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| ntroduction

Open-graded friction course (OGFC) is a porous, gap-graded, predominantly single size
aggregate bituminous mixture that contains a high percentage of air voids. The high air void
content and the open structure of this mix promote the effective drainage of rainwater, which
also minimizes hydroplaning during wet westher. This characteristic also reduces splash and
spray behind vehicles and improves wet weather skid resistance. Other purported benefits of
this type mix are lower pavement noise and reduced roadway glare during wet weather,
which improvesthe night visibility of pavement markings.

OGFCs have been used throughout the United States since 1950 [1, 2]. Some state
departments of transportation have reported good performance, but many others have
reported poor performance [1, 2]. Louisianafirst developed an OGFC in the late 1960s and
early 1970s to provide a skid resistant surface [3, 4]. The open texture of the friction course
reduced water spray and increased critical hydroplaning speeds. Louisiana s OGFC was
developed prior to the initiation of the Federal Highway Safety Program Management Guide,
Highway Safety Program 12, and Instructional Memorandum 211-3-73 of 1973 dealing with
the establishment of a Skid Accident Reduction Program. Louisiana had aready placed
several OGFCs prior to the Instruction Memorandum. After receiving the Instructional
Memorandum, the Louisiana Department of Transportation and Development (LADOTD)
issued an Engineering Directive to use Plant Mix Seal (PMS) (used interchangeably with
OGFC and asphaltic concrete friction course (ACFC)) on all roads with an ADT greater than
4,000. In 1980, the ADT limit was revised to require the friction course on all roads with an
ADT greater than 3,000.

In late 1980, problems with the OGFCs were encountered. Many of these surfacings had
reached their end-of-life, having lasted much longer than the original life expectancy of five
years, typically 10 - 12 years. The end-of-life was signaled by severe raveling in the wheel
paths due to oxidized asphalt binders and subsequent decrease in serviceability. This, in
conjunction with numerous OGFC failures during the construction phase or shortly thereafter,
led to a moratorium on its use.

Inspection of the failed construction projects and project records indicated that the problems
encountered with the OGFC were related to moisture and temperature. The temperature
problems were related to both mix and weather; the moisture problems were generally
associated with a particular aggregate type. To address these issues, changes were made to
the specifications, including a maximum moisture content for the aggregate, institution of a



construction season from May to September, and an increased minimum ambient air
temperature. Based on these changes, the moratorium was lifted.

It should also be noted the design asphalt content of OGFCs was significantly decreased in
1979. This decrease in asphalt content along with the use of asphalt cements composed of
base asphalt that oxidized rapidly contributed to all of these construction problems although
it was not recognized at the time. Typical deterioration consisted of raveling in the wheel

path.

In the next 1 %2 years, 12 OGFCs were placed without incidence. However, because the
winters of 1982 and 1983 were extremely severe, the previously placed friction courses were
reaching their end-of- life at approximately 8 to 11 years of age. Additionally, because of
several oil boycotts and increases in the cost of crude, asphalt cement contents were reduced.
In the beginning of 1984, with hundreds of miles of OGFC at end-of-life and raveling, a
public and political uproar forced the imposition of a second moratorium which is still in
effect today.

In 1984, afina experimental polymer modifying OGFC was placed on LA 48, Poydras
Reggio ten mile construction project. Two experimental sections (4 lane miles each) were
constructed using a latex modified asphalt (similar to the current PG 70-22m) and an
elastomeric polymer modified asphalt (similar to the current PG 76-22m). These sections
were placed with an asphalt content 0.7 percent higher (similar to the 1960/70 binder levels)
than the control sections with AC-30 which used the 1979 binder content. It was polymer
modified asphalt along with fibers that permit additional asphalt creating greater film
thickness and reduced draindown. Within one year the control sections raveled in the cross-
overs and turn lanes; within two years the control sections had raveled in the inside and
outside whedl paths. The polymer modified section was still performing without raveling
when the entire project was rehabilitated circa 1999-2001. This 15-17 year lifespan is
consistant with design models used today.

This paper documents Louisiana s first use of this type mix since the suspension of OGFC
mixes in 1984.

Project Description

Figure 1 illustrates the project location, which ison US 71 in Grant Parish and begins 4.041
miles (Log Mile 4.041) north of the beginning of the control section (Rapides Parish line, SE
of Rock Hill) and commences northward for 0.157 miles to its project ending limits (Log



Mile 4.198). This highway is 24 feet wide (2 12-foot travel lanes) with 2 10-foot improved
hot mix shoulders. The contract was bid under State Project No. 009-02-0018 and was
awarded to the low bidder, Diamord B. Construction Co., LLC. The work order date for this
project was June 7, 2003, and the final inspection date was June 26, 2003. The OGFC was
placed on June 15, 2003 and was completed in one day. The OGFC was placed at
approximately three-fourthsof an inch compacted thickness, and the area covered was
minimal at 2181.30 square yards. Approximately 94.0 tons of OGFC was placed during
construction. This project site was selected because District 08 wanted to improve the
existing surface characteristics at this location, and the placement of the OGFC was
applicable in this area.
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Project Location

Materials

Asphalt Cement

An elastomeric type of polymer modified asphalt cement was specified for this project,
meeting the LADOTD specification for PG76-22m. The PG76-22m asphalt cement was
listed on QPL #41 and was supplied by Marlin Asphalt, LTD. The polymer modified asphalt



cement content was 6.6 percent as designed by the contractor, Diamond B. Construction Co.,
LLC.

Aqggregates

The final aggregate blend, Design 2, was composed of 67.2 percent - #78 sandstone, Friction
Rating I; 7.4 percent - #11 sandstone, Friction Rating |; and 18.7 percent - #89 siliceous
limestone, Friction Rating I11 (seetables 1 and 2). The sardstone was supplied by Pine Bluff
Sand & Gravel Co. (Source Code AB13). The limestone was supplied by Vulcan Materia
Company (Source Code AA50). The aggregates used complied with the requirements set
forth in Subsection 1003.06(b) of the Standard Specifications.

Fibers

A minerd fiber in pellet form was added to the mix at a mix percentage of 0.1 by weight to
protect against drain down. The fiber was supplied by Interfibe. The contract specifications
required that drain down testing be conducted in accordance with Section 508 of the 2000
Edition of the Louisiana Standard Specifications [5] on the loose mix at atemperature 60°F
(15°C) higher than normal mixing temperatures. A maximum drain down of 0.3 percent is
required. The approved Job Mix Formula (JMF) indicated that the maximum drain down for
the OGFC mixture tested was 0.08 percent using the minimum dosage of fiber specified.

Antistrip

The contractor was required to perform the Boil Test and modified L ottman test to evaluate
the mixture’s susceptibility to moisture damage. An Ad-Here LA 2 from Arr-Maz Products,
Inc. was added at mix percentage of 0.6 by weight. The Lottman test was modified to require
five freeze thaw cycles.

Tack Coat

The contractor elected to use the unmodified SS-1 emulsion for tack coat as allowed by
Section 504 of the Standard Specifications [5]. The SS-1 emulsion was listed on QPL #41
and supplied by Asphalt Products Unlimited. The tack coat rate to be applied was 0.07
gallons/square yards, as required by the Specia Provisions of the contract. The tack coat rate
was not measured; however, the tack coat coverage was uniform and covered 100 percent of
the existing dense graded asphalt surface, which was approximately 3 years old.



Open-graded Friction Course Mixture Design

The mix design procedures for this project were detailed in the Specia Provisions of the
contract. The specified OGFC design requirements followed the recommendations as
outlined in the 2000 Edition of the Journal of the Association of Asphalt Paving
Technologists (AAPT) [6]. The contractor was required to use approved PG76-22m asphalt
cement complying with Section 1002 in the Standard Specifications and listed in QPL #41
[5]. It was further specified that the aggregates, coarse and fine, should be 100 percent
crushed stone with a Friction Rating of I, thus complying with the requirements set forth in
Subsection 1003.06(b) of the Standard Specifications [5]. A Cellulose fiber or minera filler
may also be used to ensure protection against drain down. Also, an anti-strip additive was
required to prevent stripping. The OGFC Special Provisions of the contract and the approved
JMF arein Appendix B and Appendix C, respectively.

During the mix design process, the contractor evaluated two designs. See tables 1 and 2.
The first mixture design, Design 1, incorporated a blend of two sandstone gradations that
subsequently failed during the Hamburg rut testing performed by LTRC. The samples
obtained from the Design 1 mix disintegrated or fell apart during testing in the Hamburg. In
the second mixture design, Design 2, the contractor was allowed to blend less than 25 percent
of a#89 siliceous limestone meeting a Friction Rating I11. The incorporation of the #39
stone was necessary to introduce some intermediate fine material into the design blend to
ensure the stability of the mix during Hamburg rut testing. This particular aggregate was
allowed because its availability facilitated the timely completion of the project. It should be
noted that Design 2, which Diamond B. Construction Company selected as the IMF and
submitted to LADOTD, was subsequently used to construct the OGFC layer.

