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ENGLISH

Title VI Notice to Public

It is the Washington State Department of Transportation’s (WSDOT) policy to assure that no person shall, on the grounds of race,
color, national origin, as provided by Title VI of the Civil Rights Act of 1964, be excluded from participation in, be denied the benefits
of, or be otherwise discriminated against under any of its programs and activities. Any person who believes his/her Title VI protection
has been violated, may file a complaint with WSDOT's Office of Equity and Civil Rights (OECR). For additional information regarding
Title VI complaint procedures and/or information regarding our non-discrimination obligations, please contact OECR’s Title VI
Coordinator at 360-705-7090.

Americans with Disabilities Act (ADA) Information

This material can be made available in an alternate format by emailing the Office of Equity and Civil Rights at wsdotada@wsdot.wa.gov
or by calling toll free, 855-362-4ADA(4232). Persons who are deaf or hard of hearing may make a request by calling the Washington
State Relay at 711.

ESPANOL

Notificacion de Titulo VI al Pablico

La politica del Departamento de Transporte del Estado de Washington (Washington State Department of Transportation, WSDOT) es
garantizar que ninguna persona, por motivos de raza, color u origen nacional, segun lo dispuesto en el Titulo VI de la Ley de Derechos
Civiles de 1964, sea excluida de la participacion, se le nieguen los beneficios o se le discrimine de otro modo en cualquiera de sus
programas y actividades. Cualquier persona que considere que se ha violado su proteccion del Titulo VI puede presentar una queja
ante la Oficina de Equidad y Derechos Civiles (Office of Equity and Civil Rights, OECR) del WSDOQOT. Para obtener mas informacion
sobre los procedimientos de queja del Titulo VI o informacion sobre nuestras obligaciones contra la discriminacién, comuniquese con el
coordinador del Titulo VI de la OECR al 360-705-7090.

Informacion de la Ley sobre Estadounidenses con Discapacidades (ADA, por sus siglas en inglés)

Este material puede estar disponible en un formato alternativo al enviar un correo electrénico a la Oficina de Equidad y Derechos
Civiles a wsdotada@wsdot.wa.gov o llamando a la linea sin cargo 855-362-4ADA(4232). Personas sordas o con discapacidad auditiva
pueden solicitar la misma informacién llamando al Washington State Relay al 711.
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Paspen VI O6wecTBeHHOe 3a8BIeHNe

Monntuka OenapTameHTa TpaHcnopTa wrtaTa BawmnHrtod (WSDOT) 3ak1t04aeTCcs B TOM, YTO6bI UCK/IOUYUTL SIt06ble Cayvan
OMCKPMMUHALMM NO NPU3HAKY Pachl, LiBETA KOXKM UJIM HALMOHAIbHOTO MPOUCXOXKAEHMS, KaK 3TO NpegycMoTpeHo Pasaenom

VI 3aKoHa 0 rpakaaHcKux npasax 1964 roaa, a TakXXe cay4dyan HelONYLLEHMS YYaCcTUs, JIMLEHUS IbFOT UK Apyrue Gopmbl
OUCKPUMUHALMM B paMKax 10601 13 CBOMX NPorpamMMm 1 MeponpusTuit. Jllo6oe 1o, KoTopoe CYUTAET, YTO ero cpeAcTBa 3aLuUThbI
B paMKax pasfena VI 66111 HapyLleHbl, MOXET NoAaTh »Kanoby B BeJoMCTBO Mo BonpocaM paBeHCTBa U rpaxkaaHckmnx npas WSDOT
(OECR). Ons pononHnTenbHomn nHdopmaLmm o npoueaype nofaqm >kanobbl Ha HecoboaeHue Tpe6oBaHuit pasaena VI, a Takxke
noJly4eHns MHGOPMaLIMKM O HalLMX 0653aTeNIbCTBaX No 60pbbe C AUCKPUMMHALIMEN, MOXKANYNCTA, CBAXKMUTECH C KOOPAMHATOPOM
OECR no pasgeny VI no tenedpony 360-705-7090.

3akoH CLUA o 3awuTe npas rpakgaH ¢ orpaHMyeHHbIMU BO3MOXXHOCTAMM (ADA)

OTY MHbOPMaLLMIO MOXKHO NOJTy4YUTb B afibTepHAaTUMBHOM dopMaTe, OTNPABUB 3N1EKTPOHHOE NMCcbMO B BegomMcTBO No Bonpocam
paBEeHCTBA M IrpakJaaHCKKUX npa. no agpecy wsdotada@wsdot.wa.gov v no3BoHMB no 6ecnsiaTHoMy TenedoHy 855-362-
4ADA(4232). Tnyxue 1 cnabocablwallme anua MoryT cAenaTh 3anpoc, NO3BOHMB B CMELMAIbHYIO OMCMETYEPCKYIO C/Y>KBY
wTaTa BawmHrtoH no HoMmepy 711.(4232). Mnyxue 1 cnabocsibilalme Anua MoryT cAenaTh 3anpoc, MO3BOHUB B CNeLMabHYo
OMCNeTYepCKYo CNy>X6y wTaTa BawmHrToH no Homepy 711.
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Thoéng bao Khoan VI danh cho céng ching

Chinh sach ctia S& Giao Théng Van Tai Tiéu Bang Washington (WSDOT) 12 bdo dam khdéng dé cho ai bj loai khoi su tham gia, bj tur
khuéc quyén lgi, hodc bi ky thi trong bat cr chuong trinh hay hoat déng nao vi ly do chiing tdc, mau da, hodc nguén géc qudc gia, theo
nhu quy dinh trong Muc VI ctia Dao Luat Dan Quyén nam 1964. B4t cr ai tin rang quyén bao vé trong Muc VI cla ho bi vi pham, déu
c6 thé ndp don khi€u nai cho Van Phong Bao Vé Dan Quyén va Binh Ding (OECR) ctia WSDOT. Muén biét thém chi tiét lién quan dén
thu tuc khi€u nai Muc VI va/hodc chi tiét lién quan dén trach nhiém khong ky thi cia chdng toi, xin lién lac v&i Phéi Tri Vién Muc VI cla
OECR s6 360-705-7090.

Théng tin vé Dao luat Ngudi My tan tat (Americans with Disabilities Act, ADA)

Tai liéu nay c6 thé thuc hién bing mot hinh thirc khac bing cach email cho Van Phong Bao Vé Dan Quyén va Binh Ding wsdotada@
wsdot.wa.gov hodc goi dién thoai mién phi s8, 855-362-4ADA(4232). Ngudi diéc hodc khi€m thinh cé thé yéu ciu bang cach goi cho
Dich vu Tiép dm Ti€u bang Washington theo sé 711.
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Ciwaanka VI Ogeysiiska Dadweynaha

Waa siyaasada Waaxda Gaadiidka Gobolka Washington (WSDOT) in la xaqiijiyo in aan gofna, ayadoo la cuskanaayo sababo la xariira
isir, midab, ama wadanku kasoo jeedo, sida ku goran Title VI (Qodobka VI) ee Sharciga Xaquugda Madaniga ah ah oo soo baxay 1964,
laga saarin ka gaybgalka, loo diidin faa'iidooyinka, ama si kale loogu takoorin barnaamijyadeeda iyo shaqooyinkeeda. Qof kasta oo
aaminsan in difaaciisa Title VI |a jebiyay, ayaa cabasho u gudbin kara Xafiiska Sinaanta iyo Xaquugda Madaniga ah (OECR) ee WSDOT.
Si aad u hesho xog dheeraad ah oo ku saabsan hanaannada cabashada Title VI iyo/ama xogta la xariirta waajibaadkeena ka caagan
takoorka, fadlan la xariir Iskuduwaha Title VI ee OECR oo aad ka wacayso 360-705-7090.

Macluumaadka Xeerka Naafada Marykanka (ADA)

Agabkaan ayaad ku heli kartaa gaab kale adoo iimeel u diraaya Xafiiska Sinaanta iyo Xaquugda Madaniga ah oo aad ka helayso
wsdotada@wsdot.wa.gov ama adoo wacaaya laynka bilaashka ah, 855-362-4ADA(4232). Dadka naafada maqgalka ama magalku ku adag
yahay waxay ku codsan karaan wicitaanka Adeega Gudbinta Gobolka Washington 711.



If you have difficulty understanding English, you may, free of charge, request language assistance services by calling 360-709-5412 or
email us at: Kevin.Burns@wsdot.wa.gov

ESPANOL - SPANISH

Servicios de traduccién

Aviso a personas con dominio limitado del idioma inglés: Si usted tiene alguna dificultad en entender el idioma inglés,
puede, sin costo alguno, solicitar asistencia linglistica con respecto a esta informacion llamando al 360-709-5412,

o envie un mensaje de correo electrénico a: Kevin.Burns@wsdot.wa.gov
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Ycnyru nepesoga

Ecan BaM TpyaHO NOHMMaTb aHIIMMCKUIA A3bIK, Bbl MOXKETE 3aMpoCcUTh 6ecniaTHbIE 3bIKOBbIE
ycnyru, no3soHmB no tenedoHy 360-709-5412, namn Hanucae HaM Ha 3/1eKTPOHHYto noyTy: Kevin.Burns@wsdot.wa.gov

tiéng Viét - VIETNAMESE
cac dich vu dich thuat

Né&u quy vi khéng hiéu tiéng Anh, quy vi cé thé yéu cau dich vu trg gitip ngdn ngilt, mién phi,
bing cach goi s6 360-709-5412, ho3c email cho ching téi tai: Kevin.Burns@wsdot.wa.gov
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Adeegyada Turjumaada
Haddii ay kugu adag tahay inaad fahamtid Ingiriisida, waxaad, bilaash, ku codsan kartaa adeegyada caawimada luugada adoo wacaaya
360-709-5412 ama iimayl noogu soo dir: Kevin.Burns@wsdot.wa.gov



Foreword

The Materials Manual continues to use AASHTO, ASTM, WAQTC, and WSDOT test methods.
The strategic direction for the Materials Laboratory is to continue to expand the use of AASHTO
and ASTM standards whenever possible.

The manual has retained its dual unit format. However, English units predominate with metric

units in parenthesis. WSDOT is using English units. The manual reflects the Quality System concerns of
an AASHTO accredited organization and is organized by numerical test order. It also features two
contents and an index.

The manual reflects a continuing policy of adopting “consensus” standards wherever practical. Adoption
of these, in the form of AASHTO, ASTM, WAQTC, or other nationally recognized standards eliminates
much of the previous text, which merely recopied the national documents. By adopting these standards,
we provide a common standard that can be used by neighboring states and other laboratories or
organizations. Contractors who work in more than one state also benefit by having to conform with
fewer unique tests.

The concept of Field Operating Procedures (FOP) is continued to support the work of Materials Testers
at the Field or Project level. Full procedures are provided when WSDOT Test Methods apply, or when a
consensus standard (AASHTO, ASTM, or WAQTC) has been adapted to an FOP. The FOP provides the
essential performance elements for the field technician.

When not specified by the test procedure, test reports will be generated through the Materials
Testing System (MATS) or by the use of forms approved by the State Materials Engineer.

The WSDOT Materials Laboratory is responsible for establishing and managing all test

procedures. For technical information or suggested changes to test methods or procedures,

contact the WSDOT Materials Laboratory Quality Systems Manager through the departmental

mail system at MS 47365; by mail at PO Box 47365, Olympia, WA 98504-7365; by email at mawdslr@
wsdot.wa.gov; by telephone at 360-709-5497; or by fax at 360-709-5588, physically located at 1655
South Second Avenue, Tumwater, WA 98512. Please use this physical address for all communications
other than U.S. Postal Service mail.

This manual is updated as needed. To order printed copies, go to:
www.wsdot.wa.gov/publications/manuals/orderinformation.htm

To view electronic copies, go to:
www.wsdot.wa.gov/publications/manuals/m46-01.htm

Kurt R. Williams, P.E.
State Materials Engineer

Page 6 of 6 WSDOT Materials Manual M 46-01.42
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Contents

Aggregate
Procedure Field In
Number Owner Use Manual Test Method

T11 AASHTO Materials Finer Than 0.075 mm (No. 200) Sieve in Mineral Aggregates by
Washing

T19 AASHTO v v Bulk Density (“Unit Weight”) and Voids in Aggregate (Rodding Procedure
Only) (Checklist Only)

T21 AASHTO Organic Impurities in Fine Aggregates for Concrete

T27 AASHTO Sieve Analysis of Fine and Coarse Aggregates

T27 T11 WAQTC v v" FOPforAASHTO T 27_T 11, Sieve Analysis of Fine and Coarse
Aggregates

T 37 AASHTO Sieve Analysis of Mineral Filler for Hot Mix Asphalt (HMA)

R 76 AASHTO Reducing Samples of Aggregate to Testing Size

R 76 WAQTC v v' FOPforAASHTO R 76, Reducing Samples of Aggregate to Testing Size

T 84 AASHTO Specific Gravity and Absorption of Fine Aggregates

T 85 AASHTO Specific Gravity and Absorption of Coarse Aggregate

T85 WAQTC v v' FOPforAASHTO T 85, Specific Gravity and Absorption of Coarse
Aggregate

R 90 AASHTO Sampling Aggregate Products

R 90 WAQTC v v~ FOP forAASHTO R 90, Sampling Aggregate Products

T 96 AASHTO Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion
and Impact in the Los Angeles Machine

T112 AASHTO v~ Clay Lumps and Friable Particles in Aggregate

T113 WSDOT v"  Method of Test for Determination of Degradation Value

T123 WSDOT v v'  Method of Test for Bark Mulch

T125 WSDOT v~ Determination of Fiber Length Percentages in Wood Strand Mulch

T 126 WSDOT v~ Determination of Fiber Length Percentages in Hydraulically-Applied
Erosion Control Products

SOP 128 WSDOT v v~ Sampling for Aggregate Source Approval

T176 AASHTO Plastic Fines in Graded Aggregates and Soils by Use of the Sand
Equivalent Test

T176 WAQTC v v FOPforAASHTO T 176, Plastic Fines in Graded Aggregates and Soils by
the Use of the Sand Equivalent Test

T 255 AASHTO Total Evaporable Moisture Content of Aggregate by Drying

T 255 WAQTC v v' FOPforAASHTO T 255, Total Evaporable Moisture Content of Aggregate
by Drying

T 288 AASHTO v Determining Minimum Laboratory Soil Resistivity (Checklist Only)

T 289 AASHTO Determining pH of Soil for Use in Corrosion Testing

T 304 AASHTO Uncompacted Void Content of Fine Aggregate

T 304 WAQTC v’ FOP forAASHTO T 304, Uncompacted Void Content of Fine Aggregate

T 335 AASHTO Determining the Percentage of Fracture in Coarse Aggregate

T 335 WAQTC v v~ FOP for AASHTO T 335, Determining the Percentage of Fracture in
Coarse Aggregate

T 417 WSDOT v"  Method of Test for Determining Minimum Resistivity and pH of Soil and
Water

T716 WSDOT v v/ Method of Random Sampling for Locations of Testing and Sampling Sites

WSDOT Materials Manual M 46-01.44
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Contents

Bituminous Cement

Procedure Field In
Number Owner Use Manual Test Method
R 28 AASHTO Standard Practice for Accelerated Aging of Asphalt Binder Using a
Pressurized Aging Vessel
R 29 AASHTO Standard Practice for Grading or Verifying the Performance Grade (PG) of
an Asphalt Binder
T 44 AASHTO Solubility of Bituminous Materials
T 48 AASHTO Flash and Fire Points by Cleveland Open Cup
T49 AASHTO Penetration of Bituminous Materials
T50 AASHTO Float Test for Bituminous Materials
T51 AASHTO Ductility of Asphalt Materials
T53 AASHTO Softening Point of Bitumen (Ring-and-Ball Apparatus)
T59 AASHTO Emulsified Asphalts
R 66 AASHTO Sampling Asphalt Materials
R 66 WAQTC v v' FOP forAASHTO R 66, Sampling Asphalt Materials
E 70 ASTM pH of Aqueous Solutions With the Glass Electrode
T72 AASHTO Saybolt Viscosity
T 228 AASHTO Specific Gravity of Semi-Solid Asphalt Materials
T 240 AASHTO Effect of Heat and Air on a Moving Film of Asphalt Binder (Rolling Thin-
Film Oven Test)
T 301 AASHTO Elastic Recovery Test of Asphalt Materials by Means of a Ductilometer
T313 AASHTO Determining the Flexural Creep Stiffness of Asphalt Binder Using the
Bending Beam Rheometer (BBR)
T 315 AASHTO Determining the Rheological Properties of Asphalt Binder Using a
Dynamic Shear Rheometer (DSR)
T 316 AASHTO Viscosity Determination of Asphalt Binder Using Rotational Viscometer
SOP 318 WSDOT v~ Standard Operating Procedure for Melting of Flexible Bituminous
Pavement Marker Adhesive for Evaluation
T 350 AASHTO Multiple Stress Creep Recovery (MSCR) Test of Asphalt Binder Using a
Dynamic Shear Reheometer (DSR)
T 426 WSDOT v~ Pull-Off Test for Hot Melt Traffic Button Adhesive
D 3111 ASTM Flexibility Determination of Hot-Melt Adhesives by Mandrel Bend Test
Method
Asphalt Mixture
Procedure Field In
Number Owner Use Manual Test Method
R 30 AASHTO Standard Practice for Mixture Conditioning of Hot Mix Asphalt (HMA)
T30 AASHTO Mechanical Analysis of Extracted Aggregate
T30 WAQTC v v~ FOP forAASHTO T 30, Mechanical Analysis of Extracted Aggregate
™ 13 WAQTC v~ Volumetric Properties of Asphalt Mixtures
™ 14 WAQTC v’ Laboratory Prepared Asphalt Mixture Specimens
T37 AASHTO Sieve Analysis of Mineral Filler of Hot Mix Asphalt (HMA)
R 47 AASHTO Reducing Samples of Asphalt Mixtures to Testing Size
R 47 WAQTC v v" FOP forAASHTO R 47, Reducing Samples of Asphalt Mixtures to Testing
Size
R 79 AASHTO Vacuum Drying Compacted Asphalt Specimens
R 79 WAQTC v v" FOPforAASHTO R 79, Vacuum Drying Compacted Asphalt Specimens
R 96 AASHTO Installation, Operation, and Maintenance of Ignition Furnaces
R 97 AASHTO Sampling Asphalt Mixtures
Page 8 of 26 WSDOT Materials Manual M 46-01.44
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Contents

Asphalt Mixture
Procedure Field In
Number Owner Use Manual Test Method
R 97 WAQTC v v"  FOP for AASHTO R 97, Sampling Asphalt Mixtures
T 166 AASHTO Bulk Specific Gravity (Gm) of Compacted Asphalt Mixtures Using

Saturated Surface-Dry Specimens
T 166 WAQTC v v' FOP forAASHTO T 166, Bulk Specific Gravity (Gm) of Compacted Asphalt
Mixtures Using Saturated Surface-Dry Specimens

T 209 AASHTO Theoretical Maximum Specific Gravity (Gwm) and Density of Asphalt
Mixtures

T 209 WAQTC v v’ FOP forAASHTO T 209, Theoretical Maximum Specific Gravity (Gm=) and
Density of Asphalt Mixtures

T 269 AASHTO Percent Air Void in Compacted Dense and Open Asphalt Mixtures
T 308 AASHTO Determining the Asphalt Binder Content of Asphalt Mixtures by the Ignition
Method

T 308 WAQTC v v~ FOP for AASHTO T 308, Determining the Asphalt Binder Content of
Asphalt Mixtures by the Ignition Method

T312 AASHTO Preparing and Determining the Density of Asphalt Mixture Specimens by
Means of the Superpave Gyratory Compactor

T 312 WSDOT v v FOPforAASHTO T 312, Preparing and Determining the Density of Asphalt
Mixture Specimens by Means of the Superpave Gyratory Compactor

T 324 AASHTO v~ Hamburg Wheel-Track Testing of Compacted Asphalt Mixtures

T 329 AASHTO Moisture Content of Asphalt Mixtures by Oven Method

T 329 WAQTC v v"  FOP for AASHTO T 329, Moisture Content of Asphalt Mixtures by Oven
Method

T 331 AASHTO Bulk Specific Gravity (Gm) and Density of Compacted Asphalt Mixtures

Using Automatic Vacuum Sealing Method

T 331 WAQTC v v'  FOP for AASHTO T 331, Bulk Specific Gravity (Gm) and Density of
Compacted Asphalt Mixtures Using Automatic Vacuum Sealing Method

T 355 AASHTO In-Place Density of Asphalt Mixtures by Nuclear Methods

T 355 WAQTC v v' FOP forAASHTO T 355, In-Place Density of Asphalt Mixtures by Nuclear
Methods

T716 WSDOT v v"  Method of Random Sampling for Locations of Testing and Sampling Sites

T 720 WSDOT v"  Method of Test for Thickness Measurement of Hot Mix Asphalt (HMA)
Cores

SOP 729 WSDOT v v~ Standard Operating Procedure for Determination of the Moving Average of
Theoretical Maximum Density (TMD) for HMA

SOP 730 WSDOT v v~ Standard Operating Procedure for Correlation of Nuclear Gauge Densities
With Hot Mix Asphalt (HMA) Cores

SOP 731 WSDOT v v~ Standard Operating Procedure for Determining Volumetric Properties of
Hot Mix Asphalt

SOP 732 WSDOT v v~ Standard Operating Procedure for Volumetric Design for Hot-Mix Asphalt
(HMA)

SOP 733 WSDOT v v~ Standard Operating Procedure for Determination of Pavement Density
Differentials Using the Nuclear Density Gauge

SOP 734 WSDOT v v~ Standard Operating Procedure for Sampling Hot Mix Asphalt After
Compaction (Obtaining Cores)

SOP 735 WSDOT v v~ Standard Operating Procedure for Longitudinal Joint Density

SOP 736 WSDOT v In-Place Density of Bituminous Mixes Using Cores

SOP 737 WSDOT v~ Procedure for the Forensic Testing of HMAField Cores

D 6931 ASTM v Indirect Tensile (IDT) Strength of Asphalt Mixtures
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Contents

Cement
Procedure Field In
Number Owner Use Manual Test Method

R 71 AASHTO Sampling and Amount of Testing of Hydraulic Cement

T 105 AASHTO Chemical Analysis of Hydraulic Cement

T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 50-mm or 2-in.
Cube Specimens)

T 106 WSDOT v v~ FOP for AASHTO for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or (50-mm) Cube Specimens)

T 107 AASHTO Autoclave Expansion of Hydraulic Cement

T129 AASHTO Amount of Water Required for Normal Consistency of Hydraulic Cement
Paste

T 131 AASHTO Time of Setting of Hydraulic Cement by Vicat Needle

T133 AASHTO Density of Hydraulic Cement

T 137 AASHTO Air Content of Hydraulic Cement Mortar

T 153 AASHTO Fineness of Hydraulic Cement by Air Permeability Apparatus

T 162 AASHTO Mechanical Mixing of Hydraulic Cement Pastes and Mortars of Plastic
Consistency

T 192 AASHTO Fineness of Hydraulic Cement by the 45-um (No. 325) Sieve

M 201 AASHTO Mixing Rooms, Moist Cabinets, Moist Rooms, and Water Storage Tanks
Used in the Testing of Hydraulic Cements and Concretes

T 260 AASHTO Sampling and Testing for Chloride Ion in Concrete and Concrete Raw
Materials

T 303 AASHTO Accelerated Detection of Potentially Deleterious Expansion of Mortar Bars
Due to Alkali-Silica Reaction

T313 WSDOT v~ Method of Test for Cement-Latex Compatibility

T314 WSDOT v'  Method of Test for Photovolt Reflectance

T413 WSDOT v~ Method of Test for Evaluating Waterproofing Effectiveness of Membrane
and Membrane-Pavement Systems

T813 WSDOT v v~ Field Method of Fabrication of 2 in (50 mm) Cube Specimens for
Compressive Strength Testing of Grouts and Mortars

T 814 WSDOT v~ Method of Test for Water Retention Efficiency of Liquid Membrane-
Forming Compounds and Impermeable Sheet Materials for
Curing Concrete

C 939 WSDOT v v'  FOP for ASTM for Flow of Grout for Preplaced-Aggregate Concrete (Flow
Cone Method)

Chemical
Procedure Field In
Number Owner Use Manual Test Method

LRFD AASHTO Section 18, Bearing Devices

CONS

M 111 AASHTO Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

M 251 AASHTO Plain and Laminated Elastomeric Bridge Bearings

T 65 AASHTO Mass (Weight) of Coating on Iron and Steel Articles With Zinc or Zinc-Alloy
Coatings

T 105/ AASHTO Chemical Analysis of Hydraulic Cement

C114

T 260 AASHTO Sampling and Testing for Chloride lon in Concrete and Concrete Raw
Materials

T 267 AASHTO Determination of Organic Content in Soils by Loss on Ignition

C 109 ASTM Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or [50

mm] Cube Specimens)
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Chemical
Procedure Field In
Number Owner Use Manual Test Method

C 311 ASTM Sampling and Testing Fly Ash or Natural Pozzolans for Use in Portland
Cement Concrete

C 579 ASTM Compressive Strength of Chemical-Resistant Mortars, Grouts, Monolithic
Surfacings, and Polymer Concretes

C 881 ASTM Standard Specification for Epoxy-Resin-Base Bonding Systems for
Concrete

C 882 ASTM v~ Bond Strength of Epoxy-Resin Systems Used With Concrete By Slant
Shear

D 638 ASTM Tensile Properties of Plastics

D 695 ASTM Compressive Properties of Rigid Plastics

D 792 ASTM Density and Specific Gravity (Relative Density) of Plastics by Displacement

D 1751 ASTM Preformed Expansion Joint Filler for Concrete Paving and Structural
Construction (Nonextruding and Resilient Bituminous Types)

D 2240 ASTM Rubber Property-Durometer Hardness

D 2628/ ASTM v~ Preformed Polychloroprene Elastomeric Joint Seals for Concrete

M 220 Pavements

D 5167 ASTM Melting of Hot-Applied Joint and Crack Sealant and Filler for Evaluation

D 5329 ASTM Sealants and Fillers, Hot-Applied, for Joints and Cracks in Asphalt
Pavements and Portland Cement Concrete Pavements

D 6690 ASTM Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt
Pavements

D 7091 ASTM v Nondestructive Measurement of Dry Film Thickness of Nonmagnetic
Coatings Applied to Ferrous Metals and Nonmagnetic, Nonconductive
Coatings Applied to Non-Ferrous Metals

Concrete
Procedure Field In
Number Owner Use Manual Test Method

™ 2 WAQTC v v’ WAQTC TM 2, Sampling Freshly Mixed Concrete

T22 AASHTO Compressive Strength of Cylindrical Concrete Specimens

T22 WSDOT v v" FOPforAASHTO T 22, Compressive Strength of Cylindrical Concrete
Specimens

T24 AASHTO Obtaining and Testing Drilled Cores and Sawed Beams of Concrete

R 39 AASHTO Standard Practice for Making and Curing Concrete Test Specimens in the
Laboratory

R 60 AASHTO Sampling Freshly Mixed Concrete

R 100 AASHTO Method of Making and Curing Concrete Test Specimens in the Field

R 100 WAQTC v v" FOPforAASHTO T 23, Method of Making and Curing Concrete Test
Specimens in the Field

T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 50-mm or
2-in. Cube Specimens)

T 106 WSDOT v v"  FOP for AASHTO for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or (50-mm) Cube Specimens)

T119 AASHTO Slump of Hydraulic Cement Concrete
T119 WAQTC v v' FOPforAASHTO T 119, Slump of Hydraulic Cement Concrete
T121 AASHTO Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete

T 121 WAQTC v v’ FOPforAASHTO T 121, Density (Unit Weight), Yield, and Air Content
(Gravimetric) of Concrete
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Concrete
Procedure Field In
Number Owner Use Manual Test Method

C 140 ASTM Sampling and Testing Concrete Masonry Units and Related Units

T 141 AASHTO Sampling Freshly Mixed Concrete

T 152 AASHTO Air Content of Freshly Mixed Concrete by the Pressure Method

T 152 WAQTC v v"  FOP forAASHTO T 152, Air Content of Freshly Mixed Concrete by the
Pressure Method

T 196 AASHTO v~ Air Content of Freshly Mixed Concrete by the Volumetric Method
(Checklist Only)

T197 AASHTO Time of Setting of Concrete Mixtures by Penetration Resistance

T 198 AASHTO Splitting Tensile Strength of Cylindrical Concrete Specimens

M 201 AASHTO Mixing Rooms, Moist Cabinets, Moist Rooms, and Water Storage Tanks
Used in the Testing of Hydraulic Cements and Concretes

T 231 AASHTO Capping Cylindrical Concrete Specimens

T 231 WSDOT v v’ FOP forAASHTO T 231, Capping Cylindrical Concrete Specimens

T 260 AASHTO Sampling and Testing for Chloride lon in Concrete and Concrete Raw
Materials

T 277 AASHTO Electrical Indication of Concrete’s Ability to Resist Chloride lon Penetration

T 309 AASHTO Temperature of Freshly Mixed Portland Cement Concrete

T 309 WAQTC v v"  FOPforAASHTO T 309, Temperature of Freshly Mixed Portland Cement
Concrete

T 359 AASHTO Pavement Thickness by Magnetic Pulse Induction

C 457 ASTM Microscopical Determination of Parameters of the Air-Void System in
Hardened Concrete

C 495 ASTM Compressive Strength of Lightweight Insulated Concrete

T716 WSDOT v v"  Method of Random Sampling for Locations of Testing and Sampling Sites

T 802 WSDOT v v~ Method of Test for Flexural Strength of Concrete (Using Simple Beam
With Center-Point Loading)

C 805 ASTM Rebound Number of Hardened Concrete

C 805 WSDOT v v"  Rebound Hammer Determination of Compressive Strength of Hardened
Concrete

T 808 WSDOT v v~ Method for Making Flexural Test Beams

T 813 WSDOT v v~ Field Method of Fabrication of 2 in (50 mm) Cube Specimens for
Compressive Strength Testing of Grouts and Mortars

T818 WSDOT v~ Air Content of Freshly Mixed Self-Compacting Concrete by the Pressure
Method

T819 WSDOT v’ Making and Curing Self-Compacting Concrete Test Specimens in the Field

C 939 ASTM Flow of Grout for Preplaced-Aggregate Concrete (Flow Cone Method)

C 939 WSDOT v v" FOP forASTM C 939. Flow of Grout for Preplaced-Aggregate Concrete
(Flow Cone Method)

C 1218 ASTM Water-Soluble Chloride in Mortar and Concrete

C 1231 ASTM Use of Unbonded Caps in Determination of Compressive Strength of
Hardened Cylindrical Concrete Specimens

C 1231 WSDOT v v FOP for ASTM C1231, Use of Unbonded Caps in Determination of
Compressive Strength of Hardened Cylindrical Concrete Specimens

D 1429 ASTM Specific Gravity of Water and Brine

C 1604 ASTM Obtaining and Testing Drilled Cores of Shotcrete

C 1611 WSDOT v v  FOPforASTM C 1611/C 1611M Standard Test Method for Slump Flow of
Self-Consolidating Concrete

C 1621 WSDOT v v FOPforASTM C 1621/C 1621M Standard Test Method for Passing Ability

of Self-Consolidating Concrete by J-Ring
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Electrical
Procedure Field In
Number Owner Use Manual Test Method

IP78-16 FHWA Type 170 Signal Controller System Hardware Specification

TEES Caltrans Caltrans Transportation Electrical Equipment Specifications

PE-1 NEMA Standards Publication: Uninterruptible Power Systems (UPS) —
Specification and Performance Verification

TS-1 NEMA Standards Publication: Traffic Control Systems

TS-2 NEMA Standards Publication: Traffic Controller Assemblies with NTCIP
Requirements

T 421 WSDOT v~ Traffic Controller Inspection Procedure

T 422 WSDOT v~ Transient Voltage Test (Spike Test) Procedure (optional)

T 423 WSDOT v~ Conflict Monitor Test Procedure

T 424 WSDOT v Power Interruption Test Procedure

T 425 WSDOT v Environmental Chamber Test Procedure

T 427 WSDOT v~ Loop Amplifier Test Procedure

T 428 WSDOT v~ Traffic Controller Compliance Inspection and Test Procedure

SOP 429 WSDOT v"  Methods for Determining the Acceptance of Traffic Signal Controller
Assemblies

T 430 WSDOT v~ Uninterruptible Power Supply (UPS) System Compliance Inspection and
Test Procedure

1188 IEEE Standards Publication: Recommended Practice for Maintenance, Testing,
and Replacement of Valve-Regulated Lead-Acid (VRLA) batteries for
Stationary Applications

ATC 5301 AASHTO Publication: Advanced Transportation Controller (ATC) Cabinet Standard

ITE NEMA
62040-3 IEC Standards Publication: Uninterruptible Power Systems (UPS) — Method

for specifying the performance and test requirements

WSDOT Materials Manual M 46-01.44
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Geotechnical — Soils

Procedure Field In
Number Owner Use Manual Test Method

R 58 AASHTO Dry Preparation of Disturbed Soil and Soil Aggregate Samples for Test

R 75 AASHTO Developing a Family of Curves

R 75 WAQTC v v/ FOP for AASHTO R 75, Developing a Family of Curves

T 88 AASHTO Particle Size Analysis of Soils

T89 AASHTO Determining the Liquid Limit of Soils

T89 WAQTC v'  FOP for AASHTO T 89, Determining the Liquid Limit of Soils

T90 AASHTO Determining the Plastic Limit and Plasticity Index of Soils

T90 WAQTC v/ FOP for AASHTO T 90, Determining the Plastic Limit and Plasticity Index of
Soils

T99 AASHTO Moisture-Density Relations of Soils Using a 2.5 kg (5.5 Ib) Rammer and a
305 mm (12 in.) Drop

T99 WAQTC v v' FOP forAASHTO T 99, Moisture-Density Relations of Soils Using a 2.5 kg
(5.5 Ib) Rammer and a 305 mm (12 in.) Drop

T 100 AASHTO Specific Gravity of Soils

T 180 AASHTO Moisture-Density Relations of Soils Using a 4.54 kg (10 Ib) Rammer and a
457 mm (18 in.) Drop

T 180 WAQTC v v"  FOP forAASHTO T 180, Moisture-Density Relations of Soils Using a
4.54 kg (10 Ib) Rammer and a 457 mm (18 in.) Drop

T 208 AASHTO Unconfined Compressive Strength of Cohesive Soil

T 215 AASHTO Permeability of Granular Soils (Constant Head)

T 216 AASHTO One-Dimensional Consolidation Properties of Soils

T 236 AASHTO Direct Shear Test of Soils Under Consolidated Drained Conditions

T 265 AASHTO Laboratory Determination of Moisture Content of Soils

T 265 WAQTC v v"  FOP forAASHTO T 265, Laboratory Determination of Moisture Content of
Soils

T 296 AASHTO Unconsolidated, Undrained Compressive Strength of Cohesive Soils in
Triaxial Compression

T 297 AASHTO Consolidated, Undrained Triaxial Compressive Test on Cohesive Soils
Shear

T 501 WSDOT v~ Test Method to Determine Durability of Very Weak Rock

D 2487 ASTM Standard Practice for Classification of Soils for Engineering Purposes
(Unified Soil Classification System)

D 2488 ASTM Standard Practice for Description and Identification of Soils (Visual-
Manual Procedure)

D 4186 ASTM One-Dimensional Consolidation Properties of Saturated Cohesive Soils
Using Controlled-Strain Loading

D 4644 ASTM Slake Durability of Shales and Similar Weak Rocks

D 4767 ASTM Standard Test Method for Consolidated Undrained Triaxial Compression
Test for Cohesive Soils

D 5084 ASTM Measurement of Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter

D 5311 ASTM Load Controlled Cyclic Triaxial Strength of Soil

D 5731 ASTM Determination of the Point Load Strength Index of Rock and Application to
Rock Strength Classifications

D 6467 ASTM Torsional Ring Shear Test to Determine Drained Residual Shear Strength
of Cohesive Soils

D 6528 ASTM Consolidated Undrained Direct Simple Shear Testing of Cohesive Soils
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Geotechnical — Soils

Procedure Field In

Number Owner Use Manual

Test Method

D 7012 ASTM v~ Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
under Verying States of Stress and Temperatures
Geotextile and Steel
Procedure Field In

Number Owner Use Manual

Test Method

E 18 ASTM

Rockwell Hardness of Metallic Materials

A 143 ASTM

Standard Practice for Safeguarding Against Embrittlement of Hot-Dip
Galvanized Structural Steel Products and Procedure for Detecting
Embrittlement

T 244 AASHTO

Mechanical Testing of Steel Products

T 285 AASHTO

Bend Test for Bars for Concrete Reinforcement

A370 ASTM

Definitions for Mechanical Testing of Steel Products

E 290 ASTM

Standard Test Methods for Bend Testing of Material for Ductility

F 606 ASTM

Determining the Mechanical Properties of Externally and Internally
Threaded Fasteners, Washers, Direct Tension Indicators, and Rivets

A615 ASTM

Standard Specification for Deformed and Plain Carbon-Steel Bars for
Concrete Reinforcement

SOP 914 WSDOT v

Practice for Sampling of Geosynthetic Material for Testing

T915 WSDOT

Practice for Conditioning of Geotextiles for Testing

T923 WSDOT

Thickness Measurement of Geotextiles

T 925 WSDOT

Standard Practice for Determination of Long-Term Strength for
Geosynthetic Reinforcement

T 926 WSDOT

Geogrid Brittleness Test

D 1683 ASTM

Failure in Sewen Seams of Woven Fabrics

ANEEANEER NANANEN

D 4354 ASTM

Standard Practice for Sampling of Geosynthetics and Rolled Erosion
Control Products (RECPs) for Testing

D 4355 ASTM

Deterioration of Geotextiles From Exposure to Light, Moisture and Heat in
a Xenon-Arc-Type Apparatus

D 4491 ASTM

Water Permeability of Geotextiles by permittivity

D 4533 ASTM

Trapezoid Tearing Strength of Geotextiles

D 4595 ASTM

Tensile Properties of Geotextiles by the Wide-Width Strip Method

D 4632 ASTM

Grab Breaking Load and Elongation of Geotextiles

D 4751 ASTM

Determining Apparent Opening Size of a Geotextiles

D 6241 ASTM

Static Puncture Strength of Geotextiles and Geotextile-Related Products
Using a 50-mm Probe

WSDOT Materials Manual M 46-01.44
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Paint
Procedure Field In
Number Owner Use Manual Test Method

D 523 ASTM Specular Gloss

D 823 ASTM Producing Films of Uniform Thickness of Paint, Coatings and Related
Products on Test Panels

D 1475 ASTM Density of Liquid Coatings, Inks, and Related Products

D 2244 ASTM Standard Practice for Calculation of Color Tolerances and Color
Differences From Instrumentally Measured Color Coordinates

D 2369 ASTM Volatile Content of Coatings

D 2621 ASTM Infrared ldentification of Vehicle Solids From Solvent-Reducible Paints

D 2697 ASTM Volume Nonvolatile Matter in Clear or Pigmented Coatings

D 2698 ASTM Determination of the Pigment Content of Solvent-Reducible Paints by
High-Speed Centrifuging

Pavement Soils
Procedure Field In
Number Owner Use Manual Test Method

™ 15 WAQTC v/ Laboratory Theoretical Maximum Dry Density of Granular Soil and Soil/
Aggregate

T 242 AASHTO Frictional Properties of Paved Surfaces Using a Full-Scale Tire

T272 AASHTO One-Point Method for Determining Maximum Dry Density and Optimum
Moisture

T 272 WAQTC v v’ FOPforAASHTO T 272, One-Point Method for Determining Maximum Dry
Density and Optimum Moisture

T 310 AASHTO In-Place Density and Moisture Content of Soil and Soil-Aggregate by
Nuclear Methods (Shallow Depth)

T 310 WAQTC v v'  FOP forAASHTO T 310, In-Place Density and Moisture Content of Soil
and Soil-Aggregate by Nuclear Methods (Shallow Depth)

T610 WSDOT v/ Method of Test for the Capillary Rise of Soils

SOP 615 WSDOT v v~ Determination of the % Compaction for Embankment & Untreated
Surfacing Materials Using the Nuclear Moisture-Density Gauge

SOP 738 WSDOT v v~ Establishing Maximum Field Density for Recycled Concrete Aggregates
by Test Point Evaluation

T 807 WSDOT v v"  Method of Operation of California Profilograph and Evaluation of Profiles

D 4694 ASTM Deflections with a Falling-Weight-Type Impulse Load Device
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Standard Practice

Procedure Field In
Number Owner Use Manual Test Method

QC 1 WSDOT v~ Standard Practice for Cement Producers/Suppliers That Certify Portland
Cement and Blended Hydraulic Cement

QC 2 WSDOT v~ Standard Practice for Asphalt Suppliers That Certify Performance Graded
and Emulsified Asphalts

QC3 WSDOT v/ Quality System Laboratory Review

QC 4 WSDOT v~ Standard Practice for Fly Ash Producers/Importers/Distributors That
Certify Fly Ash

QC5 WSDOT v/ Standard Practice for Ground Granulated Blast-Furnace Slag Producers/
Importers/Distributors That Certify Ground Granulated Blast-Furnace Slag

QC6 WSDOT v Annual Prestressed Plant Review and Approval Process

QC7 WSDOT v Annual Precast Plant Review and Approval Process

QC 8 WSDOT v~ Standard Practice for Development, Submittal and Approval of Hot Mix
Asphalt Mix Designs

QC9 WSDOT v~ Standard Practice for Approval of Recycled Materials Facilities of WSDOT
Recycled Concrete and Returned Concrete

QC 10 WSDOT v~ Standard Practice for Approval of Recycled Materials Facilities from
Stockpiles of Unknown Sources

QC 11 WSDOT v/ Vacant

QC 12 WSDOT v~ Standard Practice for Evaluation of Aggregate Sources

WSDOT Materials Manual M 46-01.44
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Numerical Order

Procedure Field In
Number Owner Use Manual Test Method

LRFD AASHTO Section 18, Bearing Devices

CONS

QC 1 WSDOT v~ Standard Practice for Cement Producers/Suppliers That Certify Portland
Cement and Blended Hydraulic Cement

QC 2 WSDOT v~ Standard Practice for Asphalt Suppliers That Certify Performance Graded
and Emulsified Asphalts

QC3 WSDOT v~ Quality System Laboratory Review

QC4 WSDOT v/ Standard Practice for Fly Ash Producers/Importers/Distributors That
Certify Fly Ash

QC5 WSDOT v~ Standard Practice for Ground Granulated Blast-Furnace Slag Producers/
Importers/Distributors That Certify Ground Granulated Blast-Furnace Slag

QC6 WSDOT v Annual Prestressed Plant Review and Approval Process

QC7 WSDOT v Annual Precast Plant Review and Approval Process

QC 8 WSDOT v~ Standard Practice for Development, Submittal and Approval of Hot Mix
Asphalt Mix Designs

QC9 WSDOT v~ Standard Practice for Approval of Recycled Materials Facilities of WSDOT
Recycled Concrete and Returned Concrete

QC 10 WSDOT v/ Standard Practice for Approval of Recycled Materials Facilities from
Stockpiles of Unknown Sources

QC 11 WSDOT v/ Vacant

QC 12 WSDOT v~ Standard Practice for Evaluation of Aggregate Sources

TEES Caltrans Caltrans Transportation Electrical Equipment Specifications

PE-1 NEMA Standards Publication: Uninterruptible Power Systems (UPS) —
Specification and Performance Verification

TS-1 NEMA Standards Publication: Traffic Control Systems

TS-2 NEMA Standards Publication: Traffic Controller Assemblies with NTCIP
Requirements

™ 2 WAQTC v v WAQTC TM 2, Sampling Freshly Mixed Concrete

T11 AASHTO Materials Finer Than 0.075 mm (No. 200) Sieve in Mineral Aggregates by
Washing

™ 13 WAQTC v~ Volumetric Properties of Asphalt Mixtures

™ 14 WAQTC v’ Laboratory Prepared Asphalt Mixture Specimens

™ 15 WAQTC v/ Laboratory Theoretical Maximum Dry Density of Granular Soil and Soil/
Aggregate

E 18 ASTM Rockwell Hardness of Metallic Materials

R 18 AASHTO Establishing and Implementing a Quality Management System for
Construction Materials Testing Laboratories

T19 AASHTO v v~ Bulk Density (“Unit Weight”) and Voids in Aggregate (Rodding Procedure
Only) (Checklist Only)

T21 AASHTO Organic Impurities in Fine Aggregates for Concrete

T22 AASHTO Compressive Strength of Cylindrical Concrete Specimens

T22 WSDOT v v" FOPforAASHTO T 22, Compressive Strength of Cylindrical Concrete
Specimens

T24 AASHTO Obtaining and Testing Drilled Cores and Sawed Beams of Concrete

T27 AASHTO Sieve Analysis of Fine and Coarse Aggregates

T27 T11 WAQTC v v" FOPforAASHTO T 27_T 11, Sieve Analysis of Fine and Coarse
Aggregates

R 28 AASHTO Standard Practice for Accelerated Aging of Asphalt Binder Using a

Pressurized Aging Vessel
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Procedure Field In
Number Owner Use Manual Test Method

R 29 AASHTO Standard Practice for Grading or Verifying the Performance Grade (PG) of
an Asphalt Binder

R 30 AASHTO Standard Practice for Mixture Conditioning of Hot Mix Asphalt (HMA)

T30 AASHTO Mechanical Analysis of Extracted Aggregate

T30 WAQTC v v’ FOP forAASHTO T 30, Mechanical Analysis of Extracted Aggregate

T 37 AASHTO Sieve Analysis of Mineral Filler for Hot Mix Asphalt (HMA)

R 39 AASHTO Standard Practice for Making and curing Concrete Test Specimens in the
Laboratory

T 44 AASHTO Solubility of Bituminous Materials

R 47 AASHTO Reducing Samples of Asphalt Mixtures to Testing Size

R 47 WAQTC v v FOPforAASHTO R 47, Reducing Samples of Asphalt Mixtures to Testing
Size

T 48 AASHTO Flash and Fire Points by Cleveland Open Cup

T 49 AASHTO Penetration of Bituminous Materials

T50 AASHTO Float Test for Bituminous Materials

T 51 AASHTO Ductility of Asphalt Materials

T53 AASHTO Softening Point of Bitumen (Ring-and-Ball Apparatus)

R 58 AASHTO Dry Preparation of Disturbed Soil and Soil Aggregate Samples for Test

T59 AASHTO Emulsified Asphalts

R 60 AASHTO Sampling Freshly Mixed Concrete

T 65 AASHTO Mass (Weight) of Coating on Iron and Steel Articles With Zinc or Zinc-
Alloy Coatings

R 66 AASHTO Sampling Asphalt Materials

R 66 WAQTC v v" FOP forAASHTO R 66, Sampling Asphalt Materials

E70 ASTM pH of Aqueous Solutions With the Glass Electrode

R 71 AASHTO Sampling and Amount of Testing of Hydraulic Cement

T72 AASHTO Saybolt Viscosity

R 75 AASHTO Developing a Family of Curves

R 75 WAQTC v v/ FOP for AASHTO R 75, Developing a Family of Curves

R 76 AASHTO Reducing Samples of Aggregate to Testing Size

R 76 WAQTC v v’ FOP forAASHTO R 76, Reducing Samples of Aggregate to Testing Size

IP78-16 FHWA Type 170 Signal Controller System Hardware Specification

R 79 AASHTO Vacuum Drying Compacted Asphalt Specimens

R 79 WAQTC v v"  FOPforAASHTO R 79, Vacuum Drying Compacted Asphalt Specimens

T84 AASHTO Specific Gravity and Absorption of Fine Aggregates

T 85 AASHTO Specific Gravity and Absorption of Coarse Aggregates

T 85 WAQTC v v' FOPforAASHTO T 85, Specific Gravity and Absorption of Coarse
Aggregate

T 88 AASHTO Particle Size Analysis of Soils

T89 AASHTO Determining the Liquid Limit of Soils

T 89 WAQTC v~ FOP for AASHTO T 89, Determining the Liquid Limit of Soils

R 90 AASHTO Sampling Aggregate Products

R 90 WAQTC v v' FOP forAASHTO R 90, Sampling Aggregate Products

T90 AASHTO Determining the Plastic Limit and Plasticity Index of Soils

T90 WAQTC v'  FOP for AASHTO T 90, Determining the Plastic Limit and Plasticity Index of
Soils

R 96 AASHTO Installation, Operation, and Maintenance of Ignition Furnaces

T 96 AASHTO Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion
and Impact in the Los Angeles Machine
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Numerical Order

Procedure Field In
Number Owner Use Manual Test Method

R 97 AASHTO Sampling Asphalt Mixtures

R 97 WAQTC v v' FOP forAASHTO R 97, Sampling Asphalt Mixtures

T99 AASHTO Moisture-Density Relations of Soils Using a 2.5 kg (5.5 Ib) Rammer and a
305 mm (12 in.) Drop

T99 WAQTC v v' FOP forAASHTO T 99, Moisture-Density Relations of Soils Using a 2.5 kg
(5.5 Ib) Rammer and a 305 mm (12 in.) Drop

R 100 AASHTO Method of Making and Curing Concrete Test Specimens in the Field

R 100 WAQTC v v'  FOPforAASHTO T 23, Method of Making and Curing Concrete Test
Specimens in the Field

T 100 AASHTO Specific Gravity of Soils

T 105 AASHTO Chemical Analysis of Hydraulic Cement

T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 50-mm or 2-in
Cube Specimens)

T 106 WSDOT v v"  FOP for AASHTO for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or (50-mm) Cube Specimens)

T 107 AASHTO Autoclave Expansion of Hydraulic Cement

M 111 AASHTO Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

T112 AASHTO v~ Clay Lumps and Friable Particles in Aggregate

T113 WSDOT v"  Method of Test for Determination of Degradation Value

T119 AASHTO Slump of Hydraulic Cement Concrete

T119 WAQTC v FOPforAASHTO T 119, Slump of Hydraulic Cement Concrete

T 121 AASHTO Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete

T 121 WAQTC v’ FOPforAASHTO T 121, Density (Unit Weight), Yield, and Air Content
(Gravimetric) of Concrete

T123 WSDOT v v Method of Test for Bark Mulch

T125 WSDOT v~ Determination of Fiber Length Percentages in Wood Strand Mulch

T 126 WSDOT v~ Determination of Fiber Length Percentages in Hydraulically-Applied
Erosion Control Products

T127 WSDOT v’ Preparation of Leachate Sample for Testing Toxicity of HECP Effluents

SOP 128 WSDOT v v~ Sampling for Aggregate Source Approval

T129 AASHTO Amount of Water Required for Normal Consistency of Hydraulic Cement
Paste

T 131 AASHTO Time of Setting of Hydraulic Cement by Vicat Needle

T 133 AASHTO Density of Hydraulic Cement

T 137 AASHTO Air Content of Hydraulic Cement Mortar

C 140 ASTM Sampling and Testing Concrete Masonry Units and Related Units

T 141 AASHTO Sampling Freshly Mixed Concrete

A 143 ASTM Standard Practice for Safeguarding Against Embrittlement of Hot-Dip
Galvanized Structural Steel Products and Procedure for Detecting
Embrittlement

T 152 AASHTO Air Content of Freshly Mixed Concrete by the Pressure Method

T 152 WAQTC v v"  FOP forAASHTO T 152, Air Content of Freshly Mixed Concrete by the
Pressure Method

T 153 AASHTO Fineness of Hydraulic Cement by Air Permeability Apparatus

T 162 AASHTO Mechanical Mixing of Hydraulic Cement Pastes and Mortars of Plastic
Consistency

T 166 AASHTO Bulk Specific Gravity (Gm) of Compacted Asphalt Mixtures Using
Saturated Surface-Dry Specimens

T 166 WAQTC v v' FOP forAASHTO T 166, for Bulk Specific Gravity of Compacted Asphalt
Mixtures Using Saturated Surface-Dry Specimens
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T176 AASHTO Plastic Fines in Graded Aggregates and Soils by the Use of the Sand

Equivalent Test

T176 WAQTC v v FOPforAASHTO T 176, Plastic Fines in Graded Aggregates and Soils by
the Use of the Sand Equivalent Test

T 180 AASHTO Moisture-Density Relations of Soils Using a 4.54 kg (10 Ib) Rammer and a
457 mm (18 in.) Drop

T 180 WAQTC v v'  FOP forAASHTO T 180, Moisture-Density Relations of Soils Using a
4.54 kg (10 Ib) Rammer and a 457 mm (18 in.) Drop

T 192 AASHTO Fineness of Hydraulic Cement by the 45-um (No. 325) Sieve

T 196 AASHTO v~ Air Content of Freshly Mixed Concrete by the (Volumetric Method)
(Checklist Only)

T 197 AASHTO Time of Setting of Concrete Mixtures by Penetration Resistance

T 198 AASHTO Splitting Tensile Strength of Cylindrical Concrete Specimens

M 201 AASHTO Mixing Rooms, Moist Cabinets, Moist Rooms, and Water Storage Tanks
Used in the Testing of Hydraulic Cements and Concretes

T 208 AASHTO Unconfined Compressive Strength of Cohesive Soil

T 209 AASHTO Theoretical Maximum Specific Gravity (G»n) and Density of Asphalt
Mixtures

T 209 WAQTC v v’ FOP forAASHTO T 209, Theoretical Maximum Specific Gravity (Gm=) and
Density of Asphalt Mixtures

T 215 AASHTO Permeability of Granular Soils (Constant Head)

T 216 AASHTO One-Dimensional Consolidation Properties of Soils

T 228 AASHTO Specific Gravity of Semi-Solid Asphalt Materials

T 231 AASHTO Capping Cylindrical Concrete Specimens

T 231 WSDOT v v’ FOP forAASHTO T 231, Capping Cylindrical Concrete Specimens

T 236 AASHTO Direct Shear test of Soils Under Consolidated Drained Conditions

T 240 AASHTO Effect of Heat and Air on a Moving Film of Asphalt Binder (Rolling Thin-
Film Oven Test)

T 242 AASHTO Frictional Properties of Paved Surfaces Using a Full-Scale Tire

T 244 AASHTO Mechanical Testing of Steel Products

M 251 AASHTO Plain and Laminated Elastomeric Bridge Bearings

T 255 AASHTO Total Evaporable Moisture Content of Aggregate by Drying

T 255 WAQTC v v' FOPforAASHTO T 255, Total Evaporable Moisture Content of Aggregate
by Drying

T 260 AASHTO Sampling and Testing for Chloride lon in Concrete and Concrete Raw
Materials

T 265 AASHTO Laboratory Determination of Moisture Content of Soils

T 265 WAQTC v v' FOP forAASHTO T 265, Laboratory Determination of Moisture Content of
Soils

T 267 AASHTO Determination of Organic Content in Soils by Loss on Ignition

T 269 AASHTO Percent Air Void in Compacted Dense and Open Asphalt Mixtures

T272 AASHTO One-Point Method for Determining Maximum Dry Density and Optimum
Moisture

T 272 WAQTC v v"  FOP forAASHTO T 272, One-Point Method for Determining Maximum Dry
Density and Optimum Moisture

T 277 AASHTO Electrical Indication of Concrete’s Ability to Resist Chloride lon Penetration
T 285 AASHTO Bend Test for Bars for Concrete Reinforcement

T 288 AASHTO v Determining Minimum Laboratory Soil Resistivity (Checklist Only)

T 289 AASHTO Determining pH of Soil for Use in Corrosion Testing
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E 290 ASTM Standard Test Methods for Bend Testing of Material for Ductility

T 296 AASHTO Unconsolidated, Undrained Compressive Strength of Cohesive Sails in
Triaxial Compression

T 297 AASHTO Consolidated, Undrained Triaxial Compressive Test on Cohesive Soils
Shear

T 301 AASHTO Elastic Recovery Test of Asphalt Materials by Means of a Ductilometer

T 303 AASHTO Accelerated Detection of Potentially Deleterious Expansion of Mortar Bars
Due to Alkali-Silica Reaction

T 304 AASHTO Uncompacted Void Content of Fine Aggregate

T 304 WAQTC v v"  FOPforAASHTO T 304, Uncompacted Void Content of Fine Aggregate

T 308 AASHTO Determining the Asphalt Binder Content of Asphalt Mixtures by the Ignition
Method

T 308 WAQTC v v" FOP forAASHTO T 308, Determining the Asphalt Binder Content of
Asphalt Mixtures by the Ignition Method

T 309 AASHTO Temperature of Freshly Mixed Hydraulic Cement Concrete

T 309 WAQTC v v"  FOPfor AASHTO T309, Temperature of Freshly Mixed Portland Cement
Concrete

T 310 AASHTO In-Place Density and Moisture Content of Soil and Soil-Aggregate by
Nuclear Methods (Shallow Depth)

T 310 WAQTC v v FOP forAASHTO T 310, In-Place Density and Moisture Content of Soil
and Soil-Aggregate by Nuclear Methods (Shallow Depth)

