improvement.

Application of Central Plant Recycling Techniques

There are several advantages of central plant operations.
Excellent quality control can be obtained in terms of par-
ticle sizing, binder content, blending percentages of new
and recycled aggregate and mixture homogeneity. The
process using heat to produce asphaltic concrete does not
have to be cured before obtaining near maximum strength.

Other advantages of central plant operations include the
ability of the process to repair nearly all types of pavement
distress and to produce a significant structural improve-
ment. Skid resistance problems can also be corrected by
proper mixture design, including the addition of a non-
polishing aggregate.

Central plant operations appear most promising where
structural improvement is required, the haul distance to
new aggregate sources is great, and the highway has fairly
high traffic volumes. With proper scheduling, it is possible
to remove a section of pavement and replace that section
of pavement the same day. Recycled mixtures made with
aggregate from the previous day’s removal operation can be
used.

The use of recycled portland cement concrete as econo-
crete appears to be an economical use of this recycled ma-
terial, particularly if the crushed concrete has some con-
tamination due to fines or asphalt stabilized materials. This

lean concrete can be placed with standard construction

“equipment as the “Jower “course™in a composite pavement -~

structure. The surface course can be constructed with port-
land cement concrete made from natural aggregate or good
quality recycled aggregate with sand.

Construction Procedures

Detailed construction procedures for central plant re-
cycling of portland cement concrete can be found in Ap-
pendix H (see also App. K).

Mixture Design

A number of different materials can be produced from
central plant recycled materials. Mixture design methods
for these mixtures can be found in an appropriate appendix
as follows:

1. Unstabilized base and subbase (App. I).

2. Cement stabilized base (App. F in Vol. 3—see App. K
for further details).

3. Emulsified asphalt stabilized base (App. A).

4. Econocrete (App. B).

5. Portland cement concrete (App. C).

6. Asphaltic concrete (App. A).

Structural Design

The AASHO Interim Guide, 1972, procedure for flexi-
ble pavement structure designs is suggested for use because
layer coefficients, a, for upgraded materials either are pub-
lished in the Guide or can be obtained from other agencies
that have employed these guides for design (i.e., the U.S.
Forest Service) (see App. D). Layer coefficients for re-



cycled materials have been developed as a part of this
NCHRP project and are also given in Appendix D:

Economics and Energy

The costs associated with central plant recycling are
given in Tables F-1 and F-2. Energy data can be found
in Appendix G.

Costs and energy comparisons should be made on a life-
cycle basis. A 20- to 30-year period is suggested for the
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analysis period. Details of the methodology involved in
this analysis are included in Appendix J.

Construction Specifications

Specifications for central plant recycling of portland ce-
ment concrete can be obtained in Appendix H.

Quality Control

Methods of testing for quality control purposes can be
found in Appendix I, or methods commonly used by the
contracting agencies can be substituted.

CHAPTER FIVE

FINDINGS—GUIDELINES FOR EVALUATION

OF RESULTS

Data on performance of pavements and in-place mate-
rial propertics should be obtained i a unifunm aud o=
tinuous manner for a 20- to 30-year period. Project data
collection should include preconstruction mixture design
and structural design information, construction quality

control records, properties of the materials after construc-

tion, and performance of the pavement after construction.
A similar performance evaluation program should be used
to study the behavior of selected conventional construction
and rehabilitation projects for comparison purposes. These

““data should be used as feedback information to the design

process described in Chapters Three and Four and, thereby,
should form the basis for future selection of pavement
rehabilitation alternatives.

A description of the types of information that should
be considered for inclusion in this evaluation program is
defined in the following and is shown in Figure 22. For
convenience, data collection associated with preconstruc-
tion, construction, and postconstruction is discussed.

PRECONSTRUCTION INFORMATION

Preconstruction information that is of interest when
studying the performance of pavements includes structural
design information and mixture design information. Spe-
cific structural design information includes the amount and
axle weight distribution of the present and projected traf-
fic, the type materials and the thickness of materials used
for the structural section, strength coefficients of materials,
availability of materials, and other preconstruction infor-
mation that may be useful for postconstruction evaluation.

Mixture design information should include data defining
the properties at various binder contents and densities.
This information will form the basis for comparing design
and field mixture properties.

CONSTRUCTION INFORMATION

It is important to monitor the recycling operation from
other than a construction quality control standpoint, For
example, equipment capabilities in terms of production,
operating costs, energy requirements, maintenance costs,
and the like should be defined if equipment improvements
are to be made. Modification of construction techniques or
equipment should be encouraged because possible improve-
ments could be used in future recycling operations. Traffic

--control, -‘workmen safety,-and air- qualty problems-should
be identified and required solutions obtained.

Detailed records should be kept by the contractor or the
agency to define cost and energy associated with compo-
nent construction operations. For example, costs and en-
ergy associated with pavement removal, transportation,
mixing, placing, and finishing would be useful if central
plant operations are to be used.

Complete environmental records should be collected.
These records should include daily temperatures and hu-
midity records that define both maximum and minimum
conditions. Moisture amounts (rainfall, snow, sleet) should
be recorded. Environmental records should be kept for the
life of the project. Environmental data from nearby per-
manent installations are wusually satisfactory for this
purpose.

Construction quality control records should be obtained.
These daily records normally contain mixture design and
property data as well as production quantities and location
of placement of materials on the roadway. These types of
data may be useful if localized failures occur.

Samples of the loose or fluid mixture should be obtained
and samples fabricated. The testing plan shown in Figure
23 is suggested for recycling jobs where asphalt is used as
a binder. This testing plan has been formulated for re-



_...KEigure 22. Evaluation of field projects.
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Obtain Structural
Design Information

Preconstruction

Obtain Mixture
Design Information

Information

Define

Cost and Energy

* [quipment Capabilities
-

* Production Rate
* Traffic Control Problems
Evaluation Construction * Environmental Conditions
of — Information —

Field Projects Obtain Samples of

——{ Loose or Fluid Mixture,
Binder and Aggregates

Perform Tests as Shown on
Fig. 23 for Asphalt Mixtures
Fig. 24 for PCC Mixtures

Obtain Construction
Control Records

L L

Obtain Field
Cores

Perform Tests as Shown on

Perform Field
Survey

| | Post Construction

Information

Obtain Maintenance
and Rehabilitation
Requirements, Cost
and Energy

search purposes and a particular agency may elect to
perform a limited number of these tests.

Figure 24 can be used if portland cement is used as a
binder in econocrete or portland cement concrete mixtures.
This testing plan has been formulated for research purposes
and a particular agency may elect to perform a limited
number of these tests.

Recycling operations using lime, portland cement (other
than econocrete or portland cement concrete), or. other
types of binder should be sampled after mixings and just
prior to compaction. These materials should be used to
fabricate samples suitable for strength and durability test-
ing. The types of tests that should be used are those pres-
ently specified by the agency performing the recycling
operation.

POSTCONSTRUCTION INFORMATION

The types of postconstruction information that should be
obtained in a uniform and continuous manner are shown in
Figure 23. It is suggested that field cores be obtained im-
mediately after construction and at 0.5, 1.0, 1.5, 2.0, 3.0,
5.0, 7.0, and 12.0 years. Sufficient field cores or samples
should be obtained to perform the test plans shown in
Figure 23 if asphalt is used as a binder and in Figure 25
if portland cement is used as a binder in an econocrete or
portland cement concrete mixture. The testing plans shown
in Figures 23 and 25 have been formulated for research
purposes and a particular agency may elect to perform a
limited number of these tests.

Fig. 23 for Asphalt Mixtures
Fig. 25 for PCC Mixtures

Condition Survey
See Appendix K

Deflection Survey I

See Appendix K

Skid Rumber & Surface Texture
See Appendix K

Serviceability Index
See Appendix K

Pavement condition surveys, deflection tests, and rough-
ness measurements should be made on a yearly basis as a
minimum. If rapid deterioration is likely, more frequent
surveys should be scheduled. Skid measurements and sur-
face texture measurements should be made on recycled
mixtures used as surface courses.

ANALYSIS OF PERFORMANCE DATA

It should be pointed out that considerable detail is con-
tained in Figures 22, 23, 24, and 25. The reader is en-
couraged to study these figures thoroughly, because a num-
ber of analyses are possible based on these data. As an
example, proper selection of core locations will allow for
an analysis of variance to be performed.

Cost and energy requirements for maintenance and re-
habilitation operations performed subsequent to recycling
should be recorded for the project. These costs and energy
requirements are important in determining the pavement
life and a realistic value for a pavement’s time cost and
energy demand over a 20- to 30-year period.

The laboratory and field data collected in a manner simi-
lar to that previously described will allow the engineer to
compare the performance of recycled pavements with con-
ventional pavements. Specific comparisons should be made
on graphs describing the following relationships:

1. Surface condition versus time.
2. Deflection versus time.
3. Roughness versus time.
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Mold Cyliaders,
Beams, Prisms

ASTM C31 - Field

ASTH C192 - Laboratory

Determine Bulk
Specific Gravity

ASTM C642

and Air Void Content [ |

Determine Resilient
Modulus, M, at 77°F,
0.1 sec. Lﬂad Duration
on Core Samples

Compressive Strength
ASTM C192 and €39
3 Cylinders

Splitting Tensile Strength
ASTM €192 and C496
3 Cylinders

Flexural Strength
ASTH C192 and €78
3 Beams

Abrasion Resistance

ASTM €192 and 418

Surface Course Mixtures Only
3 Beams

Freezing and Thawing
ASTH C192 and C666
3 Beams -

Orying Shrinkage of Cantrete

and/or

ASTH C157
3 Prisms

Beam Fatigue
15 Beams
S Beams @ €ach of 3 Stress

Hodulus of Elasticily
ASTM C469

Figure 24. Suggested test sequence for samples molded in the field or laboratory (cured in

laboratory) from fluid mixtures—PCC and econocrete recycling.

Levels

Atkaki Reactivity
ASTH C227
4 Prisms - 2 Batches

Time of Set
ASTH C403
3 Batches

Compressive Strength
ASTM €42 and €39
3 Cores

Splitting Tensile Strength
ASTM C42 and €496
4 Cores

Determine Resilient

|

Flexural Strength
ASTM C42 and C78
3 Beams

Abrasion Resistance

ASTM €42 and €418 .
Surface Course Mixtures Only
3 Cores

Obtain Field Cores Hogulus. M, at

2 Cores at fach Determine Bulk ;z ;Eio-‘ Bec. Load
of 5 Locatians Specific Gravity Ge) s°" ?"

and 2 Beams at — and Air Void | Core Samples

Each of J Content

Locations ASTH C642 and/or

ASTH C42

or Mold Necessary

Sample in the :?dul?s‘of
Laboratory AS?;lcgssy

Freezing and Thawing
ASTN C42 and C666
3 Beams

F iguré 25. Suggested test sequence for field samples—PCC and econocrete recycling.

4. Skid number versus time.
5. Cost versus time.
6. Load carrying ability (stiffness, layer coefficient)
versus time. :
7. Stability versus time.
8. Tensile strength versus time.
9. Water susceptibility versus time.
10. Density and air void content versus time.
11. Temperature susceptibility versus time.
12. Binder hardening versus time.

The preparation of standard data input sheets and stan-
dard paper to display the foregoing relationships is en-
couraged, because it is extremely important that these data

be collected over a period of years even though several
individuals may be in charge of data collection and analysis.

Numerous structural analysis models can make use of
the data described to predict pavement life. Selection of an
appropriate model will depend on the preference of the
agency.

SUMMARY

The evaluation of a recycling job is an extremely impor-
tant part of a recycling project. If the engineering com-
munity is to define the proper place for recycling in pave-
ment rehabilitation, these types of field pérformance data
must be obtained.



In order to obtain the data outlined earlier, an agency or

organization must be convinced of their usefulness and be

willing to schedule these activities in order to make the’

necessary surveys, obtain the field samples, perform the
laboratory tests, and make the appropriate analysis. Per-
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haps the most effective way to make sure the data are col-
lected in a uniform and continuous manner is to assign
responsibility to a specific individual or organizational unit
for a 10- to 15-year period.

CHAPTER SIX

EXAMPLE PROBLEM

An example problem is included in this chapter to.il-
lustrate the approach that can be used (based on these
-guidelines) to define a recycling method suitable for a par-
ticular pavement. It should be realized that more than one
recycling approach will likely be suitable for a given set of
conditions. Details of some of the steps in the process have
not been included, because the engineer no doubt will be
familiar with the process described.

EXAMPLE

An Interstate highway in west Texas is in need of re-
habilitation. The resident engineer would like to consider
recycling as a rehabilitation alternative because aggregate
supplies are not locally available (within 50 to 75 miles).

PRELIMINARY ANALYSIS

Information collected on this section of roadway is given
in Table 16. An inspection of the roadway indicated a
minor amount of alligator cracking and large amounts of
longitudinal and transverse cracking (Table 17). On the
basis of the results of Dynaflect tests, a 2-in. to 2%:-in.
overlay will be required (Table 18). The Serviceability
Index as determined with the Mays Ride Meter is 2.3
(Table 19). Tables 16, 17, 18, and 19 were used to select
preliminary recycling alternatives (Table 20). On the basis
of this preliminary analysis, the following recycling options
appear feasible:

AS5—Heater-scarify plus thick overlay.