The Design 1 and Design 2 mixtures were tested for rutting characteristics at LTRC utilizing
the Precision Machine and Welding version of the Hamburg Type Wheel Tester. The
designs were aso tested for drainage characteristics using the Karol-Warner falling head
permeability device. The Instrotek Corel ok device was also utilized for Bulk Specific
Gravity of mix, Gy, measuremerts for the compacted specimens.

Table 1 indicates the aggregates and additives used for each trial design of the OGFC
mixture. The PG76-22m, fiber, and anti-strip rate remained constant in both mix designs.
The only variations between both mix designs were the incorporation of the #89 siliceous
limestone and the actual percentages of aggregate blended to achieve a composite blend.



Tablel

Composition of mix design blends

Per centage
Material Design 1 Design 2 Sour ce
#78
Sandstone,
FRI 84.0 67.2 Pine Bluff Sand & Gravel
#11
Sandstone,
FRI 9.3 74 Pine Bluff Sand & Gravel
#89
Limestone,
FRIII 18.7 Vulcan Materials
PG76-22m 6.6 6.6 Marlin Asphalt
Fibers 0.1 0.1 Interfibe
Ad-HereLA 0.6 by Wt. of 0.6 by Wt. of
2 AC AC Arr-Maz

Table 2 indicates the composite blend and mixture properties for the contractors’ Design 1
and Design 2 composite blends. This table also presents the quality assurance (QA) data

from the actual plant-produced mix during construction.

The LTRC gradation data indicated in table 2 are based on samples taken from the second
truck during production. This data does not match the IMF or the District’'s QA data. The
Design AC and Maximum Theoretical Specific Gravity, Gnm, however, correspond with the
QA data. It issuspected that because the samples were acquired from the second truck, the
hot mix plant had not had sufficient time to stabilize production. One hypothesisis that a
purging of the bag house fines resulted in the finer gradation. The District's QA samples
were acquired at a later time during production.




Table2
Composite blends and mixture properties

Per cent Passing
LTRC
2nd Required
SieveSize Design 1 Design 2 QA Data | Truck Gradation
3/4" (19mm) 100 100 100 100 100
1/2" (12.5mm) 90 92 93 91 85 - 100
3/8" (9.5mm) 58 64 68 66 55- 75
No. 4
(4.75mm) 14 16 21 26 10- 25
No. 8
(2.36mm) 9 8 11 18 5-10
No. 16
(1.128mm) 7 6 9 16
No. 30
(.600mm) 6 5 8 15
No. 50
(.300mm) 5 4 7 14
No. 100
(.150mm) 3.8 34 6 10
No. 200
(.075mm) 2.8 2.3 3.9 6.1 2-4
Gmb 1.916 2173
Gmm 2.374 2.368 2.381 2.389
VCA 33.0 23.0 18
% Air Voids,
AASHTO
T166 19.3 8.2
Gsp 2.558 2.604
Ge 2.619 2.612
Poa 0.9 0.8
Poe 59 6
Permeability,
ft/day 276 453 246
Permeability,
ft/day
LTRC
Results 235 278
Drain Down 0.08 0.08 0.3
Design AC 6.6 6.6 7.0 6.8




Table 3 shows the rut measurements taken from the Precision Machine and Welding version
of the Hamburg Type Wheel Tester (PMW Wheel Tracker). The PMW Wheel Tracker tests
mixtures for rutting properties and moisture susceptibility. Samples passif they attain no
more than 6.0 mm of rutting after 20,000 passes of the PMW Wheel Tracker. Also, the
PMW Wheel Tracker will stop the measurement process if the samples have attained more
than 20.0 mm at 20,000 passes. Two samples each from mixture Design 1 and mixture
Design 2 were subjected to these tests. The tests were conducted at 50 °C. Both sets of
samples were tested at 56 passes per minute. Prior to testing, the samples were submerged
under water for 90 minutes at the required testing temperature. The rut depths indicated in
table 3 are an average of the center 5 of 11 measuring points taken from each sample. The
distance between each measuring point is approximately 1.14 inches. Asindicated in table 3,
Design 1 did not pass the required criteria, nor did it perform as well as Design 2. Design 2
had an average rut measurement of 3.32 mm after 20,000 passes.

Table3
Rut measurements (mm)

Number of **Design 1 Design 2

Passes Sample #1 Sample #2 Sample #1 Sample #2
14,981 21.98
4591 23.38

**Design 1 failed. Samplesfell

apart during testing or failed to

make the 20,000 pass criteria.
20,000 3.50 3.14
Average =3.32

Figures 2 and 3 are the graphical illustrations of the deformation under loading vs. number of
passes for mixture designs 1 and 2 as tested in the PMW Wheel Tracker.
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Mixture Design 2, rut measurements (mm) vs. number of passes

Table 4 is a comparison of the percent air voids of the contractor’s mix Design 1, mix Design
2, and roadway cores as measured by the Corel. ok device versus the contractor’ s results that
were determined by AASHTO T166. It isnoted that there is a considerable variance between



results. The percent air voids measured by the Corel.ok device is significantly greater than
the results determined by AASHTO T166.

Table4
CorelLok vs. AASHTO T166 air voids
Percent Air Voids
Design 1 Design 2 Roadway Cores
Contractor's Results 19.3 8.2
Sample | Sample | Sample | Sample
1 2 1 2 Core#l | Core#2

LTRC (Corel ok) 194 27.6 14.3 13.8 16.7 17.6

Average 235 14.0 171
LTRC (T 166) 11.2 10.6

Average 10.9

Table 5 is a comparison of permeability results between the contractor’s mix Design 1, mix
Design 2, LTRC-prepared samples based on the contractor’s mix design blends, and roadway
cores. LTRC prepared two samples for each design and obtained the average coefficient of
permesbility. The falling head permeability (K-value) of the OGFC mixtures was calcul ated
based on Darcy’s Law. Each sample was tested twice and the average was reported. Design
2 resulted in a higher coefficient of permeability because of the decrease in material passing
the No. 200 sieve.

Table5
Coefficient of permeability (feet/day)

Coefficient of Permeability (feet/day)
Design 1 Design 2 Roadway Cores
Sample | Sample | Sample | Sample | Sample
1 2 1 2 1 Sample 2
L TRC Results 21295 | 257.15 | 231.05 | 324.72 | 188.9 226.35
Average 2|35 2|78 208
Contractor Results 276 453
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Profilograph

A smoothness specification was not required on this section of roadway because of the small
quantity of material placed. The total length of the project paved was approximately 800 feet.

Cost

This project was estimated at $50,000 for the construction of the OGFC layer on the 0.157-
mile stretch of a 2-lane, 12-feet wide roadway, (approximately 2,210 square yards). The low
bid by Diamond B. Construction Co., LLC was $54,508.02. This bid included all items for
project completion, i.e. striping, signs and barricades, mobilization, etc. The pay item for the
OGFC was Item S-001, and it was paid for by the square yard at a unit price of $19.64/sq.yd.
The quantity used to date was 2,181.30 square yards, which equates to a cost of $42,841.
When this square yard cost value is converted to a price per ton of mix placed at alift
thickness of 34" (~ 94.0 tons), it equates to approximately $455/ton. Therefore, this project
does not have a sufficient quantity to do a proper evaluation of cost comparisons between hot
mix and a specialty mix such as the OGFC. Based on a material square yard cost method, we
would estimate a budget value of $3.00 to $3.50 per square yard for 10- mile-long projects.

11
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COMMENTS

The high air void content and the open structure of this mix promoted the effective drainage
of rainwater asintended. Since roadway drainage is enhanced, splash and spray behind
vehicles should be reduced and ponding of water should be minimized, thus minimizing

hydroplaning during wet weather. Future performance evaluations of the roadway will be
performed.
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Recommendations

OGFC' s are recommended for immediate use to further enhance safety by improving
roadway surface drainage, minimizing hydroplaning, reducing splash/spray and roadway
glare, improving wet weather visibility and visibility of traffic markings.

Prior to full implementation use of OGFC's, it is recommended to construct at least one
OGFC project in each District to familiarize LADOTD and industry with the OGFC
specifications and mix design procedure.

15
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STATE OF LOUISIANA
DEPARTMENT OF TRANSPORTATION AND
DEVELOPMENT

CONTRACT
FOR

STATE PROJECT NO. 009-02-0018
US 71 OPEN GRADED FRICTION COURSE (CM)
ROUTE US 71

GRANT PARISH
DISTRICT 08
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LOUISIANA
DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

CONTRACT

This agreement, is made and executed in TWO original copies, between the Louisiana Department of
Transportation and Development acting through its Secretary, hereafter destgnated as the “Department”,
and Diamond B Construction Companv, LLC, hereafter designated as the “Contractor.”

The Department did advertise for, receive and accept a bid from the Contractor for work on a
Department construction project identified as,

State Project No. 009-02-0018, US 71 OPEN GRADED FRICTION COURSE (CM), US 71,
GRANT PARISH, consisting generally of OPEN GRADED FRICTION COURSE, PAINTED
TRAFFIC STRIPING, REFLECTORIZED RAISED PAVEMENT MARKERS, AND RELATED
WORK ON US 71 IN GRANT PARISH.