C3n ASTM Sampling and Testing Fly Ash or Natural Pozzolans for Use in Portland
Cement Concrete

T 312 AASHTO Preparing and Determining the Density of Asphalt Mixture Specimens by
Means of the Superpave Gyratory Compactor

T 312 WAQTC v v" FOPforAASHTO T 312, Preparing and Determining the Density of Asphalt
Mixture Specimens by Means of the Superpave Gyratory Compactor

T313 AASHTO Determining the Flexural Creep Stiffness of Asphalt Binder Using the
Bending Beam Rheometer (BBR)

T 313 WSDOT v~ Method of Test for Cement-Latex Compatibility

T314 WSDOT v'  Method of Test for Photovolt Reflectance

T 315 AASHTO Determining the Rheological Properties of Asphalt Binder Using a
Dynamic Shear Rheometer (DSR)

T 316 AASHTO Viscosity Determination of Asphalt Binder Using Rotational Viscometer

SOP 318 WSDOT v~ Standard Operating Procedure for Melting of Flexible Bituminous
Pavement Marker Adhesive for Evaluation

T 324 AASHTO Hamburg Wheel-Track Testing of Compacted Asphalt Mixtures

T 329 AASHTO Moisture Content of Asphalt Mixtures by Oven Method

T 329 WAQTC v FOP for AASHTO T 329, Moisture Content of Asphalt Mixture by Oven
Method

T 331 AASHTO Bulk Specific Gravity (Gm) and Density of Compacted Asphalt Mixtures
Using Automatic Vacuum Sealing Method

T 331 WAQTC v v'  FOP for AASHTO T 331, Bulk Specific Gravity (Gm) and Density of
Compacted Asphalt Mixtures Using Automatic Vacuum Sealing Method

T 335 AASHTO Determining the Percentage of Fracture in Coarse Aggregate

T 335 WAQTC v v' FOP forAASHTO T 335, Determining the Percentage of Fracture in
Coarse Aggregate

T 350 AASHTO Multiple Stress Creep Recovery (MSCR) Test of Asphalt Binder Using a
Dynamic Shear Reheometer (DSR)

T 355 AASHTO In-Place Density of Asphalt Mixtures by Nuclear Methods
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T 355 WAQTC v v'  FOP forAASHTO T 355, In-Place Density of Asphalt Mixtures by Nuclear
Methods

T 359 AASHTO Pavement Thickness by Magnetic Pulse Induction

A 370 ASTM Definitions for Mechanical Testing of Steel Products

T 413 WSDOT v v~ Method of Test for Evaluating Waterproofing Efectiveness of Membrane
and Membrane-Pavement Systems

T 417 WSDOT v~ Method of Test for Determining Minimum Resistivily and pH of Soil and
Water

T 421 WSDOT v~ Traffic Controller Inspection Procedure

T 422 WSDOT v~ Transient Voltage Test (Spike Test) Procedure (optional)

T 423 WSDOT v~ Conflict Monitor Test Procedure

T 424 WSDOT v Power Interruption Test Procedure

T 425 WSDOT v Environmental Chamber Test Procedure

T 426 WSDOT v~ Pull-Off Test for Hot Melt Traffic Button Adhesive

T 427 WSDOT v Loop Amplifier Test Procedure

T 428 WSDOT v~ Traffic Controller Compliance Inspection and Test Procedure

SOP 429 WSDOT v'  Methods for Determining the Acceptance of Traffic Signal Controller
Assemblies

T 430 WSDOT v/ Uninterruptible Power Supply (UPS) System Compliance Inspection and
Test Procedure

T 432 WSDOT v~ Flexibility Test for Hot-Melt Adhesives

C 457 ASTM Microscopical Determination of Parameters of the Air-Void System in
Hardened Concrete

C 495 ASTM Compressive Strength of Lightweight Insulated Concrete

T 501 WSDOT v’ Test Method to Determine Durability of Very Weak Rock

D 523 ASTM Specular Gloss

C 579 ASTM Compressive Strength of Chemical-Resistant Mortars, Grouts, Monolithic
Surfacings, and Polymer Concretes

F 606 ASTM Determining the Mechanical Properties of Externally and Internally
Threaded Fasteners, Washers, Direct Tension Indicators, and Rivets

T610 WSDOT v~ Method of Test for the Capillary Rise of Soils

A 615 ASTM Standard Specification for Deformed and Plain Carbon-Steel Bars for
Concrete Reinforcement

SOP 615 WSDOT v v~ Determination of the % Compaction for Embankment and Untreated
Surfacing Materials Using the Nuclear Moisture-Density Gauge

D 638 ASTM Tensile Properties of Plastics

D 695 ASTM Compressive Properties of Rigid Plastics

T716 WSDOT v v"  Method of Random Sampling for Locations of Testing and Sampling Sites

T720 WSDOT v"  Method of Test for Thickness Measurement of Hot Mix Asphalt (HMA)
Cores

SOP 729 WSDOT v v~ Standard Operating Procedure for Determination of the Moving Average of
Theoretical Maximum Density (TMD) for HMA

SOP 730 WSDOT v v’ Standard Operating Procedure for Correlation of Nuclear Gauge Densities
With Hot Mix Asphalt (HMA) Cores

SOP 731 WSDOT v v~ Standard Operating Procedure for Determining Volumetric Properties of
Hot Mix Asphalt

SOP 732 WSDOT v v~ Standard Operating Procedure for Volumetric Design for Hot-Mix Asphalt
(HMA)
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SOP 733 WSDOT v v~ Standard Operating Procedure for Determination of Pavement Density
Differentials Using the Nuclear Density Gauge
Standard Operating Procedure for Sampling Hot Mix Asphalt After
Compaction (Obtaining Cores)
Standard Operating Procedure for Longitudinal Joint Density

In-Place Density of Bituminous Mixes Using Cores
Procedure for the Forensic Testing of HMA Field Cores

Establishing Maximum Field Density for Recycled Concrete Aggregates
by Test Point Evaluation

D 792 ASTM Density and Specific Gravity (Relative Density) of Plastics by
Displacement

SOP 734 WSDOT v

SOP 735 WSDOT v
SOP 736 WSDOT
SOP 737  WSDOT
SOP 738 WSDOT v

SININIK S

T 802 WSDOT v v~ Method of Test for Flexural Strength of Concrete (Using Simple Beam
With Center-Point Loading)

C 805 ASTM Rebound Number of Hardened Concrete

C 805 WSDOT v v~ Rebound Hammer Determination of Compressive Strength of Hardened
Concrete

T 807 WSDOT v v"  Method of Operation of California Profilograph and Evaluation of Profiles

T 808 WSDOT v v"  Method for Making Flexural Test Beams

T813 WSDOT v v~ Field Method of Fabrication of 2 in (50 mm) Cube Specimens for
Compressive Strength Testing of Grouts and Mortars

T 814 WSDOT v~ Method of Test for Water Retention Efficiency of Liquid Membrane-
Forming Compounds and Impermeable Sheet Materials for
Curing Concrete

T 818 WSDOT v~ Air Content of Freshly Mixed Self-Compacting Concrete by the Pressure
Method

T819 WSDOT v Making and Curing Self-Compacting Concrete Test Specimens in the Field

D 823 ASTM Producing Films of Uniform Thickness of Paint, Coatings and Related
Products on Test Panels

C 881 ASTM Standard Specification for Epoxy-Resin-Base Bonding Systems for
Concrete

C 882 ASTM v/ Bond Strength of Epoxy-Resin Systems Used With Concrete By Slant
Shear (Checklist Only)

SOP 914 WSDOT v v~ Practice for Sampling of Geosynthetic Material for Testing

T915 WSDOT v’ Practice for Conditioning of Geotextiles for Testing

T 923 WSDOT v~ Thickness Measurement of Geotextiles

T 925 WSDOT v/ Standard Practice for Determination of Long-Term Strength for
Geosynthetic Reinforcement

T 926 WSDOT v Geogrid Brittleness Test

C 939 ASTM Flow of Grout for Preplaced-Aggregate Concrete (Flow Cone Method)

C 939 WSDOT v v~ FOP for ASTM for Flow of Grout for Preplaced-Aggregate Concrete (Flow

Cone Method)

1188 IEEE Standards Publication: Recommended Practice for Maintenance, Testing,
and Replacement of Valve-Regulated Lead-Acid (VRLA) batteries for
Stationary Applications

C 1218 ASTM Water-Soluble Chloride in Mortar and Concrete

C 1231 ASTM Use of Unbonded Caps in Determination of Compressive Strength of
Hardened Cylindrical Concrete Specimens
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C 1231 WSDOT v v" FOP for ASTM C1231, Use of Unbonded Caps in Determination of
Compressive Strength of Hardened Cylindrical Concrete Specimens

C 1437 ASTM Standard Test Method for Flow of Hydraulic Cement Mortar
D 1475 ASTM Density of Liquid Coatings, Inks, and Related Products
C 1604 ASTM Obtaining and Testing Drilled Cores of Shotcrete

C 1611 WSDOT v v FOPforASTM C 1611/C 1611M Standard Test Method for Slump Flow of
Self-Consolidating Concrete

C 1621 WSDOT v v FOPforASTM C 1621/C 1621M Standard Test Method for Passing Ability
of Self-Consolidating Concrete by J-Ring

D 1683 ASTM Failure in Sewn Seams of Woven Fabrics

D 1751 ASTM Preformed Expansion Joint Filler for Concrete Paving and Structural
Construction (Nonextruding and Resilient Bituminous Types)

D 2240 ASTM Standard Test Method for Rubber Property — Durometer Hardness

D 2244 ASTM Standard Practice for Calculation of Color Tolerances and Color
Differences From Instrumentally Measured Color Coordinates

D 2369 ASTM Volatile Content of Coatings

D 2487 ASTM Standard Practice for Classification of Soils for Engineering Purposes
(Unified Soil Classification System)

D 2488 ASTM Standard Practice for Description and Identification of Soils (Visual-
Manual Procedure)

D 2621 ASTM Infrared Identification of Vehicle Solids From Solvent-Reducible Paints

D 2628/ M ASTM v v~ Preformed Polychloroprene Elastomeric Joint Seals for Concrete

220 Pavements

D 2697 ASTM Volume Nonvolatile Matter in Clear or Pigmented Coatings

D 2698 ASTM Determination of the Pigment Content of Solvent-Reducible Paints by
High-Speed Centrifuging

D 3111 ASTM Flexibility Determination of Hot-Melt Adhesives by Mandrel Bend Test
Method

D 3723 ASTM Pigment Content of Water Emulsion Paints by Temperature Ashing

D 4186 ASTM One-Dimensional Consolidation Properties of Saturated Cohesive Soils
Using Controlled-Strain Loading

D 4354 ASTM v’ Standard Practice for Sampling of Geosynthetics and Rolled Erosion
Control Products (RECPs) for Testing

D 4355 ASTM Deterioration of Geotextiles From Exposure to Light, Moisture and Heat in
a Xenon-Arc-Type Apparatus

D 4491 ASTM Water Permeability of Geotextiles by Permittivity

D 4533 ASTM Trapezoid Tearing Strength of Geotextiles

D 4595 ASTM Tensile Properties of Geotextiles by the Wide-Width Strip Method

D 4632 ASTM Grab Breaking Load and Elongation of Geotextiles

D 4644 ASTM Slake Durability of Shales and Similar Weak Rocks

D 4694 ASTM Deflections with Falling-Weight-Type Impulse Load Device

D 4751 ASTM Determining Apparent Opening Size of a Geotextile

D 4767 ASTM Standard Test Method for Consolidated Undrained Triaxial Compression
Test for Cohesive Soils

D 5084 ASTM Measurement of Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter

D 5167 ASTM Melting of Hot-Applied Joint and Crack Sealant and Filler for Evaluation

ATC 5301 AASHTO Publication: Advanced Transportation Controller (ATC) Cabinet Standard

ITE NEMA
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D 5311 ASTM Load Controlled Cyclic Triaxial Strength of Soil

D 5329 ASTM Sealants and Fillers, Hot-Applied, for Joints and Cracks in Asphalt
Pavements and Portland Cement Concrete Pavements

D 5731 ASTM Determination of the Point Load Strength Index of Rock and Application to
Rock Strength Classifications

D 6241 ASTM Static Puncture Strength of Geotextiles and Geotextile-Related Products
Using a 50-mm Probe

D 6467 ASTM Torsional Ring Shear Test to Determine Drained Residual Shear Strength
of Cohesive Soils

D 6528 ASTM Consolidated Undrained Direct Simple Shear Testing of Cohesive Soils

D 6690 ASTM Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt
Pavements

D 6931 ASTM v~ Indirect Tensile (IDT) Strength of Asphalt Mixtures

D 7012 ASTM v~ Compressive Strength and Elastic Moduli of Intact Rock Core Specimens
under Verying States of Stress and Temperatures

D 7091 ASTM v Nondestructive Measurement of Dry Film Thickness of Nonmagnetic
Coatings Applied to Ferrous Metals and Nonmagnetic, Nonconductive
Coatings Applied to Non-Ferrous Metals (Checklist Only)

62040-3 IEC Standards Publication: Uninterruptible Power Systems (UPS) — Method
for specifying the performance and test requirements
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7‘ Washington State
' ’ Department of Transportation

WSDOT Standard Practice QC 1

Standard Practice for Cement Producers/Suppliers That Certify Portland Cement and
Blended Hydraulic Cement

1. Scope

This standard specifies requirements for all producers/suppliers of portland cement and/or blended
hydraulic cement.

This standard may involve hazardous materials, operations and equipment. It does not address all
of the safety problems associated with their use. It is the responsibility of those using this standard
to consult and establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1  AASHTO Standards

M 85 Standard Specification for Portland Cement

M 240 Standard Specification for Blended Hydraulic Cement

R 18 Establishing and Implementing a Quality Management System for Construction
Materials Testing Laboratories

T127 Standard Method of Test for Sampling and Amount of Testing of Hydraulic
Cement

2.2  ASTM Standards

C150 Standard Specification for Portland Cement
C595 Standard Specification for Blended Hydraulic Cement

2.3  WSDOT Standards and Documents

Current WSDOT Standard Specifications M 41-10
Current WSDOT Qualified Products List
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3. Terminology

3.1
3.2
3.3

34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

AASHTO - American Association of State Highway and Transportation Officials
ASTM - American Society of Testing and Materials
CCRL - Cement and Concrete Reference Laboratory

WSDOT - Washington State Department of Transportation: the agency responsible for the
final acceptance of portland cement and/or blended hydraulic cement.

QPL - Qualified Products List

Producer - A production facility that has the capacity for producing and/or grinding portland
cement and/or blended hydraulic cement meeting the requirements of the Standard
Specifications Section 9-01.

Supplier - A company that supplies portland cement and/or blended hydraulic cement that
meets the requirements of Standard Specifications Section 9-01.

Quality Management Plan - The producer/supplier plan to ensure that the portland cement
and/or blended hydraulic cement meets the specification requirements through a systematic
program of sampling, testing, and inspection.

Specification Compliance Testing - Complete testing in accordance with the specification
requirements for the material identified.

Quality Control Testing - Testing performed per the producer/supplier quality management
plan to evaluate the production process.

CAP - Cement Acceptance Program

Manufacturer’s Certification (Mill Test Report) - A document provided by the producer/
supplier showing the physical and chemical test results with specification limits for each
property tested on the portland cement or blended hydraulic cement.

Portland Cement - Portland cement meeting the requirements of Standard Specifications
Section 9-01.2(1).

Blended Hydraulic Cement - Blended hydraulic cement meeting the requirements
of Standard Specifications Section 9-01.2(1)B.

No Production Report - A document provided to WSDOT when portland cement and/or
blended hydraulic cement was not produced or shipped during a given month.

4. Significance and Use

This standard specifies procedures for accepting portland cement and blended hydraulic cement.
This is accomplished by the cement acceptance program that evaluates quality control and
specification compliance tests performed by the producers and suppliers according to their quality
management plan. Products determined to meet the requirements of this standard are eligible for
listing on the WSDOT Qualified Products List (QPL).
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5. Laboratory and Tester Requirements

The producers/suppliers testing laboratory used to conduct specification compliance testing for

the quality management program shall be an AASHTO accredited laboratory and shall maintain
AASHTO accreditation while participating in the WSDOT CAP program. Only laboratories that are
participants in the CCRL on-site inspection and proficiency sample program and are accredited from
the AASHTO Accreditation Program (AAP) are recognized as approved laboratories for this program.

6. Qualification of Producers/Suppliers
6.1  Producers/Suppliers shall submit a written request to WSDOT for acceptance into CAP and
provide the following:

« A copy of the producer/supplier quality management plan meeting the requirements of
Section 7 of QC 1.

+ A copy of the producer/supplier testing laboratory’s AASHTO accreditation. One
representative 10 pound sample for each type of portland cement and/or blended
hydraulic cement along with the corresponding mill test report. Samples shall be taken in
accordance with AASHTO T 127.

» A copy of the Safety Data Sheet (SDS) as applicable for each sample submitted.
« Mill test reports from the previous three (3) months from the production facility.
6.2  WSDOT will evaluate the submittal and may test the samples provided in accordance with
Section 9 of QC 1. WSDOT will notify prospective producers/suppliers in writing after

completion of the evaluation. All determinations of approval or rejection by WSDOT shall
be final.

6.3  The producer/supplier shall allow WSDOT to visit and observe the quality control activities
and provide samples to WSDOT upon request.

7. Producers/Suppliers Quality Management Plan

7.1 The quality management plan as a minimum shall identify the following:
« Facility type.
« Facility address.

+ Name, email address, and telephone number of the contact person responsible for the
quality control of the facility.

» List each quality control test method to be performed on each type of portland cement
or blended hydraulic cement.

« Name and address of the AAP testing laboratory performing specification
compliance testing.

» Declaration stating that if a test result indicates a lot of portland cement or blended
hydraulic cement is not in compliance with the WSDOT specifications, the facility shall
immediately notify WSDOT of the lot in question. A representative sample for the
production period in question shall be sent to WSDOT for testing.
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» Description of the method and frequency of sampling, quality control testing,
and specification compliance testing.

» Type of portland cement and/or blended hydraulic cement to be provided to WSDOT.
« A statement of compliance with Section 5.

7.2 A new quality management plan shall be required whenever changes occur that cause the
existing quality management plan to become inaccurate or invalid.

8. Documentation Requirements

8.1  Each producer/supplier shall certify conformance to Standard Specifications for physical and
chemical requirements of AASHTO M 85, AASHTO M 240, ASTM C150, or ASTM C595 by
means of a mill test report.

8.2 A mill test report shall be provided monthly by the cement producer to WSDOT on a
continuous basis for AASHTO M 85, AASHTO M 240, ASTM C150, or ASTM C595 cement
production.

Cement mill test reports shall be in English and include the following information:
« Name of producer
» Specific type of cement in accordance with Standard Specifications Section 9-01
« Unique identification number traceable to the date of production
» Production date

8.3 A mill test report shall be provided by the cement supplier to WSDOT whenever a new
shipment of AASHTO M 85, AASHTO M 240, ASTM C150, or ASTM C595 imported cement
is received for distribution.

Mill test reports shall be in English and include the following information:
« Name of supplier
» Specific type of cement in accordance with Standard Specifications Section 9-01
« Unique identification number traceable to each shipment
« Certification date
8.4  Separate sequences of mill test reports shall be provided for each individual production

facility and a unique lot number traceable to a production run on cement shall identify
each report.

8.5 The mill test report shall show the test results and the applicable specifications of AASHTO
M 85, AASHTO M 240, ASTM C150 or ASTM C595 for each component or property tested
and shall show the test requirements specified by WSDOT.

8.6  When a production facility does not produce cement in a given month, or no shipments
are received by a supplier, the producer/supplier shall notify WSDOT with a no production
report for each month of no production or shipment.
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8.7

8.8

8.9

Mill test reports and no production reports shall be emailed to the CAP program at following
email address: capprogram@wsdot.wa.gov.

The producer/supplier shall notify WSDOT at the email address noted above of any
temporary stops in production (greater than one month) or permanent stops in production.

All documentation shall be submitted to WSDOT within 28 days of the last day of the month
of production or shipment.

9. Quarterly Split Sample

9.1  Cement producers/suppliers shall, on a quarterly basis, provide a split sample of each type of
portland cement or blended hydraulic cement being produced.

9.2  For the purpose of this standard, quarters are defined as: January through March, April
through June, July through September and October through December.

9.3  Split samples shall be taken from production or shipment in accordance with the producer/
supplier’s quality management plan.

9.4  The production sample shall be split into two portions (approximately 10 pounds each) for
each type of cement being produced. One portion shall be retained by the producer/supplier
and one portion shall be sent to WSDOT CAP.

9.5  The producer/supplier testing laboratory shall conduct chemical and physical testing on their
portion.

9.6  The sample submitted to WSDOT shall be labeled with the type and lot number traceable to
the production run or lot of cement. WSDOT may elect to test the sample.

9.7  Samples shall be sent to:

WSDOT State Materials Laboratory
ATTN: Cement Acceptance Program
1655 S. Second Ave SW

Tumwater, WA 98512-6951

9.8  The quarterly split sample mill test report shall be emailed to the CAP program at the
following email address: capprogram@wsdot.wa.gov.

9.9  The producer/supplier shall email CAP at the email address noted in Section 9.8 if no cement
was produced/shipped during that quarter and no sample will be submitted.

9.10 The quarterly split samples, and accompanying mill test report, shall be submitted to WSDOT
within 28 days of the date of sampling.
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10. Comparison of Quarterly Split Sample Test Results

10.1 Results of the split sample testing shall conform to the applicable AASHTO or ASTM
specification requirements.

10.2 If any discrepancy is identified between the producer/suppliers and WSDOT's test results
the producer/supplier shall prepare a response to WSDOT, within 30 days of being notified
of discrepancy.

10.3 The response shall identify the cause of the discrepancy and describe any corrective
action taken.

11. Revocation of Qualification

11.1 A producer/supplier may have its qualification status revoked and be removed from the QPL
if found in nonconformance with the Standard Specifications or this standard practice. Causes
for removal from the QPL may include, but are not limited to, the following:

« Failure to comply with requirements of QC 1.

+ Failing test results on production or shipment samples.

« Failure to notify WSDOT of changes in product formulation.

« Failure to send in a retained sample for additional testing for a production period with

failing test results.

Prior to removing a producer/supplier from the QPL, WSDOT will take appropriate measures
to confirm the validity of the information and will confer with the producer/supplier.

12. Requalification
12.1  Once a product has been removed from the QPL, the producer/supplier may request
reinstatement by providing the following written information to WSDOT:

» The root cause and corrective action taken to prevent future reoccurrences
of the problem that caused the removal from the QPL.

« Updated quality management plan showing compliance with QC 1.
» Other information and test data as determined by WSDOT.
Provided there is a satisfactory resolution of the initial problem, at WSDOT's discretion, the

product may either be reinstated into the QPL or the producer/supplier may be required to
reapply to the QPL. All costs of the QPL process shall be borne by the producer/supplier.
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WSDOT Standard Practice QC 2

Standard Practice for Asphalt Suppliers
That Certify Performance Graded and Emulsified Asphalts

1. Scope

1.1 This standard specifies requirements and procedures for a certification system that shall
be applicable to all suppliers of performance graded asphalt binder (PGAB) and emulsified
asphalts. The requirements and procedures cover materials manufactured at refineries,
materials mixed at terminals, in-line blended materials, and materials blended at the hot
mix plant.

1.2 This standard may involve hazardous materials, operations and equipment. It does
not address all of the safety problems associated with their use. It is the responsibility
of whoever uses this standard to consult and establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 AASHTO Standards:
M 320 Specifications for Performance-Graded Asphalt Binder

R 29 Standard Practice for Grading or Verifying the Performance Grade of an
Asphalt Binder

T40 Method of Sampling Bituminous Materials

R 18 Establishing and Implementing a Quality System for Construction Materials Testing
Laboratories

R 5  Selection and use of emulsified asphalts
T59 Standard Method of Test for Emulsified Asphalts
2.2 ASTM Standards
D8 Definitions of Terms Relating to Materials for Roads and Pavements
D 3665 Random Sampling of Construction Materials
2.3  'WSDOT Standards and Documents
Current WSDOT Standard Specifications
Current WSDOT Construction Manual
Appropriate State Specifications
Current WSDOT Qualified Products List
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3.

Terminology

3.1
3.2

3.3

34

3.5
3.6

3.7

3.8

3.9

3.10

3.11

3.12

AAP — AASHTO Accreditation Program

Asphalt Binder — An asphalt-based cement that is produced from petroleum residue either
with or without the addition of modifiers.

ASC — Approved Supplier Certification

Modification — Any manufacturing process which alters the properties of a single asphalt
binder or emulsified asphalt for the purposes of meeting the requirements of a PGAB
or emulsified asphalt.

PGAB — Performance Graded Asphalt Binder

Supplier — A supplier shall be defined as one who produces the final PGAB or emulsified
asphalt product, or who makes, blends, modifies, or alters properties of the PGAB

or emulsified asphalt. This process can occur at the refinery, terminal, the HMA Plant,

or in a transport vehicle.

If no modifications are made to the PGAB or emulsified asphalt after its initial production

at the refinery, the refinery shall be the supplier and must provide the certification. If material
is purchased with the intent to resell with or without modification, the reseller shall then

be considered the supplier.

If any modifications are made to the PGAB or emulsified asphalt at the terminal or in
the transport vehicle, then the terminal or transporter shall be the supplier and must provide
the certification.

If any modifications, blending or commingling of PGAB or emulsified asphalt from different
sources is made at the HMA Plant or by the supplier of HMA or emulsified asphalt, then
the supplier shall provide the certification for the PGAB or emulsified asphalt.

Agency — Agency shall be defined as a state highway agency or other agency responsible for
the final acceptance of the PGAB.

Specification Compliance Testing — Complete testing in accordance with the specification
requirements for the material identified.

Quality Control Testing — The quality control testing shall be described in the Supplier’s
quality control plan. The Supplier’s quality control plan shall be approved by the Agency.

HMA- Hot Mix Asphalt

Emulsified asphalt-An emulsion of asphalt cement and water which contains a small amount
of an emulsifying agent. Emulsified asphalt droplets may be of either the anionic or cationic
type, depending upon the emulsifying agent.

QPL-Washington State Department of Transportation, Qualified Products List.

Note 1: Definitions for many terms common to asphalt binder are found in ASTM DS.

4. Significance and Use
4.1 This standard specifies procedures for minimizing the disruption of PGAB and emulsified
asphalt shipments. This is accomplished by a certification system that evaluates quality
control, on-site assessments, and specification compliance tests performed by the Supplier
according to their quality control plan.
Page 2 of 6 WSDOT Materials Manual M 46-01.27

April 2017



Standard Practice for Asphalt Suppliers QC 2

5. Sampling

5.1

All test samples required by this standard shall be obtained in accordance with AASHTO
T 40. The use of a random sampling procedure similar to ASTM D3665 isimportant to
the establishment of a valid certification program.

6. Laboratory and Tester Requirements

AASHTO accreditation in any test required by this standard is applicable. Laboratories which
are not AASHTO accredited must meet the following requirements

6.1

6.2

6.3

6.4

6.5

Laboratory facilities shall adequately house and allow proper operation of all required
equipment in accordance with the applicable test procedures.

The laboratory shall use personnel qualified in accordance with the appropriate sections
of AASHTO R-18.

The laboratory shall use testing equipment that has been calibrated/standardized/checked
to meet the requirements of each test procedure in accordance with the appropriate sections
of AASHTO R-18.

Documentation of personnel qualifications and the equipment calibration/standardization/
check records shall be maintained.

The Agency at their discretion may review the laboratory facility, testing equipment,
personnel performing the testing, and review all qualification and calibration and
verification testing.

7. Supplier Requirements

7.1

7.2

7.3

7.4
7.5

7.6

The Supplier shall submit a written request to the Agency for authorization to supply PGAB
or emulsified asphalts. The request shall include copies of their preliminary test reports for
the proposed PGAB or emulsified asphalts with the appropriate documentation. If requested
by the Agency, a sample of the PGAB or emulsified asphalt shall be provided to the Agency
for testing.

Note: Suppliers currently on the Qualified Products List shall be exempt from submitting
a written request for those products they are already approved. WSDOT may request
preliminary test reports and a sample for testing.

The Supplier shall allow the Agency to visit the production and/or shipping site to observe
the Supplier’s quality control activities, and to obtain samples for testing.

The Supplier shall submit to the Agency for approval a complete quality control plan that
complies with the requirements of Section 8.

The Supplier shall follow the procedures described in the approved quality control plan.

A new Quality Control Plan shall be required whenever changes occur that cause the existing
Quality Control Plan to become inaccurate or invalid.

The Supplier shall establish a continuing test record for each test required on each PGAB
or emulsified asphalts.
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8. Supplier Quality Control Plan (Minimum Requirements)

8.1 The Supplier’s quality control plan shall identify the following:

8.1.1 Facility type (refinery, terminal, in-line blending or HMA plant).

8.1.2 Facility location.

8.1.3 Name and telephone number of the contact person responsible for the quality control
of the PGAB or emulsified asphalt at the facility.

8.1.4 Name the laboratory performing quality control tests on the PGAB or emulsified
asphalt that is shipped.

8.2 The Supplier’s quality control plan shall include a declaration stating that if a test result
indicates that a shipment of PGAB or emulsified asphalt is not in compliance with the
purchase specifications, the Supplier shall (1) immediately notify the Agency of the
shipment in question, (2) identify the material type and grade, (3) cease shipment until the
material meets specification compliance, (4) notify the Agency prior to resuming shipment.

8.3 The Supplier’s quality control plan shall describe the method and frequency for, sampling,
specification compliance testing and quality control testing.

8.3.1 Specification Compliance Testing shall be performed on an adequate amount of
material to ensure specification compliance. The amount of material shall be agreed
upon by the supplier and the Agency and included in the Quality Control Plan.
Note: Due to the various operations and manufacturing processes, each supplier
will be treated individually.

8.3.2 With the exception of the 24 Hour Storage Stability test, the Supplier of Emulsified
Asphalt shall provide test results for each production batch of CRS-2P showing
the product meets WSDOT Standard Specification 9-02.1(6)A upon or prior of
delivery to the project. The 24 Hour Storage Stability test results shall be provided
to the State Materials Laboratory in Tumwater within 48 hours of completion of the
production batch.

8.3.3 Quality Control Testing as identified in the quality control plan can be specification
compliance testing or non-specification compliance testing. The quality control
testing does not preclude the need to meet the Agency specifications.

8.4 The Supplier’s quality control plan shall include a statement that the Supplier will prepare
reports for all quality control and specification compliance tests performed during a given
period and submit them to the Agency upon request.

8.5 The Supplier’s Quality Control Plan shall include a procedure, which must be followed,
for checking transport vehicles before loading to prevent contamination of shipments.
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9. Agency Requirements

9.1 The Agency shall review the Supplier’s Quality Control Plan and respond to the supplier
within 30 days.

9.2 The Agency may perform quality assurance, acceptance sampling, or verification sampling
and testing in accordance with the Agency standards.

10. Requirements For Shipping PGAB or Emulsified Asphalt By An Approved Supplier

10.1 The Supplier’s Quality Control Plan as approved by the Agency (see Section 9) shall be
implemented.

10.2 Each shipment shall be accompanied by two copies of the bill of lading, which shall include
(1) the name and location of the Supplier, (2) the type and grade of material, (3) the quantity
of material shipped, (4) the date of shipment, (5) a statement certifying the material meets
specification requirements (6) a statement certifying that the transport vehicle was inspected
before loading and was found acceptable for the material shipped, and (7) shipments of
CRS-2P shall include test results per section 8.3.2.

11. Split Sample Testing

11.1 The Agency or the Supplier may request split sample testing. The test results will be
provided immediately to both parties.

11.2 If the split sample test data is not within the precision specified for that particular test,
a review of both sampling and testing procedures will be conducted by both the Supplier
and the Agency.

12. Decertification

12.1 A Supplier may have its authorization to certify and supply a specific PGAB or emulsified
asphalt revoked by the Agency if it is found not to conform to the specifications and
standards as established under this standard. This will include being removed from the
Qualified Products List (QPL)

12.2 The following criteria shall be used to judge the conditions of non-conformance:

12.2.1 Failure to control the quality of the PGAB or emulsified asphalt by failing to follow
the procedures described in the Supplier’s approved Quality Control Plan as required
under Section 8.4.

12.2.2 Failure to cease shipment of PGAB or emulsified asphalt as required under
Section 9.2 when a test result indicates that the PGAB or emulsified asphalt
is not in compliance with the Agency specifications.

12.3 A Supplier that has been decertified may seek reinstatement by demonstrating conformance
to Agency certification criteria. Reinstatement will also include reapplication to the Qualified
Products List.
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Washington State
'7’ Department of Transportation

WSDOT Standard Practice QC 3
Quality System Laboratory Review

1. Scope

This standard specifies requirements and procedures for the review of WSDOT Region
Materials Laboratories and for Private Laboratories by the Quality Systems Laboratory Review Team.
The elements of the On-site and/or Remote laboratory review may include the following:

» Review of the testing facility.

» Review of the equipment calibration/standardization/check/maintenance records.
+ Review of the testing technician’s training/certification/qualification records.

» Review of the equipment used to perform test procedures.

» Review of the technician performing the test procedures.

» Review of the most current and accessible test procedures to be performed.

« Review of associated manuals, test reports and calculations.

« Review of the Quality Management System (QMS).

o Review of AASHTO re:source accreditation.

2. Referenced Documents

2.1  AASHTO Standards

R 18 Establishing and Implementing a Quality Management System for Construction
Materials Testing Laboratories

R 25 Standard Practice for Technician Training and Certification Programs

R 61 Establishing Requirements for Equipment Calibrations, Standardizations,
and Checks

2.2  WSDOT Standards

Materials Manual M 46-01
Construction Manual M 41-01
Standard Specifications for Road, Bridge, and Municipal Construction M 41-10

WSDOT Request for Proposal Technical Requirements for the Project under review

WSDOT Materials Manual M 46-01.42 Page 1 of 12
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QC3

Quality System Laboratory Review

3. Terminology

3.1  AASHTO - American Association of State Highway and Transportation Officials

3.2  ASTM - American Society for Testing and Materials

3.3 Calibration - a process that, under specified conditions, establishes metrological traceability
by determining: (1) the relation between the quantity values provided by measurement
standards and the corresponding indications from a measuring instrument or system, and (2)
the resulting measurement uncertainty (Note 1).

Note 1: This definition for calibration and the following definitions for check, standardization,
traceability, uncertainty, and verification of calibration are based on the definitions in R 61.

3.4  Check - A specific type of inspection and/or measurement performed on equipment
and materials to indicate compliance or otherwise with stated criteria.

3.5 Standardization - A process that determines (1) the correction to be applied to the result of
a measuring instrument, measuring system, material measure, or reference material when its
values are compared to the values realized by standards; or (2) the adjustment to be applied
to a piece of equipment when its performance is compared with that of an accepted standard
Or process.

3.6  Maintenance - A regularly scheduled preventive measure taken to preserve the effective
working condition of test equipment

3.7 Measurement Standard - The embodiment of the definition of a given quantity, with a
stated value and measurement uncertainty, used as a reference.2 This term is often called
“reference standard.”

3.8  Metrological Traceability - The property of a result of a measurement whereby
it can be related to stated references, usually national or international standards,
through a documented, unbroken chain of calibrations, each contributing to the
measurement uncertainty.

3.9 Quality Management System (QMS) - The organizational structure, staff responsibilities,
policies, standard operating procedures, processes, and records that assist the laboratory in
achieving its quality objectives.

3.10 Uncertainty - A parameter associated with the result of a measurement that defines the
range of the values that could be attributed to the measured quantity.

3.11 WSDOT - Washington State Department of Transportation

3.12 WAQTC - Western Alliance for Quality Transportation Construction

3.13 ACI - American Concrete Institute
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4. Significance and Use

4.1  This standard specifies procedures for reviewing laboratories for the purpose of determining
the capability of the facility and its personnel to perform the necessary acceptance testing
for WSDOT.

5. Laboratory Requirements
5.1  Facility and Equipment

5.1.1  Laboratory facilities shall adequately house and allow proper operation of all
required equipment in accordance with the applicable test procedures.

5.1.2  The temperature and humidity of the laboratory shall meet the requirements of
all test procedures performed in the laboratory.

5.1.3  The testing areas shall be clean and free of clutter.

5.1.4  The laboratory shall use testing equipment that meets the requirements of each
test procedure.

5.1.5 Testing equipment for private laboratories and the State Materials Laboratory
shall be calibrated/standardized/checked/maintained in accordance with the test
procedure, appropriate sections of AASHTO R 18 and AASHTO R 61. WSDOT
region and field laboratories testing equipment shall be calibrated/standardized/
checked/maintained in accordance with the test procedure and Section 9-5 of the
Construction Manual M 41-01.

5.1.6 Documentation of equipment calibration/standardization/check/maintenance shall
be maintained and available on-site during laboratory review.

5.1.7  Safety equipment will be available and maintained in proper working order.
5.2  Technician Training and Evaluation

5.2.1  The laboratory shall only use personnel certified or method qualified in
accordance with the appropriate sections of AASHTO R 18 and Section 9-5 of the
Construction Manual M 41-01.

5.2.2  The laboratory shall maintain records of training for each technician.

5.2.3 Laboratory technicians performing tests for Aggregate, Asphalt, or Soils compaction
on WSDOT projects shall be certified in WAQTC requisite modules.

5.2.4  Laboratory technicians performing tests not associated with any module
certification shall be method qualified as described in Section 9-5.4 of the
Construction Manual M 41-01.
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Quality System Laboratory Review

5.3

5.25

5.2.6

5.2.7

A method qualification shall consist of a written and performance examination.
The performance examination shall be evaluated using a checklist relating to the
test procedure. The checklist and written exam shall be filed in the technician’s
training record.

Note: Private laboratories may use test procedure checklists from the WSDOT
Materials Manual M 46-01, or may develop their own checklists similar to those
found in the Materials Manual.

A method qualification can be for a maximum of five years or for private laboratories
at a reduced frequency stated in the Laboratory Quality Management System Manual

(QMS).

An Independent Assurance (IA) evaluation will be performed a minimum of once per
calendar year on all active testers.

Manuals and Records

5.3.1

53.2

5.3.3

5.3.5

5.3.6

5.3.7

5.3.8

Private laboratories shall have an up-to-date Laboratory Quality Management
System Manual (QMS) on-site and meeting the requirements of AASHTO R 18.

All private laboratories QMS shall be available for use and understood by
laboratory staff.

The laboratory shall maintain copies of standards as identified in the WSDOT
Materials Manual M 46-01 for the testing performed and shall ensure that the
procedures are the most current and readily accessible to technicians performing
the testing. Laboratory personnel shall also have access to the most current copy
of the WSDOT Construction Manual M 41-01.

Note: If an earlier version of the Materials Manual or Construction Manual is
required by contract, the laboratory shall maintain an unaltered version of the
required manual.

The laboratory must ensure Safety Data Sheets (SDSs) are readily accessible to all
staff for any hazardous substances or products.

Test records are required to contain sufficient information to permit verification of
any test report (original observations, calculations, derived data, and identification
of personnel involved in the sampling and testing).

Amendments to reports must be made in the manner stated in the QMS and meet
the requirements of AASHTO R 18.

The laboratory shall define the process used to ensure testers are performing
the correct testing procedure according to the clients’ contractual requirements
(i.e., AASHTO, ASTM, WAQTC, or WSDOT test procedure as required by

the contract).
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5.3.9  Test reports are required to contain the following information:

6. Sampling

Identification of the report and date issued.
Description, identification, and condition of test sample.

Identification of the standard test method used and notation of all know
deviations from, additions to, or exclusions from the test method.

Test results and other pertinent data required by the standard test method.
Name and address of the testing laboratory.

Name and address of the client or identification of the project.

Date of receipt of the test sample.

Date of test performance.

Name of tester performing the test.

Name of person accepting technical responsibility for test report.

6.1  Test samples required for observation of test procedures shall be obtained by:

FOP for AASHTO R 90 - Sampling Aggregate Products
FOP for AASHTO R 97 - Sampling Asphalt Mixtures
FOP for WAQTC TM 2 - Sampling Freshly Mixed Concrete

7. Sample Preparation Requirements

7.1 Prior to the performance portion of the laboratory review, for the testing being performed,
samples are required to be prepared as shown in Table 1.

WSDOT Materials Manual
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QC3 Quality System Laboratory Review
Table 1 Sample Preparation Requirements
Test Procedure Test Required Preparation
Aggregate Tests
FOP for AASHTO T 27/11 | Sieve Analysis of Fine and Have appropriate amount of the original

Coarse Aggregates

sample reduced and dried to a constant
mass.

*OPTIONAL: Have additional sample

washed, dried, and ready for sieving. Retain
all weights in order to do calculations.

FOP for AASHTO R 76

Reducing Samples of
Aggregates to Testing Size

Have a minimum of 30 Ibs dry material.

AASHTO T 84 Specific Gravity and Have approximately 1000 g of fine
Absorption of Fine aggregate.
Aggregates
AASHTO T 85 Specific Gravity and Have coarse aggregate meeting the
Absorption of Coarse minimum mass of test sample.
Aggregates
FOP for AASHTO T 176 Plastic Fines in Graded Have appropriate amount of #4 minus
Aggregates and Soils by the material prepared for the moisture
Use of the Sand Equivalent conditioning process (do not moisten).
Test OPTIONAL: Have 2 additional prepared
tins ready for introduction into the SE
tube.
FOP for AASHTO T 255 Total Evaporable Moisture Have a representative sample meeting the
Content of Aggregate by minimum sample mass.
Drying
FOP for AASHTO T 304 Uncompacted Void Content | Have an appropriate size standard graded
of Fine Aggregate sample.
*OPTIONAL: Have additional sample
weighed out and combined to the
quantities identified in Table 1.
FOP for AASHTO T 335 Determining the Percentage | Have a sample dried, sieved and reduced
of Fracture in Coarse to appropriate test size for combined
Aggregate fracture determination.
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QC3

Table 1 Sample Preparation Requirements
Test Procedure Test Required Preparation
Concrete Tests
WSDOT FOP for Compressive Strength Have 2 cylindrical concrete specimens.
AASHTO T 22 of Cylindrical Concrete
Specimens
WSDOT FOP for AASHTO | Compressive Strength of Have 3 hydraulic cement mortar cube
T 106 Hydraulic Cement Mortar specimens.
AASHTO T 231 Capping Cylindrical Concrete | Have capping sulfur mortar heated to
Specimens appropriate temperature and ready for
capping (can use cylinders for T 22).
ASTM C1231 Use of Unbonded Caps Demonstrate if applicable (can use
in Determination of cylinders for T 22).
Compressive Strength
of Hardened Cylindrical
Concrete Specimens
Soils Tests
AASHTO T 89 Determining the Liquid Limit | Have sample prepared in accordance to
of Soils step 11.1. of AASHTO procedure.
AASHTO T 90 Determining the Plastic Limit | Have sample prepared in accordance to
and Plasticity Index of Soils step 5.2. of AASHTO procedure.
FOP for AASHTO Moisture-Density Relations Prepare five representative samples of #4
T99/T 180 of Soils or %" material at approximately 2 percent
moisture already added to each sample
starting at approximately 4 percent below
optimum moisture of the material. Store
in sealed containers.
AASHTO T 100 Specific Gravity of Soils Have sample prepared in accordance to
step 9. of AASHTO procedure.
AASHTO T 265 Laboratory Determination of | Have a representative sample meeting the

Moisture Content of Soils

minimum sample mass.

WSDOT Test Method
T417

Method of Test for
Determining Minimum
Resistivity and pH of Soil and
Water

Have 100 g sample of natural #8 minus
material for the pH test. Prepare the soil/
water slurry a minimum of 1 hr prior to test
review.

Have a sample of # 8 minus material that
is four times the volume of the soil box for
the Resistivity test. Add 10% by weight

of water to the sample and allow it to
stand a minimum of 12 hrs in a waterproof
container.

WAQTCTM 15

Method of Test for
Compaction Control of
Granular Materials

Have samples prepared in accordance to
steps 7 and 8. of TM 15.
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Table 1

Sample Preparation Requirements

Test Procedure

Test

Required Preparation

Asphalt Mixture Tests

FOP for AASHTO T 30

Mechanical Analysis of
Extracted Aggregate

Use sample from T 308.

*OPTIONAL: Have additional sample
washed, dried, and ready for sieving. Retain
all weights in order to do calculations.

FOP for AASHTO R 47

Reducing Samples of Asphalt
Mixtures to Testing Size

Have adequate amount of asphalt mixture
to perform the following required testing;
T308,T312, T 329, T 209 (approximately
30 Ibs of mix is usually adequate). Have
sample warm enough to separate.

FOP for AASHTO T 166 Bulk Specific Gravity (G,,) of | Use sample from T 312.
Compacted Asphalt Mixtures | *OPTIONAL: Have a room temperature
Using Saturated Surface-Dry | compacted specimen or core sample ready.
Specimens

FOP for AASHTO T 209 Theoretical Maximum Use reduced sample from R 47.
Specific Gravity (G,,)) and *OPTIONAL: Have additional sample with
Density of Asphalt Mixtures | particles separated and cooled to room

temperature.

FOP for AASHTO T 308 Determining the Asphalt Use reduced sample from R 47.
Binder Content of Asphalt
Mixtures by the Ignition
Method

FOP for AASHTO T 312 Preparing and Determining Use reduced sample from R 47.
the Density of Asphalt *OPTIONAL: Have additional sample
Mixture Specimens by Means | heating at compaction temperature.
of the Superpave Gyratory
Compactor

FOP for AASHTO T 329 Moisture Content of Asphalt | Use reduced sample from R 47.
Mixtures by Oven Method

FOP for AASHTO T 331 Bulk Specific Gravity (G,,;,) Use sample from T 312.
and Density of Compacted | *OPTIONAL: Have a room temperature
Asphalt Mixtures Using compacted specimen or core sample ready.
Automatic Vacuum Sealing
Method
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QC3

Table 1 Sample Preparation Requirements

Test Procedure

Test

Required Preparation

WSDOT Test Method
T720

Method of Test for Thickness
Measurement for Asphalt
Mixture Cores

Asphalt Mixture core obtained from
WSDOT SOP 734.

WAQTCTM 15

Laboratory Prepared Asphalt
Mixture Specimens

Representative aggregate from stockpiles
used in JMF, dried to a constant mass.

Aggregate samples prepared and heated to
mixing temperature as recommended by
binder supplier.

Binder used in JMF mix design heated
to mixing temperature as recommended
by binder supplier (typically one quart
container).

WSDOT SOP 730

Correlation of Nuclear Gauge
Densities with Asphalt
Mixture Cores

Verbal demonstration and completed
worksheet/report reflecting calculated
gauge correlation factor.

*OPTIONAL preparation may require verbal steps.
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Quality System Laboratory Review

8. Performance of Test Procedure

8.1

8.2

8.3

8.4

All technicians must be current in their WAQTC/ACI certifications or method qualifications.

The laboratory review team will evaluate the technician’s testing proficiency using an
approved WSDOT checklist.

Note: If certification or qualification is current and an IA audit has been performed in the last
12 months, this requirement may be considered satisfied and no further action is needed.

All equipment, used during the evaluation of the technician’s proficiency, must be operational
and have a current calibration sticker on the equipment.

When the test is complete, the reviewer will go over the checklist with the tester and point
out any deficiencies that occurred during the performance of the test procedure.

9. Termination of Review

9.1

9.2

A laboratory review team member may choose to terminate the review of a procedure for
the following reasons:

9.1.1  Equipment is non-operational or the wrong equipment is being used.
9.1.2  Tester is not qualified in the test procedure being reviewed.
9.1.3  Tester makes multiple major errors in the performance of the test.

The review of the laboratory may be terminated by the WSDOT Quality Systems Manager
for the following reasons:

9.2.1  Facility is not adequate for the test procedures being reviewed.
9.2.2  Two or more testers fail during the proficiency portion of the review.

9.2.3 Documentation of qualification of testers or calibration of equipment is not available
for review when team arrives.

10. Failure of Review

10.1 Rescheduling a review will require the following wait periods:

o First Failure - Minimum of one week wait to reschedule.
« Second Failure - Minimum of one month wait to reschedule.

e Third Failure - Minimum of one month wait and submittal of corrective action
documentation. The documents submitted must state the concerns of the review team
and the corrective action taken to solve the problem.
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11. Laboratory Review Team Report

11.1 The Laboratory Review Team will review the facility, equipment, records, and testers
compliance with the established requirements.

11.2 During the review, members of the team may:

11.2.1 Have observations or recommendations for improvements to the performance
of the test procedure or operation of test equipment. These will be noted on the
final letter of qualification but does not require a response unless repeated in
consecutive reviews.

11.2.2 Have findings that can be addressed and resolved at the time of the on-site review.
11.2.3 Have findings that require a written corrective action response.

11.2.4 Have repeat findings that require a detailed written corrective action response that
includes a root cause analysis.

12. Approval of Laboratory

12.1 A preliminary email will be prepared and sent to the laboratory within 30 days of the
completion of the review.

12.1.1 The preliminary email will only address “Findings” labeled “Corrective Action
Required”.

12.1.2 The required corrective action must include a detailed explanation stating how the
laboratory has resolved the finding and what measures have been taken to prevent
this finding from reoccurring in the future. Substantiating evidence may be required
along with detailed explanations in some circumstances.

12.1.3 Once the preliminary email has been received, the laboratory will have 30 days to
respond to all “Findings” labeled “Corrective Action Required.”

12.2 Once all corrective actions are received and accepted or if the laboratory had no findings

requiring a response, a final letter of qualification will be issued. The final letter will address
the following:

12.2.1 All the elements of the on-site or remote review

12.2.2 Results of review including all findings, observations and recommendations.
12.2.3 Approved test procedures.

12.2.4 Qualification Approval dates.

Note: For private laboratories, approval is only good for WSDOT projects identified on final
letter of qualification.
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12.3 If the laboratory review contained corrective action required findings, the laboratory may
receive a conditional approval until the deficiencies are corrected or the review team may
recommend that the laboratory be disapproved for all testing until the deficiencies are
corrected to the satisfaction of the WSDOT Quality System Manager.

12.4 A Laboratory that presents a current AASHTO re:source Accreditation certificate specific
to the project testing requirements; may be allowed to perform acceptance testing for up to
two years with a satisfactory initial review by the Laboratory Review Team concurred with
by the Asst. State Materials Engineer.
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Washington State
'7’ Department of Transportation

WSDOT Standard Practice QC 4
Standard Practice for Fly Ash Producers/Importers/Distributors That Certify Fly Ash

1. Scope
This standard specifies requirements for all producers/importers/distributors of fly ash.

This standard may involve hazardous materials, operations and equipment. It does not address all
of the safety problems associated with their use. It is the responsibility of those using this standard
to consult and establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents
2.1  AASHTO Standards

M 295 Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete

R 18 Establishing and Implementing a Quality Management System for Construction
Materials Testing Laboratories

2.2  ASTM Standards

C618 Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete

C311 Standard Test Methods for Sampling and Testing Fly Ash or Natural Pozzolans for
Use in Portland-Cement Concrete

2.3  WSDOT Standards and Documents
Current WSDQOT Standard Specifications M 41-10
Current WSDOT Qualified Products List

3. Terminology
3.1  AASHTO - American Association of State Highway and Transportation Officials
3.2  ASTM - American Society of Testing and Materials
3.3 CCRL - Cement and Concrete Reference Laboratory

3.4  WSDOT - Washington State Department of Transportation: the agency responsible for the
final acceptance of fly ash.

3.5 QPL - Qualified Products List

3.6  Production Facility - A facility that has the capacity for producing fly ash that meets the
requirements of the Standard Specifications Section 9-23.9.
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QC4

Standard Practice for Fly Ash Producers/Importers/Distributors That Certify Fly Ash

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15
3.16

Import/Distribution Facility - A facility that receives finished fly ash products for distribution
that meets the requirements of the Standard Specifications Section 9-23.9.

Supplier - A supplier stores and then delivers fly ash produced by another entity to a
concrete plant or another supplier.

Supplier Certification - Certification of the fly ash provided by the supplier or importer
using representative test results obtained in accordance with a WSDOT approved QMP and
approved testing lab.

Quality Management Plan — The producer/importer/distributor plan to ensure that the fly ash meets
the specification requirements through a systematic program of sampling, testing, and inspection.

Specification Compliance Testing - Complete testing in accordance with the specification
requirements for the material identified.

Quality Control Testing - Testing performed per the producer/importer/distributor quality
management plan to evaluate the production process.

CAP - Cement Acceptance Program

Manufacturer’s Certification (Mill Test Report) - A document provided by the producer/
importer/distributer showing the physical and chemical test results with specification limits
for each property tested on the fly ash.

Fly Ash - Fly ash meeting the requirements of Standard Specifications Section 9-23.9.

No Production Report - A document provided to WSDOT when fly ash was not produced or
shipped during a given month.

4. Significance and Use

4.1

This standard specifies procedures for accepting fly ash. This is accomplished by the
cement acceptance program that evaluates quality control and specification compliance
tests performed by the production/import/distribution facility according to their quality
management plan. Products determined to meet the requirements of this standard are
eligible for listing on the WSDOT Qualified Products List (QPL).

5. Laboratory and Tester Requirements

The producers/importers/distributors testing laboratory used to conduct specification compliance
testing for the quality management program shall be an AASHTO accredited laboratory and shall
maintain AASHTO accreditation while participating in the WSDOT CAP program. Only laboratories
that are participants in the CCRL on-site inspection and proficiency sample program and are
accredited from the AASHTO Accreditation Program (AAP) are recognized as approved laboratories
for this program.
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6. Qualification of Production/Import/Distribution Facility

6.1  Producers/importers/distributors shall submit a written request to WSDOT for acceptance
into CAP and provide the following:

A copy of the producer/importer/distributor quality management plan meeting the
requirements of Section 7 of QC 4.

A copy of the producer/importer/distributor testing laboratory’s AASHTO accreditation.
One representative 10 pound sample for each type of fly ash along with the
corresponding mill test report. Samples shall be taken in accordance with ASTM C311.

A copy of the Safety Data Sheet (SDS) as applicable for each sample submitted.

Mill test reports from the previous three (3) months from the producer/importer/
distributor facility.

6.2  WSDOT will evaluate the submittal and may test the samples provided in accordance with
Section 9 of QC 4. WSDOT wiill notify prospective producers/importers/distributors in
writing after completion of the evaluation. All determinations of approval or rejection by
WSDOT shall be final.

6.3  The producer/importer/distributor shall allow WSDOT to visit and observe the quality
control activities and provide samples to WSDOT upon request.

7. Production/Import/Distribution Facility Quality Management Plan

7.1 The quality management plan, as a minimum, shall identify the following:

Facility type.
Facility address.

Name, email address, and telephone number of the contact person responsible for the
quality control of the facility.

List each quality control test method to be performed on each class of fly ash.

Name and address of the AAP testing laboratory performing specification
compliance testing.

Declaration stating that if a test result indicates a lot of fly ash is not in compliance
with the WSDOT specifications, the facility shall immediately notify WSDOT of the lot
in question. A representative sample for the production period in question shall be sent
to WSDOT for testing.

Description of the method and frequency of sampling, quality control testing, and
specification compliance testing.

Class of fly ash the production/import/distribution facility intends to provide to WSDOT.
A statement of compliance with Section 5.

7.2 Anew quality management plan shall be required whenever changes occur that cause the
existing quality management plan to become inaccurate or invalid.
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Standard Practice for Fly Ash Producers/Importers/Distributors That Certify Fly Ash

8. Documentation Requirements

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

Each producer/importer/distributor shall certify conformance to Standard Specifications for
physical and chemical requirements of AASHTO M 295/ASTM C618 by means of a mill
test report.

A mill test report shall be provided monthly by the producer/importer/distributor to WSDOT
on a continuous basis for AASHTO M 295/ASTM C618 fly ash production.
Fly Ash mill test reports shall be in English and include the following information:

« Name of producer/importer/distributor

» Specific type of fly ash in accordance with Standard Specifications Section 9-23.9

» Unique identification number traceable to the date of production

« Production date
A mill test report shall be provided by the fly ash producer/importer/distributor to WSDOT
whenever a new shipment of AASHTO M 295/ASTM Cé618 imported fly ash is received
for distribution.
Fly ash test reports shall be in English and include the following information:

» Name of producer/importer/distributor

» Specific type of fly ash in accordance with Standard Specifications Section 9-23.9

« Unique identification number traceable to each shipment

« Certification date
Separate sequences of mill test reports shall be provided for each individual production

facility and a unique lot number traceable to a production run on fly ash shall identify
each report.

The mill test report shall show the test results and the applicable specification of AASHTO
M 295/ASTM C618 for each component or property tested and shall show the test
requirements specified by WSDOT.

When a production facility does not produce fly ash in a given month, or no shipments are
received by an importer/distributor, the producer/importer/distributor shall notify WSDOT
with a no production report for each month of no production or shipment.

Mill test reports and no production reports shall be emailed to the CAP program at the
following email address: capprogram@wsdot.wa.gov.

