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 Contents

Aggregate
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

T 2 WSDOT   FOP for AASHTO for Standard Practice for Sampling Aggregates
T 11 AASHTO Materials Finer Than 0.075 mm (No. 200) Sieve in Mineral 

Aggregates by Washing
T 19 AASHTO   Bulk Density (“Unit Weight”) and Voids in Aggregate  

(Rodding Procedure Only) (Checklist Only)
T 21 AASHTO Organic Impurities in Fine Aggregates for Concrete
T 27 AASHTO Sieve Analysis of Fine and Coarse Aggregates
T 27/T 11 WSDOT   FOP for WAQTC/AASHTO for Sieve Analysis of Fine and 

Coarse Aggregates
T 37 AASHTO Sieve Analysis of Mineral Filler
T 71 AASHTO Effect of Organic Impurities in Fine Aggregate on Strength of Mortar
T 84 AASHTO Specific Gravity and Absorption of Fine Aggregates
T 85 AASHTO Specific Gravity and Absorption of Coarse Aggregates
T 96 AASHTO Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion 

and Impact in the Los Angeles Machine
T 113 WSDOT  Method of Test for Determination of Degradation Value
T 123 WSDOT   Method of Test for Bark Mulch
T 125 WSDOT  Determination of Fiber Length Percentages in Wood Strand Mulch
T 126 WSDOT  Determination of Fiber Length Percentages in Hydraulically-Applied 

Erosion Control Products
SOP 128 WSDOT   Sampling for Aggregate Source Approval
T 176 AASHT0 Plastic Fines in Graded Aggregates and Soils by Use of the 

Sand Equivalent Test
T 176 WSDOT   FOP for AASHTO for Plastic Fines in Graded Aggregates and 

Soils by Use of the Sand Equivalent Test
T 248 AASHT0 Reducing Field Samples of Aggregates to Testing Size
T 248 WSDOT   FOP for AASHTO for Reducing Samples of Aggregate to Testing Size
T 255 AASHTO Total Evaporable Moisture Content of Aggregate by Drying
T 255 WSDOT   FOP for AASHTO for Total Evaporable Moisture Content of Aggregate 

by Drying
T 288 AASHTO  Determining Minimum Laboratory Soil Resistivity (Checklist Only)
T 289 AASHTO Determining pH of Soil for Use in Corrosion
T 304 WSDOT   FOP for AASHTO for Uncompacted Void Content of Fine Aggregate
T 335 AASHTO Determining the Percentage of Fracture in Coarse Aggregate
T 335 WSDOT   FOP for AASHTO for Determining the Percentage of Fracture in Coarse 

Aggregate
T 417 WSDOT  Method of Test for Determining Minimum Resistivity and pH of Soil 

and Water
T 716 WSDOT   Method of Random Sampling for Locations of Testing and Sampling Sites
D 4791 WSDOT   FOP for ASTM for Standard Test Method for Flat Particles, Elongated 

Particles, or Flat and Elongated Particles in Coarse Aggregate
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Bituminous Cement
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

R 28 AASHTO Practice of Accelerated Aging of Asphalt Binder Using a Pressurized 
Aging Vessel

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

T 44 AASHTO Solubility of Bituminous Materials
R 47 AASHTO Standard Recommended Practice for Reducing Samples of Hot Mix 

Asphalt (HMA) to Testing Size
T 48 AASHTO Flash and Fire Points by Cleveland Cup
T 49 AASHTO Penetration of Bituminous Materials
T 50 AASHTO Float Test for Bituminous Materials
T 51 AASHTO Ductility of Bituminous Materials
T 53 AASHTO Softening Point of Bituminous (Ring and Ball Apparatus)
T 59 AASHTO Emulsified Asphalts
R 66 AASHTO Sampling Bituminous Materials
R 66 WSDOT   FOP for WAQTC/AASHTO for Sampling Bituminous Materials
T 72 AASHTO Saybolt Viscosity
T 79 AASHTO Flash Point With Tag Open-Cup Apparatus for Use With Materials Having 

a Flash Less Than 93.3°C (200°F)
T 200 AASHTO pH of Aqueous Solutions With the Glass Electrode
T 201 AASHTO Kinematic Viscosity of Asphalts
T 202 AASHTO Viscosity of Asphalts by Vacuum Capillary Viscometer
D 217 ASTM Standard Test Methods for Cone Penetration of Lubricating Grease
T 228 AASHTO Specific Gravity of Semi-Solid Bituminous Material
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
T 313 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  Standard Operating Procedure for Melting of Flexible Bituminous 

Pavement Marker Adhesive for Evaluation
CAL 331 Caltrans Method of Test for Residue by Evaporation of Latex Modified 

Asphalt Emulsion
CAL 332 Caltrans Method of Test for Recovery From Deformation of Latex Modified 

Asphalt Emulsion Residue
T 426 WSDOT  Pull-Off Test for Hot Melt Traffic Button Adhesive
D 3111 ASTM Standard Test Method for Flexibility Determination of Hot-Melt Adhesives 

by Mandrel Bend Test Method
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Hot Mix Asphalt
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

TM 8 WAQTC   In-Place Density of Bituminous Mixes Using the Nuclear 
Moisture-Density Gauge

T 27/T 11 WSDOT   FOP for WAQTC/AASHTO for Sieve Analysis of Fine and 
Coarse Aggregates

R 30 AASHTO Practice for Short and Long Term Aging of Hot Mix Asphalt (HMA)
T 30 AASHTO Mechanical Analysis of Extracted Aggregate
T 166 AASHTO Bulk Specific Gravity of Compacted Asphalt Mixtures Using Saturated 