AB8—Surface milling plus thick overlay.

B7—In-place recycling with major structural improve-
ment and without new binder. ‘

B8—In-place recycling with major structural improve-
ment and with new binder.

C3—Central cold mix process with major structural
improvements without new binder.

C4—Central cold mix process with major structural
improvements with new binder.

C7—Central hot mix process with major structural im-
provement and without new binder.

C8—Central hot mix process with major structural im-
provement and with new binder.

Because local contractors were not familiar with in-place
recycling alternatives, B7 and B8 were eliminated. Alter-
native C3 was eliminated because of the long haul distances
required to obtain suitable material for the thicker sections.
Alternative C4 was eliminated because the engineer pre-
ferred to use a bitumninous binder rather than portland
cement (lime is not a suitable stabilizer for the existing

.in-place material). Alternative C7 was not used because of

the initial cost demonstrated in Table 8. Alternative A8
was not used because the millings, from an economic stand-
point, would have to be recycled. Thus, recycling alterna-
tives AS and C8, together with conventional rehabilitation
techniques, were considered in a detailed analysis.

DETAILED ANALYSIS

Equipment and Methods -

Figure 4 was used as a basis to select the heater-
scarification recycling technique. The surface is to be
heated and scarified to a minimum depth of 3 in.—the
surface ‘“‘screed” and a 2-in. asphaltic concrete overlay
applied. o

The central plant recycling technique will consist of rip-
ping, loading, and hauling to a central crushing operation
followed by a direct flame hot recycling operation (Fig. 10).
Several contractors in the west Texas area have this type
of recycling equipment, and it can be used with 30 percent
new aggregate to produce an acceptable recycled asphaltic
concrete while satisfying air quality regulations.

Mixture Design

Figure A-1 was used as a basis to determine the amount
of recycling modifier to be used in the hot central plant
recycling operation. (A similar procedure could be used
for the heater-scarifications operation; however, sampling
and testing should be confined to the top 34 to 1 in. of the
pavement.) The pavement was sampled at five locations
and the asphalt extracted and recovered. Results of these
tests indicated that the pavement. could be considered
homogeneous, because the penetration ranged from 15 to
22 and the gradation of the recovered aggregate varied



50

o
<
E
o
o
-
0
o v
Lad Rl
5
Z ' =
@) Qv [
— ’
G o B bt
—_ - ® g LS
[a) o T @ o [
Z 8 [ [
i x [} a0 D a| 850
Q U *» — o o oV
Q 3 v v ] v k= 3 o C -
Lod @ o hre] Rt 1 t o — v =]
2lzs|7|E U5 T o - %
K Ea @ < a . N o> B
Z w = = YA &|Tae 8 s
03] — o - < o — O|lwoz=z ~ (=3
m
< S ]
Py 5 (%]
£
Fel g, —
&) — E__& . jd
" ge-o o
Z. o cC— w > o
. = - b
= v o~ -
= = nunmouas = - y B 3
v S ¥ - T F-En ey - -
Ly ] pc _9g> own -~ o
[44] =3 M e —c el w
X2 3p J2228.8) =8 fe =2 |t
-—
qu =l [255zs" »: Tt @
(@] | v @ ¥ o b I °
LL“ el E -% g € v o
(@] o, dwo ~dc o o 0= > n =
A, | e > Qwn — o LD~—~v ]
> El8|285528 |pw. 2758 |5
O [6a) [ % - X7 O ow O O
ks Mv—] s w | 5] Zel..vE =re %) 5
ay =
< a, [ — o cerres |LerF iIx 52 b1
[69] E 3 e v | DD gl. . o X -
-] Z 2 o olu|wvwe oo EEw® - s =4
mS< |2 8 [®]2|=x2235%¢F |g22 |& 2 5
—
< 5% w ] vwijio|lwunw—a O—"v (ST 4 [}
H wvm

little. The average viscosity of the recovered asphalt was
50,000 poises at 140 F, while the average penetration was
19 as measured under standard conditions at 77 F.

The aggregate gradation was satisfactory as recovered
from the pavement; however, 30 percent new aggregate
.was added to help control air quality. The total estimated
asphalt demand for the recycled mixture containing 70 per-
cent recycled material and 30 percent new aggregate was

Surface Condition

6.5 percent by dry weight or aggregate. The amount of

asphalt in the mixture to be recycled was 6.2 percent. The
anticipated additional amount of bituminous modifiers is
therefore 2.2 percent: 6.5 — [(0.70 X 6.2) + (.30 X 0.0)]
=2.2. . .

Figure A-2, together with the following, can be used to
determine the approximate desired viscosity of the recycling
agent (step 8 of Fig. A-1):

1. The desired weight percent of recycling modifier is
(2.2/6.5) = 0.34—or 34 percent of the total binder, as-
suming the specific gravity of the modifier is equal to that
of the recovered asphalt.

2. The viscosity of the recovered asphalt from the old
pavement is 50,000 poises.

3. The desired binder in the recycled mixture is an
AC-10.

4. The approximate viscosity of the modifier is 650 to
700 centipoises. :

Table A-1 indicates that an RA-5 recycling agent is suit-
able. Tests performed on blends of recovered asphalt and
modifier confirm that approximately 35 percent of the total
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binder should be an RA-5 designated recycling agent. Tests
on mixtures prepared with 70 percent recycled asphaltic
concrete and 30 percent new aggregate indicate that ade-
quate stability and air void contents can be obtained at
6.5 percent total binder. Water susceptibility of the mixture
is also adequate. The 70-30 blend with 6.5 percent total
binder is the mixture which should be tried first in the field.

Structural Design

The structural design was performed according to Ap-
pendix D and resulted in the thickness requirements as-
sociated with the various alternatives given in Table 21.

Economics and Energy

Table 21 contains rehabilitation alternatives based on de-
tailed structural analyses as well as on pavement perform-
ance experience gained in the Southwest.

Anticipated life-cycle costs are given in Table 22 for a
20-year period. Costs were based on information obtained
by the local resident engineer and are given in Table 23.
Table 24 contains a summary of the cost and energy re-
quirements for these 10 rehabilitation alternatives (App. F
and App. G). Both initial and life-cycle costs and energies
are shown. Life-cycle costs in terms of present worth for
rates of return of O and 8 percent are given (App. I).
Equal annual life-cycle costs (assuming an 8 percent rate
of return) are of the order of $0.50 to $0.70 per square
yard of pavement surface. Various hot recycling cost and
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TABLE 18

SELECTION OF RECYCLING TECHNIQUES TO IMPROVE STRUCTURAL
STRENGTH BASED ON PAVEMENT DEFLECTION—EXAMPLE PROBLEM

Recycling Methods Thickness of Required
Overlay
None |Less Than| Greater
2 inches | Than
2 inches
Heater Planer Al | Hithout  additional aggregate
A2 | With additional aggregate
Heater scarify | A3 | Heater scarify only
A4 | Heater scarify plus thin overlay or aggregate
AS | Heater scarify plus thick overlay
Surface miiling| A6 {Surface milling only
or grinding A7 | Surface milling plus thin overlay
AB | Surface milling plus thick overlay
Asphalt B1 |Minor structural improvement without new binder
concrete 82 |Minor structural improvement with new binder
surface less B3 |Major structural improvement without new binder
than S -inches B4 |Major structural improvement with new binder
Asphalt BS [Minor structural improvement without new binder
concrete B6 [Minor structural improvement with new binder
surface greater| 87 |Major structural improvement without rew binder
than 5 inches 83 [Major structural improvement with new binder
Cold mix Cl |Minor structural improvement without new binder
process C2 |Minor structural improvement with new binder
€3 |Major structural imorovement without new binder
(4 |Major structural improvement with new binder
Hot mix CS |Minor structural improvement without new binder
process C6 [Minor structural improvement with new binder
C7 |Major structural improvement without new binder
C8 |Major structural improvement with new binder
TABLE 19
SELECTION OF SURFACE RECYCLING TECHNIQUES BASED
ON ROAD ROUGHNESS—EXAMPLE PROBLEM
Type of Interstate Primary Secondary Urban Streets
Facllity Urban Freeway|
S S Y o S e O Y B A
Pl P P AP Rl (S P N Tlei i [V Tlei e [

Serviceabllfty

Index

Recycling
Methods

Heater Planer Without Additional Aggregate Al

Heater Planer With Additional Aggrenate A2
Heater Scarify Al
Heater Scarify and Thin Overlay A4
Heater Scarify and Thick Overlay AS
Surface H11ling ‘A6
Surface M11ling and Thin Overlay A7

Surface Mi11ing and Thick Overlay

AB




53

~(uoy 4ad 0D°GZ§ 23940U0d jjeydse ‘pded adenbs Jad
62° 1§ 42Ke|4a7u) 43qQqnd-11Bydse) 3JuBUIULEW YItM KBl13N0 82 J3pULQ MU 43 M JUBLIAOLGW| |RJINIDNUIS JOfER
23340u00 J|eydse 4o Saydut z pue Jakelajul 13qqQna-] (eydsy :0L ueld [ 4IPULQ MBU INOY3|M JUBWA0JGW |EJNIINIIS Fi.1s [
. -(uo3 43d 00°52$ X 9 JOpULG MU W3 }A JUBWACAOIL |BJNIDONUS JOULN $595040
33949003 3| Bydse ‘plek asenbs 43d Q605 UOLIEILILLRIS ) X P -
—19780Y) 2UPLAIULEW Y3 M ABLI3AO 33340u0D J|Budse ol §7 - 43PVIQ INOYI |A JUTDACLOW| | BSNIINLIS JOULK XU 304 | @
40 SBYDUL 2 pue YduL G| 03 | 4O y303p B 03 Ay1JeIs-JaleAH  :f ueld . S .L: T Tn SusBACIdu; [#an3onays J0TOH m.
o
+{uo3 43d 0D°G2S 23342U0D jleydse ‘uol 43d Q0°9LS -
Bui2434) @oupUaIULRw yILM AB[13A0 33340u0d JlBuUdse JO £ 49pUIQ M3U INOYI|M JUDAOLOU} |B4NIINIIS JOTTH =
sayduy z PFe pue 9104234 udy} pue sueal y buy|a£234 Ae(3g :§ ueld X 29 43pULQ MBU YA JUSRSSADSOE] |RINIINJIS JOULH ssaooud | S
~
-(up, 430 00°G2S 2134503 3 BYdse “uoy 43d 00°02 Buy(>h84) X |3 49puiQ M3U INOYILM JUAWIACLCWL {RJNIDNILS AOULN. Xjw pLOY
2oueudIuLew Y3Lm AR|43A0 3324DU0D Jleydse 30 S3yaul
2 pue siepaiew jleydse jo saudul p Buiisixd Burydahsay :/ ueld 88 4OpULG ABU Y3 IA JUIIACJdWL |R2N3DAILS Jofel
*(uoj 4ad g0°52$ 9334003 3(eydse 18 J9pUIQ MU JNOYI 44 JUWDACJGW| LRJNIDNIFS JofeRy sedU - § ueyl
tuay 43d pO9Ls BuLdAd34) Ae43A0 Ydui-Z & SIpNLOUL X 98 J9PULQ AU Y3 M JUBEIAOJCW| |RJNIDINUIS JOULN 4230946 2ov44nS
UILYM 3OUPUAULEL YILm AB|I3A0 33345U0 | BUdSE JO S3YIUL -
Z pue s(elsajew 3 eydse o sayduy p Buiisixa BuydAdsy 9 uPld X S8 4apUIQ MBU 3NOYIIA JUBWSACIOW| |RJAIINJIS JOUIN | 3334000 3I{Pydsy | 3
‘(u03 13d 00'G2$ 23345U0D JlBudse ‘uoy Jad 00°9LS Bui|Ao34) ¥ 43PUIQ WIU U34M IUMDACIOM} |BIMINIIS Jofer z
asupuaULeWw Y3iM AB(IBA0 33349U0d 3leydse Jo SBYdUL . n
2 pue s|elaajew 3leydse Jo sayduy p Bulisixa bup)dfoay 5 ueld €8 JIPUIG MIU INOYI|M JUBWIACJOWL |BJNIINJYS JOfEN sayoup-g
A ) X 28 J3PULQ MIU I }M JUSTRACJOWL [RJARIDNIIS 40U} | UPYY SSB| @I UNS
. *{up3 J2d 00°S2S IT AB[JFAO
pue U0y 43d 00025 18 bUL(3A33J) SITAA § 19332 PALNPAKIS. X 18 J9PULQ MIU INOYI|M JUARIACJAD} |BIRIDNLLS JOULKW 33840U00 3 EydSy
S| Ae{JaAd youi-2 ¥ Caunyxu a|2£>34 pjuL 3je63Lbbe -
pa3a913s © pua|q pue |pyJa3iew Jo saydui p Buiasixd 319423y :p ueyd 8y Ae(aano xd4y3 snid buy(]jw 3dR NS
v (uoy 4ad 00-52s 23845U03 3(eydse cpaek X1 X1y Ae1a9A0 Uiy3 sn|d buj|| 1o depang puypuidd 40
adenbs J43d §2°1§ JUAWIIIOSULIL D14QRY) IIUBLBIULEL Y LM X X| X |9 Kluo buj|| @ advdng Bbuj L jw IORHANS
fe|J3A0 33942U03 {BYdSEe Yout-z SN{d JUAWAII0;ULDL oL4qey :f ueld
1] Keydano X344 sh|d £ 14808 430y v
L (w03 4ad 00G2S 33345003 €
Jleydse ‘piek asenbs Jad §G*0S LP2S diyd) dueudjuiew X X1 X | 910563466F J0 Av(J3a0 Uiyl SN|d. £;}J0I5 JRIH “J
Y3 LM ARQJ3A0 3334DU0D Jleydse youi-z snid (83s diy) g Uueld X X X | ev ALuo Kj14€2s J3Jedy A3 14028 JAJVIY ®
*(uo3 42d Q0°G2$ 23345uU0d Jjeydse) (oA deak-f X X X _
e U0 douRURIULEW YILM AB|JIA0 3331dU0D 3|eydse youi-omy | UBLld IA Fyebaubbe |PUDLIIPPR U3 IM
X x| x| a3e50466% (PUO}3 LPPR INOYI LM d3ue|q 43108H
NWATd0dd dTINVXE
—@ANIIId STAILYVNYALTY NOILVLIITISVHEA 2ol 2| P Wma
0 - - -
Iz 914vVL e .W ) spoyaay buy(2ko9y
-3 o [ad e D
D [ - o
Il w (-3 =
" 2 .