The Contractor's submission is evidenced by a copy of the “Construction Proposal Signature snd
Execution Form” incorporated herein as part of the Contract Documents defined hereafier,

lnmdunicnoftheamhaeincmkwd,wbep«fomedbyﬂnpameshmtomdomu
paymuhuaﬁnagreedtobemde,itismnnﬂyagmedbybotbpuﬁes that:

CONTRACT DOCUMENTS
The contract consists of the “Contract Documents™ mcluding but not limited to the following:
Agreement (This Instrument) |
. Construction Proposal Signature and Execution Form
¢. Louisiana Standard Specifications for Road and Bridges, 2000 Edition (hereafter referred
to as 2000 Standard Specifications")
d. Project Construction Proposal (Notice to Cantractors, Special Provisions, Suppicmental
Specifications, Schedule of Items)
Plans

e

e
£ Planrevisions

8 ZERO (0) Addenda made or issued Prior to receipt of bids

h. Payment, Performance and Retainage Bonds or Retainage Agreement

For these purposes, 21 of the provisions contained in the listed Contract Documents are incorporated
haeinbyrefermoewiﬂ:ﬂnamcfomeandeﬂ‘utaslbwghsaidemDocmnenumhexcinsel

Page 2 of 9
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LOUISIANA
DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

CONTRACT

INTENT OF CONTRACT

In accordance with the 2000 Standard Specifications and the Contract Documents, the Contractor agrees 1o
the terms and requirements for the intent of the contract to provide all matenals, equipment and labor and
perform the work required to complete the project in a thorough and workmanlike manner, to the satisfaction
of the appropriate official of the Department,

CONTRACT AMOUNT

The Contractor did submit as advertised with his (her) bid, a dollar value amount for cach of the items
designated in the construction proposal on the "Schedule of Items® and that the "Schedule of Items," attached
hereto and incorporated herein as part of the Contract Documents, submitted by the contractor, establish that
the total contract amount for this project is FIFTY-FOUR THOUSAND, FIVE HUNDRED EIGHT AND

ALTERATION OF CONTRACT
In accordance with the 2000 Standard Specifications and the Contract Documents, the Contractor agrees to
the terms and requirements for alteration of the contract.

STIPULATED DAMAGES
Contractor agrees to the assessment of Stipulated Damages as provided in the Subsection 108.08 of the 2000 'r";a;
Standard Specifications as amended by the Contract Documents.

DAMAGE CLAIMS
Contractor acknowledges that he/she has reviewed and understands Subsection 107,17 of the 2000 Standard

Specifications and specifically agrees 1o be bound by the terms and conditions thercof.

JOINT EFFORT

This Agreement shall be deemed for all purposes prepared by the joint efforts of the parties hereto and shall
not be construed against one pnnyorthcothansaruultofﬂ\emuon.dnﬁng, submuttal or other event
of negotiation, drafting or execution of the Agreement.

Page 3 of 9
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LOUISIANA
DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

CONTRACT
This contract shall become effective on the date all parties hereto have signed the same,

D BC n v, LLC
CONTRACTOR

7T2- 0897970
(Pedu:lldenn’ﬁcuionb’umbet)

By: ﬁ“ '{4‘“' C'

/ (Signature of Authorized Agent)

04-29-03
(Date)

SR, PRES 1L
(Typed or Printed Name and Title)

LOUISIANA DEPARTMENT OF
TRANSPORTATION AND DEVELOPMENT

Witness

Wm. Wayne Marchand, P.E,
District Administrator, District 08

Sy Bl =-§-a3

Witness (Date)

Page 4 of 9
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CONSTRUCTION PROPOSAL SIGNATURE AND EXECUTION FORM?;
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STATE PROJECT NO(S). 009-02-0018
FEDERAL AID PROJECT NO(S). N/A
NAME OF PROJECT US 71 FRICTION COURSE (Cp)
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DEFINED IN ACT NO. 36 OF THE 1989 FIRST rmwmmmmmrmvamvumm:umna
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STATE PROJECT NO(S). 009-02-0018

BIDDER SIGNATURE REQUIREMENTS
IS BID FOR THE CAPTIONED FROJECT &5 SUBMITTED BY-

. .
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
PAYMENT, PERFORMANCE, AND RETAINAGE BONDS

khmmMMMqum and
—Hartford Accident and indemnity Company and

, 35 Surcty(ics), sutborized to do businessin
Louisiana, bereby bind themselves, in solido, 1o The Louisiana Department of Transportation and Developmeat, and
other potential claimants, for all obligati WedbymmwmmwfmmzmmdSTATE

PROJECT NO. 009-02-0018, US 71 OPEN GRADED FRICTION COURSE (CM), US 71, GRANT Parish, in the
full contract amount of FIFTY-FOUR THOUSAND, FIVE HUNDRED EIGHT AND 02/100 DOLLARS ($
54,508.02). Tbeobﬁnmofmehhdpduﬂsmmdathucpnymgyufmm.uﬂumgebmmn
eomninﬁ:ﬂforcnndeffeaunﬁ]dlmu‘iah.eq' 1, and labor have been provided, AND all requirements
eomﬁnedinmcmgplns.ndqncnﬁaﬁumhlwbemcmnpkwdinaﬁme}y.mmandwuxtnnnhhmm.
mmMeMMMmﬁmmmmwmﬁomcminedinh.k.S.dS:ZSOe(

seq.
By this instrument(s), the Principal and Surety(ies) specifically bind themselves, their heirs, successors, and assigns, in
solido, under the following boads:
PAYMENT BOND. To the Loaisiana Department of Transportation and Development and all “Claimants,” s
defined in La. R.S. 48:256.5 in the full cantract amount of FIFTY-FOUR THOUSAND, FIVE HUNDRED
EIGHT AND 02/100 DOLLARS ($54,508.02), in ordet to secure the fiall and timely claims under the project.
mpuﬁulgmlbnbondi:mnlwyinummdgovmbyu R.S. 48:256,3,
Claims pursuant 10 La. R S, 48:256.5 shall be made to the Undersecretary, DOTD, Headquarters Adrmunistration
Building, Rm 226, 120] Capitol Access Road, Baton Rouge, LA 70802,

EERFORMANCE BOND. TomeiimDepmoanmmeDcvdopuzmthefuﬂ
contract amount of FIFTY-FOUR THOUSAND, FIVE HUNDRED EIGHT AND 02/100 DOLLARS
mxnmmmuﬁmmmmmwymumammmmm
bisphmndrpedﬁcﬁom,mlwiwofwetwymuwhmndsﬁmd&mmnummd.

RETAINAGE BOND. To the Louisiana Department of Transportation and Development in the full
sum of Ten percent (10%) of the contract amount, in licuoﬁhesumsrequiredtobewnhhcldﬁompmyess
payments under the provisions of La. R.S. 48:256.1, inclusive of overpayments to the contractor and
stipulated damages as assessed.

CONTRACTOR OPTION: RETAINAGE
[.Memmmmmbhveammmwmﬁmaﬂminh:u
of the above retainage bond

By

8/01
Form CS-16A
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LOUISIANA
DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
PAYMENT, PERFORMANCE, AND RETAINAGE BONDS

In witness whereof we have signed this instrument 25 dated.

Witness

Attorney-m-Fact (Seal)

Typed or Printed Name

Acopyofth:oonmc‘udsdmmmwncspomdcomnm
agency with respect to the contract bonds should be disected to-
(FOR SURETY 1)

cation from LA DOTD or the contracting

(FOR SURETY 2)
Hartford Accident and Indemnity Company
Agency off Company Name Buading Agency or Company Name
Agent or Réprescatative Local Agent or Representative
~ J DALE GAULTARKC 96317 Addres
HIBERNIA INSURANCE CONSTRUCTION ,
P. 0. BOX 66068
Phone Number Phone Number
Fax Number Fax Number
801
Form CS-16AA
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POWER OF ATTORNEY i

HARTFCRD. CONNECTICUT D515
_—

E Hartford Fire Insurance Company Twin City Fire Insurance Company [:
[X7] Hartford Casualty Insurance Company Hartford insurance Company of lilinois [
[[X_ Hartford Accident and Indemaity Company Hartferd Insurance Company of the Midwest |
[T] Hartford Underwriters insurance Company Hartford Insurance Company of the Southeast _
—

KNOW ALL RERSONS BY THESE PRESENTS THAT the Hartford Fire Insurance Company, Hartford Acciden! and Inden
Company ang Hartford Undenwnters insurance Company, corporations duly organized under the laws of the State of Connacticut; Har
Insurance Company of lviais, 3 corporation duly organized under the laws of the State of lllinges; Martford Casually fnsurance Comp
Twin Cdy Fire insurance Company and Hartford Insurance Company of the Midwest, corpacabions duly organized under the laws ol
State of Indiana; and Mamford insurance Campany of the Southeast, a corporation duly organized under the laws of the State of Flo
having thes home office in Hartford. Cannecticul, (hereinatier collectively referred 1o as the “Companies”) do hereby make, constitute
appant, up 1o the amount of unhmited,

J Dale Gautl Chanes E. Riddle, Branda Ann Riodle, Henvy Luckeft Marye, Jr
of

8aton Rouge, LA

ther true and ‘awful Atterney(s}-in-Fact. each in ther separate capacity if more than one is named abave, 10 sign its name as surety
only as delinested above by [X, and to execute, seal and acknowfedge any and al bonds, undertakings. confracts and other wr
instruments in the nature tereof, on behall of the Companies in their busi of gt ing the fdelity of persons. guaranteaing
performance of contracts and executing or guaranleeng tonds and undertakings regquired of permitted in any actions or proceed
alowed by law

In Witness Whereof, and as authonzed by a Resolution of the Board of Directors of the Companies on Seplernber 12th, 21
the Companies have causad these presents to te signec by its Assistant Vice President and 18 corporale seals to be harelo affxed,
attested by its Asmistant Sacrelary.  Further, pursuant to Resolution of the Board of Directors of the Companies, the Companies hey
unambiguousty affirm that they are and wil te bound by any machanically applied signatures applied to this Power of Altarney.