Surface-Dry Specimens
T 166 WSDOT   FOP for AASHTO for Bulk Specific Gravity of Compacted Hot Mix 

Asphalt Using Saturated Surface-Dry Specimens
T 168 AASHTO Sampling Bituminous Paving Mixtures
T 168 WSDOT   FOP for WAQTC/AASHTO for Sampling of Hot Mix Asphalt 

Paving Mixtures
T 209 AASHTO Theoretical Maximum Specific Gravity and Density of Hot Mix 

Asphalt (HMA)
T 209 WSDOT   FOP for AASHTO for Theoretical Maximum Specific Gravity and Density 

of Hot-Mix Asphalt Paving Mixtures
T 269 AASHTO Percent Air Void in Compacted Dense and Open Asphalt Mixtures
T 275 AASHTO Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using 

Paraffin-Coated Specimen
T 308 AASHTO Determining the Asphalt Binder Content of Hot Mix Asphalt (HMA) by the 

Ignition Method
T 308 WSDOT   FOP for AASHTO for Determining the Asphalt Binder Content of Hot Mix 

Asphalt (HMA) by the Ignition Method
T 312 WSDOT   FOP for AASHTO for Preparing Hot-Mix Asphalt (HMA) Specimens 

by Means of the Superpave Gyratory Compactor
T 324 AASHTO  Standard Method of Test for Hamburg Wheel-Track Testing of Compacted 

Hot Mix Asphalt (HMA)
T 329 WSDOT   FOP for AASHTO for Moisture Content of Asphalt (HMA) by Oven Method
T 331 WSDOT  Bulk Specific Gravity (Gmb) and Density of Compacted Hot Mix Asphalt 

(HMA) Using Automatic Vacuum Sealing Method
T 355   In-Place Density of Asphalt Mixes Using the Nuclear 

Moisture-Density Gauge
T 712 WSDOT   Standard Method of Reducing Hot Mix Asphalt Paving Mixtures
T 716 WSDOT   Method of Random Sampling for Locations of Testing and Sampling Sites
T 718 WSDOT  Method of Test for Determining Stripping of Hot Mix Asphalt
T 720 WSDOT  Method of Test for Thickness Measurement of Hot Mix Asphalt 

(HMA) Cores
SOP 723 WSDOT  Standard Operating Procedure for Submitting Hot Mix Asphalt 

(HMA) Mix Designs for Verification
T 724 WSDOT   Method of Preparation of Aggregate for Hot Mix Asphalt (HMA) 

Mix Designs
T 726 WSDOT   Mixing Procedure for Hot Mix Asphalt (HMA)
SOP 728 WSDOT   Standard Operating Procedure for Determining the Ignition Furnace 

Calibration Factor (IFCF) for Hot Mix Asphalt (HMA)
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Hot Mix Asphalt
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

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

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

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

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

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

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

SOP 735 WSDOT   Standard Operating Procedure for Longitudinal Joint Density
SOP 736 WSDOT  In-Place Density of Bituminous Mixes Using Cores
SOP 737  Procedure for the Forensic Testing of HMA Field Cores 
T 738 WSDOT  In-Place Density of Asphalt Mixtures Using the Nuclear 

Moisture-Density Gauge
D 6931 ASTM  Standard Test Method for Indirect Tensile (IDT) Strength of Bituminous 

Mixtures
D 7227 ASTM Standard Practice for Rapid Drying of Compacted Asphalt Specimens 

Using Vacuum Drying Apparatus
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Cement
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

T 105 AASHTO Chemical Analysis of Hydraulic Cement
T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or  

(50-mm) Cube Specimens)
T 106 WSDOT   FOP for AASHTO for Compressive Strength of Hydraulic Cement Mortars 

(Using 2-in. or (50-mm) Cube Specimens)
T 107 AASHTO Autoclave Expansion of Portland Cement
T 129 AASHTO Normal Consistency of Hydraulic Cement
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
T 153 AASHTO Fineness of Hydraulic Cement by Air Permeability Apparatus
T 154 AASHTO Time of Setting of Hydraulic Cement by Gillmore Needles
T 162 AASHTO Mechanical Mixing of Hydraulic Cement Pastes and Mortars of 

Plastic Consistency
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
T 313 WSDOT  Method of Test for Cement-Latex Compatibility
T 314 WSDOT  Method of Test for Photovolt Reflectance
T 413 WSDOT  Method of Test for Evaluating Waterproofing Effectiveness of Membrane 

and Membrane-Pavement Systems
D 562 ASTM Standard Test Method for Consistency of Paints Measuring Krebs 

Unit (KU) Viscosity Using a Stormer-Type Viscometer
T 813 WSDOT   Field Method of Fabrication of 2 in (50 mm) Cube Specimens 

for Compressive Strength Testing of Grouts and Mortars
T 814 WSDOT  Method of Test for Water Retention Efficiency of Liquid Membrane-

Forming Compounds and Impermeable Sheet Materials for 
Curing Concrete

T 816 WSDOT  Method of Test for Parting Compound
C 939 WSDOT   FOP for ASTM for Flow of Grout for Preplaced-Aggregate Concrete (Flow 

Cone Method)
D 1475 ASTM Test Method for Consistency of Paints Test Method for Density of Paint, 

Varnish, Lacquer, and Related Products
D 4758 ASTM Test Method for Nonvolatile Contents of Latexes
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Chemical
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

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

T 267 AASHTO Determination of Organic Content in Soils by Loss on Ignition
T 420 WSDOT   Test Method for Determining the Maturity of Compost (Solvita Test)
C 881 ASTM Standard Specification for Epoxy-Resin-Base Bonding Systems 

for Concrete
C 882 ASTM  Bond Strength (Diagonal Shear) (Checklist Only)
C 1218 ASTM Standard Test Method for Water-Soluble Chloride in Mortar and Concrete
D 1429 ASTM Standard Test Methods for Specific Gravity of Water and Brine
D 2628/ 
M 220