) ¢« WAT90Ud dTdANVXY
—SHAILVNEELTY ONITOAOTY AAVNINITIE JO AAVININQS. ..

07 9474VL



‘paef asenbs s3d $3S0d Juasasdas $13quny
.

1 St* . st € St° St 80’ St’ 0uo2
St- SLS St’ ' S’ St H 6661
St” St Sl 80° St St £t 8661
Si° St° SL° ) St° St 80° 1661
St” 1% SU” ' St” St S0°¢ 9661
SU” St° St’ ' st’ SL° SL” 5661
€ et St° 0s°2 st’ (4 SL° 05°2 #6610
80° 80° (40 (3 80" €L : SL’ €661
St° st’ st’ . 80" St’ 2661
80" 80" € 1661
05°2 0%°2 (Y (1 (A 0s°2 80" 0661
! ’ 0§°2 6861
St SL’ 80° BO" H0* st s 8861
SL” 0572 (861
(1N € 1 (4 . Sste SL° 9861
. 05°2 €L StL° se6t
80’ . 80" 059 80" 80’ €t r861
St° ) 80" €861
St° 2861
St° 1861
St°t ov't St° 05°9 0Ls 0L’s 00°¢ . SUE S0°t 0572 0861
LLIPETY)) KepaaaQ LUTEETY Ae|a3aQ . Aejaaag Keyaang 32432y 3 IFETY)) Aegaang Aejaang aedy

ERA R 0 YA Y W2 IV W2 IV W2t RN YA b ueld Y L2 IV 2 'Y We

PEYCIVERNT] Kj1ae35-a233034 912£53y ETELSEN aj24o3y 32423y juaw 100) | ueyy

43qqny-1 | eydsy 6 ueid g ue|d { ueld 9 ueyy G ueyd -3340) Leas
0] veyd ~u})ay 2 ueid
- 3§4qey
! € ueyy

54

WETH0dd ITdAVXE—=+ SHTINATHIS LSOO SHAILVNIFLTY NOILVIITIEVHIA
7z 3714v.L



55

TABLE 23

COST DATA USED TO ANALYZE REHABILITATION
STRATEGIES—EXAMPLE PROBLEM

Material or Operation Cost
- i o S Per Ton S Per Sq. Yd.

Asphalt Concrete 25.00 1.25+
Recycle Asphalt Concrete 20.00 1.00
Recycle Asphalt Concrete 16.00 0.80*
Chip Seal Coat 2 0.55
Fabric 1.25
Heater-Scaritication ’ 0.90
Crack Sealing- 0.15
Asphalt Rubber Interlayer ) 1.25

*
Cost per square yard for one-inch thickness.

s TABLE 24

COST AND ENERGY SUMMARY—EXAMPLE PROBLEM

Energy, BTU/Sq.Yd.

Cost, Dollars/Sq.Yd.

20-Year Life*

P:lzr.‘ Method Initial 20-Year Life Inftial 0 Percent 8 Percent
1 2" AC Overléy 57,800 200,000 2.50 . 9.03 5.50
2 Seal Coat + 2" AC Overlay 61,700 203,000 3.05 9.85 5.80
3 Fabric + 2" AC Overlay ’ 60,000 145,000 3.75 7.72 5.44
4 Recycle 119,600 190,000 4.00 7.16 5.91
S Recycle + 2" AC Overlay 177,400 195,000- 5.70 6.66 6.03
6 Recycle + 2" AC Overlay 177,400 244,000 " 5,70 8.77 6.76
7 Recycle + 2" AC Overlay 177,400 195,000 6.50 7.46 6.83
8 Recycle.+ 2" AC Overlay 2,200 201,000 0.15 7.76 5.52
S :\'gagsg;fg;.”fy + 2" 74,800 160,000 3.40 7.37 5.09

i Asphait Rubber Inter- 64,000 149,000 3.75 7.72 5.4

layer + 2" AC Overlay

- "
Eyual annusl custs assuming O and 8 percent rate of return.

timing options (plans 4, 5, 6, 7, and 8) were investigated
to demonstrate the sensitivity of the assumptions made in
the analysis. Salvage values were not included in the
analysis. '

The selection of the appropriate rehabilitation alternative
is based on the amount of money initially available for the
project, and, if life cycle costs are considered, the rate of
return expected is on the monies availabl :
cost alternative is a 2-in. asphaltic concrete;overlay (plan 1).
(The *“do nothing” alternative, plan 8, hés not been con-
sidered in making this statement.) Alternative plan 5 has
the lowest 20-year life-cycle cost if 0 percént rate of return
can be expected. For an expected 8 percent rate of return,

plan 9 is desirable. From a life-cycle energy standpoint,
plans 3 and 10 are desirable. Table 24, therefore, forms a
basis from which the decision can be made by the engineer.
Local conditions and expected life cycles of the various
alternatives must be considered in considerable detail be-
fore making the final decision.

Guide Specifications and Quality Control

Specifications used for hot central plant recycling in other
Texas highway districts were reviewed together with infor-
mation from other states (App. H). Quality control pro-
cedures followed those typically used for asphaltic concrete
surface courses (App. I).
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CHAPTER SEVEN

INTERPRETATION, APPRAISAL, AND

GUIDELINES FOR RECYCLING MATERIALS

The recycling guidelines provide the practicing engineer
with a complete document for selecting the recycling
method that is best suited for a particular distressed pave-
ment. Laboratory and field testing programs have been
established to aid the engineer in the selection of the most
appropriate alternative. The authors believe that the guide-
lines are suitable for federal, state, and local government
engineers as well as consulting engineers. Engineering judg-
ment in some cases may be substituted for the detailed lab-
oratory and field testing recommended.

A review of existing literature, personal conversations,
and correspondance with knowledgeable individuals and
opinions of the research team provided the background for
this study. The criteria used for selection of preliminary
recycling alternatives are based on the authors’ opinions
and have not been subjected to extensive implementation.
The criteria given in Tables 4, 5, 6, 11, 12, and 13 can be
improved and may have to be revised based on local
conditions.

Typical-cost data given in Tables-8 and 15-should- be -

considered as representative only. If costs for these opera-
tions are available from the agency’s historical records, they
should be substituted appropriately. Costs of construction
materials are expected to escalate on the average of 15 per-
cent for the next several years.

Typical energy data reported are intended to be repre-
sentative only. If energy requirements for recycling opera-
tions are available from the agency’s historical records, they
should be substituted appropriately.

Implementation of the guidelines is necessary if revision
of the guidelines is to be meaningful. This implementation
effort should be closely monitored by the research study
team.

MODIFIER SPECIFICATION

Specifications for modifiers have been suggested by
Chevron {32), Pacific Coast User-Producer Group (17),
and Witco Chemical (35) (Tables 25, 26, and 27). The
specifications developed by the Pacific Coast User-Producer
Group is suggested for use in this report because it repre-
sents a consensus by groups. The specification does not
contain specification limits for Rostler parameters (ASTM
D 2006), but rather determines chemical composition based
on ASTM D 2007. In addition, a weight loss is specified by
the rolling thin-film oven test, RTF-C (ASTM D 2872),
rather than by the thin-film oven test (ASTM D-1754). It
should be noted that the proposed Pacific Coast User-
Producer Group specifications do not allow the use of two
commonly used, commercially available recycling modi-
fiers. The proposed specifications contained in Table 26
consider the compatibility requirements of the old asphalt

APPLICATION

TABLE 25

PROPOSED SPECIFICATIONS FOR HIGH FLASH
RECYCLING AGENTS

ARSHTO GRATE
TEST TEST
METHOD K-1 H-2.5 H-5
TEST ON ORIGINAL MATERIAL
viscosity, 60°C{140°F), 1-202 50-200 200- 300 400-600
poise
Viscosity, 135°C(275°F), 7-201 50 a0 110
cs, min.
Flash Point, COC, T-48 450 450 450
°F, min. p
TESTS ON RESIOUE FROM
ATFC PROCEOURE AASHTO T-240
Weight Loss, % max. T-240 1.0 1.0 1.0
Aging Index, ** max. - 3.0 3.0 3.0

* TFO may be used but RTFC shall be the referee method

=*Aging Index = RTFC viscosity at 60°C guu‘q
= =77 Originall viscosity B L [}

°C = 5/9 (°F -32)
€S = 0.00 Pa.s

and the modifier by specifying a maximum allowable satu-
rates concentration. Rostler N/P ratio needs to be recom-
mended for inclusion as well as the concept of “effective-
ness ratio” as developed by Dunning (33).

The proposed specification uses the weight loss after the
RTF-C test and the viscosity ratio to control asphalt dura-
bility. Rostler’s work, advanced by Witco (30, 34, 35),
should be reconsidered for use in future specifications as
additional field performance information is developed. This
will define more accurately the relationship between asphalt
durability and pavement performance.

MIXTURE DESIGN

Mixture design methods have been proposed by Chevron
(32), Pacific Coast User-Producer Group (I7), and Witco
(34). The method used in these guidelines is based on
these approaches and appears to work satisfactorily. The
use of Marshall stability for establishing the binder demand
of the recycled mixture must be approached with the
knowledge that specified flow values may be exceeded. In-
sufficient field performance is available to indicate whether
these high flow values should be of concern to the engineer.
High flow values can be tolerated more readily in base
course mixtures than in surface course mixtures.

The resilient modulus appears to be an excellent test to
determine the relative effects of modifiers on the properties
of recycled mixtures. The value of the resilient modulus
appears to be greatly dependent on binder properties and
hence is a good measure of the effectiveness of the modi-
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TABLE 26
PROPOSED SPECIFICATIONS FOR HOT MIX.RECYCLING AGENTS®
TEST ASTM TEST RA 5 RA 25 RA 75 RA 250 RA 500
~ METHOD min. max. min. max. min. max. min. max. min. max.
Viscosity @140°F, 02170 or
cSt 2 200 800 1000 4000 5000 10000 15000 35000 40000 60000
Flash Point ;
coc, °F 092 400, - 425 - 450 - 450 - 450 -
Saturates, wt. % D2007 - 30 - 30 - 30 - 30 - 30
Residue from 2
RTF-C Oven D2872
Test @325°F
Viscosity Ratio’ 5 =" 3 x 3 . 3 - 3 . 3
RTF-C Oven
Weight Change, 2
t, ¥ 02872 - q - ) - 2 - 2 = 2
Specific Gravity D 70 or
D1298 Report Report Report Report Report

1. The final acceptance of recycling agents meeting this specification is subject to the compliance

asphalt blends with current asphalt specifications.

In

2. The use of ASTM D1754 has not been studied in the context of this specification, however, it may be applicable.
cases of dispute the reference method shall be ASTM D2872. ’
3. Viscosity Ratio = _ RTF-C Viscosity at 140°F, cSt
Original Viscosity at 140°F, c5t

°C = 5/9 (°F -32)

1 ¢ST = 0.001 Pa.s
TABLE 27
SPECIFICATIONS FOR RECLAIMING AGENTS

] Cyclogen Cyclogen Cyclogen

Property Function & Purpose Test Method L M* H*
Viscosity # 140°F, ¢St Asphalt viscosity ASTM D 2170-74 80-500 1000-4000 5000- 10000
adjustment in
recycled mix
Mash Point, COC, F Handl1ng pracaution ASIM D 92-72 350 min. 350 min. * 350 min.
Volatility, | 8P, F Avoidance of air ASTM D 1160-61, 10 mm 300 min. 300 min. 300 min
2%, F pollution and hardening 375 min. 375 min. 375 ‘min,
5%, € by evaporation 410 min. 410 min. 410 min.