The producer/importer/distributor shall notify WSDOT at the email address noted above
of any temporary stops in production (greater than one month) or permanent stops in
production.

All documentation shall be submitted to WSDOT within 28 days of the last day of the month
of production or shipment.
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9. Quarterly Split Sample

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10

Producers/importers/distributors shall, on a quarterly basis, provide a split sample of each
type of fly ash being produced.

For the purpose of this standard, quarters are defined as: January through March, April
through June, July through September, and October through December.

Split samples shall be taken from production or shipment in accordance with the
producer/importer/distributor’s quality management plan.

The production sample shall be split into two portions (approximately 10 pounds each) for
each type of fly ash being produced. One portion shall be retained by the producer/importer/
distributor and one portion shall be sent to WSDOT CAP.

The producer/importer/distributor testing laboratory shall conduct chemical and physical
testing on their portion.

The sample submitted to WSDOT shall be labeled with the type and lot number traceable to
the production run or lot of fly ash. WSDOT may elect to test the sample.

Samples shall be sent to:

WSDOT State Materials Laboratory
ATTN: Cement Acceptance Program
1655 S Second Ave SW

Tumwater, WA 98512-6951

The quarterly split sample mill test report shall be emailed to the CAP program at the
following email address: capprogram@wsdot.wa.gov

The producer/importer/distributor shall email CAP at the email address noted in Section
9.8 if no fly ash was produced/imported/distributed during that quarter and no sample will
be submitted.

The quarterly split samples, and accompanying mill test report, shall be submitted to WSDOT
within 28 days of the date of sampling.

10. Comparison of Quarterly Split Sample Test Results

10.1

10.2

10.3

Results of the split sample testing shall conform to the applicable AASHTO or ASTM
specification requirements.

If any discrepancy is identified between the producer/importer/distributors and WSDOT’s
test results the producer/importer/distributor shall prepare a response to WSDOT, within
30 days of being notified of discrepancy.

The response shall identify the cause of the discrepancy and describe any corrective
action taken.
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11. Revocation of Qualification

11.1 A producer/importer/distributor may have its qualification status revoked and be removed
from the QPL if found in nonconformance with the Standard Specifications or this standard
practice. Causes for removal from the QPL may include, but are not limited to, the following:

« Failure to comply with requirements of QC 4.

« Failing test results on produced/imported/distributed samples.

 Failure to notify WSDOT of changes in product formulation.

« Failure to send in a retained sample for additional testing for a production period with
failing test results.

Prior to removing a producer/importer/distributor from the QPL, WSDOT will take
appropriate measures to confirm the validity of the information and will confer with the
producer/importer/distributor.

12. Requalification

12.1 Once a product has been removed from the QPL, the producer/importer/distributor may
request reinstatement by providing the following written information to WSDOT:

» The root cause and corrective action taken to prevent future reoccurrences of the
problem that caused the removal from the QPL.

« Updated quality management plan showing compliance with QC 4.
o Other information and test data as determined by WSDOT.

Provided there is a satisfactory resolution of the initial problem, at WSDOT's discretion, the

product may either be reinstated into the QPL or the producer/importer/distributor may be

required to reapply to the QPL. All costs of the QPL process shall be borne by the producer/
importer/distributor.
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WSDOT Standard Practice QC 5

Standard Practice for Ground Granulated Blast-Furnace Slag Producers/Suppliers
That Certify Ground Granulated Blast-Furnace Slag

1. Scope

This standard specifies requirements for all producers/suppliers of ground granulated blast-
furnace slag.

This standard may involve hazardous materials, operations and equipment. It does not address all
of the safety problems associated with their use. It is the responsibility of those using this standard
to consult and establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

21

2.2

2.3

AASHTO Standards

M 302 Standard Specifications for Ground Granulated Blast-Furnace Slag for
Use in Concrete and Mortars

R 18 Establishing and Implementing a Quality Management System for Construction
Materials Testing Laboratories

ASTM Standards

C989 Standard Specifications for Ground Granulated Blast-Furnace Slag for
Use in Concrete and Mortars

WSDOT Standards and Documents
Current WSDOT Standard Specifications M 41-10

Current WSDOT Qualified Products List

3. Terminology

3.1  AASHTO - American Association of State Highway and Transportation Officials
3.2  ASTM - American Society of Testing and Materials
3.3 CCRL - Cement and Concrete Reference Laboratory
3.4  WSDOT - Washington State Department of Transportation: the agency responsible for the
final acceptance of ground granulated blast-furnace slag.
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3.5 QPL - Qualified Products List

3.6  Producer - A production facility that has the capacity for producing and/or grinding ground
granulated blast-furnace slag that meets the requirements of the Standard Specifications
Section 9-23.10.

3.7  Supplier - A supplier stores and then delivers ground granulated blast-furnace slag produced
by another entity to a concrete plant or another supplier.

3.8  Supplier Certification - Certification of ground granulated blast-furnace slag provided by the
supplier or importer using representative test results obtained in accordance with an agency
approved QC plan and approved testing lab.

3.9  Quality Management Plan - The producer/supplier plan to ensure that the ground
granulated blast-furnace slag meets the specification requirements through a systematic
program of sampling, testing, and inspection.

3.10 Specification Compliance Testing - Complete testing in accordance with the specification
requirements for the material identified.

3.11 Quality Control Testing - Testing performed per the producer/supplier quality management
plan to evaluate the production process.

3.12 CAP - Cement Acceptance Program

3.13 Manufacturer’s Certification (Mill Test Report) - A document provided by the producer/
supplier showing the physical and chemical test results with specification limits for each
property tested on the GGBFS.

3.14 Ground granulated blast-furnace slag - Ground granulated blast-furnace slag (GGBFS)
meeting the requirements of Standard Specifications Section 9-23.10.

3.15 No Production Report - A document provided to WSDOT when ground granulated blast-
furnace slag was not produced or shipped during a given month.

4. Significance and Use

This standard specifies procedures for accepting ground granulated blast-furnace slag. This is
accomplished by the cement acceptance program that evaluates quality control and specification
compliance tests performed by the producers/suppliers according to their quality management
plan. Products determined to meet the requirements of this standard are eligible for listing on the
WSDOT Qualified Products List (QPL).

5. Laboratory and Tester Requirements

The producers/suppliers testing laboratory used to conduct specification compliance testing for

the quality management program shall be an AASHTO accredited laboratory and shall maintain
AASHTO accreditation while participating in the WSDOT CAP program. Only laboratories that are
participants in the CCRL on-site inspection and proficiency sample program and are accredited from
the AASHTO Accreditation Program (AAP) are recognized as approved laboratories for the program.
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6. Qualification of Producers/Suppliers

6.1  Producers/suppliers shall submit a written request to WSDOT for acceptance into CAP and
provide the following:

» A copy of the producer/supplier quality management plan meeting the requirements of

Section 7 of QC 5.

« A copy of the producer/supplier testing laboratory’s AASHTO accreditation. One

representative 10 pound sample for each type of GGBFS along with the corresponding
mill test report. Samples shall be taken in accordance with the QMP.

A copy of the Safety Data Sheet (SDS) as applicable for each sample submitted.

Mill test reports from the previous three (3) months from the producer/supplier facility.

6.2  WSDOT will evaluate the submittal and may test the samples provided in accordance with
Section 9 of QC 5. WSDOT wiill notify prospective producers/suppliers in writing after
completion of the evaluation. All determinations of approval or rejection by WSDOT shall
be final.

6.3  The producer/supplier shall allow WSDOT to visit and observe the quality control activities
and provide samples to WSDOT upon request.

7. Production/Supplier Facility Quality Management Plan

7.1 The quality management plan, as a minimum, shall identify the following:

Facility type.
Facility location.

Name, email address, and telephone number of the contact person responsible for the
quality control of the facility.

List each quality control test method to be performed on each grade of ground granulated
blast-furnace slag.

Name and address of the AAP testing laboratory performing specification compliance
testing.

Declaration stating that if a test result indicates a lot of GGBFS is not in compliance with
the WSDOT specifications, the facility shall immediately notify WSDOT of the lot in
qguestion. A representative sample for the production period in question shall be sent to
WSDOT for testing.

Description of the method and frequency for sampling, quality control testing, and
specification compliance testing.

Grade of GGBFS the producer/supplier intends to provide to WSDOT.

A statement of compliance with Section 5.

7.2 Anew quality management plan shall be required whenever changes occur that cause the
existing quality management plan to become inaccurate or invalid.
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8. Documentation Requirements

8.1  Each producer/supplier shall certify conformance to Standard Specifications for physical and
chemical requirements of AASHTO M 302/ASTM C989 by means of a mill test report.

8.2 A mill test report shall be provided monthly by the producer/supplier to WSDOT on a
continuous basis for AASHTO M 302/ASTM C989 GGBFS production.

Ground granulated blast-furnace slag test reports shall be in English and include the
following information:

« Name of producer/supplier
» Specific grade of GGBFS in accordance with Standard Specifications Section 9-23.10
« Unique identification number traceable to the date of production

¢ Production date

8.3 A mill test report shall be provided by the GGBFS producer/supplier to WSDOT whenever a
new shipment of AASHTO M 302/ASTM C989 imported GGBFS is received for distribution.

GGBEFS reports shall be in English and include the following information:
» Name of producer/supplier
» Specific grade of GGBFS in accordance with Standard Specifications Section 9-23.10
» Unique identification number traceable to each shipment

« Certification date

8.4  Separate sequences of mill test reports shall be provided for each individual production
facility and a unique lot number traceable to a production run on GGBFS shall identify
each report.

8.5  The mill test report shall show the test results and the applicable specification of AASHTO
M 302/ASTM C989 for each component or property tested and shall show the test
requirements specified by WSDOT.

8.6  When a production facility does not produce GGBFS in a given month, or no shipments
are received by a supplier, the producer/supplier shall notify WSDOT with a no production
report for each month of no production or shipment.

8.7  Mill test reports and no production reports shall be emailed to the CAP program at the
following email address: capprogram@wsdot.wa.gov.

8.8  The producer/supplier shall notify WSDOT at the email address noted above of any
temporary stops in production (greater than one month) or permanent stops in production.

8.9  All documentation shall be submitted to WSDOT within 28 days of the last day of the month
of production or shipment.
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9. Quarterly Split Sample

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10

Producers/suppliers shall, on a quarterly basis, provide a split sample of each grade of ground
granulated blast-furnace slag being produced.

For the purpose of this standard, quarters are defined as January through March, April
through June, July through September, and October through December.

Split samples shall be taken from production or shipment in accordance with the producer/
supplier’s quality management plan.

The production sample shall be split into two portions (approximately 10 pounds each)
for each grade of GGBFS being produced. One portion shall be retained by the producer/
supplier and one portion shall be sent to WSDOT CAP.

The producer/supplier testing laboratory shall conduct chemical and physical testing on their
portion.

The sample submitted to WSDOT shall be labeled with the grade and lot number traceable
to the production run or lot of GGBFS. WSDOT may elect to test the sample.

Samples shall be sent to:

WSDQOT State Materials Laboratory
ATTN: Cement Acceptance Program
1655 S Second Ave SW

Tumwater, WA 98512-6951

The quarterly split sample mill test report shall be emailed to the CAP program at the
following email address: capprogram@wsdot.wa.gov

The producer/supplier shall email CAP at the email address noted in Section 9.8 if no GGBFS
was produced/supplied during that quarter and no sample will be submitted.

The quarterly split samples, and accompanying mill test report, shall be submitted to WSDOT
within 28 days of the date of sampling.

10. Comparison of Split Sample Test Results

10.1

10.2

10.3

Results of the split sample testing shall conform to the applicable AASHTO or ASTM
specification requirements.

If any discrepancy is identified between the producer/supplier and WSDOT's test results
the producer/supplier shall prepare a response to WSDOT, within 30 days of being notified
of discrepancy.

The response shall identify the cause of the discrepancy and describe any corrective
action taken.
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11. Revocation of Qualification

111

A producer/supplier may have its qualification status revoked and be removed from the
QPL if found in nonconformance with the Standard Specifications or this standard practice.
Causes for removal from the QPL may include, but are not limited to, the following:

 Failure to comply with requirements of QC 5.
« Failing test results on produced/supplied samples.
« Failure to notify WSDOT of changes in product formulation.

« Failure to send in a retained sample for additional testing for a production period with
failing test results.

Prior to removing a producer/supplier from the QPL, WSDOT will take appropriate measures
to confirm the validity of the information and will confer with the producer/supplier.

12. Requalification

121

Once a product has been removed from the QPL, the producer/supplier may request
reinstatement by providing the following written information to WSDOT:

» The root cause and corrective action taken to prevent future reoccurrences of the
problem that caused the removal from the QPL.

» Updated quality management plan showing compliance with QC 5.
« Other information and test data as determined by WSDOT.

Provided there is a satisfactory resolution of the initial problem, at WSDOT’s discretion, the
product may either be reinstated into the QPL or the producer/supplier may be required to
reapply to the QPL. All costs of the QPL process shall be borne by the producer/supplier.
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WSDOT Standard Practice QC 6
Annual Prestressed Plant Review and Approval Process

1. Scope

This standard specifies requirements and procedures for WSDOT annual approval of all
manufacturing facilities producing prestressed concrete girders or precast prestressed concrete
members in accordance with WSDOT Standard Specifications Section 6-02.3(25). Standard Practice
QC 6 also applies to precast concrete units that are prestressed as identified in WSDOT Standard
Specifications Section 6-02.3(9).

2. Referenced Documents
2.1  Precast/Prestressed Concrete Institute Certification Program
2.2  WSDOT Qualified Products List

2.3  WSDOT Standard Specification

3. Terminology

3.1  Plant - Manufacturing facility producing prestressed concrete members with single
plant location.

3.2. NRMCA - National Ready Mix Concrete Association
3.3 PCI - Precast/Prestressed Concrete Institute

3.4 RAM - Request for Approval of Material (WSDOT Form 350-071) document submitted by
the plant, identifying their material sources for WSDOT approval.

3.5 Quality Control - Quality control inspection and documentation provided by the plant.
3.6 QPL - WSDOT Qualified Products List
3.7 WSDOT - Washington State Department of Transportation

3.8  WSDOT Annual Approval - The approval process defined in WSDOT Standard Practice
QC 6.

3.9  WSDOT Fabrication Inspector - Quality Assurance inspector provided by the WSDOT
Headquarters Materials Laboratory Materials and Fabrication Inspection Office.
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4. Significance and Use

4.1

This Standard Practice specifies procedures for approving plants on an annual basis and
maintaining a plant approval document reviewed annually. Submittal documents pre approve
specific documentation identified in this Standard Practice; replacing the requirement for
contract specific submittals. Modifications can be made to the plants submittal at any time
during the annual approval period.

5. Annual Plant Approval Requirements

5.1

52
5.3

54

5.5

5.6

Plants shall be initially approved through the QPL or RAM approval process. Plants shall not
begin fabricating prestressed members prior to receiving WSDOT annual plant approval.

Maintain current PCI certification for the type of prestressed member being manufactured.

Maintain quality control staff meeting the training and certification requirements specified by
the PCI plant certification program.

Submit and maintain an annual approval document detailed in Section 6. Plants must
complete and maintain all submittal requirements to remain in active approval status.

Submit annually by December 15t a document identifying the plant has reviewed their annual
approval document and identifies whether the plant approval document remains unchanged,
or details any anticipated revisions.

Successful completion of initial WSDOT plant approval detailed in Section 7 or successful
maintenance of annual approval status detailed in Section 10.

6. Plant Submittal Requirement

6.1  Plants shall initially submit a document for annual approval that covers the submittal
requirements of this section starting with Section 6.1.1. The document may be submitted
by mail or submitted electronically. Submit documents to the WSDOT Transportation
Technical Engineer.

6.1.1  Table of Contents

6.1.2  Table of Organization.

6.1.3 RAM documents. Submit RAM documents for the following materials.
» Concrete Ready Mix Batch Plant (as applicable)
» Epoxy Coated Reinforcing Steel
» Fabrication Facilities Manufacturing Welded Embeds and Fabricating

Reinforcing Steel
» Prestress Strand
+ Reinforcing Steel
Page 2 of 14 WSDOT Materials Manual M 46-01.38
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6.1.4  Concrete mix designs. Submit mix designs on the latest revision of WSDOT
Form 350-040. Mix designs are to be filled out completely. Aggregate, cement, slag,
and admixtures must be from WSDOT approved sources. Mix design submittal shall
include the following for each mix design;

« Compressive strength break history. A minimum of 15 sets (2 cylinders per set)
» Cement mill certification report
» Chloride lon test results

6.1.5  Curing procedures. Submit the procedure that will be used to cure prestressed
members. Identify whether accelerated curing will be used and detail the procedure
for monitoring and documenting curing operations.

6.1.6  Fabrication procedures and drawings. This submittal is for standard fabrication
procedures and specialized fabrication procedures. Specialized procedures may
be added to the annual plant submittal as approved by the WSDOT Bridge and
Structures Office, to facilitate fabrication of prestressed members. Examples of
specialized procedures are as follows:

« Tensioning and Detensioning procedures
« Hold down devices
« Other procedures and drawings as determined by the Plant.

6.1.7  Weld procedures. Submit weld procedures for welding of embed plates or other
structures as applicable to the plants manufacturing process.

6.1.8  Repair procedures. Submit repair procedures for anticipated repair scenarios.
Approved repair procedures can be used during fabrication of prestressed members
without further WSDOT engineering approval. Repair procedures must be detailed,
including dimensional limits, and specific repair materials identified by material type,
and brand name. Submittal shall include catalog cuts for repair materials.

6.1.9  Quality control plan. Submit quality control procedures and inspection forms.
Inspection forms shall include information for the following.

« Pre Pour Inspection Report

+ Wet Concrete Testing Report

» Stressing Record

« Compressive Strength Testing Report
» Non Conformance Report

» Post Pour Inspection Report

6.1.10 Ready mix batch plant NRMCA as applicable. Not required for plants in house
batch plant.
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6.1.11 Problem resolution form. Submit a plant specific problem resolution form.
Appendix “B” has an example of the Problem Resolution Form. This form is used
to expedite resolution of construction issues encountered during fabrication of
prestressed concrete members.

6.1.12 Certificate of Compliance Document: Submit the form that will be used for the
Certificate of Compliance document.

6.1.13 Final documentation package. Detail or outline the documents that will be provided
to the WSDOT Materials and Fabrication Inspector prior to WSDOT final approval
of prestressed members. Documents required in the final document package are as
listed below.

Pre Pour Inspection Report

Wet Concrete Testing Report
Compressive Strength Testing Report
Post Pour Inspection Report
Gradation Reports

Cure Charts for accelerated curing
Stressing Records

Non Conformance Reports

Problem Resolution documents
Certificate of Compliance

Certificate of Materials Origin (for projects with “Buy America” Requirement,
WSDOT Form 350-109)

Mill certs
- Cement
- Epoxy Coated Reinforcing Steel
- Fly Ash
- Micro Silica
- Prestress Strand
- Reinforcing Steel
- Slag
- Steel components

7. Initial Plant Approval Process

7.1

7.2

Upon receiving the plants initial submittal, WSDOT will review the contents of the submittal
in preparation for WSDOT's initial plant approval meeting with representatives of the plant.

WSDOT will be allowed 90 days for review of the plants initial submittal document. Time for
review will be longer if submittals are incomplete.
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7.3  WSDOT review responsibilities.

7.3.1

7.3.2

7.3.3

7.3.4

WSDOT Transportation Technical Engineer. Overall responsibility for annual
approval and submittal review process. Coordinates all annual approval submittal
activities. Reviews for acceptance all documentation with the exception of mix
designs, specialized fabrication procedures, and repair procedures.

WSDOT Headquarters Materials Laboratory Fabrication Inspection Office.
Responsible for review and approval of mix designs.

WSDOT Construction Office. Responsible for review and approval of
repair procedures.

WSDOT Bridge and Structures Office. Responsible for approval of specialized
fabrication procedures, and review and approval of welding procedures.

7.4  Review process.

74.1

7.4.2

7.4.3

744

7.4.5

7.4.6

7.4.7

The WSDOT Transportation Technical Engineer will review portions of the plant
submittal and will send specific sections referenced in Section 7.3 to the respective
approving authorities.

Approving authorities will send reviewed documents back to the WSDOT
Transportation Technical Engineer.

The WSDOT Transportation Technical Engineer will review the status of the
submittals returned from the approving authorities and incorporate the documents
into the annual plant approval document.

Submittal documents will be signed or stamped “Approved”, “Approved as Noted”,
“Not Approved”, or Accepted depending on their review status.

RAM documents will be coded with acceptance codes by the WSDOT
Transportation Technical Engineer. RAM codes for specific items are referenced in
Appendix “C” of this Standard Practice.

The WSDOT Transportation Technical Engineer will make an itemized list of

review comments and action items and will place them at the front of the annual
submittal document returned to the plant at the time of the initial plant approval
meeting. If time allows, the Transportation Technical Engineer will work directly with
representatives from the plant to address review comments prior to the initial plant
approval meeting.

The WSDOT Transportation Technical Engineer will schedule the initial plant
approval meeting and will send the plant a letter and email notifying them of the
date and time WSDOT will be at the plant for the initial plant approval meeting.
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7.4.8  WSDOT will perform a formal audit of the plants facility, and operating and
quality control procedures prior to the initial plant approval meeting. WSDOT wiill
contact the plant and inform them of the date and time a WSDOT inspector will
be at the plant for an inspection audit. The audit will follow the outline detailed in
Appendix A.

7.4.9  WSDOT will provide the plant with an electronic version of the reviewed annual
approval document within 30 days following completion of the initial plant
approval meeting.

8. Initial Plant Approval Meeting
8.1  Scheduling

8.1.1  Aninitial plant approval meeting will be scheduled after WSDOT has completed its
review of the plants initial submittal. The meeting will be held at the plants physical
location. WSDOT will notify the plant of the date and time the meeting will be held.

8.2  Attendees

8.2.1 WSDOT attendees will include at a minimum, the WSDOT Transportation
Technical Engineer and a supervising inspector from the Materials and Fabrication
Inspection Office.

8.2.2  Attendees from the plant shall include at a minimum the plant manager, production
manager, and quality control manager, or their respective representatives.

8.3 Meeting Agenda

8.3.1 The meeting agenda will focus on comments from WSDOT's review of the
plants annual approval document submittal, and WSDOT’s plant inspection audit
completed prior to the meeting.

8.3.2  WSDOT will inform the plant of their approval status upon completion of the initial
approval meeting. Any deficiencies that would prevent approval will be identified
and discussed during the meeting.

9. Initial Plant Approval Status Notification

9.1  Within 30 days following the initial plant approval meeting, the WSDOT Transportation
Technical Engineer will send the plant a letter informing the plant of their approval status and
the period of effectiveness. Any deficiencies identified during the annual plant review and
audit that would prevent annual approval will be identified in the letter.
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10. Maintenance of Plant Approval Status After Initial Approval

10.1

10.2

10.3

10.4

10.5

10.6

Annual approval documents will remain in affect indefinitely as long as the document
is maintained each calendar year.

The WSDOT Transportation Technical Engineer will send each plant a letter in October
requesting a document identifying the plant has reviewed their annual approval document
and identifies whether the plant approval documents remain unchanged, or details any
anticipated revisions. The letter will also detail any changes to WSDOT'’s program that would
affect the annual approval document. The document and any revisions ready for submittal
shall be sent electronically to the WSDOT Transportation Technical Engineer no later than
December 1st,

Revisions to mix designs will be processed through the QPL or reviewed during WSDOT
project specific work activities. WSDOT will provide plants with a cost estimate for review of
mix designs submitted through the QPL process. Costs associated with mix design reviews
for project specific work activities will be based on the same process for review through the
RAM process. Only mix designs reviewed by the WSDOT Headquarters Materials Laboratory
will be added to the annual plant approval document.

Revisions submitted by the plant will be reviewed as detailed in Section 7.4.1 through 7.4.5.

The WSDOT Transportation Technical Engineer will review annual plant approval documents
in December. Review comments will be provided to plants for their action by January 15th,
Upon resolution of review comments, the WSDOT Transportation Technical Engineer will
document revisions to the annual approval document and will maintain revision control by
adding “Approved”, “Approved as Noted”, “Not Approved”, or “Accepted” revisions to the
document and providing plants with an electronic version of the plants complete approval
document. WSDOT will provide a revision control document at the front of the annual
approval document, which details the changes from the previous version.

Onsite inspection audits will be performed by WSDOT when the plant starts its first project
each calendar year. Audits will not be performed by WSDOT until there is work taking place.
If a calendar year passes without an active project, WSDOT will perform an inspection audit
when WSDOT project specific work starts. The audit will follow the outline detailed in
Appendix A.

11. Annual Maintenance Approval Status Notification

111

Upon successful completion of WSDOT's annual plant approval document review and onsite
plant inspection audit as applicable, the WSDOT Transportation Technical Engineer will send
the plant a letter informing the plant of their approval status and the period of effectiveness.
Any deficiencies identified during the annual plant review that would prevent annual
approval will be identified in the letter.
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WSDOT Standard Practice QC 6
Appendix A Precast / Prestress Plant Inspection Audit

Plant: Date:

Phone Number: Contact Person:

Plant Reviewed by:

Review Results: Acceptable O Unacceptable O

Materials

Concrete Cylinders

Is cylinder fabrication and testing in accordance with WSDOT test methods? Oves ONo
Does cylinder storage comply with specifications? Oves ONo
Is cylinder capping acceptable? Oves ONo
Method of capping: O Sulphur O Rubber caps O other

What types of molds are used? O Paper O piastic [ steel O securer

Is cylinder testing machine calibrated? Oves ONo
Comments:

Cement
Is cement from an approved source? Oves ONo
Are cement certifications available? Oves ONo
Is cement storage acceptable? Oves ONo
Comments:
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Aggregate
Has aggregate source been approved by WSDOT? Oves ONo
Does plant use WSDOT grading? Oves ONo
Is aggregate sampled and tested prior to use? Oves ONo
Is aggregate storage acceptable? Oves ONo
Comments:

Reinforcing Steel
Are mill test certificates available? Oves CINo
Is fabrication acceptable? Oves ONo
Is storage acceptable? Oves ONo
Comments:

Forms
Are forms clean, straight and in good condition? Oves ONo
Are forms checked for dimensions prior to use? Oves ONo
Comments:

Batch Plant
Does batch plant meet the certification requirements of the WSDOT Std. Spec. Oves ONo
Date of scale calibration:
Comments:

WSDOT Materials Manual M 46-01.38 Page 9 of 14

February 2021



QC 6 Annual Prestressed Plant Review and Approval Process

Fabrication
Set up
Is reinforcing steel placed per contract Oves ONo

Is steel tied according to specifications and held in place during concrete placement? Oves ONo

Is the plant aware tack welding is not permitted? Oves ONo
Is there a Plant QC hold point for inspection prior to setting forms? Oves ONo
Comments:

Concrete Placement

Is concrete delivered in a timely manner? Oves ONo
Is plant using approved concrete mix design? Oves ONo
Is required concrete testing being done? Oves ONo
Is there adequate equipment for concrete placement in forms? Oves ONo
Is concrete placed per specifications? Oves ONo
Comments:
Curing

Is temperature measuring equipment acceptable? Oves ONo
Is product protected during curing? Oves ONo
Are test cylinders cured under same conditions as product? Oves ONo

What type of curing system is used?

Radiant

Hot air

Convection

Conducted Steam

Other

Comments:
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Stripping Procedures

Are concrete cylinders for verification of stripping strength representative

of the product? Oves ONo

Is required stripping strength being verified with cylinder breaks prior to stripping? Oves ONo
Comments:

Inspection
Does plant inspection staff have a good understanding of their job responsibilities? Oves ONo
Does plant inspection staff have adequate Training? Oves ONo
Is plant inspection staff familiar with the WSDOT Annual Approval
process and procedures? Oves ONo
Are approved shop drawings, plans, and calculations available? Oves ONo
Are quality control procedures being followed? Oves ONo
Are quality control reports being filled out Properly? OvYes ONo
Has the plant quality control department verified product repairs, workmanship,
and finish are acceptable? Oves ONo
Comments:

Product Handling and Storage
Are products handled and stored properly? Oves ONo

Comments:
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Overall Review Comments

Review Attendees

Name

Job Description

Phone/Email
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Appendix B Manufacturers Name Precast Problem Resolution Request

Date:

Submitted To:

WSDOT Construction Engineer Email: PrecastPRR@wsdot.wa.gov

Contractor

Fax: /Email:

WSDOT Contract No:

Project Name:

CompanyName:

Submitted By (Contact Person):

Telephone No:

Email:

Fax No:

Priority: O High O Medium O Low

Request Response Time:

Description of Problem:

Proposed Resolution:

WSDOT Fabrication Inspector's Name and Signature:

Name

Signature
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Appendix C RAM Acceptance Codes

Products RAM Code
Concrete Ready Mix Batch Plant 8

Epoxy Coated Reinforcing Steel 2,56
Fabrication Facilities (Steel Embeds & Fabricating Rebar) 8
Prestress Strand 1,2,6
Reinforcing Steel 2,6

RAM Acceptance Action Codes

1)  Acceptance based upon ‘Satisfactory’ Test Report for samples of materials to be incorporated
into the project.

2) Mfg. Cert. of Compliance for ‘Acceptance’ prior to use of material.
3) Catalog Cuts for ‘Acceptance’ prior to use of material.

4) Not Listed (No relevance to annual submittal process)

5)  Only Materials Tagged ‘Approved for Shipment’

6) Submit Certificate of Materials Origin to Project Engineer Office.(Only for projects with “Buy
America” requirement.

7)  Not Listed (No relevance to annual submittal process)

8) Source Approved

9)  Approval Withheld; submit samples for preliminary evaluation
10) Approval Withheld

11) Miscellaneous Acceptance Criteria
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WSDOT Standard Practice QC 7
Annual Precast Plant Review and Approval Process

1. Scope

This standard specifies requirements and procedures for WSDOT annual approval of all
manufacturing facilities producing precast concrete structures in accordance with WSDOT Standard
Specification Section 6-02.3(9).

2. Referenced Documents

3. WSDOT Qualified Products List

3.1

WSDOT Standard Specification

4. Terminology

4.1

4.2
4.3
4.4
4.5
4.6
4.7

4.8
4.9
4.10
4.11

412

Plant - Manufacturing facility producing precast concrete structures with single
plant location.

NRMCA - National Ready Mix Concrete Association
ICBO - International Congress Building Officials

ICC-ES - International Code Council Evaluation Services
PCI - Precast/Prestressed Concrete Institute

NPCA - National Precast Concrete Association

RAM - Request for Approval of Material (WSDOT Form 350-071) submitted by the plant,
identifying their material sources for WSDOT approval.

Quality Control - Quality control inspection and documentation provided by the plant.
QPL - WSDOT Qualified Products List
WSDOT - Washington State Department of Transportation

WSDOT Annual Approval - The certification process defined in WSDOT Standard Practice
QC7.

WSDOT Fabrication Inspector - Quality Assurance inspector provided by the WSDOT
Headquarters Materials Laboratory Materials and Fabrication Inspection Office.

5. Significance and Use

5.1

This Standard Practice specifies procedures for approving plants on an annual basis and
maintaining a plant approval document reviewed annually. Submittal documents pre approve
specific documentation identified in this Standard Practice; replacing the requirement for
contract specific submittals. Modifications can be made to the plants submittal at any time
during the annual approval period.
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6. Annual Plant Approval Requirements

6.1

6.2

6.3

6.4

6.5

6.6

Plants shall be initially approved through the QPL or RAM approval process. Plants shall not
begin fabricating precast members prior to receiving WSDOT annual plant approval.

Maintain current PCI, or NPCA certification, or maintain current status as a recognized
fabricator by ICBO or ICC-ES.

Maintain quality control staff meeting the training and certification requirements specified by
the certifying organization.

Submit and maintain an annual approval document detailed in Section 6. Plants must
complete and maintain all submittal requirements to remain in active approval status.

Submit annually by December 1st a document identifying the plant has reviewed their annual
approval document and identifies whether the plant approval document remains unchanged,
or details any anticipated revisions.

Successful completion of initial WSDOT plant approval detailed in Section 8 or successful
maintenance of annual approval status detailed in Section 11.

7. Plant Submittal Requirement

7.1

Plants shall initially submit a document for annual approval that covers the submittal
requirements of this section starting with Section 7.1.1. The document may be submitted
by mail or submitted electronically. Submit documents to the WSDOT Transportation
Technical Engineer.

7.1.1  Table of Contents
7.1.2  Table of Organization

7.1.3  RAM documents. Submit RAM documents for the following materials.
» Concrete Ready Mix Batch Plant (as applicable)
» Epoxy Coated Reinforcing Steel

» Fabrication Facilities Manufacturing Welded Embeds and Fabricating
Reinforcing Steel

» Reinforcing Steel
7.1.4  Concrete mix designs. Submit mix designs on the latest revision of WSDOT Form
350-040. Mix designs are to be filled out completely. Aggregate, cement, slag, and
admixtures must be from WSDOT approved sources.
Mix design submittal shall include the following for each mix design;
« Compressive strength break history. A minimum of 15 sets (2 cylinders per set)
« Cement mill certification report
« Chloride lon test results
 Self-compacting concrete test data
7.1.5  Curing procedures. Submit the procedure that will be used to cure precast members.

Identify whether accelerated curing will be used and detail the procedure for
monitoring and documenting curing operations.

7.1.6  Fabrication procedures and drawings. This submittal is for standard fabrication
procedures and specialized fabrication procedures. Specialized procedures may
be added to the annual plant submittal as approved by the WSDOT Bridge and
Structures Office, to facilitate fabrication of precast structures.
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7.1.7

7.1.8

7.1.9

7.1.10

7.1.11

7.1.12

7.1.13

Weld procedures. Submit weld procedures for welding of embed plates or other
structures as applicable to the plants manufacturing process.

Repair procedures. Submit repair procedures for anticipated repair scenarios.
Approved repair procedures can be used during fabrication of precast members
without further WSDOT engineering approval. Repair procedures must be detailed,
including dimensional limits, and specific repair materials identified by material type,
and brand name. Submittal shall include catalog cuts for repair materials.

Quality control plan. Submit quality control procedures and inspection forms.
Inspection forms shall include information for the following.

« Pre Pour Inspection Report

» Wet Concrete Testing Report

» Compressive Strength Testing Report

« Non Conformance Report

» Post Pour Inspection Report

Ready mix batch plant NRMCA certification documentation as applicable. Not
required for plants in house batch plant.

Problem resolution form. Submit a plant specific problem resolution form.
Appendix “B” has an example of the Problem Resolution Form. This form is used
to expedite resolution of construction issues encountered during fabrication

of precast concrete structures.

Certificate of Compliance Document: Submit the form that will be used for
the Certificate of Compliance document.

Final documentation package. Detail or outline the documents that will be provided
to the WSDOT Materials and Fabrication Inspector prior to WSDOT final approval
of precast members. Documents required in the final document package are as
listed below.
» Pre Pour Inspection Report
« Wet Concrete Testing Report
« Compressive Strength Testing Report
» Post Pour Inspection Report
» Gradation Reports
» Cure Charts for accelerated curing
« Non Conformance Reports
» Problem Resolution documents
» Certificate of Compliance
 Certificate of Materials Origin (for projects with “Buy America” Requirement,
WSDOT Form 350-109)
« Mill certs
- Cement
- Epoxy Coated Reinforcing Steel
- FlyAsh
- Micro Silica
- Reinforcing Steel
- Slag
- Steel components
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8. Initial Plant Approval Process

8.3.1 WSDOT Transportation Technical Engineer. Overall responsibility for annual approval and
submittal review process. Coordinates all annual approval submittal activities. Reviews for
acceptance all documentation with the exception of mix designs, specialized fabrication
procedures, and repair procedures.

8.3.2 WSDOT Headquarters Materials Laboratory Fabrication Inspection Office. Responsible for
review and approval of mix designs.

8.3  WSDOT review responsibilities.

8.3.1

8.3.2

8.3.3

8.3.4

WSDOT Fabrication and Coatings Engineer. Overall responsibility for annual
approval and submittal review process. Coordinates all annual approval submittal
activities. Reviews for acceptance all documentation with the exception of mix
designs, specialized fabrication procedures, and repair procedures.

WSDOT Headquarters Materials Laboratory Fabrication Inspection Office.
Responsible for review and acceptance of mix designs.

WSDOT Construction Office. Responsible for review and approval of
repair procedures.

WSDOT Bridge and Structures Office. Responsible for approval of specialized
fabrication procedures, and review and approval of welding procedures.

8.4  Review process.

8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

8.4.6

The WSDOT Transportation Technical Engineer will review portions of the plant
submittal and will send specific sections referenced in Section 8.3 to the respective
approving authorities.

Approving authorities will send reviewed documents back to the WSDOT
Transportation Technical Engineer.

The WSDOT Transportation Technical Engineer will review the status of the
submittals returned from the approving authorities and incorporate the documents
into the annual plant approval document.

Submittal documents will be signed or stamped “Approved”, “Approved as Noted”,
“Not Approved”, or “Accepted” depending on their review status.

RAM documents will be coded with acceptance codes by the WSDOT
Transportation Technical Engineer. RAM codes for specific items are referenced in
Appendix “C” of this Standard Practice.

The WSDOT Transportation Technical Engineer will make an itemized list of review
comments and action items and will place them at the front of the annual submittal
document returned to the plant at the time of the initial plant approval meeting. If
time allows, the WSDOT Transportation Technical Engineer will work directly with
representatives from the plant to address review comments prior to the initial plant
approval meeting.
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8.4.7 The WSDOT Transportation Technical Engineer will schedule the initial plant
approval meeting and will send the plant a letter and email notifying them of the
date and time WSDOT will be at the plant for the initial plant approval meeting.

8.4.8 WSDOT will perform a formal audit of the plants facility, and operating and
quality control procedures prior to the initial plant approval meeting. WSDOT will
contact the plant and inform them of the date and time a WSDOT inspector will
be at the plant for an inspection audit. The audit will follow the outline detailed in
Appendix “A”.

8.4.9  WSDOT will provide the plant with an electronic version of the reviewed annual
approval document within 30 days following completion of the initial plant
approval meeting.

9. Initial Plant Approval Meeting
9.1  Scheduling

9.1.1  Aninitial plant approval meeting will be scheduled after WSDOT has completed its
review of the plants initial submittal. The meeting will be held at the plants physical
location. WSDOT will notify the plant of the date and time the meeting will be held.

9.2  Attendees

9.2.1  WSDOT attendees will include at a minimum, the WSDOT Transportation
Technical Engineer and a supervising inspector from the Materials and Fabrication
Inspection Office.

9.2.2  Attendees from the plant shall include at a minimum the plant manager, production
manager, and quality control manager, or their respective representatives.

9.3  Meeting Agenda

9.3.1 The meeting agenda will focus on comments from WSDOT's review of the
plants annual approval document submittal, and WSDOT’s plant inspection audit
completed prior to the meeting.

9.3.2  WSDOT will inform the plant of their approval status upon completion of the initial
approval meeting. Any deficiencies that would prevent approval will be identified
and discussed during the meeting.

10. Initial Plant Approval Status Notification

10.1  Within 30 days following the initial plant approval meeting, the WSDOT Transportation
Technical Engineer will send the plant a letter informing the plant of their approval status and
the period of effectiveness. Any deficiencies identified during the annual plant review audit
that would prevent annual approval will be identified in the letter.
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11. Maintenance of Plant Approval Status After Initial Approval

111

11.2

11.3

114
11.5

11.6

Annual approval documents will remain in affect indefinitely as long as the document is
maintained each calendar year.

The WSDOT Transportation Technical Engineer will send each plant a letter in October
requesting a document identifying the plant has reviewed their annual approval document
and identifies whether the plant approval documents remain unchanged, or details any
anticipated revisions. The letter will also detail any changes to WSDOT'’s program that would
affect the annual approval document. The document and any revisions ready for submittal
shall be sent electronically to the WSDOT Transportation Technical Engineer no later than
December 15t,

Revisions to mix designs will be processed through the QPL or reviewed during WSDOT
project specific work activities. WSDOT will provide plants with a cost estimate for review of
mix designs submitted through the QPL process. Costs associated with mix design reviews
for project specific work activities will be based on the same process for review through the
RAM process. Only mix designs reviewed by the WSDOT Headquarters Materials Laboratory
will be added to the annual plant approval document.

Revisions submitted by the plant will be reviewed as detailed in Section 8.4.1 through 8.4.5.

The WSDOT Transportation Technical Engineer will review annual plant approval documents
in December. Review comments will be provided to plants for their action by January 15th.
Upon resolution of review comments, the WSDOT Transportation Technical Engineer will
document revisions to the annual approval document and will maintain revision control by
adding “Approved”, “Approved as Noted”, “Not approved”, or “Accepted” revisions to the
document and providing plants with an electronic version of the plants complete approval
document. WSDOT will provide a revision control document at the front of the annual
approval document, which details the changes from the previous version.

Onsite inspection audits will be performed by WSDOT when the plant starts its first project
each calendar year. Audits will not be performed by WSDOT until there is work taking place.
If a calendar year passes without an active project, WSDOT will perform an inspection audit
when WSDOT project specific work starts. The audit will follow the outline detailed in
Appendix A.

12. Annual Maintenance Approval Status Notification

121

Upon successful completion of WSDOT's annual plant approval document review and onsite
plant inspection as applicable, the WSDOT Transportation Technical Engineer will send the
plant a letter informing the plant of their approval status and the period of effectiveness. Any
deficiencies identified during the annual plant review that would prevent annual approval will
be identified in the letter.
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Annual Precast Plant Review and Approval Process

QC7

Appendix A Precast / Prestress Plant Inspection Audit

Plant: Date:

Phone Number: Contact Person:

Plant Reviewed by:

Review Results: Acceptable O Unacceptable O

Materials

Concrete Cylinders

Is cylinder fabrication and testing in accordance with WSDOT test methods?

Does cylinder storage comply with specifications?

Is cylinder capping acceptable?

Method of capping: T Sulphur T Rubber caps
What types of molds are used? T Paper T Plastic T Steel
Is cylinder testing machine calibrated?

Comments:

TYes TNO
TYes TNO
TYes TNO

T Securer

TYes T No

Cement
Is cement from an approved source?
Are cement certifications available?
Is cement storage acceptable?

Comments:

TYes TNO
TYes TNO
TYes TNO

Aggregate
Has aggregate source been approved by WSDOT?
Does plant use WSDOT grading?
Is aggregate sampled and tested prior to use?
Is aggregate storage acceptable?

Comments:

_IYes _INo
_IYes _INo
_IYes _INo
_IYes _INo

WSDOT Materials Manual M 46-01.43
August 2023
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Reinforcing Steel

Are mill test certificates available? Oves CINo
Is fabrication acceptable? Oves ONo
Is storage acceptable? Oves ONo
Comments:

Forms
Are forms clean, straight and in good condition? Oves ONo
Are forms checked for dimensions prior to use? Oves ONo
Comments:

Batch Plant
Does batch plant meet the certification requirements of the WSDOT Std. Spec. Oves ONo

Date of scale calibration:

Comments:

Fabrication
Set Up
Is reinforcing steel placed per contract Oves ONo

Is steel tied according to specifications and held in place during concrete placement? Oves ONo

Is the plant aware tack welding is not permitted? Oves ONo
Is there a Plant QC hold point for inspection prior to setting forms? Oves ONo
Comments:

Concrete Placement

Is concrete delivered in a timely manner? Oves ONo
Is plant using approved concrete mix design? Oves ONo
Is required concrete testing being done? Oves ONo
Is there adequate equipment for concrete placement in forms? Oves ONo
Is concrete placed per specifications? Oves ONo
Comments:
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Curing
Is temperature measuring equipment acceptable? Oves ONo
Is product protected during curing? Oves ONo
Are test cylinders cured under same conditions as product? Oves ONo

What type of curing system is used?

Radiant

Hotair

Convection

Conducted Steam

Other

Comments:

Stripping Procedures

Are concrete cylinders for verification of stripping strength representative
of the product? Oves ONo

Is required stripping strength being verified with cylinder breaks prior to stripping? Oves ONo

Comments:

Inspection

Does plant inspection staff have a good understanding of their job responsibilities? Oves ONo

Does plant inspection staff have adequate Training? Oves ONo
Is plant inspection staff familiar with the WSDOT Annual Approval process

and procedures? Oves ONo
Are approved shop drawings, plans, and calculations available? Oves ONo
Are quality control procedures being followed? Oves ONo
Are quality control reports being filled out Properly? Oves ONo
Has the plant quality control department verified product repairs, workmanship,

and finish are acceptable? Oves ONo
Comments:

Product Handling and Storage

Are products handled and stored properly? Oves ONo
Comments:
WSDOT Materials Manual M 46-01.43 Page 9 of 12
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Overall Review Comments

Review Attendees

Name

Job Description

Phone/Email
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Annual Precast Plant Review and Approval Process

QC7

Appendix B Manufacturers Name Precast Problem Resolution Request

Date:

Submitted To:

WSDOT Construction Engineer

Contractor

Email: PrecastPRR@wsdot.wa.gov

Fax: /Email:

WSDOT Contract No:

Project Name:

CompanyName:

Submitted By (Contact Person):

Telephone No:

Fax No:

Email:

Priority: O High O Medium O Low

Request Response Time:

Description of Problem:

Proposed Resolution:

WSDOT Fabrication Inspector's Name and Signature:

Name

Signature

WSDOT Materials Manual M 46-01.43
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Appendix C AM Acceptance Codes

Products RAM Code
Concrete Ready Mix Batch Plant 8

Epoxy Coated Reinforcing Steel 2,56
Fabrication Facilities (Steel Embeds & Fabricating Rebar) 8
Reinforcing Steel 2,6

RAM Acceptance Action Codes

1) Acceptance based upon ‘Satisfactory’ Test Report for samples of materials to be incorporated into
the project.

Mfg. Cert. of Compliance for ‘Acceptance’ prior to use of material.
Catalog Cuts for ‘Acceptance’ prior to use of material.

)
)
4)  Not Listed (No relevance to annual submittal process)
) Only Materials Tagged ‘Approved for Shipment’

)

Submit Certificate of Materials Origin to Project Engineer Office. (Only for projects with “Buy
America” requirement.

7)  Not Listed (No relevance to annual submittal process)

8) Source Approved

9)  Approval Withheld; submit samples for preliminary evaluation
10) Approval Withheld

11) Miscellaneous Acceptance Criteria
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WSDOT Standard Practice for HMA Mix Designs QC 8

Standard Practice for Development, Submittal and Approval of Hot Mix Asphalt
Mix Designs

1. Scope

1.1  This standard specifies requirements and procedures for evaluation and approval of Hot Mix
Asphalt mix designs for the Qualified Products List.

1.2  This standard may involve hazardous materials, operations and equipment. It does not
address all of the safety problems associated with their use. It is the responsibility of whoever
uses this standard to consult and establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 WSDOT Standards
2.1.1  Standard Specifications for Road, Bridge, and Municipal Construction M 41-10
2.1.2  Materials Manual M 46-10

3. Terminology
3.1  AASHTO - American Association of State Highway and Transportation Officials
3.2  ASA - Aggregate Source Approval
3.3 ASTM - American Society of Testing and Materials

3.4  Bituminous Materials Section - Testing Laboratory at the WSDOT State Materials
Laboratory

3.5 Business Days - All weekdays, excluding state and federal holidays

3.6  Contractor/Producer - The Contractor, Producer or production facility that has the capacity
for producing HMA meeting WSDOT Standard Specifications.

3.7 HMA - Hot Mix Asphalt

3.8  Materials Quality Assurance Section - Office responsible for managing the Qualified
Products List at the WSDOT State Materials Laboratory

3.9 PG - Performance Graded asphalt binder

3.10 QPL - Qualified Products List

3.11 RAS - Recycled Asphalt Shingles

3.12 RAP - Reclaimed Asphalt Pavement

3.13 State Materials Laboratory - 1655 S. 2nd Avenue SW, Tumwater, WA 98512-6951
3.14 WSDOT - Washington State Department of Transportation

3.15 Replacement QPL Mix Design - QPL HMA mix design that directly replaces the existing or
previous QPL HMA mix design, consisting of the same class of mix, gyration level, binder
grade, supplier, and aggregate source.

WSDOT Materials Manual M 46-01.43 Page 1 of 6
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4. Significance and Use

4.1

This standard specifies procedures for designing, submitting, evaluating and approving HMA
mix designs for inclusion to the QPL.

5. Mix Design Development

5.1

The Contractor/Producer or designee shall develop a HMA mix design in accordance with
Section 5-04.2(1) of the Standard Specifications. The HMA mix design aggregate structure,
asphalt binder content, anti-stripping additive, rutting susceptibility and indirect tensile
strength shall be determined in accordance with WSDOT SOP 732, FOP for AASHTO T 324
and WSDOT FOP for ASTM D 6931 and meet the requirements of Sections 9-03.8(2) and
9-03.8(6) of the Standard Specifications.

5.1.1  The Contractor/Producer’s mix design %Gmm Ndesign must be 96.0 + 0.2% at the
optimum percent binder (Pb).

6. Submission to the WSDOT Qualified Products List

6.1

6.2

6.3

6.4

Once the HMA mix design has been developed, the Contractor/Producer shall contact the
Bituminous Materials Section at HMAMD@wsdot.wa.gov or 360-709-5429 to initiate the
HMA mix design submittal process. Replacement QPL HMA mix designs can be submitted up
to six months prior to the existing QPL HMA mix design expiration date and still retain the
original QPL HMA mix design date (month and day) on the new QPL HMA mix design.

To initiate the mix design submittal process, the Contractor/Producer shall provide the
following:

»  Company contact and billing information

+ A completed copy of WSDOT Form 350-042

« A completed WSDOT Product Submittal Application Form
« ASA Report for the aggregate source(s)

« QPL Contractor/Producer Product Information page(s) for the PG asphalt binder and the
anti-stripping additive

» Certification on the source of the recycled materials and applicable documentation per
Standard Specifications Sections 5-04.2 and 9-03.21(1) for mix designs containing RAP
and/or RAS

» Provide the testing and certification for toxicity characteristics in accordance with
Standard Specification Section 9-03.21(1) for the RAS and RAP submitted with the mix
design. The testing and certification shall be no older than 30 calendar days from when
the mix design samples are received at the State Materials Laboratory.

Once the information from Step 6.2 is received the Bituminous Materials Section will assign
a QPL evaluation tracking number. This will initiate the timeline associated with each step of
the mix design evaluation process in Section 6 of this plan, as shown in Table 1.

The Bituminous Materials Section will review the mix design submittal (WSDOT Form
350-042) and all documentation provided to ensure it is complete and meets specification
requirements. If the mix design submittal is complete and meets specification, the
Bituminous Materials Section will prepare the initial letter with Cost estimate and email to
the State Materials Laboratory Business Office. Mix design submittals that are incomplete
or do not meet the specification requirements will be rejected and require resubmittal in
accordance with Section 6.2 of this plan. All timelines in Table 1 will restart with resubmittal
of mix designs.
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6.5

6.6

The State Materials Laboratory Business Office will provide the following to the Contractor/
Producer:

» QPL evaluation tracking number

+ Initial letter detailing mix design evaluation

» Cost sheet for mix design evaluation detailing submittal requirements and associated
charges

« Reimbursable Agreement and Statewide Vendor Forms (if needed)

After the contractor returns the Reimbursable Agreement and Statewide Vendor Form to
the Business Office and Bituminous Materials Section, the Bituminous Materials Section
will contact the Contractor/Producer to schedule the QPL HMA mix design materials
delivery date.

6.6.1

The Contractor shall submit representative samples of aggregate, RAP and RAS (if
required), totaling 700 pounds proportioned to match the Contractor’s proposal to
the State Materials Laboratory for testing.

For example, if the Contractor’s proposal consists of five stockpiles with the
following blending ratio:

Material Ratio
%" - #4 20%
%" - #8 30%
#4 -0 30%
RAP 15%
RAS 5%

Calculate the amount of aggregate needed from each stockpile in the following
manner:

Pounds of Aggregate

Material Needed Per Stockpile
%" - #4 700 Ibs x 0.20 140 pounds
%" - #8 700 Ibs x 0.30 210 pounds
#4 -0 700 Ibs x 0.30 210 pounds
RAP 700 Ibs x 0.15 105 pounds
RAS 700 Ibs x 0.05 35 pounds

6.6.2  Transport aggregate in bags or other containers so constructed as to preclude

loss or contamination of any part of the sample, or damage to the contents

from mishandling during shipment. The weight limit for each bag or container of

aggregate is 30 pounds maximum.

6.6.3  Each aggregate bag or container shall be clearly marked or labeled with suitable
identification including the contract number, aggregate source identification and
size of stockpile material.

When RAS will be used in the HMA mix design the contractor shall provide

40 dried RAS samples proportioned into individual 16 to 24-ounce aluminum
containers (See Pictures of acceptable container in Figure 1). The RAS samples
shall be representative of the RAS stockpile being reduced per WSDOT Errata to
FOP for AASHTO R 47 in the WSDOT Materials Manual. In addition to the sample
identification outlined in 6.6.3, the RAS containers shall be marked with indelible
markings noting the weight of the material to the 0.1 grams. The required weights
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of the RAS containers will be given to the contractor at the time of mix design
submittal acceptance. RAS samples that do not meet the above requirements will
result in rejection of the RAS mix design.

The RAS materials shall be accompanied by a test report from a certified testing
laboratory verifying that the RAS materials submitted for mix design testing is

non detect for asbestos utilizing Polarized Light Microscopy (PLM) 1000 point
count test. The laboratory testing for asbestos content shall meet the certification
requirements of Standard Specifications Section 9-03.21(1)A Reclaimed Asphalt
Shingles and provide a copy of their laboratory certification along with the test
results. The RAS materials shall also be accompanied by the Safety Data Sheet as
outlined in Standard Specifications Section 9-03.21(1)A Recycled Asphalt Shingles.

WSDOT may independently test mix design samples for asbestos
containing materials.

Figure 1 Pictures of acceptable 16 to 24-ounce aluminum container with
lid off and on

6.7  The Bituminous Materials Section will notify the Contractor/Producer when the mix design
materials have been received, logged-in and a calendar day completion will be provided to
the Contractor/Producer as specified in Section 6.9.
6.7.1  Mix design materials that are non-representative and/or out of specification will
be rejected and require resubmittal of all mix design material. Mix design materials
that are rejected and not picked up by the Contractor/Producer within 2 working
days of the receipt of rejection will be disposed of. All timelines in Table 1 will restart
with resubmittal of mix design materials. When WSDOT elects to independently
test mix design samples for asbestos containing materials, the mix design will not be
accepted until WSDOT receives the results of its independent laboratory testing.
6.8 A priority queue will be established by the Bituminous Materials Section for HMA mix design
evaluations.
6.8.1  Preference will be given to mix designs submitted for WSDOT contracts.
6.8.2 HMA mix design evaluations for WSDOT contracts will be completed within
25 calendar days after the notification in Section 6.7.
6.8.3 HMA mix design evaluations that are not for WSDOT contracts, replacement
HMA mix designs or HMA mix design evaluations containing RAS materials will be
completed approximately 40 calendar days after the notification in Section 6.7.
Page 4 of 6 WSDOT Materials Manual M 46-01.43
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6.84  QPL HMA mix design revisions must be submitted to the Bituminous Materials
Section in writing, and if approved, a new completion date will be determined by the
Bituminous Materials Section.

6.8.5 The Bituminous Materials Section reserves the right to limit the number of HMA
mix design evaluations accepted for non WSDOT contracts at any time. Workload
and staffing will dictate the number of HMA mix design evaluations accepted at
one time.

6.9  After the mix design evaluation is complete the Bituminous Materials Section will provide the
status of the evaluation to the following:

« Final notification to the Contractor/Producer indicating QPL status after completion of
the mix design evaluation.

« Notification to the Materials Quality Assurance Section, QPL Engineer, that the
evaluation is complete, and direction to add the HMA Mix Design to the QPL
if applicable.

Table 1 Timelines Associated with Each Step of the Mix Design
Evaluation Process

6.4 - Bituminous Materials 6.5 - State Materials Laboratory
6.3- Bituminous Materials Section reviews Mix Design Business Office provides
Section assigns QPL evaluation Submittal & forwards to State Contractor/Producer QPL
tracking number Materials Laboratory Business tracking number, cost sheet, and

Max. 2 Business Days Office reimbursable agreement.

Max. 3 Business Days Max. 7 Business Days

6.7 - Bituminous
6.6 - B'ltumlno.us Materlal§ §ect|on : ‘ 5.5 - Efuiineus
Materials Section Notifies 6.8 - Mix Design Materials Section
Contacts Contractor/Producer Evaluation Stage Provides
Contractor/Prqducer to Whep Materials are See Sub-Sections of 6.8 Cor_mtractor[l?rod_ucer
Schedule Delivery of Received, logged-in F{nal'Notlflcatlon
Materials and provides the Indicating QPL Status

for Calendar Day

: Criteria
completion date Max. 2 Business Days

Max. 2 Business Days
Max. 3 Business Days

7. Mix Design Evaluation

7.1 The HMA mix design submitted by the Contractor/Producer will be evaluated by the
Bituminous Materials Section in accordance with Section 9-03.8(2) and 9-03.8(6) of the
Standard Specifications. All communication from the Bituminous Materials Section will be to
the Contractor’s/Producer’s contact as specified on WSDOT Form 350-042.