Faul A Berganholtz, Assistant Secretary John P Hyland, Assstant Vice Presidect
STATE OF CONNECTICUT

} 55, Hartford
COUNTY OF HARTFORD

On thus 18" cay of September, 2000, tefore me personally came John P Hyland, to me known, who being by me duly swom
depose and say that he resides in the Counly of Hartfeed, State of Conneclicut; that be is the Assistant Vice Presidert of the Compar
the corporations gescribed in ang whieh executed the above instrument. that he knows the seals of the said corporations. that the s
affixed 1o the said instrument are such corporate seals. that they were so affixed by authority of the Boards of Directors of said corporst

and that he sigred his name thereto by like aulhonty.
o Dl lgeeir s

lean H Womnak
Notey Pubin
My Cammsson Evpires June 10, 2004
. the undersigned. Assistant Vice President of the Companies, DO HEREBY CERTIFY that the above and foregoing s a true
correct copy of he Power of Attorney execuled by said Companies, which is still in full force eflective as of |

Signed and sealed at the City of Hartford

CERTIFICATY

Coteen Masiro@nni, Assistant Vice President



Coligee’s/insured’s Name
Diamond B Construction Co,, L.L.G.

ea s/ o i
AT T A
Alexandria, LA 71306

438cscp T oy Numaer IMPORTANT NOTICE TO

OBLIGEES/POLICYHOLDERS -
TERRORISM RISK INSURANCE ACT OF 2002

You are hereby notified that, under the Terrcrism Risk Insurance Act of 2002, effective Novem?
26, 2002, we must make terrorism coverage available in your bond/policy. However, the acl
coverage provided by your bend/policy for acts of tercorism, as is true far all coverages, is limit
by the terms, conditicns, exclusions, limits, cother provisions of your beondipolicy, 3
endorserments 1o the bond/policy and generally applicable rules of law,

Any terrorism coverage provided by this bond/policy is partially reinsured by the United States
America under a formula established by Federal Law. Under this formula, the United Statgs \
pay 90% of covered terrorism losses exceeding a statutorily-established deductibie pad
sureties/insurers until such time as insured losses under the program reach $100 billion. Il tf
occurs, Congress will determine the procedures for, and the source of, any payments for losses
excess cf $100 billion.

The premium charge that has been established for terrorism coverage under this bond/policy is
either shown on this form or elsewhere in the bond/palicy. If there is no premium shown for
terrorism on this farm or elsewhere in the bond/policy, there is no premium for the coverage.

[Terrorism premium: | $0 }

o _oanatol
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ITEM S-001, OPEN GRADED FRICTION COURSE (03/03): This item consists of
furnishing and constructing an Open Graded Friction Course in accordance with plan
details, and these specifications.

General: This thin surface asphaltic concrete overlay material is intended to resist
permanent deformation, reduce overspray by moving water freely through the layer and
improve [riction while providing a 10 year maintenance surface. This material shall be
placed in thicknesses shown on the plans, otherwise the thickness shall be 3/4 inch (19
mm) minimum and 2.0 inch (50 mm) maximum.

Materials: Matenials shall comply wi

(a) Asphalt Binder: The asphalt binder shall be PG 76-22m asphalt cement
complying with Section 1002 and listed on QPL 41.

(b) Aggregate: Aggregates shall be 100% crushed stone, with a Friction Rating
of | complying with the requirements of Subsection 1003.06(b), except that aggregate
gradation shall be as follows:

Aggregate Gradation

US Sieve (Metri p Passi
3/4 inch {19 mm) 100
1/2 inch (12.5 mm) 85-100
3/8 inch (9.5 mm) 55-75
No. 4 (4.75 mm) 10-25
No. 8 (2.36 mm) 5-10
No. 200 (75 um) 24

(c) Fiber: Cellulose fiber or mineral fiber when required shall comply with
Section 508 and will be required to assure protection against draindown.

(d) Anti-strip: Anti-strip shall comply with Subsection 1002.02 and be applicd
according to Section 502.

(e) Tack Coat: The tack coat shall conform to Section 504 and shall be applied at
a minimum rate of 0.07 gallons per square yard (0.32 L/sq m).

Equipment: Equipment shall conform to Section 503.

Design Procedure: The contractor shall provide the required mixture using the
following design procedures:

1. Select three trial blends of aggregate within the specification bands above,

2. Determine dry-rodded voids in coarse aggregate, plus No. 4 (4.75 mm) sieve,
of the coarse aggregate fraction (VCApg)

3. Add between 6 percent to 6.5 percent asphalt to each trial blend and compact

10 50 gyrations of a Superpave gyratory compactor,
(Note: At this stage of design, fiber should be added at manufacturer’s recommended
rate. Fibers are required when draindown is observed, typical rates are 0.2 percent to 0,5
pereent.)

4. Determine the voids in the coarse aggregate, VCA, for each compacted mix.

5. VCA must be equal to or less than the VCApy (this indicates stone on stone
contact).

6. Select the trial gradation that produces stone on stone contact and a minimum
22 percent VCAL



7. Using selected design from Step 6, prepare two additional mixtures using 0.5
percent and 1.0 percent additional asphalt content and compact using 50 gyrations of the
Superpave gyratory compactor.

8. Conduct draindown test in accordance with Section 508 on the loose mix at a
temperature 60°F (15°C) higher than nommal mixing temperatures. (A maximum
draindown of 0.3 percent is required.)

9. Conduct laboratory permeability test described in ASTM PS 129, 246 feet/day
(75 m/day) minimum is desired.

10. Report each step of the procedure. The report must show that the selected
design meets draindown, VCA of 18 percent minimum and a minimum of 246 feet/day
(75 m/day) permeability.

11, Perform boil test and Lottman test. The Lottman moisture sensitivity test, in
accordance with AASHTO T 283, is modified to require 5 freeze/thaw cycles and the
retained tensile strength, TSR, shall be 80 percent. A minimum of 90 percent coating is
required for the boil test.

12. District Lab Engineer shall review and approve the design, verifying the
aggregate gravities,

t Validati uality Assurance Test: The validation lot is defined as the
first four hours of production. Validation requires that the mixtures meet the minimum
design criteria excluding Lottman and shall be based on the average of a minimum of two
samples. Subsequent validation trials shall be limited to 500 tons (500 Mg) per day.

One set of plant Lottman tests shall be made during validation and reported within
one week of production for verification.

A production lot is defined as the material produced in one day.

Two random acceptance samples shall be taken each day and the average shall be
reported and shall meet the following:

Gmm, maximum specific gravity £0.020 from validation target;

VCA, 18 percent minimum; after 50 gyrations of a Superpave gyratory
compactor.

Draindown; 0.3 percent;

Boil Test; 90 percent coated

Percent AC, meter; (0.2 percent from design target)

Permeability; Validation only or when requested by the engineer,

Acceptance pay will be based on the percent deviations from the job mix formula
tolerances for the lowest of the pay sieves listed below,
50% pay
__US Sieve (Metnic)  100%pay __95%pay =~ _90%pay  orremove
No. 4 (4.75 mm) =4%; 4.1 10 6.0% =6.1 to 8.0% =8.0%
No. 8(2.36 mm) £3% £3.110 5.0% £5.1 10 7.0% >7.0%

Weather Limitations: Weather limits shall comply with Section 502 except that
the surface temperature shall be a minimum of 60°F (15°C) and air temperatures must he
60°F (15°C) and nising.
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7. Using selected design from Step 6, prepare two additional mixtures using 0.5
percent and 1.0 percent additional asphalt content and compact using 50 gyrations of the
Superpave gyratory compactor.

8. Conduct draindown test in accordance with Section 508 on the loose mix at a
temperature 60°F (15°C) higher than nomal mixing temperatures. (A maximum
draindown of 0.3 percent is required.)

9. Conduct laboratory permeability test described in ASTM PS 129, 246 feet/day
(75 m/day) minimum is desired.

10. Report each step of the procedure. The report must show that the selected
design meets draindown, VCA of 18 percent minimum and a minimum of 246 feet/day
(75 m/day) permeability.