Compatibility, N/P Avoidance of syneresis ASTM D 2006-70 0.5 min. 0.5 min. 0.5 min
Chemical Composition, Durability of asphalt ASTM D 2005-70 0.2-1.2 0.2-1.2 0.2-1.2
(N + A})/(P+Ay) in recycled mix
Specific Gravity Calculations ASTM D 70-72 Report Report Report

*Suitable pumping temperatures are the following:
°C = 5/9 (°F -32)

1 ¢ST = 0.001 Pa.s

fier to alter the binder. Correlations between: binder vis-
cosity and resilient modulus for a wide range of mixtures
should be established.

Water susceptibility tests should be performed on re-
cycled mixtures. The Lottman procedure (40) is suggested
for- immediate use; however, improved acceptance criteria
need to be developed. Test methods such as the vacuum
saturation and soaking procedure used in this study should
be considered for inclusion in future specifications because
of their relative simplicity. ) i

Low temperature properties of recycled mixtures should
be considered prior to final selection of the binder. Data

L=115 F, M = 190 F, and H = 200 F.

have been presented to illustrate that the blends (old as-
phalt and modifier) temperature susceptibility is a function
of the modifier used.

A review of data presented indicates that acceptable mix-
tures have been produced with four widely different modi-
fiers. Three of the four modifiers used do not meet current
proposed specifications. A continual updating of modifier
specifications is needed as more experience is gained.

STRUCTURAL STUDY

In this study recycled pavement materials were evaluated

of the reconstituted
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in-situ and in the laboratory in order to predict their capa-
bilities as part of a structural pavement system. Structural
capability was detined in this study in terms of the AASHTO
structural coefficient, dynamic or resilient modulus, pave-
ment deflection, and thickness equivalencies. Unfortu-
nately, only limited conclusions can be drawn on the basis
of these criteria. Although these conclusions are quite
valid, they do not tell the “whole story” for every type of
pavement.

On the basis of the analyses discussed in this study, it
would appear that the stiffer a pavement layer is, the better
is its structural response. This, of course, may not be the
case for the pavements subject to extreme thermal effects
which cause the stiffer pavement layer to crack earlier than
a softer pavement layer.

The conclusion is that the analyses herein are primarily
focused toward the ability of a recycled pavement layer to
protect the system’s structural integrity by favorable dis-
tribution of stresses and strains within the pavement system.
This technique is generally valid in thicker pavements
where stiffer layers generally are more effective in stress
distribution. However, a stiff layer used as a relatively thin
surface may crack earlier than a softer layer because of
either load or temperature.

The associated recommendation is that a characterization
of the recycled materials in terms of load associated (fa-
tigue) and thermal cracking is necessary to understand the
recycled layers used as relatively thin surfaces. Of para-
mount importance here is the effect of the amount and type
of modifier used in the recycling process.

On the basis of the structural evaluation, recycled as-
phaltic concrete bases stabilized either with emulsion, cut-
back, cement, lime, or with the addition of a modifier are
greatly superior to aggregate bases in terms of load distribu-
tion. Recycled bases used as part of a pavement of sig-
nificant depth appear to be an excellent way to bolster the
structural capability of the pavement. The recycled bases
 in this study are structurally equivalent to, or superior to,
conventional stabilized bases. This statement, to have
merit, of course, must be backed by laboratory tests that
evaluate the water susceptibility of the recycled bases. As
part of a more thorough laboratory characterization study,
the water susceptibility of the recycled bases should be
tested more thoroughly.

The dual parameteric analysis similar to that first defined
by Vaswani (56) is the preferred method for Dynaflect
deflection basin analysis in that it can be used to differen-
tiate the structural contribution of the subgrade from that
of the overlying pavement. This permits a seasonal evalua-
tion of the recycled pavement’s structural response to load.
Also correlations between the Dynaflect deflection basin
and the Benkelman Beam basin may be used to estimate the
structural response of the recycled pavement under the
design wheel load, (i.e., a dual 4,500-1b (20-kN) wheel
load). .

Because the analysis curves for the dual parametric
analysis may be developed easily from layered elastic com-

puter programs for various loading conditions and wheel
configurations, this analysis is readily adaptable to non-
destruclive devices such as the Cox Van and (e Beukelinan
Beam. It is recommended that the deflection basin be mea-
sured under a dual wheel load with the Benkelman Beam,
and the basin analyzed on the basis of the dual parametric
analysis developed for that particular loading situation.
This will allow analysis of the structural contributions of
the pavement and subgrade under actual design loads.

The deflection basin for the recycled pavements should
be measured and analyzed on a seasonal basis and at the
same time during the season each year in order to evaluate
comparatively the performance of the recycled material
with time and change in environmental conditions.

Although recycled materials of all types have yet to be
sufficiently characterized in terms of fatigue, thermal crack-
ing potential, water susceptibility, and modifier effects, this
study is in itself significant. The recycled materials studied
have favorable structural responses to in-situ dynamic load
testing and laboratory diametral resilient modulus testing.

The structural characterization of recycled bases and
surfaces developed in this study provides an initial approxi-
mation of the load carrying capability of these recycled
pavement materials. The structural layer coefficients may
be used as a guide to determining layer thickness in the
AASHTO flexible pavement design method.

FIELD CORE STUDY

In this study, laboratory investigations were conducted
to determine the mechanical properties of field-recycled
mixtures on core samples taken from the following loca-
tions: Washington (Rye Grass, Blewitt Pass); Texas (Abi-
lene; Lyons, US 36; Dalhart, US 54; Snyder, US 84; Abi-
lene, US 277; Mission, Loop 374); Oregon (Woodburn);
Arizona (Gila Bend, US 666); Minnesota (Trunk Highway
94); Iowa (Kossuth County); Kansas (US 56); Nevada
(Henderson); and Utah (Holden, US 50). ' These cores
were obtained from 1,000 ft (305 m) of pavement section;
and resilient modulus, Hveem stability, Marshall stability,
and indirect tension tests were performed. A vacuum satu-
ration and 7-day soaking test was performed to evaluate the
water susceptibility of the mixtures.

As a result of this program, it is evident that the ma-
terial properties of recycled mixtures are dependent on the
properties of the old asphalt and aggregate; however, these
properties can be adjusted by the addition of modifiers
and/or aggregates. Laboratory test results indicate that re-
cycled mixtures can be water susceptible. Laboratory com-
paction of field-mixed recycled materials produces samples
with properties different from field-compacted and cored
samples. Material property variations along a project can
be significant and should be considered in both mixture and
pavement design. The resilient modulus appears to be an
excellent test to evaluate the properties of recycled asphaltic
concrete mixtures. The test appears to be sensitive to
binder properties.
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CONCLUSIONS AND SUGGESTED RESEARCH

CONCLUSIONS

On the basis of the information presented in this report
the following conclusions appear warranted:

1. Realistic guidelines for the recycling of pavement
materials have been developed. The guidelines can be used
by the practicing engineer and will provide the following
information:

a. Point out the potential advantages of recycling.

b. Assist both in making a preliminary analysis of
recycling as a pavement rehabilitation alternative
and in identifying a suitable methodology.

c. Provide guidance and criteria for making a de-
tailed analysis of cost, energy, materials design,
structural. design, construction specnﬁcatlons, and
quality control.

d. Recommend a methodology for evaluating project
results so that recycling alternatives can be com-
pared with conventional methods of rehabilitation.

2. Laboratory testing associated with recycling projects
is necessarily more extensive than that required for typical
rehabilitation alternatives.

3. Mechanical properties of recycled asphalt mixtures as
measured both in the laboratory and in the field are typical
of those obtained from normal asphaltic concrete mixtures.

4. The material properties of recycled mixtures are de-
pendent on the properties of the old asphalt and aggregate;
however, these properties can be adjusted by the addition
of modifiers and/or aggregate.

5. Laboratory test results indicate that recycled mixtures
can be water susceptible.

6. Materjal property variations along a project can be
significant and should be considered in both mixture and
pavement design.

7. The resilient modulus appears to be an excellent test
to determine the properties of recycled asphaltic concrete
mixtures. Its sensitivity to binder properties allows modi-
fier types and contents to be adjusted for design purposes.

8. Portland cement concrete made with recycled port-
land cement concrete or combinations of recycled portland
cement concrete and asphaltic concreté can be designed
such that acceptable strength characteristics can be ob-
tained in both compression and tension. Increased water
contents will normally be required when crushed recycled

aggregates are used to produce the desired workability.
Higher shrinkage and poorer durability can be expected for
recycled aggregate portland cement concrete.

9. Structural coefficients of recycled materials are typi-
cal of those obtained for conventional materials of a simi-
lar nature.

10. Recycled asphaltic concrete used as a base course is
generally compared to conventionally stabilized (chemical
or asphalt) bases as demonstrated by the stiffness responses
of the layer to in-situ testing and computed structural layer
coefficients.

11. On the basis of in-situ stiffness responses and lab-
oratory resilient modulus versus temperature analysis, as
well as computations of structural coefficients, recycled as-
phaltic concrete surfaces are generally slightly stiffer than
conventional asphaltic concrete.

SUGGESTED RESEARCH

1. Improved criteria need to be developed for prelimi-
nary selection of rccycling alternatives.

2. Performance of recycling projects needs to be defined
and related to the type of distress corrected.

3. Specifications and quality control for pavement re-
cycling operations need to be improved.

4. Improved specifications for pavement modifiers need
to be established.

5. Compatibility of modifiers and old recycled asphalts
needs to be defined better.

6. Additional laboratory and field testing of recycled
portland cement concrete is necessary to better define dura-
bility, shrinkage, and other properties. _

7. A more thorough laboratory evaluation of recycled
asphaltic concrete-is required to establish fatigue charac-
teristics, permanent deformation, and creep characteristics.
The performance of recycled materials may then be pre-
dicted based on mechanistic systems such as PDMAP,
VESYS 1I, and FPS-BISTRO.

8. In-place material properties need to be defined for
both conventional and recycled materials.

9. Water susceptibility of recycled materials needs to be
defined more accurately.

10. Cost, energy, and environmental requirements as-
sociated with recycling operations need to be defined bet-
ter. Costs should be identified in terms of manpower, ma-
terial, and equipment costs for each unit operation.
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Town of Holliston Zoning By-Laws

SECTION III - USE REGULATIONS

In any district, no building or structure shall be erected or used for any purpose other than those set
forth in the Schedule of Use Regulations and in accordance with the following notations:

P- Permitted Use

A - Use allowed under Special Permit by the Special Permit Granting Authority as
provided in Section VI-E hereinafter.
O-  Prohibited Use

Permitted Uses and uses allowed by the Special Permit Granting Authority shall be in conformity with
the provisions of Section IV and V of this Zoning By-Law

(This Section was amended March 1978 - STM, Art. 1. The Apartment District was amended March
1974 - ATM, Art. 10. A single-family dwelling in an Apartment District shall be governed by the
requirements for the Residential or Agricultural-Residential District on which the Apartment District
is superimposed. The Village Center Commercial District was added June 1982 — STM, Art. 12. All
uses within that district are also subject to Section V-K.)

10
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TOWN OF HOLLISTON RECEIVED

ZONING BOARD OF APFEALS PR U'}'-]'fi;
TOWN HALL

TOWN O oL i
HOLLISTON. MASSACHUSETTS 01746 0 OLisToN

——

April 10, 1978
Res Indepéndent Bituminoue Co. Ine.

i J 105 Lowland Street
| Te HalNston, %rﬁ ::I'
?gs‘g{' Dy, sk sl 6| A public hearing on the Petition
va o dear” i butinen o N | wag held on Wednesday, Maroh 15,
}_-'n‘..‘:u. 'ﬂ'%* Huzben, 3i 1978 at 8415 P.H, at the Town Hall.
(Pefivaer taeks o Seecel oo Notise of the hearing wae sent to
|8, o vary the thrma of Seclon 13 21l persens required by Law md
180 41 Mie locws for e parting el deemed by the Board to be affested
jantings of tne Welta e the subject’ matter of the Peti-
| iEHi ot W5 LOWLAHO STREE, tion. MNotice of the hearing wag
Blch s gnd Lat § e, NG, 2lso published in the South Middle~
mﬂmm- et ol sex Daldy News on Marsh 1, and
o JesnR. Hes March B, 1978 zs required by Law.
Attorney John J. Hughes appemred
before the Board and set Torth
the details of. the Petition.
ATTACHH 3
Petition Flied with the original Decision
in the 0ffice of the Town Clerk.
Proposed Plan Filed with the original Decision
in the office of the Town Clerk.
PRESENTATION s

Attorney John J, Hughes presented a ﬂt:ltion to the Board for
Independent Bituminous Co.,Inec. requesting & Speoisl Permit to £111
in wetlands located on thelr property at 105 Lowland Street,

Attorney Hughes refreshed. the memory of the Board by detail;
the situation when this same petition was denied by, the Board without
prejudice in 1977, Spaciﬁ.engu. the subject aresn is 8 sometimes
muddy area which, in past times, has been used sg & e Atty,
Hughea gave the Board copies of aorrespondemce between dependen
Bituminous and the Holliston Conservatien Commiasion establ
that they have been working jointly toward s satisfactory solution
to the problem.