ASTM  Test for High and Low Temperature Recovery of Elastomeric Joint Seals 
for Concrete Pavements

D 5329 ASTM Standard Test Methods for Sealants and Fillers, Hot-Applied, for Joints 
and Cracks in Asphaltic and Portland Cement Concrete Pavements

D 7091 ASTM   Nondestructive Measurement of Thickness of Nonmagnetic Coatings on 
a Ferrous Base (Checklist Only)
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Concrete
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

TM 2 WAQTC   FOP for WAQTC for Sampling Freshly Mixed Concrete
T 22 AASHTO Compressive Strength of Cylindrical Concrete Specimens
T 22 WSDOT   FOP for AASHTO for Compressive Strength of Cylindrical 

Concrete Specimens
T 23 AASHTO Making and Curing Concrete Test Specimens in the Field
T 23 WSDOT   FOP for AASHTO for Making and Curing Concrete Test Specimens in the 

Field
R 39 AASHTO Making and Curing Concrete Test Specimens in the Laboratory
T 71 AASHTO Effect of Organic Impurities in Fine Aggregate on Strength of Mortar
T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or (50-

mm) Cube Specimens)
T 106 WSDOT   FOP for AASHTO for Compressive Strength of Hydraulic Cement Mortars 

(Using 2-in. or (50-mm) Cube Specimens)
T 119 AASHTO Slump of Hydraulic Cement Concrete
T 119 WSDOT   FOP for AASHTO for Standard Test Method for Slump of Hydraulic-

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

(Checklist Only)
C 140 ASTM Standard Test Methods for 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 WSDOT   FOP for WAQTC for Air Content of Freshly Mixed Concrete by the 

Pressure Method
T 177 AASHTO Flexural Strength of Concrete (Using Simple Beam With Center- 

Point Loading)
T 196 AASHTO  Air Content of Concrete (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
T 231 AASHTO Capping Cylindrical Concrete Specimens
T 231 WSDOT   FOP for AASHTO for Capping Cylindrical Concrete Specimens
T 260 AASHTO Sampling and Testing for Chloride Ion in Concrete and Concrete 

Raw Materials
T 277 AASHTO Electrical Indication of Concrete’s Ability to Resist Chloride 

Ion Penetration
T 309 AASHTO Temperature of Freshly Mixed Portland Cement Concrete
T 309 WSDOT   FOP for AASHTO for Temperature of Freshly Mixed Portland 

Cement Concrete
C 457 ASTM Standard Test Method for Microscopical Determination of Parameters of 

the Air-Void System in Hardened Concrete
C 495 ASTM Test Method for Compressive Strength of Lightweight Insulated Concrete
T 716 WSDOT   Method of Random Sampling for Locations of Testing and Sampling Sites
T 802 WSDOT   Method of Test for Flexural Strength of Concrete (Using Simple 

Beam With Center-Point Loading)
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Concrete
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

C 805 ASTM Test Method for Rebound Number of Hardened Concrete
C 805 WSDOT   Rebound Hammer Determination of Compressive Strength of Hardened 

Concrete
T 808 WSDOT   Method for Making Flexural Test Beams
T 810 WSDOT   Method of Test for Determination of the Density of Portland Cement 

Concrete Pavement Cores
T 812 WSDOT   Method of Test for Measuring Length of Drilled Concrete Cores
T 813 WSDOT   Field Method of Fabrication of 2 in (50 mm) Cube Specimens 

for Compressive Strength Testing of Grouts and Mortars
T 818 WSDOT  Air Content of Freshly Mixed Self-Compacting Concrete by the Pressure 

Method
T 819 WSDOT  Making and Curing Self-Compacting Concrete Test Specimens 

in the Field
C 939 ASTM Standard Test Method for Flow of Grout for Preplaced-Aggregate 

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

Cone Method)
C 1218 ASTM Standard Test Method for Water-Soluble Chloride in Mortar and Concrete
D 1429 ASTM Standard Test Methods for Specific Gravity of Water and Brine
C 1611 WSDOT   FOP for ASTM C 1611/C 1611M Standard Test Method for Slump Flow of 

Self-Consolidating Concrete
C 1621 WSDOT   FOP for ASTM C 1621/C 1621M Standard Test Method for Passing Ability 

of Self-Consolidating Concrete by J-Ring
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Electrical and Traffic
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

IP 78-16 FHWA Signal Controller Evaluation
T 257 AASHTO Instrumental Photometeric Measurements of Retroreflectivie Material and 

Retroreflective
T 314 WSDOT  Method of Test for Photovolt Reflectance
T 421 WSDOT  Test Method for Traffic Controller Inspection and Test Procedure
T 422 WSDOT  Test Method for Traffic Controller Transient Voltage Test  

(Spike Test) Procedure
T 423 WSDOT  Test Method for Traffic Controller Conflict Monitoresting
T 424 WSDOT  Test Method for Traffic Controller Power Interruption Test Procedure
T 425 WSDOT  Test Method for Traffic Controller NEM and 170 Type Environmental 

Chamber Test
T 426 WSDOT  Pull-Off Test for Hot Melt Traffic Button Adhesive
T 427 WSDOT  Test Method for Loop Amplifier Testing Procedure
T 428 WSDOT  Test Method for Traffic Controller Compliance Inspection and 

Test Procedure
SOP 429 WSDOT  Methods for Determining the Acceptance of Traffic Signal 

Controller Assembly
T 429 WSDOT   Retroreflectance of Newly Applied Pavement Marking Using 