11. Perform boil test and Lottman test. The Lottman moisture sensitivity test, in
accordance with AASHTO T 283, is modified to require 5 freeze/thaw cycles and the
retained tensile strength, TSR, shall be 80 percent. A minimum of 90 percent coating is
required for the boil test.

12. District Lab Engineer shall review and approve the design, verifying the
aggregate gravities,

Plant Validation and Quality Assurance Test: The validation lot is defined as the
first four hours of production. Validation requires that the mixtures meet the minimum
design criteria excluding Lottman and shall be based on the average of a minimum of two
samples. Subsequent validation trials shall be limited to 500 tons (500 Mg) per day.

One set of plant Lottman tests shall be made during validation and reported within
one week of production for verification.

A production lot is defined as the material produced in one day.

Two random acceptance samples shall be taken each day and the average shall be
reported and shall meet the following:

Gmm, maximum specific gravity £0.020 from validation target;

VCA, 18 percent minimum; after 50 gyrations of a Superpave gyratory
compactor,

Draindown; 0.3 percent;

Boil Test; 90 percent coated

Percent AC, meter; (0.2 percent from design target)

Permeability; Validation only or when requested by the engineer.

Acceptance pay will be based on the percent deviations from the job mix formula
tolerances for the lowest of the pay sieves listed below,
50% pay
__US Sicve (Metnc)  100% pay __95%pay ~ _90%pay  orremove
No. 4 (4.75 mm) +4%; +4.1 10 6.0% =6.1 to 8.0% >8.0%
No. 8 (2.36 mm) £3% £3.110 5.0% £5.1t0 7.0% =7.0%

Weather Limitations: Weather limits shall comply with Section 502 except that
the surface temperature shall be a minimum of 60°F (15°C) and air temperatures must be
60°F (15°C) and nising.



Placement and Compaction; Mixture shall be placed to plan thicknesses and
compacted immediately after placement without excessive breakage of aggregate. Two or
three passes of a vibratory roller is typical. Newly constructed sections shall be protected
until it ha.s cooled enough to de\'elop sufﬁcnent streng(h to hold traffic.

3 nts; The inspector will record
the avmge paver screed he;ght settings cvcry bour and will also report the yield hourly
by adding the tons reported on the weigh tickets and dividing by the area placed.
Smoothness will be measured before construction starts and again after each day of
construction. The smoothness measurement after construction shall not exceed the
measured smoothness before construction.

Measurement: Open Graded Friction Course will be measured per square yard
(sq m). The quantities for payment will be the design quantities specified in the plans,
based on horizontal dimensions, and adjustments thereto.

Payment: Payment for Open Graded Friction Course will be made on the
accepted quantity at the contract unit price per square yard (sq m) subject to the
acceptance payment adjustments contained herein.

Payment will be made under:

Item S-001, Open Graded Friction Course, per square yard (sq m).
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ST - SHELT
STANDARD PLANS TD BE STATE OF LOUIS I ANA 5. F. O NO. PAASH NG R
Sy 0N THi S PROMECE DEPARTMENT OF TRANSPORTATION S rv— = :
STD. PLN. DATED AND DEVELOPMENT

H5-01 9-14 .94

u'u 01 01-21-98 PLAN DF PROPOSED

STATE HIGHWAY

STATE PROJECT No. 009-02-0018
US 71 FRICTION COURSE (CM)

C.S. LOG MILE 4,04
GRANJS P?A1R'SH STA. 18445.00
C.5. LDG MILE 4.198 BEG. $.P. No. 009-02-0018

STA. 26475,00
END. S.P. No. 009-02-0018

*

ROONEY J. CHOATE
REG. No. 232408

q;

TRAFIC DATA
W98 ADT . 2393

TQTAL PROJ. LENGTH:0. 157 mi les

TYPE OF CONSTRUCTION:
Open Groded friction Course. povemont morkings.

The 2000 Lousana DOTO Standord Specilications for Roods and firidges,
03 omended by l'lf froject specificalions, sholl QOvern on ths project

Revision [Date Recommended

APPROVED BY T DATE
DISTRICT ADMINISTRATOR "
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State Project No Parish Sheet No
009-02-0018 Grant 2

DESIGN CONCEPT

PROJECT LOCATION AND LIMITS

This project is located on US 71 Just south of Rock Hill. It begins at station 18445, which is located 615° noeth of mile marker 85, 1t proceeds northward
along US 71 for 0.157 mile. The project ends at station 26+ 75.

EXISTING ROADWAY

The existing roadway is 3 24 {1 wide travelway with paved shoulders. The existing surfacing on the travelway is asphaltic concrete over stabilized base,
Shoulders are 10" width asphialtic concrete over a soil cement base

PROPOSED ROADWAY
Plan intent 15 10 place an open gradded friction course on the existing travelway

MISCELLANEOUS WORK
Additional woek will consist of replacing the existing rosdway markings (painted) and reflcctorized markess

L3l
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State Project No.

Pansh Sheet No

009-02-0018

Grant 3

GENERAL NOTES

ISheel lof 1

_ 1) GENERAL REQUIREMENTS FOR "CM" PROJECTS: —e
| Thetotal nnih;&mi:ommuuﬁxed.q:_n@costcmnolommn.jh:Ennneermg_nqjgx_qmiﬁuolwkhmmmmainouhgdpu. =
~3__|ITEM 71301, TEMPORARY SIGNS AND BARRICADES: = S =
O Tlte'l)oNuPm'aM'Pm\VimCam'sigm:inbougaedn!hewwumumeldvmwmmsiwfm(bcgggt

e e e i)
- — . e,
—— —
—_——




vd

Surfacing

State Project No.

Parish Sheet

009-0240)18

Gramt 4

|Shed lof 1

I'TEM §-001
pen Graded Friction
ourse

STA. STA. _|DESCRIPTION

Length
()

(Square
Width (ft.) yards)

_ 18445 26475 Travelway

830.0

240 2213
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Fenal
Summary Of Estimvated Quantities

State Project No

Panish

Sheet No

009-02-0018

Girant

b

Sheet | of |

QUANTITY

ITEM NO ITEM NAME UNIT
713.01 Temporasy Signs and Barvicades Lump
727-01 Mobilization Lump
731-02 Reflectorized Raised Pavement Markers = Ba.
737.01-A L Pamted Traffic Sllilnpg_{s:ulld L]ngll‘-WaQIhl' - Af — — - ,"i[ —
737.02.A Painted Traffic Stiping (Broken Line)(4" Width) g Mi

5001 Open Graded Friction Course = SRS et e D T /T

Lump

I.umj-

T T
S TR
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STRAIGHT ROADWAY

JTI

MET Wty

CROSS ROADS
TN
h
g
I

WE Iyt
oF Pacu(Ct

.
i
([

woap
oM TRLCS oM
AT wies

STATE PAOJECT No. PARTSH SHEET NO,

£0%-02-0018 Crone 6
INTERSECT ION

===

'7 - -
W e =D ek e mm e e
i, ——

=ia0
oW Tat T Iom
MET O wiLEs

NOTES:

PEOALL SIGNING SMOWN 1S FOR BECINNING IF PROJECT. SIGNING FOR
END OF PROJECT SHALL BE THE SAME SEQUENCE (F SIGNING SHOWN,

20 ALL ADVANCE CONSTRUCTION SIGNS IN CONFLICT WETM IN-USE
LANE CLOSURE SIGNS. DETOUR SIGNS. OR BOAD CLOSED $1GNS
SHALL BE REMOVED OR COVERED.

31 CHANNEL 171NG DLVECES. BARRICADES OR AL |GNMENT DEL INLATORS
SHALL BE REQUIRED TO CORDON CONSIRUCT ION AREAS ADJACENT TO
THE ROAOWAY AT THE OIRECTION OF THE PROJECT ENGINEER.

41 "ROAD CONSTRUCTION AHEAD™ SICNS SHALL BE INSTALLED AT ALL
INTERSECTING RUAUWAYS WITHIN THE PROJECT AND AT ALL
ROADWAYS WITHIN THE BEGINNING AND ENO OF TME PROJECT anp
THE 500" ADVANCE WARNING SIGNS.

51 WHEN MOVING OPERATION SIGNAGE 1S IN THE PROXIMITY OF
CONSTAUCTION SEQUENCE SICNAGE, EXCESS SIGNS SHALL BE
TEMPORARILY COVERED.

61 THE FIRST ADVANCE WANNING SIGN IN A SERIES SHALL MAVE A
WIGH INTENSITY FLASHING LICHT AND 2 SAFETY ORANGE FLAGCS
INSTALLED ON SicN,

7)1 SPEED AEDUCTION SHALL BE REQUIRED AS FOLLOWS:

G} ANY AREA BE ING U’ILISE‘O AS A CONSTRUCTION CROSSOVER,

O ANY AREA THAT WAS BE PUANED. UNTIL SURFACE
I %'cmvmm lg"&ﬁahmg'nm DFGRADED T
<
F THE DRIGINAL WIGMWAY, E WORK |$ |IN P
HE IMMEDIATE VICINITY OF THE TRAVEL WAY.
A1 ANy AREA CR NOVING OPERATION DEEMED WAZARDOUS BY 1)
PROJECT (NGINEER,

ADVANCE  SIGNING
SIGNING DETAIL  R.C. 3-1.02




IAY |

NOIE:

FLAGGER
STATION

R Ry ottt s
L
NOT INTERFERE wiTW CROSSADAD TRAVIL LANES.