TOWN OF HOLLISTON

ZONING BOARD OF APPEALS
TOWN HALL
HOLLISTON, MASSACHUSETTE 01746

Independent Bituminews Ce.
April 10, 1978
Fage -2-

The plan presented to the Board invelved a diteh that weuld
aot as a siltation basin and a rwn-off ospacity storage area fer
Bogastowe Brook, with a lock lecated where the ditch and brook
meet. This was designed and enghneersd by Schofield Brothers.,

Wr. Curtis N. Petter of the local Censervation Cemmissicn was
present and stated that the Conservation Commission hes me
?ﬁ;n;ilgasjmd is willing to ascept the judgement of the engineer

) dJ)e

BECISIONs

The Board veted to grant Independent Bituminous Ce. oInC B
Speeial Permit to £i11 in the wetlands area, as approved by the
Conservation Cemmission, located at 105 Lowland Street, Ho ston,
as shown en the attashed drawing,

The Beard. dees net feel it necessary to impose any ecnditions
on this Speeisl Permit as the Conservation Commission wiil inpoge
aad enforce conditions which they deem mecessary and appropriate.

The Board finds that ting this Speeial Permit will net be
dotrimental to the established er future character ef the neighbor-
heod er the Town, but on the eentrary, will improve the wnsightly

appearance of area.

U a motien made and gecended by these members mitting,
namely, John C. Lossh, Jean B, Heawner and Peter %. Hitehell, it
was wnanimously Veted t¢ grant the requested Spescial Permit.

" "RECEIVED™
APR . V1973

ks BT
RIS st el
- —.l}l v/
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TOWN OF HOLLISTON
CORSERVATION COMMISSION

NOTICE OF PUBLIC HEARING

Notice 1s hereby given of a Public Hearing in accordance with
the General Laws of Massachusetts, Chapter 131, Section 40,
titled Wetlands Protectlon Aect, as émendea, and the Town of

Holliston Wetlands Protection By-Law, on the petition of
H.E.B. Land Development Corp.

for the purpose of extension of Order of Condltions, File

185-50 issued to Independent Bituminous Co.

Such proposed action will take place on property located at

Lowland Street ; »

This hearing wlll be held in the Lower Town Hall, Holllston,
at 9:30 p.m. on April 6, 1987. ;

EQ@ Mullaney, Clerk

Please send tear sheets to the Holllston Conservation Commission,

P.0. Box 520, Holliston, MA 01746

Please send bill to: same




100
DEQE Fia No,
L4 [Teo be grovided by OEQE}

= .aIOt m Agplcant "lE.B.

‘ Extenslon Permit
Massachusetts Wetlands Protection Act

G.L.c. 131, §40
— IIplliston Conservation Commisajon it fasuing Authartty
Ta: I-E.,B, L=nd Development Cor:p, 76N C_%,»nt ral Strect
{Name) . ‘ {Ackiress)
The Order of Canditions (or Extension Permit issued on___*/27/87 (data)
to.__ H.E.8, Corp. (nama} forwark st 293 Lowland St,
flel1igton {address) is hareby extended foraperiod of _ON® __ yearis) from the
date it expires,
April 1, 1988
This Extension Parmit will expire on (date}

mm@tmmmuhmmmMgmc«w«ms«nmu of Conditiona.

{Lenve Space Blank}

7-1
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ADDRESS OF THE GRANTED FREMISES: Lot 1, Lowland St., Holliston, Mass, 0171?/]7"85 0251 W
- 5% PE

BXIbSbbPESY 2

MASSACHUSEYTE QUITCLA (st DEED BY CONPORATION (LONG FORM) 708

/128

INDEPEMDENT BITUMINQUE CO., IRC,
& cozpanstion duly established under thelewsof the Commonwealth of Massachusetts

and having its usaal place of business st Holliston

Middlenex  County, Massuchsetis

for considerstion paid, aed in full consideration of  §15,000. 00 -
4EB lLand Development Corporation, a Corporation duly organiszed

£oants to
under the laws of the Commonwealth of Massachusestts,
of 360 Central Street, Holligton, Masswchusetts with guitclhn rovrnmnts

thelendin gajd Holliston on the northwesterly side of Lowland Btreet
shown as Lot 1 on a plan entitled "Plan of Land in Holligton,

SRyisserRrhrrarmrETDtiemix

Scale 1" 40', March 2, 1982, Echofield Brothers In¢., Reglatered
Land Surveyors, 1071 Worcester Road, Framingham, Mass." with
eadditions mnde March 5, 1982, which plan is recorded as Plan Ho.
438 of 1982 in the Middlesex South District Registry of Deeds in

Book 1460§ Page 520,

Containing 2 ncres + 30,080 sq. feat, more or less, according to

said plan.

Por title referenca pee deeds of Eric J. Stenholm recorded with said
District Deeds in Book 11347, Pags 34 and Benjamin P. Montenegre in
Book 11347, Page 36, both deeds executed on June 27, 1967.

This convayance does not tmlent 2ll or substantislly all of the
apsets of Independent Bi us Co., Inc, in the Commonwealth of

Masaachusetts.

~ . ;
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In wituess mipprent, heuid  NDEPENDENT BIroMINOUS CO. , INC,
bas csused its corpomate sea] to be heseto affived and these presents to be signed, acknowledged and
delivered in its name and behalf by Robert Gabriel,

ident . .
o T e i i g 27 |
dayof 2 7oAee. in the year goe thousand aune hundred snd

ﬁi?f_:gﬁz M . -

RS % Sl W

O Qommonmenlthy ot Sassachusrits
0 one e ix &s. dﬂ;“- A9 e
Then perscunlly appeared the shove named ~ fRobe~=T ﬁbrz.‘-‘-f; s e
and acknowledged the foregoing instrument to be the free utmdyh o m—ﬂa.—q-d-_-:fl = f',’_.C. /oo
’ ]

before e,

CHAFTER 183 5EC. 6 AS AMENDED BY CHAFPTER 497 OF 1969

Every doed poewented (o1 secoad thall cootan of hsve endormd wn&tlﬂlm.m{dﬁnmdpﬂmaﬁmdhm
wad o seeim) of e amount of the Foll cxalderanon theseo! in dollars of the mature of the otber coasid: for, if not ded d for
b specifc onetuy aum The foll comideration sBul) mem the ol prce for the 73 withopt ded: for oy benis gf entumbarcs
mﬂhk;ﬂnlwﬁl;“ﬂﬁ%ﬁmwhmﬂumdﬂﬁ Paulure 1o comply with
this secuon ghell pot affect the validity of ent deed. No reguver of deeds eball aecept & deed for reording molets it b 1o complunee wnth

the mpinoments of thes peclen.




_L::;:;;. - fftbdzdlai, brapector

ORDER
WETLAND PROTECTION ACT

N

G.L. C. 131 8.'40 ! -
FILE NUMBER: 185-50 . PROJECT LOCATION: 205 Iowland St.
TO: Independent Bituminous Co.,Inc. CERT, MAIL NO:
RE: NOTICE OF INTENT AND PLANS DATED: DATE OF RECEIPT BY
4/6/78 CONSERVATION COMMISSION:5/1/78
DATE OF PUBLIC HEARING:

5/15/18

T Jretrtamine gt -

Pursuant to the authority of G.L. C. 131 &. 40, the Holliston

Congervation Commission has considered your potice of intent and plans
submitted therewith, and has determined that the area on which the pro-
posed work is to be done is significant to one or more of the interests
described in the said act. The_ Holliston Conservation Commission
hereby orders that the following conditions are necessary and all wor
must be performed in strict accordance with said conditions and with the
Notice of Intent and Plans, unless modified by said conditions:

L 4

CONDITIONS

b

3.

Failure to comply with all conditions stated herein, and with all
related statutes and other regulatory measures, shall be deemed
causge to revoke or modify this order.

This order does not grant any property rights or any exclusive
privileges; it does not authorize any injury to private property or
invasion of private rights.

This order does not relieve the permittee or any other person of the
necessity of complying with all other applicable federal, state or
local statutes, ordinances, by-laws and/or regulations.

The work authorized hereunder shall be completed within one (1) gear
from the date of this order unless otherwise stated below pursuan

to Regulation 6.7. The order may be ex-
tended by the issuing duthority for one or more additional one-year
periods upon application to.the said {ssuing authority at least

thirty days prior tb the expiration date of the order or its extension.

Any £111 used in connection with this project shall be clean £411,
containing no trash, refuse, rubbish or debris, including, without
limiting the generality of the foregoing, lumber, bricks, plaster,
wire, lath, paper, cardboard, pipe, tires, ashes, refrigerators,
motor vehicles or parts of any of the foregoing.

an
- 26 .



CONDITINNS CONTINUED

6.
1

7.

10,

11,

12,

13.

14.

15,

' Upon completion of

FILE No. 185-30

PAGE 2

menced until all appeal perlods have elapsed from
ion Commission or from a final order by

tal Quallity Enginesring.

No work may be com .
the order of the Conservat
tne Department of Environmen

No work shall be undertaken until the final Order, with respect to
the proposed project, has been recorded in the Registry of Desds
for the district in which the land 1s located within the chaln of
title of the affected property. Copy to bs furnished to issuer of
this Order showing book and page prior to commencement of worl,

the work described herein, the applicant shell
forthwith request, in writing, that a Certificate of Compllance be
1ssued stating that the work has been satisfactorily completed.
Written requast for Certificate of Compliance shall bs accompanied by

"as built" plans.,
A sign ghell be displayed at the site not less tnan two square rset or

more than three sguare feet bearing tha words, "Masrachusetts
Department of Environmental Quallity Engineering., Number L=

Where the Department of Znvironmental Quality Znglneering 1is
requested to make a determination and to issue a supsrseding order,
the Conservation Commission shall be a party to all agency pro-
ceedings and hearings belfore the Department,

| 4

The work shall conform to the following described plans and additilonal

conditions, All conatruction shell conform in each and

Eo ;h;lglﬁn en&itledS"Plan Ehowing"nrainage Improvementseggrga;SSPBCt
n Ho ston, Massachusetts" praeparsed by Schofi

A Dacamb;r 100 3077 prap ¥y Schofield Brothers, Inc.,

Prior to commencement of filling of wetlands area, all

tr
refuse and rubbish (exceptinz bituminous matarial; shall g:h;eggszés’
to the satisfaction of the Conservation Commission,

The anplicant shall prepare a duly executed and notarize

Rfatriction, in recordable form, encompassing at a minfmgmczzgagiifi:n
ditch, a four-foot wide set-back area on each side of the drainaze .
ditch, and the outlet structure leading into Bogastow Brook whigh
restruction shall run to the Holliston Conservation Commiasion and
which instrument shall be delivered to the Holliston Consarvati n
Commission upon completion of the work shown on the plan, ¢

Any change made or intended to be made in the plans

: ghall

izpiigzgt c°hft§° atgew goticeiof Intent or topinquire ol zgguég;mggglon
: ng whether 8 changze sub

new riling. Z 8 stantial enough to require a

Membaers and. agsnts of the Holliston Conservation Commission shall have
the right to enter upon and inspect the premises to avaluats compliance
with these conditions and te réouire the submittal of any data reasonably

{(over)



16,

17.

18,

19,

' i “5&’
deemed nacessary by the Commission for such evaluation. (ﬂ

Acceptad engineering snd construction standards and procedures ahal].?cﬁ;{
be followed in the completion of this project. Particular care shall 7

be tasken during all pheses of construction to eliminate or minimize
siltation or sedimentation impacts on Bogastow Brook, in accordange

with the "Guidelines for Soil and Water Conservation,"published by

USDA Soil Conservation Service in April 1975,

The drainege diteh structure shall be lined with stons on bottom and gidex
throughout its length,

Cartain condifions 1listed below are on-going and do not expirs at the
oend of one-ysar, or with the issuance of the Certificate of Compliance:

(a)

(b)

(o)

the entire drainage system shall be maintained free from dsbris
80 .a8 to allow free flow and storage of water.

the outlet structure shall bs regularly inspectsd and maintained
free of sedimsnt and debris so as to insure an acceptable quality

of outflow into Bogastow Brook, . i
%

the four~foot set-back strips on each side of the drainage ditch shaj
be maian}ned free and clear of trash, refuse, rubbish and debris,

This Order of Conditions aHEIl\apply to any successor in interest

t

or successor in centrol. e e —-——



TOWN OF HOLLISTON
PLANNING BOARD
703 Washington Street
Holliston, MA 01746
(508)429-0635

MEMORANDUM
TO: Zoning Board Members
FROM: Karen Sherman, Town Planner
DATE: June 19, 2020
RE: 157 Lowland Street

Attached pleased find the Planning Board’s 2011 Special Permit for use of 157 Lowland
Street as a materials recycling facility (asphalt, brick and concrete). The site is also
permitied by the MA DEP as BWP SW 47 — Recycling, Composting or Conversion
(RCC) Operation for American Recycled Materials, Inc. (X267053) issued June 2018
(replaced a March 2012 Determination of Need Permit because of regulatory changes).

Enforcement of Condition #14 as well as several other conditions of the approval have
been ongoing issues with abutters and the owner for many years. During the 2017/18
DEP permit review permit, numerous issues were raised with regard to compliance with
local zoning and permitting (see Planning Board memorandum dated April 6, 2018 with
exhibits and Board of Selectmen memorandum dated April 9, 2018). As noted in the
Selectmen’s memo, a stack of complaints about operations at #157 was entered into the
record of a public hearing for 194 Lowland Street. The Planning Board denied the request
at 194, citing principally adverse traffic and noise impacts of the proposal. Their denial
was upheld by the Land Court.

