
OPEN GRADED FRICTION COURSE (OGFC)

1.0 Description.  This work shall consist of providing an Open Graded Friction Course (OGFC) mixture to be placed in one course on an underlying course as shown on the plans or as directed by the engineer.  The contractor shall be responsible for Quality Control (QC) of the bituminous mixture, including the design and control of the quality of the material incorporated into the project.  The engineer will be responsible for Quality Assurance (QA), including testing to assure the quality of the material incorporated into the project.

2.0 Material.  All material shall be in accordance with Division 1000, Materials Details, and specifically as follows:

	Item
	Section

	Aggregate
	1002

	Asphalt Binder, Performance Graded (PG76-22)
	1015

	Fiber Additive
	1071

	Anti-Strip Additive
	1071


2.1  Thin, Elongated Particles.  The amount of flat and elongated particles, measured on material retained on the 3/8 sieve (9.5 mm), of the blended aggregate shall not exceed 20 percent based on a 3:1 ratio or 5 percent based on a 5:1 ratio.

2.2  Fibers.  A fiber additive shall be used as a stabilizer unless draindown is controlled by other means.  Fibers shall be uniformly distributed by the end of the plant mixing process.  The dosage rate for fibers shall be no less than 0.3 percent by weight (mass) of the total mixture for cellulose and no less than 0.4 percent by weight (mass) for mineral fibers.

3.0  Composition of Mixture.

3.1  Gradation.  Prior to mixing with asphalt binder, the combined aggregate gradation, including filler if need, shall meet the following gradation for the type of mixture specified in the contract.

	Sieve Size
	9.5 OGFC
	12.5 OGFC

	¾ in. (19.0 mm)
	-
	100

	½ in. (12.5 mm)
	100
	80-100

	3/8 in. (9.5 mm)
	85-100
	35-60

	No. 4 (4.75 mm)
	20-40
	10-25

	No. 8 (2.36 mm)
	5-10
	5-10

	No. 200 (75µm)
	0-4
	2-4


3.2 Anti-Strip Agent.  An anti-strip agent will be allowed by the engineer to improve resistance to stripping.  Anti-strip agents and application rates shall be from a list approved in accordance with Sec 1071.

3.3 Minimum OGFC Binder.  The percent asphalt binder for OGFC mixtures shall not be less than 6.0 percent unless otherwise allowed by the engineer.

3.4 Non-Carbonate Aggregate Requirement.  Mixtures containing limestone coarse aggregate shall contain a minimum amount of non-carbonate aggregate as shown in the table below, or the aggregate blend shall have an acid-insoluble residue (A.I.R.), MoDOT Test Method TM 76, meeting the plus No. 4 (4.75 mm) sieve criteria of crushed non-carbonate material.  Non-carbonate aggregate shall have an A.I.R. of at least 85 percent insoluble residue. 

	Coarse Aggregate (+ No. 4) 
	Minimum Non-Carbonate by Volume 

	Limestone 
	30% Plus No. 4 

	Dolomite 
	No Requirement 


4.0  Job Mix Formula.  At least 30 days prior to placing any mixture on the project, the contractor shall submit a mix design for approval to Construction and Materials.  Representative samples from each ingredient for the mixture shall be submitted with the mix design.  

4.1  Proficiency Sample Program.  Laboratories that participate in and achieve a score of three or greater in the AASHTO proficiency sample program for T 11, T 27, T 84, T 85, T 166, T 176, T 209, T 304 (ASTM C 1252), T 308 and T 312 will have the mixture verification process waived.  The mix design shall be submitted to Construction and Materials for approval at least seven days prior to mixture production. 

4.2 Required Information.  The mix design shall include raw data from the design process and contain the following information: 

(a) Source, grade and specific gravity of asphalt binder. 

(b) Source, type (formation, etc.), ledge number if applicable, and gradation of the aggregate. 

(c) Bulk and apparent specific gravities and absorption of each aggregate fraction in accordance with AASHTO T 85 for coarse aggregate and AASHTO T 84 for fine aggregate including all raw data. 

(d) Specific gravity of hydrated lime, mineral filler or baghouse fines, if used, in accordance with AASHTO T 100. 

(e) Percentage of each aggregate component. 

(f) Combined gradation of the job mix. 

(g) Percent asphalt binder, by weight (mass), based on the total mixture. 

(h) Bulk specific gravity (Gmb) by AASHTO T 269 Section 6.2 of a laboratory compacted mixture compacted at 50 gyrations. 

(i) Percent air voids (Va) of the laboratory compacted specimen compacted to 50 gyrations. 

(j) Voids in the mineral aggregate (VMA) and voids in the mineral aggregate filled with asphalt binder (VFA) at 50 gyrations. 