7.2  HMA mix designs will be placed on the QPL provided they meet the requirements of Section
9-03.8(2) and 9-03.8(6) of the Standard Specifications.

7.2.1  Voids in Mineral Aggregate (VMA) must be within 0.5% of the minimum
specification in accordance with Section 9-03.8(2) of the Standard Specifications for
the class of HMA evaluated.

7.2.2 % Gmm at N design must be within 1.5% of the specification in Section 9-03.8(2) of
the Standard Specifications for the class of HMA evaluated.

7.2.3  Voids Filled with Asphalt (VFA) in Section 9-03.8(2) will not be part of the mix
design evaluation.
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7.3

7.4
7.5

7.6

A mix design that fails to meet the requirements listed in Section 7.2, 7.2.1 and 7.2.2 will not
be accepted or placed on the QPL.

Adjustments to mix designs will not be allowed once they have been evaluated.

The Contractor/Producer will be issued a QPL mix design record providing the mix design is
in compliance with Section 9 of this Standard Practice.
The QPL listing for HMA mix designs will show the following information:

« Company name

« HMA Class

» Aggregate Source(s)

« PG Grade

« PG Supplier

Anti-stripping additive brand and quantity (if applicable)

8. Referencing Mix Designs From The QPL

8.1

8.2

8.3

Requests for reference HMA mix designs for non WSDOT projects will be completed on
WSDOT Form 350-041 and emailed to HMAMD@wsdot.wa.gov.

Reference HMA mix design reports will be issued for new mix designs on active and awarded
WSDOT contracts once accepted and placed on the QPL.

Reference HMA mix design reports will be issued for current mix designs on active and
awarded WSDOT contracts provided the HMA production history is in compliance with
Standard Specifications Section 5-04.3(11)F.

9. Removal From The QPL

9.1

9.2

HMA mix designs will be automatically removed from the QPL in accordance with Standard
Specifications Section 5-04.2(1).

HMA mix designs may be removed from the QPL if found in nonconformance with the
Standard Specifications or this Standard Practice. Causes for removal from the QPL may
include, but are not limited to the following:

» Failure to comply with requirements of Standard Practice QC 8.

« HMA mix designs that are out of compliance in accordance with Standard Specifications
» Section 5-04.3(11)F.

» Failure to notify WSDOT of changes in HMA production.

+ Removal at the request of the Contractor/Producer

10. Ignition Furnace Calibration Factor (IFCF) Samples

10.1

10.2

Each HMA mix design submitted for evaluation will have 12 IFCF samples produced for
WSDOT as part of the QPL evaluation process. For Design Build contracts WSDOT will
produce 16 IFCF samples produced for WSDOT as part of the QPL evaluation process.

The Contractor/Producer may elect to have 4 IFCF samples produced as part of the QPL
evaluation process.
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WSDOT Standard Practice QC 9

Standard Practice for Approval of Recycled Materials Facilities of WSDOT Recycled
Concrete and Returned Concrete

1. Scope

This standard specifies the requirements for all Recycled Materials Facilities of WSDOT recycled
concrete and returned concrete. Recycled concrete aggregate (RCA) from Recycled Materials
Facilities that comply with this standard will not require evaluation of LA Wear, and WSDOT
Degradation Value. Certification of toxicity characteristics will be required, when requested.

This standard may involve hazardous materials, operations and equipment. It does not address
all of the safety problems with their use. It is the responsibility of those using this standard to
consult and establish appropriate safety and health practices and determine the applicability
of regulatory limitations prior to use.

2. Reference Documents
2.1 WSDOT Standards
M 41-01 Construction Manual
M 41-10 Standard Specifications for Road, Bridge, and Municipal Construction
M 46-01 Materials Manual
3. Terminology
3.1 AASHTO - American Association of State Highway and Transportation Officials
3.2 ASTM - American Society of Testing and Materials

3.3 ASA Database - The ASA (Aggregate Source Approval) is a database containing results of
WSDOT preliminary testing of aggregate sources.

3.4 QC - Quality Control, the Recycled Materials Facility’s activities that are performed or
conducted to fulfill the contract requirements.

3.5 QPL - Washington State Department of Transportation, Qualified Products List.
3.6 RCA - Recycled concrete aggregate.

3.7 Recycled Returned Concrete - Recycled concrete aggregates that are produced
from concrete returned to the plant, that was produced from a WSDOT approved
aggregate source.

3.8 Returned Concrete - Concrete that was returned to the plant that was produced from a
WSDOT approved aggregate source.
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Standard Practice for Approval of Recycled Materials Facilities of WSDOT Recycled Concrete and Returned Concrete

3.9 Recycled Materials Facility - The facility and location of the plant that produces recycled
concrete aggregate materials.

3.10 WAQTC - Western Alliance for Quality Transportation Construction
3.11 WSDOT - Washington State Department of Transportation.
3.12 WSDOT Concrete - Concrete taken from WSDOT roadways and structures.

3.13 WSDOT Recycled Concrete - Recycled concrete aggregates that are produced from
concrete taken from WSDOT roadways and structures.

4. Significance and Use
This standard practice specifies processes for approving the Recycled Materials Facilities
that produce/supply RCA from either returned concrete and/or WSDOT concrete. This is
accomplished by a system that evaluates the QC processes of Recycled Materials Facilities and
determines if these QC processes will ensure non-contaminated quality RCA. Recycled Materials
Facilities that meet this standard will be listed on the QPL as an approved supplier of Tier 2
Recycled Materials for either returned concrete and/or WSDOT concrete.
5. Recycled Concrete Aggregate Quality Control Plan
The Recycled Materials Facility shall have quality control plan on how the facility will ensure that
returned concrete and WSDOT concrete are not blended with other recycled materials. This
quality control plan should at the minimum include following;
5.1 Recycled Materials Facility
5.1.1 Facility Type
5.1.2 Facility Address
5.1.3 Name, email address, and telephone number of the contact person responsible for
the quality control of the facility.
5.2 Prevention of Contamination, Segregation, and Degradation
The handling and storage of RCA shall be in such manner to minimize any segregation or
degradation and to prevent contamination by foreign materials. When stockpiles of RCA
cannot be stored sufficiently remote from each other to prevent mixing, baffles shall be
provided which will prevent intermingling of the different stockpiles.
5.3 Returned Concrete
5.3.1 Shall provide a plan on how returned concrete will be cured, stored, crushed,
stockpiled, and segregated from other materials.
5.3.2 Identify what processes will be used to ensure that no contamination will occur with
other materials.
5.3.3 Shall provide ASA reports for the aggregate source(s).
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5.4 WSDOQOT Concrete
5.4.1 Shall provide a plan on how WSDOT concrete is identified, for example;

5.4.1.1 Provide a contract number from WSDOT administered contract that the
concrete is reclaimed from.

5.4.1.2 Provide the State Route or Interstate Route along with what the concrete
is from, such as;

5.4.1.2.1 Cement Concrete Pavement Panel(s).
5.4.1.2.2 Structure(s)

5.4.1.2.3 Barrier

5.4.1.2.4 Precast units

54.1.2.5 Sidewalks

5.4.1.2.6 Other application not identified here, but must be approved by
the Engineer/Agency.

5.4.2 Shall provide a plan on how the WSDOT concrete will be stored,crushed, stockpiled,
and segregated from other materials.

5.4.3 Identify what processes will be used to ensure that no contamination will occur with
other materials.

5.4.4 A new quality control plan shall be required whenever changes occur that causes the
existing quality control plan to become inaccurate or invalid.

5.4.5 In order to ensure these quality control plans are occurring, WSDOT reserves the
right to visit these facilities within one day notice to ensure the Recycled Materials
facility is following their approved quality control plans.

6. Documentation Requirements

Each Recycled Materials Facility shall provide manufacturer’s certification compliance in
accordance with Section 1-06.3 of the Standard Specifications for the RCA from either returned
concrete and/or WSDOT concrete. This certification shall represent a lot of processed RCA which
is a maximum of 10,000 tons. The certification shall be in English and include the following;

6.1 Name of Recycled Materials Facility
6.2 Identification of RCA, WSDOT concrete and/or Returned Concrete
6.2.1 For returned concrete, include the ASA report for the aggregate source.
6.2.2 For WSDOT concrete, provide the following;
6.2.2.1 Contract number from where the concrete was reclaimed from or,

6.2.2.2 ldentify the State route or Interstate route and what item the concrete was
reclaimed from.

6.3 List the applicable standard specification the RCA is to be used for. See table in Standard
Specifications Section 9-03.21(1)1.
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6.4
6.5

6.6

Quantity of RCA

Unique identification number traceable to the date of production, 10,000 tons maximum.
Production dates of the RCA

A certification report shall be provided for each lot of RCA.

7. Revocation of Qualification

7.1

A Recycled Materials Facility may have its qualification status revoked and be removed
from the QPL if found in non-conformance with the Standard Specification or this Standard.
Causes for removal from the QPL may include, but are not limited to, the following:

7.1.1 Failure to comply with the requirements of This Standard Practice.
7.1.2 Failure to notify WSDOT of changes in QC plan

7.1.3 Producing materials that fails to meet specification requirements.

8. Requalification

8.1

8.2

Once a Recycled Materials Facility has been removed from the QPL, the Recycled Materials

Facility may request reinstatement by providing the following written information to
WSDOT:

8.1.1 The root cause and corrective action taken to prevent future occurrences of the
problem that cause removal from the QPL.

8.1.2 Updated quality control plan.
8.1.3 Other information and test data as determined by WSDOT.

Provided there is a satisfactory resolution of the initial problem, at WSDOT's discretion the
Recycled Materials Facility may either be reinstated into the QPL, or the Recycled Materials
Facility may be required to reapply to the QPL. All costs of the QPL process shall be borne
by the Recycled Materials Facility.
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WSDOT Standard Practice QC 10

Standard Practice for Approval of Recycled Materials Facilities from Stockpiles of
Unknown Sources

1. Scope

This standard specifies the requirements for all Recycled Materials Stockpiles for recycled
materials identified in Section 9-03.21 of the Standard Specifications from unknown sources.
Recycled Materials Facilities that comply with this standard will require evaluation of LA Wear,
Modified WSDOT Degradation test, and certification of toxicity characteristics.

This standard may involve hazardous materials, operations and equipment. It does not address
all of the safety problems with their use. It is the responsibility of those using this standard to
consult and establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Reference Documents
2.1 AASHTO Standards
2.1.1 M 80 Standard Specification for Coarse Aggregate for Hydraulic Cement Concrete

2.1.2 R 18 Standard Recommended Practice for Establishing and Implementing a Quality
Management System for Construction Materials Testing Laboratories

2.1.3 R 76 Reducing Samples of Aggregate to Testing Size
2.1.4 T 2 Standard Method of Test for Sampling of Aggregates

2.1.5 T 11 Standard Method of Test for Materials Finer Than 75-um (No. 200) Sieve in
Mineral Aggregates by Washing

2.1.6 T 27 Standard Method of Test for Sieve Analysis of Fine and Coarse Aggregate
2.1.7 T 84 Standard Method of Test for Specific Gravity and Absorption of Fine Aggregate

2.1.8 T 85 Standard Method of Test for Specific Gravity and Absorption of Coarse
Aggregate

2.1.9 T 96 Standard Method of Test for Resistance to Degradation of Small-Size Coarse
Aggregate by Abrasion and Impact in the Los Angeles Machine

2.1.10 T 176 Standard Method of Test for Plastic Fines in Graded Aggregates and Soils by
Use of the Sand Equivalent Test

2.1.11 T 304 Standard Method of Test for Uncompacted Void Content of Fine Aggregate

2.1.12 T 335 Standard Method of Test for Determining the Percentage of Fracture in
Coarse Aggregate
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2.2 ASTM Standards

23

24

3. Terminology

2.2.1 D 75 Standard Practice for Sampling Aggregates

2.2.2 C 117 Standard Test Method for Materials Fine than 75-um (No. 200) Sieve in
Mineral Aggregates by Washing

2.2.3 C 127 Standard Test Method for Relative Density (Specific Gravity)and Absorption
of Coarse Aggregate

2.2.4 C 128 Standard Test Method for Relative Density (Specific Gravity)and Absorption
of Fine Aggregate

2.2.5 (C 131 Standard Test Method for Resistance to Degradation of Small-Size Coarse
Aggregate by Abrasion and Impact in the Los Angeles Machine

2.2.6 C 136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregate

WAQTC Standards

2.3.1 FOPfor AASHTO T 2, Sampling Aggregates

2.3.2 FOPfor AASHTO T 27_T11, Sieve Analysis of Fine and Coarse Aggregate

2.3.3 FOP for AASHTO R 76, Reducing Samples of Aggregates to Testing Size

2.3.4 FOP for AASHTO T 85, Specific Gravity and Absorption of Coarse Aggregate

2.3.5 FOPfor AASHTO T 176, Plastic Fines in Graded Aggregates and Soils by Use of the
Sand Equivalent Test

2.3.6 FOP for AASHTO T 335, Determining the Percentage of Fracture in Coarse
Aggregate

WSDOT Standards

2.4.1 M 41-01 Construction Manual

2.4.2 M 41-10 Standard Specifications for Road, Bridge, and Municipal Construction

2.4.3 M 46-01 Materials Manual

244 WSDOT Test Method T 113 Method of Test for Determination of Degradation Value

2.4.5 WSDOT Test Method T 304 FOP for Uncompacted Void Content of Fine Aggregate

2.4.6 WSDOT QC 3 Quality System Laboratory Review

3.1 AASHTO - American Association of State Highway and Transportation Officials

3.2 ACI - American Concrete Institute

3.3 ASTM - American Society of Testing and Materials

3.4 ASA Database - The ASA (Aggregate Source Approval) is a database containing results of
WSDOT preliminary testing of aggregate sources

3.5 Modified Degradation Test- WSDOT Test Method T 113 run with % - % inch and % - % inch
portions in step g and replacing the % - #10 portion with % - #4 material of the Recycled
Concrete Aggregate
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3.6 Stockpiles - stockpiles that are composed recycled concrete from which aggregate sources
are unknown

3.7 QC - Quality Control, the Recycled Materials Facility’s operational techniques and activities
that are performed or conducted to fulfill specification compliance

3.8 QCP - Quality Control Plan
3.9 QPL - Washington State Department of Transportation, Qualified Products List

3.10 Recycling Materials Facility - The facility and location of the plant that produces recycled
materials

3.11 WAQTC - Western Alliance for Quality Transportation Construction
3.12 WSDOT - Washington State Department of Transportation
4. Significance and Use

This standard practice specifies processes for approving Recycling Materials Facilities. This is
accomplished by a system that evaluates the quality control processes of Recycling Materials
Facilities and determines if these quality control processes will ensure that non- contaminated
quality materials are produced to meet the specified materials quality.

5. Recycled Materials Quality Control Plan

The Recycling Materials Facility shall have QCP on how the facility will ensure that required
quality levels are obtained. This QCP should at the minimum include following;

5.1 Recycling Materials Facility
5.1.1 Facility Type
5.1.2 Facility Address

5.1.3 Name, email address, and telephone number of the contact person responsible for
the quality control of the facility.

5.2 Prevention of Contamination, Segregation, and Degradation

The handling and storage of recycled materials shall be in such manner to minimize any
segregation or degradation and to prevent contamination by foreign materials or deleterious
materials in accordance with Section 9-03 of the Standard Specifications.

5.2.1 Identify what processes will be used to ensure that no contamination will occur with
other materials.

5.2.2 Anew QCP shall be required whenever changes occur that causes the existing QCP
to become inaccurate or invalid.

5.2.3 In order to ensure these quality control plans are occurring, WSDOT reserves the
right to visit these facilities with a one day notice to ensure the Recycling Materials
facility is following their approved quality control plans and perform sampling
and testing.
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5.3 Testing Requirements

5.3.1 Each Recycling Materials Facility must designate either its own personal or a
commercial laboratory for the performance of QC testing. QC testing facility
and personnel performing test for submittal to WSDOT must be equipped to
run all applicable tests with equipment and technicians meeting the following
requirements:

5.3.1.1 Materials testers shall be either WAQTC certified Aggregate Testing
Technicians (AgTT) or ACI Aggregate Testing Technician level 1 and 2,
as appropriate.

5.3.1.2 The QC laboratory and testing equipment shall be compliant with WSDOT
QC 3 “Standard Practice for Quality System Laboratory Review” or hold a
current AASHTO Accreditation with a scope of Aggregates.

5.3.2 Documentation of personnel qualifications and the equipment certification/
standardization/checked records shall be maintained and available for inspection.

5.4 Analysis and Recording of Data

5.4.1 The QCP shall include a procedure that will review and analyze test data, so as to
effectively evaluate control of the process.

5.4.2 The producer shall monitor its own data for compliance with the current
Washington State Department of Transportation Standard Specifications. When there
is an indication that the process is not being adequately controlled in compliance
with the QCP, the producer shall immediately take the necessary steps to adjust the

process
5.5 QCTests
The maximum QC testing frequency is shown in Table 1:
Table 1 Minimum Quality Control testing
All Aggregates per Standard Specification 9-03
Test Frequency
Toxicity per 9-03.21(1) Once every 90 days
Modified Degradation Once every 3 Months
SPG Once every 3 Months
Absorption Once every 3 Months
LA wear Once every 3 Months
Gradation Once every 10,000 tons
SE Once every 10,000 tons
Dust Ratio Once every 10,000 tons
The QCP may utilize other testing frequencies, but shall not exceed the frequencies shown
in Table 1.
Page 4 of 6 WSDOT Materials Manual M 46-01.31
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6. Documentation Requirements

A manufacturer’s certification compliance in accordance with Section 1-06.3 of the WSDOT
Standard Specifications shall be provide to Project Engineer. This certification shall represent
a lot of processed recycled materials, not to exceed the frequencies shown in Table 1. The
manufacture’s certification of compliance shall be in English and include the following;

6.1
6.2
6.3
6.4

6.5
6.6

6.7

Name of Recycling Materials Facility
WSDOT Standard Specification that the recycled aggregate meets
Quantity of recycled material

Identify the percentage(s) of recycled materials and natural aggregate in the final blended
aggregate product

Unique identification number traceable to the production dates of the recycled materials

Certification shall be provided for each lot of recycled materials, with the maximum lot size
not exceeding 10,000 tons

Copy of test reports for items listed in Table 1 for each lot, including most current toxicity
test, Modified WSDOT Degradation, LA wear test, Specific Gravity and Absorption results

7. Revocation of Qualifications

7.1

A Recycling Materials Facility may have its qualification status revoked and be removed
from the QPL if found in non-conformance with the Standard Specification or this Standard.
Causes for removal from the QPL may include, but are not limited to, the following;

7.1.1 Failure to comply with the requirements of this Standard Practice
7.1.2 Failure to notify WSDOT of changes in QC plan

7.1.3 Producing materials that fails to meet specification requirements

8. Requalification

8.1

8.2

Once a Recycling Materials Facility has been removed from the QPL, the Recycling
Materials Facility may request reinstatement by providing the following written information
to WSDOT:

8.1.1 The root cause and corrective action taken to prevent future occurrences of the
problem that cause removal from the QPL

8.1.2 Updated QCP
8.1.3 Other information and test data as determined by WSDOT

Provided there is a satisfactory resolution of the initial problem, at WSDOT's discretion,
the Recycling Materials Facility may either be reinstated into the QPL, or the Recycling
Materials Facility may be required to reapply to the QPL. All costs of the QPL process shall
be borne by the Recycling Materials Facility.
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WSDOT Standard Practice QC 12 (ASA)

Standard Practice for Evaluation of Aggregate Sources

1. Scope

The standard specifies procedures for approval of aggregate sources. This standard may involve
hazardous, operations and equipment. It does not address all of the safety problems associated with
their use. It is the responsibility of those using this standard to consult and establish appropriate
safety and health practices and determine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 WSDOT Standards

2.1.1  Standard Specifications for Road, Bridge, and Municipal Construction M 41-10

3. Terminology
AASHTO - American Association of State Highway and Transportation Officials
ASA - Aggregate Source Approval database

WSDOT - The Washington State Department of Transportation

4. Significance and Use

This standard specifies procedures for approval of aggregate sources.

5. Sources requesting Aggregate Source Approval (ASA) evaluation
5.1  Process Initiation and Payment.

5.1.1  To initiate submittal process contact the ASA Engineer by email at ASA@WSDOT.
WA.GOV or by phone at 360-709-5442.

5.1.2  Once the Letter and Scope of Work Budget Estimate is received, the requestor
is required to contact the State Materials Lab Business section to establish a
“Statewide Vendor Number” and sign the “Reimbursable Agreement for State
Materials Lab Materials Evaluation Program” contract. Sampling and testing cannot
occur until these documents are submitted to the State Materials Lab Business
Section and approved.

5.1.3 Invoices will be generated and sent to the requestor during the evaluation. Once
receiving an invoice, you are required to pay the full invoice amount.

5.1.4  Once the invoice is received, online payments by credit card can be made by
WSDOT’s Materials Evaluation Program (MEP), which is accessible via Secure
Access Washington (SAW) at https:/secureaccess.wa.gov. For online payment
instructions, please visit:
https:/wsdot.wa.gov/engineering-standards/construction-materials/materials-
evaluation-program.
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5.1.5

5.1.6

Payments by Check: please send your payment for the invoice that was sent to you
to: Washington State Department of Transportation, ATTN: Cashier, WSDOT - State
Materials Laboratory - ASA2021###, Invoice Number ######, PO Box 47305,
Olympia, WA 98504.

The “Statewide Vendor Number” and the signed “Reimbursable Agreement for
State Materials Lab Materials Evaluation Program” is received and processed by the
WSDOT Materials Laboratory Business Section.

5.2  Sampling and Testing

5.2.1  Once the signed Reimbursable Agreement is accepted and the Work Order created,
the Department will sample and test the stockpile of materials. A minimum 10-ton
stockpile of materials is required, and the sampling will be done in accordance with
WSDOT SOP 128 Sampling for Aggregate Source Approval.

5.2.2  Sample will be transported to the State Materials Laboratory for testing.

5.2.3 The Aggregate source shall contact the ASA Engineer at the Materials Quality
Assurance (MQA) Section, State Materials Laboratory, to make a request to be
resampled on the interval established by the Department, up to a maximum interval
of five years.

5.3 Reporting

5.3.1  Once testing has concluded, the results will be posted on the ASA website and a

final letter with a copy of the ASA report will be sent to the requestor.
5.4  Suspension of Source Approval:
5.4.1 The sources listing on the ASA will be suspended, if:
» The Department tests do not indicate compliance withStandard Specifications
Section 9-03.
« The aggregate source does not make payment for renewal sampling attesting.
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CONCRETE WAQTC WAQTC TM 2 (21)

SAMPLING FRESHLY MIXED CONCRETE
WAQTC TM 2

Scope

This practice covers procedures for obtaining representative samples of fresh concrete
delivered to the project site. The practice includes sampling from stationary, paving and truck
mixers, and from agitating and non-agitating equipment used to transport central mixed
concrete.

This practice also covers the removal of large aggregate particles by wet sieving.

Sampling concrete may involve hazardous materials, operations, and equipment. This
standard does not purport to address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish appropriate safety and health
practices.

Warning—Fresh Hydraulic cementitious mixtures are caustic and may cause chemical burns
to skin and tissue upon prolonged exposure.

Apparatus

e Receptacle: wheelbarrow, bucket or other suitable container that does not alter the
properties of the material being sampled

e Sample cover (plastic, canvas, or burlap)
e Shovel
e Cleaning equipment, including scrub brush, rubber gloves, water

e Apparatus for wet sieving, including: a sieve(s), meeting the requirements of FOP for
AASHTO T 27/T 11, minimum of 2 ft* (0.19 m?) of sieving area, conveniently
arranged and supported so that the sieve can be shaken rapidly by hand.

Procedure

1. Use every precaution in order to obtain samples representative of the true nature and
condition of the concrete being placed being careful not to obtain samples from the
very first or very last portions of the batch. The size of the sample will be 1.5 times
the volume of concrete required for the specified testing, but not less than 0.03 m?
(1.

2. Dampen the surface of the receptacle just before sampling, empty any excess water.

Note 1: Sampling should normally be performed as the concrete is delivered from the mixer to the conveying
vehicle used to transport the concrete to the forms; however, specifications may require other points of
sampling, such as at the discharge of a concrete pump.

36 WAQTC _TM2 short 21 Concrete 9-1 Pub. October 2023
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3. Use one of the following methods to obtain the sample:

e Sampling from stationary mixers

Obtain the sample after a minimum of 1/2 m? (1/2 yd?) of concrete has been
discharged. Perform sampling by passing a receptacle completely through the
discharge stream, or by completely diverting the discharge into a receptacle. Take
care not to restrict the flow of concrete from the mixer, container, or
transportation unit so as to cause segregation. These requirements apply to both
tilting and non-tilting mixers.

e Sampling from paving mixers

Obtain the sample after the contents of the paving mixer have been discharged.
Obtain increments from at least five different locations in the pile and combine
into one test sample. Avoid contamination with subgrade material or prolonged
contact with absorptive subgrade. To preclude contamination or absorption by the
subgrade, the concrete may be sampled by placing a shallow container on the
subgrade and discharging the concrete across the container.

e Sampling from revolving drum truck mixers or agitators

Obtain the sample after a minimum of 1/2 m? (1/2 yd?) of concrete has been
discharged. Obtain sample after all of the water has been added to the mixer. Do
not obtain sample from the very first or last portions of the batch discharge.
Perform sampling by repeatedly passing a receptacle through the entire discharge
stream or by completely diverting the discharge into a receptacle. Regulate the
rate of discharge of the batch by the rate of revolution of the drum and not by the
size of the gate opening.

e Sampling from open-top truck mixers, agitators, non-agitating equipment, or
other types of open-top containers

Obtain the sample by whichever of the procedures described above is most
applicable under the given conditions.

e Sampling from pump or conveyor placement systems

Obtain sample after a minimum of 1/2 m? (1/2 yd®) of concrete has been
discharged. Obtain sample after all of the pump slurry has been eliminated.
Perform sampling by repeatedly passing a receptacle through the entire discharge
system or by completely diverting the discharge into a receptacle. Do not lower
the pump arm from the placement position to ground level for ease of sampling,
as it may modify the air content of the concrete being sampled. Do not obtain
samples from the very first or last portions of the batch discharge.

4. Transport sample to the testing location.

5. Remix with a shovel the minimum amount necessary to ensure uniformity. Protect the
sample from direct sunlight, wind, rain, and sources of contamination.

36 WAQTC _TM2 short 21 Concrete 9-2 Pub. October 2023
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6.

Complete test for temperature and start tests for slump and air content within 5
minutes of obtaining the sample. Start molding specimens for strength tests within 15
minutes of obtaining the sample. Complete the test methods as expeditiously as
possible.

Wet Sieving

When required due to oversize aggregate, the concrete sample shall be wet sieved, after
transporting but prior to remixing, for slump testing, air content testing or molding test
specimens, by the following:

1.
2.

Place the sieve designated by the test procedure over the dampened receptacle.

Pass the concrete over the designated sieve. Do not overload the sieve (one particle
thick).

Shake or vibrate the sieve until no more material passes the sieve. A horizontal back
and forth motion is preferred.

Discard oversize material including all adherent mortar.

Repeat until sample of sufficient size is obtained. Mortar adhering to the wet-sieving
equipment shall be included with the sample.

Using a shovel, remix the sample the minimum amount necessary to ensure
uniformity.

Note 2: Wet sieving is not allowed for samples being used for density determinations according to the FOP for

AASHTO T 121.

Report

On forms approved by the agency
Sample ID

Date

Time

Location

Quantity represented

36 WAQTC _TM2 short 21 Concrete 9-3 Pub. October 2023
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CONCRETE WAQTC

PERFORMANCE EXAM CHECKLIST

SAMPLING FRESHLY MIXED CONCRETE
WAQTC TM 2

Participant Name Exam Date

WAQTC TM 2 (23)

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element
1. Receptacle dampened and excess water removed?
2. Obtain a representative sample from drum mixer:
a. Concrete sampled after 1/2 m® (1/2 yd?) discharged?

b. Receptacle passed through entire discharge stream or
discharge stream completely diverted into sampling container?

3. Obtain a representative sample from a paving mixer:
a. Concrete sampled after all the concrete has been discharged?
b. Material obtained from at least 5 different locations in the pile?
c. Avoid contaminating the sample with sub-grade materials.
4. Obtain a representative sample from a pump:
Concrete sampled after 1/2 m* (1/2 yd®) has been discharged?
b. All the pump slurry is out of the lines?

c. Receptacle passed through entire discharge stream or
discharge stream completely diverted into sampling container?

d. Do not lower the pump arm from the placement position.
5. Sample transported to place of testing?
6. Sample combined, or remixed, or both?
7. Protect sample against rapid evaporation and contamination?
8. Minimum size of sample used for strength tests 0.03 m® (1t)?
9. Completed temperature test within 5 minutes of obtaining sample?
10. Start tests for slump and air within 5 minutes of obtaining sample?

11. Start molding cylinders within 15 minutes of obtaining sample?

OVER

17 WAQTC _TM2 pr 23 errata Concrete 3-9

Trial 1 Trial 2
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CONCRETE WAQTC

Procedure Element
12. Wet Sieving:

WAQTC TM 2 (23)

Trial1 Trial 2

a. Required sieve size determined for test method to be performed?

b. Concrete placed on sieve and doesn’t overload the sieve?

c. Sieve shaken until no more material passes the sieve?

d. Sieving continued until required testing size obtained?

e. Oversized aggregate discarded?

f.  Sample remixed?
Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:

This checklist is derived, in part, from copyrighted material printed in ACI CP-1, published by the American

Concrete Institute.

17 WAQTC _TM2 pr 23 errata Concrete 3-10

Pub. October 2023
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PERFORMANCE EXAM CHECKLIST (ORAL)

SAMPLING FRESHLY MIXED CONCRETE
WAQTC TM 2

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element
1. What is the minimum sample size?
a. 0.03m’orl ft
2. Describe the surface of the receptacle before the sample is introduced into it?
a. It must be dampened.
3. Describe how to obtain a representative sample from a drum mixer.
a. Sample the concrete after 1/2 m3 (1/2 yd3) has been discharged.

b. Pass receptacle through entire discharge stream or completely divert
discharge stream into sampling container.

4. Describe how to obtain a representative sample from a paving mixer.
a. Sample the concrete after all the concrete has been discharged.
b. Obtain the increments from at least 5 different locations in the pile.
c. Avoid contaminating the sample with sub-grade materials.
5. Describe how to obtain a representative sample from a pump:
Sample the concrete after 1/2 m® (1/2 yd?) has been discharged.
b. Make sure all the pump slurry is out of the lines.

c. Pass receptacle through entire discharge stream or completely divert
discharge stream into sampling container.

d. Do not lower the pump arm from the placement position.
6. After obtaining the sample what must you do?
a. Transport to place of testing.

7. What must be done with the sample once you have transported
them to the place of testing?

a. Combine and remix the sample.

b. Protect sample against rapid evaporation and contamination.

OVER

Trial 1 Trial 2

18 WAQTC TM2 pr oral 18 Concrete 3-11 Pub. October 2023
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CONCRETE WAQTC WAQTC TM 2 (18)

Procedure Element Trial 1 Trial 2
8. What are the two time parameters associated with sampling?

a. Complete temperature test and start tests for slump and air within
5 minutes of sample being obtained?

b. Start molding cylinders within 15 minutes of sample being obtained?
9. What test methods may require wet sieving?
a. Slump, air content, and strength specimens?
10. The sieve size used for wet sieving is based on?
a. The test method to be performed.
11. How long must you continue wet sieving?
a. Until a sample of sufficient size for the test being performed is obtained.
12. What is done with the oversized aggregate?
a. Discard it.

13. What must be done to the sieved sample before testing?

a. Remix.
Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:

This checklist is derived, in part, from copyrighted material printed in ACI CP-1, published by the
American Concrete Institute.

18 WAQTC TM2 pr oral 18 Concrete 3-12 Pub. October 2023
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ASPHALT II WAQTC WAQTC TM 13 (19)

VOLUMETRIC PROPERTIES OF ASPHALT MIXTURES
WAQTC TM 13

Scope
This procedure covers the determination of volumetric properties of plant produced asphalt
mixtures, i.€., air voids (Va), voids in mineral aggregate (VMA), voids filled with asphalt

binder (VFA), effective asphalt binder content (Pve) and Dust to Binder Ratio (P#200/Pbe). The
in-production volumetric properties are then compared to agency specifications.

Definition of Terms

e Gmm = theoretical maximum specific gravity (Gravity mix max)
e Gmv = measured bulk specific gravity (Gravity mix bulk)
e Gsb = oven-dry bulk specific gravity of aggregate (Gravity stone bulk)
e Gsa = apparent specific gravity of aggregate (Gravity stone apparent)
o Gse = effective specific gravity of aggregate (Gravity stone effective)
e Gp = specific gravity of the binder (Gravity binder)
e V. =air Voids (Voids air)
e VMA = Voids in Mineral Aggregate
e VFA = Voids Filled with Asphalt (binder)
e Viua = absorbed binder volume (Voids binder absorbed)
o Ve = effective binder volume (Voids binder effective)
e Py =percent binder content (Percent binder)
e Pwa = percent absorbed binder (Percent binder absorbed)
e Pue =percent effective binder content (Percent binder effective)
e P =percent of aggregate (Percent stonc)
e DP = Dust proportion to effective binder ratio
(P#200/Pbe )
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Background

Whether a mix design is developed through a Marshall, Hveem, or Superpave mix design
process there are basic volumetric requirements of all. Volumetric properties are the
properties of a defined material contained in a known volume. Asphalt mixture volumetric
properties can include bulk specific gravity, theoretical maximum specific gravity, air voids,
and voids in mineral aggregate.

Many agencies specify values of the volumetric properties to ensure optimum performance of
the pavement. The asphalt mixture must be designed to meet these criteria. In production

the asphalt mixture is evaluated to determine if the mix still meets the specifications and is
consistent with the original mix design (JMF). The production asphalt mixture may vary
from the mix design and may need to be modified to meet the specified volumetric criteria.

To compare the in-production volumetric properties to agency specifications and the JMF a
sample of loose asphalt mixture mix is obtained in accordance with FOP for AASHTO R 97.
The sample is then compacted in a gyratory compactor to simulate the in-place asphalt
mixture pavement after it has been placed, compacted, and endured several years of traffic.
The volumetric properties of the compacted specimen are determined.

Asphalt mixture phase diagram
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Each of the properties in the asphalt mixture phase diagram can be measured or calculated.
For example: The mass of the aggregate is measured; the voids in mineral aggregate (VMA)
is calculated; total asphalt binder can be measured but the amount available to act as an
effective binder in the mix must be calculated because it is the quantity left after the
aggregate has absorbed some of the asphalt binder.
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The volumetric proportions of the asphalt binder and aggregate components of an asphalt
mixture and their relationship to the other components are considered. The mass of the
components and their specific gravities are used to determine the volumes of each of the
components in the mix. The volumetric properties of a compacted asphalt mixture: air voids
(Va), voids in mineral aggregate (VMA), voids filled with asphalt binder (VFA), and
effective asphalt binder content (Pve) provide some indication of the mixture’s probable
performance.

Volumetric Properties

Volumetric Relationship of Asphalt Mixture Constituents

Effective

Air voids Asphalt
Asphalt binder Iﬁ binder
VMA I— Absorbed

Asphalt
Binder

Aggregate

HMA Cross Section Volume Diagram

Required Values

The specific gravities listed in Table 1 and the percent by mass of each of the components in
the asphalt mixture are needed to determine the volumetric properties. Other values required
are also listed. Some of these values are obtained from the JMF and some are measured from
a plant produced asphalt mixture sample.
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Table 1
Data Test Method Obtained
Gsb - combined aggregate AASHTO T 84 /T 85 JMF or performed at the
bulk specific gravity or agency approved test beginning of placement
method
Gb — measured specific AASHTO T 228 JMF or from the supplier

gravity of the asphalt binder
Gmm — measured maximum | FOP for AASHTO T 209 Performed on the field test

specific gravity of the loose sample

mix

Gmb — measured bulk FOP for AASHTO T 166 Performed on the field
specific gravity of the compacted specimen

compacted paving mix
Py — percent asphalt binder | FOP for AASHTO T 308 Performed on the field test

sample
P00 — aggregate passing FOP for AASHTO T 30 Performed on the field test
the #200 (75 um) sieve sample

Air Voids (Va)

Air voids are the total volume of the small pockets of air between the coated aggregate
particles throughout a compacted paving mixture. Appropriate air voids contribute to the
stability of the asphalt mixture and help the pavement withstand the combined action of
environment and traffic loads. The designated percent air voids allows for thermal expansion
of the asphalt binder and contributes a cushion for future compaction. Air voids are
expressed as a percent of the bulk volume of the compacted mixture (Gmb) when compared to
the maximum specific gravity (Gmm).

Gom — G
v, = 100 [( mm mb)]
Grmm

Where:
Va = air voids in compacted mixture, percent of total volume (report to 0.1)

Gmm = maximum specific gravity of paving mixture (AASHTO T 209)
Gmb = bulk specific gravity of compacted mixture (AASHTO T 166)
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Percent Aggregate (Stone) (Ps)

Ps is the percent aggregate (stone) content, expressed as a percentage of the total mass of the

sample.
P, =100 — P,
Where:
Ps = percent aggregate (stone) percent by total weight
Py = asphalt binder content (AASHTO T 308)

Voids in the Mineral Aggregate (VMA)

VMA is the volume of intergranular void space between the aggregate particles of the
compacted paving mixture that includes the air voids and the effective binder content,
expressed as a percent of the total volume of the sample.

G, XP.
VMA = 100 — [M
Gsb

Where:
VMA = voids in mineral aggregate, percent of bulk volume (report to 0.1)

Gsb = bulk specific gravity of combined aggregate (AASHTO T 85/ T 84 or
agency approved method from Job Mix Formula)

Gmb = bulk specific gravity of compacted mixture (AASHTO T 166)
Ps = aggregate content, percent by total weight = 100 — Py
P, = asphalt binder content (AASHTO T 308) percent by total weight

Voids Filled with Asphalt (binder) (VFA)

VFA is the volume of space between the aggregate particles of the compacted paving mixture
filled with asphalt binder, expressed as a percent of the total volume of the sample. The VFA
increases as the asphalt binder content increases as it is the percent of voids that are filled
with asphalt which doesn’t include the absorbed asphalt.

VFA =100 VMA

(VMA — Va)]

Where:
VFA =voids filled with asphalt, percent of VMA (report to 1)
VMA = voids in mineral aggregate, percent of bulk volume

Va = air voids in compacted mixture, percent of total volume.
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Effective Specific Gravity of the Aggregate (Stone) (Gse)

The Gse is used to quantify the asphalt binder absorbed into the aggregate particle. This is a
calculated value based on the specific gravity of the mixture, Gmm, and the specific gravity of
the asphalt binder, G» This measurement includes the volume of the aggregate particle plus
the void volume that becomes filled with water during the test soak period minus the volume
of the voids that absorb asphalt binder. Effective specific gravity lies between apparent and
bulk specific gravity.

Gse 1s formally defined as the ratio of the mass in air of a unit volume of a permeable material

(excluding voids permeable to asphalt binder) at a stated temperature to the mass in air (of
equal density) of an equal volume of gas-free distilled water at a stated temperature.

Ps

Go) =G

Gse =

Where:
Gse = effective specific gravity of combined aggregate (report to 0.001)
Ps = aggregate content, percent by total weight = 100 — Py
Gmm = maximum specific gravity of mix (AASHTO T 209)
Pv = asphalt binder content (AASHTO T 308) percent by total weight
Gbv = specific gravity of asphalt binder (JMF or asphalt binder supplier)

Percent of Absorbed (asphalt) Binder (Pba)

Puva is the total percent of the asphalt binder that is absorbed into the aggregate, expressed as a
percentage of the mass of aggregate rather than as a percentage of the total mass of the
mixture. This portion of the asphalt binder content does not contribute to the performance of
the mix.

Gse — G
Pba=100 ( se Sb):| b

(Gsb X Gse)

Where:
Pva = absorbed asphalt binder (report to 0.01) percent of aggregate

Gse = effective specific gravity of combined aggregate

Gsb = bulk specific gravity of combined aggregate (AASHTO T 85/ T 84 or agency
approved method from Job Mix Formula)

Gv = specific gravity of asphalt binder (JMF or asphalt binder supplier)
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Percent of Effective (asphalt) Binder (Poe)

Pre is the total asphalt binder content of a paving mixture minus the portion of asphalt binder
that is lost by absorption into the aggregate particles, expressed as a percentage of the mass
of aggregate. It is the portion of the asphalt binder content that remains as a coating on the
outside of the aggregate particles. This is the asphalt content that controls the performance of
the mix.

Py
Pre =Py~ |10 x B

Where:
Pve = effective asphalt binder content (report to 0.01), percent by total weight
Ps = aggregate content, percent by total weight =100 — P»
Pv = asphalt binder content (AASHTO T 308) percent by total weight
Pra = absorbed asphalt binder

Dust Proportion — DP (Dust to Effective (asphalt) Binder Ratio)

The DP is the percent passing the No. 200 sieve of the gradation divided by the percent of
effective asphalt binder. Excessive dust reduces asphalt binder film thickness on the
aggregate which reduces the durability. Insufficient dust may allow excessive asphalt binder
film thickness, which may result in a tender, unstable mix.

P—#ZOO
Pbe

DP =

Where:
DP = Dust Proportion, (dust-to-binder ratio) (report to 0.01)
P00 = aggregate passing the -#200 (75 pm) sieve, percent by mass of

aggregate (AASHTO T 30)
Pve = effective asphalt binder content, percent by total weight
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Mix Design and Production Values

Job Mix Formula

WAQTC TM 13 (19)

Table 2 includes example data required from the JMF. Some of these values are used in the
example calculations.

Note: Some of the targets may change after the asphalt mixture is in production based on

field test data.
Table 2
JMF Data
Asphalt binder grade PG 64-28
Nvalues Nini =7
Nes =175
Nmax =115
Gsb 2.678
(combined specific gravity of the aggregate)
Target Py 4.75%
Initial sample mass for 4840 grams
gyratory specimens
Mixing temperature range 306 —312 °F
Laboratory compaction 286 — 294 °F
temperature range
Go 1.020
(specific gravity of the asphalt binder)
Target gradation
Sieve Size Percent Passing
mm (in.)
19.0 (3/4) 100
125 (1/2) 85
9.5 (3/8) 80
475 (No.4) 50
236 (No.8) 30
01.18 (No. 16) 25
0.600 (No. 30) 15
0.300 (No. 50) 10
0.150 (No. 100) 7
75 um (No. 200) 5.0

54 TM13 short 19 errata_editorial

Asphalt I 22-8

Pub. October 2023

Page 8 of 18

WSDOT Materials Manual M 46-01.44

January 2024



™ 13

ASPHALT II

Sample Test Result

WAQTC

WAQTC TM 13 (19)

Tables 3 and 4 include data from test results performed on a field sample of asphalt mixture
used in the example calculations.

Table 3
Field Data
Test method Example values
Py FOP for AASHTO T 308 4.60%
Gmb FOP for AASHTO T 166 2415
Gmm FOP for AASHTO T 209 2.516
Table 4
Sieve Analysis
FOP for AASHTO T 30
Sieve Size Percent Passing
mm (in.)
19.0 (3/4) 100
125 (1/2) 86
9.5 (3/8) 77
475 (No.4) 51
2.36 (No.8) 34
01.18 (No. 16) 23
0.600 (No. 30) 16
0.300 (No. 50) 12
0.150 (No. 100) 8
75 um (No. 200) 4.9

Sample Calculations

Air Voids (Va)

Gopm — G
Va =100 [( mm mb)]
Gmm

v =100 (2.516 — 2.415)
a= 2.516
Given:
Gmm = 2516
Gmb = 2415

54 TM13 short 19 errata_editorial
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Percent Aggregate (Stone) (Ps)
P, =100— P,
P, = 100.0 — 4.60 = 95.40

Given:
Po =4.60

Voids in the Mineral Aggregate (VMA)

G,,, XP.
VMA = 100 — [M
Gsb

2.415 x 95.40)
2.678

VMA = 100.0 — [ = 13.96 report 14.0

Given:
Gsb :2 . 67 8

Voids Filled with Asphalt (binder) (VFA)

vFA = 100 |VMA = a)
B VMA
vra =100 L2040y t71
- 140 | TTepor
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Effective Specific Gravity of the Aggregate (Stone) (Gse)

. ____ R
© G -G
C - (100 — 4.60) _
se — ] -
|Gew) - Gl
Gse = 39.7456(935.:“;.50980 = 2.70747 report 2.707
Given:
Go =1.020

Percent of Absorbed (asphalt) Binder (Pba)

(Gse - Gsb) ]

Py, =100 |-————F7F—
ba [(Gsb X Gse)_

b 100 (2.707 — 2.678)] 020 —
ba — (2.678 x 2.707)| T T

P,. = 100 [ 0.0290
7.24935
Percent of Effective (asphalt) Binder (Poe)

Pba

Fre =5~ 100

<]

] 1.020 = 0.40804 report 0.41

0.41
Py = 4.60 — [———x (100 — 4. 60)] = 4.20886 report 4.21

100
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Dust Proportion — DP (Dust to Effective (asphalt) Binder Ratio)

_ P_y200

DP =
Pbe

bF 4.21

= 1.16390 report 1.16

Given:

P00 =49

Report

On forms approved by the agency

Sample ID

Air Voids, Vato the nearest 0.1 percent

Voids in the Mineral Aggregate, VMA to the nearest 0.1 percent

Voids Filled with Asphalt, VFA to the nearest whole value

Effective Specific Gravity of Aggregate (stone), Gse to the nearest 0.001
Percent of Absorbed (asphalt) Binder, Pva to the nearest 0.01

Percent Effective (asphalt) Binder, Poe to the nearest 0.01

Dust Proportion, DP to the nearest 0.01
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Appendix - Formulas

Air Voids (V)

V, = 100 [M}

Gmm

Where:

V. = air voids in compacted mixture, percent of total volume (report to 0.

Gmm = maximum specific gravity of paving mixture (AASHTO T 209)
Gmb = bulk specific gravity of compacted mixture (AASHTO T 166)

Percent Aggregate (Stone) (Ps)

P, =100— P,
Where:
Ps = percent aggregate (stone) percent by total weight
Py = asphalt binder content (AASHTO T 308)

Voids in the Mineral Aggregate (VMA)

(Gmp X Ps)]

VMA = 100 — [
Gsb

Where:
VMA = voids in mineral aggregate, percent of bulk volume (report to 0.1)

Gg = bulk specific gravity of combined aggregate (AASHTO T 85/ T
approved method from Job Mix Formula)

Gmp = bulk specific gravity of compacted mixture (AASHTO T 166)
Ps = aggregate content, percent by total weight =100 — Py,
P, = asphalt binder content (AASHTO T 308) percent by total weight

Voids Filled with Asphalt (binder) (VFA)

VFA = 100 [M]

VMA

Where:
VFA =voids filled with asphalt, percent of VMA (report to 1)
VMA = voids in mineral aggregate, percent of bulk volume
V.  =air voids in compacted mixture, percent of total volume.
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Effective Specific Gravity of the Aggregate (Stone) (Gse)

Py

Gse = 7100 7Pp\]

(G- G

Where:
G, = effective specific gravity of combined aggregate (report to 0.001)
Ps = aggregate content, percent by total weight = 100 — Py,
Gum = maximum specific gravity of mix (AASHTO T 209)
P, = asphalt binder content (AASHTO T 308) percent by total weight
Gp = specific gravity of asphalt binder (JMF or asphalt binder supplier)

Percent of Absorbed (asphalt) Binder (Ps.)

Gse B Gsb)
Pyo =100 |-————"7—|G
ba [(Gsb X Gse) b
Where:
Pra = absorbed asphalt binder (report to 0.01) percent of aggregate
Gs. = effective specific gravity of combined aggregate

Gg = bulk specific gravity of combined aggregate (AASHTO T 85 from Job Mix Formula)
Gp = specific gravity of asphalt binder (JMF or asphalt binder supplier)

Percent of Effective (asphalt) Binder (Pyc)
P ba
Py, =Py — [—=X
be = P [100 g S]

Where:

P, = effective asphalt binder content (report to 0.01), percent by total weight

P = aggregate content, percent by total weight = 100 — Py,

P, = asphalt binder content (AASHTO T 308) percent by total weight

Pva = absorbed asphalt binder

Dust Proportion — DP (Dust to Effective (asphalt) Binder Ratio)

P_
Dp — —=#200
P be
Where:
DP = Dust Proportion, (dust-to-binder ratio) (report to 0.01)

P.noo = aggregate passing the -#200 (75 um) sieve, percent by mass of
aggregate (AASHTO T 30)

Pwe = effective asphalt binder content, percent by total weight
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REVIEW / PRATICE Exam for TM 13

** Only use for review / practice

» Start each formula using the “Reported answer”.
o All steps for each formula will be carried 5 (five) places right of the decimal.
o "Calculated values” will be carried to 5 (five) decimal places right of the decimal.

o “Reported answers” will be carried to required decimal places right of decimal.
>
> Rounding: all numbers will be rounded up at 5

1) An asphalt mixture sample was taken from Project 6471: Calculate the Asphalt mixture following properties:

Given:
From the Mix Design: Field Sample:
Gb 1.031 T 209 Gmm average of two samples | 2.514
Gsb (combined) | 2.687 T 166 Gmb average of two samples | 2.451
T308 Py 5.51
T30 P00 6.6
PROPERTY Calculated Value (5 decimal places) REPORTED ANSWER
Va (0.1%)
Ps  (0.01)
VMA (0.1%)
VFA (1)
Gse (0.001)
Pba (0.01)
Pbe (0.01)
DP  (0.01)
TM 13 review/practice exam WA Pub. 01/ 2024
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Page 1 of 2
REVIEW / PRACTICE Exam for TM 13
Answer Sheet
Va (0.1%) 2.5
Ps 94.49
VMA (0.1%) | 13.8
VFA (1) 82
Gs (0.001) | 2.744
Pba (0.01) 0.80
Ppe (0.01) 4.75
DP (0.01) 1.39
V, =100 (2'513_;11'451) (02022(7)0) V, = 100[0.02506]

V, = 2.50597 V,=2.5

Ps= 100-5.51 Ps = 94.49
VMA = 100 2451 x 94.49) VMA = 100 [231'59499] VMA = 100 — 86.19092
B 2.687 B 2.687 B '

VMA = 13.80908 VMA=13.8

TM 13 review/practice exam WA answer sheet Pub. 01/ 2024
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VFA =100 (138 - 25) VFA =100 aL3) VFA = 100[0.81884]
- 13.8 B 13.8 - '
VFA =81.88406 VFA =82
. - (100 — 5.51) B (94.49) 9449
se — [( 100 )_ ( 5.51 )] ¢ T [(39.77725) — (5.34433)]  °¢  [34.43292]
2.514 1.031

Geo = 2.74418 Gy, = 2.744

(2.744 — 2.687)
(2.687 x 2.744)

0.05700
7.37313

Ppq = 100[ ]1.030 Pyq = 100[ ]1.031 Py, = 100[0.00773]1.031

Pyg = 0.79696 Py, = 0.80

0.80
Ppe = 5.51 = | 755 (100 = 551)| Pye = 5.51—[0.00800 x 94.49]  Pye = 5.51 075592

P,, = 475408 P, =4.75

6.6
DP =—— DP =1.38947 DP =1.39
4.75

TM 13 review/practice exam WA answer sheet Pub. 01/ 2024
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LABORATORY PREPARED ASPHALT MIXTURE SPECIMENS
WAQTC T™M 14

Significance

The objective of asphalt mixture design is to determine the proper combination of asphalt
binder, aggregates, and additives that will provide long lasting performance as part of the
pavement structure. Mix designing involves laboratory procedures developed to establish the
proper proportion of materials for use in asphalt paving mixtures. Correctly designed asphalt
mixtures can be expected to perform successfully for many years.

Scope

This practice covers preparing asphalt mixture samples according to an established job mix
formula (JMF). The aggregate, asphalt binder, and additives are proportioned based on the
JMF and mixed to produce samples for testing or verification of the JMF. These specimens
can be used for determining ignition furnace asphalt binder content and aggregate correction
factors, performance testing, and other Quality Assurance measures.

There are several practices for batching material in the laboratory. This procedure covers the
Iterative Method of batching material and provides a process for checking the accuracy of the
batched test samples by confirming the gradation of a batched test sample.

Terminology
e RAP —Recycled Asphalt Pavement
e RAS — Recycled Asphalt Shingles

e Cold feed — Term used to reference plant settings for percentages of the individual
constituents.

e [terative Method — Batching process that is repeated until the desired gradation is
achieved.

e Batch Plan — A mathematical process that assists with the batching of the materials.
Apparatus

e Thermometer(s), or other temperature measuring device(s), with a temperature range
of 50-500°F.

e Oven: Capable of maintaining 230 + 9°F.

e Forced air, ventilated or convection oven: Capable of maintaining the temperature
surrounding the sample at 325 + 9°F.

e Bins, pans, or buckets of adequate size to accommodate fractionated material for each
stockpile separated size.

e Labels for each bin that note the aggregate designation and sieve size upon which the
material was retained.

TM14 short 19 FOP Library - 1 Pub. October 2022
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e Lids or plastic coverings for bins and buckets to minimize moisture absorption in the
fractionated material during storage if necessary.

e Drying/batch containers: Shallow flat metal pans large enough to accommodate a
batched sample.

e Balance or scale: Capacity sufficient for the sample mass, accurate to 0.1 percent of
the sample mass or readable to 0.1 g

e Sieves: meeting the requirements of the FOP for AASHTO T 27/T 11.

e Mechanical sieve shaker: meeting the requirements of the FOP for AASHTO
T27/T 11.

e Mechanical washing apparatus (optional)

e Suitable drying equipment: meeting the requirements of the FOP for AASHTO
T 255.

e Containers: A pan or vessel of a size sufficient to contain the sample covered with
water and to permit vigorous agitation without loss of any part of the sample or water.

e Utensils: Spoons, spatulas, brushes, stirring rods, etc.
e Mixer: Of sufficient capacity and design to adequately combine all ingredients.
Material Sampling

1. Obtain representative samples of aggregate, from each stockpile listed on the JMF,
according to the FOP for AASHTO R 90.

Obtain samples of asphalt binder according to the FOP for AASHTO R 66.
Obtain hydrated lime from the supplier listed on the JMF, if used.
Obtain anti-stripping agent from the supplier listed on the JMF, if used.

A

Obtain representative recycled material samples, after the material has been processed
for hot mix production use, according to FOP for AASHTO R 90, if used.

Note 1: RAP is material recovered from existing roadways during milling operations or pavement removal
during construction. Most RAP requires reprocessing to be useable in new asphalt mixtures.
Processing may include crushing and screening of the material.

Aggregate Preparation

Obtain quality control gradation reports of the separated sizes or stockpiled materials listed
on the JMF. The average gradation, expressed as a percent retained, of each stockpile will be
used to verify JMF target gradation. If recycled material (RAP or RAS) is included in the
JMF, verify the asphalt binder content and gradation are listed.

The virgin aggregates used in the blend may be batched unwashed or washed, according to
agency requirements.
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Fractionating of Virgin Aggregate
1. Dry each stockpile sample according to the FOP for AASHTO T 255.
2. After drying, cool and cover, if necessary, to minimize moisture absorption.

3. Select sieves required by the specification. Separate each stockpile sample into
individual size fractions according to the FOP for AASHTO T 27/T 11.

4. Carefully empty the material retained on each sieve into a bin, pan, or bucket, and
label according to size.

Note 2: To reduce the number of sizes of fractionated aggregates from which the batch is prepared,
agencies may allow small amounts to be added from other stockpiles. Stockpiles should meet the
criteria in Appendix A, Aggregate Batching.

5. Cover, if necessary, to prevent moisture absorption.
Wash Fractionated Aggregate

When the agency requires, the fractionated aggregate is washed and dried before batching
test samples. The adherent fines that are washed out are replaced with material passing the
75 pm (No. 200) sieve during batching.

1. Wash each size of fractionated aggregate according to the FOP for AASHTO
T 27/11, except for the material passing the 75 um (No. 200) sieve or “Dust.”

Note 3: Adherent fines may have different properties than sieved minus 75 pm (No. 200) material.
2. Dry according to the FOP for AASHTO T 255.
3. Store in separate bins or buckets, label according to size and cover, if necessary.
RAP
If RAP, RAS, or both, is included in the JMF:
1. Dry the processed recycled material overnight or to constant mass at 125 &+ 5°F.

Note 4: Constant mass is achieved when successive mass determinations do not change more than 0.05
percent after an additional 2 hours of drying.