Recently in May 2020, the Board of Selectmen sought the Planning Board’s support of a
heavy vehicle exclusion through DOT for Woodland Street and the portion of Lowland
Street from Jeffrey Avenue to Woodland. The Police Chief has also issued a traffic
advisory to local businesses about ceasing use of that portion of Lowland Street and
instead, cntering and existing the industrial park via Jeffrey Avenue an Whitney Street or
Fiske Street.

At its meeting of June 11", the Planning Board voted unanimous to express their support
for Mr. Canney's enforcement action regarding this site.



TOWN OF HOLLISTON
PLANNING BOARD

TOWN HALL
HOLLISTON, MASSACHUSETTS 01748

CERTIFICATE OF ACTION
SPECIAL PERMIT AND SITE PLAN REVIEW — MICHAEL BRUMBER
Decision Date: August 11, 2011
Applicant: Michael Brumber
Address: 157 Lowland Street, Holliston, MA
Owner: BA Simeone c/o Aggregate Industries, 400 Green Street,
Wrentham, MA 02093
Site Location: 157 Lowland Street
Assessors’ Reference: Map 12, BIpck 4, Lot 34
Zoning District: Industrial (I)

It is hereby certified by the Planning Board of the Town of Holliston, Massachusetts, in
accordance with the Rules and Regulations of the Holliston Planning Board, Article VII, Site
Plan Review, a duly called and properly posted public hearing of said Planning Board was held
on July 28, 2011 and continued to August 11, 2011. At a duly posted meeting on August 11,
2011, it was voted to approve a Special Permit and site plan application based on a plan entitled
«Site Plan of Land in Holliston, MA” prepared for Michael Brumber of 815 Highland Street,
Holliston on 2 motion made and duly seconded. The plan set was prepared and stamped by
Bruce E. Wilson, Jr., PLS of GW Site Solutions Inc. of Franklin, MA. The application was filed
with the Planning Board Office on July 7, 2011 and concems a 7.07-acre property on Lowland
Street in the Lowland Industrial Park identified as Map 12, Block 4, Lot 34.

Hearing notice under the requirements of the By-Law and MGL, c. 40A included the following:
1. Publication of a hearing notice in the Metrowest Daily News on July.13 and 20th,

2. Posting of the public hearing notice with the Town Clerk on July 7" and

3. Abutter notification (including surrounding towns) by mail on July 12%,

The Applicant filed with the Planning Board the following, which are contained in the records at

the Planning Board office and are incorporated into this Decision by reference:

1. Application and narrative for Site Plan Review filed with the Planning Board and Town
Clerk on July 7, 2011 signed by the Applicant and Owner’s Representative.

2. Plans entitled “Site Plan of Land in Holliston, MA”, consisting of two sheets, dated July 7,
2011 (revised through August 11, 2011) prepared and stamped by Bruce Wilson, Jr. PLS.



Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

The Planning Board also received correspondence from the Town of Holliston Fire Chief (dated
July 27) and Police Chief (dated August 2) as well as Richard T. Westcott, PE of Westcott Site
Services, civil engineering consultant for the Planning Board (dated July 18, 2011). The
aforementioned are contained in the Planning Board files and are incorporated into this Decision
by reference.

PUBLIC HEARING AND FINDINGS

During the course of the public hearing, the following individuals made appearances on behalf of
the Applicant and Owner: Michael Brumber (applicant), Attoney Mark Helwig, Dennis Lydon
of Aggregate Industries (owner), Bruce Wilson, PLS of GW Site Solutions, Inc.(surveyor),
Russell Waldron of AES Applied Ecological Sciences (wetland ecologist) and J. David
Simmons, Esq. of Angle Tree Consulting. No abutter orother party of interest was in attendance.

The Applicant explained that the property, which is the subject matter of several historical
Zoning Board of Appeals Special Permits and Variances and this application, is located on
Lowland Street within the Lowland Industrial Park. The existing buildings, parking, and outdoor
storage areas are all located within the Industrial zoning district. The Applicant will occupy one
of the buildings as an office and will store excavating equipment, construction materials and the
company’s fleet on site.

The Applicant requested a Special Permit under the Holliston Zoning By-Laws, Section III-A
Schedule of Use Regulations (#42a “General industrial uses...” and #49 “Outside storage of
building or other materials not covered elsewhere in this by-law™) for processing and outside
storage of building materials and equipment year-round. The exterior material storage areas are
not proposed to be individually enclosed but are identified on the site plan with piles labeled as
raw and processed materials, and the site perimeter is primarily comprised of concrete barriers

and earthen berm. The Applicant is primarily engaged in processing and recycling of asphalt and
concrete rubble material to produce “recycled aggregate” materials suitable for construction
projects. Such processing requires a Determination of Need (Large Operation) from the N
Massachusetts Department of Environmental Protection (BWP SW 02). The quantity identified T
in that permit application totals 125,000 tons per year with a maximum of 1,000 tons received

per day (300 tons on average). This aspect of the operation — receiving unprocessed materials - <
is limited to approximately 6 months per year (April — October). Materials will be acquired from
rehabilitation and construction of roadways, parking areas, storage area restoration and
construction sites as well as demolition of bridges, buildings and other structures. The Applicant
has indicated that a maximum amount of 10,000 tons of materials will be stored while “in
process” and 10,000 tons of processed materials will be stored prior to shipment. Approximately
20 tons of non-recyclable residue (primarily rebar and wire mesh) have been identified and will

be stored until shipped to another recycler. .
Proposed site improvements were described, including truck circulation, screening, parking and
security. Manufacturer specifications for a portable track-mounted crusher which will feed a
portable screener that will sort and disperse recycled asphalt material into assorted sizes from %”
to 3” have been provided.

At the public hearing sessions, no abutters offered testimony for or against the proposal. Upon
motion made and duly seconded, the public hearing was closed on August 11, 2011.

2



Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

Having reviewed all the plans and reports filed by the Applicant and his representatives and the
representatives of the Town, considered the testimony at the Public Hearing and having viewed
the site, the Planning Board has determined that the Application for Special Permit and Site Plan
Review is consistent with the requirements of Sections IlI-A and VII of the Zoning By-Law.In
connection with the application for Special Permit for Use pursuant to Section ITI-A, the Board
makes the finding that the use is in harmony with the general purpose and intent of the By-Law.

The Site, as noted, is presently vacant within a planned industrial park. The proposed use of the
site for outside storage of materials (sand & gravel, recycled asphalt and concrete products, and
equipment) is consistent with the uses allowed under the zoning by-law within the Industrial
district. The Board finds that the aforesaid uses can be made at the Site in a manner that is not
detrimental to the surrounding areas provided that the conditions of this decision and that of the
Commonwealth are complied with.

The Board finds that the intended use and associaled traffic will not have a negative impact upon
safety, as Lowland Street is a planned industrial roadway and that the entry provides for
appropriate sight distance for vehicles exiting the site. Finally, the Board finds that the
completion of the facility will result in improvement of the Site and will promote business
development in the community. The Board also finds that the proposal meets the General
Conditions for approval specified in Section VII (2)(a-g) of the Holliston Zoning Bylaw.

CONDITIONS OF APPROVAL N ]
The Board’s decision to grant the Application for Site Plan Review is subject to the following

conditions:

1. This Special Permit is issued solely to the applicant and is not transferable or assignable. The
Special Permit is not valid until recorded and indexed at the Registry of Deeds in accordance
with the provisions of MGL, c. 40A, s..11. The copy of the decision to be filed must contain
a certification by the Town Clerk that 20 days have elapsed since afier the decision was filed
and that no appeal has been filed or if such appeal has been filed, that it has been dismissed
or denied. )

2. A copy of the recorded decision and revised plan set shall be presented to the Inspector
of Buildings. Unless amended with the approval of the Planning Board, the endorsed plan
set shall be the plan of record and operations shall proceed in accordance with the
improvements shown on said plan and this Certificate of Action.

3. The Applicant shall not reccive or process asphalt and.concrete rubble material requiring a
Determination of Need (Large Operation) from-the Massachusetts Department of
Environmental Protection (BWP SW 02) until said “permit” is presented to the Inspector of
Buildings. ' - )

4. No corrections, additions, substitutions, alterations or any changes shall be made in any
plans, proposals, and supporting documents approved and endorsed by the Planning Board
without the written approval of the Planning Board. Any requests for modifications shall be
made in writing to the Planning Board for review and approval and shall include a
description of the proposed modification, reasons the modification is necessary, and any
supporting documentation.



Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

5.

6.

10.

11.

12.

13.

14,

15.

16.

17.

18.

A copy of this decision shall be kept on site and shall be made available to all site
contractors.

Non-security lighting shall be extinguished overnight within 30 minutes after close of
operations.

Prior to commencement of authorized site activity, the Applicant shall provide to the
Planning Board Office the name, address and business phone number of the individual(s)
who shall be responsible for all activities on the site. Additionally, the Police and Fire
Departments should be provided with an emergency notification sheet.

Street numbers (5-6" in height) are to be added to any freestanding sign installed along
Lowland Street.

Outside storage of materials and equipment not associated with site environmental cleanup is
limited to areas designated.on the site plan. Pile heights are limited to 25° and safe site
circulation must be maintained at all times..

The applicant shall install/repair the dust suppression system prior to commencement of
processing operations and shall.operate that system'at all times when the crusher and screener
are operating. .

The applicant shall not cause a nuisance to residents due to dust and/or odors. If, in the
opinion of this Board, the above measures do not sufficiently mitigate noise and dust
migrating off the property, the Board will notify the Applicant in writing and the Applicant
shall supply a corrective action plan within thirty (30) days for the Board’s review and
approval, The Inspector of Buildings may take additional measures as the Town’s Zoning
Enforcement Officer.

No outside activity, including loading of materials is allowed on-site prior to 7:00 a.m. or
after 7:00 p.m. Monday through Saturday with the exception of seasonal snow plowing
activity and properly-noticed overnight activity to receive millings. Notification must be
given to the Building Department and Police Department a minimum of 24-hours in advance
of overnight activities. A maximum of 20 nights for such activities are allowed per calendar
year. No processing shall occur after 6 p.m.

The Applicant shall take measures to prevent vehicle queuing at the site entrance and along
Lowland Street, especially before 7 a.m.

The applicant shall also direct his vehicles as well as deliveries to utilize the industrial roads
in the area in order to minimize impacts to residential areas. This includes utilization of
Jeffrey Avenue and Whitney Street to access Washington Street.

The responsibility for the maintenance and operation of the drainage system will be the
responsibility of the applicant. The applicant shall maintain the drainage system and shall
provide semi-annual inspection of the sedimentation basin to the Planning Board. If
necessary, the Applicant shall clean the basin so as to maintain the system in proper working
order. . . .

The Board reserves the right to impose additional requirements in the event that the drainage
system fails and water overflows, creating a safety issue.

Prior to the issuance of a Certificate of Occupancy, the Applicant shall submit an as-built
plan stamped by a professional engineer certifying that all site improvements are completed
in accordance with the approved plan. The Applicant shall submit a statement certitying that
all conditions of approval of this decision have been met.

Prior to the issuance of a Certificate of Occupancy, the Police and Fire Department shall be
provided with keys to any proposed gates and buildings (e.g. Knox box) and an accurate
materials list depicting the contents of the storage areas (including MSDS).



Special Permit and Site Plan Certificate of Action
Michael Brumber, 157 Lowland Street

19. The double-walled aboveground fuel storage tank shown on the site plan shall be inspected
and approved by the Hollision Fire Chief.

Planning Board Vote :
The Board’s vote in favor of granting Special Permit and Site Plan approval for Michael
Brumber is as follows on a motion made and duly seconded:

John J. Donovan Yes
Parashar Pate] Yes
Jonathan Loya Yes
Geoffrey Zeamer Yes
Warren Chamberlain Yes

HOLLISTON PLANNING BOARD
BY:

John J. Donovan
Chairman

I hereby certify 20 days have elapsed since after the decision has been filed in my office and
that no appeal has been filed or if such appeal has been filed, that it has been dismissed or
denied. h

Date:

Elizabeth Greendale
Town Clerk



MEMORANDUM

TO: James McQuade, DEP Solid Waste Section Chief

CC: Board of Selectmen

FROM: Holliston Planning Board @/
Karen Sherman, Town Planner/Economic Development DimcmW'

DATE: April 6,2018 . :

RE: DEP Recycling, Composting or Conversion Operation (RCC)
Draft Permit - BWP SW47
ABC Rubble Recycling Operation

American Recycled Materials, Inc. — 157 Lowland Street

Based on review of the draft RCC permit (deted February 9, 2018), the permit application and
enforcement materials provided to the Board of Health, the prior RCC permit and the appraoved
Special Permit and Site Plan Review Certificate of Action issued by the Planning Board in 2011,
we offer the following questions and comments for consideration;

Site Plan Issues: Request for additional information and/or clarification

* The June 21, 2017 DEP Administrative Deficiency Notice in point 5 on page 2 calls for
“...a list of equipment (loaders, excavators, crushers, etc) related to facility operations.”
No such list appears in Atty. Connors® response letter of August 7, 2016.