A 15 LESS THaw 230" | STATE PROJECT No. PARLSH SMEET NO.
1 woRe 003

009-02-0018 Cront

HOAD
CONSTHLE T 1o ~
MLXT xx wiLes

ROLLING BARR | CaADE

ARE.
FLACCER
STATION

SIGNING DETAILS FOR LANE CLOSURE

ON TWO LANE UNDIVIDED HIGHWAYS
* if Mouceo NEAR INTERSECTIONS
%'5‘;: e 3-1-02
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STATE PROJECT Mo, PARISH SHELT NO.
HoTEs ©09-02-0018 cront "
DETAILS SIWOWN £ ON USE INS IDE PROJECT
§AITS AT SCPARATE ADVANCE 31CNING
N PLACE. SIGNING SHOWN FOR Ong
DIRECTION OF TRAVIA OMLY.
-
CHANMEL 1ZING DEVICES AT 30° 10 40°
FLAGGAR
1F AEQUIRED BY PAGJECT (MGINECR fLaccen

IMVEDLATE . ‘.
wORK AREA -
' ‘ @
' FLAGGER O e LTI To b B T n D pricame
g STAT (0N HICH A3 PRACT ICABLE AN NEYER omrn ik 30 Celt

ROILS:

VITLACGER STATION SMaLL BE LOCATED SUCH TMAT AT AL TIMES FLAGGER wiLl 8E CLEamy VISIBLE TO MOTORISIS FHOM A DISTANCE OF AT LEAST 800 77T,

ZIIWD LANES OF TRAFFIC YO BE OPEN AT TME END OF TACH DAY'S wORK ING MOURS.
JIRCLL ING BARRICADE 10 BE A TIPE J11 DARRICADE. WiTW A MINIMUM WIDIM OF 4 F1. | USED. The .M:D vuo.énm S10M 0 BE MOUNTED

ON THE BARRICADE, AT LEASY J6° FAOM T FSET TO TWE SIDE OF PASSING TRAFFIC. IF ECT ENGINLER AUTHORIZES FLACGING

uo'ﬁm: BARRICADE DEVICL. THE SPELO L1u|T s‘o‘uu e mmg%o ON A SEPARATE SICN STAND. 200 FT1. 10 400 #1. BLFORE The FLAGCER STATION,

AISINGLE LANE SIGNS. FLACLEM 510N AND RLOUCED SPEED SIGN 10 BE COVERED OR BEMOVED AT NIGHT . AND AT ALL VIMES LAME CLOSURE 1% MOT IN EFFECT,
SIOELINCATORS AND SICNS. SUCH AS “LOW SNOULDERS”. TUNEVEN PAVEMENT. OR “BUMP”, SHOULD BE INSTALLED THROUCHMOUT THE PROJECT AS MEEDED.
ENINIMM CONSTROCTION SICNING.  ANY ITROMAL SICNS SHOWN [N THE “MANUAL ON UNIFORM TRASYIC CONTROR OEVICES™ AND RECUIALO BY

THE PROJLCT ENGINCLR SHALL BE IISIM‘f?O AT NO ADDITIONAL um.u

SIGNING DETAILS FOR LANE CLOSURE

AT ISOLATED LOCATIONS
DAYTIME OPERATIONS

R.C. I=1-02
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STATE PROJECT Mo, PARISH SHELT NO.

WpIES 00%-02-0018 SR
DETAILS SHOWN FOR 1St NS IDE MROIECT
IS AL SEPARATE ADVANGE 311N
binat TEACL,  SIGNING SHOWN § OF Gng

OIRECTION oF lﬂl\’lt Oy

CHANMEL 1ZING DEVICES AT ' 10 @
IF REQUIRED BY PROJECT ENGINEEN

FLAGGLR
STATION

1D ALK . .
WOAK ARE A i-—iﬁ_'!m_i
& - w
€ Aoer 1P OFLOUCEO SPLED LINIT 15 ALOUIRED, AFPL [CABLE
200 ',‘.,,m: * Srih LIMIT YO M DETERMINED IN THE §IELO. TO BC AS
HIGH A5 PRACTICABLE AND ALVER LOWER THAN 20 wWw.

VIFLACGER STATION SHaLL LOCATED SUCH THAT AT ALL TiMES FLAGCER wity BE CLeafLy vISIdE TO MOTORISTS FROM A DISTANCE OF a1 LLASY s00 FY,
Z10W0 LANES F TRASFIC 1D ﬂ OFEl AT TvE END OF TACK Dav’s WORK [NG MOURS .

JIROLL ING !w-u 10 #e mg JLL BARRICADE. witw & A MiNiy Ilol-l OF & FY. IF USED. twg nout 9((0\!0" S1GN D BF MoumTED
O8N THE u:-a(. AT LEASY AlM T FSET TD IME SI0E OF PASSING IMAFF {C, (34 Mlu(n AUTHOAEZES FLAGGING
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OGFC Film Thickness Calculations

Based on
Surface Area
“"Surface
Area Surface
Sieve Size, | Percent | Factor Area
mm (in) | Passing | (m'kg) | (m®
37.5(1.5) 100 0.41 0.41000
25(1) 100
19 (3/4) 100
12.5 (112) 92
9.5 (3/8) 64
475 (No. 4) 16 041 0.06560
2 36 (No. B) 8 082 0 06580
1.18 (No. 16) 6 1.64 009840
0.6 (No. 30 5 287 0.14350
0.3 (No. 50 4 514 0 24560
0.15 (No. 10Q) 3.4 1229 041786
0.075 (No. 200) 23 3277 0.75371
Total Surface Area 220027
% VMA =221 G, 22612 G 22173
BVTM=82 P, =6.7% G = 2.368
Py = 6.6% Pu.=0.1% Gy, = 2,604
Volume of Asphalt Binder 139 %
Waeight of Asphalt Binder 143.17 kg
Weight of Aggregate 2026.072 kg
\Véeight of Asphait per kilogram of aggregate 0070664
Actual Asphalt Film Thickness 31.2 microns
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LADOTD & Contractor’s Project Personnel Comments

NicholasF. Verret, Jr., LADOTD District 08 Design, Water Res. & Dev. Engineer

“It is obvious that this material is functioning as intended, since you can see water bleeding
through it onto the shoulder after arain....... §

CephasBowie, Jr., LADOTD District 08 Laboratory Engineer

“The mix design and application at this particular site on US 71 has eliminated the potential
for hydroplaning. The mix provided drainage from the travel lanes and has performed well
under traffic. Thissiteisin a curve on a hill which allows the water from the travel lanes to
either flow to the shoulders or down the travel lane edges during a heavy rain, however, it
would be better to lay the OGFC on the travel lanes and shoulders or provide alternate
drainage through the shoulders (I realize that our project was a CM job and the monies were
limited). This project is performing very well.”

Mark Lacroix, Quality Control Manager, Diamond B. Construction Co., LLC

“1) Allow skid 2 and 3 aggregate in the mix. Follow current HM specs which allow 30% skid
1 and 50% skid 2 by weight of total mix. This would allow contractors to utilize commonly
inventoried materials while not impacting safety.

2) Eliminate L ottman sensitivity test and evaluate agg/AC compatibility by performing a boil
test. The coarse aggregate structure of the mix makes it difficult for the sample to hold
together during the thaw cycle. The current spec called for 5 cycles. On the project we did,
this was waived.

3) Run plant production at least 150 tons before sampling to alow the plant bag house to

purge. The small project that we did showed a finer gradation than was designed as a result
of this. Even so the materia is functioning as intended.”
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	Introduction 
	Introduction 
	Open-graded friction course (OGFC) is a porous, gap-graded, predominantly single size aggregate bituminous mixture that contains a high percentage of air voids. The high air void content and the open structure of this mix promote the effective drainage of rainwater, which also minimizes hydroplaning during wet weather.  This characteristic also reduces splash and spray behind vehicles and improves wet weather skid resistance. Other purported benefits of this type mix are lower pavement noise and reduced roa
	OGFCs have been used throughout the United States since 1950 [1, 2]. Some state departments of transportation have reported good performance, but many others have reported poor performance [1, 2]. Louisiana first developed an OGFC in the late 1960s and early 1970s to provide a skid resistant surface [3, 4]. The open texture of the friction course reduced water spray and increased critical hydroplaning speeds.  Louisiana’s OGFC was developed prior to the initiation of the Federal Highway Safety Program Manag
	In late 1980, problems with the OGFCs were encountered. Many of these surfacings had reached their end-of-life, having lasted much longer than the original life expectancy of five years, typically 10 - 12 years.  The end-of-life was signaled by severe raveling in the wheel paths due to oxidized asphalt binders and subsequent decrease in serviceability.  This, in conjunction with numerous OGFC failures during the construction phase or shortly thereafter, led to a moratorium on its use. 
	Inspection of the failed construction projects and project records indicated that the problems encountered with the OGFC were related to moisture and temperature. The temperature problems were related to both mix and weather; the moisture problems were generally associated with a particular aggregate type.  To address these issues, changes were made to the specifications, including a maximum moisture content for the aggregate, institution of a 
	Inspection of the failed construction projects and project records indicated that the problems encountered with the OGFC were related to moisture and temperature. The temperature problems were related to both mix and weather; the moisture problems were generally associated with a particular aggregate type.  To address these issues, changes were made to the specifications, including a maximum moisture content for the aggregate, institution of a 
	construction season from May to September, and an increased minimum ambient air temperature. Based on these changes, the moratorium was lifted. 