(k) Theoretical maximum specific gravity (Gmm) as determined by AASHTO T 209, in accordance with Sec 403.19.3.1, after the sample has been short term aged in accordance with AASHTO R 30. 

(l) The tensile strength ratio as determined by AASHTO T 283 including all raw data. 

(m) The gyratory sample weight (mass) to produce a 115 mm minimum height specimen. 

(n) Mixing temperature and gyratory molding temperature. 

(o) Number of gyrations at  Ndesign. 

(p) Bulk specific gravity (Gsb) of the combined aggregate. 

(q) Percent chert and deleterious contained in each aggregate fraction. 

(r) Blended aggregate properties for thin and elongated particles. 

(s) Voids in coarse aggregate (VCA) for both the mixture and dry-rodded. 

(t) Draindown for mixture. 

(u) Cantabro test results for the mixture.

4.3  Approval.  No mixture will be accepted for use until the JMF for the project is approved by Construction and Materials.

4.4  Job Mix Formula Modification.  The JMF approved for each mixture shall be in effect until modified in writing by the engineer.  When unsatisfactory results occur or should a source of material be changed, a new JMF may be required.

4.5  Design Gyrations.  The number (N) of gyrations required for gyratory compaction shall be 50.

4.6  Mixture Characteristics.  When compacted in accordance with AASHTO T312, the mixture the air voids shall be a minimum of 18.0 percent based on volumetric measurements determined from specimen diameter, height, weight and mixture theoretical maximum specific gravity (Gmm).

4.7  Moisture Susceptibility.  The mixture shall have a tensile strength ratio (TSR) greater than 80 percent when tested in accordance with AASHTO T283.  AASHTO T283 shall be modified as follows:  (a) OGFC specimens compacted with 50 gyrations using the Superpave Gyratory Compactor, 150 mm diameter, 95 mm ( 5mm height, (b) no specific air void level is required (c) apply a vacuum of 26 inches Hg for 10 minutes to saturate the compacted specimens; no specific saturation level is required, and (d) keep the specimens submerged in water during the freeze cycle to maintain saturation.

4.8  Draindown.  AASHTO T 305, Draindown Test, shall be performed on all mixtures prior to job mix approval.  The mixture shall be stabilized in such a way that the draindown of the asphalt binder shall not exceed 0.3 percent by weight (mass) of mixture.
4.9  Voids in Coarse Aggregate.  The percent VCAMIX of the OGFC mixture shall be less than or equal to the VCADRC as determined using AASHTO T 19.  This may be calculated using the following equations: 

VCADRC = 100 x (GCAγw - γs) / GCAγw 

VCAMIX = 100 - (Pbp x Gmb / GCA) 

Pbp = Ps x PAbp 

Where: 
GCA 

=
bulk specific gravity of the combined coarse

aggregate (AASHTO T 85), 

γs
 
= 
unit weight (mass) of coarse aggregate, plus #8

(2.36mm) in the dry-rodded condition (DRC)

(lb/ft3) (kg/m3) (AASHTO T 19), 

γw
 = 
unit weight (mass) of water (62.34 lb/ft3)

(1000kg/m3), 

Pbp 
= 
percent aggregate by total mixture weight (mass)

retained on No. 8 (2.36 mm) sieve and 

PAbp 
= 
percent aggregate by total aggregate weight (mass)

retained on No. 8 (2.36 mm) sieve.

4.10  Cantabro Test.  The mixture, when tested in accordance with the following, shall not exceed an average abrasion loss of 20 percent.

4.10.1  Compact 3 samples to 50 gyrations with a target height of 115 mm.  Testing can begin as soon as the specimens cool to room temperature.

4.10.2  Determine initial sample weight to 0.1 grams.  Place individual samples in a L.A. Abrasion machine for 300 revolutions (30 revolutions per minute) without the steel charge.  Determine final sample weight to 0.1grams.

4.10.3  Determine the particle loss in accordance with the following:
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Where,
PL = particle loss




W1 = initial sample weight, grams




W2 = final sample weight, grams

5.0  Mixture Production Specification Limits.

5.1  Gradation and Deleterious Content Control.  The gradation of the aggregate shall be determined from samples taken from the hot bins on batch-type or continuous mixing plants or from the composite cold feed belt on drum mix plants.  The deleterious content of the aggregate shall be determined from samples taken from the composite cold feed belt.  In producing mixtures for the project, the plant shall be operated such that no intentional deviations from the job mix formula are made.  The maximum deviation from the approved job mix formula shall be as follows for OGFC mixtures: 

	Sieve
	Max. Tolerance

(Percent Passing by Mass)