* Labels on the application’s “Plan of Land of 157-165 Lowland Strect in Holliston, MA”
dated January 15, 2018 prepared by Connorstone Engineering, Inc. are not consistent
with either the 2011 plan or the January 2017 “revised schematic”. How are the specific
arcas that fall under the draft RCC permit determined as there are clearly other materials
and processes occurring on the site? Basics questions seem unanswered such as; Where is
equipment stored, processing equipment positioned, and area(s) designated for waste
material and/or dumpster location(s)?

¢ What is the large rear pile labeled “berm” comprised of and what part of that pile(s) is
dynamic? The “revised schematic” by Connorstone submitted to DEP in January 2017
place the berm up against “processed materials”,

e There are no elevation labels on the material piles and berm depicted. We are gssuming
they are 2° contours. Are pile heights determined by use of Network RTK as indicated in
the May 2, 2016 correspondence between Connorstone Engineering and Atty. Connors
that was submitted to DEP staff?

* There appears to be a growing encroachment onto adjacent property (N/F Ty-Wood
Corporation, Century-TyWood Corporation) at 79 Lowland Street that includes a portion
of the loaded truck route, retaining wall and portion of rear pile/berm. The Quitclaim
Deed of 2/27/15 for the locus does not indicate any easements (Middlesex South Registry
Book 64979, Page 86). Is there a written agreement with this property owner? This
encroachment seems inconsistent with Draft RCC Permit Section V(H) Operations as
“proximate surrounding areas” likely do not include unauthorized sprawi onto an



Holliston Planning soargs Comments

Draft RCC Permit - American Recycled Materials ABC Rubble Recycling Operation

adjacent property and if the encroachment is occurring with owner’s knowledge,
shouidn’t they formally be part of the application?

Special Permit Consistency

Since issuance of the Special Permit in 2011 and the site’s operation under the prior RCC permit
in 2012, the Town of Holliston Building, Board of Health and Planning Departments have
received multiple complaints from residents and business owners about various operational
aspects at the locus including: excessive noise, hours of operation, vehicle quening on Lowland
Street, clientele usage of Woodland and Fiske Streets, excessive pile heights and management,
lack of dust suppression, and lack of stormwater system inspection. These complaints go to both
specific operational conditions spelled out jn the Special Permit as well as more subjective
nuisance issues. The following is a comparison of local Special Permit requirements under local
zoning and the draft RCC as well as suggestions for additional RCC penmit requirements:

[ Holliston PB Special Permit

| Draft DEP RCC Permit

Hours of operation: 7-7, 6 days/week with no
processing afler 6 p.m., no “outside activity”
prior to 7 a.m.; 20 nights with notice to
receive millings; measures to prevent
queuing, especially before 7 a.m. (Special
Permit Conditions 12 and 13)

! Hours of operation: 7 — 7, 6 days/week with
trained attendant on duty and visual
inspection of loads (Draft RCC Permit
Section VI(C) and (D)).

Plan and operational changes: Written
Planning Board approval required (Special
Permit Conditions 2 and 4).

Plan and operational changes: Notice to DEP
and Holliston Board of Health (Draft RCC
Permit Section VI(G)).

Nuisance mitigation: Board notice to
applicant with corrective action plan in 30
days and Building Inspector enforcement
action per Section VI-G penalty of the Zoning
By-Law and MGL c. 40, s. 21D (Special
Permit Condition 11).

Nuisance mitigation: Section V(B)
Compliance provides for overall operational
conduct. DEP may modify the permit per
Section VI(H). Section VI(K) specifically
addresses Air Quality/Noise Control.

Site access and management: Employment of
operational measures to prevent vehicle
queuing on Lowland Street and utilizing and
directing use of industrial roads to access
Washington Street (Conditions 13 and 14).

Site access and management: All vehicles
entering, waiting and leaving the site shall
comply with the requirements of 310 CMR
7.11 for exhaust and sound emissions,

including unnecessary idling.

* Hours of operation.

o The draft RCC penmit at Section VI Specific Conditions(C) Hours of Operations
(page 9) indicates hours of operations for receipt and handling of ABC rubble
material. We would like to suggest the following more restrictive additions to the
Draft RCC: Special Permit condition #12 states “No outside activity....is allowed
on-site prior to 7:00 a.m.” We have received numerous complaints of systematic
violation of the hours of operations (especially in the momings) and suggest that
the RCC include language that includes and defines “start-up™ in addition to

2



Holliston Planning Board Comments
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Q

receiving and processing materials. The Special Permit also restricts “processing”
after 6:00 p.m. in condition #12. Limiting twilight hours is especially important
after the end of daylight savings time when any aspect of operation with lights
and headlights is particularly impactful on residents.

The draft RCC permit does not make allowance for “other” hours for asphalt
millings. The overnight operations allowed in the Special Permit, however
limited, have been very disruptive to residents and businesses as have
unauthorized snow storage operations (see Exhibit A - Inspector of Buildings
February 12, 2018 Cease and Desist Order). Condition #12 of the Special Permit
allows for a maximum of 20 nights per calendar year to accept millings. We
strongly support this limitation/exclusion in the draft RCC permit and suggest the
following language change to RCC Draft permit at Section V(C) Compliance with
Other Regulations: In the event that a conflict exists between the state and local
permits governing the operation, the more restrictive requirements shall prevail.
Is there a stated definition/qualification for “trained attendant™ as identified in

Section VI(D) and (E)?

e Plan and operational changes.
o Atty. Connors states in his May 4, 2016 correspondence to DEP staff that

“Brumber is in the process of preparing a filing for an amendment to his town and
state permits.” To date, no amendment has been filed with the Planning Board and
there is as-built plan on file per Condition #17 of the Special Permit, Special
Permit condition #4 states the “No corrections, additions, substitutions, alterations
or any changes shall be made in any plans, proposals, and supporting documents
approved and endorsed by the Planning Board without the written approval of the
Planning Beard.” As noted in the June 21% Administrative Deficiency Notice on
page 1, #1 “Application form page 1 of 5, section II.A.1, requires the Applicant
to identify all other applicable local, state, federal permits required.” Atty.
Connors’ response letter of August 7, 2016 makes no mention of any local
permits or permit revisions.

Special Permit Condition #9 that states “Outside storage of materials and
equipment...is limited to areas designated on the site plan...” On the approved
site plan, there are no piles shown in the location of the current “Wood Chips”
pile or “Processed Materials Temporary Storage”. The internal bituminous access
roadway has been modified to gravel and a retaining wall has been added to
accommodate the wood chip pile access. A retaining wall of unknown
construction and height has been constructed to accommodate the processed

material storage.

Nuisance mitigation.

o ‘The draft RCC permit at Section VI(K) on page 11 addresses Air quality /Noise

control and the Special Permit addresses the issues in condition #11 which states
that “The applicant shall not cause a nuisance to residents due to dust or odors.”
The draft RCC Permit states on Page 3 that “The Applicant has implemented
several measures to prevent potential noise nuisances associated within the
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processing and recycling operation, including: the installation of a twenty-seven
(27) foot earthen berm at the rear of the property; re-routing the customer trucking
driveway to avoid trucks from ascending a hill near the rear of the Site; ....and
keeping the processing and screening equipment swrrounded by the unprocessed
and processed ABC material, which are approximately twenty-five feet high, for
the attenuation of noise.” As noted by the Conservation Commission in their
comments to the Board of Selectmen dated March 7, 2018 (Exhibit B), the
earthen berm at the rear of the property was installed without their approval, nor
was it reviewed and approved by the Planning Board.

o The draft RCC permit Section V(C) Compliance with Other Regulations states
“This permit does not relieve the Owner and/or Operator from the obligation or
requirement to comply with all applicable laws and regulations (whether local,
state or federal). This permit shall not supersede, nor otherwise diminish, the
Owner and/or Operator’s requirement to comply with other permit(s) issued by
the Town of Holliston.” Additionally, Special Permit Condition #9 states “Pile
heights are limited to 25°..." The “berm” depicted on the Janvary 2018
Connorstone plan appears to have merged with one or more working piles, the
height of which appears to be 32°. This alteration may well have occurred after
Cavanaugh Tocci’s May 2017 measurements and issuance of their June 5%
supplemental report as the Connorstone Plan is dated January 15, 2018.

o It would appear (hat whatever noise mitigation has been put in place could use
monitoring and/or revisiting, As noted by Michael and Audrea Szabatura of 31
Noel Drive in their March 19, 2018 correspondence to the Board of Selectmen
(Exhibit C) “...the berm in place does not cover the entire rear of the property.
The back-left comer of the property has no coverage and most of the noise
funnels out of that area directly to the back of our yard. We are consistently
woken by diesel engines idling in the mornings and even during the evenings...”
and by Patrick and Cherie Hafford of 242 Lowland Street in their correspondence
to the Board of Selectmen of March 17, 2018 (Exhibit D) “The truth is the noise
nuisance has not been abated or mitigated. The crusher and the screener are
visible from the road, which means the sound is not being blocked by any
berms...A rock crusher operating anytime on the weekend and holidays...is a
nuisance. At 7:00 AM on Saturdays, the sound is oppressive for neighbors in the
surrounding areas.”

o Attached please find the Disclosure of Christopher Menge, Senior Vice President
with Harris Miller Miller & Hanson, Inc. in Burlington, MA (Exhibit E) who was
retained to assess potential impacts from Mr. Brumber’s proposed operation at
194 Lowland Street, across the street from the locus under consideration in the
draft RCC. His findings seem 10 be consistent with complaints that have received.

¢ Site Access and Management.

o Special Permit conditions #13 and #14 are meant control site management and
traffic impacts on abutters and surrounding neighbors. Use of Lowland Street to
Woodland Street by the Applicant and his clients has consistently been a source
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of complaints for the Town. Residents of Lowland, Regal and Norland Streets
continue to express frustration about systematic miss-use of this route, use of air
brakes, noise, and dust as well as fear for safety of Upper Charles Trail users and
children walking to and from nearby schools on Woodland Street.

o Attached please find the Disclosure of Robert Michaud, Managing Principal and
President of MDM Transportation Consultants, Inc. of Marlborough, MA (Exhibit
F) who was retained to assess potential traffic impacts from Mr. Brumber’s
proposed operation at 194 Lowland Street. Mr. Michaud’s findings seem to be
consistent with complaints we have received.

Record Keeping and Reporting
What action, if any has been taken by DEP on the Notice of Enforcement issued to the Applicant

dated January 2018 regarding overages in the 500-ton per day limit?

Why is there no requirement for an operational scale and realistically, what is the accuracy of
estimation of materials by volume per draft RCC permit Section VI(A) given that the materials
themselves are not uniform? It would appear that estimation of quantities stored on the site as
both “in process” and “processed” is quite an involved task as shown in the May 2, 2016 exercisc
completed by Connorstone Engineering using digital models of various piles. A scale location
has been documented on all vintage of plans.

Also, the Draft RCC permit Section IV(G) Record Keeping and Reporting states that “The
Operator shall, upon request, make all such records and information available to authorized
representatives of MassDEP and all appropriate municipal authorities” On several occasions
since 2012, the Building Inspector has requested records and has been either directed to DEP or

has received no response.

In that same section of the draft RCC under 2(e) Operational Records & Daily Log “A log of any
complaints received regarding the Operation, including but not limited to a description of the
complaint, a description(s) of the findings of the complaint investigation, and a description of the
actions taken and/or intended 1o be taken to address the complaint™ is required. Our experience
with the Applicant is that any complainant would be retuctant to call the facility directly, let
alone discuss any complaint rationally. Is there an official clearinghouse or single point of

contact for complaints?

Third Party Inspections
The draft RCC permit at Section VI(J) states that “DEP is not requiring third party inspections of

the operations at this time.” We believe strongly that such a requirement is warranted because of
the litany of complaints received by the Town of Holliston as well as yourselves and the caustic
relationship between the Applicant and town officials. This approach has proven to be highly
effective at the nearby Covanta transfer station (BWP SW 07 Large Handling Facility) located at
115 Washington Street. In that case, the third-party contractor is managed by the Board of Health
and the review/inspection scope is agreed upon and funded by the Applicant.
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In conclusion, it would appear that there is a direct relationship between some of the operational
aspects of the permitted site and its documented nuisance impacts. We would appreciate
clarification of the identified site plan deficiencies. We would also respectfully request that you
consider some of the outstanding local issues as being impediments to permitting the operation
without additional controls and honor any additional or amended decisions issued by Town

regulatory boards as a result of this review.



EXULIBIT A

February 12, 2018

Michae! Brumber

157/ 165 Lowland Strect
¢/0 34 Prospect Street
Holliston, MA 01746

CEASE AND DESIST ORDER

Dear Mt. Brumber:

As the Towns’ Zoning Enforcement Officer and on behalf of the Planning, please be
advised that this letter constitutes a formal order under the Massachusetts Zoning Act
(G.L. c. 40A) and the Holliston Zoning Bylaws. Specifically, you are hereby directed to
cease and desist from any storage of snow on the property located at 157 / 165 Lowland
Street (the “Property”).