	It should also be noted the design asphalt content of OGFCs was significantly decreased in 1979. This decrease in asphalt content along with the use of asphalt cements composed of base asphalt that oxidized rapidly contributed to all of these construction problems although it was not recognized at the time. Typical deterioration consisted of raveling in the wheel path. 
	In the next 1 ½ years, 12 OGFCs were placed without incidence. However, because the winters of 1982 and 1983 were extremely severe, the previously placed friction courses were reaching their end-of-life at approximately 8 to 11 years of age. Additionally, because of several oil boycotts and increases in the cost of crude, asphalt cement contents were reduced. In the beginning of 1984, with hundreds of miles of OGFC at end-of-life and raveling, a public and political uproar forced the imposition of a second 
	In 1984, a final experimental polymer modifying OGFC was placed on LA 48, Poydras-Reggio ten mile construction project.  Two experimental sections (4 lane miles each) were constructed using a latex modified asphalt (similar to the current PG 70-22m) and an elastomeric polymer modified asphalt (similar to the current PG 76-22m).  These sections were placed with an asphalt content 0.7 percent higher (similar to the 1960/70 binder levels) than the control sections with AC-30 which used the 1979 binder content.
	-

	This paper documents Louisiana’s first use of this type mix since the suspension of OGFC mixes in 1984.  

	Project Description 
	Project Description 
	Figure 1 illustrates the project location, which is on US 71 in Grant Parish and begins 4.041 miles (Log Mile 4.041) north of the beginning of the control section (Rapides Parish line, SE of Rock Hill) and commences northward for 0.157 miles to its project ending limits (Log 
	Figure 1 illustrates the project location, which is on US 71 in Grant Parish and begins 4.041 miles (Log Mile 4.041) north of the beginning of the control section (Rapides Parish line, SE of Rock Hill) and commences northward for 0.157 miles to its project ending limits (Log 
	Mile 4.198). This highway is 24 feet wide (2 12-foot travel lanes) with 2 10-foot improved hot mix shoulders. The contract was bid under State Project No. 009-02-0018 and was awarded to the low bidder, Diamond B. Construction Co., LLC.  The work order date for this project was June 7, 2003, and the final inspection date was June 26, 2003. The OGFC was placed on June 15, 2003 and was completed in one day. The OGFC was placed at approximately three-fourths of an inch compacted thickness, and the area covered 

	Figure
	Figure 1 Project Location 

	Materials 
	Materials 
	Asphalt Cement 
	Asphalt Cement 
	An elastomeric type of polymer modified asphalt cement was specified for this project, meeting the LADOTD specification for PG76-22m.  The PG76-22m asphalt cement was listed on QPL #41 and was supplied by Marlin Asphalt, LTD. The polymer modified asphalt 
	An elastomeric type of polymer modified asphalt cement was specified for this project, meeting the LADOTD specification for PG76-22m.  The PG76-22m asphalt cement was listed on QPL #41 and was supplied by Marlin Asphalt, LTD. The polymer modified asphalt 
	cement content was 6.6 percent as designed by the contractor, Diamond B. Construction Co., LLC. 


	Aggregates 
	Aggregates 
	The final aggregate blend, Design 2, was composed of 67.2 percent -#78 sandstone, Friction Rating I; 7.4 percent -#11 sandstone, Friction Rating I; and 18.7 percent -#89 siliceous limestone, Friction Rating III (see tables 1 and 2). The sandstone was supplied by Pine Bluff Sand & Gravel Co. (Source Code AB13). The limestone was supplied by Vulcan Material Company (Source Code AA50). The aggregates used complied with the requirements set forth in Subsection 1003.06(b) of the Standard Specifications. 

	Fibers 
	Fibers 
	A mineral fiber in pellet form was added to the mix at a mix percentage of 0.1 by weight to protect against drain down. The fiber was supplied by Interfibe. The contract specifications required that drain down testing be conducted in accordance with Section 508 of the 2000 Edition of the Louisiana Standard Specifications [5] on the loose mix at a temperature 60°F (15°C) higher than normal mixing temperatures. A maximum drain down of 0.3 percent is required. The approved Job Mix Formula (JMF) indicated that 

	Antistrip 
	Antistrip 
	The contractor was required to perform the Boil Test and modified Lottman test to evaluate the mixture’s susceptibility to moisture damage.  An Ad-Here LA 2 from Arr-Maz Products, Inc. was added at mix percentage of 0.6 by weight. The Lottman test was modified to require five freeze thaw cycles. 

	Tack Coat 
	Tack Coat 
	The contractor elected to use the unmodified SS-1 emulsion for tack coat as allowed by Section 504 of the Standard Specifications [5]. The SS-1 emulsion was listed on QPL #41 and supplied by Asphalt Products Unlimited. The tack coat rate to be applied was 0.07 gallons/square yards, as required by the Special Provisions of the contract.  The tack coat rate was not measured; however, the tack coat coverage was uniform and covered 100 percent of the existing dense graded asphalt surface, which was approximatel


	Open-graded Friction Course Mixture Design 
	Open-graded Friction Course Mixture Design 
	The mix design procedures for this project were detailed in the Special Provisions of the contract. The specified OGFC design requirements followed the recommendations as outlined in the 2000 Edition of the Journal of the Association of Asphalt Paving Technologists (AAPT) [6].  The contractor was required to use approved PG76-22m asphalt cement complying with Section 1002 in the Standard Specifications and listed in QPL #41 [5]. It was further specified that the aggregates, coarse and fine, should be 100 pe
	During the mix design process, the contractor evaluated two designs. See tables 1 and 2.  The first mixture design, Design 1, incorporated a blend of two sandstone gradations that subsequently failed during the Hamburg rut testing performed by LTRC. The samples obtained from the Design 1 mix disintegrated or fell apart during testing in the Hamburg.  In the second mixture design, Design 2, the contractor was allowed to blend less than 25 percent of a #89 siliceous limestone meeting a Friction Rating III. Th
	The Design 1 and Design 2 mixtures were tested for rutting characteristics at LTRC utilizing the Precision Machine and Welding version of the Hamburg Type Wheel Tester.  The designs were also tested for drainage characteristics using the Karol-Warner falling head permeability device. The Instrotek CoreLok device was also utilized for Bulk Specific Gravity of mix, Gmb , measurements for the compacted specimens. 
	Table 1 indicates the aggregates and additives used for each trial design of the OGFC mixture. The PG76-22m, fiber, and anti-strip rate remained constant in both mix designs.  The only variations between both mix designs were the incorporation of the #89 siliceous limestone and the actual percentages of aggregate blended to achieve a composite blend. 
	Table 1 Composition of mix design blends 
	Table
	TR
	Percentage 

	Material 
	Material 
	Design 1 
	Design 2 
	Source 

	#78 Sandstone, FR I 
	#78 Sandstone, FR I 
	84.0 
	67.2 
	Pine Bluff Sand & Gravel 

	#11 Sandstone, FR I 
	#11 Sandstone, FR I 
	9.3 
	7.4 
	Pine Bluff Sand & Gravel 

	#89 Limestone, FR III 
	#89 Limestone, FR III 
	18.7 
	Vulcan Materials 

	PG76-22m 
	PG76-22m 
	6.6 
	6.6 
	Marlin Asphalt 

	Fibers 
	Fibers 
	0.1 
	0.1 
	Interfibe 

	Ad-Here LA 2 
	Ad-Here LA 2 
	0.6 by Wt. of AC 
	0.6 by Wt. of AC 
	Arr-Maz 


	Table 2 indicates the composite blend and mixture properties for the contractors’ Design 1 and Design 2 composite blends. This table also presents the quality assurance (QA) data from the actual plant-produced mix during construction. 
	The LTRC gradation data indicated in table 2 are based on samples taken from the second truck during production. This data does not match the JMF or the District’s QA data.  The Design AC and Maximum Theoretical Specific Gravity, Gmm , however, correspond with the QA data. It is suspected that because the samples were acquired from the second truck, the hot mix plant had not had sufficient time to stabilize production. One hypothesis is that a purging of the bag house fines resulted in the finer gradation. 
	Table 2 Composite blends and mixture properties 
	Table
	TR
	Percent Passing 

	Sieve Size 
	Sieve Size 
	Design 1 
	Design 2 
	QA Data 
	LTRC 2nd Truck 
	Required Gradation 