	3/4 in. (19.0 mm)
	---

	1/2 in. (12.5 mm)
	±4

	3/8 in. ( 9.5 mm)
	±4

	No. 4 (4.75 mm)
	±3

	No. 8 (2.36 mm)
	±3

	No. 200 ( 75 µm)
	±2


5.2  Density.  Rolling of the wearing course shall consist of no more than three passes immediately following placement of the mixture with a steel, double-drum, asphalt roller with a minimum weight of 10 tons (9 Mg).  All rolling shall be completed before the material temperature has fallen below 195 F (91 C).  Rollers shall be equipped with a functioning water system and scrapers to prevent adhesion of the fresh mix onto the roller drums.  An acceptable release agent approved by the engineer may be added to the water system to prevent adhesion of the fresh mix to the roller drum and wheels.  Rolling shall be done in the static mode.  Excessive rolling to the extent of aggregate degradation will not be permitted.  The engineer will determine the acceptable extent of fracturing at the edge of the pavement from the rolling operation.  New pavement shall not be opened to traffic nor shall any roller sit idle on the pavement until the rolling operation is complete and the material has been cooled below 140 F (70 C).
5.3  Asphalt Content.  The asphalt content (AC) shall be within ± 0.3 percent of the approved mix design.

5.4  Air Voids.  Air voids shall be a minimum of 18.0 percent based on volumetric measurements.

5.5  Fibers.  The fiber proportioning and delivery system for SMA mixtures shall have an accuracy of 10 percent by weight (mass) of the material actually being measured in any given period of time.

5.6 Moisture Content.  The asphaltic concrete mixture, when sampled and tested in accordance with MoDOT Test Method TM 53, shall not contain more than 0.5 percent moisture by weight (mass) of the mixture.

5.7 Contamination.  The asphaltic concrete mixture shall not be contaminated with deleterious agents such as unburned fuel, objectionable fuel residue or any other material not inherent to the job mix formula.
6.0 Field Laboratory.  The contractor shall provide a Type 3 field laboratory in accordance with Sec 601.  The contractor shall furnish the bituminous mixture equipment to perform all required test methods for QC and QA work.  An approved list will be maintained by Construction and Materials.  All other equipment shall be capable of performing tests in accordance with the approved test methods.

7.0 Bituminous Mixing Plants.  Bituminous mixing plants and preparation of material and mixtures shall be in accordance with Sec 404.

8.0 Hauling Equipment.  Trucks used for hauling bituminous mixtures shall be in accordance with Sec 404.

9.0 Pavers.  Bituminous pavers shall be self-contained units, provided with an activated screed or strike-off assembly, heated if necessary, and capable of spreading and finishing asphaltic concrete in lane widths applicable to the specified typical sections and thicknesses shown on the plans.

10.0 Construction Requirements.  Shall be in accordance with the applicable sections of 403.

10.1  Weather Limitations. Bituminous mix shall not be placed if the air temperature or the temperature of the surface on which the mixture is to be placed is below 50 F (10 C), the surface is wet or frozen, or weather conditions prevent the proper handling or finishing of the mixture. Temperatures shall be obtained in accordance with MoDOT Test Method TM 20.

11.0  Quality Control.

11.1 Quality Control Operations.  Quality control shall be conducted in accordance with Sec 403.17, except as follows.

.

11.1.1 All hot mix asphalt loose mix samples for determination of the asphalt binder content shall be retrieved from the hot elevator at the asphalt plant or from the transport truck at the plant by random sampling.  

11.1.1.2 Sieve analysis and deleterious shall be performed for every 600 tons (600 Mg) of mixture produced.

11.1.1.3 The asphalt binder content and air voids shall be determined for each 600 tons (600 Mg) of mixture produced.

11.2 The contractor shall remove and replace defective areas at the contractor’s expense with material meeting specification requirements as directed by the engineer.

11.3  Quality Assurance.  Quality assurance will be conducted in accordance with Sec 403 except as follows.

11.3.1 Corrective action shall be taken by the contractor if any QA tests are outside the QC tolerances shown in Sec 5.0.  The engineer will, at a minimum, independently sample and test at the following frequency:

	Sample Frequency

	Aggregate Gradation
	1 per day

	Asphalt Binder Content
	1 per day

	Air Void Content
	1 per day


11.3.2 The engineer will test, at a minimum, one retained QC gradation sample and one retained QC asphalt binder content sample per calendar week. The engineer’s test results, including all raw data, will be made available to the contractor by the next working day.

11.3.3 A favorable comparison will be achieved when test results are within the specified tolerances shown in Sec 5.0.

11.4 Method of Measurement.  Final measurement of the completed surface will not be made except for authorized changes during construction, or where appreciable errors are found in the contract quantity.  Where required, measurement of OGFC, complete in place, will be made to the nearest square yard (m2). The revision or correction will be computed and added to or deducted from the contract quantity.

11.5 Basis of Payment.  The accepted quantity of OGFC will be paid for at the contract unit price.
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