As you are aware, the allowed business on the Property are described in Special Permit
issued to you on August 11, 2011. Snow storage is not described in such Permit.
Similarly, such permit: (1) states that all changes to the allowed activities requires the
approval of the Planning Board (condition 4); (2) prohibits cxcessive noise (condition
11); (3) limits the hours of activity on the Property (condition 12). Your snow storage
activities are in violation of all of these requirements. Furthermore, the Zoning Bylaws
prohibit snow storage in the Ground Water Protection District in which your Property
lies.

Based upen the foregoing, you are hereby ordered to immediately cease and desist all
snow storage activities on the Property. Should you fail to do so, the Town will be
compelled 1o take any and all available remedial remedies, including, but not limited to,
fines, injunctive relicf and the institution of criminal procecdings.

You may appeal this Order to the Holliston Zoning Board of Appeals in accordance with
G.L. c. 40A.

Sincerely,

& 15 D
Peter N. Tartakoff

Inspector of Buildings / Zoning Enforcement Officer

BUILDING INSPECTION DEPARTMENT
TOWN HALL, 703 WASHINGTON STREET, HOLLISTON, MASSACHUSETTS 01746-1827
Tel: 508-420-0608 Fex: 508-420-0639
Website: www.iown ofhalliston.us



EXHIBIT &

TOWN OF HOLLISTON
Commonwealth of Massachusetts
Christopher Rajdek, Chair Blake M. Monsing
Rebeccs Weissman, Vice Chair Aunn Marie Pilch
Jeanife Buttaro Albeo Ratberg
Shaw Lively
Ryan Cixpp, Conservation Agent

Conservation Commission
MEMORANDUM
Date: March 7, 2018
To:  Town of Holliston Board of Selectmen

From: Ryan Clapp, Conservation Agent

Request for a public hearing - Draft Permit Approval RCC Operation - 157-165
Lowland Street

Re:

A draft of an approved permit for a Recycling, Composting or Conversion Operation at 157-165
Lowland Street has been submitted to the Conservation Commission for review, The
Massachusetts Departent of Environmental Protection has reviewed and determined that the
information supplied the Application is in compliance with their requirements, and has issued a
draft permit approval for the Operation. However, the Commission has taken issue with several

points within the Application.

The Order of Conditions issues by the Conservation Commission under DEP #185-720 has
expired without a Certification of Compliance issued. As part of the Order, 2 critical stormwater
management structure was required to be reconstructed (originally constructed under DEP #185-

50). The Applicant agreed to reconstruct said structure, but there is a lack of evidence that he has
done so. Additionaily, as per the Order of Conditions, an As-Built Plan was requtired to be
submitted to the Conservation Commission for review and approval. No such plan has been

submitted.

To prevent poteatial noise nuisances, a “Noise Mitigation Berm” has been constructed on the
site, Said berm has, according to the Application, a height of 27 feet and was installed with the
oversight of the DEP. There was no notification to the Conservation Commission, and therefore
no review or permitting despite being located in areas subject to the Massachusetts Wetland
Protection Act and the Town of Holliston Wetland Protection Bylaw.

The original application submitted to the DEP for the site’s BWP SW 47 contsined a report from
GW Site Solutions that significantly misrepresented the onsite soil conditions, While the report

703 WASHINGTON STREET, HOLLISTON, MASSACHUSETTS 01746
TELEPHONE: 508-428-0807

WEBSITE: www.townofholfiston.us/conseryation-commisslon « E-MAIL consarvation@holliston k12.ma.us
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phae 2.

accurately notes USDA-SCS soil mapping as “Udorthents,” in actuality, the sitc soils are not the
as-described “deep, cxcessively drained soils on an outwash plain.” Rather, portions of the site
are formed wetlands (permitted to be filed under DEP #185-50) and the existing “sedimentation
pond” on the site is a shallow excavation site which intercepts the groundwater surface.

The draft RCC permit may be subject to a public hearing if one or more criteria of 310 CMR
16.05(5)(d) is met. One such criterion is a request from the Town. With these concerns in mind,
the Conservation Commission requests that the Board of Selectmen request the DEP to hold a
local public hearing on the license application for 157-165 Lowland Street.

703 WASHINGTON STREET, HOLUSTON, MASSACHUSETTS 01746
TELEPHONE: 508-420-0607

WEBSITE: www.townefhollistop.us/conservation-commissian e E-MAIL: gonservation@holliston k12.ma.us
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March 19, 2018

Board of Selectmen:
Kevin Conley

Jay Marsden

Mark Ahronian

703 Washington Street
Holliston MA 01746

Dear Selectman,

We are writing to ask that the Town of Holliston request an open hearing regarding the permit for
Recycling, Composting, or Conversion (RCC) Operations by American Recycled Materials, Inc. at 157-165

Lowland Street.

We continue to have concerns about following: inadequate noise abatement, the storm water
management system and lack of a storm water drainage permit, composting, vehicle storage and
cleansing at the edge of the property, odors and discharges to the air and ground.

Although, changes to the site plan have made slight changes to the noise pattems, there is still a
significant amount that impacts our neighborhood, as the berm in place does not cover the entire rear
of the property. The back-left corner of the property has no coverage and most of the noise funnels out
of that area directly to the back of our yard. We are consistently waken by dlesel engines idling In the
mornings and even during the evenings for the “snow activitles”. This Is in addition to the overall noise

that Is generated from this site all day.

As residents of this town and neighbors to this company, we would like to ralse our questions
and concerns and to have these addressed. Almost 7 years ago the town did not fulfill its legal
obligation to inform the neighbors of this company’s proposed operations and we’ve suffered from
these actions ever since, We ask that you request an open hearing to give neighbors an opportunity to
provide insights into what Is working and not working with the slte as it currently stands. Please request

that the DEP holds a public hearing on this permit.

Sincerely,

Michael & Audrea Szabatura



EXUIRIT D

DEP Public Hearing Rerjuast ¢3:
RrC Permii application Fr7 #526217; Transmittal #X257057

Cherie and Patrick Rafford
242 Lowland Street
Holliston MA 01746

March 17.2018

Board of Selectmen

Kevin Conley

Jay Marsden

Mark Ahronian
703 Washington Street
Holliston MA 01746

Dear Selectmen:

We are writing to ask that the Town of Holliston request the DEP hold an open hearing regarding
the permit for Recycling, Composting or Conversion (RCC) Operation by American Recycled
Materials, Inc. (ARM) at 157-165 Lowland Street, Holliston. We understand that the DEP is not
involved in special permits, but issues permiits to as part of their responsibility to proactively
protect “clean air and water, safe management and recycling of solid and solid and hazardous
waste, and [for the] protection and preservation of wetlands and coastal resources.”

In conversations and meetings with representatives from the DEP, we have been told that these
permits are based only on the information supplied to them by the person/organization applying
for the peemit, and that the DEP does no investigation or verification. We believe some of the
information provided for this permit may be missing or misleading regarding the site and its

operation, because:

» There is no adequate noise abatement in place.

= There is no evidence of a reliable stormwater management system.

» Materials are stored at the very edge of the brook and within the wetlands zone.
« The operation is not limited to ABC recycling but includes composting.

In the permit application, under Section 11 DESCRIPTION OF PERMIT APPLICATION AND

OPERATION, it states:

Facility Operation
The Applicant has implemented several measures to prevent potential noise nuisances
associated with the processing and recycling operation, including: the installation of a
twenty-scven (27) fool carthen berm &t the rear of the property; re-routing the customer
rucking driveway to avold trucks from ascending n hill near the rear of the Site;
installation of new mufflers on heavy equipment; installation of new self-adjusting back-
up alarms on all American Reeyeled Materials, Ine. mobile equipment; and keeping the
processing and screening equipment strrounded by the unprocessed and processed ABC
materiol. which are approximately twenty-five feet high, for the attenuation of noise.
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OEP Pubic Heoring Request re:
RCC Parmit application FisF #526217; Transmittsl + X287035%

The DON permit restricts the amount of material accepted at the Site and the amount of
material allowed to be stored on Site and limits the operating hours to Monday through
Saturday 7:00 AM to 7:00 PM. This draft RCC Permit contains the same restrictions.

The truth is that the noise nuisance has not been abated or mitigated. The crusher and screener
are visible from the road, which means the sound is not being blocked by any berms. Front
loaders regularly ascend all of the mounds of materinl.

A rock crusher aperating anytime on the weekend and holidays (and they do operate on most
holidays) is a nuisance. At 7:00AM on Saturdays. the sound is oppressive for neighbors in the

surrounding areas.

The berm at the back of the operation is against the brook and in well within wetlands.

The operation opens most often before 7:00AM.

According to the Wetlands Manual provided on the DEP website, there must be a stormwater
management system in place, How can the stormwater runoff be managed if there is a 27 fool
berm positioned directly at the edge of the brook? When the operation accepts truckloads of
snow (all night long) during a storm, how is the stormwatet being managed? The facility hasn’t

even obtained any permitting for snow disposal.
it/ we.mass.gov/ecaldocs/dep/n aterlaws/i-thru-z/weafuan.pdf

The application claims to be exempt from solid waste requirements, but according 1o Energy and
Environmental Affairs there are regulations about Using or Processing Asphalt Pavements, Brick
& Concrete Rubble (ABC Rubble), detailed in Section B:

BWP SW 46: Permit for Recycling, Composting or Conversion {RCC) Operations
BWP SW 47: Modification or Renewal

B. Design and Operation is Feaslble (16.05(3)(b})

1. Materials can and will be recycled, composted or converted

2. Incoming material and product specifications will be met

3. Praduct markets are viable

4, Storage of materials and their products wil | not exceed one year.

5. Residuals generated by the RCC operation will not average more than:
a. 5% for orgenic materials;
b. 5% far recycling of construction and demolition waste;
¢. 10% for recycling of recyclable material except at a single-stream operation;
d. 15% for recycling of recyclable material at a single-stream operation; or
e. Other percentage to be established by the Department

¢ The Ojieravon will not ¢reate » significant threat 0 public health, safety or envitorment or
create a ptiblic ninsanse.
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BEP Public Heariiy Reguast re:
RCC Pecmit cpplication FMF #526217; Transmittal wX2C7053

D. The operation will not result In sinpenmitted dischaiges to e alr, water, or natural resaurees
of the Commonwealth.

E Tue operation s appropnately seed.

We have several issues with this operation. First is the nuisance issue. The operation is
incredibly noisy and the noise nuisance is exacerbated by early moming starts (prior to 7:00AM)
and work on weekends and holidays. The ABC permit does not permit organics and yet trucks
have been seen entering 157 Lowland with brush and other organic material, and there has been
a mountain of composting material (at times up to approximately 30 feet high) immediately
adjocent to the road. This has created an odor nuisance, especially in the warmer months.

Second is the harm to Holliston wetlands, something that according to the DEP, the Conscrvation
Commission has the right to regulate and even set—and enforce—more stringent regulations and
policies than the DEP. Asphalt and ather materiels are encroaching on the wetlands area shown
on map of Zone I and I{I Delineation, Holliston MA, Figure 6.2. In addition, there has been

snow collection and melting on the premises.

Third is the traffic safety hazard as trucks queue up before dawn during certain times of the year.
We have safety hazards, environmental issues and a public nuisance.

We also have other questions:

We realize that the local Board of Health has a copy of the apptication to the DEP. Does the
Roard of Health have all the various plans that are required for the Board of Health to review and
approve. pacticularly the compliance inspection plan? Has anyone from the Holliston Board of
Health investigated the claims made in the permit application?

The Holliston Highway Depattinent was told ARM was going to create a new driveway directly
across the strect from the 157 Lowland Street operation, but it is not now and never was e
driveway: it is a parking lot for this growing problem. There was quite a bit of trees. brush, and
other organic material removed and a paved apron added. As all this activity falls within the
areas supposedly to remain undisturbed (wetlands, riparian zone, flood zone, etc.) why did this

not require a permit?

The town did noise testing. How can we find out about the results of that 1est? We wish someone
had been testing Saturday, March 17 when at 7am we were awakened by the sound of heavy

equipment pounding on rock. |

We have lived in our home for 30 years. We have never before found it necessary to filea
complaint. We recognize that we share our area of Holliston with businesses such as an aulo
body and repair shop, landscaping companies, an asphalt plant, contractors and tradespeople, and
a variety of manufacturing and service businesses. In those 30 years, norie created the trouble or
negative impact that this business has in the short time it’s been in operation here. We had taken
some solace in the special permit’s specific restriction of activity (nothing in the winter months).
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DEP Public Haoring Ruquest re:
RCC Parmit applicut'on FMF #526217; Transmittsl #X267053

However, the permit does not appear to be enforceable and the company scems (o be above the
rules, able to operate when and as they wish.

After years of an ongoing struggle that has waken up time and money—the town’s and the
residents’ on several surrounding streets, it’s beginning to look as if this is the wrong fype of
business for a mixed residential/industrial location. When you add to this that many of these
residents are threatened when they speak up and others are being harassed. we are depending
heavily on our town representatives to do everything they can to restore this area to a law-
abiding place to live, if not a harmonious one.

Please request the DEP hold a public hearing on this permit.
Sincerely,

Patrick F. and Cherie M. Hafford

508.429.8194
cherie(@silverleafdesign.com
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