	3/4" (19mm) 
	3/4" (19mm) 
	100 
	100 
	100 
	100 
	100 

	1/2" (12.5mm) 
	1/2" (12.5mm) 
	90 
	92 
	93 
	91 
	85 -100 

	3/8" (9.5mm) 
	3/8" (9.5mm) 
	58 
	64 
	68 
	66 
	55 -75 

	No. 4 (4.75mm) 
	No. 4 (4.75mm) 
	14 
	16 
	21 
	26 
	10 -25 

	No. 8 (2.36mm) 
	No. 8 (2.36mm) 
	9 
	8 
	11 
	18 
	5 -10 

	No. 16 (1.18mm) 
	No. 16 (1.18mm) 
	7 
	6 
	9 
	16 

	No. 30 (.600mm) 
	No. 30 (.600mm) 
	6 
	5 
	8 
	15 

	No. 50 (.300mm) 
	No. 50 (.300mm) 
	5 
	4 
	7 
	14 

	No. 100 (.150mm) 
	No. 100 (.150mm) 
	3.8 
	3.4 
	6 
	10 

	No. 200 (.075mm) 
	No. 200 (.075mm) 
	2.8 
	2.3 
	3.9 
	6.1 
	2 -4 

	Gmb 
	Gmb 
	1.916 
	2.173 

	Gmm 
	Gmm 
	2.374 
	2.368 
	2.381 
	2.389 

	VCA 
	VCA 
	33.0 
	23.0 
	18 

	%Air Voids, AASHTO T166 
	%Air Voids, AASHTO T166 
	19.3 
	8.2 

	Gsb 
	Gsb 
	2.558 
	2.604 

	Gse 
	Gse 
	2.619 
	2.612 

	Pba 
	Pba 
	0.9 
	0.8 

	Pbe 
	Pbe 
	5.9 
	6 

	Permeability, ft/day 
	Permeability, ft/day 
	276 
	453 
	246 

	Permeability, ft/day LTRC Results 
	Permeability, ft/day LTRC Results 
	235 
	278 

	Drain Down 
	Drain Down 
	0.08 
	0.08 
	0.3 

	Design AC 
	Design AC 
	6.6 
	6.6 
	7.0 
	6.8 


	Table 3 shows the rut measurements taken from the Precision Machine and Welding version of the Hamburg Type Wheel Tester (PMW Wheel Tracker).  The PMW Wheel Tracker tests mixtures for rutting properties and moisture susceptibility. Samples pass if they attain no more than 6.0 mm of rutting after 20,000 passes of the PMW Wheel Tracker. Also, the PMW Wheel Tracker will stop the measurement process if the samples have attained more than 20.0 mm at 20,000 passes. Two samples each from mixture Design 1 and mixtu
	Table 3 Rut measurements (mm) 
	Number of 
	Number of 
	Number of 
	**Design 1 
	Design 2 

	Passes 
	Passes 
	Sample #1 
	Sample #2 
	Sample #1 
	Sample #2 

	14,981 
	14,981 
	21.98 

	4591 
	4591 
	23.38 

	TR
	**Design 1 failed. Samples fell apart during testing or failed to make the 20,000 pass criteria. 

	20,000 
	20,000 
	3.50 
	3.14 

	TR
	Average = 3.32 


	Figures 2 and 3 are the graphical illustrations of the deformation under loading vs. number of passes for mixture designs 1 and 2 as tested in the PMW Wheel Tracker. 
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	Figure 2 Mixture Design 1, rut measurements (mm) vs. number of passes 
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	Mixture Design 2, rut measurements (mm) vs. number of passes 
	Mixture Design 2, rut measurements (mm) vs. number of passes 
	  
	Table 4 is a comparison of the percent air voids of the contractor’s mix Design 1, mix Design 2, and roadway cores as measured by the CoreLok device versus the contractor’s results that were determined by AASHTO T166.  It is noted that there is a considerable variance between 
	Table 4 is a comparison of the percent air voids of the contractor’s mix Design 1, mix Design 2, and roadway cores as measured by the CoreLok device versus the contractor’s results that were determined by AASHTO T166.  It is noted that there is a considerable variance between 
	results. The percent air voids measured by the CoreLok device is significantly greater than the results determined by AASHTO T166. 

	Table 4 CoreLok vs. AASHTO T166 air voids 
	Table
	TR
	Percent Air Voids 

	TR
	Design 1 
	Design 2 
	Roadway Cores 

	Contractor's Results 
	Contractor's Results 
	19.3 
	8.2 

	TR
	Sample 1 
	Sample 2 
	Sample 1 
	Sample 2 
	Core #1 
	Core #2 

	LTRC (CoreLok) 
	LTRC (CoreLok) 
	19.4 
	27.6 
	14.3 
	13.8 
	16.7 
	17.6 

	Average 
	Average 
	23.5 
	14.0 
	17.1 

	LTRC (T166) 
	LTRC (T166) 
	11.2 
	10.6 

	Average 
	Average 
	10.9 


	Table 5 is a comparison of permeability results between the contractor’s mix Design 1, mix Design 2, LTRC-prepared samples based on the contractor’s mix design blends, and roadway cores. LTRC prepared two samples for each design and obtained the average coefficient of permeability. The falling head permeability (K-value) of the OGFC mixtures was calculated based on Darcy’s Law. Each sample was tested twice and the average was reported. Design 2 resulted in a higher coefficient of permeability because of the

	Table 5 Coefficient of permeability (feet/day) 
	Table 5 Coefficient of permeability (feet/day) 
	Table
	TR
	Coefficient of Permeability (feet/day) 

	TR
	Design 1 
	Design 2 
	Roadway Cores 

	TR
	Sample 1 
	Sample 2 
	Sample 1 
	Sample 2 
	Sample 1 
	Sample 2 

	LTRC Results 
	LTRC Results 
	212.95 
	257.15 
	231.05 
	324.72 
	188.9 
	226.35 

	Average
	Average
	 235
	 278 
	208 

	Contractor Results 
	Contractor Results 
	276 
	453 




	Profilograph 
	Profilograph 
	A smoothness specification was not required on this section of roadway because of the small quantity of material placed. The total length of the project paved was approximately 800 feet. 

	Cost 
	Cost 
	This project was estimated at $50,000 for the construction of the OGFC layer on the 0.157mile stretch of a 2-lane, 12-feet wide roadway, (approximately 2,210 square yards).  The low bid by Diamond B. Construction Co., LLC was $. This bid included all items for project completion, i.e. striping, signs and barricades, mobilization, etc. The pay item for the OGFC was Item S-001, and it was paid for by the square yard at a unit price of $. The quantity used to date was  square yards, which equates to a cost of 
	-
	54,508.02
	19.64/sq.yd
	2,181.30


	COMMENTS 
	COMMENTS 
	The high air void content and the open structure of this mix promoted the effective drainage of rainwater as intended. Since roadway drainage is enhanced, splash and spray behind vehicles should be reduced and ponding of water should be minimized, thus minimizing hydroplaning during wet weather.  Future performance evaluations of the roadway will be performed. 

	Recommendations 
	Recommendations 
	OGFC’s are recommended for immediate use to further enhance safety by improving roadway surface drainage, minimizing hydroplaning, reducing splash/spray and roadway glare, improving wet weather visibility and visibility of traffic markings. 
	Prior to full implementation use of OGFC’s, it is recommended to construct at least one OGFC project in each District to familiarize LADOTD and industry with the OGFC specifications and mix design procedure. 
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	LADOTD & Contractor’s Project Personnel Comments 
	Nicholas F. Verret, Jr., LADOTD District 08 Design, Water Res. & Dev. Engineer 
	Nicholas F. Verret, Jr., LADOTD District 08 Design, Water Res. & Dev. Engineer 
	“It is obvious that this material is functioning as intended, since you can see water bleeding through it onto the shoulder after a rain…….” 

	Cephas Bowie, Jr., LADOTD District 08 Laboratory Engineer 
	Cephas Bowie, Jr., LADOTD District 08 Laboratory Engineer 
	“The mix design and application at this particular site on US 71 has eliminated the potential for hydroplaning. The mix provided drainage from the travel lanes and has performed well under traffic. This site is in a curve on a hill which allows the water from the travel lanes to either flow to the shoulders or down the travel lane edges during a heavy rain, however, it would be better to lay the OGFC on the travel lanes and shoulders or provide alternate drainage through the shoulders (I realize that our pr

	Mark Lacroix, Quality Control Manager, Diamond B. Construction Co., LLC 
	Mark Lacroix, Quality Control Manager, Diamond B. Construction Co., LLC 
	“1) Allow skid 2 and 3 aggregate in the mix. Follow current HM specs which allow 30% skid 1 and 50% skid 2 by weight of total mix. This would allow contractors to utilize commonly inventoried materials while not impacting safety. 
	2) Eliminate Lottman sensitivity test and evaluate agg/AC compatibility by performing a boil test. The coarse aggregate structure of the mix makes it difficult for the sample to hold together during the thaw cycle. The current spec called for 5 cycles. On the project we did, this was waived. 
	3) Run plant production at least 150 tons before sampling to allow the plant bag house to purge. The small project that we did showed a finer gradation than was designed as a result of this. Even so the material is functioning as intended.” 