Portable Hand-Operated Instruments
D 470 ASTM Test Method for Crossedlinked Insulation and Jackets for Wire and Cable
DMCT 700 ATSI Manual on Signal Controller Evaluation
PCMZ 2000TS Manual on Signal Controller Evaluation
D 2633 ASTM Standard Test Methods for Thermoplastic Insulations and Jackets for Wire 

and Cable
D 4956 ASTM Standard Specification for Retroreflective Sheeting for Traffic Control
D 7585 ASTM Standard Practice for Evaluating Retroreflective Pavement Markings 

Using Portable Hand-Operated Instruments
TS1 NEMA Signal Controller Evaluation Geotechnical – Soils
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Geotechnical – Soils
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

R 58 AASHTO Dry Preparation of Disturbed Soil and Soil Aggregate Samples for Test
T 88 AASHTO Particle Size Analysis of Soils
T 89 AASHTO Determining the Liquid Limit of Soils
T 90 AASHTO  Determining the Plastic Limit and Plasticity Index of Soils (Checklist Only)
T 99 AASHTO   Moisture-Density Relations of Soils Using a 5.5 lb (2.5 kg) Rammer and a 

12 in (305 mm) Drop Checklist
T 100 AASHTO Specific Gravity of Soil
T 180 AASHTO   Moisture-Density Relations of Soils Using a 10 lb (4.54 kg) Rammer and 

an 18 in (457 mm) Drop Checklist
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 217 WSDOT   FOP for AASHTO for Determination of Moisture in Soils by Means 

of a Calcium Carbide Gas Pressure Moisture Tester
T 224 AASHTO Correction for Coarse Particles in the Soil Compaction Test
T 236 AASHTO Direct Shear Test of Soils Under Consolidated Drained Conditions
T 265 AASHTO  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
D 2487 ASTM Practice for Classification of Soils for Engineering Purposes

(Unified Soil Classification System)
D 2488 ASTM Practice for Description and Identification of Soils (Visual-Manual 

Procedure)
D 4186 ASTM Standard Test Method for One-Dimensional Consolidation Properties of 

Saturated Cohesive Soils Using Controlled-Strain Loading
D 4644 ASTM Standard Test Method for Slake Durability of Shales and Similar 

Weak Rocks
T 501 WSDOT  Test Method to Determine Durability of Very Weak Rock
D 5084 ASTM Standard Test Methods for Measurement of Hydraulic Conductivity 

of Saturated Porous Materials Using a Flexible Wall Permeameter
D 5311 ASTM Standard Test Method for Load Controlled Cyclic Triaxial Strength of Soil
D 5731 ASTM Standard Test Method for Determination of the Point Load Strength Index 

of Rock and Application to Rock Strength Classifications
D 6467 ASTM Standard Test Method for Torsional Ring Shear Test to Determine Drained 

Residual Shear Strength of Cohesive Soils
D 6528 ASTM Standard Test Method for Consolidated Undrained Direct Simple Shear 

Testing of Cohesive Soils
D 7012 ASTM  Standard Test Method for Unconfined Compressive Strength of Intact 

Rock Core Specimens
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Geotextile and Steel
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

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
A 370 ASTM Standard Test Methods and Definitions for Mechanical Testing of 

Steel Products
F 606 ASTM Mechanical Properties: Steel Fasteners
T 914 WSDOT   Practice for Sampling of Geosynthetic Material for Testing
T 915 WSDOT  Practice for Conditioning of Geotextiles for Testing
T 923 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 Sewen Seams (Geotextiles)
D 3786 ASTM Burst Test (Geotextiles)
D 4355 ASTM Standard Test Method for Deterioration of Geotextiles From Exposure 

to Ultraviolet Light and Water (Xenon-Arc Type Apparatus)
D 4491 ASTM Water Permeability (Geotextiles)
D 4533 ASTM Tear Strength (Geotextiles)
D 4354 ASTM  Standard Practice for Sampling of Geosynthetics for Testing
D 4595 ASTM Wide Width Breaking Load (Geotextiles)
D 4632 ASTM Grab Breaking Load (Geotextiles)
D 4751 ASTM Apparent Opening Size (Geotextiles)
D 4833 ASTM Puncture (Geotextiles)
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Paint
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

D 185 ASTM Standard Test Methods for Coarse Particles in Pigments, Pastes, 
and Paints

T 314 ASTM Method of Test for Photovolt Reflectance
D 562 ASTM Standard Test Method for Consistency of Paints Measuring Krebs 

Unit (KU) Viscosity Using a Stormer-Type Viscometer
D 1208 ASTM Method for Determination of Loss on Ignition
D 1210 ASTM Standard Test Method for Fineness of Dispersion of Pigment-Vehicle 

Systems by Hegman-Type Gage
D 1475 ASTM Test Method for Density of Paint and Related Products
D 2244 ASTM Standard Practice for Calculation of Color Tolerances and Color 

Differences From Instrumentally Measured Color Coordinates
D 2369 ASTM Method for Determination of Volatile and Nonvolatile Content 

(Ordinary Laboratory Oven)
D 2371 ASTM Standard Test Method for Pigment Content of Solvent-Reducible Paints 

(Centrifuge)
D 2621 ASTM Standard Test Method for Infrared Identification of Vehicle Solids 

From Solvent-Reducible Paints
D 2697 ASTM Standard Test Method for Volume Nonvolatile Matter in Clear or 

Pigmented Coatings
3011 FTMS Method for Determination of Condition in Container
D 3723 ASTM Standard Test Method for Pigment Content of Water Emulsion Paints by 