2. Cover and cool.
Aggregate Batch Plan

Batch plans are developed one virgin aggregate stockpile at a time starting with the coarsest
stockpile and progressing through the finer stockpiles.

Determine all masses to the nearest 0.1 percent of the sample mass or to the nearest 0.1 g.

1. Calculate the required mass for each stockpile (virgin stockpile, lime, RAP, etc.) by
multiplying the desired sample size by the cold feed percentage for each stockpile and
record to the nearest 0.1 g. The sum of the individual masses must add up to the
desired total sample mass.

2. Calculate the percent retained for each sieve of the aggregate portions using the
control gradation average.
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3. Calculate the mass per sieve per stockpile. Start with the coarsest virgin aggregate
stockpile, multiply the individual mass for that stockpile by the percent retained on
each sieve and record to the nearest 0.1 g.

4. Identify the sieve sizes that material from other stockpiles will be added. Document
the mass and the contributing stockpile. See Note 2.

5. Calculate a cumulative mass total beginning with the largest sieve on the coarsest
stockpile. Begin the cumulative total on subsequent finer stockpiles with the ending
cumulative total from the previous stockpile.

Note 5: Cumulative masses are used so that the balance is not re-zeroed between each addition possibly
causing a misrepresentation of the total mass. Repeat with each successive stockpile. If cumulative
totals are not used, verify mathematically that the batch plan produces the correct mass of virgin
aggregate for each stockpile and the total of all virgin stockpiles.

Verification of Aggregate Batch Plan

When the fractionated aggregate is not washed before batching, the minus 0.075 (No. 200)
batch plan mass may need to be adjusted to compensate for adherent fines.

1. Batch the desired sample size according to the batch plan, excluding recycled
material, if applicable.

Note 6: Refer to the FOP for AASHTO T 308 Table 1 for recommended sample size.
2. Perform washed sieve analysis according to the FOP for AASHTO T 27/T 11.

3. The batched sample percent passing must agree with the Virgin Blend Percent

Passing (JMF) within the tolerances of Table 1. If the variation exceeds the allowable

difference, adjust the virgin aggregate portion of the batch plan and reverify.

Table 1
Allowable Differences Between Batched and Actual Gradations
Sieves Allowable Difference (%Passing)

Larger than No. 8 +1.5%

No. 8 to No. 50 +1.0%

Smaller than No. 50 +0.5%
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Aggregate Preparation
1. Batch the number of samples at desired sample size according to the batch plan,

excluding recycled material, if applicable.

Hydrated Lime

When hydrated lime is mixed with water before incorporating into the mixture, add to the
test samples the night before mixing with asphalt binder (approximately 12 hours).

1.

8.

Determine the mass of hydrated lime to be added to the test sample based on the
percent required in the JMF. For mixtures with RAP, the percentage is applied to the
virgin aggregate only.

Weigh out the mass of hydrated lime required for each test sample and store in a
closed tin with the test sample.

Add the hydrated lime to the test sample in an oven proof container.
Using a spoon or spatula, thoroughly stir the lime into the dry aggregate sample.

Add sufficient water to thoroughly wet all the aggregate and achieve a “Surface
Damp Condition.”

Stir the lime, aggregate and water for approximately five minutes to thoroughly
combine. Do not lose any fine material. Spatulas and brushes may be used to clean
the fine material from the implements. Do not transfer the mixed sample.

Place the mixed sample in the oven, set oven temperature in the mixing temperature
range.

Dry according the FOP for AASHTO T 255.

Mixing Preparation

1.
2.

Heat the mixing equipment such as bowls, mixing paddles, spoons, etc.

Heat aggregate samples 20°F above the JMF mixing temperature.

Note 7: Heating aggregate above mixing temperature allows for loss of heat during the addition of the

asphalt binder. Over 20 °F higher may burn the asphalt binder when it is added to the hot aggregate.

3. If RAP material is required, heat carefully in a controlled oven for approximately

2 hrs. at 230 + 9°F.

4. Heat asphalt binder approximately 10°F above the mixing temperature range.

Discard unused asphalt binder after the 3 hrs.

Liquid anti-stripping agent

If liquid anti-striping agent is required:

a) Determine the mass of anti-stripping agent to be added to the asphalt binder based
on the percent required in the JMF. The percentage is applied to the asphalt
binder only.

b) Follow mixing instructions from the anti-stripping agent supplier, as not all
products are incorporated in the same manner.
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c) Heat the anti-stripping agent to 125 £+ 15 ° F or temperature range from
manufacturer labeling.

d) Determine and record mass of a clean container.
e) Add asphalt binder, determine and record asphalt binder mass.
f) Calculate the mass of anti-stripping agent to be added.

g) Zero the scale and add calculated mass of anti-stripping agent. Record the
measured mass of anti-stripping agent.

h) Discard material if too much anti-stripping agent is added.
Note 8: Use of a small spoon or stirring rod will assist with anti-strip addition.
1)  Stir the combined sample thoroughly with a small spoon or stirring rod.

J) Loosely place a lid on the container to prevent dissipation of the additive. Do not
secure the lid, expansion could cause injury or loss of material.

k) Place the combined material in an oven at the JMF mixing temperature range.
During binder addition ensure product is stirred thoroughly before each use.

Note 9: Because the elastic properties of asphalt binder degrade when held at high temperatures, the asphalt
binder must be used within 3 hrs. of achieving the mixing temperature.

Mixing Procedure

1. Prepare an initial specimen at the design asphalt binder content to “butter” the
mixing bowl and utensils. Discard the specimen after mixing, scrape the bowl and
paddle or whip with a spatula or other suitable tool.

2. Record mass of “buttered” bowl, spatula, and paddle or whip.

Remove the spatula and paddle or whip; zero the balance with empty bowl.
Introduce the aggregate, mix thoroughly with clean, dry spatula or spoon. Record
mass of aggregate, Massagg.

4. If RAP is required, introduce the hot RAP and mix thoroughly with the virgin
aggregate. Record this mass. Determine Mrap by subtracting the Magg from the
mass of aggregate and RAP.

Form a crater in the center of the material.
6. Calculate Mpinder.

7. Zero the scale and add calculated mass of asphalt binder. Record the measured mass
of asphalt binder added.

Note 10: If too much asphalt binder is added, it may be removed by dipping a corner of a paper towel in the
center of the asphalt binder.

8. Thoroughly mix for a minimum of two minutes, by hand or mixer, until asphalt
binder is uniformly distributed, and aggregate is completely coated.

9. Stop the mixer, if used.

10. Stir mixture with buttered spatula, scraping the center bottom of the mixing bowl.
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11. If the aggregate is not thoroughly coated, continue mixing until completely coated.
12. Remove mixture from bowl.

13. Scrape bowl and paddle or whip with buttered spatula. Place all the mixture into a
pan.

14. Record mass of empty bowl, spatula, and paddle or whip. Ensure the combined mass
and the mass of the initial buttered bowl and utensils is within 0.10 percent of the
sample mass of the mixed sample.

Note 11: For a 4700 g sample, 0.10% =4.7 g. and for a 2100 g sample, 0.10% = 2.1 g.
15. Age the mixed specimen according to AASHTO R 30 or agency requirements.
16. Repeat steps 3 thru 15 for each specimen to be mixed.
Calculations
Trial Batch Plan
Mass of material contributed per stockpile:

mass per stockpile = sample size X stockpile%

Where:
mass per stockpile = mass of material from each stockpile in test sample
sample size = desired mass of test sample
stockpile% = percent of each stockpile in the mixture (JMF)

Mass of material contributed to each sieve per stockpile:
mass per stockpile per sieve = mass per stockpile X %retained per sieve

Where:

mass per stockpile per sieve = amount of fractionated aggregate from
each stockpile for each sieve size

Y%retained per sieve = percent retained on each sieve (calculated
from crushing records)

Anti-stripping agent mass added before heating asphalt binder:
Magaitive = %additive X Mpeatea pinder

M .adadiive = mass of anti-stripping agent to be added to the mass of
measured asphalt binder

%additive = percent of anti-stripping agent, based on mass of asphalt binder,

from JMF
M heated binder = mass of asphalt binder heated for mixing
TM14 short 19 FOP Library - 7 Pub. October 2022
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Asphalt binder mass
Asphalt binder mass is based on a percent of the mass of “hot” aggregate.
Mixes without RAP

Determine the mass of asphalt binder to be added to a mix without RAP:
Py XMy
Mpinger = 100=>r,)
b

Where:
Mbinder = Mass of asphalt binder to be added to the prepared test sample
Py = Required percent asphalt binder
Magg = Mass of hot test sample
Mixes with RAP

Determine the mass of asphalt binder in the RAP:

PbRAP
Mgap pinder = Mpap X 100

Where:
MRAP binder = Mass of asphalt binder in the RAP
Mgap = Mass of RAP in sample
Porap = Percent of asphalt binder in the RAP

Determine the amount of asphalt binder to be added to mixes with RAP:

(Magg + Mrap — Mrap pinger) Y |
(100 _ Pb) RAP binder

Myinger = |Pp X

Asphalt Binder
Anti-stripping agent mass
Maaaitive = Yadditive X Mpinger
Mgqaitive = 0.25% X 850g =2.1g

Given:
%additive = 0.25%
M binder = 850 g.
TM14 short 19 FOP Library - 8 Pub. October 2022
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Asphalt binder mass — mixtures without RAP
P, X Magg
Moinder = 100 = p,)

v 60%x 450009 _ 270009
binder = “100% — 6.0%)  94.0% - 9

Given:
Py 6.0 % from JMF
Mage = 4500.0 g hot aggregate

Note 13: A factor can be determined for subsequent specimens by taking Py, divided by 100-P,. Then the
hot aggregate mass is multiplied by this factor for an expedient oil add determination.

Asphalt binder mass — mixtures with RAP

Determine mass of asphalt binder in RAP:

Pprap
Mgap binger = Mrar X =55
4.88%
MRAP binder — 11250 g X 100 = 549 g
Given:
Mrar = 1125.0 g
Porar= 4.88%
Determine mass of asphalt binder:
(Magg + Mrap = Mgap pinder)
Mpinger = [Pb x ~—=27 (100 — P,) 2 - MRap binder
B . (4500 g — 549 g) B
MasSpinger = |6.0% X (100% — 6.0 %) —5499g=12288¢g
P, = 6.0 percent from JMF
Mage = 33750¢
Mage+ Mrap = 4500.0 g hot aggregate and RAP
TM14 short 19 FOP Library - 9 Pub. October 2022
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Check of Calculation

(54.9g + 228.89)
(45009 + 228.89)

x 100 = 6.0%

Report

Project name

Date of batching

Specimen identification

Virgin aggregate mass

RAP mass, if required

Percentage of asphalt binder in specimen, nearest 0.1 percent
Asphalt binder mass

Anti-Strip mass, if applicable

Conditioning process
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APPENDIX—AGGREGATE BATCHING
(Non-Mandatory Information)

The following guidelines should be considered when batching virgin aggregates that have
small amounts of retained material that are encountered during the separation phase and will
reduce the number of containers required for material storage:

e The percent retained for the sieve to be moved is less than 10 percent. Material
meeting this condition must have a retained like size on the next stockpile or batching
of the separated size will be required.

e Stockpiles to be combined are from the same source and same parent material.
Aggregates from different sources should not be combined.

e The particle shape and texture are essentially the same for the sieve sizes to be
combined.

Stockpiles are produced using similar processes (e.g. do not mix stockpiles of crushed
material with stockpiles of uncrushed material; do not mix unwashed stockpiles with washed
stockpiles, etc.).

Example

Batch a gyratory sample of 4750 g. of asphalt mixture, the aggregate portion will be
about 4500 g. The mixture is to have 25 percent RAP with three virgin stockpiles of 18,
27, and 30 percent.

Batch Mass for the 12.5 to 4.75 mm (1/2 in. to No. 4) stockpile

18%
Required mass = 4500 g X 100 — 810.0g
Stockpile 125t04.75S mm | 4.75to 1.18 mm | 4.75 to 1.18 mm RAP
(1/2 in. to No.4) | (No.4to No.8) | (No. 4 to No. 8)
Cold feed % 18% 27% 30% 25%
Batch Mass 810.0 g. 1215.0 g 1350.0 g 11250 g

The sum of the batch masses must add up to the original aggregate target mass, in this

example: 810.0 g+ 1215.0 g+ 1350.0 g+ 1125.0 g=4500.0 g.

TM14 short 19
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Mass per sieve for 12.5 to 4.75 mm (1/2 in. to No. 4) stockpile

Sieve Size % Retained Batch Mass Cumulative
mm (in.) Mass Carried to Batch Mass
g Next Pile g
g
25 (1) 0.0 0.0 0.0 0.0
19.0 (3/4) 0.0 0.0 0.0 0.0
12.5 (1/2) 3.3 26.7 0.0 26.7
9.5 (3/8) 49 4 400.1 0.0 426.8
6.25 (1/4) 39.8 3224 0.0 749.2
4.75 (No. 4) 3.5 28.4 -28.4
2.36 (No. 8) 1.7 13.8 -13.8
1.18 (No. 16) 0.2 1.6 -1.6
0.600 (No. 0.0 0.0 0.0
30)
0.300 (No. 0.1 0.8 -0.8
50)
0.150 (No. 0.0 0.0 0.0
100)
0.075 (No. 0.0 0.0 0.0
200)
Minus 0.075 2.0 16.2 -16.2
(No. 200)
Total 100.0 810.0 -60.8

The %Retained column must equal 100.0 percent. The Batch Mass Column should equal
810.0 g.

The Total Batch Mass plus the Mass Carried to Next Pile for sieves smaller than the 6.25
mm (1/4 in.) is 810.0 g + (- 60.8 g) = 749.2 g.

The minus sign shows mass is being removed from this portion of the Batch Plan. It will
be added to the next (pile plus sign).

Note 12: Carrying minor amounts of material when batching as in this example reduces the number of
fractionated sizes. In case, there are eight less bins from just this stockpile.

The material retained on the 12.5 mm (1/2 in) was 3.3 % and meets the less than 10
percent requirement but doesn’t have a like material in the next stockpile, so it must be
batched.

Continue with the next stockpile, 4.75 to 1.18 mm (No. 4 to No. 8).

TM14 short 19 FOP Library - 12 Pub. October 2022
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Mass per sieve for 4.75 to 1.18 mm (No. 4 to No. 8) stockpile

WAQTC TM 14 (19)

. . Mass Carried to Cumulative Batch
Sieve .Slze % Retained Batch Mass Next Pile Mass
mm (in.) g "
25 (1) 0.0 0.0 0.0
19.0 (3/4) 0.0 0.0 0.0 749.2
12.5 (1/2) 0.0 0.0 0.0
9.5 (3/8) 1.3 15.8 0.0 765.0
6.25 (1/4) 29.5 358.4 0.0 1123.4
4.75 (No. 4) 28.4 345.1+28.4 0.0 1496.9
2.36 (No. 8) 324 393.7+13.8 0.0 1904.4
1.18 (No. 16) 4.1 498+ 1.6 -51.4
0.600 (No. 30) 1.1 13.4+0.0 -13.4
0.300 (No. 50) 0.6 7.3+0.8 -8.1
0.150 (No. 100) 0.3 36+0.0 -3.6
0.075 (No. 200) 0.0 0.0+0.0 0.0
Minus 0.075 2.3 279+ 16.2 -44.1
(No. 200)
Total 100.0 1215.0 + 60.8 -120.6

%Retained equals 100.0, the batch mass equals the 1215.0 g. with 60.8 g. being carried

from the 12.5 to 4.75 mm (1/2 in. to No. 4).

Mass per sieve for 44.75 to 1.18 mm (No. 4 to No. 8) stockpile

. . Adjusted Cumulative
S;:f:le(isliz)e OL Batch Mass Batch Mass
) %Retained g g
25 (1) 0.0 0.0
19.0 (3/4) 0.0 0.0
12.5 (1/2) 0.0 0.0 1904.4
9.5 (3/8) 0.0 0.0
6.25 (1/4) 0.0 0.0
4.75 (No. 4) 0.2 2.7 1907.1
2.36 (No. 8) 20.2 272.7 2179.8
1.18 (No. 16) 26.5 357.84+51.4 2589.0
0.600 (No. 30) 17.1 230.8+13.4 2833.2
0.300 (No. 50) 14.8 199.8 + 8.1 3041.1
0.150 (No. 100) 11.9 160.7 + 3.6 3205.4
0.075 (No. 200) 2.8 37.8+0.0 3243.2
Minus 0.075 6.5 87.7+44.1 3375.0
(No. 200)
Total 100.0 1350.0 + 120.6

The final Cumulative Batch Mass matches the sum of the three virgin stockpiles, 810.0 +

1215.0 + 1350.0 = 3375.0.
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Performance Exam Checklist
Laboratory Prepared Asphalt Mixture Specimens

WAQTC T™M 14

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element

1.
2.

The tester has a copy of the current procedure on hand?

All equipment is functioning according to the test procedure, and if required,
has the current calibration/standardization/check tags present?

Material Sampling Element

3.

Representative samples of aggregate identified on JMF obtained per FOP for
AASHTO R 90?

Representative samples of asphalt binder identified on JMF obtained per FOP for
AASHTOR 66?

If required, hydrated lime obtained from supplier?
If required, anti-stripping agent obtained from supplier?

If required, representative samples of recycled material (RAP, RAS) sufficient for
production use obtained per FOP for AASHTO R 90?

Aggregate Preparation Element

8.
9.

10.
11.

12.
13.

14.

Aggregate dried according to FOP for AASHTO T 255?

Aggregate separated into individual size fractions according to FOP for AASHTO
T27_T11?

Material retained on each sieve placed in separate containers?

Separated aggregates washed, except the portion passing the No. 200 (0.075 mm)
sieve, in accordance with FOP for AASHTO T 27_T 11?

Washed aggregate samples dried according to FOP for AASHTO T 255?

If required, recycled material (RAP, RAS) dried overnight or to constant mass at
125 + 5°F?

All dried and cooled material stored as necessary to prevent moisture absorption?

Trial 1 Trial 2
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Procedure Element

Mixing Preparation Element

15.

16.

17.
18.
19.
20.
21.

Aggregate batch plan developed off JMF and calculated based on
cumulative totals?

Number of samples at desired sample size determined by the specific test
procedure to be performed?

Mixing equipment (bowls, mixing paddles, spoons/scrapers, etc.) heated?
Aggregate heated 20°F above JMF mixing temperature?

If required, RAP material carefully heated for approximately 2 hrs. at 230 + 9°F?
Asphalt binder heated 10°F above JMF mixing temperature?

If required, liquid anti-stripping agent incorporated as instructed by supplier or as
defined in step 4. a) - k)?

Mixing Procedure Element

22.
23.
24.
25.
26.
27.
28.
29.
30.

31

32.

33.
34.
35.

A prepared specimen used to butter all mixing equipment and discarded?

Mass of buttered bowl and paddle recorded?

Heated aggregate introduced into tared empty bowl and mixed thoroughly?

Mass of aggregate recorded?

If required, RAP material introduced with heated aggregate and mixed thoroughly?
Mass of RAP recorded?

Crater formed?

Scale tared and calculated mass of asphalt binder added?

All material thoroughly mixed for a minimum of two minutes or until
completely coated?

All mixture placed into pan and mixing equipment scraped back to
buttered condition?

Mass of empty bowl and paddle recorded and not more than 0.10 percent of total
sample mass has been gained or loss?

If required, mixture specimen aged according to AASHTO R 30?
Steps repeated for each specimen to be mixed?

All calculations performed correctly?

Trial 1 Trial 2

Page 16 of 18

WSDOT Materials Manual M 46-01.44

January 2024



™ 14

Tester qualified in performing TM14 Gyratory samples.
Tester qualified in performing TM14 including RAP/RAS.
Tester qualified in performing TM14 HWTD/IDT/Ideal CT.
Tester qualified in performing TM14 to include Anti-strip.

Tester qualified in performing TM14 Rice samples.

A B B

Tester qualified in performing TM14 IFCF samples.

Comments:
First Attempt: PassT Fail

Examiner Signature:

WAQTC #:

Date:
Date:
Date:
Date:
Date:

Date:

Second Attempt: PassT Failr
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WSDOT Errata to WAQTC TM 15
Laboratory Theoretical Maximum Dry Density of Granular Soil and Soil/Aggregate

WAQTC TM 15 has been adopted by WSDOT with the following changes:
Apparatus

Replace with below:

« Small Mold Assembly: includes mold, mold base, and mold follower.

— Mold Follower: Steel plate, with a 12 £1 mm (0.460 +0.03 in.) edge thickness fitting inside
the mold with 1.5 mm (0.063 in.) maximum space between mold follower and mold wall.
For new followers, the diameter tolerance is - 1 mm to - 2 mm (- 0.031 in. to - 0.063 in.)
of the inside diameter of the matching mold.

In-service followers shall have a minimum edge thickness of 10.7 mm (0.420 in.).

» Large Mold Assembly: includes mold, mold base, and mold follower.

— Mold Follower: Steel plate, with 14 + 1 mm (0.550 + 0.030 in.) edge thickness fitting
inside the mold with 1.5 mm (0.063 in.) max. space between mold follower and mold wall.
For new followers, the diameter tolerance is - 1 mm to - 2 mm (- 0.031 in. to - 0.063 in.)
of the inside diameter of the matching mold.

In-service followers shall have a minimum edge thickness of 12.6 mm (0.496 in.).
Sample Preparation
Replace step one with below:

1. Obtain a representative sample according to Table 3 below.

Table 3
TM15 Sample Size

Minimum Mass Ib (kg)

If no more than 15 percent by weight 210 95
of aggregate exceeds 19 mm (% in.)
If 15 percent or more by weight of

aggregate exceeds 19 mm (% in.) 330 150

Theoretical Maximum Density Curve Development
Replace with below:

WSDOT Employees - Enter laboratory data into MATS to develop the maximum density chart and
maximum density curve.

Non-WSDOT Employees - Enter laboratory data into WAQTC spreadsheet to develop
the maximum density chart and maximum density curve. Spreadsheet available at
http:/wagqtc.org/library/library.cfm
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LABORATORY THEORETICAL MAXIMUM DRY DENSITY OF GRANULAR SOIL
AND SOIL/ AGGREGATE
WAQTC TM 15

Scope

This method is used to establish the theoretical maximum dry density of granular and non-
granular soil-aggregate. Use Procedure 1 for material with more than 30 percent retained on
the 4.75 mm (No. 4) sieve or Procedure 2 for material with more than 30 percent retained on
the 19.0 mm (% in.) sieve.

Terminology

¢ Fine aggregate portion — material passing the 4.75 mm (No. 4) Sieve.
e Coarse aggregate portion — material retained on the 4.75 mm (No. 4) sieve.

Significance

A theoretical maximum dry density chart and curve are developed by determining a
laboratory maximum dry density of a representative sample of material passing the 4.75 mm
(No. 4) and the material retained on the 4.75 mm (No. 4), and their respective apparent
specific gravities (Gsa). The theoretical maximum dry density chart and curve address the
range of theoretical maximum dry densities due to fluctuations in coarse and fine aggregate
of a given material.

To determine the laboratory maximum dry density of the fine aggregate portion, this method
allows for use of the FOP for AASHTO T 99/T 180 or by vibratory compactor covered in the
method.

This method is for use on granular materials having 30 to 70 percent passing the 4.75 mm
(No. 4) or 19.0 mm (3/4 in.) sieve.

Apparatus

e A vibratory spring-loaded compactor — D G Parrott & Son Humphres Maximum Density
machine, or equivalent.

e Small Mold Assembly: includes mold, mold base, and mold follower.

— Mold: approximately 0.003 m? (0.1 ft.>) volume. Made of steel tubing meeting
ASTM A513 with a 165 mm (6.500 in.) nominal outside diameter, 6 mm (0.250
in.) wall thickness, 152 =1 mm (6 +0.03 in.) inside diameter, and a height of 203
+1 mm (8 £0.032 in.). For in-service molds, do not to exceed 15 mm (6.060 in.)
inside diameter.

— Mold Base: 16 mm (0.625 in.) steel plate separate from the mold. Grind both
surfaces to 15 =1 mm (0.600 +0.030 in.) thickness.
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— Mold Follower: Steel plate, with a 12 +£1 mm (0.460 +0.03 in.) edge thickness
fitting inside the mold with 1.5 mm (0.063 in.) maximum space between mold
follower and mold wall. For new followers, the diameter tolerance is — 1 mm to —
2 mm (— 0.031 in. to - 0.063 in.) of the inside diameter of the matching mold.

e Large Mold Assembly: includes mold, mold base, and mold follower

— Mold: approximately 0.014 m? (0.5 ft.*) volume. Made of steel tubing meeting
ASTM A513 with a 267 mm (10.500 in.) nominal outside diameter, 6 mm (0.250
in.) wall thickness, 254 =1 mm (10 £0.032 in.) inside diameter, and a height of
254 +1 mm (10 +£0.032 in.). For in-service molds, do not to exceed 256 mm
(10.060 in.) inside diameter.

— Mold Base: 6 to 8 mm (0.250 to 0.312 in.) steel plate skip welded or fully welded
to the mold.

— Mold Follower: Steel plate, with 14 £ 1 mm (0.550 + 0.030 in.) edge thickness
fitting inside the mold with 1.5 mm (0.063 in.) max. space between mold follower
and mold wall. For new followers, the diameter tolerance is — 1 mm to — 2 mm (—
0.031 in. to - 0.063 in.) of the inside diameter of the matching mold.

e Manually operated rammer: 2.5 kg (5.5 1b.) rammer meeting the requirements of the FOP
for AASHTO T 99/T 180.

e Measuring device: minimum length 150 mm (6 in.), accurate and readable to 0.25 mm
(0.01 in.)

e Sieves: 75 mm (3 in.), 19 mm (% in.), and a 4.75 mm (No. 4) conforming to the FOP for
AASHTO T 27/T 11

e Balance or Scale: Capacity sufficient for the principal sample mass, readable to
0.1 percent or 0.1 g, and meeting the requirements of AASHTO M 231

e Tamping rod: straight steel, 16 mm (5/8 in.) in diameter and approximately 400 mm
(24 in.) long having at least one end rounded to a hemispherical tip

e Straight edge: at least 25 mm (1 in.) longer than the diameter of the mold
e A stopwatch or timer readable to 1 second

e Miscellaneous tools including pans, spoon, trowel, mechanical mixer (optional), etc.
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Laboratory Maximum Dry Density

Select the proper method for determining the laboratory maximum dry density of the fine
aggregate portion of the sample, refer to Table 1, or as directed by the agency.

Select the proper method for determining the laboratory maximum dry density of the coarse
aggregate portion of the sample, refer to Table 2.

Table 1
Fine Aggregate Portion Laboratory Maximum Dry Density Method

Estimated Soil Type Recommended Test Method
Sandy, non-plastic, permeable soil or non- WAQTC TM 15 Vibratory Compactor
cohesive soil.
Silt, some plasticity, low permeability. FOP for AASTHO T 99/T 180, T 99
Method A
Sandy/silt, some plasticity, permeable. WAQTC TM 15 and FOP for AASHTO
T 99/T 180, T 99 Method A
(use highest results)
Table 2

Coarse Aggregate Portion Laboratory Maximum Dry Density Method

Coarse Aggregate Amount Test Method
No more than 15 percent by weight of the original WAQTC TM 15 Vibratory
aggregate specimen exceeds 19 mm (% in.) Compactor Procedure 1

15 percent or more by weight of the original aggregate | WAQTC TM 15 Vibratory
specimen is greater than 19 mm (% in) but does not Compactor Procedure 2
exceed 75 mm (3 in.)

Sample Preparation

1. Obtain a representative sample according to the FOP for AASHTO R 90, minimum
180 kg. (400 1bs.).

2. Reduce according to the FOP for AASHTO R 76 to a sufficient size to yield amounts
required in steps 7 and 8.

3. Ifthe sample is damp, dry until it becomes friable under a trowel. Drying may be in air
or by use of a drying apparatus maintained at a temperature not exceeding 60°C (140°F).

4. Thoroughly break up aggregations in a manner that avoids reducing the natural size of
individual particles.
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5. Remove the material retained on the 75 mm (3 in.) sieve.

6. Separate into coarse and fine aggregate portions by passing the remainder of the sample
through the 4.75 mm (No. 4) sieve.

7. Fine aggregate:

a. Obtain a representative sample as described in the FOP for AASHTO T 99/T 180,
T 99 Method A.

Or

b. Obtain at least three representative test samples of approximately 6 kg (13 1b.)
each for the fine aggregate vibratory compactor method.

c. Obtain a representative sample of the remaining material and determine the
apparent specific gravity (Gsa) according to AASHTO T 84 or Annex B.

8. Coarse aggregate:

a. Obtain a representative sample of 19 mm (% in) to 4.75 mm (No. 4) of
approximately 5 kg (11 1b.) for coarse aggregate vibratory compactor Procedure
1.

Or

b. Obtain a representative sample of 75 mm (3 in) to 4.75 mm (No. 4) of
approximately 20 kg (45 1b.) for coarse aggregate vibratory compactor Procedure
2.

c. Obtain a representative sample of the remaining material and determine the
apparent specific gravity (Gsa) according to FOP for AASHTO T 85 or Annex B.

Laboratory Maximum Dry Density of Fine Aggregate Portion

Determine laboratory maximum dry density of the fine aggregate portion according to the
FOP for AASHTO T 180/T 99, T 99 Method A, or the following vibratory compactor
method. Refer to Table 1.

Vibratory Compactor Method

1. Determine and record the mass of the clean dry small mold assembly to the nearest 5 g
(0.01 1b.). Designate this mass as the M.

2. Add enough water to one of the fine aggregate portions to saturate the sample,
approximately optimum moisture. Do not over saturate (Note 1).

Note 1: The sample is considered saturated when one to two drops of free water are visible at the base of the
mold assembly at the end of the first 2-minute load cycle, Table 3. Refer to Step 11.

3. Mix until homogenous.
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4. Place approximately one third of the sample in the mold with mold base attached.

5. Consolidate with 25 strokes of the tamping rod, distribute evenly over the surface, and
25 blows of the manually operated rammer.

6. Repeat Steps 4 and 5 for two subsequent lifts. The surface of the top lift should be
finished as level as possible.

7. Place the follower on top of the molded specimen and mount the mold assembly on the
jack platform in the compactor. Use spacers between the load spring assembly and
follower to adjust the elevation of the mold assembly so the hammers strike near the
center of the mass of material in the mold assembly.

8. Elevate the mold assembly with the jack until the load spring assembly seats on top of the
follower and apply an initial seating load of approximately 100 Ibs. on the sample.

9. Start the compactor hammers. Continue to elevate the mold assembly, applying the load
gradually over the time stated in the Table 3.

Table 3
Load Application Rate
Load Ibs Time
0 to 500 1 min.
500 to 1,000 30 sec.
1,000 to 2,000 30 sec.

10. Upon reaching 2,000 lbr at the end of the 2-minute cycle, stop the hammer, release the
load on the jack, and return to zero pressure.

11. Determine apparent moisture.

a. If the material is pumping around the mold follower or excessive amounts of
water are seeping from between the mold and mold base, prepare a new sample
and begin the test again at Step 1.

b. If the base of the mold is dry or there is a small amount of water, repeat Steps 7
through 10, four additional times.

12. Remove the mold assembly from the compactor.
13. Measure the height of the compacted specimen.

a. Lay the straight edge across the top of the mold assembly.
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b. Using the measuring device, measure from the bottom of the straight edge to the
top of the follower and spacers to the nearest 0.1 mm (0.01 in.). Designate as D.

c. Calculate and record the height of the compacted specimen, hs, by subtracting D
and T (thickness of the follower) from the height of the mold h,,. See Annex A..

14. Determine and record the mass of the mold assembly and specimen, My, to the nearest 5
g (0.01 1b.).

15. Determine and record the mass of the specimen, M, by subtracting My, from Mims.
16. Remove the specimen from the mold assembly.

17. Use the entire specimen for a moisture content sample or obtain a representative sample
by slicing vertically through the center of the specimen. Obtain at least 500 g.
(1.1 1b.) from one of the cut faces, ensuring that all the layers are represented. If a
vertical face does not exist, take a representative sample.

Slice through the center Representative moisture
content sample

18. Determine and record the moisture content, w, according to the FOP for AASHTO
T 255/T 265.

19. Calculate and record the wet density, pw, of the fine aggregate portion.

20. Calculate and record the laboratory dry density, pq, of the fine aggregate portion.

Laboratory Maximum Dry Density of the Coarse Portion
Vibratory Compactor Method

Note 2: Procedure 1 uses the small mold assembly, this procedure is not recommended for material with
aggregate larger than 9.3 mm (3/4 in.).

Procedure 1

1. Determine and record the mass of the small mold assembly to the nearest 5 g (0.01 1b.).
Designate this mass as the M.
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2. Determine and record the mass of the coarse aggregate portion to the nearest 5 g
(0.01 1b.). Designate this mass as the M. See Note 3.

Note 3: 1f all the coarse aggregate portion does not fit in the mold assembly or there is some indication that
material may have been lost, perform alternate Step 16 to determine M.

3. Determine amount of water to add to the coarse aggregate portion by multiplying the
mass determined in Step 2 by 0.025 (2.5 percent).

4. Add water to coarse aggregate portion, mix thoroughly.
5. Place approximately one third of the sample in the mold with mold base attached.

6. Tamp the surface lightly with the manually operated rammer to consolidate material and
achieve a level surface.

7. Repeat Steps 5 and 6 for two subsequent lifts. Ensure all the coarse aggregate portion is
placed in the mold.

8. Place the follower on top of the molded specimen and mount the mold assembly on the
jack platform in the compactor. Use spacers between the load spring assembly and
follower to adjust the elevation of the mold assembly so the hammers strike near the
center of the mass of material in the mold assembly.

9. Elevate the mold assembly with the jack until the loading spring assembly seats on top of
the follower and spacers.

10. Apply an initial seating load of approximately 100 Ibr on the sample.

11. Start the compactor hammers. Continue to elevate the mold, applying the load gradually
over the time stated in the Table 3.

12. Upon reaching the 2,000 1br load at the end of the 2-minute cycle, stop the hammer,
release the load on the jack, and return to zero pressure.

13. Repeat Steps 10 through 12 four additional times.
14. Remove the mold assembly from the compactor.
15. Measure the height of the compacted specimen.
a. Lay the straight edge across the top of the mold assembly.

b. Using the measuring device, measure from the bottom of the straight edge to the
top of the follower and spacers to the nearest 0.1 mm (0.01 in.). Designate as D.

c. Calculate and record the height of the compacted specimen, hs, by subtracting D
and T (thickness of the follower) from the height of the mold h,. See Annex A.
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16. Alternate method of determining M

a. Remove the specimen from the mold assembly.

b. Determine the dry mass according to the FOP for AASHTO T 255. Designate as Ms.
17. Calculate and record the laboratory dry density, pq, of the coarse aggregate portion.

Procedure 2

1. Determine and record the mass of the large mold assembly to the nearest 5 g (0.01 1b.).
Designate this mass as the M.

2. Determine and record the mass of the coarse aggregate portion to the nearest 5 g
(0.01 1b.). Designate this mass as the M.

Note 4: If all the coarse aggregate portion does not fit in the mold or there is some indication that material may
have been lost, perform alternate Step 13 to determine M.

3. Place approximately one fifth of the sample in the large mold with mold base.

4. Tamp the surface lightly with the manually operated rammer to consolidate material and
achieve a level surface.

5. Place the follower on top of the molded specimen and mount the mold assembly on the
jack platform in the compactor. Use spacers between the load spring assembly and
follower to adjust the elevation of the mold assembly so the hammers strike near the
center of the mass of material in the mold assembly.

6. Elevate the mold assembly with the jack until the loading spring assembly seats on top of
the follower.

7. Apply an initial seating load of approximately 100 lbs on the sample.

8. Start the compactor hammers. Continue to elevate the mold assembly, applying the load
gradually over the time stated in the Table 3.

9. Upon reaching the 2,000 1br load at the end of the 2-minute cycle, stop the hammer,
release the load on the jack, and return to zero pressure.

10. Repeat Steps 3 through 9 four additional times. Ensure all the coarse aggregate portion is
placed in the mold on the final lift.

11. Remove the mold assembly from the compactor.
12. Measure the height of the compacted specimen.

a. Lay the straight edge across the top of the mold assembly.
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b. Using the measuring device, measure from the bottom of the straight edge to the
top of the follower and spacers to the nearest 0.1 mm (0.01 in.). Designate as D.

c. Calculate and record the height of the compacted specimen, hs, by subtracting D
and T (thickness of follower) from the height of the mold, hs. See Annex A.

13. Alternate method of determining M
a. Remove the specimen from the mold assembly.

b. Determine the dry mass of the specimen according to the FOP for AASHTO
T 255. Designate as M.

14. Calculate and record the laboratory dry density, p4, of the coarse aggregate portion.

Calculations

Height of specimen in mold (fine or coarse aggregate portion)

hs=h,—D—T

where:
hs = height of specimen in mold, 0.1 mm (0.01 in.)
hm = height of mold, 0.1 mm (0.01 in.), Annex A
D = measured distance from the mold top to the follower, 0.1
mm (0.01 in.)
T = thickness of the follower, 0.1 mm (0.01 in.), Annex A

Volume of the specimen in the mold (fine or coarse aggregate portion)

2

hg X T X (%)
PR mm3/ﬂm3 or 1728 in3/ft3

where:
Vs = volume of specimen in mold m? (ft)
d = inside diameter of the mold, 0.1 mm (0.01 in.), Annex A
TM15 short 22 FOP Library -9 Pub. October 2022
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Mass of fine aggregate portion in the mold assembly

Mg = Mg — M,

where:
M; = mass of specimen in mold assembly, 0.005 kg (0.01 1b.)
Mns = mass of mold assembly and specimen, 0.005 kg (0.01 1b.)
Mn = mass of mold assembly, 0.005 kg (0.01 1b.)

Wet Density of fine aggregate portion

— MS
a2
Where:
pw = wetdensity, kg/m? (Ib/ft’)
M; = mass of specimen in the mold assembly, 0.005 kg (0.01 1b.)
Vs = volume of specimen in mold m? (ft})

Laboratory maximum dry density fine aggregate portion

Pw Pw
Pd ( )><100 or pg =
w + 100 W
(100) + 1
Where:
Pd = dry density, kg/m? (Ib/ft?)
w = moisture content, as a percentage (FOP for AASHTO
T 255)
TM15_short 22 FOP Library -10 Pub. October 2022
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Laboratory maximum dry density of coarse aggregate portion

(MS> X 100

Pa = V.,

Where:
Pd = dry density, kg/m? (Ib/ft?)
M; = mass of specimen in the mold assembly, 0.005 kg (0.01 1b.)
Vs = volume of specimen in mold m? (ft})

Example

Example for small mold fine aggregate portion

Wet mass, My = 6.470 kg (14.26 1b)
Moisture content, w = 11.3%

Height of mold, hi = 203.7 mm (8.02 in.)
Inside diameter of mold, d = 153.4 mm (6.04 in.)
Measurement from top of mold to follower, D = 44.5 mm (1.75 in.)
Thickness of the follower, T = 3.6 mm (0.14 in.)
Mass of specimen and mold assembly, Mms = 6.400 kg (14.11 1b)
Mass of mold assembly, Mm = 0.280 kg (0.62 1b)

Height of fine aggregate portion in mold

hs = 203.7mm — 44.5mm — 3.6 mm = 155.6 mm

hy =8.02in.— 1.75in.—0.14 in. = 6.13 in.

TMI15 short 22 FOP Library -11 Pub. October 2022
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Volume of the fine aggregate in the mold

hg X T X (%)
s 1e9 mm3/m3 or 1728 in3/ft3

2

155.6 mm X X (M)z

1,000,000,000 mm?

= 0.002876 m3

Vs:

Or

613in X7 (6'03 i"')z

— 3
V, = I = 0.1016 ft
ft?

Mass of fine aggregate portion in the mold

Mg = Mg — My,

M, = 6.400 kg —0.280 kg = 6.119 kg

M; =14.111b—0.621b = 13.491b
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Wet density of fine aggregate portion

pw =
6.119 kg kg
Pw = Go0z876 5 = 2128 /in3
13.49 Ib
- _ 1328
Pw = 01016 f13 [fes

Laboratory maximum dry density of the fine aggregate portion

132.8 Ib/ft3

_ (2128kg/m?
Pa = 11.3% + 100

3% + 100 x 100 = 119. 3
11.3% + 100 ) 00 9.31b/ft

) X 100 = 1912 kg/m3 py = <

Or
2128 kg/m3 132.8 lb/j"t3
Pa = q13% = 1912 kg/m3 Pa = 13% . =119.3 lb/ft3
100 T L 100 T L
TMI15 short 22 FOP Library -13 Pub. October 2022
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Example for small mold coarse aggregate portion (Procedure 1)

Calculations will be the same for Procedure 2

Height of mold assembly, hn = 203.7 mm (8.02 in.)
Inside diameter of mold, d = 153.4 mm (6.04 in.)
Measurement from top of mold assembly

to follower, D = 42.4 mm (1.67 in.)
Thickness of the follower, T = 3.6 mm (0.14 in.)
Mass of coarse aggregate in the mold assembly, My = 4.985 kg (10.99 1b)

Height of coarse aggregate portion in mold

hy = 203.7mm — 424 mm — 3.6 mm = 157.7 mm

hs =8.02in.—1.67 in.— 0.14 in.= 6.21 in.

Volume of the coarse aggregate portion in the mold

2

hg X T % (%)
1e9 mm3/m3 or 1728 in3/ft3

157.7 mm X 7 X (153”#)2

1,000,000,000 mm3

v, = = 0.002915 m3

6.21in. x X (6'03 i”')z

— — 3
v, = Ty = 0.1030 ft
fe3
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Laboratory maximum dry density of coarse aggregate portion

4.985 kg
Pa = (

k
0.002915 m3) X100 = 1710 "9/,

10.99 Ib
Pa = (

W) x 100 = 106.7 1B/ 5

Theoretical Maximum Density Curve Development
Enter the following data into an approved spreadsheet to develop the maximum density chart
and maximum density curve.

e Laboratory maximum dry density, p4, of the coarse aggregate portion to the nearest
1 kg/m? (0.1 Ib/ft})

e Laboratory maximum dry density, pq, of the fine aggregate portion to the nearest
1 kg/m® (0.1 Ib/ft’)

e Optimum moisture content to the nearest 0.1 percent if the FOP for AASTHO
T 99/T 180, T 99 Method A was used for the fine portion.

e Coarse aggregate apparent specific gravity, Gsa, to the nearest 0.001

e Fine aggregate portion apparent specific gravity, Gsa, to the nearest 0.001
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WAQTC

WAQTC TM 15(22)

Theoretical Maximum Dry Density Chart

Density Curves

Density Curves

Pass #4 | Maximum| Pass #4 | Maximum Pass #4 | Maximum| Pass #4 | Maximum
0.0 104.8 31.0 133.7 62.0 134.6 82.0 129.6
1.0 105.6 32.0 134.5 63.0 134.3 83.0 129.4
2.0 106.4 33.0 135.2 64.0 134.0 84.0 129.3
3.0 107.1 34.0 135.8 65.0 133.6 85.0 129.1
4.0 107.9 35.0 136.4 66.0 133.3 86.0 128.9
5.0 108.7 36.0 137.0 67.0 133.1 87.0 128.8
6.0 109.5 37.0 137.5 68.0 132.8 88.0 128.6
7.0 110.3 38.0 137.9 69.0 132.5 89.0 128.4
8.0 111.1 39.0 138.3 70.0 132.2 90.0 128.3
9.0 112.0 40.0 138.6 71.0 132.0 91.0 128.1
10.0 112.8 41.0 138.9 72.0 131.7 92.0 128.0
11.0 113.7 42.0 139.0 73.0 131.5 93.0 127.9
12.0 1145 43.0 139.2 74.0 131.2 94.0 127.7
13.0 115.4 44.0 139.2 75.0 131.0 95.0 127.6
14.0 116.4 45.0 139.2 76.0 130.8 96.0 1274
15.0 117.3 46.0 139.2 77.0 130.6 97.0 127.3
16.0 118.2 47.0 139.1 78.0 130.4 98.0 127.2
17.0 119.2 48.0 139.0 79.0 130.2 99.0 127.0
18.0 120.2 49.0 138.8 80.0 130.0] 100.0 126.9
19.0 121.3 50.0 138.6 81.0 129.8
20.0 122.3 51.0 138.3
21.0 123.4 52.0 138.1 |Control Points for Density Curves
22.0 124.5 53.0 137.8 Pass #4 | Maximum| Loose
23.0 125.6 54.0 137.5 0.0 104.8 87.6
24.0 126.8 55.0 1371 20.5 122.8 99.6
25.0 127.9 56.0 136.8 274 130.4 103.8
26.0 129.0 57.0 136.4 425 139.1 105.4
27.0 130.0 58.0 136.0 61.1 134.9 96.7
28.0 131.0 59.0 135.7 100.0 126.9 81.9
29.0 132.0 60.0 135.3
30.0 132.8 61.0 135.0
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Theoretical Maximum Dry Density Curve
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Report

e Results on standard agency forms
e Sample ID

e Laboratory maximum dry density of the coarse aggregate portion to the nearest
1 kg/m? (0.1 Ib/ft})

e Laboratory maximum dry density of the fine aggregate portion to the nearest 1 kg/m’
(0.1 1Ib/ft%)

e Optimum moisture content to the nearest 0.1 percent (when using the FOP for
AASTHO T 99/T 180, T 99 Method A for the fine aggregate portion)

e (Coarse aggregate apparent specific gravity (Gsa) to the nearest 0.001
e Fine aggregate apparent specific gravity (Gsa) to the nearest 0.001
e Theoretical maximum dry density chart

e Theoretical maximum dry density curve
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ANNEX A STANDARDIZATION OF THE MOLD ASSEMBLY
(Mandatory Information)

Apparatus

Calipers having a range sufficient to measure the diameter of the measure being checked
and readable to at least 0.1 mm (0.01 in.)

Inside diameter caliper, 300 mm (12 in.) range
Straight edge at least 25 mm (1 in.) larger than the mold
Ruler readable to 0.1 mm (0.01 in.)

Procedure
Determine the height of the mold (hm)

1.
2.

S kAW

Place the straight edge across the top of the mold with mold base.

Using the caliper measure from the bottom of the straight edge to the center mold with
base to the nearest 0.1 mm (0.01 in.)

Turn the straight edge 90 degrees.
Repeat Step 2.
Average the two measurements.

Designate as hp

Determine the thickness of the mold follower and spacers (T)

1.
2.
3.

4
5
6.
7
8

Place follower and spacers inside the mold with mold base.
Place the straight edge across the top of the mold.

Using the caliper measure from the bottom of the straight edge to the center of the top of
the follower to the nearest 0.1 mm (0.01 in.).

Turn the straight edge 90 degrees.

Repeat Step 3.

Average the two measurements.

Subtract the average measurement from hm

Designate as T.

Determine the inside diameter of the mold (d)

1.

Using the caliper measure the inside diameter of the mold to the nearest 0.1 mm (0.01
in.).

2. Turn the mold 90 degrees.

3. Repeat Step 1.

4. Average the two measurements.

5. Designate as d.
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ANNEX B APPARENT SPECIFIC GRAVITY (Gsb) DETERMINATION
(Mandatory Information)

This procedure covers the determination of apparent specific of coarse and fine aggregate by
means of a pycnometer. When the soil is composed of material both larger and smaller than
the 4.75 mm (No. 4) sieve, the sample is separated on the 4.75 mm (No. 4) sieve.

Apparatus

Pycnometer: A flask or other suitable container in which the volume can be
reproduced within 0.1 ml. The volume of the flask shall be at least 50 percent
greater than required for the test sample.

Pycnometer / volumetric flask cover: A glass plate or a metal or plastic cover with a
vented opening

Balance: A balance of sufficient capacity, readable to 0.1 g. Meeting AASHTO
M 231, Class G2.

Oven: Capable of maintaining a temperature of 110 +£5°C (230 +9°F) for drying the
specimens to a constant mass.

Vacuum lid: A transparent lid with a suitable vacuum connection, with a vacuum
opening to be covered with a fine wire mesh

Vacuum: Capable of evacuating air from the container to a partial vacuum of 13.33
kPa (100 mmHg) or less absolute pressure

Manometer or vacuum gauge: Capable of measuring the vacuum being applied at the
source of the vacuum

Water bath: A constant-temperature water bath (optional)
Thermometers: Thermometric devices accurate to 0.5°C (1°F)
Bleeder valve to adjust vacuum

Timer

Sample Preparation

1. Sample and reduce the aggregate in accordance with the FOPs for AASHTO R 90
and R 76.

2. Dry the sample sufficiently to obtain a clean separation of fine and coarse material in
the sieving operation.

3. Sieve the sample in accordance with the FOP for AASHTO T 27/ T 11 over the 4.75
mm (No. 4) sieve.

TMI15 short 22 FOP Library -19 Pub. October 2022
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Coarse test sample

a. Split or quarter approximately 1000 g of material from the portion retained on the
4.75 mm (No. 4) sieve.

b. Dry to constant mass according to the FOP for AASHTO T 255 at 110 £5°C (230
+9°F).

c. Cool to room temperature.
Fine test sample

a. Split or quarter approximately 500 g of material from the portion passing the
4.75 mm (No. 4) sieve.

b. Dry to constant mass according to the FOP for AASHTO T 255/T 265 at 110
+5°C (230 £9°F).

c. Cool to room temperature.

Procedure

The procedure is performed on fine and coarse aggregate separately.

Determine and record the mass of the dry test sample. Designate as A.

Place the test sample in the pycnometer.

Add water at approximately 20°C (68°F) until the pycnometer is about % full.
Connect the pycnometer to the vacuum system.

Apply partial vacuum, 30 mmHg or less absolute pressure, for 20 £ 1 min.

A T e

Agitate the pycnometer and contents, either continuously by mechanical device or
manually by vigorous shaking, at 2-minute intervals. This agitation facilitates the
removal of entrapped air.

Release vacuum and disconnect the hoses.
8. Fill the pycnometer with water without reintroducing air. Water temperature should
be maintained as close to 20 +0.5°C (68 +1°F) as possible throughout the procedure.

Note 1: 1t may be necessary to place the pycnometer in a water bath for 10 minutes after the release of
vacuum to stabilize at 20 +0.5°C (68 +1°F).

a. Metal pycnometer (coarse test sample only) — Fill the pycnometer with 20

+0.5°C (68 +1°F) water according to manufacturer’s instructions and dry the
outside.

b. Glass pycnometer (fine or coarse test samples) — Completely fill the
pycnometer with 20 £0.5°C (68 £1°F) water, slide the calibrated glass plate
over the mouth of the pycnometer making sure there are no air bubbles
trapped under the plate. Dry the outside.

9. Determine and record the mass of the pycnometer, sample, and water. Designate as

C.
TMI15 short 22 FOP Library -20 Pub. October 2022
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Calculation

Calculate the Gsa to three decimal places as follows:

A

Gsa = T 7p—C

Where:
A = Mass of dry sample in air, g

B = Mass of pycnometer filled with water at 20°C (68°F), g, determined during
the Standardization of Pycnometer procedure

C = Mass of pycnometer, water, and the test sample at to 20 +£0.5°C (68 £1°F), g

Coarse example:

22003 g

Gsq = = 2.470
54 2200.3 g+ 750259 —8812.0¢g
Given:
A = 22003 g
B = 75025 g
C = 8812.0¢g
Report
e Report on standard agency forms.
e Report apparent specific gravities, Gsa, to the nearest 0.001
TMI15 short 22 FOP Library -21 Pub. October 2022
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Standardization of Pycnometer

The pycnometer shall be standardized periodically in conformance with procedures
established by the agency.

1. Fill the pycnometer with water at approximately 20°C (68°F).

2. Place the metal or plastic cover, or a glass plate on the pycnometer and eliminate all
air.

Note B1: When using a metal pycnometer and cover, place the cover on the pycnometer and push down slowly,
forcing excess water out of the hole in the center of the cover. Use care when filling the pycnometer to
avoid reintroducing air into the water.

Stabilize the pycnometer at 20 + 0.5°C (68 £+ 1°F) for 10 = 1 min.
Towel dry the outside of the pycnometer and cover.
Determine and record the mass of the pycnometer, water, and lid.

Repeat Steps 2 through 5 two more times for a total of three determinations.

NS kW

If the variation of the three masses is within 0.3 g, average the three masses.
Designate as “B.”

8. [If the variation of the masses is greater than 0.3 g, take corrective action and perform
the “Standardization of Pycnometer” again.

TMI15 short 22 FOP Library -22 Pub. October 2022
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Performance Exam Checklist

Laboratory Theoretical Maximum Dry Density of Granular Soil and Soil/Aggregate
WAQTC TM 15

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element

1.
2.

The tester has a copy of the current procedure on hand?

All equipment is functioning according to the test procedure, and if required has
the current calibration/standardization/check and maintenance tags present?

Sample Preparation Element

3.

4.

6.
7.

Fine
8.

9.
10.
11.

12.
13.

14.
15.
16.

17.
18.
19.

A minimum of 180 kg. (400 Ibs.) representative sample material obtained according
to FOP for AASHTO R 90?

Representative sample reduced according to FOP for AASHTO R 76 to yield the
sample sizes for testing?

If damp, sample dried at a temperature not exceeding 60°C (140°F)?
Material retained on the 75 mm (3 in.) sieve removed?

Coarse and fine aggregate portions separated through the 4.75 mm (No. 4) sieve?

Aggregate Portion Element
Proper test method selected based on Table 1?

Mass of clean dry small mold determined to the nearest 5 g (0.01 Ib.)?
Enough water added to saturate sample and mixed until homogenous?

Each lift consolidated with 25 strokes of tamping rod and 25 blows of manually
operated rammer?

Top lift finished as level as possible?

Mold cap placed and spacers utilized so the hammers strike near the center of mass
in the mold?

Initial seating load of approximately 100 Ibf applied?
Compaction begun and load application rate per Table 3 followed?

Based on the determination of apparent moisture, compaction cycle repeated four
additional times or a new sample is prepared and test restarted from Step 1.?

Height of compacted specimen determined and recorded?
Mass of specimen determined and recorded?

Moisture content determined and recorded?

20.

Dry density determined?

Trial 1 Trial 2
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Procedure Element Trial 1 Trial 2

Coarse Aggregate Portion Element
21. Proper test method selected based on Table 2?

Procedure 1 Element
22. Mass of clean dry small mold determined to the nearest 5 g (0.01 Ib.)?

23. Mass of coarse aggregate portion determined to the nearest 5 g (0.01 Ib.)?

24. Coarse aggregate mass multiplied by 0.025 to determine mass of water to be
added? —_

25. Water and coarse aggregate mixed thoroughly?
26. Each lift tamped lightly with manually operated rammer?

27. Mold cap placed and spacers utilized so the hammers strike near the center of mass
in the mold? —_

28. Initial seating load of approximately 100 Ibf applied?

29. Compaction begun and load application rate per Table 3 followed?
30. Compaction cycle repeated four additional times?

31. Height of compacted specimen determined and recorded?

32. Dry density determined?

Procedure 2 Element
33. Mass of clean dry small mold determined to the nearest 5 g (0.01 Ib.)?

34. Mass of coarse aggregate portion determined to the nearest 5 g (0.01 Ib.)?
35. Approximately one fifth of the sample place in mold?
36. Lift tamped lightly with manually operated rammer to consolidate and level?

37. Mold cap placed and spacers utilized so the hammers strike near the center of mass
in the mold? —_

38. Initial seating load of approximately 100 Ibf applied?

39. Compaction begun and load application rate per Table 3 followed?

40. Aggregate placement and compaction cycle repeated four additional times?
41. Height of compacted specimen determined and recorded?

42. Dry density determined?
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Procedure Element Trial 1 Trial 2

Apparent Specific Gravity of the Fine and Coarse Portions According to Annex B

43. Appropriate amount of coarse and fine aggregate portions obtained, dried, and
cooled?

44. Mass of dry test sample(s) determined and recorded?

45. Test sample(s) placed in pycnometer and 20°C (68°F) water added to about % full?

46. Partial vacuum applied to pycnometer and contents for 20 + 1 min. and agitated by
mechanical device or manually?

47. Vacuum released and pycnometer filled with water without reintroducing air?

48. Water stabilized at 20 +£0.5°C (68 £1°F), pycnometer cover positioned, and outside
dried?
49. Mass of pycnometer, sample, and water determined and recorded?

50. Specific Gravity determined?

Comments:
First Attempt: Pass ‘ Fail Second Attempt: Pass ‘ Fail ‘
Examiner Signature: WAQTC #:
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Performance Exam Checklist

AASHTO T 19M/T 19
Bulk Density (“Unit Weight”) and Voids in Aggregate (Rodding Procedure Only)

WSDOT has adopted AASHTO T 19.
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T19 Bulk Density (“Unit Weight”) and Voids in Aggregate (Rodding Procedure Only)

Participant Name Exam Date

.
Oz

Procedure Element
1. The tester has a copy of the current procedure on hand?