Temperature Ashing
4053 FTMS Method for Determination of Nonvolatile Vehicle Content
4061 FTMS Method for Determination of Drying Time (Oil-Based Paints)
4122 FTMS Method for Determination of Hiding Power (Contrast Ratio)
D 4505 ASTM Standard Specification for Preformed Plastic Pavement Marking Tape for 

Extended Service Life Pavement Soils
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Pavement Soils
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

T 242 AASHTO Frictional Properties of Paved Surfaces Using a Full-Size Tire
T 272 AASHTO Family of Curves – One Point Method
T 272 WSDOT   FOP for AASHTO for Family of Curves – One Point Method
T 307 AASHTO  Determining the Resilient Modulus of Soils and Aggregate Materials
T 310 WSDOT   FOP for AASHTO for In-Place Density and Moisture Content of Soil and 

Soil-Aggregate by Nuclear Methods (Shallow Depth)
T 606 WSDOT  Method of Test for Compaction Control of Granular Materials
T 610 WSDOT  Method of Test for the Capillary Rise of Soils
SOP 615 WSDOT   Determination of the % Compaction for Embankment & Untreated 

Surfacing Materials Using the Nuclear Moisture-Density Gauge
T 807 WSDOT   Method of Operation of California Profilograph and Evaluation of Profiles
D 4694 ASTM Test Method for Deflections With Falling-eight Type Impulse Load Device

Standard Practice
Procedure  

Number Owner
Field  
Use

In  
Manual Test Method

QC 1 WSDOT  Standard Practice for Cement Producers/Importers/Distributors 
That Certify Portland Cement and Blended Hydraulic Cement

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

QC 3 WSDOT  Quality System Laboratory Review
QC 4 WSDOT  Standard Practice for Fly Ash Producers/Importers/Distributors 

That Certify Fly Ash
QC 5 WSDOT  Standard Practice for Ground Granulated Blast-Furnace Slag Producers/

Importers/Distributors That Certify Ground Granulated Blast-Furnace Slag
QC 6 WSDOT  Annual Prestressed Plant Review and Approval Process
QC 7 WSDOT  Annual Precast Plant Review and Approval Process
QC 8 WSDOT  Standard Practice for Approval of Hot Mix Asphalt Mix Designs for the 

Qualified Products List
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In  
Manual Test Method

QC 1 WSDOT  Standard Practice for Cement Producers/Importers/Distributors 
That Certify Portland Cement and Blended Hydraulic Cement

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

QC 3 WSDOT  Quality System Laboratory Review
QC 4 WSDOT  Standard Practice for Fly Ash Producers/Importers/Distributors 

That Certify Fly Ash
QC 5 WSDOT  Standard Practice for Ground Granulated Blast-Furnace Slag Producers/

Importers/Distributors That Certify Ground Granulated Blast-Furnace Slag
QC 6 WSDOT  Annual Prestressed Plant Review and Approval Process
QC 7 WSDOT  Annual Precast Plant Review and Approval Process
QC 8 WSDOT  Standard Practice for Approval of Hot Mix Asphalt Mix Designs for the 

Qualified Products List
TS1 NEMA Signal Controller Evaluation Geotechnical – Soils
T 2 WSDOT   FOP for AASHTO for Standard Practice for Sampling Aggregates
TM 2 WAQTC   FOP for WAQTC for Sampling Freshly Mixed Concrete

T 11 AASHTO Materials Finer Than 0.075 mm (No. 200) Sieve in Mineral Aggregates by 
Washing

E 18 ASTM Standard Test Methods for Rockwell Hardness of Metallic Materials
T 19 AASHTO   Bulk Density (“Unit Weight”) and Voids in Aggregate (Rodding Procedure 

Only) (Checklist Only)
T 21 AASHTO Organic Impurities in Fine Aggregates for Concrete
T 22 AASHTO Compressive Strength of Cylindrical Concrete Specimens
T 22 WSDOT   FOP for AASHTO for Compressive Strength of Cylindrical 

Concrete Specimens
T 23 AASHTO Making and Curing Concrete Test Specimens in the Field
T 23 WSDOT   FOP for AASHTO for Making and Curing Concrete Test Specimens in the 

Field
T 27 AASHTO Sieve Analysis of Fine and Coarse Aggregates
T 27/T 11 WSDOT   FOP for WAQTC/AASHTO for Sieve Analysis of Fine and 

Coarse Aggregates
R 28 AASHTO Practice of Accelerated Aging of Asphalt Binder Using a Pressurized 

Aging Vessel
R 29 AASHTO Practice for Grading or Verifying the Performance Grade of an 

Asphalt Binder
R 30 AASHTO Practice for Short and Long Term Aging of Hot Mix Asphalt (HMA)
T 30 AASHTO Mechanical Analysis of Extracted Aggregate
T 37 AASHTO Sieve Analysis of Mineral Filler
R 39 AASHTO Making and curing Concrete Test Specimens in the Laboratory
T 44 AASHTO Solubility of Bituminous Materials
R 47 AASHTO Standard Recommended Practice for Reducing Samples of Hot Mix 

Asphalt (HMA) to Testing Size
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T 48 AASHTO Flash and Fire Points by Cleveland Cup
T 49 AASHTO Penetration of Bituminous Materials
T 50 AASHTO Float Test for Bituminous Materials
T 51 AASHTO Ductility of Bituminous Materials
T 53 AASHTO Softening Point of Bituminous (Ring and Ball Apparatus)
R 58 AASHTO Dry Preparation of Disturbed Soil and Soil Aggregate Samples for Test
T 59 AASHTO Emulsified Asphalts
R 60 WSDOT   FOP for WAQTC/AASHTO for Sampling Bituminous Materials
T 65 AASHTO Mass (Weight) of Coating on Iron and Steel Articles With Zinc or 

Zinc-Alloy Coatings
R 66 AASHTO Sampling Bituminous Materials
R 66 WSDOT   FOP for WAQTC/AASHTO for Sampling Bituminous Materials
T 71 AASHTO Effect of Organic Impurities in Fine Aggregate on Strength of Mortar
T 72 AASHTO Saybolt Viscosity
IP 78-16 FHWA Signal Controller Evaluation
T 79 AASHTO Flash Point With Tag Open-Cup Apparatus for Use With Materials Having 

a Flash Less Than 93.3°C (200°F)
T 84 AASHTO Specific Gravity and Absorption of Fine Aggregates
T 85 AASHTO Specific Gravity and Absorption of Coarse Aggregates
T 88 AASHTO Particle Size Analysis of Soils
T 89 AASHTO Determining the Liquid Limit of Soils
T 90 AASHTO  Determining the Plastic Limit and Plasticity Index of Soils (Checklist Only)
T 96 AASHTO Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion 

and Impact in the Los Angeles Machine
T 99 AASHTO   Moisture-Density Relations of Soils Using a 5.5 lb (2.5 kg) Rammer and a 

12 in (305 mm) Drop Checklist
T 100 AASHTO Specific Gravity of Soil
T 105 AASHTO Chemical Analysis of Hydraulic Cement
T 106 AASHTO Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or (50-

mm) Cube Specimens)
T 106 WSDOT   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
T 112 AASHTO  Clay Lumps and Friable Particles in Aggregate
T 113 WSDOT  Method of Test for Determination of Degradation Value
T 119 AASHTO Slump of Hydraulic Cement Concrete
T 119 WSDOT   FOP for AASHTO for Standard Test Method for Slump of Hydraulic-

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

(Checklist Only)
T 123 WSDOT   Method of Test for Bark Mulch
T 124 WSDOT Method of Testing Top Soils
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T 125 WSDOT  Determination of Fiber Length Percentages in Wood Strand Mulch
T 126 WSDOT  Determination of Fiber Length Percentages in Hydraulically-Applied 

Erosion Control Products 
T 127 WSDOT  Preparation of Leachate Sample for Testing Toxicity of HECP Effluent
SOP 128 WSDOT   Sampling for Aggregate Source Approval
T 129 AASHTO Normal Consistency of Hydraulic Cement
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 Standard Test Methods for 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 WSDOT   FOP for WAQTC for Air Content of Freshly Mixed Concrete by the 

Pressure Method
T 153 AASHTO Fineness of Hydraulic Cement by Air Permeability Apparatus
T 154 AASHTO Time of Setting of Hydraulic Cement by Gillmore Needle
T 162 AASHTO Mechanical Mixing of Hydraulic Cement Pastes and Mortars of 

Plastic Consistency
T 166 AASHTO Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using 

Saturated Surface-Dry Specimens
T 166 WSDOT   FOP for AASHTO for Bulk Specific Gravity of Compacted Hot Mix 

Asphalt Using Saturated Surface-Dry Specimens
T 168 AASHTO Sampling Bituminous Paving Mixtures
T 168 WSDOT   FOP for WAQTC/AASHTO for Sampling of Hot Mix Asphalt 

Paving Mixtures
T 176 AASHTO Plastic Fines in Graded Aggregates and Soils by Use of the 

Sand Equivalent Test
T 176 WSDOT   FOP for AASHTO for Plastic Fines in Graded Aggregates and 

Soils by Use of the Sand Equivalent Test
T 177 AASHTO Flexural Strength of Concrete (Using Simple Beam With  

Center-Point Loading)
T 180 AASHTO   Moisture-Density Relations of Soils Using a 10 lb (4.54 kg) Rammer and 

an 18 in (457 mm) Drop Checklist
D 185 ASTM Standard Test Methods for Coarse Particles in Pigments, Pastes, 

and Paints
T 196 AASHTO  Air Content of Concrete (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
T 200 AASHTO pH of Aqueous Solutions With the Glass Electrode
T 201 AASHTO Kinematic Viscosity of Asphalts
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T 202 AASHTO Viscosity of Asphalts by Vacuum Capillary Viscometer
T 208 AASHTO Unconfined Compressive Strength of Cohesive Soil
T 209 AASHTO Theoretical Maximum Specific Gravity and Density of Hot Mix 

Asphalt (HMA)
T 209 WSDOT   FOP for AASHTO for Theoretical Maximum Specific Gravity and Density 

of Hot-Mix Asphalt Paving Mixtures
T 215 AASHTO Permeability of Granular Soils (Constant Head)
T 216 AASHTO One-Dimensional Consolidation Properties of Soils
D 217 ASTM Standard Test Methods for Cone Penetration of Lubricating Grease
T 217 WSDOT   FOP for AASHTO for Determination of Moisture in Soils by Means 

of a Calcium Carbide Gas Pressure Moisture Tester
T 224 AASHTO Correction for Coarse Particles in the Soil Compaction Test
T 228 AASHTO Specific Gravity of Semi-Solid Bituminous Material
T 231 AASHTO Capping Cylindrical Concrete Specimens
T 231 WSDOT   FOP for AASHTO for 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-Size Tire
T 244 AASHTO Mechanical Testing of Steel Products
T 248 AASHTO Reducing Field Samples of Aggregates to Testing Size
T 248 WSDOT   FOP for AASHTO for Reducing Samples of Aggregate to Testing Size
T 255 AASHTO Total Evaporable Moisture Content of Aggregate by Drying
T 255 WSDOT   FOP for AASHTO for Total Evaporable Moisture Content of Aggregate by 