2. All equipment is functioning according to the test procedure, and if required, has the
current calibration/verification tags present?

3. Sample is approximately 125 to 200 percent of quantity required to fill measure?
. Sample is handled correctly to avoid segregation?
5. Sample is dried in accordance with WSDOT FOP for AASHTO T 255?

Rodding Procedure
6. Mass of empty unit weight measure is determined and recorded (nearest 0.1 1b)?
7. Measure is filled in three equal layers?

8.  Each layer is rodded throughout it’s depth 25 times with a hemispherical end of
rod but rodding does not penetrating into the next layer?

9. Rodding is evenly distributed over the surface of the sample?

SN S O D I |
SN S O D I |

10. Mass of unit weight measure plus contents is determined to the nearest 0.1 1b
and recorded?

11. All calculations performed correctly?
12. Bulk density reported to the nearest 1 1b/ft3?

I
I

First Attempt: Pass|  Fail| Second Attempt: Pass|  Fail |

Signature of Examiner

Comments:

Page 2 of 2 WSDOT Materials Manual M 46-01.27
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WSDOT FOP for AASHTO T 22

Compressive Strength of Cylindrical Concrete Specimens

WSDOT has adopted the published AASHTO T 22 with errata’s below.
AASHTO Test Methods cannot be included in Materials Manual due to copyright infringement.

WSDOT employees can access AASHTO and ASTM test methods in the following web address:
http:/wwwi.wsdot.wa.gov/MatsLab/BusinessOperations/ASTMLogin.htm

Non-WSDOT employees can order AASHTQO'’s Standard Specifications for Transportation Materials and
Methods of Sampling and Testing, using the following web address: https://store.transportation.org
5. Significance and Use
5.2.  Include Note below.
Note: Testing for determining compressive strength of cylinder specimens shall require a set
of two specimens made from the same sample.
7. Specimens
6.3.  Step not recognized by WSDOT.
6.4. Determine specimen mass and length as described below.

Remove any surface moisture with a towel and measure the mass of the specimen using a
balance or scale that is accurate to within 0.3 percent of the mass being measured. Measure
the length of the specimen to the nearest 1 mm (0.05 in.) at three locations spaced evenly
around the circumference. Compute the average length and record to the nearest 1 mm

(0.05in.).
8. Procedure
8.3. Include Note below.

Note: The 28-day compressive break may be extended by up to 48 hours if the scheduled
28-day break falls on a Saturday, Sunday, or Holiday. The Regional Materials Engineer must
authorize the time extension in writing.
10. Report
10.1. Include Note below.

Note: The report shall also include specimen mass and length as determined in 7.4..

WSDOT Materials Manual M 46-01.42 Page 10of 4
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Performance Exam Checklist

Compressive Strength of Cylindrical Concrete Specimens
AASHTO T 22

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2
1. The tester has a copy of the current procedure on hand? _
2. All equipment is functioning according to the test procedure, and if required has the

current calibration/standardization/check and maintenance tags present? -
Specimens kept moist between removal from moist storage and testing? .
4. Diameter of the cylinder recorded to the nearest 0.01 inch by averaging
two diameters taken at about mid-height? -
5. Specimen not tested if individual diameter readings differ more than 2 percent? .
6. Ends of specimen checked for perpendicularity to the axis? .
7. Specimen mass and length recorded? .
8. Ends of specimen checked for plane? .
9. If ends not plane, specimen sawed or ground to meet tolerance or capped in
accordance to either AASHTO T 231 or ASTM C1231? (Refer to AASHTO T 231 or
ASTM C1231 procedure and checklist if used) -
10. Bearing faces wiped clean? .
11. Load indicator set to zero? o
12. Spherical seated block parallel to top of specimen prior to applying load? .
13. If using Unbonded Caps, alignment of specimen checked after application of load but
before reaching 10 percent of anticipated load strength? -
14. Load applied continuously and without shock? .
15. The designated load rate maintained at least during the latter half of anticipated load
strength? —_
16. No adjustment to load rate as ultimate load is being approached? .
17. Compressive load continued until tester is certain ultimate capacity has been
attained? -
18. Maximum load and type of fracture recorded? .
19. Specimens broken within permissible time tolerances? _
20. All calculations performed correctly? _
WSDOT Materials Manual M 46-01.42 Page 3 of 4
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First Attempt: Pass ‘ Fail Second Attempt: Pass ‘ Fail‘

Signature of Examiner

Comments:
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WSDOT Errata to FOP for AASHTO T 27_T 11

Sieve Analysis of Fine and Coarse Aggregates

WAQTC FOP for AASHTO T 27_T 11 has been adopted by WSDOT with the following changes:

Procedure Method C - Method not recognized by WSDOT.

Sample Preparation

Table 1 Test Sample Sizes for Aggregate Gradation Test - Shall conform to the following table and

nominal maximum size definition.

Nominal Maximum Size*in (mm) Minimum Dry Mass Ib (kg)
US No. 4 (4.75) 1 (0.5)
Ya (6.3) 2 (1)
% (9.5) 2 (1)
% (12.5) 5 (2)
% (16.0) 5 (2)
% (19.0) 7 (3)
1 (25.0) 13 (6)
1% (31.5) 17 (7.5)
1% (37.5) 20 (9)
2 (50) 22 (10)
2% (63) 27 (12)
3 (75) 33 (15)
3% (90) 44 (20)

*For Aggregate, the nominal maximum size sieve is the largest standard sieve opening listed in the
applicable specification upon which more than 1-percent of the material by weight is permitted to be
retained. For concrete aggregate, the nominal maximum size sieve is the smallest standard sieve

opening through which the entire amount of aggregate is permitted to pass.

Procedure Method A
Replace step 1. and 11. with below:

1. Dry the sample to constant mass according to the FOP for AASHTO T 255. Cool to room

temperature.

11.  Dry the washed sample to constant mass according to the FOP for AASHTO T 255. Cool to

room temperature.
Procedure Method B
Replace step 1. and 11. with below:

1. Dry the sample to constant mass according to the FOP for AASHTO T 255. Cool to room

temperature.

11.  Dry the washed sample to constant mass according to the FOP for AASHTO T 255. Cool to

room temperature.

WSDOT Materials Manual M 46-01.44
January 2024
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AGGREGATE WAQTC FOP AASHTOT27/T 11 (23) |

SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES

FOP FOR AASHTO T 27

MATERIALS FINER THAN 75 uyM (NO. 200) SIEVE IN MINERAL AGGREGATE
BY WASHING

FOP FOR AASHTO T 11

Scope

A sieve analysis, or ‘gradation,” measures distribution of aggregate particle sizes within a
given sample.

Accurate determination of the amount of material smaller than 75 um (No. 200) cannot be
made using just AASHTO T 27. If quantifying this material is required, use AASHTO T 11
in conjunction with AASHTO T 27.

This FOP covers sieve analysis in accordance with AASHTO T 27-23 and materials finer |
than 75 um (No. 200) in accordance with AASHTO T 11-22 performed in conjunction with
AASHTO T 27. The procedure includes three methods: A, B, and C.

Apparatus

e Balance or scale: Capacity sufficient for the masses shown in Table 1, accurate to
0.1 percent of the sample mass or readable to 0.1 g, and meeting the requirements of
AASHTO M 231

e Sieves: Meeting the requirements of ASTM E11
e Mechanical sieve shaker: Meeting the requirements of AASHTO T 27
e Suitable drying equipment (refer to FOP for AASHTO T 255)

e Containers and utensils: A pan or vessel of sufficient size to contain the sample
covered with water and permit vigorous agitation without loss of material or water

e Optional
- Mechanical washing device

- Mallet: With a rubber or rawhide head having a mass of 0.57 £0.23 kg
(1.25+0.5 1b)

Sample Sieving

e In all procedures, the sample is shaken in nested sieves. Sieves are selected to furnish
information required by specification. Intermediate sieves are added for additional
information or to avoid overloading sieves, or both.

e The sieves are nested in order of increasing size from the bottom to the top, and the
sample, or a portion of the sample, is placed on the top sieve.

e The loaded sieves are shaken in a mechanical shaker for approximately 10 minutes,
refer to Annex A, Time Evaluation.

40 _T27 T11 _short 23 errata Aggregate 12-1 Pub. October 2023
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|  AGGREGATE WAQTC FOP AASHTO T 27/ T 11 (23)

e (Care must be taken so that sieves are not overloaded, refer to Annex B, Overload
Determination. The sample may be sieved in increments and the mass retained for
each sieve added together from each sample increment to avoid overloading sieves.

Sample Preparation

Obtain samples according to the FOP for AASHTO R 90 and reduce to sample size, shown
in Table 1, according to the FOP for AASHTO R 76.

TABLE 1
Sample Sizes for Aggregate Gradation Test

Nominal Maximum Minimum Dry Mass
Size* mm (in.) g (Ib)
125 (5) 300,000 (660)
100 (4) 150,000 (330)
90 (31/2) 100,000 (220)
75 (3) 60,000 (130)
63 (21/2) 35,000 (77)
50 (2) 20,000 (44)
37.5 (1172) 15,000 (33)
25.0 (1) 10,000 (22)
19.0 (3/4) 5000 (11)
12.5 (1/2) 2000 (4)
9.5 (3/8) 1000 (2)
6.3 (1/4) 1000 (2)
4.75 (No. 4) 500 (1)

*Nominal maximum size: One sieve larger than the first sieve to retain more than 10 percent of the

material using an agency specified set of sieves based on cumulative percent retained. Where large

gaps between specification sieves exist, intermediate sieve(s) may be inserted to determine nominal
maximum size.

Sample sizes in Table 1 are standard for aggregate sieve analysis, due to equipment restraints
samples may need to be divided into several “subsamples.” For example, a gradation that
requires 100 kg (220 1bs.) of material would not fit into a large tray shaker all at once.

Some agencies permit reduced sample sizes if it is proven that doing so is not detrimental to
the test results. Some agencies require larger sample sizes. Check agency guidelines for
required or permitted sample sizes.

40 _T27 T11 _short 23 errata Aggregate 12-2 Pub. October 2023

Page 4 of 46 WSDOT Materials Manual M 46-01.44
January 2024




T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)

Selection of Procedure

Agencies may specify which method to perform. If a method is not specified, perform
Method A.

Overview
Method A

Determine original dry mass of the sample
Wash over a 75um (No. 200) sieve
Determine dry mass of washed sample
Sieve washed sample

Calculate and report percent retained and passing each sieve

Method B

Determine original dry mass of the sample

Wash over a 75 um (No. 200) sieve

Determine dry mass of washed sample

Sieve sample through coarse sieves, 4.75 mm (No. 4) sieves and larger
Determine mass of fine material, minus 4.75 mm (No. 4)

Reduce fine material

Determine mass of reduced portion

Sieve reduced portion

Calculate and report percent retained and passing each sieve

Method C

Determine original dry mass of the sample

Sieve sample through coarse sieves, 4.75 mm (No. 4) sieves and larger
Determine mass of fine material, minus 4.75 mm (No. 4)

Reduce fine material

Determine mass of reduced portion

Wash reduced portion over a 75um (No. 200) sieve

Determine dry mass of washed reduced portion

Sieve washed reduced portion

Calculate and report percent retained and passing each sieve

40 T27 T11 short 23 errata Aggregate 12-3 Pub. October 2023
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Procedure Method A

1. Dry the sample to constant mass 110 £ 5°C (230 + 9°F) according to the FOP for
AASHTO T 255. Cool to room temperature.

2. Determine and record the original dry mass of the sample to the nearest 0.1 percent or
0.1 g. Designate this mass as M.

When the specification does not require the amount of material finer than 75 pm
(No. 200) be determined by washing, skip to Step 11.

3. Nest a sieve, such as a 2.0 mm (No. 10), above the 75 pm (No. 200) sieve.

4. Place the sample in a container and cover with water.

| Note 1: When required by the agency, add a detergent, dispersing solution, or other wetting agent to the water
to assure a thorough separation of the material finer than the 75 pm (No. 200) sieve from the coarser
particles. There should be enough wetting agent to produce a small amount of suds when the sample is
agitated. Excessive suds may overflow the sieves and carry material away with them.

5. Agitate vigorously to ensure complete separation of the material finer than 75 um
(No. 200) from coarser particles and bring the fine material into suspension above the
coarser material. Avoid degradation of the sample when using a mechanical washing
device limit agitation to 10 min.

6. Immediately pour the wash water containing the suspended material over the nested
sieves; be careful not to pour out the coarser particles or over fill the 75 um (No. 200)
sieve.

7. Add water to cover material remaining in the container, agitate, and repeat Step 5.
Continue until the wash water is reasonably clear.

8. Remove the upper sieve and return material retained to the washed sample.

9. Rinse the material retained on the 75 um (No. 200) sieve until water passing through the
sieve is reasonably clear and detergent or dispersing agent is removed, if used.

10. Return all material retained on the 75 pm (No. 200) sieve to the container by rinsing into
the washed sample.

| Note 2: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged
back over the 75 um (No. 200) sieve to prevent loss of fines.

11. Dry the washed sample to constant mass at 110 = 5°C (230 £ 9°F)according to the FOP
for AASHTO T 255. Cool to room temperature.

12. Determine and record the dry mass of the sample.

13. Select sieves required by the specification and those necessary to avoid overloading as
described in Annex B. With a pan on bottom, nest the sieves increasing in size starting
with the 75 um (No. 200).

14. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in
the mechanical shaker, if not place sieves in mechanical shaker and shake for the
minimum time determined to provide complete separation for the sieve shaker being used
(approximately 10 minutes, the time determined by Annex A).

| Note 3: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

40 _T27 T11 _short 23 errata Aggregate 12-4 Pub. October 2023
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15. Determine and record the individual or cumulative mass retained for each sieve and in the
pan. Ensure that all material trapped in full openings of the sieve are removed and
included in the mass retained.

Note 4: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving |
over a full opening. Use coarse wire brushes to clean the 600 pm (No. 30) and larger sieves, and soft
bristle brushes for smaller sieves.

Note 5: In the case of coarse / fine aggregate mixtures, distribute the minus 4.75 mm (No. 4) among two or |
more sets of sieves to prevent overloading of individual sieves.

16. Perform the Check Sum calculation — Verify the total mass after sieving compared to the
dry mass before sieving is not more than 0.3 percent. The dry mass before sieving is the
dry mass after wash or the original dry mass (M) if performing the sieve analysis without
washing. Do not use test results for acceptance if the Check Sum result is more than
0.3 percent.

17. Calculate the total percentages passing, and the individual or cumulative percentages
retained to the nearest 0.1 percent by dividing the individual sieve masses or cumulative
sieve masses by the original dry mass (M) of the sample.

18. Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to
0.1 percent.

Method A Calculations

Check Sum

dry mass before seiving — total mass after sieving
Check Sum = — X 100
dry mass before sieving

Percent Retained

1pr = MR 100 crr = MR 100
M or M

Where:
IPR = Individual Percent Retained
CPR = Cumulative Percent Retained
M = Original dry mass of the sample
IMR = Individual Mass Retained
CMR = Cumulative Mass Retained
Percent Passing (PP)
40 T27 T11 short 23 errata Aggregate 12-5 Pub. October 2023
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PP = PPP — IPR or PP =100 — CPR

Where:
PP

PPP = Previous Percent Passing

Percent Passing

Method A Example Individual Mass Retained

Original dry mass of the sample (M): 5168.7 g
Dry mass of the sample after washing: 49113 ¢
Total mass after sieving equals

Sum of Individual Masses Retained (IMR),
including minus 75 pm (No. 200) in the pan: 49059 ¢

Amount of 75um (No. 200) minus washed out (5168.7 g—4911.3 g): 257.4¢g

Check Sum
4911.3 g — 49059 g P
Check Sum = 29113 g X100 =0.1%
The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Individual Percent Retained (IPR) for 9.5 mm (3/8 in.) sieve:

619.2 g
IPR = —————x 100 = 12.0%
)
Percent Passing (PP) 9.5 mm (3/8 in.) sieve:

PP =86.0% — 12.0% = 74.0%

Reported Percent Passing = 74%

Method A Individual
Gradation on All Sieves
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23) |
Individual Determine IPR . .
Sieve Size Mass by dividing IMR Individual | - Determine P P Percent | Reported
. Percent by subtracting .
mm Retained by M and . Passing | Percent
. . Retained IPR from .
(in.) g multiplying by (IPR) ous PP (PP) Passing*
(IMR) 100 previous
19.0
0 0 100.0 100
(3/4)
12.5 724.7
724.7 = 14.0 100.0 —14.0 = | 86.0 86
(12) 51687 < 100
9.5 619.2
619.2 = 12.0 86.0 —12.0 = 74.0 74
(3/8) 5168.7 < 100
4.75 1189.8
1189.8 = 23.0 74.0 — 23.0 = 51.0 51
(No. 4) 51687 < 100
2.36 877.6
877.6 = 17.0 51.0 - 17.0 = 34.0 34
(No. 8) 51687 < 100
1.18 574.8
574.8 = 11.1 340 -11.1= 22.9 23
(No. 16) 51687 < 100
0.600 329.8
329.8 = 6.4 229 -64 = 16.5 17
(No. 30) 51687 < 100
0.300 228.5
228.5 = 4.4 16.5 — 4.4 = 12.1 12
(No. 50) 51687 < 100
0.150 205.7
205.7 = 4.0 121 -4.0 = 8.1 8
(No. 100) 51687 < 109
0.075 135.7
135.4 = 2.6 8.1—-26= 5.5 5.5
(No. 200) 51687 < 100
minus 0.075
(No. 200) 20.4
in the pan
Total mass after sieving = sum of sieves + mass in the pan =4905.9 g
Original dry mass of the sample (M): 5168.7g

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to

0.1 percent.
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T27. T11

|  AGGREGATE WAQTC FOP AASHTO T 27/ T 11 (23)

Method A Example Cumulative Mass Retained

Original dry mass of the sample (M): 5168.7 g
Dry mass of the sample after washing: 49113 ¢g

Total mass after sieving equals Final Cumulative Mass Retained
(FCMR) (includes minus 75 pm (No. 200) from the pan): 49059 ¢

Amount of 75um (No. 200) minus washed out (5168.7 g—4911.3 g): 2574 ¢

Check Sum

4911.3 g — 49059 g
49113 g

Check Sum = x 100 =0.1%

The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Cumulative Percent Retained (CPR) for 9.5 mm (3/8 in.) sieve:

134394

PR=——"2"¢%
¢ 5168.7 g

X 100 = 26.0%
Percent Passing (PP) 9.5 mm (3/8 in.) sieve:

PP =100.0% -26.0% = 74.0%

Reported Percent Passing = 74%
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23)
Method A Cumulative
Gradation on All Sieves
Cumulative | Determine CPR Cumulative
Sieve Size Mass by dividing CMR l;’e:centv Determine PP Percent | Reported
mm Retained by M and Retained by subtracting Passing Percent
(in.) g multiplying by (eC;Rs CPR from 100.0 | (PP) | Passing*
(CMR) 100
19.0
0 0.0 100.0 100
(3/4)
12.5 724.7
724.7 = 14.0 100.0 — 14.0 = 86.0 86
(172) 51687 < 100
03 1343.9 1343 100 = 26.0 100.0 — 26.0 = 74.0 74
(3/8) ' 5168.7 B ' ' ' '
4.75 2533.7
2533.7 = 49.0 100.0 — 49.0 = 51.0 51
(No. 4) 51687 < 100
2.36 3411.3
3411.3 = 66.0 100.0 — 66.0 = 34.0 34
(No. 8) 51687 < 100
1.18 3986.1
3986.1 = 77.1 100.0 — 77.1 = 22.9 23
(No. 16) 51687 < 100
0.600 4315.9 43159 100 = 83.5 100.0 — 83.5 = 16.5 17
(No. 30) 5168.7
0.300 45444
4544 .4 = 87.9 100.0 — 87.9 = 12.1 12
(No. 50) 51687 < 100
0.150 4750.1
4750.1 = 91.9 100.0 — 91.9 = 8.1 8
(No. 100) 51687 < 100
0.075 4885.5
4885.5 = 94.5 100.0 — 94.5 = 5.5 5.5
(No. 200) 51687 < 109
FCMR 4905.9
Total mass after sieving: 4905.9 g
Original dry mass of the sample (M): 5168.7 g

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23)

Procedure Method B

1. Dry the sample to constant mass at 110 + 5°C (230 £ 9°F)according to the FOP for
AASHTO T 255. Cool to room temperature.

2. Determine and record the original dry mass of the sample to the nearest 0.1 percent or 0.1
g. Designate this mass as M.

When the specification does not require the amount of material finer than 75 pm
(No. 200) be determined by washing, skip to Step 11.

3. Nest a protective sieve, such as a 2.0 mm (No. 10), above the 75 um (No. 200) sieve.

4. Place the sample in a container and cover with water.

Note 1: If required by the agency, add a detergent, dispersing solution, or other wetting agent to the water to
assure a thorough separation of the material finer than the 75 pum (No. 200) sieve from the coarser particles.
There should be enough wetting agent to produce a small amount of suds when the sample is agitated.
Excessive suds may overflow the sieves and carry material away with them.

5. Agitate vigorously to ensure complete separation of the material finer than 75 pm
(No. 200) from coarser particles and bring the fine material into suspension above the
coarser material. Avoid degradation of the sample when using a mechanical washing
device limit agitation to 10 min.

6. Immediately pour the wash water containing the suspended material over the nested
sieves; be careful not to pour out the coarser particles or over fill the 75 um (No. 200)
sieve.

7. Add water to cover material remaining in the container, agitate, and repeat Step 5.
Continue until the wash water is reasonably clear.

8. Remove the upper sieve and return material retained to the washed sample.

9. Rinse the material retained on the 75 pm (No. 200) sieve until water passing through the
sieve is reasonably clear and detergent or dispersing agent is removed, if used.

10. Return all material retained on the 75 um (No. 200) sieve to the container by rinsing into
the washed sample.

Note 2: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged
back over the 75 pm (No. 200) sieve to prevent loss of fines.

11. Dry the washed sample to constant mass at 110 + 5°C (230 = 9°F) according to the FOP
for AASHTO T 255. Cool to room temperature.

12. Determine and record the dry mass after wash.

13. Select sieves required by the specification and those necessary to avoid overloading as
described in Annex B. With a pan on bottom, nest the sieves increasing in size starting
with the 4.75 mm (No. 4).

14. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in
the mechanical shaker, if not place the sieves in the mechanical shaker and shake for the
minimum time determined to provide complete separation for the sieve shaker being used
(approximately 10 minutes, the time determined by Annex A).

Note 3: Excessive shaking (more than 10 minutes) may result in degradation of the sample.
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23) |

15.

Determine and record the individual or cumulative mass retained for each sieve. Ensure
that all particles trapped in full openings of the sieve are removed and included in the
mass retained.

Note 4: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

over a full opening. Use coarse wire brushes to clean the 600 pm (No. 30) and larger sieves, and soft hair
bristle for smaller sieves.

Determine and record the mass of the minus 4.75 mm (No. 4) material in the pan.
Designate this mass as M.

Perform the Coarse Check Sum calculation — Verify the fotal mass after coarse sieving
compared to the dry mass before sieving to not more than 0.3 percent. The dry mass
before sieving is the dry mass after wash or the original dry mass (M) if performing the
sieve analysis without washing. Do not use test results for acceptance if the Check Sum
result is more than 0.3 percent.

Reduce the minus 4.75 mm (No. 4) according to the FOP for AASHTO R 76 to produce a
sample with a minimum mass of 500 g. Determine and record the mass of the minus
4.75 mm (No. 4) split, designate this mass as M>.

Select sieves required by the specification and those necessary to avoid overloading as
described in Annex B. With a pan on bottom, nest the sieves increasing in size starting
with the 75 pm (No. 200) up to, but not including, the 4.75 mm (No. 4) sieve.

Place the sample portion on the top sieve and place the sieves in the mechanical shaker.
Shake for the minimum time determined to provide complete separation for the sieve
shaker being used (approximately 10 minutes, the time determined by Annex A).

Determine and record the individual or cumulative mass retained for each sieve and in the
pan. Ensure that all particles trapped in full openings of the sieve are removed and
included in the mass retained. (See Note 4.)

Perform the Fine Check Sum calculation — Verify the total mass after sieving compared
to the dry mass before sieving (M2) is not more than 0.3 percent. Do not use test results
for acceptance if the Check Sum result is more than 0.3 percent.

Calculate to the nearest 0.1 percent, the Individual Mass Retained (IMR) or Cumulative
Mass Retained (CMR) of the size increment of the reduced sample and the original
sample.

Calculate the total percent passing.

Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to
0.1 percent.
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T27. T11

|  AGGREGATE WAQTC FOP AASHTO T 27/ T 11 (23)

Method B Calculations
Check Sum

dry mass before sieveing — total mass after coarse sieving
Coarse Check Sum = — X 100
dry mass before sieving

. M, — total mass after fine sieving
Fine Check Sum = I x 100
2

Percent Retained for 4.75 mm (No. 4) and larger

pr = MR 100 crr = MR 100
M or Y

Where:
IPR = Individual Percent Retained
CPR = Cumulative Percent Retained
M = Original dry mass of the sample
IMR = Individual Mass Retained
CMR = Cumulative Mass Retained

Percent Passing (PP) for 4.75 mm (No. 4) and larger

PP = PPP —IPR or PP =100 - CPR

Where:
PP = Percent Passing
PPP = Previous Percent Passing
40 T27 T11 short 23 errata Aggregate 12-12 Pub. October 2023
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)

Minus 4.75mm (No. 4) adjustment factor (R)

The mass of material retained for each sieve is multiplied by the adjustment factor, the total
mass of the minus 4.75 mm (No. 4) from the pan, M, divided by the mass of the reduced
split of minus 4.75 mm (No. 4), M>. For consistency, this adjustment factor is carried to
three decimal places.

M
R=—
M,
where:
R = minus 4.75 mm (No. 4) adjustment factor
Mi = total mass of minus 4.75 mm (No. 4) before reducing
M2 = mass of the reduced split of minus 4.75 mm (No. 4)
Total Individual Mass Retained (TIMR):
TIMR = RXB
where:
TIMR = Total Individual Mass Retained
R = minus 4.75 mm (No. 4) adjustment factor
B = individual mass of the size increment in the reduced portion

sieved

Total Cumulative Mass Retained (TCMR)

TCMR= (RXB)+D

where:
TCMR = Total Cumulative Mass Retained
R = minus 4.75 mm (No. 4) adjustment factor
B = cumulative mass of the size increment in the reduced portion sieved
D = cumulative mass of plus 4.75mm (No. 4) portion of sample
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23)

Method B Example Individual Mass Retained

Dry mass of total sample, before washing: 32140 ¢g
Dry mass of sample after washing: 3085.1¢g
Total mass after sieving

Sum of Individual Masses Retained (IMR) plus the
minus 4.75 mm (No. 4) from the pan: 3085.0 g

Amount of 75 pm (No. 200) minus washed out (3214.0 g —3085.1 g): 1289 ¢

Coarse Check Sum

Coarse Check Sum = So0> 19 ~308509 56— 4 0
oarse ec um = 30851 g = u. 0

The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Individual Percent Retained (IPR) for 9.5 mm (3/8 in.) sieve

4814 g

IPR = ——L
32140 g

X 100 = 15.0%
Percent Passing (PP) for 9.5 mm (3/8 in.) sieve:

PP =95.0% — 15.0% = 80.0%

Reported Percent Passing = 80%
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/ T 11 (23) |
Method B Individual
Gradation on Coarse Sieves
Sieve Individual Detfar.m?ne IPR Individual | Determine PP
. Mass by dividing IMR . Percent
Size . Percent by subtracting .
Retained by M and . Passing
mm g multiplying by Retained IPR from (PP)
(in.) (IMR) 100 (IPR) previous PP
16.0
0 0 100
(5/8)
12.5 161.1
161.1 = 5.0 100.0 — 5.0 = 95.0
(112) 32140 <100
9.50 481.4
481.4 = 15.0 95.0 — 15.0 = 80.0
(3/8) 32140 < 100
4.75 475.8
475.8 = 14.8 80.0 — 14.8 = 65.2
(No. 4) 32120 < 100
Minus 4.75
(No. 4) 1966.7 (M)
in the pan
Total mass after sieving: sum of sieves + mass in the pan = 3085.0 g
Original dry mass of the sample (M): 3214.0 g

Fine Sample

The minus 4.75 mm (No. 4) from the pan, M; (1966.7 g), was reduced according to the FOP
for AASHTO R 76, to at least 500 g. In this case, the reduced mass was determined to be
512.8 g. This is Mo.

The reduced mass was sieved.

Total mass after sieving equals

Sum of Individual Masses Retained (IMR) including
minus 75 um (No. 200) in the pan
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23)

Fine Check Sum

] 5128 g —5118¢g
Fine Check Sum = X 100 = 0.2%
5128 g

The result is not more than an 0.3 percent therefore the results can be used for acceptance
purposes.

Adjustment Factor (R) for Total Individual Mass Retained (TIMR) on minus 4.75 (No.
4) sieves

The mass of material retained for each sieve is multiplied by the adjustment factor (R) carried
to three decimal places.

M; 1966.7g
=—=—————=3835
M, 5128 g
where:
R = minus 4.75 mm (No. 4) adjustment factor
M = total mass of minus 4.75 mm (No. 4) from the pan
M = mass of the reduced split of minus 4.75 mm (No. 4)

Each “individual mass retained” on the fine sieves must be multiplied by R to obtain the
Total Individual Mass Retained (TIMR).

Total Individual Mass Retained (TIMR) for 2.00 mm (No. 10) sieve

TIMR =3.835 x 207.1g = 7942 g

Individual Percent Retained (IPR) for 2.00 mm (No. 10) sieve:

PR = %29 100 = 24 7%
T 321409 TR
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T27. T11

AGGREGATE

WAQTC

Percent Passing (PP) 2 mm (No. 10) sieve:

PP = 65.2% — 24.7% = 40.5%

Reported Percent Passing = 41%

FOP AASHTO T 27/ T 11 (23) |

Method B Individual
Gradation on Fine Sieves
. . Individual Determine TIMR Total
Sle::nflze Mass Retained by multiplying Individual
. g My Mass Retained
(in.) (IMR) IMR by R (Mz) (TIMR)
2.00
. 207.1 x 3.835 = .
(No. 10) 207.1 X 794.2
0.425
. 187.9 x 3.835 = .
(No. 40) 187.9 X 720.6
0.210
. 59.9 x 3.835 = .
(No. 80) 59.9 X 229.7
0.075
. 49.1 x 3.835 = .
(No. 200) 49.1 X 188.3
minus 0.075
(No. 200) 7.8
in the pan
Total mass after sieving: sum of fine sieves + the mass in the pan=511.8 g
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)
Method B Individual
Final Gradation on All Sieves
Total .
| Individual | P IPR 1 dividual | Determine PP
Sieve Size by dividing . Percent | Reported
Mass Percent by subtracting .
mm . TIMR by M and . Passing | Percent
(in.) Retained multiplying by Retained IPR from (PP) Passing*
g 100 (IPR) previous PP
(TIMR)
16.0
(5/8) 0 0 100 100
12.5 161.1
161.1 = 5.0 100.0 -5.0=| 95.0 95
(12) 32140 < 10
9.50 481.4
481.4 = 15.0 95.0 -15.0=| 80.0 80
(3/8) 32140 < 100
4.75 475.8
475.8 = 14.8 80.0—148=| 652 65
(No. 4) 32140 < 1?0
2.00 794.2
794.2 = 24.7 65.2 —24.7 =1 40.5 41
(No. 10) 32140 ¢ 100
0.425 720.6
720.6 = 22.4 40.5 —22.4 = 18.1 18
(No. 40) 32140 < 100
0.210 229.7
229.7 = 7.1 18.1—-7.1= 11.0 11
(No. 80) 32140 < 100
0.075 188.3
188.3 = 5.9 11.0 - 59 = 5.1 5.1
(No. 200) 32140 < 100
minus 0.075
(No. 200) 299
in the pan
Original dry mass of the sample (M): 3214.0 g

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27 /T 11 (23) |

Method B Example Cumulative Mass Retained

Original dry mass of the sample (M): 32140 ¢g
Dry mass of sample after washing: 3085.1¢g
Total mass after sieving equals

Cumulative Mass Retained (CMR) on the 4.75 (No. 4)
plus the minus 4.75 mm (No. 4) in the pan: 3085.0 g

Amount of 75 pm (No. 200) minus washed out (3214.0 g — 3085.1 g): 1289 ¢

Coarse Check Sum

Coarse Check Sum = 220229 = 308500 455 _ .09
oarse ec um = 30851 g = U.U%

The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Cumulative Percent Retained (CPR) for 9.5 mm (3/8 in.) sieve

425¢g

CPR =331204

X 100 = 20.0%

Percent Passing (PP) for 9.5 mm (3/8 in.) sieve

PP =100.0% — 20.0% = 80.0%

Reported Percent Passing = 80%
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)

Method B Cumulative
Gradation on Coarse Sieves

Si Cumulative Determine CPR Cumulative
1fave Mass by dividing CMR tmuiany Determine PP Percent
Size . Percent . .
Retained by M and . by subtracting Passing
mm D Retained
(in.) g multiplying by (CPR) CPR from 100.0 (PP)
) (CMR) 100
16.0
0 0 100
(5/8)
12.5 161.1
161.1 = 5.0 100.0 - 5.0 = 95.0
(112) 32140 = 100
9.50 642.5
642.5 = 20.0 100.0 — 20.0 = 80.0
(3/8) 32140 < 100
4.75 1118.3
1118.3 (D = 34.8 100.0 — 34.8 = 65.2
(No. 4) D) | 33740 % 100
Minus 4.75
(No. 4) 1966.7 (M1)
in the pan
CMR: 1118.3 + 1966.7 = 3085.0
Original dry mass of the sample (M): 3214.0 g

Fine Sample

The mass of minus 4.75 mm (No. 4) material in the pan, M; (1966.7 g), was reduced
according to the FOP for AASHTO R 76, to at least 500 g. In this case, the reduced mass
was determined to be 512.8 g. This is M>.

The reduced mass was sieved.
Total mass after fine sieving equals

Final Cumulative Mass Retained (FCMR) (includes minus
75 pum (No. 200) from the pan): 511.8 g

Fine Check Sum

] 5128 g —5118g
Fine Check Sum = X 100 = 0.2%
5128g

The result is not more than 0.3 percent therefore the results can be used for acceptance

purposes.
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/ T 11 (23) |

The cumulative mass of material retained for each sieve is multiplied by the adjustment
factor (R) carried to three decimal places to obtain the Adjusted Cumulative Mass Retained
(ACMR) and added to the cumulative mass retained on the 4.75 mm (No. 4) sieve, D, to
obtain the Total Cumulative Mass Retained (TCMR).

Adjustment factor (R) for Adjusted Cumulative Mass Retained (ACMR) in minus 4.75
(No. 4) sieves.

M; 1,966.7 g
=—=————=3.835
M, 5128g
where:
R = minus 4.75 mm (No. 4) adjustment factor
M = total mass of minus 4.75 mm (No. 4) from the pan
M2 = mass of the reduced split of minus 4.75 mm (No. 4)

Adjusted Cumulative Mass Retained (ACMR) for the 2.00 mm (No. 10) sieve
ACMR =3.835 x 207.1g = 7942¢g
Total Cumulative Mass Retained (TCMR) for the 2.00 mm (No. 10) sieve

TCMR =794.2 g+ 11183 g =19125g
Cumulative Percent Retained (CPR) for 2.00 mm (No. 10) sieve:

191259

PR =
¢ 3214.0 g

X 100 = 59.5%
Percent Passing (PP) 2.00 mm (No. 10) sieve:

PP =100.0% — 59.5% = 40.5%

Reported Percent Passing = 41%
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Total: sum of masses on fine sieves + minus 75 um (No. 200) in the pan = 511.8
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AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)
Method B Cumulative
Gradation on Fine Sieves
Sieve Size Cumulat.ive Determine TCMR by Total )
mm Mass Retained, multiplying CMR by R (&) Cumulative
(in.) g . M, Mass Retained
. (CMR) and adding D (TCMR)
2.00 207.1 207.1 x 3.835+1118.3 = 1912.5
(No. 10) ' ' ' o '
0.425
. 395.0 x 3.835 +1118.3 = .
(No. 40) 395.0 X + 2633.1
0.210
. 4549 x 3.835 +1118.3 = .
(No. 80) 454.9 X + 2862.8
0.075
. 4, . 11183 = .
(No. 200) 504.0 504.0 x 3.835 + 8.3 3051.1
FCMR 511.8
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)
Method B Cumulative
Final Gradation on All Sieves
Total
) Determine CPR .
) . Cumulative by dividing CMR Cumulative Determine PP Percent Reported
Sieve Size Mass Percent . . Percent
. by M and . by subtracting Passing .
mm Retained multiplying by Retained CPR from 100.0 (PP) Passing*
(in.) g 100 (CPR) '
(TCMR)
16.0
(5/8) 0 0 100.0 100
12.5 161.1
161.1 = 5.0 100.0 — 5.0 = 95.0 95
(1/2) 32140 < 100
9.5 642.5
642.5 = 20.0 100.0 — 20.0 = 80.0 80
(378) 32140 < 100
4.75 1118.3
1118.3 (D = 34.8 100.0 — 34.8 = 65.2 65
(No. 4) D) | 35740 100
2.00 1912.5
1912.5 = 59.5 100.0 — 59.5 = 40.5 41
(No. 10) 32120 = 100
0.425 2633.1
2633.1 = 81.9 100.0 — 81.9 = 18.1 18
(No. 40) 32140 = 100
0.210 2862.8
2862.8 = 89.1 100.0 — 89.1 = 10.9 11
(No. 80) 32140 < 109
0.075 3051.1
3051.1 = 94.9 100.0 — 94.9 = 5.1 5.1
(No. 200) 32120 = 100
FCMR 3081.1
Original dry mass of the sample (M): 3214.0 g

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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Procedure Method C

1. Dry the sample to constant mass at 110 £ 5°C (230 + 9°F) according to the FOP for
AASHTO T 255. Cool to room temperature.

2. Determine and record the original dry mass of the sample to the nearest 0.1 percent or 0.1
g. Designate this mass as M.

3. Break up any aggregations or lumps of clay, silt, or adhering fines to pass the 4.75 mm
(No. 4) sieve.

4. Select sieves required by the specification and those necessary to avoid overloading as
described in Annex B. With a pan on bottom, nest the sieves increasing in size starting
with the 4.75 mm (No. 4) sieve.

5. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in
the mechanical shaker, if not place the sieves in the mechanical shaker and shake for the
minimum time determined to provide complete separation for the sieve shaker being used
(approximately 10 minutes, the time determined by Annex A).

Note 1: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

6. Determine and record the cumulative mass retained for each sieve. Ensure that all
material trapped in full openings of the sieve are removed and included in the mass
retained.

Note 2: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening sieving over a
full opening. Use coarse wire brushes to clean the 600 pm (No. 30) and larger sieves, and soft bristle brush
for smaller sieves.

7. Determine and record the mass of the minus 4.75 mm (No. 4) material in the pan.
Designate this mass as M.

8. Perform the Coarse Check Sum calculation —Verify the total mass after coarse sieving
compared to the original dry mass (M) is not more than 0.3 percent.

9. Reduce the minus 4.75 mm (No. 4) according to the FOP for AASHTO R 76, to produce
a sample with a minimum mass of 500 g.

10. Determine and record the mass of the minus 4.75 mm (No. 4) split, designate this mass as
Ms.

11. Nest a protective sieve, such as a 2.0 mm (No. 10), above the 75 um (No. 200) sieve.

12. Place the sample in a container and cover with water.

| Note 3: If required by the agency, adda detergent, dispersing solution, or other wetting agent to the water to
assure a thorough separation of the material finer than the 75 um (No. 200) sieve from the coarser particles.
There should be enough wetting agent to produce a small amount of suds when the sample is agitated.
Excessive suds may overflow the sieves and carry material away with them.

13. Agitate vigorously to ensure complete separation of the material finer than 75 um
(No. 200) from coarser particles and bring the fine material into suspension above the
coarser material. Avoid degradation of the sample when using a mechanical washing
device limit agitation to 10 min.
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14. Immediately pour the wash water containing the suspended material over the nested |
sieves; be careful not to pour out the coarser particles or over fill the 75 pm (No. 200)
sieve.

15. Add water to cover material remaining in the container, agitate, and repeat Step 12.
Repeat until the wash water is reasonably clear.

16. Remove the upper sieve and return material retained to the washed sample.

17. Rinse the material retained on the 75 um (No. 200) sieve until water passing through the
sieve is reasonably clear and detergent or dispersing agent is removed, if used.

18. Return all material retained on the 75 pm (No. 200) sieve to the container by flushing
into the washed sample.

Note 4: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged
back over the 75 um (No. 200) sieve to prevent loss of fines.

19. Dry the washed sample portion to constant mass at 110 £+ 5°C (230 + 9°F) according to
the FOP for AASHTO T 255. Cool to room temperature. Determine and record the dry
mass, designate this mass as dry mass before sieving.

20. Select sieves required by the specification and those necessary to avoid overloading as
described in Annex B. With a pan on bottom, nest the sieves increasing in size starting
with the 75 um (No. 200) sieve up to, but not including the 4.75 mm (No. 4) sieve.

21. Place the sample portion on the top sieve. Place the sieves in the mechanical shaker and
shake for the minimum time determined to provide complete separation for the sieve
shaker being used (approximately 10 minutes, the time determined by Annex A).

Note 5: Excessive shaking (more than 10 minutes) may result in degradation of the sample. |

22. Determine and record the cumulative mass retained for each sieve. Ensure that all
material trapped in full openings of the sieve are removed and included in the mass
retained.

Note 6: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving

over a full opening. Use coarse wire brushes to clean the 600 um (No. 30) and larger sieves, and soft
bristle brushes for smaller sieves.

23. Perform the Fine Check Sum calculation — Verify the total mass after fine sieving
compared to the dry mass before sieving is not more than 0.3 percent. Do not use test
results for acceptance if the Check Sum is more than 0.3 percent.

24. Calculate the Cumulative Percent Retained (CPR) and Percent Passing (PP) for the
4.75 mm (No. 4) and larger.

25. Calculate the Cumulative Percent Retained (CPR-#4) and the Percent Passing (PP-#4) for
minus 4.75 mm (No. 4) split and Percent Passing (PP) for the minus 4.75 mm (No. 4).

26. Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to

0.1 percent.
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Method C Calculations

Check Sum

M — total mass after coarse sieving

Coarse check sum = M X 100

] dry mass before sieving — total mass after fine sieving
Fine check sum = — x 100
dry mass before sieving

where:

M = Original dry mass of the sample
Cumulative Percent Retained (CPR) for 4.75 mm (No. 4) sieve and larger

CMR
CPR =——x 100

M
where:
CPR = Cumulative Percent Retained of the size increment for the total sample
CMR = Cumulative Mass Retained of the size increment for the total sample
M = Total dry sample mass before washing

Percent Passing (PP) 4.75 mm (No. 4) sieve and larger

PP =100 — CPR

where:

PP = Percent Passing of the size increment for the total sample

CPR = Cumulative Percent Retained of the size increment for the total
sample
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Or calculate PP for sieves larger than 4.75 mm (No. 4) sieve without calculating CPR

M — CMR
—— x 100

Cumulative Percent Retained (CPR.x4) for minus 4.75 mm (No. 4) split

CMR_
CPR_y, = # %100
3
where:
CPR-#4 = Cumulative Percent Retained for the sieve sizes of M3
CMR.44 = Cumulative Mass Retained for the sieve sizes of M3
M3 = Total mass of the minus 4.75 mm (No. 4) split before washing

Percent Passing (PP_44) for minus 4.75 mm (No. 4) split

PP_4, = 100 — CPR_4,
where:
PP = Percent Passing for the sieve sizes of M3
CPR-#4 = Cumulative Percent Retained for the sieve sizes of M3

Percent Passing (PP) for sieves smaller than 4.75 mm (No. 4) sieve

_ (PP_yy X #4 PP)

PP
100
where:

PP = Total Percent Passing

PP-u4 = Percent Passing for the sieve sizes of M3

#4 PP = Total Percent Passing the 4.75 mm (No. 4) sieve
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Or calculate PP for sieves smaller than 4.75 mm (No. 4) sieve without calculating
CPR.x4 and PPy

#4 PP
PP = X (M3 — CMR_y,)
Mj
where:
PP = Total Percent Passing
#4 PP = Total Percent Passing the 4.75 mm (No. 4) sieve
M3 = Total mass of the minus 4.75 mm (No. 4) split before washing
CMR .4 = Cumulative Mass Retained for the sieve sizes of M3

Method C Example

Original dry mass of the sample (M): 33045 ¢
Total mass after sieving equals

Cumulative Mass Retained (CMR) on the 4.75 (No. 4) plus the
minus 4.75 mm (No. 4) from the pan: 3085.0 g

Coarse Check Sum

C Check S 330459 = 330459 100 = 0.0%
oarse ec um = 33045g = U.U%

The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Cumulative Percent Retained (CPR) for the 9.5 mm (3/8 in.) sieve:

cPrR= 219 | 100=18 3%
~ 330454 oo
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Percent Passing (PP) for the 9.5 mm (3/8 in.) sieve:
PP =100.0% — 18.3% = 81.7%
Reported Percent Passing = 82%
Example for Alternate Percent Passing (PP) formula for the 9.5 mm (3/8 in.) sieve:

_3304.5 —604.1

X = 81.79
33045 100 = 81.7%

PP

Reported Percent Passing = 82%

Method C Cumulative
Gradation on Coarse Sieves

Si Cumulative | Determine CPR Cumulative
1.eve Mass by dividing CMR umuiaty Determine PP | Percent | Reported
Size . Percent . .
mm Retained, by M and Retained by subtracting | Passing | Percent
i g multiplying by (‘*C;R‘; CPR from 100.0 | (PP) | Passing*
1. (CMR) 100
16.0
0 0.0 100.0 100
(5/8)
12.5 125.9
125.9 = 3.8 100.0 - 3.8 = 96.2 96
(1/2) 33025 = 100
9.50 604.1
604.1 = 18.3 100.0 - 18.3 = 81.7 82
(3/8) 33045 < 100
4.75 1295.6 60.8
1295.6 = 39.2 100.0 — 39.2 = 61
(No. 4) 33045 < 100 (#4 PP)
Mass i
BT 2008.9
pan
CMR: 1295.6 +2008.9 = 3304.5
Original dry mass of the sample (M): 3304.5
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Fine Sample

The pan (2008.9 g) was reduced according to the FOP for AASHTO R 76, to at least 500 g.
In this case, the reduced mass was determined to be 527.6 g. This is M3.

Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M3): 527.6 g
Dry mass of minus 4.75mm (No. 4) reduced portion after wash: 4953 ¢
Total mass after fine sieving equals

Final Cumulative Mass Retained (FCMR)
(includes minus 75 pum (No. 200) from the pan): 495.1¢g

Fine Check Sum

] 4953 g—4951¢g
Fine Check Sum = X 100 = 0.0%
4953 g

The result is not more than 0.3 percent therefore the results can be used for acceptance
purposes.

Cumulative Percent Retained (CPR_4) for minus 4.75 mm (No. 4) for the
2.0 mm (No. 10) sieve:

1943 g

CPR-#=5375 4

X 100 = 36.8%

Percent Passing (PP.44) for minus 4.75 mm (No. 4) for the
2.0 mm (No. 10) sieve:

PP_y, = 100.0% — 36.8% = 63.2%
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Method C Cumulative 77
Gradation on Fine Sieves
Determine Determine
Sieve Cumulative CPR.4 by Cumulative PP b Percent
Size Mass dividing CMR Percent subtﬁctii Passing.
mm Retained g by M3 and Retained.y4 CPR frofn 44
(in.) (CMR.4) multiplying by | (CPRus) - (PP.s)
100.0
100
2.0 194.3 194.3 % 100 = 36.8 100.0 — 36.8 632
(No. 10) ' 527.6 B ' = '
0.425 365.6 100.0 — 69.3
365.6 = 69.3 30.7
(No. 40) 5276 " -
0.210 430.8 100.0 — 81.7
430.8 = 81.7 18.3
(No. 80) 5276 " =
0.075 484.4 100.0 —91.8
484.4 = 91.8 8.2
(No. 200) 527.6 < 00 -
FCMR 495.1
Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M3): 527.6 g
Dry mass after washing: 495.3 g

Percent Passing (PP) for the 2.0 mm (No. 10) sieve for the entire sample:

#4 PP (Total Percent Passing the 4.75 mm (No. 4) sieve) = 60.8%

_ 63.2% X 60.8%

= 0
100 38.4%

PP

Reported Percent Passing = 38%
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Method C Cumulative
Final Gradation on All Sieves
. Determine PP
Cumulative | ¢ ulative by multiplyin
Sieve Size Mass Percent Percent y PP r;y & Percent | Reported
mm Retained ¢ c'en Passing by Passing Percent
. Retained #4 PP and .
(in.) g (PP -#4) . (PP) Passing*
(CPR) dividing by
(CMR)
100
16.0
0 0.0 100.0 100
(5/8)
12.5
125.9 3.8 96.2 96
(1/2)
9.5
4.1 18. 1. 2
(3/8) 60 8.3 81.7 8
4.75 60.8
1295. 2 1
(No. 4) 95-6 39 (#4 PP) 6
2.0 63.2 X 60.8
194.3 36.8 63.2 _— 384 38
(No. 10) 100
0.425 30.7 X 60.8
365.6 69.3 30.7 = 18.7 19
(No. 40) 100
0.210 18.3 X 60.8
430.8 81. 18.3 - = 11.1 11
(No. 80) ! 100
0.075 8.2 X 60.8
484.4 1. 2 - = . .
(No. 200) 8 L8 8 100 >0 >0
FCMR 495.1

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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Example for Alternate Percent Passing (PP) for the 4.75 mm (No. 4) sieve for the entire
sample:

#4 PP (Total Percent Passing the 4.75 mm (No. 4) sieve) = 60.8%

60'8%x 527.6 — 194.3) = 38.4%
5276 < 27 3) = 384%

Reported Percent Passing = 38%

Alternate Method C Cumulative
Gradation on Coarse Sieves

) Cumulative . .
Sl.eve Mass Determine PP by subFrgc‘Fmg Percent | Reported
Size . CMR from M, and dividing .
Retained, Passing Percent
mm the result by M then o
(in.) & multiplying by 100 (PP) | Passing
. (CMR)
16.0
0.0 100.0 100
(5/8)
12.5 3304.5 - 1259
125.9 i —— = 96.2 96
(12) 33045 < 100
9.5 3304.5 - 604.1
604.1 S = 81.7 82
(3/8) 33045 < 100
4.75 3304.5 —1295.6 60.8
1295.6 = 61
(No. 4) 33045 < 100= | wapp
Mass in 2008.9
Pan
Cumulative sieved mass: 1295.6 +2008.9 = 3304.5
Original dry mass of the sample (M): 3304.5
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Alternate Method C Cumulative
Gradation on Fine Sieves
Sieve Cumulative Determine PP.x by subtracting Percent
Size Mass Retained CMR_y4 from M;, dividing ¢ .ce
S Passing
mm g result by Mz and multiplying (PP..)
(in.) (CMR ) by 100 i
2.0 527.6 —194.3
194.3 _ = 63.2
(No. 10) 5276 <100
0.425 527.6 —365.6
365.6 _— = 30.7
(No. 40) 5276 <100
0.210 527.6 —430.8
430.8 S ——— = 18.3
(No. 80) 5276 100
0.075 527.6 —484.4
484.4 _— = 8.2
(No. 200) 5276 <100
FCMR 495.1
Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M3): 527.6 g
Dry mass after washing: 495.3 g
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Alternate Method C Cumulative
Final Gradation on All Sieves
. . Dete-rmlr.]e PP by Determined Reported
Sieve Size Percent multiplying PP.y4
) Percent Percent
mm Passing... by Passin Passing*
(in.) (PP.s) #4 PP and P) g g
dividing by 100
16.0
100. 100
(5/8) 00.0
12.5
96.2 96
(1/2)
9.5
81.7 82
(3/8)
4.75 60.8 61
(No. 4) (#4 PP)
2.0 63.2 X 60.8
63.2 A ——— 384 38
(No. 10) 100
0.425 30.7 X 60.8
. B 18. 1
(No. 40) 307 100 8.7 ?
0.210 18.3 x 60.8
18.3 - = 11.1 11
(No. 80) 100
0.075 8.2 X 60.8
8.2 - = 5.0 5.0
(No. 200) 100

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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AGGREGATE

FINENESS MODULUS

Fineness Modulus (FM) is used in determining the degree of uniformity of the aggregate
gradation in PCC mix designs. It is an empirical number relating to the fineness of the

aggregate. The higher the FM the coarser the aggregate. Values of 2.40 to 3.00 are common
for fine aggregate in PCC.

WAQTC

FOP AASHTO T 27 /T 11 (23)

The sum of the cumulative percentages retained on specified sieves in the following table
divided by 100 gives the FM.

Sample Calculation

Example A Example B
Percent Percent
Retained Retained
Sieve Size On Spec’d On Spec’d
mm (in) Passing Sieves* Passing Sieves™
75*(3) 100 0 0 100 0 0
37.5%(11/2) 100 0 0 100 0 0
19%(3/4) 15 85 85 100 0 0
9.5*%(3/8) 0 100 100 100 0 0
4.75*%(No.4) 0 100 100 100 0 0
2.36*(No.8) 0 100 100 87 13 13
1.18%(No.16) 0 100 100 69 31 31
0.60*(No.30 0 100 100 44 56 56
0.30*(No.50) 0 100 100 18 82 82
0.15*(100) 0 100 100 4 96 96
2. =785 2. =278
FM =7.85 FM =2.78

In decreasing size order, each * sieve is one-half the size of the preceding * sieve.
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Report

On forms approved by the agency

Sample ID

Percent passing for each sieve

Individual mass retained for each sieve
Individual percent retained for each sieve
or

Cumulative mass retained for each sieve
Cumulative percent retained for each sieve

FM to the nearest 0.01

Report percentages to the nearest 1 percent except for the percent passing the 75 pm
(No. 200) sieve, which shall be reported to the nearest 0.1 percent.

FOP AASHTO T 27/ T 11 (23) |

40 T27 TI11 short 23 errata Aggregate 12-37 Pub. October 2023

WSDOT Materials Manual M 46-01.44

January 2024

Page 39 of 46




T27. T11

|  AGGREGATE WAQTC FOP AASHTO T 27/T 11 (23)

ANNEX A
Time Evaluation

(Mandatory information)

The sieving time for each mechanical sieve shaker shall be checked at least annually to
determine the time required for complete separation of the sample by the following method:

1. Shake the sample over nested sieves for approximately 10 minutes.

2. Provide a snug-fitting pan and cover for each sieve and hold in a slightly inclined
position in one hand.

3. Hand shake each sieve by striking the side of the sieve sharply and with an upward
motion against the heel of the other hand at the rate of about 150 times per minute,
turning the sieve about one sixth of a revolution at intervals of about 25 strokes.

Note A1: A mallet may be used instead of the heel of the hand if comparable force is used.

If more than 0.5 percent by mass of the total sample before sieving passes any sieve after one
minute of continuous hand shaking adjust shaker time and re-check.

In determining sieving time for sieve sizes larger than 4.75 mm (No. 4), limit the material on
the sieve to a single layer of particles.
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ANNEX B
Overload Determination

(Mandatory information)
The amount of material retained on a sieve may be regulated by:
e adding a sieve with larger openings immediately above the given sieve

e testing the sample in multiple increments

e testing the sample over a nest of sieves with a larger sieve-frame dimension.

Additional sieves may be necessary to provide other information, such as fineness modulus.
For sieves with openings smaller than 4.75 mm (No. 4), the mass retained on any sieve shall
not exceed 7 kg/m? (4 g/in?) of sieving surface.

e For sieves with openings 4.75 mm (No. 4) and larger, the mass, in grams shall not
exceed the product of 2.5 X (sieve opening in mm) X (effective sieving area). See

Table B1.
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TABLE B1

Maximum Allowable Mass of Material Retained on a Sieve, g
Nominal Sieve Size, mm (in.)
Exact size is smaller (see AASHTO T 27)

FOP AASHTO T 27/T 11 (23)

Sieve Size 203 dia 305 dia 305by 305 350by350 372 by 580
mm (in.) ) (12) (12x12)  (14x14) (16 x 24)
Sieving Area m?
0.0285 0.0670 0.0929 0.1225 0.2158
90 (3172) * 15,100 20,900 27,600 48,500
75 3) * 12,600 17,400 23,000 40,500
63 21/2) * 10,600 14,600 19,300 34,000
50 2) 3600 8400 11,600 15,300 27,000
37.5 (11/2) 2700 6300 8700 11,500 20.200
25.0 (1) 1800 4200 5800 7700 13,500
19.0 (374) 1400 3200 4400 5800 10,200
16.0 (5/8) 1100 2700 3700 4900 8600
12.5 (1/2) 890 2100 2900 3800 6700
9.5 (3/8) 670 1600 2200 2900 5100
6.3 (1/4) 440 1100 1500 1900 3400
4.75 (No. 4) 330 800 1100 1500 2600
-4.75 (-No. 4) 200 470 650 860 1510
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PERFORMANCE EXAM CHECKLIST

METHOD A

SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES

FOP FOR AASHTO T 27

MATERIALS FINER THAN 75 pm (No. 200) SIEVE IN MINERAL AGGREGATE
BY WASHING

FOP FOR AASHTO T 11

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2

1. Minimum sample mass meets requirement of Table 1?

2. Sample dried to a constant mass by FOP for AASHTO T 255
at 110 £ 5°C (230 = 9°F)?

3. Sample cooled, and original dry mass of the sample recorded to
the nearest 0.1 percent or 0.1 g?

Sample placed in container and covered with water?

Contents of the container vigorously agitated?

Suspension of minus 75 um (No. 200) achieved?

NSk

Wash water poured through nested sieves such as 2 mm (No. 10)
and 75 pum (No. 200)?

Operation continued until wash water is reasonably clear?

*

9. Material retained on sieves returned to washed sample?

10. Washed sample dried to a constant mass by FOP for AASHTO T 255
at 110 £ 5°C (230 = 9°F)?

11. Washed sample cooled, and dry mass recorded to the nearest
0.1 percent or 0.1 g?

12. Sample placed in nest of sieves specified? (Additional sieves may
be used to prevent overloading as allowed in FOP.)

13. Material sieved in verified mechanical shaker for proper time?

14. Mass of material on each sieve and pan recorded to 0.1 g?

15. Total mass of material after sieving compared to the mass before
sieving is not more than 0.3 percent (check sum)?

OVER
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (17)

Procedure Element Trial 1 Trial 2

16. Percentages calculated to the nearest 0.1 percent and reported to

the nearest whole number, except 75 um (No. 200) which is reported
to the nearest 0.1 percent?

17. Percentage calculations based on original dry mass of the sample?

18. Calculations performed properly?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
27 T27 T11 pr MA 22 Aggregate 6-48 Pub. October 2023
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (22)

PERFORMANCE EXAM CHECKLIST

METHOD B

SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES

FOP FOR AASHTO T 27

MATERIALS FINER THAN 75 pm (No. 200) SIEVE IN MINERAL AGGREGATE
BY WASHING

FOP FOR AASHTO T 11

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2
1. Minimum sample mass meets requirement of Table 1?

2. Sample dried to a constant mass by FOP for AASHTO T 255 at
110 £ 5°C (230 = 9°F)?

3. Sample cooled, and original dry mass of the sample recorded to the
nearest 0.1 percent or 0.1 g?

Sample placed in container and covered with water?

Contents of the container vigorously agitated?

Suspension of minus 75 um (No. 200) achieved?

NS ok

Wash water poured through nested sieves such as 2 mm (No. 10)
and 75 pm (No. 200)?

*®

Operation continued until wash water is reasonably clear?

9. Material retained on sieves returned to washed sample?

10. Washed sample dried to a constant mass by FOP for AASHTO T 255
at 110 = 5°C (230 + 9°F)?

11. Washed sample cooled, and dry mass recorded to nearest
0.1 percent or 0.1 g?

12. Sample placed in nest of sieves specified? (Additional sieves may
be used to prevent overloading as allowed in FOP.)

13. Material sieved in verified mechanical shaker for proper time?

14. Mass of material on each sieve and pan determined to the nearest
0.1 percent or 0.1 g?

15. Total mass of material after sieving compared to the mass before
sieving is not more than 0.3 percent (coarse check sum)?

OVER
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T27. T11

AGGREGATE WAQTC FOP AASHTO T 27/T 11 (22)

Procedure Element Trial 1 Trial 2

16. Material in pan reduced in accordance with FOP for AASHTO R 76
to at least 500 g?

17. Mass of minus 4.75 mm (No. 4) split recorded to the nearest 0.1 g?

18. Sample placed in nest of sieves specified? (Additional sieves may
be used to prevent overloading as allowed in FOP.)

19. Material sieved in verified mechanical shaker for proper time?

20. Mass of material on each sieve and pan recorded to the nearest
percent or 0.1 g?

21. Total mass of material after sieving compared to the mass before
sieving is not more than 0.3 percent (fine check sum)?

22. Percentages calculated to the nearest 0.1 percent and reported to
the nearest whole number, except 75 um (No. 200) which is
reported to the nearest 0.1 percent?

23. Percentage calculations based on original dry mass of the sample?

24. Calculations performed properly?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
28 T27 T11 pr MB 22 Aggregate 6-50 Pub. October 2023
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WSDOT Errata to FOP for AASHTO T 30
Mechanical Analysis of Extracted Aggregate

WAQTC FOP for AASHTO T 30 has been adopted by WSDOT with the following changes:
Procedure

18. Step not recognized by WSDOT.
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)

MECHANICAL ANALYSIS OF EXTRACTED AGGREGATE
FOP FOR AASHTO T 30

Scope

This procedure covers mechanical analysis of aggregate recovered from asphalt mix samples
in accordance with AASHTO T 30-21. This FOP uses the aggregate recovered from the
ignition furnace used in AASHTO T 308. AASHTO T 30 was developed for analysis of
extracted aggregate and thus includes references to extracted bitumen and filter element,
which do not apply in this FOP.

Sieve analyses determine the gradation or distribution of aggregate particles within a given
sample to determine compliance with design and production standards.

Apparatus

e Balance or scale: Capacity sufficient for the sample mass, accurate to 0.1 percent of the
sample mass or readable to 0.1 g and conforming to AASHTO M 231.

e Sieves, meeting the requirements of FOP for AASHTO T 27/T 11.

e Mechanical sieve shaker, meeting the requirements of FOP for AASHTO T 27/T 11.
e Mechanical Washing Apparatus (optional).

e Suitable drying equipment, meeting the requirements of the FOP for AASHTO T 255.

e Containers and utensils: A pan or vessel of a size sufficient to contain the sample covered
with water and to permit vigorous agitation without loss of any part of the sample or
water.

e Wetting Agent: Any dispersing agent, such as dishwashing detergent, that will promote
separation of the fine materials.

Sample Sieving

e In this procedure, it is required to shake the sample over nested sieves. Sieves are
selected to furnish information required by specification. Intermediate sieves are added
for additional information or to avoid overloading sieves, or both.

e The sieves are nested in order of increasing size from the bottom to the top, and the test
sample, or a portion of the test sample, is placed on the top sieve.

e The loaded sieves are shaken in a mechanical shaker for approximately 10 minutes, refer
to Annex A; Time Evaluation.

Mass Verification

The aggregate sample mass, M(t30), determined in this method, shall agree with the mass of
the aggregate remaining after ignition, Mt from the FOP for AASTHO T 308, within 0.1
percent. If the variation exceeds 0.1 percent, the results cannot be used for acceptance.

52 T30 short 23 errata Asphalt 20-1 Pub. October 2023 |
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)

Procedure

1. Determine and record the mass of the sample that was removed from the basket in the
FOP for AASHTO T 308 to 0.1 g. Designate this mass as M(t30).

2. Verify the mass of the sample is within 0.1 percent by subtracting M(r30) from MgT308)
dividing by Mst308) and multiplying by 100 (see Mass Verification Calculation and
example).

| If the variation exceeds 0.1 percent, the sieve analysis results cannot be used for
acceptance.

3. Nest a sieve, such as a 2.0 mm (No. 10) or 1.18 mm (No. 16), above the 75um (No. 200)
sieve.

4. Place the test sample in a container and cover with water. Add a wetting agent to the
water to assure a thorough separation of the material finer than the 75um (No. 200) sieve
from the coarser particles. There should be enough wetting agent to produce a small
amount of suds when the sample is agitated. Excessive suds may overflow the sieves and
carry material away with them.

5. Agitate vigorously to ensure complete separation of the material finer than 75um
(No. 200) from coarser particles and bring the fine material into suspension above the
coarser material. Avoid degradation of the sample when using a mechanical washing
device. Maximum agitation is 10 min.

Note 1: When mechanical washing equipment is used, the introduction of water, agitating, and decanting may
be a continuous operation. Use care not to overflow or overload the 75um (No. 200) sieve.

6. Immediately pour the wash water containing the suspended material over the nested
sieves; be careful not to pour out the coarser particles or over fill the 75 um (No. 200)
sieve.

7. Add water to cover material remaining in the container, agitate, and repeat Step 6.
Continue until the wash water is reasonably clear.

8. Remove the upper sieve, return material retained to the washed sample.

9. Rinse the material retained on the 75 pm (No. 200) sieve until water passing through the
sieve is reasonably clear and wetting agent is removed.

10. Return all material retained on the 75 um (No. 200) sieve to the washed sample by
rinsing into the washed sample.

11. Dry the washed test sample to constant mass according to the FOP for AASHTO
T 255. Cool to room temperature. Determine and record the “dry mass after washing.”

12. Select sieves required by the specification and those necessary to avoid overloading.
(See Annex B.) With a pan on bottom, nest the sieves increasing in size starting with the
75 pm (No. 200).

13. Place the test sample, or a portion of the test sample, on the top sieve.

14. Place sieves in mechanical shaker and shake for the minimum time determined to provide
complete separation for the sieve shaker being used (approximately 10 minutes, the time

determined by Annex A).
52 T30 short 23 errata Asphalt 20-2 Pub. October 2023
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)

Note 2: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

15. Determine and record the individual or cumulative mass retained for each sieve including
the pan. Ensure that all material trapped in full openings of the sieves are removed and
included in the mass retained.

Note 3: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving

over a full opening. Use coarse wire brushes to clean the 600 pum (No. 30) and larger sieves, and soft bristle
brushes for smaller sieves.

16. Perform the Check Sum calculation — Verify the total mass after sieving of material
compared to the dry mass after washing is not more than 0.2 percent. Do not use test
results for acceptance if the Check Sum result is more than 0.2 percent.

17. Calculate the total percentages passing, and the individual or cumulative percentages
retained, to the nearest 0.1 percent by dividing the individual sieve masses or cumulative
sieve masses by the total mass of the initial dry sample.

18. Apply the Aggregate Correction Factor (ACF) to the calculated percent passing, as
required in the FOP for AASHTO T 308 “Correction Factor,” to obtain the reported
percent passing.

19. Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to
0.1 percent.

Calculations

Mass verification

Mt (1308)-M(T30) y

Mass verification = 100
Mt (1308)
Where:

Mxr3osy = Mass of aggregate remaining in the basket
assembly after ignition from the FOP for
AASHTO T 308

M(130) = Mass of aggregate sample obtained from the
FOP for AASHTO T 308

Check Sum

dry mass after washing — total mass after sieving
check sum = - x 100
dry mass after washing
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ASPHALT WAQTC FOP AASHTO T 30 (23)
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)

Percent Retained

Individual
IPR = M x 100
M3
Cumulative
CMR
CPR = x 100
T30

Where:

IPR = Individual Percent Retained

CPR = Cumulative Percent Retained

Mms0 = Total dry sample mass before washing

IMR = Individual Mass Retained

CMR = Cumulative Mass Retained

Percent Passing
Individual
PP = PCP — IPR
Cumulative
PP =100 — CPR

Where:

PP = Calculated Percent Passing

PCP = Previous Calculated Percent Passing

52 T30 _short 23 errata Asphalt 20-5 Pub. October 2023
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ASPHALT WAQTC FOP AASHTO T 30 (23)

Reported Percent Passing
RPP = PP + ACF

Where:
RPP = Reported Percent Passing
ACF = Aggregate Correction Factor (if applicable)
Example
Mass verification
Iy Fication = 242259 — 24223 g % 100 = 0.01%
ass verification = 24225 g = 0.01%
Given:
Misrsos) = 2422.5¢g
M) = 24223 ¢
Dry mass of total sample, before washing (Mt30): 24223 ¢

Dry mass of sample, after washing out the 75 um (No. 200) minus:  2296.2 g
Amount of 75 pm (No. 200) minus washed out (2422.3 g — 2296.2¢g): 126.1 g

Check sum

hock sum = 229629229539
cneck sum = 22962g = U.VU%

This is not more than 0.2 percent therefore the results can be used for acceptance purposes.
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ASPHALT WAQTC FOP AASHTO T 30 (23)

Percent Retained for the 75 pm (No. 200) sieve

PR =329 100 = 2.6%
T 24223 g B
or
CPR = 2289.6 9 x 100 = 94.5%
T 24223g -

Percent Passing using IPR and PCP for the 75 pm (No. 200) sieve

PP =8.1% —2.6% = 5.5%

Percent Passing using CPR for the 75 pm (No. 200) sieve

PP =100.0% — 94.5% = 5.5%

Reported Percent Passing

RPP =5.5% + (—0.6%) = 4.9%
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)
Individual
Gradation on All Sieves
Agg.
Individual
. Individual Corr.
Sieve Si Mass g?i?crili];l;?l\l/lplgbbyy P t Determine PP | Percent Fact Reported
€ . ercen : actor
leve Siz Retained M and by];ué)t;focrﬁng Passing § Percent
in. o Retained
mm (in.) g mllltlriloyomg by clame Previous PP (PP) o Passing*
(IMR) (IPR) T 308
(ACF)
(139/.‘?) 0 0 100.0 100
(112/25) 346.9 2344262.93 x100= 14.3 1000143 =) 857 86
(;g) 2078 | 20 xi00= | 86 85.7-86= | 77.1 77
(13.754) 625.4 2642252'43 x 100 = 25.8 77.1—258 = 51.3 51
0. :
( 1\21.368) 4162 2441262'23 x100= | 172 | 513-172= | 34.1 34
0. -
(N1.12136) 2742 2247242'23 % 100 = 113 341-113= | 228 23
0. -
( 0600 |12 S x100= | 63 228-63= | 165 17
0. :
(12.30500) 107.1 2140272'13 %100 = 4.4 165-44= | 12.1 12
0. -
(1\?'1?80) 96.4 222'243 % 100 = 4.0 121-40= | 8.1 8
0. -
-0.6
0.075 635 | 22 vq00=| 26 81-26= | 55 49
(No. 200) 24223 (55-0.6 =)
minus
75 pm
(No. 200) 3.7
in the pan
Total mass after sieving = sum of sieves + mass in the pan =2295.3 g
Dry mass of total sample, before washing (Mr30): 2422.3¢g

* Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.
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ASPHALT WAQTC FOP AASHTO T 30 (23)
Cumulative
Gradation on All Sieves
Agg.
Cumulative .
Determine CPR Cllli:: e Percent Corr. Reported
Sieve Size Ma}ss by dividing CMR | p..oane Determine PP Factor P
Retained by M and by subtracting | Passing . Percent
Itiplying b Retained | CPR fi 100.0 rom
g mu UI; g&ng y etaine rom (PP) . Passing*
(CMR) (CPR)
(ACF)
0 0.0 100.0 100
346.9
346.9 54273 % 100 = 14.3 100.0 — 143 = | 85.7 86
5547 | 2% cq00= | 229 | 1000-229=| 77.1 77
: 2422.3 : ' T :
1180.1
1180.1 51223 X 100 = 48.7 100.0 —487= | 51.3 51
1596.3
1596.3 542723 % 100 = 65.9 1000 —-659 = | 34.1 34
1870.5
1870.5 54223 % 100 = 77.2 100.0 —77.2= | 22.8 23
2022.6
2022.6 51223 X 100= 83.5 100.0-835= | 16.5 17
2129.7
2129.7 542723 % 100 = 87.9 1000 -879= | 12.1 12
2226.1
(No. 100) 2226.1 54223 X 100= 91.9 100.0 —91.9 = 8.1 8
2289.6 -0.6
(No. 200) 2289.6 54223 % 100 = 94.5 100.0 — 94.5 = 5.5 (55— 06 ) 4.9
(No. 200) 2295.3
in the pan
Total mass after sieving =2295.3 g
Dry mass of total sample, before washing (Mr3): 2422.3¢g

52 T30 _short 23 errata
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ASPHALT WAQTC FOP AASHTO T 30 (23)

Report

e On forms approved by the agency

e Sample ID

e Depending on the agency, this may include:
- Individual mass retained on each sieve
- Individual percent retained on each sieve
- Cumulative mass retained on each sieve
- Cumulative percent retained on each sieve
- Aggregate Correction Factor for each sieve from AASHTO T 308
- Calculated percent passing each sieve to 0.1 percent

e Percent passing to the nearest 1 percent, except 75 pm (No. 200) sieve to the nearest
0.1 percent.

52 T30 short 23 errata Asphalt 20-10 Pub. October 2023
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T30

ASPHALT WAQTC FOP AASHTO T 30 (23)

ANNEX A TIME EVALUATION
(Mandatory Information)

The minimum time requirement should be evaluated for each shaker at least annually by the
following method:

1. Shake the sample over nested sieves for approximately 10 minutes.

2. Provide a snug-fitting pan and cover for each sieve and hold in a slightly inclined
position in one hand.

3. Hand-shake each sieve by striking the side of the sieve sharply and with an upward
motion against the heel of the other hand at the rate of about 150 times per minute,
turning the sieve about one sixth of a revolution at intervals of about 25 strokes.

If more than 0.5 percent by mass of the total sample before sieving passes any sieve after one
minute of continuous hand sieving adjust shaker time and re-check.

In determining sieving time for sieve sizes larger than 4.75 mm (No. 4), limit the material on
the sieve to a single layer of particles.

52 T30 _short 23 errata Asphalt 20-11 Pub. October 2023
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T30

’ ASPHALT WAQTC FOP AASHTO T 30 (23)

ANNEX B OVERLOAD DETERMINATION
(Mandatory Information)

e For sieves with openings smaller than 4.75 mm (No. 4), the mass retained on any sieve
shall not exceed 7 kg/m? (4 g/in®) of sieving surface.

e For sieves with openings 4.75 mm (No. 4) and larger, the mass (in kg) shall not exceed
the product of 2.5 x (sieve opening in mm) x (effective sieving area). See Table B1.

Additional sieves may be necessary to keep from overloading the specified sieves. The
sample may also be sieved in increments or sieves with a larger surface area.

TABLE B1
Maximum Allowable Mass of Material Retained on a Sieve, g
Nominal Sieve Size, mm (in.)
Exact size is smaller (see AASHTO T 27)

Sieve Size 203 mm 254 mm 305 mm
mm (in.) (8 in.) (10 in.) (12 in.)
dia. dia. dia.
Sieving Area m? (in?)
0.0285 0.0457 0.0670
(44.2) (70.8) (103.5)
50 2) 3600 5700 8400
37.5 (11/2) 2700 4300 6300
25.0 ) 1800 2900 4200
19.0 (3/4) 1400 2200 3200
16.0 (5/8) 1100 1800 2700
12.5 (1/2) 890 1400 2100
9.5 (3/8) 670 1100 1600
6.3 (1/4) 440 720 1100
4.75 (No. 4) 330 540 800
-4.75 (-No. 4) 200 320 470
52 T30 short 23 errata Asphalt 20-12 Pub. October 2023
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ASPHALT WAQTC FOP AASHTO T 30 (23)

PERFORMANCE EXAM CHECKLIST

MECHANICAL ANALYSIS OF EXTRACTED AGGREGATE
FOP FOR AASHTO T 30

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element
1. Total dry mass determined to 0.1 g?

2. Dry mass agrees with sample mass after ignition (My ) from
AASHTO T 308 within 0.1 percent?

Sample placed in container and covered with water?
Wetting agent added?
Contents of container agitated vigorously?

Wash water poured through proper nest of two sieves?

N kW

Washing continued until wash water is reasonably clear and
no wetting agent remaining?

*®

Retained material returned to washed sample?

9. Washed material coarser than 75 pm (No. 200) dried to constant mass
at 110 £5°C (230 £9°F)?

10. Sample cooled to room temperature?
11. Dry mass after washing determined to 0.1 g?
12. Material sieved on specified sieves?

13. Mass of each fraction of aggregate, including minus 75 um (No. 200),
determined and recorded to 0.1 g?

14. Total mass of material after sieving agrees with mass before sieving
to within 0.2 percent?

15. Percent passing each sieve determined correctly to the nearest 0.1 percent?
16. Aggregate correction factor applied, if applicable?

17. Percent passing on each sieve reported correctly to the nearest 1 percent
and nearest 0.1 percent on the 75 um (No. 200)?

Trial 1 Trial 2

Comments: First attempt: Pass Fail Second attempt:  Pass Fail
Examiner Signature WAQTC #:
38 T30 pr 23 errata Asphalt 10-15 Pub. October 2023
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| ASPHALT WAQTC FOP AASHTO T 30 (23)
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WSDOT Errata to FOP for AASHTO R 47
Reducing Samples of Asphalt Mixtures to Testing Size

WAQTC FOP for AASHTO R 47 has been adopted by WSDOT with the following changes:
Apparatus

Include items below:

¢ Mechanical Splitter Type A (Quartermaster): having four equal-width chutes discharging into
four appropriately sized sample receptacles. Splitter is to be equipped with a receiving hopper
that will hold the sample until the release lever is activated with four sample receptacles of
sufficient capacity to accommodate the reduced portion of the Asphalt Mixture sample from
the mechanical splitter. Refer to AASHTO R 47, Figures 1 through 3, for configuration and
required dimensions of the mechanical splitter.

Selection of Procedure (Method)

Include items below:

¢ Mechanical Splitter Method
- Type A (Quartermaster)
- Type B (Riffle Splitter)

Procedure

Include items below:

Mechanical Splitter Type A (Quartermaster)

Note: This method is to be used for Initial Reduction of Field Sample ONLY.

1. Clean the splitter and apply a light coating of approved release agent to the surfaces that will
contact Asphalt Mixture.

2. Close and secure hopper gates.
3. Place the four sample receptacles in the splitter so that there is no loss of material.
4, Remove the sample from the agency-approved container(s) and place in the mechanical

splitter hopper. Avoid segregation, loss of Asphalt Mixture or the accidental addition of
foreign material.

5. Release the handle, allowing the Asphalt Mixture to drop through the divider chutes and
discharge into the four receptacles.

6. Any Asphalt Mixture that is retained on the surface of the splitter shall be removed and
placed into the appropriate receptacle.

7. Close and secure the hopper gates.

8. Reduce the remaining Asphalt Mixture as needed by this method or a combination of the
following methods as approved by the agency.

WSDOT Materials Manual M 46-01.44 Page 1 of 12
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R 47

9. Combine the material contained in the receptacles from opposite corners and repeat the
splitting process until an appropriate sample size is obtained.

10.  Retain and properly identify the remaining unused portion of the asphalt mixture sample for
further testing if required by the agency.

Quartering and Sectoring Methods

Note: If this method is being used for Initial Reduction of Field Sample, step 3 “turning the entire
sample over a minimum of 4 times” for safety reasons is not required.

Procedure
Include items below:
Sample Identification

1. Each sample submitted for testing shall be accompanied by a transmittal letter completed in
detail. Include the contract number, acceptance and mix design verification numbers, mix ID.

2. Samples shall be submitted in standard sample boxes, secured to prevent contamination and
spillage.

3. Sample boxes shall have the following information inscribed with indelible-type marker:
Contract number, acceptance and mix design verification numbers, mix ID.

4. The exact disposition of each quarter of the original field sample shall be determined by
the agency.

Page 2 of 12 WSDOT Materials Manual M 46-01.44
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ASPHALT WAQTC FOP AASHTO R 47 (23)

REDUCING SAMPLES OF ASPHALT MIXTURES TO TESTING SIZE
FOP FOR AASHTO R 47

Scope

This procedure covers sample reduction of asphalt mixtures to testing size in accordance with
AASHTO R 47-23. The reduced portion is to be representative of the original sample.

Apparatus

e Thermostatically controlled oven capable of maintaining a temperature of at least 110°C
(230°F) or high enough to heat the material to a pliable condition for splitting.

e Non-contact temperature measuring device.

e Metal spatulas, trowels, metal straightedges, drywall taping knives, or a combination
thereof; for removing asphalt mixture samples from the quartering device, cleaning
surfaces used for splitting, etc.

e Square-tipped, flat-bottom scoop, shovel, or trowel for mixing asphalt mixture before
quartering.

e Miscellaneous equipment including hot plate, non-asbestos heat-resistant gloves or
mittens, pans, buckets, and cans.

e Sheeting: Non-stick heavy paper or other material as approved by the agency.

e Agency-approved release agent, free of solvent or petroleum-based material that could
affect asphalt binder.

e Mechanical Splitter Type B (Riffle): having a minimum of eight equal-width chutes
discharging alternately to each side with a minimum chute width of at least 50 percent
larger than the largest particle size. A hopper or straight-edged pan with a width equal to
or slightly smaller than the assembly of chutes in the riffle splitter to permit uniform
discharge of the asphalt mixture through the chutes without segregation or loss of
material. Sample receptacles of sufficient width and capacity to receive the reduced
portions of asphalt mixture from the splitter without loss of material.

e Quartering Template: formed in the shape of a 90- degree cross with equal sides that
exceed the diameter of the flattened cone of material sufficient to allow complete
separation of the quartered sample. The height of the sides must be sufficient to extend
above the thickness of the flattened cone of the sample to be quartered. Manufactured of
metal that will withstand heat and use without deforming.

e Non-stick mixing surface that is hard, heat-resistant, clean, level, and large enough to
permit asphalt mixture samples to be mixed without contamination or loss of material.

Sampling
Obtain samples according to the FOP for AASHTO R 97.

46 R47 short 23 errata Asphalt 14-1 Pub. October 2023

WSDOT Materials Manual M 46-01.44 Page 3 of 12
January 2024
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ASPHALT WAQTC FOP AASHTO R 47 (23)

Sample Preparation

The sample must be warm enough to separate. If not, warm in an oven until it is sufficiently
soft to mix and separate easily. Do not exceed either the temperature or time limits specified
in the test method(s) to be performed.

Selection of Procedure (Method)

Refer to agency requirements when determining the appropriate method(s) of sample
reduction. In general, the selection of a particular method to reduce a sample depends on the
initial size of the sample vs. the size of the sample needed for the specific test to be
performed. It is recommended that, for large amounts of material, the initial reduction be
performed using a mechanical splitter. This decreases the time needed for reduction and
minimizes temperature loss. Further reduction of the remaining asphalt mixture may be
performed by a combination of the following methods, as approved by the agency.

The methods for reduction are:
e Mechanical Splitter Type B (Riftle) Method
e Quartering and Sectoring Methods
— Quartering
— Sectoring

e Incremental Method

Procedure

When heating of the equipment is desired, it shall be heated to a temperature not to exceed
the maximum mixing temperature of the job mix formula (JMF).

Mechanical Splitter Type B (Riffle) Method

1. Clean the splitter and apply a light coating of agency-approved release agent to the
surfaces that will come in contact with asphalt mixture (hopper or straight-edged pan,
chutes, receptacles).

2. Place two empty receptacles under the splitter.

3. Carefully empty the asphalt mixture from the agency-approved container(s) into the
hopper or straight-edged pan without loss of material. Uniformly distribute from side to
side of the hopper or pan.

4. Discharge the asphalt mixture at a uniform rate, allowing it to flow freely through the
chutes.

5. Any asphalt mixture that is retained on the surface of the splitter shall be removed and
placed into the appropriate receptacle.

6. Reduce the remaining asphalt mixture as needed by this method or a combination of the
following methods as approved by the agency.
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ASPHALT WAQTC FOP AASHTO R 47 (23)

Using one of the two receptacles containing asphalt mixture, repeat the reduction process
until the asphalt mixture contained in one of the two receptacles is the appropriate size
for the required test.

After each split, remember to clean the splitter hopper and chute surfaces if needed.

Retain and properly identify the remaining unused asphalt mixture sample for further
testing if required by the agency.

Quartering and Sectoring Methods

1.
2.

6.

If needed, apply a light coating of agency-approved release agent to quartering template.

Place the sample from the agency approved container(s) into a conical pile on a hard,
“non-stick,” clean, level surface where there will be neither a loss of material nor the
accidental addition of foreign material. The surface can be made non-stick by the
application of an agency-approved release agent, or sheeting.

Mix the material thoroughly by turning the entire sample over a minimum of four times
with a flat-bottom scoop; or by alternately lifting each corner of the sheeting and pulling
it over the sample diagonally toward the opposite corner, causing the material to be
rolled. Create a conical pile by either depositing each scoop or shovelful of the last
turning on top of the preceding one or lifting both opposite corners.

Flatten the conical pile to a uniform diameter and thickness where the diameter is four to
eight times the thickness. Make a visual observation to ensure that the material is
homogeneous.

Divide the flattened cone into four equal quarters using the quartering template or
straightedges assuring complete separation.

Reduce to appropriate sample mass by quartering or sectoring.

Quartering

a. Remove diagonally opposite quarters, including all the fine material, and place in a
container to be retained.

b. Remove the quartering template, if used.
Combine the remaining quarters.
d. If further reduction is necessary, repeat Quartering Method Steps 3 through 6.

e. Repeat until appropriate sample mass is obtained. The final sample must consist of
the two remaining diagonally opposite quarters.

f. Retain and properly identify the remaining unused portion of the asphalt mixture
sample for further testing if required by the agency.
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’ ASPHALT WAQTC FOP AASHTO R 47 (23)

Sectoring

a. Using a straightedge, obtain a sector by slicing through a quarter of the asphalt
mixture from the center point to the outer edge of the quarter.

b. Pull or drag the sector from the quarter with two straight edges or hold one edge of
the straightedge in contact with quartering device.

c. Remove an approximately equal sector from the diagonally opposite quarter and
combine.

d. Ifnecessary, repeat until the appropriate sample mass has been obtained.

e. Continue sectoring with the unused portion of the asphalt mixture until samples have
been obtained for all required tests.

f. Retain and properly identify the remaining unused portion of the asphalt mixture
sample for further testing if required by the agency.

Incremental Method

1.

Cover a hard, clean, level surface with sheeting. This surface shall be large enough that
there will be neither a loss of material nor the accidental addition of foreign material.

Place the sample from the agency approved container(s) into a conical pile on that
surface.

Mix the material thoroughly by turning the entire sample over a minimum of four times:
a. Use a flat-bottom scoop; or

b. Alternately lift each corner of the sheeting and pull it over the sample diagonally
toward the opposite corner, causing the material to be rolled.

Create a conical pile by either depositing each scoop or shovelful of the last turning on
top of the preceding one or lifting both opposite corners.

Grasp the sheeting and roll the conical pile into a cylinder (loaf), then flatten the top.
Make a visual observation to determine that the material is homogenous.

Remove one quarter of the length of the loaf and place in a container to be saved by
either:

a. Pull sheeting over edge of counter and drop material into container.

b. Use a straightedge at least as wide as the full loaf to slice off material and place into
container.

Obtain an appropriate sample mass for the test to be performed; by either:

a. Pull sheeting over edge of counter and drop cross sections of the material into
container until proper sample mass has been obtained.

b. Use a straightedge at least as wide as the full loaf to slice off cross sections of the
material until proper sample mass has been obtained and place into container.
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ASPHALT WAQTC FOP AASHTO R 47 (23)

Note 1: When reducing the sample to test size it is advisable to take several small increments, determining the

mass each time until the proper minimum size is achieved. Unless the sample size is grossly in excess
of the minimum or exceeds the maximum test size, use the sample as reduced for the test.

8. Repeat Step 7 until all the samples for testing have been obtained or until the final quarter |
of the original loaf is reached.
9. Retain and properly identify the remaining unused portion of the asphalt mixture sample
for further testing if required by the agency.
46 R47 short 23 errata Asphalt 14-5 Pub. October 2023
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ASPHALT WAQTC FOP AASHTO R 47 (23)

PERFORMANCE EXAM CHECKLIST

REDUCING SAMPLES OF ASPHALT MIXTURES TO TESTING SIZE
FOP FOR AASHTO R 47

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2

1. Sample made soft enough to separate easily without exceeding
temperature limits?

2. Splitting apparatus and tools, if preheated, not exceeding
maximum mixing temperature from the JIMF?

Mechanical Splitter Type B (Riffle) Method

1. Splitter cleaned, and surfaces coated with release agent?

2. Two empty receptacles placed under splitter?

Sample placed in hopper or straight edged pan without loss of
material and uniformly distributed from side to side?

4. Material discharged across chute assembly at controlled rate allowing
free flow of asphalt mixture through chutes?

5. Splitter surfaces cleaned of all retained asphalt mixture allowing it to
fall into appropriate receptacles?

6. Further reduction with the riffle splitter:

a. Material from one receptacle discharged across chute assembly
at controlled rate, allowing free flow of asphalt mixture
through chutes?

b. Splitting process continued until appropriate sample mass obtained,
with splitter surfaces cleaned of all retained asphalt mixture after
every split?

7. Remaining unused asphalt mixture stored in suitable container,
properly labeled?
OVER
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ASPHALT WAQTC FOP AASHTO R 47 (23)
Procedure Element Trial 1 Trial 2
Quartering Method

1. Sample placed in a conical pile on a hard, non-stick, heat-resistant
splitting surface such as metal or sheeting?

2. Sample mixed by turning the entire sample over a minimum of
4 times?

3. Conical pile formed and then flattened uniformly to diameter equal
to about 4 to 8 times thickness?

| 4. Sample divided into 4 equal quarters either with a metal quartering
template or straightedges such as drywall taping knives?

‘ 5. Quartering:

a. Two diagonally opposite quarters removed and placed in a
container to be retained?

b. Two other diagonally opposite quarters combined?

c. Process continued, if necessary, until appropriate sample mass has
been achieved?

6. Sectoring:

a. Using two straightedges or a quartering device and one straightedge,
sector obtained from one of the quarters from the center point to
the outer edge of the quarter?

b. Equal sector obtained taken from the diagonally
opposite quarter?

7. Increments combined to produce appropriate sample mass?

8. Remaining unused asphalt mixture stored in suitable container,

properly labeled?
OVER
| 21 R47 pr 23 errata Asphalt 4-12 Pub. October 2023
Page 10 of 12 WSDOT Materials Manual M 46-01.44

January 2024



R 47

ASPHALT WAQTC FOP AASHTO R 47 (23)

Procedure Element Trial1 Trial 2
Incremental Method

1. Sample placed on hard, non-stick, heat-resistant splitting surface
covered with sheeting?

2. Sample mixed by turning the entire sample over a minimum of
4 times?

Conical pile formed?

4. Asphalt mixture rolled into loaf and then flattened?

The first quarter of the loaf removed by slicing off or dropping off
edge of counter and set aside?

6. Proper sample mass sliced off or dropped off edge of counter into
sample container?

7. Process continued until all samples are obtained or final quarter
is remaining?

8. All remaining unused asphalt mixture stored in suitable container,

properly labeled?
Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
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ASPHALT WAQTC FOP AASHTO R 47 (23)
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WSDOT Errata to FOP for AASHTO R 66
Sampling Asphalt Materials

WAQTC FOP for AASHTO R 66 has been adopted by WSDOT with the following changes:

Containers
Include sentence below:

Emulsified asphalt: Use wide-mouth plastic jars with screw caps. Protect the samples from freezing
since water is a part of the emulsion. The sample container should be completely filled to minimize
a skin formation on the sample. Place tape around the seam of the cap to keep the cap from

loosening and spilling the contents.
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ASPHALT WAQTC FOP AASHTO R 66 (16)

SAMPLING ASPHALT MATERIALS
FOP FOR AASHTO R 66

Scope

This procedure covers obtaining samples of liquid asphalt materials in accordance with
AASHTO R 66-16. Sampling of solid and semi-solid asphalt materials — included in
AASHTO R 66 — is not covered here.

Agencies may be more specific on exactly who samples, where to sample, and what type of
sampling device to use.

Warning: Always use appropriate safety equipment and precautions for hot liquids.

Terminology

e Asphalt binder: Asphalt cement or modified asphalt cement that binds the aggregate
particles into a dense mass.

e Asphalt emulsion: A mixture of asphalt binder and water.
e Cutback asphalt: Asphalt binder that has been modified by blending with a chemical
solvent.
Containers

Sample containers must be new, and the inside may not be washed or rinsed. The outside
may be wiped with a clean, dry cloth.

All samples shall be put in 1 L (1 qt) containers and properly identified on the outside of the
container with contract number, date sampled, data sheet number, brand and grade of
material, and sample number. Include lot and sublot numbers when appropriate.

e Emulsified asphalt: Use wide-mouth plastic jars with screw caps. Protect the
samples from freezing since water is a part of the emulsion. The sample container
should be completely filled to minimize a skin formation on the sample.

e Asphalt binder and cutbacks: Use metal cans

Note: The sample container shall not be submerged in solvent, nor shall it be wiped with a solvent saturated
cloth. If cleaning is necessary, use a clean dry cloth.
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ASPHALT WAQTC FOP AASHTO R 66 (16)

Procedure

1. Coordinate sampling with contractor or supplier.

2. Allow a minimum of 4 L (1 gal) to flow before obtaining samples.
3. Obtain samples of:

e Asphalt binder from the line between the storage tank and the mixing plant while the
plant is in operation, or from the delivery truck.

e Cutback and emulsified asphalt from distributor spray bar or application device; or
from the delivery truck before it is pumped into the distributor. Sample emulsified
asphalt at delivery or before dilution.

Report
¢ On standard agency forms
e Sample ID
e Date
e Time

e L ocation

e Quantity represented
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SAMPLING WTTQP FOP AASHTO R 66 (16)

PERFORMANCE EXAM CHECKLIST (ORAL)

SAMPLING ASPHALT MATERIALS
FOP FOR AASHTO R 66

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element

1. Describe the container that is used to sample Performance Graded
Asphalt binder and Cutbacks.
a. Metal can
b. New
c. 1L (I qt)insize
2. Describe the container that is used to sample Emulsified Asphalt.
a. Screw capped wide mouth plastic jar.
b. New.
c. LL(1q).
3. How much material must be wasted before a sample can be obtained?
a. A minimum of 4 L (1 gal).
4. Where is Performance Graded Asphalt binder sampled from?
a. At the Hot plant / Mixing plant.
b. In the line between storage tank and mixing plant.
C. Delivery truck.
5. Where is Cutback binder sampled from?
a. Spray bar or application device.
b. Delivery truck.
6. Where is Emulsified Asphalt binder sampled from?
a. Prior to dilution Spray bar or application device.
b. Prior to dilution the delivery truck.
7. How much Emulsified Asphalt needs to be in the container?
a. Filled completely.
OVER
R66 pr oral SAMPLING
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SAMPLING WTTQP FOP AASHTO R 66 (16)

Procedure Element Trial1 Trial 2

8. Describe what needs to be done to the Emulsified Asphalt sample
container before shipping.

a. Place tape around the seam of the cap / lid.

b. Mark / Label the container with the required identification.

9. During transport what must be done with the Emulsified Asphalt
sample.

a. Protected from freezing

Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
R66 pr oral SAMPLING Pub. January 2024
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EMBANKMENT AND BASE WAQTC FOP AASHTO R 75 (16)
IN-PLACE DENSITY

DEVELOPING A FAMILY OF CURVES
FOP FOR AASHTO R 75

Scope

This procedure provides a method to develop a family of curves in accordance with
AASHTO R 75-16 using multiple moisture-density relationships developed using the same
method, A, B, C, or D, from the FOP for AASHTO T 99/T 180.

All curves used in a family must be developed using a single Method: A, B, C, or D of a
procedure for AASHTO T 99 or T 180. See the FOP for AASHTO T 99/T 180.

Terminology

Sfamily of curves — a group of soil moisture-density relationships (curves) determined using
AASHTO T 99 or T 180, which reveal certain similarities and trends characteristic of the soil
type and source.

spine — smooth line extending through the point of maximum density and optimum
moisture content of a family of moisture-density curves.
Procedure

1. Sort the curves by Method (A, B, C, or D of the FOP for T 99/T 180). At least three
curves are required to develop a family.

2. Select the highest and lowest maximum dry densities from those selected to assist in
determining the desired scale of the subsequent graph.

3. Plot the maximum density and optimum moisture points of the selected curves on the
graph.

4. Draw a smooth, “best fit,” curved line through the points creating the spine of the family
of curves.

5. Remove maximum density and optimum moisture points that were not used to establish
the spine.

6. Add the moisture-density curves associated with the points that were used to establish the |
spine. It is not necessary to include the portion of the curves over optimum moisture.

Note I—Intermediate curves using slopes similar to those of the original moisture-density curves may be
included when maximum density points are more than 2.0 1b/ft> apart. Intermediate curves are indicated by
a dashed line.

7. Plot the 80 percent of optimum moisture range when desired:

a. Using the optimum moisture of an existing curve, calculate 80 percent of optimum
moisture and plot this value on the curve. Repeat for each curve in the family.

b. Draw a smooth, “best fit,” curved line connecting the 80 percent of optimum moisture
points plotted on the curves that parallel the spine.
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R75

EMBANKMENT AND BASE
IN-PLACE DENSITY

Calculations

WAQTC

Calculate 80 percent of optimum moisture of each curve:

Example:

FOP AASHTO R 75 (16)

Optimum moisture of the highest density curve = 14.6%

80% point =

100

80
— X 14.6% = 11.7%
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EMBANKMENT AND BASE WAQTC FOP AASHTO R 75 (18)
IN-PLACE DENSITY

PERFORMANCE EXAM CHECKLIST

DEVELOPING A FAMILY OF CURVES
FOP FOR AASHTO R 75

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2

1. Curves sorted by method and procedure (A, B, C, or D of the FOP for
T 99/T 180)?

a. At least three curves per family?

b. Curves within family are similar soil type and from same source?
2. Maximum density and optimum moisture points plotted on the graph?

Spine drawn correctly?

4. Maximum density and optimum moisture points removed that were
not used for the spine?

5. Moisture-density curves added?
6. Optimum moisture range?
a. 80 percent of optimum moisture calculated for each curve?

b. Curved line through 80 percent of optimum moisture drawn correctly?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail

Examiner Signature WAQTC #:
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EMBANKMENT AND BASE WAQTC FOP AASHTO R 75 (18)
IN-PLACE DENSITY
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WSDOT Errata to FOP for AASHTO R 76
Reducing Samples of Aggregate to Testing Size

WAQTC FOP for AASHTO R 76 has been adopted by WSDOT with the following changes:

Procedure
Method A - Mechanical Splitter

Mechanical Splitter Check - Step not required by WSDOT

WSDOT Materials Manual M 46-01.44 Page 1 of 12
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AGGREGATE WAQTC FOP AASHTO R 76 (23)

REDUCING SAMPLES OF AGGREGATE TO TESTING SIZE
FOP FOR AASHTO R 76

Scope

This procedure covers the reduction of samples to the appropriate size for testing in
accordance with AASHTO R 76-23. Techniques are used that minimize variations in
characteristics between test samples and field samples. Method A (Mechanical Splitter) and
Method B (Quartering) are covered.

This FOP applies to fine aggregate (FA), coarse aggregate (CA), and combinations of the two
(FA / CA) and may also be used on soils.

Terminology

Saturated Surface-Dry (SSD) — condition of an aggregate particle when the permeable voids
are filled with water, but no water is present on exposed surfaces.

Note 1: As a quick approximation, if the fine aggregate will retain its shape when molded in the hand, it may be
considered wetter than saturated surface-dry.

Apparatus
Method A — Mechanical Splitter

Splitter chutes:
e Even number of equal width chutes
e Discharge alternately to each side
e Minimum of 8 chutes total for CA and FA / CA, 12 chutes total for FA
e Width:
- Minimum 50 percent larger than largest particle

- Maximum chute width of 19 mm (3/4 in.) for fine aggregate passing the 9.5 mm (3/8
in.) sieve

e Feed Control:

- Hopper or straightedge pan with a width equal to or slightly less than the overall
width of the assembly of chutes

- Capable of feeding the splitter at a controlled rate
e Splitter receptacles / pans:

- Capable of holding two halves of the sample following splitting

The splitter and accessory equipment shall be so designed that the sample will flow smoothly
without restriction or loss of material.
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| AGGREGATE WAQTC FOP AASHTO R 76 (23)

Method B — Quartering and Sectoring
e Straightedge scoop, shovel, or trowel
e Broom or brush

e Stick or pipe

e Tarp: A tear resistant rectangular tarp,, appropriate for the amount and size of the
material being reduced.

e Quartering Template: Formed in the shape of a 90-degree cross with equal length sides
that exceed the diameter of the flattened cone of material sufficient to allow complete
separation of the quartered sample. The height of the sides must be sufficient to extend
above the thickness of the flattened cone of the sample to be quartered.

Method Selection
Selecting the method of sample reduction depends on

e The type of material: fine aggregate (FA), coarse aggregate (CA), and combinations of the
two (FA/CA)

e The moisture content: drier than saturated surface-dry (SSD), SSD, or wetter than SSD.

Note 2: To use Method A on samples of FA and CA/FA that are at SSD or wetter, the entire sample may be
dried — using temperatures that do not exceed those specified for any of the tests contemplated — and then
reduced.

Select from the following methods based on the material type and moisture condition.
Method A Mechanical

e CA

e FA/CA drier than SSD

e FA drier than SSD

Method B Quartering
e CA
e FA/CA

e FA at SSD or wetter
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AGGREGATE WAQTC FOP AASHTO R 76 (23) |

Method B Sectoring

e FA at SSD or wetter

Table 1
Drier than SSD SSD or Wetter
. Method A Method B Quartering
Fine Aggregate (FA) Mechanical Method B Sectoring
. Method A Mechanical :

Mixture of FA/CA Method B Quartering Method B Quartering

Coarse Agaregate (CA) Method A Mechanical Method A Mechanical
EEICE Method B Quartering Method B Quartering

Procedure

Method A — Mechanical Splitter

1. Place two clean empty receptacles under the splitter.

2. Empty the sample into the hopper or pan without loss of material.

3. Uniformly distribute the material in the hopper or pan from edge to edge so that
approximately equal amounts flow through each chute.

4. Discharge the material at a uniform rate, allowing it to flow freely through the chutes.

5. Remove any material retained on the surface of the splitter and place into the appropriate
receptacle.

6. Using one of the two receptacles containing material, repeat Steps 1 through 6 until the
material in one of the two receptacles is the appropriate sample size for the required test.

7. Retain and properly identify the remaining unused sample for further testing if required.

Mechanical Splitter Check

e Determine the mass of each reduced portion. If the percent difference of the two masses
is greater than 5 percent, corrective action must be taken.
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|  AGGREGATE WAQTC FOP AASHTO R 76 (23)

Calculation

SmallerMass_R » a 1io) X 100 9% Di
Larger Mass % ratto = % Dif ference

Splitter check: 5127 g total sample mass
Splitter pan #1: 2583 g

Splitter pan #2: 2544 g

2544 g
2583 g

= 0.985 (1 -10.985) x 100 = 1.5%

Alternative to Mechanical Splitter Check

e In lieu of determining the mass of each reduced portion, use the method illustrated in
Figure 1 or 2 during reduction.

Figure 1

e Sample (S) is an amount greater
than or equal to twice the mass
needed for testing. Sample (S) is

reduced in a mechanical splitter
1T /N 2/ to yield parts (1) and (2).
e Part (1) is further reduced
/ \ yielding (A) and (B) while part
(2) is reduced to yield (B) and
(A).

w @ e Final testing sample is produced

by combining alternate pans, i.e.

A B B A/A or B/B only.
AN S\ B AR

Y —
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AGGREGATE WAQTC FOP AASHTO R 76 (23)

Figure 2

Sample (S) is an amount greater or equal to twice the mass needed for testing.
Sample (S) is reduced in a mechanical splitter to yield parts (1) and (2).

T
Part (1) is further reduced,

yielding (A) and (B).

Switch pans (A) and (B) so that they
are now in the opposite sides of the
mechanical splitter, leaving the material

B from Part (1) in the pans.
Reduce part (2) into pans (A) and (B).

Method B

Method B Quartering

Use either of the following two procedures or a combination of both.
Surface

1. Place the sample on a hard, clean, level surface where there will be neither loss of
material nor the accidental addition of foreign material.

2. Mix the material thoroughly by turning the entire sample over a minimum of four
times. With the last turning, shovel the entire sample into a conical pile by depositing
each shovelful on top of the preceding one.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a
shovel. The diameter should be four to eight times the thickness.

4. Divide the flattened pile into four approximately equal quarters with a shovel or
trowel.

5. Remove two diagonally opposite quarters, including all fine material, and brush the
cleared spaces clean.

6. Successively mix and quarter the remaining material until the sample is reduced to
the desired size.

7. The final test sample consists of two diagonally opposite quarters.
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|  AGGREGATE WAQTC FOP AASHTO R 76 (23)

Tarp
1. Place the sample on the tarp.

2. Mix the material thoroughly a minimum of four times by pulling each corner of the
tarp horizontally over the sample toward the opposite corner. After the last turn, form
a conical pile.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a
shovel. The diameter should be four to eight times the thickness.

4. Divide the flattened pile into four approximately equal quarters with a shovel or
trowel or insert a stick or pipe beneath the tarp and under the center of the pile, then
lift both ends of the stick, dividing the sample into two roughly equal parts. Remove
the stick leaving a fold of the tarp between the divided portions. Insert the stick under
the center of the pile at right angles to the first division and again lift both ends of the
stick, dividing the sample into four roughly equal quarters.

5. Remove two diagonally opposite quarters, being careful to clean the fines from the
tarp.

6. Successively mix and quarter the remaining material until the sample size is reduced
to the desired size.

7. The final test sample consists of two diagonally opposite quarters.

Method B Sectoring

1. Place the sample on a hard, clean, level surface where there will be neither loss of
material nor the accidental addition of foreign material.

2. Mix the material thoroughly by turning the entire sample over a minimum of four times.
With the last turning, shovel the entire sample into a conical pile by depositing each
shovelful on top of the preceding one.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a
shovel. The diameter should be four to eight times the thickness.

4. Divide the flattened cone into four approximately equal quarters using a quartering
template, straightedge, shovel, or trowel, assuring complete separation.

5. Using a straightedge, obtain a sector by slicing through a quarter of the material from the
center point to the outer edge of the quarter.

6. Pull or drag the sector from the quarter with two straight edges or hold one edge of the
straightedge in contact with quartering device.
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7. Remove an equal sector from the diagonally opposite quarter and combine to create the
appropriate sample mass.

8. Continue obtaining sectors from diagonally opposite quarters until the required sample
size has been obtained for all required tests.
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AGGREGATE WAQTC

REDUCING SAMPLES OF AGGREGATE TO TESTING SIZE

PERFORMANCE EXAM CHECKLIST

FOP FOR AASHTO R 76

Participant Name

FOP AASHTO R 76 (23)

Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Method A - Splitting

A

Chutes appropriate size and number?

Material spread uniformly on feeder?

Rate of feed slow enough so that sample flows freely through chutes?

Material in one pan re-split until desired mass is obtained?

Mechanical splitter checked or alternative used?

Method B - Quartering

1.

N

S »n AW

Sample placed on a tarp or clean, hard, and level surface?

Mixed by turning over 4 times with shovel or by pulling the tarp
horizontally over pile?

Conical pile formed without loss of material?

Pile flattened to uniform thickness and diameter?
Diameter equal to about 4 to 8 times thickness?
Divided into 4 equal portions without loss of material?
a. Using a shovel or trowel?

b. Placing stick or pipe under the tarp?

c. Using quartering template?

Quartering

a. Two diagonally opposite quarters, including all fine material,
removed?

b. Process continued until desired sample size is obtained when
two opposite quarters combined?

Sectoring

a. Using two straightedges or a quartering device and one straightedge,
sector obtained from one of the quarters from the center point to

the outer edge of the quarter?

b. Equal sector obtained taken from the diagonally
opposite quarter?

21 R76 pr 23 errata Aggregate 4-11
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AGGREGATE

9. Increments combined to produce appropriate sample mass?

Comments: First attempt:

Examiner Signature

21 R76 pr 23 errata

WAQTC

Pass Fail

WAQTC #:

Aggregate 4-12

FOP AASHTO R 76 (23)

Second attempt: Pass Fail

Pub. October 2023
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FOP LIBRARY WAQTC FOP AASHTO R 79 (23)

VACUUM DRYING COMPACTED ASPHALT SPECIMENS
FOP FOR AASHTO R 79

Scope

This practice covers the process of drying compacted field and laboratory specimens using a
vacuum device in accordance with AASHTO R 79-22.

Overview

The specimens dried by this procedure remain near room temperature, which helps in
maintaining specimen integrity during the drying process and allows the operators to run
repeated tests on the same sample, if necessary.

Specimens are kept and stored at temperatures above 15°C (60°F) and below 54°C (130°F).

This practice can also be used for drying other construction materials such as concrete, soils,
aggregates, and loose asphalt mixtures. Use manufacturer’s recommendations for drying
other construction materials.

Apparatus
e Vacuum device:

— Attached to a pump capable of evacuating a sealed chamber to a pressure of 1 kPa
(6 mm Hg) when at sea level.

— Capable of controlling the vacuum, airflow, and temperature in order to properly dry
the specimen at close to room temperature.

— With a display that indicates a pressure value, the dry point in the chamber, and
number of cycles.

— With a plate for removing water from the bottom surface of the specimen chamber.
— With means to trap moisture that is removed from the sample.

e Chamber (attached to the vacuum device): Large enough to hold cylindrical specimens,
150 mm (6 in.) diameter by 180 mm (7 in.) height, or cubical samples, 150 mm (6 in.)
length by 150 mm (6 in.) width by 180 mm (7 in.) height.

e Thermometer: meeting the requirements of M 339/ M 339 or infrared thermometer:
accurate to £5°C (£9°F) to be used to measure surface temperature of the specimen.

Note 1: The thermometer types suitable for use include a handheld infrared thermometer with a D:s ratio of 6:1.

e Balance or scale: Capacity sufficient for the sample mass and conforming to the
requirements of M 231, Class G2.

Daily Equipment Preparation
1. Dry the moisture trap (if necessary) and the specimen (vacuum) chamber.

2. Run the device without any specimens. The device should display a pressure value that
indicates a known dry point.

R79 short 23 errata FOP Library - 1 Pub. October 2023
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FOP LIBRARY WAQTC FOP AASHTO R 79 (23)

Note 1: If the unit fails to achieve a dry point pressure value, as recommended by the manufacturer, check that
the lid and all hose connections are well sealed. If needed, refer to the manufacturer’s troubleshooting
instructions.

Test Specimens
Test specimens may be either laboratory-molded or sampled from asphalt mixture pavement.

Procedure

Note 2: Keeping the device in the off position when not in use can prolong the operating life of its components.

1. Measure the sample temperature with a handheld infrared thermometer. Make sure the
specimen surface temperature is above 15°C (60°F).

2. Remove any standing water from the surface of the specimen by using a paper towel or
an absorptive cloth.

3. Place the specimen inside the vacuum chamber, closing the lid to the vacuum chamber
and moisture trap (if applicable).

4. Initiate the vacuum drying cycle. The pressure is monitored throughout the drying cycle
to ensure dry specimen condition pressure is achieved in the device.

5. The device will automatically stop when the specimen is dry.

Note 3: The device is calibrated at the factory or by the operator according to manufacturer’s recommended
procedures to sense a dry specimen condition.

6. Remove the specimen from the chamber.
7. Determine and record the specimen mass to the nearest 0.1 g.

8. Repeat steps 5 through 7 until specimen weight after vacuum drying cycle is less than
0.3 g from previous drying cycle.

Note 4: Between drying cycles, wipe off any free-standing water in the moisture trap to speed up the specimen
drying cycles.

Note 5: Excessive temperature may damage the specimen. Between drying cycles, verify that the specimen
temperature has not exceeded 54°C (130°F).
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Performance Exam Checklist

Vacuum Drying Compacted Asphalt Specimens

FOP For AASHTOR 79

Participant Name

Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2

1. The tester has a copy of the current procedure on hand? -
All equipment is functioning according to the test procedure, and if required, has the

2. current calibration/standardization/check tags present? -
3.  Device specimen chamber and moisture trap dry? -
4.  Device ran without any specimens and indicates a known dry point? -
5.  Specimen surface temperature above 60°F (15°C)? -
6.  Specimen surfaced dried and placed inside vacuum chamber? -
7. Vacuum drying cycle initiated after closing chamber and moisture trap lids? -
8.  Specimen removed from chamber and mass determined after drying cycle complete? -
9.  Steps repeated until specimen mass is less than 0.3 g from previous drying cycle mass? -
10. Free-standing water in moisture trap wiped off between cycles? -

Comments:

First Attempt: Pass j Fail 1 Second Attempt: Pass j Fail [
Examiner Signature: WAQTC #:
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (22)
IN-PLACE DENSITY

SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE
FOP FOR AASHTO T 85

Scope

This procedure covers the determination of specific gravity and absorption of coarse
aggregate in accordance with AASHTO T 85-22. Specific gravity may be expressed as bulk
specific gravity (Gsb), bulk specific gravity, saturated surface dry (Gsb SSD), or apparent
specific gravity (Gsa). Gsb and absorption are based on aggregate after soaking in water. This
procedure is not intended to be used with lightweight aggregates.

Terminology

Absorption — the increase in the mass of aggregate due to water being absorbed into the pores
of the material, but not including water adhering to the outside surface of the particles,
expressed as a percentage of the dry mass. The aggregate is considered “dry” when it has
been maintained at a temperature of 110 £5°C (230 +9°F) for sufficient time to remove all
uncombined water.