Drying
T 257 AASHTO Instrumental Photometeric Measurements of Retroreflectivie Material and 

Retroreflective
T 260 AASHTO Sampling and Testing for Chloride Ion in Concrete and Concrete 

Raw Materials
T 265 AASHTO  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
T 272 AASHTO Family of Curves – One Point Method
T 272 WSDOT   FOP for AASHTO for Family of Curves – One Point Method
T 275 AASHTO Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using 

Paraffin-Coated Specimen
T 277 AASHTO Electrical Indication of Concrete’s Ability to Resist Chloride 

Ion Penetration
T 288 AASHTO  Determining Minimum Laboratory Soil Resistivity (Checklist Only)
T 289 AASHTO Determining pH of Soil for Use in Corrosion
T 296 AASHTO Unconsolidated, Undrained Compressive Strength of Cohesive Soils 

in Triaxial Compression
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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 WSDOT   FOP for AASHTO for Uncompacted Void Content of Fine Aggregate
T 307 AASHTO  Determining the Resilient Modulus of Soils and Aggregate Materials
T 308 AASHTO Determining the Asphalt Binder Content of Hot Mix Asphalt (HMA) by the 

Ignition Method
T 308 WSDOT   FOP for AASHTO for Determining the Asphalt Binder Content of Hot Mix 

Asphalt (HMA) by the Ignition Method
T 309 AASHTO Temperature of Freshly Mixed Hydraulic Cement Concrete
T 309 WSDOT   FOP for AASHTO for Temperature of Freshly Mixed Portland 

Cement Concrete
T 310 WSDOT   FOP for AASHTO for In-Place Density and Moisture Content of Soil and 

Soil-Aggregate by Nuclear Methods (Shallow Depth)
T 312 WSDOT   FOP for AASHTO for Preparing Hot-Mix Asphalt (HMA) Specimens 

by Means of the Superpave Gyratory Compactor
T 313 AASHTO Determining the Flexural Creep Stiffness of Asphalt Binder Using 

the Bending Beam Rheometer (BBR)
T 313 WSDOT  Method of Test for Cement-Latex Compatibility
T 314 WSDOT  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  Standard Operating Procedure for Melting of Flexible Bituminous 

Pavement Marker Adhesive for Evaluation
T 324 AASHTO  Standard Method of Test for Hamburg Wheel-Track Testing of Compacted 

Hot Mix Asphalt (HMA)
T 329 WSDOT   FOP for AASHTO for Moisture Content of Asphalt (HMA) by Oven Method
CAL 331 Caltrans Method of Test for Residue by Evaporation of Latex 

Modified Asphalt Emulsion
T 331 WSDOT  Bulk Specific Gravity (Gmb) and Density of Compacted Hot Mix Asphalt 

(HMA) Using Automatic Vacuum Sealing Method
CAL 332 Caltrans Method of Test for Recovery From Deformation of Latex Modified 

Asphalt Emulsion Residue
T 335 AASHTO Determining the Percentage of Fracture in Coarse Aggregate
T 335 WSDOT   FOP for AASHTO for Determining the Percentage of Fracture in Coarse 

Aggregate
T 355   In-Place Density of Asphalt Mixes Using the Nuclear 

Moisture-Density Gauge
A 370 ASTM Standard Test Methods and Definitions for Mechanical Testing 

of Steel Products
D 395 ASTM Test Methods for Rubber Property – Compression Set
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D 412 ASTM Test Methods for Vulcanized Rubber and Thermoplastic 
Elastomers – Tension

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

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

T 420 WSDOT   Test Method for Determining the Maturity of Compost (Solvita Test)
T 421 WSDOT  Test Method for Traffic Controller Inspection and Test Procedure
T 422 WSDOT  Test Method for Traffic Controller Transient Voltage Test  

(Spike Test) Procedure
T 423 WSDOT  Test Method for Traffic Controller Conflict Monitoresting
T 424 WSDOT  Test Method for Traffic Controller Power Interruption Test Procedure
T 425 WSDOT  Test Method for Traffic Controller NEM and 170 Type Environmental 

Chamber Test
T 426 WSDOT  Pull-Off Test for Hot Melt Traffic Button Adhesive
T 427 WSDOT  Test Method for Loop Amplifier Testing Procedure
T 428 WSDOT  Test Method for Traffic Controller Compliance Inspection and 

Test Procedure
SOP 429 WSDOT  Methods for Determining the Acceptance of Traffic Signal 

Controller Assembly
T 429 WSDOT   Retroreflectance of Newly Applied Pavement Marking Using Portable 

Hand-Operated Instruments
T 432 WSDOT  Flexibility Test for Hot-Melt Adhesives
C 457 ASTM Standard Test Method for Microscopical Determination of Parameters of 

the Air-Void System in Hardened Concrete
D 470 ASTM Test Method for Crossedlinked Insulation and Jackets for Wire and Cable
C 495 ASTM Test Method for Compressive Strength of Lightweight Insulated Concrete
T 501 WSDOT  Test Method to Determine Durability of Very Weak Rock
D 562 ASTM Standard Test Method for Consistency of Paints Measuring Krebs 

Unit (KU) Viscosity Using a Stormer-Type Viscometer
T 601 WSDOT  Method of Test for Sieve Analysis of Soils – Coarse Sieving
F 606 ASTM Test Methods for Determining the Mechanical Properties of Externally and 

Internally Threaded Fasteners, Washers, Direct Tension Indicators, and 
Rivets

T 606 WSDOT  Method of Test for Compaction Control of Granular Materials
T 610 WSDOT  Method of Test for the Capillary Rise of Soils
SOP 615 WSDOT   Determination of the % Compaction for Embankment and Untreated 