Saturated Surface Dry (SSD) — condition of an aggregate particle when the permeable voids
are filled with water, but no water is present on exposed surfaces.

Specific Gravity — the ratio of the mass, in air, of a volume of a material to the mass of the
same volume of gas-free distilled water at a stated temperature.

Apparent Specific Gravity (Gsa)— the ratio of the mass, in air, of a volume of the impermeable
portion of aggregate to the mass of an equal volume of gas-free distilled water at a stated
temperature.

Bulk Specific Gravity (Gsb)— the ratio of the mass, in air, of a volume of aggregate (including
the permeable and impermeable voids in the particles, but not including the voids between
particles) to the mass of an equal volume of gas-free distilled water at a stated temperature.

Bulk Specific Gravity (SSD) (Gsb SSD) — the ratio of the mass, in air, of a volume of
aggregate, including the mass of water within the voids filled to the extent achieved by
submerging in water for 15 to 19 hours (but not including the voids between particles), to the
mass of an equal volume of gas-free distilled water at a stated temperature.

Apparatus

e Balance or scale: with a capacity of 5 kg, sensitive to 0.1 g. Meeting the
requirements of AASHTO M 231.

e Sample container: a wire basket of 3.35 mm (No. 6) or smaller mesh, with a capacity
of4to 7L (1 to 2 gal) to contain aggregate with a nominal maximum size of 37.5 mm
(1 1/2 in.) or smaller; or a larger basket for larger aggregates, or both.

e Water tank: watertight and large enough to completely immerse aggregate and basket,
equipped with an overflow valve to keep water level constant.
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (22)
IN-PLACE DENSITY

e Suspension apparatus: wire used to suspend apparatus shall be of the smallest
practical diameter.

e Sieves: 4.75 mm (No. 4) or other sizes as needed, meeting the requirements of FOP
for AASHTO T 27/T 11.

e Large absorbent cloth

Sample Preparation
1. Obtain the sample in accordance with the FOP for AASHTO R 90 (see Note 1).

2. Mix the sample thoroughly and reduce it to the approximate sample size required by
Table 1 in accordance with the FOP for AASHTO R 76.

Reject all material passing the appropriate sieve by dry sieving.
4. Thoroughly wash sample to remove dust or other coatings from the surface.

| 5. Dry the sample to constant mass according to the FOP for AASHTO T 255/T 265 ata
temperature of 110 £5°C (230 £9°F) and cool in air at room temperature for 1 to 3 hours.
Note 1: Where the absorption and specific gravity values are to be used in proportioning concrete mixtures in
which the aggregates will be in their naturally moist condition, the requirement for initial drying to constant

mass may be eliminated, and, if the surfaces of the particles in the sample have been kept continuously wet
until test, the 15-to-19-hour soaking may also be eliminated.

6. Re-screen the sample over the appropriate sieve. Reject all material passing that sieve.

7. The sample shall meet or exceed the minimum mass given in Table 1.

Note 2: If this procedure is used only to determine the Gy, of oversized material for the FOP for AASHTO T 99
/ T 180, the material can be rejected over the appropriate sieve. For T 99 / T 180 Methods A and B, use the
4.75 mm (No. 4) sieve; T 99/ T 180 Methods C and D use the 19 mm (3/4 in).

Table 1
Nominal Maximum Minimum Mass of
Size* Sample, g (Ib)
mm (in.)
12.5 (1/2) or less 2000 (4.4)
19.0 (3/4) 3000 (6.6)
25.0 (1) 4000 (8.8)
37.5 (11/2) 5000 (11)
50 (2) 8000 (18)
63 (21/2) 12,000 (26)
75 (3) 18,000 (40)

* One sieve larger than the first sieve to retain more than 10 percent of the material using an agency specified
set of sieves based on cumulative percent retained. Where large gaps in specification sieves exist,
intermediate sieve(s) may be inserted to determine nominal maximum size.
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (22)
IN-PLACE DENSITY

Procedure

1. Immerse the sample in water at room temperature for a period of 15 to 19 hours. ‘

Note 3: When testing coarse aggregate of large nominal maximum size requiring large samples, it may be more
convenient to perform the test on two or more subsamples, and then combine the values obtained.

2. Place the empty basket into the water bath and attach to the balance. Inspect the
immersion tank to ensure the water level is at the overflow outlet height and basket is
fully submerged. Tare the balance with the empty basket attached in the water bath.

3. Remove the sample from the water and roll it in a large absorbent cloth until all visible ‘
films of water are removed. Wipe the larger particles individually. If the sample dries
past the SSD condition, immerse in water for 30 min, and then resume the process of
surface-drying.

Note 4: A moving stream of air may be used to assist in the drying operation but take care to avoid evaporation
of water from aggregate pores.

4. Determine the SSD mass of the sample, and record this and all subsequent masses to the
nearest 0.1 g or 0.1 percent of the sample mass, whichever is greater. Designate this
mass as “B.”

5. Immediately place the SSD sample in the sample container and weigh it in water |
maintained at 23.0 £1.7°C (73.4 £3°F). Shake the container to release entrapped air
before recording the weight. Re-inspect the immersion tank to ensure the water level is at
the overflow outlet height and basket is fully submerged. Designate this submerged
weight as “C.”
Note 5: The container should be immersed to a depth sufficient to cover it and the sample during mass

determination. Wire suspending the container should be of the smallest practical size to minimize any
possible effects of a variable immersed length.

6. Remove the sample from the basket. Ensure all material has been removed. Place in a
container of known mass.

7. Dry the sample to constant mass according to the FOP for AASHTO T 255/
T 265 at 110 £5°C (230 +£9°F) and cool in air at room temperature for 1 to 3 hours.

8. Determine and record the dry mass. Designate this mass as “A.”
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (22)
IN-PLACE DENSITY

Calculations
Perform calculations and determine values using the appropriate formula below.

Bulk specific gravity (Gsb)

o = A
sb B _ C
Bulk specific gravity, SSD (Gsb SSD)
GgspSSD = 5
sb - B _ C
Apparent specific gravity (Gsa)
A
Gsa = A _ C
Absorption
B —
Absorption = x 100
Where:
A = oven dry mass, g
B = SSD mass, g
C = weight in water, g
48 T85 short 22 errata editorial E&B/ID 16-4 Pub. October 2023
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (22)
IN-PLACE DENSITY

Sample Calculations

Sample A B C B-C A-C B-A
1 2030.9 2044.9 1304.3 740.6 726.6 14.0
2 1820.0 1832.5 1168.1 664.4 651.9 12.5
3 2035.2 2049.4 1303.9 745.5 731.3 14.2
Sample Gsp G, SSD Gsa Absorption
1 2.742 2.761 2.795 0.7
2 2.739 2.758 2.792 0.7
3 2.730 2.749 2.783 0.7

These calculations demonstrate the relationship between Gsb, Gsb SSD, and Gsa. Gsb is
always lowest since the volume includes voids permeable to water. Gsb SSD is always
intermediate. Gsa is always highest since the volume does not include voids permeable to
water. When running this test, check to make sure the values calculated make sense in
relation to one another.

Report

e On forms approved by the agency

e Sample ID

e Specific gravity values to the nearest 0.001

e Absorption to the nearest 0.1 percent
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (18)

PERFORMANCE EXAM CHECKLIST

SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE
FOP FOR AASHTO T 85

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2

1. Sample obtained by FOP for AASHTO R 90 and reduced by FOP for
AASHTO R 76 or from FOP for AASHTO T 99/ T 180?

Screened on the appropriate size sieve?

Sample mass appropriate?

Particle surfaces clean?

ok N

Dried to constant mass 110 £5°C (230 +9°F) and cooled to room
temperature?

o

Re-screen over appropriate sieve?

7. Covered with water for 15 to 19 hours?

Wire basket completely submerged in immersion tank and attached
to balance?

9. Immersion tank inspected for proper water height?

10. Balance tared with basket in tank and temperature checked
23.0 £1.7°C (73.4 £3°F)?

11. Sample removed from water and rolled in cloth to remove
visible films of water?

12. Larger particles wiped individually?

13. Evaporation avoided?

14. Sample mass determined to 0.1 g?

15. Sample immediately placed in basket, in immersion tank?

16. Entrapped air removed before weighing by shaking basket
while immersed?

17. Immersion tank inspected for proper water height?

18. Immersed sample weight determined to 0.1 g?

19. All the sample removed from basket?

20. Sample dried to constant mass and cooled to room temperature?

OVER
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EMBANKMENT AND BASE WAQTC FOP AASHTO T 85 (18)

Procedure Element Trial 1 Trial 2

21. Sample mass determined to 0.1 g?

22. Proper formulas used in calculations?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail

Examiner Signature WAQTC #:
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WSDOT Errata to FOP for AASHTO T 89

Determining the Liquid Limit of Soils

WAQTC FOP for AASHTO T 89 has been adopted by WSDOT with the following changes:

Procedure - Method A (Multi-Point) - Not recognized by WSDOT, use Method B (Single-Point):
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FOP LIBRARY WAQTC AASHTO T 89 (23)

DETERMINING THE LIQUID LIMIT OF SOILS
FOP FOR AASHTO T 89

Scope

This procedure covers the determination of the liquid limit of a soil in accordance with
AASHTO T 89-22. It is used in conjunction with the FOP for AASHTO T 90, Determining
the Plastic Limit and Plasticity Index of Soils. The three values are used for soil
classification and other purposes.

Apparatus

e Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in
diameter.

e Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide.

e Liquid Limit Device: manually or mechanically operated, consisting of a brass cup,
carriage, and base plate and conforming to the critical dimensions shown in AASHTO
T 89 Figure 1.

e Grooving Tool: used to cut the soil in the liquid limit device cup and conforming to the
critical dimensions shown in AASHTO T 89 Figure 1.

Grooving tool Alternate Flat Grooving Tool

e Gauge: either part of the grooving tool or a separate metal bar, 10.0 £0.2 mm (0.394
+0.008 in.) thick and approximately 50 mm (2 in.) long.

e Containers: corrosion resistant, suitable for repeated heating and cooling, having close
fitting lids to prevent the loss of moisture. One container is needed for each moisture
content determination.

e Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a minimum
capacity of 100 g.

e Oven: thermostatically controlled, capable of maintaining temperatures of 110 £5°C
(230 £9°F).

e Graduated cylinders for measuring distilled or demineralized water.
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e Sieve: 0.425 mm (No. 40) sieve meeting the requirements of the FOP for AASHTO
T27/T 11.

Adjustment of Liquid Limit Device

The liquid limit device shall be inspected to determine that the device is in good working
order; that the pin connecting the cup is not worn to permit side play; that the screws
connecting the cup to the hanger are tight; that the points of contact on the cup and base are
not excessively worn; that the lip of the cup is not excessively worn; and that a groove has
not been worn in the cup. The grooving tool shall be inspected to determine that the critical
dimensions are correct.

Note 1: Wear is considered excessive when the point of contact on the cup or base exceeds approximately 13
mm (0.5 in.) in diameter, or when any point on the rim of the cup is worn to approximately 1/2 the
original thickness. A slight groove in the center of the cup is not objectionable. If the groove becomes
pronounced, the cup shall be replaced. A base that is excessively worn may be refinished as long as it is
maintained within the tolerances specified.

Adjust the height of drop of the cup so that the point on the cup that comes in contact with
the base rises to a height of 10.0 0.2 mm (0.394 £0.008 in.).

Note 2: Check the height of the drop, before each new sample, by turning the crank at two revolutions per
second while holding the gauge in position against the cup. If a ringing or clicking sound is heard
without the cup rising from the gauge, the adjustment is correct. If no ringing is heard or if the cup rises
from gauge, readjust the height of the drop. If the cup rocks on the gauge during this checking
operation, the cam follower pivot is excessively worn and should be replaced.

Sample

Samples must be prepared per the AASHTO R 58 or R 74. Obtain a sample with a mass of
about 100 g taken from the portion of the material passing the 0.425 mm (No. 40) sieve.

The mass required depends upon the method chosen. Method A (multi-point method)
requires approximately 100 g. Method B (single point method) requires approximately 50 g.

Procedure — Method A (Multi-Point)
1. Determine mass of empty dry container(s) and lid(s) to the nearest 0.01 g.

2. Place the sample in the dish and thoroughly mix with 15 to 20 mL of distilled or
demineralized water by alternately and repeatedly stirring, kneading, and chopping with a
spatula. Further additions of water shall be in increments of 1 to 3 mL. Each increment
shall be thoroughly mixed with the soil before another increment is added. Once testing
has begun, no additional dry soil should be added to the moistened soil. The cup of the
Liquid Limit device shall not be used for mixing soil and water. If too much water is
added, the sample shall either be discarded or mixed and kneaded until natural
evaporation lowers the moisture content.

Note 3: Some soils are slow to absorb water. It is possible to add water so fast that a false LL value is
obtained. This can be avoided by allowing more mixing and/or time. Also, tap water may be used for
routine testing if comparative tests indicate no differences in results between using tap water and
distilled or demineralized water.

3. Add sufficient water to form a uniform mass of a stiff consistency.
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FOP LIBRARY WAQTC AASHTO T 89 (23)

4. Place enough material in the cup so that, when squeezed and spread with the spatula, the
soil will rest in the cup above the spot where the cup rests on the base and will be 10 mm
thick at the point of maximum thickness. Use as few strokes of the spatula as possible,
taking care to prevent the entrapment of air bubbles in the sample.

5. Divide the soil in the cup with a firm stroke of the grooving tool. Avoid tearing the sides
of the groove or slipping of the soil cake on the cup. Up to 6 strokes are permitted with a
stroke from front to back or from back to front counting as 1 stroke. The depth of the
groove should be increased with each stroke, and only the last stroke should scrape the
bottom of the cup.

6. Lift and drop the cup by turning the crank at a rate of approximately 2 revolutions per
second until the two halves of the soil pat come together along a distance of about 13 mm
(0.5 in.). Do not hold the base while the crank is turned. Record the number of shocks
required to close the groove this distance.

Note 4: Some soils tend to slide on the cup instead of flowing. If this occurs, water should be added, the

sample remixed, and the procedure repeated. If the soil continues to slide on the cup, the test is not
applicable, and a note should be made that the liquid limit could not be determined.

7. Use the spatula to obtain a moisture content sample by slicing through the soil pat
perpendicularly to the groove. Remove the sample extending edge to edge and including
the portion of the groove that flowed together. Place it into a suitable container and cover
for subsequent moisture determination.

8. Determine the moisture percentage of the moisture content sample in accordance with the
FOP for AASHTO T 255/T 265 (Soil).

9. Place the soil remaining in the cup back in the mixing dish and add 1 to 3 mL of water or
use previously prepared portions to which sufficient water has been added to result in a
more fluid condition.

10. Repeat Steps 4 through 9, a minimum of two times. The object is to have a determination
in all three shock ranges 25-35, 20-30, and 15-25 and span a range of at least 10 shocks.

11. Determine the moisture content of the moisture content sample in accordance with the
FOP for AASHTO T 255/T 265 (Soil). (Remove lids and keep with containers while

drying.)
Flow Curve — Method A

Prepare a flow curve on a semi-logarithmic graph with moisture content on the arithmetic
vertical axis and the number of shocks on the logarithmic horizontal axis. The flow curve is
a straight line drawn as closely as possible through three or more plotted points.

Liquid Limit — Method A

Determine the liquid limit. The moisture content at the intersection of the flow curve and the
25 shock line is the liquid limit.

T89 short 23 errata FOP Library-3 Pub. October 2023
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FOP LIBRARY WAQTC AASHTO T 89 (23)

Procedure — Method B (Single-Point)
1. Determine mass of empty dry container(s) and lid(s) to the nearest 0.01 g.

2. Place the sample in the dish and thoroughly mix with 8 to 10 mL of distilled or
demineralized water, and follow the mixing procedure in Method A, Step 1.

3. Follow the procedure in Method A except that the soil pat should be prepared with water
to produce a consistency that will close the two halves of the soil pat at least 13 mm
(0.5 in.) within 22 to 28 shocks of the cup.

Note 5: Groove closures occurring between 15 and 40 blows may be accepted if variations of +5 percent of the
true liquid limit are tolerable.

4. Return the soil remaining in the cup to the mixing dish and, without adding any
additional water, repeat Step 2. If the closure again occurs within the acceptable range
and 1s within 2 shocks of the first, obtain a moisture content specimen as described in
Method A.

5. Determine the moisture content of the moisture content sample in accordance with the
FOP for AASHTO T 255/T 265 (Soil).

6. Determine the moisture content of the moisture content sample in accordance with the
FOP for AASHTO T 255/T 265 (Soil). (Remove lids and keep with containers while

drying.)
Liquid Limit — Method B

Calculate the liquid limit as follows:

LL = (Wy)(N/25)%1%

Where:
LL = liquid limit
WN = moisture content of sample at N blows
N = number of blows

Example:

wNn =16.0% and N =23

23 0.121
LL = 16.0% X (E) = 15.8%, report 16%

T89 short 23 errata FOP Library-4 Pub. October 2023
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FOP LIBRARY WAQTC AASHTO T 89 (23)

Or using Table 1 (when number of shocks to closure of gap is 22-28):

LL =16.0% % 0.990 = 15.8%, report 16%

Table 1
N (N/25) 121
22 0.985
23 0.990
24 0.995
25 1.000
26 1.005
27 1.009
28 1.014

Use Method A for referee testing to settle a dispute.

Report
e Results on forms approved by the agency.

e LL rounded to the nearest 1 percent.

T89 short 23 errata FOP Library-5 Pub. October 2023
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Performance Exam Checklist

Determining the Liquid Limit of Soils
FOP for AASHTO T 89 (Method B Only)

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Preparation Element Trial 1 Trial 2
1. The tester has a copy of the current procedure on hand? .
2. All equipment is functioning according to the test procedure, and if required, has the

current calibration/verification tags present? -
3.  Sample obtained using AASHTO R 58? .
4.  Minimum sample mass meets requirement of AASHTO T 89 Method B? .
5.  Sample mixed with 8 to 10 mL of distilled or demineralized water? .
6. Additional water added at 1 to 3 mL as necessary until mass is uniform and of a stiff

consistency? -
7. No dry soil added after test has begun? _

If soil was too wet, was sample discarded or allowed to dry? .

Procedure Element
1. Sample placed in cup and spread to 10 mm maximum thickness? .
2. Care taken to avoid entrapment of air bubbles? _
3. Soil in cup divided through centerline of follower to the bottom of the cup in no

more than six strokes? -
4. Liquid Limit Device counter zeroed and base checked for level? .
Was cup lifted and dropped at two revolutions per second until gap at bottom of
groove closed about 0.5 in (13mm) in 22 to 28 blows? -
6. Blows to closure recorded? .
7.  Was closure in acceptable blow count material? _
8. Was material removed from cup and placed in a covered container? .
9.  Was procedure repeated a second time from step 1-6 without adding water? .
10 Was second closure within two blows of first closure? If not was test rerun? .
11. Was sample removed from device and moisture content determined per T 265? .
12. Were all calculations performed correctly? .
WSDOT Materials Manual M 46-01.44 Page 9 of 10
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Comments:
First Attempt: Pass ‘ Fail ‘ Second Attempt: Pass ‘ Fail ‘
Comments:
Examiner Signature: WAQTC #:
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WSDOT Errata to FOP for AASHTO R 90
Sampling Aggregate Products

WAQTC FOP for AASHTO R 90 has been adopted by WSDOT with the following changes:
Procedure - General

TABLE 1 Recommended Sample Sizes - Shall conform to the following table, nominal maximum size
definition and note.

Nominal Maximum Size*in (mm) Minimum Mass Ib (kg)
US No. 4 (4.75) 5 (2)
Y (6.3) 10 (4)

% (9.5) 10 (4)

% (12.5) 20 (8)

% (16.0) 20 (8)

% (19.0) 30 (12)

1 (25.0) 55 (25)

1% (31.5) 70 (30)
1% (37.5) 80 (36)

2 (50) 90 (40)

2% (63) 110 (50)

3 (75) 140 (60)

3% (90) 180 (80)

*For Aggregate, the nominal maximum size sieve is the largest standard sieve
opening listed in the applicable specification upon which more than 1-percent of
the material by weight is permitted to be retained. For concrete aggregate, the
nominal maximum size sieve is the smallest standard sieve opening through
which the entire amount of aggregate is permitted to pass.

Note: For an aggregate specification having a generally unrestrictive gradation (i.e., wide range of
permissible upper sizes), where the source consistently fully passes a screen substantially smaller
than the maximum specified size, the nominal maximum size, for the purpose of defining sampling
and test specimen size requirements may be adjusted to the screen, found by experience to retain
no more than 5 percent of the materials.

Procedure - Specific Situations
Roadways
Method A (Berm or Windrow) - Method not recognized by WSDOT.

Method B (In-Place) - Method not recognized by WSDOT.

WSDOT Materials Manual M 46-01.44 Page 1 of 12
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R 90

AGGREGATE WAQTC FOP AASHTO R 90 (22)

SAMPLING AGGREGATE PRODUCTS
FOP FOR AASHTO R 90

Scope
This procedure covers sampling of coarse, fine, or a combination of coarse and fine
aggregates (CA and FA) in accordance with AASHTO R 90-18. Sampling from conveyor
belts, transport units, roadways, and stockpiles is covered.
Apparatus

e Shovels or scoops, or both

e Brooms, brushes, and scraping tools

e Sampling tubes of acceptable dimensions

e Mechanical sampling systems: normally a permanently attached device that allows a
sample container to pass perpendicularly through the entire stream of material or
diverts the entire stream of material into the container by manual, hydraulic, or
pneumatic operation

e Belt template

e Sampling containers

Procedure — General

Sampling is as important as testing. The technician shall use every precaution to obtain
samples that are representative of the material. Determine the time or location for sampling
in a random manner.

1. Wherever samples are taken, obtain multiple increments of approximately equal size.

2. Mix the increments thoroughly to form a field sample that meets or exceeds the
minimum mass recommended in Table 1.

37 R90 short 22 Aggregate 9-1 Pub. October 2023
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AGGREGATE

WAQTC

TABLE 1

FOP AASHTO R 90 (22)

Recommended Sample Sizes

Size*

mm (in.)

90 (3 1/2)
75 (3)

63 (2172)
50 (2)

37.5 (11/2)
25.0 (1)

19.0 (3/4)
125 (172)
9.5 (3/8)
475 (No.4)
2.36 (No. 8)

Nominal Maximum

Minimum Mass
g (Ib)

175,000 (385)
150,000 (330)
125,000 (275)
100,000 (220)
75,000 (165)
50,000 (110)
25,000 (55)
15,000 (35)
10,000 (25)
10,000 (25)
10,000 (25)

* One sieve larger than the first sieve to retain more than 10 percent of the material using an agency specified
set of sieves based on cumulative percent retained. Where large gaps in specification sieves exist, intermediate
sieve(s) may be inserted to determine nominal maximum size. Maximum size is one size larger than nominal

maximum size.

Note 1: Sample size is based upon the test(s) required. As a general rule, the field sample size should be such
that, when split twice will provide a testing sample of proper size. For example, the sample size may
be four times that shown in Table 1 of the FOP for AASHTO T 27/T 11, if that mass is more

appropriate.

Procedure — Specific Situations

Conveyor Belts

Avoid sampling at the beginning or end of the aggregate run due to the potential for
segregation. Be careful when sampling in the rain. Make sure to capture fines that may stick
to the belt or that the rain tends to wash away.

Method A (From the Belt)
1. Stop the belt.

2. Set the sampling template in place on the belt, avoiding intrusion by adjacent

material.

3. Remove the material from inside the template, including all fines.

4. Obtain at least three approximately equal increments.

5. Combine the increments and mix thoroughly to form a single sample.

37 R90 short 22

Aggregate 9-2

Pub. October 2023
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R 90

AGGREGATE WAQTC FOP AASHTO R 90 (22)

Method B (From the Belt Discharge)

1. Pass a sampling device through the full stream of the material as it runs off the end of
the conveyor belt. The sampling device may be manually, semi-automatic or
automatically powered.

2. The sampling device shall pass through the stream at least twice, once in each
direction, without overfilling while maintaining a constant speed during the sampling
process.

3. When emptying the sampling device into the container, include all fines.
4. Combine the increments and mix thoroughly to form a single sample.

Transport Units

1. Visually divide the unit into four quadrants.
2. Identify one sampling location in each quadrant.

Dig down and remove approximately 0.3 m (1 ft.) of material to avoid surface
segregation. Obtain each increment from below this level.

4. Combine the increments and mix thoroughly to form a single sample.
Roadways

Method A (Berm or Windrow)

1. Obtain sample before spreading.

2. Take the increments from at least three random locations along the fully formed
windrow or berm. Do not take the increments from the beginning or the end of the
windrow or berm.

3. Obtain full cross-section samples of approximately equal size at each location. Take
care to exclude the underlying material.

4. Combine the increments and mix thoroughly to form a single sample.

Note 2: Obtaining samples from berms or windrows may yield extra-large samples and may not be the
preferred sampling location.

Method B (In-Place)
1. Obtain sample after spreading and before compaction.
2. Take the increments from at least three random locations.

Obtain full-depth increments of approximately equal size from each location. Take
care to exclude the underlying material.

4. Combine the increments and mix thoroughly to form a single sample.

37 R90 short 22 Aggregate 9-3 Pub. October 2023
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AGGREGATE WAQTC FOP AASHTO R 90 (22)

Stockpiles
Method A — Loader Sampling

1.

Direct the loader operator to enter the stockpile with the bucket at least 150 mm
(6 in.) above ground level without contaminating the stockpile.

Discard the first bucketful.

3. Have the loader re-enter the stockpile and obtain a full loader bucket of the material,

8.

tilt the bucket back and up.

Form a small sampling pile at the base of the stockpile by gently rolling the material
out of the bucket with the bucket just high enough to permit free flow of the material.
(Repeat as necessary.)

Create a flat surface by having the loader back drag the small pile.
Visually divide the flat surface into four quadrants.

Collect an increment from each quadrant by fully inserting the shovel into the flat pile
as vertically as possible, take care to exclude the underlying material, roll back the
shovel and lift the material slowly out of the pile to avoid material rolling off the
shovel.

Combine the increments and mix thoroughly to form a single sample.

Method B — Stockpile Face Sampling

I.

5.

Create horizontal surfaces with vertical faces in the top, middle, and bottom third of
the stockpile with a shovel or loader.

Prevent continued sloughing by shoving a flat board against the vertical face.
Sloughed material will be discarded to create the horizontal surface.

Obtain sample from the horizontal surface as close to the intersection as possible of
the horizontal and vertical faces.

Obtain at least one increment of equal size from each of the top, middle, and bottom
thirds of the pile.

Combine the increments to and mix thoroughly form a single sample.

Method C — Alternate Tube Method (Fine Aggregate)

1.
2.

Remove the outer layer that may have become segregated.

Using a sampling tube, obtain one increment of equal size from a minimum of five
random locations on the pile.

Combine the increments to and mix thoroughly form a single sample.

37 R90 short 22 Aggregate 9-4 Pub. October 2023
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AGGREGATE WAQTC FOP AASHTO R 90 (22)

Identification and Shipping
e Identify samples according to agency standards.
e Include sample report (below).

e Ship samples in containers that will prevent loss, contamination, or damage of
material.

Report
e On forms approved by the agency
e Date
e Time
e Sample ID
e Sampling method
e Location
e Quantity represented
e Material type
e Supplier

37 R90 short 22 Aggregate 9-5 Pub. October 2023
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AGGREGATE WAQTC FOP AASHTO R 90 (22)

PERFORMANCE EXAM CHECKLIST

SAMPLING AGGREGATE PRODUCTS
FOP FOR AASHTO R 90

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element
Conveyor Belts — Method A (From the Belt)

1.
2.

3.
4.
5.

Belt stopped?

Sampling template set on belt, avoiding intrusion of adjacent
material?

Sample, including all fines, scooped off?
Samples taken in at least three approximately equal increments?

Increments combined and mixed to form a single sample?

Conveyor Belts — Method B (From the Belt Discharge)

6.

7.

Sampling device passed through full stream of material twice
(once in each direction) as it runs off end of belt?

Increments combined and mixed to form a single sample?

Transport Units

8.
9.

Unit divided into four quadrants?

Increment obtained from each quadrant, 0.3 m (1ft.) below surface?

10. Increments combined and mixed to form a single sample?

Roadways Method A (Berm or Windrow)

11. Sample taken before spreading?
12. Full depth of material taken?

13. Underlying material excluded?

14. Samples taken in at least three approximately equal increments?

15. Increments combined and mixed to form a single sample?

OVER

17 R90 pr 22 Aggregate 3-11
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R 90

AGGREGATE WAQTC

Roadways Method B (In-place)

16.
17.
18.
19.
20.

Sample taken after spreading?

Full depth of material taken?

Underlying material excluded?

Samples taken in at least three approximately equal increments?

Increments combined and mixed to form a single sample?

Stockpile Method A— (Loader sampling)

21

22.
23.

24.

25.
26.

27.

(6 in.) above ground level without contaminating the stockpile?

First bucketful discarded?

. Loader operator directed to enter the stockpile with the bucket at least 150 mm

The loader re-entered the stockpile and obtained a full loader bucket of the

material with the bucket tilted back and up?

A small sampling pile formed at the base of the stockpile by gently rolling the

material out of the bucket with the bucket just high enough to permit free-

of the material?
A flat surface created by the loader back dragging the small pile?

Increment sampled from each quadrant by fully inserting the shovel into
the flat pile as vertically as possible, care taken to exclude the underlying
material?

Increments combined and mixed to form a single sample?

Stockpile Method B (Stockpile Face)

28.
29.

30.

Created horizontal surfaces with vertical faces?

At least one increment taken from each of the top,
middle, and bottom thirds of the stockpile.

Increments combined and mixed to form a single sample?

Stockpile Method C — Alternate Tube Method (Fine Aggregate)

flow

FOP AASHTO R 90 (22)

31. Outer layer removed?

32. Increments taken from at least five locations with a sampling tube?

33. Increments combined and mixed to form a single sample?

Comments: First attempt: Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
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AGGREGATE WAQTC FOP AASHTO R 90 (22)

PERFORMANCE EXAM CHECKLIST (ORAL)

SAMPLING AGGREGATE PRODUCTS
FOP FOR AASHTO R 90

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2
1. How is a sample obtained from a conveyor belt using Method A?
Stop the belt.

b. Set the sampling template on belt, avoiding intrusion of adjacent
material.

c. All the material is removed from belt including all fines.
d. Take at least three approximately equal increments.
e. Combine and mix to form a single sample.
2. How is a sample obtained from a conveyor belt using Method B?

a. Pass the sampling device through a full stream of material as it runs
off the end of the belt.

b. The device must be passed through at least twice
(once in each direction).

c. Increments combined and mixed to form a single sample?
d. Combine and mix to form a single sample.
3. How is a sample obtained from a Transport Unit?
a. Divide the unit into four quadrants.
b. Dig 0.3 m (1 ft.) below surface.
c. Obtain an increment from each quadrant.
d. Combine and mix to form a single sample.

4. Describe the procedure for sampling from roadways Method A
(Berm or Windrow).

a. Sample before spreading
b. Sample the material full depth without obtaining underlying material.
Take at least three approximately equal increments.

d. Combine and mix to form a single sample.

OVER

18 R90 pr oral 22 Aggregate 3-13 Pub. October 2023
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AGGREGATE WAQTC FOP AASHTO R 90 (22)

Procedure Element Trial1 Trial 2

5. Describe the procedure for sampling from roadway Method B
(In-place).

a. Sample after spreading, before compaction.
b. Sample the material full depth without obtaining underlying material.
C. Take at least three approximately equal increments.

d. Combine and mix to form a single sample.

6. Describe the procedure for sampling a stockpile Method A
(Loader Sampling).

a. Loader enters the stockpile at least 150 mm (6in.) above ground level.

b. Loader discard first bucket full.

c. Loader obtains a full bucket of material and forms a small
sampling pile.

d. Loader back drags pile to create a flat surface.
e. Divide the flat surface into four quadrants.

f. Take an approximately equal increment from each quadrant,
excluding the underlying material.

g. Combine and mix to form a single sample.

7. Describe the procedure for sampling a stockpile Method B
(Stockpile Face Sampling).
a. Create horizontal surfaces with vertical faces with a shovel.

b. At least one increment taken from each of the top, middle,
and bottom thirds of the stockpile.

c. Combine and mix to form a single sample.

8. Describe the procedure for sampling a stockpile Method C —
Alternate Tube Method (Fine Aggregate).

a. Remove the outer layer of segregated material.
b. Obtain increments using sampling tube from at least five locations.

c. Combine and mix to form a single sample.

Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
18 R90 pr oral 22 Aggregate 3-14 Pub. October 2023
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FOP LIBRARY WAQTC AASHTO 90 (23)

DETERMINING THE PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS
FOP FOR AASHTO T 90

Scope

This procedure covers the determination of the plastic limit and plasticity index of soil in
accordance with AASHTO T 90-22. It is used in conjunction with the FOP for AASHTO

T 89, Determining the Liquid Limit of Soils. The three values are used for soil classification
and other purposes. Two procedures, hand rolling and an alternate rolling method, are
covered. The hand rolling method is to be used as the referee method.

Apparatus
e Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in
diameter.
e Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide.
e Rolling Surface:
- A ground glass plate or piece of smooth, unglazed paper.

- Plastic Limit Rolling Device: (Optional) A device made of acrylic conforming to the
dimensions shown in AASHTO T 90 Figure 1.

- Paper for Rolling Device: Unglazed paper that does not add foreign matter to the soil
during the rolling process. Paper is attached to both the top and bottom plates of the
rolling device by either spray-on adhesive or self-adhesive backing. Remove all
adhesive from the rolling device after each test to prevent buildup.

e Containers: corrosion resistant, suitable for repeated heating and cooling, having close
fitting lids to prevent the loss of moisture before initial mass determination and while
sample is cooling before final mass determination. One container is needed for each
moisture content determination.

e Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a minimum

capacity of 100 g.

e Oven: thermostatically controlled, capable of maintaining temperatures of 110 +5°C
(230 £9°F).

e Sieve: 0.425 mm (No. 40) sieve meeting the requirements of the FOP for AASHTO
T27/T 11.

Sample

The plastic limit procedure is often run in conjunction with the liquid limit procedure. If this
is the case, the plastic limit sample should be obtained from the soil prepared for the liquid
limit test, FOP for AASHTO T 89, at any point in the process at which the soil is plastic
enough to be easily shaped into a ball without sticking to the fingers excessively when
squeezed. Obtain approximately 10 g of soil to run the plastic limit test.

T90 short 23 errata FOP Library - 1 Pub. October 2022
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T 90 Determining the Plastic Limit and Plasticity Index of Soils
FOP LIBRARY WAQTC AASHTO 90 (23)

If the plastic limit only is to be determined, the sample must be prepared according to
AASHTO R 58; Dry Preparation of Disturbed Soil and Soil-Aggregate Samples for Test or R
74; Wet Preparation of Disturbed Soil Samples for Test. Obtain about 20 g of material
passing the 0.425 mm (No. 40) sieve. Mix the soil with distilled or demineralized water until
the mass becomes plastic enough to be easily shaped into a ball. Use approximately 10 g of
the soil ball to run the plastic limit test.

Note 1: Tap water may be used for routine testing if comparative tests indicate no differences in results
between using tap water and distilled or demineralized water.

Procedure

1. Determine and record the mass of the container and lid.

2. Pull a 1.5 to 2 g mass test sample from the initial 10 g.

3. Squeeze and form the test sample into an ellipsoidal-shape mass.
4. Use one of the following methods to roll the mass.

¢ Hand Rolling Method—Roll the mass between the fingers or palm and the rolling
surface with just sufficient pressure to roll the mass into a thread of uniform diameter
along its length. The sample must be rolled into the 3 mm (1/8 in.) thread in no
longer than 2 minutes.

e Alternate Rolling Method, Plastic Limit Device Method—Place the soil mass on the
bottom plate. Place the top plate in contact with the soil mass. Roll the mass between
the plates with sufficient pressure to form the mass into a thread of uniform diameter
along its length so that top plate contacts the side rails within 2 minutes. During this
rolling process, do not allow the soil thread to contact the side rails. Rolling multiple
threads at once is allowed.

5. Break the thread into six or eight pieces when the diameter of the thread reaches 3 mm
(1/8 in.).

6. Squeeze the pieces together between the thumbs and fingers of both hands into an
ellipsoidal-shape mass and reroll.

Continue this process of alternately rolling to a thread 3 mm (1/8 in.) in diameter, cutting
into pieces, gathering together, kneading and rerolling until the thread crumbles under the
pressure required for rolling and the soil can no longer be rolled into a thread 3 mm in
diameter.

Crumbling may occur when the thread has a diameter greater than 3 mm (1/8 in.). This
shall be considered a satisfactory end point, provided the soil has been previously rolled
into a thread 3 mm (1/8 in.) in diameter. At no time, shall the tester attempt to produce
failure at exactly 3 mm (1/8 in.) diameter. It is permissible, however, to reduce the total
amount of deformation for feebly plastic soils by making the initial diameter of the
ellipsoidal-shaped mass nearer to the required 3 mm (1/8 in.) final diameter.

T90 short 23 errata FOP Library - 2 Pub. October 2022
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Determining the Plastic Limit and Plasticity Index of Soils T 90
FOP LIBRARY WAQTC AASHTO 90 (23)

Note 2: The crumbling will manifest itself differently with various types of soil. Some soils fall apart in many
pieces; others form an outside tubular layer that splits at both ends; splitting progresses toward the middle,
and the thread falls apart in small platy particles. Heavy clay requires much pressure to deform the thread,
particularly as it approaches the plastic limit, and the thread breaks into a series of barrel-shaped segments
each 6 to 9 mm (1/4 to 3/8 in.) long.

7. Gather the portions of the crumbled soil together, place in the moisture content container
and cover.

8. Repeat steps one through seven until 10 g of sample have been tested and placed in the
covered container.

9. Determine the moisture content of the sample in accordance with the FOP for
AASHTO T 255/T 265 (Soil) and record the results. (Remove lids and keep with
containers during drying.)

Plastic Limit

The moisture content, as determined in Step 9 above, is the Plastic Limit.

Note 3: 1t is advisable to run several trials on the same material to ensure a proper determination of the Plastic
Limit of the soil.

Plasticity Index

The Plasticity Index (PI) of the soil is equal to the difference between the Liquid Limit (LL)
and the Plastic Limit (PL). If either the liquid limit or plastic limit cannot be determined,
report the plasticity index as NP (non-plastic). If the plastic limit is equal to, or greater than
the liquid limit, report the plasticity index as NP.

Pl = LL — PL
Examples:
No. 1 No. 2
LL =34 and PL=17 LL=16 and PL=10
PI=34-17=17 PI=16-10=6
T90 short 23 errata FOP Library - 3 Pub. October 2022
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T 90

Determining the Plastic Limit and Plasticity Index of Soils

FOP LIBRARY WAQTC AASHTO 90 (23)
Example Calculation
Container Container
Container and Wet Wet Soil and Dry Dry Soil
Container | Mass, g | Soil Mass, g | Mass,g | Soil Mass, g Mass, g
1 14.44 25.21 10.77 23.62 9.18
2 14.18 24.84 10.66 23.90 9.72
Water Mass, g | Moisture Content | Plastic Limit
1.59 17.3% 17
0.94 9.7% 10
Report

e Results on forms approved by the agency

e PL and PI rounded to the nearest 1 percent and reported as a whole number.

T90_short 23 errata

FOP Library - 4

Pub. October 2022
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Determining the Plastic Limit and Plasticity Index of Soils

T 90

Performance Exam Checklist

Determining the Plastic Limit and Plasticity Index of Soils
FOP for AASHTO T 90

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Preparation Element Trial 1 Trial 2

1. The tester has a copy of the current procedure on hand?

2. All equipment is functioning according to the test procedure, and if required, has
the current calibration/verification tags present?

3.  Sample obtained using AASHTO R 58?
Minimum sample mass meets requirement of AASHTO T 90?

5. Sample mixed with distilled, demineralized, or de-ionized water until plastic
enough to be easily shaped into a ball?

6. 10 g portion of ball taken from the moist sample material?

Procedure Element

1. 1.5-2 g portion taken and formed into ellipsoidal mass?

2.  Mass rolled at between 80-90 strokes per minute (using one of the techniques
described in T 90) for no more than 2 minutes to form a 3 mm diameter thread?

3. Thread broken into six or eight pieces and pieces squeezed together into
ellipsoidal shape and rerolled until thread crumbles and soil can no longer be
rolled into a thread?

4. Tested material placed in a tared covered container and procedure steps 1-6
repeated until all 10 g of material is tested?
Sample dried in accordance with AASHTO T 265 to determine moisture content?
Were all calculations performed correctly?

WSDOT Materials Manual M 46-01.44 Page 5 of 6
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T 90 Determining the Plastic Limit and Plasticity Index of Soils

Comments:

First Attempt: Pass ‘ Fail ‘ Second Attempt: Pass ‘ Fail ‘

Examiner Signature: WAQTC #:
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WSDOT Errata to FOP for AASHTO R 97
Sampling Asphalt Mixtures

WAQTC FOP for AASHTO R 97 has been adopted by WSDOT with the following changes:
Sample Size

For Acceptance sampling and testing only: WSDOT requires a minimum of two times the amount
required for testing. This should be approximately 60 Ibs.

For Acceptance and Conformation sampling and testing or for Test Section sampling and
testing: WSDOT requires a minimum of four times the amount required for testing. This should
be approximately 120 Ibs. (See WSDOT Construction Manual Section 9-3.7 for Conformation
sampling frequency)

Note: When sampling or testing for Determination of the Moving Average of Theoretical Maximum
Density (TMD) for Asphalt Mixtures, please refer to WSDOT SOP 729.

Procedure
General

Include the steps below:

« Immediately upon obtaining a sample, using a verified thermometer, check and record
temperature of the sample.

« The material shall be tested to determine variations. The supplier/contractor shall sample the
asphalt mixture in the presence of the Project Engineer. The supplier/contractor shall provide
one of the following for safe and representative sampling:

a. A mechanical sampling device installed between the discharge of the silo and the
truck transport that is approved by the Regional Materials Engineer.

b. Platforms or devices to enable sampling from the truck transport without entering
the truck transport for sampling Asphalt Mixtures.

Conveyor Belts - Method not recognized by WSDOT.
Paver Auger - Method not recognized by WSDOT.
Windrow - Method not recognized by WSDOT.
Roadway before Compaction

Method 1 - Obtaining a Sample on Grade or Untreated Base (Plate Method) - Method not
recognized by WSDOT.

Method 2 - Obtaining a Sample on Asphalt Surface (Non-Plate Method) - Method not recognized
by WSDOT.

Stockpiles
Method 1 - Loader - Method not recognized by WSDOT.

Method 2 - Stockpile Face - Method not recognized by WSDOT.

WSDOT Materials Manual M 46-01.44 Page 1 of 14
January 2024




R 97

Page 2 of 14 WSDOT Materials Manual M 46-01.44
January 2024



R 97

ASPHALT WAQTC FOP AASHTO R 97 (23)

SAMPLING ASPHALT MIXTURES
FOP FOR AASHTO R 97

Scope

This procedure covers sampling asphalt mixtures from plants, haul units, and roadways in
accordance with AASHTO R 97-19. Sampling is as important as testing. Use care to obtain
a representative sample. Avoid segregation and contamination of the material during
sampling.

This standard does not purport to address all of the safety concerns, if any, associated with
its use. It is the responsibility of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory limitations prior to use.

Apparatus

e Shovel or Metal Scoops, or Other Equipment: square-head metal shovels at least
125 mm (5.5 in.) wide.

e Sample containers: such as cardboard boxes, metal cans, stainless steel bowls, or other
agency-approved containers

e Sampling plate: thick metal plate, minimum 8 gauge, sized to accommodate sample
requirements, with a wire attached to one corner long enough to reach from the center of
the paver to the outside of the farthest auger extension. A minimum of one hole 6 mm
(0.25 in.) in diameter must be provided in a corner of the plate.

e Cookie cutter sampling device: formed steel angle with two 100 mm by 150 mm by
9 mm (4 in. by 6 in. by 3/8 in.) handles, sized to accommodate sample requirements.
Minimum 50 mm (2 in.) smaller than the sampling plate when used together.

Example: Sampling plate 380 mm (15 in.) square and a cookie cutter sampling device
330 mm (13 in.) square.

e Mechanical sampling device: a permanently attached device that allows a sample
receptacle to pass perpendicularly through the entire stream of material or diverts the
entire stream of material into the container by manual, hydraulic, or pneumatic operation.

e Agency approved release agent: a non-stick product that prevents the asphalt mixture
from sticking to the apparatus and does not contain solvents or petroleum-based products
that could affect asphalt binder properties.

Sample Size

Sample size depends on the test methods specified by the agency for acceptance. Check
agency requirement for the size required.

45 R97 short 23 errata Asphalt 13-1 Pub. October 2023
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (23)

Procedure
General

e Select sample locations using a random or stratified random sampling procedure, as
specified by the agency. The material shall be tested to determine variations. The
supplier/contractor shall provide equipment for safe and appropriate sampling, including
sampling devices on plants when required.

e Ensure the container(s) and sampling equipment are clean and dry before sampling.

e For dense graded mixture samples use cardboard boxes, stainless steel bowls or other
agency-approved containers.

e For hot open graded mixture samples use stainless steel bowls. Cardboard boxes can
used if the sample has cooled to the point that asphalt binder will not migrate from the
aggregate.

Attached Sampling Devices

These are normally permanently attached devices that allow a sample container to pass
perpendicularly through the entire stream of material. Operation may be manual, pneumatic,
or hydraulic and allow the sample container to pass through the stream twice without
overfilling. A sampling device may also divert the entire stream into container.

1. Lightly coat the container attached to the sampling device with an agency-approved
release agent or preheat it, or both, to approximately the same discharge temperature of
the mix.

2. Pass the container twice, once in each direction, through the material perpendicularly
without overfilling the container.

3. Transfer the asphalt mixture to an agency-approved container without loss of material.
4. Repeat until proper sample size has been obtained.
5. Combine the increments to form a single sample.

Conveyor Belts

1. Avoid sampling at the beginning or end of an asphalt mixture production run due to the
potential for segregation.

2. Stop the belt containing asphalt mixture.

3. Set the sampling template into the asphalt mixture on the belt, avoiding intrusion by
adjacent material.

4. Remove the asphalt mixture from inside the template, including all fines, and place in a
sample container.

5. Repeat, obtaining equal size increments, until proper sample size has been obtained.

6. Combine the increments to form a single sample.

45 R97 short 23 errata Asphalt 13-2 Pub. October 2023
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (23)
Haul Units
1. Visually divide the haul unit into approximately four equal quadrants.

2.
3.

4.

Identify one sampling location in each quadrant.

Dig down and remove approximately 0.3 m (1 ft.) of material to avoid surface
segregation. Obtain each increment from below this level.

Combine the increments to form a sample of the required size.

Paver Auger

1. Obtain samples from the end of the auger using a square head shovel.

2. Place the shovel in front of the auger extension, with the shovel blade flat upon the
surface to be paved over.

3. Allow the front face of the auger stream to cover the shovel with asphalt mixture, remove
the shovel before the auger reaches it by lifting as vertically as possible.

4. Place asphalt mixture in a sample container.

5. Repeat until proper sample size has been obtained.

6. Combine the increments to form a sample of the required size.

Note 1: First full shovel of material may be discarded to preheat and ‘butter’ the shovel.

Windrow

1. Obtain samples from the windrow of a transport unit. Avoid the beginning or the end of

the windrow section.

2. Visually divide the windrow into approximately three equal sections.
Remove approximately 0.3 m (1 ft) from the top of each section.
4. Fully insert the shovel into the flat surface as vertically as possible, exclude the
underlying material, roll back the shovel and lift the material slowly out of the windrow
to avoid material rolling off the shovel.
5. Place in a sample container.
6. Repeat, obtaining equal size increments, in each of the remaining thirds.
7. Combine the increments to form a sample of the required size.
Discard
Discard
Sample Sample
Windrow cross section Windrow side view
45 R97 short 23 errata Asphalt 13-3 Pub. October 2023
WSDOT Materials Manual M 46-01.44 Page 5 of 14

January 2024




R 97

ASPHALT WAQTC FOP AASHTO R 97 (23)

Roadway before Compaction

There are two conditions that will be encountered when sampling asphalt mixtures from the
roadway before compaction. The two conditions are:

e Laying asphalt mixture on grade or untreated base material requiring Method 1.

e Laying asphalt mixture on existing asphalt or laying a second lift of asphalt mixture
allowing Method 2.

SAFETY:

Sampling is performed behind the paving machine, in front of the breakdown roller. For
safety, the breakdown roller must remain at least 3 m (10 ft.) behind the sampling operation
until the sample has been obtained and the hole filled with loose asphalt mixture.

Method 1 requires a plate to be placed in the roadway in front of the paving operation. There
is always concern with moving, operating equipment. It is safest to stop the paving train
while a plate is installed in front of the paver. When this is not possible the following safety
rules must be followed.

1. The plate placing operation must be at least 3 m (10 ft.) in front of the paver or pickup
device. The technician placing the plate must have eye contact and communication with
the paving machine operator. If eye contact cannot be maintained at all times, a third
person must be present to provide communication between the operator and the
technician.

2. No technician is to be between the asphalt supply trucks and the paving machine. The
exception to this rule is if the supply truck is moving forward creating a windrow, in
which case the technician must be at least 3 m (10 ft.) behind the truck.

If at any time the Engineer feels that the sampling technique is creating an unsafe condition,
the operation is to be halted until it is made safe, or the paving operation will be stopped
while the plate is being placed.

Method 1 - Obtaining a Sample on Grade or Untreated Base (Plate Method)

1. Following the safety rules detailed above, the technician is to:

a. Smooth out a location in front of the paver at least 0.5 m (2 ft.) inside the edge of
the mat.

b. Lay the plate down diagonally with the direction of travel, keeping it flat and tight
to the base with the lead corner facing the paving machine.

Note 2: The plate may be secured by driving a nail through the hole in the lead corner of the plate.

2. Pull the wire, attached to the outside corner of the plate, taut past the edge of the
asphalt mixture mat and secure it. Let the paving operation pass over the plate and
wire.

3. Using the exposed end of the wire, pull the wire up through the fresh asphalt mixture
to locate the corner of the plate.

45 R97 short 23 errata Asphalt 13-4 Pub. October 2023
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (23)

a. Plate only:

i. Using a small square head shovel, scoop, or both, remove the full depth of the
asphalt mixture from the plate. Take care to prevent sloughing of adjacent
material.

ii. Place asphalt mixture, including any material adhering to the plate and scoop
or shovel in a sample container.

iii. Remove the sample cutter from the roadway. The hole made from the
sampling must be filled by the contractor with loose asphalt mixture.

b. “Cookie Cutter”:

i. Place the “cookie cutter” sample device, just inside the end of the wire; align
the cutter over the plate. Press “cookie cutter” device down through the
asphalt mixture to the plate.

ii. Using a small square tipped shovel or scoop, or both, carefully remove all the
asphalt mixture from inside of the cutter and place in a sample container.

iii. Remove the sample cutter and the plate from the roadway. The hole made
from the sampling must be filled by the contractor with loose asphalt mixture.

Method 2 - Obtaining a Sample on Asphalt Surface (Non-plate Method)

1. After the paving machine has passed the sampling point, immediately place the
“cookie cutter” sampling device on the location to be sampled.

2. Push the cutter down through the asphalt mixture until it is flat against the underlying
asphalt mat.

3. Using a small square tipped shovel, scoop, or both, carefully remove all the asphalt
mixture from inside of the cutter and place in a sample container.

4. Remove the cutter from the roadway. The hole made from the sampling must be
filled by the contractor with loose asphalt mixture.

Stockpiles

Remove at least 0.1 m (4 in.) from the surface before sampling; mixtures in a stockpile may
develop an oxidized crust.

Method 1 — Loader

1. Direct the loader operator to enter the stockpile with the bucket at least 0.3 m (1 ft)
above ground level without contaminating the stockpile.

2. Obtain a full loader bucket of the asphalt mixture; tilt the bucket back and up.

3. Form a small sampling pile at the base of the stockpile by gently rolling the asphalt
mixture out of the bucket with the bucket just high enough to permit free flow of the
mixture. Repeat as necessary.

4. Create a flat surface by having the loader "back-drag" the small pile.

45 R97 short 23 errata Asphalt 13-5 Pub. October 2023
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R 97

| ASPHALT WAQTC FOP AASHTO R 97 (23)

7.

Obtain approximately equal increments from at least three randomly selected
locations on the flat surface at least 0.3 m (1 ft) from the edge.

Fully insert the shovel, exclude the underlying material, roll back the shovel and lift
the asphalt mixture slowly out of the pile to avoid mixture rolling off the shovel.

Combine the increments to form a sample.

Method 2 — Stockpile Face

1.

Create horizontal surfaces with vertical faces in the top, middle, and bottom third of
the stockpile with a shovel or a loader if one is available.

Shove a flat board against the vertical face behind the sampling location to prevent
sloughing of asphalt mixture. Discard the sloughed mixture to create the horizontal
surface.

Obtain the sample from the horizontal surface as close as possible to the intersection
of the horizontal and vertical faces.

Obtain at least one sample increment of equal size from each of the top, middle, and
bottom thirds of the pile.

Combine the increments to form a single sample.

Board

Discard

Top

[T
/ -

Identification and Shipping

1. Identify sample containers as required by the agency.

2. Ship samples in containers that will prevent loss, contamination, or damage.

45 R97 short 23 errata Asphalt 13-6 Pub. October 2023
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R 97

ASPHALT WAQTC

Report

On forms approved by the agency
Sample ID

Date

Time

Location

Quantity represented

45 R97 short 23 errata Asphalt 13-7

FOP AASHTO R 97 (23)
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| ASPHALT WAQTC FOP AASHTO R 97 (23)
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (19)

PERFORMANCE EXAM CHECKLIST

SAMPLING ASPHALT MIXTURES
FOP FOR AASHTO R 97

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial1 Trial 2
Attached Sampling Device

1. Container coated or preheated or both?

2. Sampling device passed through stream twice perpendicular to material?
3. Sampling device not over filled?

Conveyor Belt

4. Belt stopped?

5. Sampling template set on belt, avoiding intrusion of adjacent
material?

6. Sample, including all fines, scooped off?

Haul Units

7. Unit divided into four quadrants?

8. Increment obtained from each quadrant, 0.3 m (1ft.) below surface?
9. Increments combined to make up the sample?

Paver Auger

10. Shovel blade flat on the surface to be paved?

11. Shovel lifted vertically after it is filled?

Windrow

12. Beginning and end avoided?

13. Equal increments obtained from three sections?

14. Approximately 0.3 m (1 ft) removed from top of each section?
15. Underlying material excluded?

Roadway Before Compaction (Method 1)

16. Plate placed well in front of paver?

17. Wire pulled to locate plate corner?

OVER

17 R97 pr 19 Asphalt 3-13 Pub. October 2023
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (19)

Procedure Element Trial1 Trial 2
18. Cookie cutter (if used) placed on asphalt and pushed through to plate?

19. All material removed from inside the cutter?

Roadway Before Compaction (Method 2)

20. Cookie cutter placed on asphalt and pushed through to underlying material?

21. All material removed from inside the cutter?

Stockpile Method 1- (Loader sampling)

22. Loader operator directed to enter the stockpile with the bucket at least 0.3 m
(1 ft) above ground level without contaminating the stockpile?

23. The loader obtained a full loader bucket of the material with the bucket
tilted back and up?

24. A small sampling pile formed at the base of the stockpile by gently rolling the
material out of the bucket with the bucket just high enough to permit free-flow
of the material?

25. A flat surface created by the loader back dragging the small pile?

26. Increment sampled from three locations at least 0.3 m (1 ft) from the
edge by fully inserting the shovel into the flat pile as vertically as possible,
care taken to exclude the underlying material?

Stockpile Method 2 (Stockpile Face)
27. Created horizontal surfaces with vertical faces?

28. Sample obtained from the horizontal face as close as possible to the
vertical face?

29. At least one increment taken from each of the top,
middle, and bottom thirds of the stockpile?

General
30. Sample placed in appropriate container?
31. Sample size meets agency requirements?

32. Sample identified as required?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail
Examiner Signature WAQTC #:
17 R97 pr 19 Asphalt 3-14 Pub. October 2023
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R 97

ASPHALT WAQTC FOP AASHTO R 97 (19)

PERFORMANCE EXAM CHECKLIST (ORAL)

SAMPLING ASPHALT MIXTURES
FOP FOR AASHTO R 97

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element

Trial 1 Trial 2

1. At the hot plant, how must a sample be obtained using an attached
sampling device?
a. Coat or preheat sample container. _ _
b. Sampling device passed through stream twice, once in each direction,
perpendicular to material. _ .
¢. The sampling device cannot be overfilled. L _
2. How is a sa