Surfacing Materials Using the Nuclear Moisture-Density Gauge
DMCT 700 ATSI Manual on Signal Controller Evaluation
T 712 WSDOT   Standard Method of Reducing Hot Mix Asphalt Paving Mixtures
T 716 WSDOT   Method of Random Sampling for Locations of Testing and Sampling Sites
T 718 WSDOT  Method of Test for Determining Stripping of Hot Mix Asphalt
T 720 WSDOT  Method of Test for Thickness Measurement of Hot Mix Asphalt 

(HMA) Cores
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SOP 723 WSDOT  Standard Operating Procedure for Submitting Hot Mix Asphalt 
(HMA) Mix Designs for Verification

T 724 WSDOT   Method of Preparation of Aggregate for Hot Mix Asphalt (HMA) 
Mix Designs

T 726 WSDOT   Mixing Procedure for Hot Mix Asphalt (HMA)
SOP 728 WSDOT   Standard Operating Procedure for Determining the Ignition Furnace 

Calibration Factor (IFCF) for Hot Mix Asphalt (HMA)
SOP 729 WSDOT   Standard Operating Procedure for Determination of the Moving Average 

of Theoretical Maximum Density (TMD) for HMA
SOP 730 WSDOT   Standard Operating Procedure for Correlation of Nuclear Gauge Densities 

With Hot Mix Asphalt (HMA) Cores
SOP 731 WSDOT   Standard Operating Procedure for Determining Volumetric Properties of 

Hot Mix Asphalt
SOP 732 WSDOT   Standard Operating Procedure for Volumetric Design for Hot-Mix Asphalt 

(HMA)
SOP 733 WSDOT   Standard Operating Procedure for Determination of Pavement 

Density Differentials Using the Nuclear Density Gauge
SOP 734 WSDOT   Standard Operating Procedure for Sampling Hot Mix Asphalt 

After Compaction (Obtaining Cores)
SOP 735 WSDOT   Standard Operating Procedure for Longitudinal Joint Density
SOP 736 WSDOT  In-Place Density of Bituminous Mixes Using Cores
SOP 737  Procedure for the Forensic Testing of HMA Field Cores 
T 738 WSDOT  In-Place Density of Asphalt Mixtures Using the Nuclear 

Moisture-Density Gauge
T 802 WSDOT   Method of Test for Flexural Strength of Concrete (Using Simple 

Beam With Center-Point Loading)
C 805 ASTM Test Method for Rebound Number of Hardened Concrete
C 805 WSDOT   Rebound Hammer Determination of Compressive Strength of Hardened 

Concrete
T 807 WSDOT   Method of Operation of California Profilograph and Evaluation of Profiles
T 808 WSDOT   Method for Making Flexural Test Beams
E 810 ASTM Standard Test Method for Coefficient of Retroreflection of Retroreflective 

Sheeting Utilizing the Coplanar Geometry
T 810 WSDOT   Method of Test for Determination of the Density of Portland Cement 

Concrete Pavement Cores
T 812 WSDOT   Method of Test for Measuring Length of Drilled Concrete Cores
T 813 WSDOT   Field Method of Fabrication of 2 in (50 mm) Cube Specimens 

for Compressive Strength Testing of Grouts and Mortars
T 814 WSDOT  Method of Test for Water Retention Efficiency of Liquid Membrane-

Forming Compounds and Impermeable Sheet Materials for 
Curing Concrete

T 816 WSDOT  Method of Test for Parting Compound
T 818 WSDOT  Air Content of Freshly Mixed Self-Compacting Concrete by the Pressure 

Method
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T 819 WSDOT  Making and Curing Self-Compacting Concrete Test Specimens 
in the Field

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

C 882 ASTM  Bond Strength (Diagonal Shear) (Checklist Only)
T 914 WSDOT   Practice for Sampling of Geosynthetic Material for Testing
T 915 WSDOT  Practice for Conditioning of Geotextiles for Testing
T 923 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
C 939 ASTM Standard Test Method for Flow of Grout for Preplaced-Aggregate 

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

Cone Method)
D 1208 ASTM Test Methods for Common Properties of Certain Pigments 

(Loss on Ignition)
D 1210 ASTM Standard Test Method for Fineness of Dispersion of Pigment-Vehicle 

Systems by Hegman-Type Gage
C 1218 ASTM Standard Test Method for Water-Soluble Chloride in Mortar and Concrete
C 1231 ASTM Standard Practice for Use of Unbonded Caps in Determination 

of Compressive Strength of Hardened Concrete Cylinders
D 1293 ASTM Standard Test Methods for pH of Water
D 1347 ASTM Standard Test Method for Color and Color-Difference Measurement 

by Tristimulus Colorimetry
D 1429 ASTM Standard Test Methods for Specific Gravity of Water and Brine
C 1437 ASTM Standard Test Method for Flow of Hydraulic Cement Mortar
D 1475 ASTM Test Method for Consistency of Paints Test Method for Density of Paint, 

Varnish, Lacquer, and Related Products
C 1611 WSDOT   FOP for ASTM C 1611/C 1611M Standard Test Method for Slump Flow of 

Self-Consolidating Concrete
C 1621 WSDOT   FOP for ASTM C 1621/C 1621M Standard Test Method for Passing Ability 

of Self-Consolidating Concrete by J-Ring
 D 1632 ASTM Standard Practice for Making and Curing Soil-Cement Compression and 

Flexure Test Specimens in the Laboratory
D 1683 ASTM Standard Test Method for Failure in Sewn Seams of Woven 

Apparel Fabrics
PCMZ 2000TS Manual on Signal Controller Evaluation
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 Test Method for Volatile Content of Coatings (Ordinary Laboratory Oven)
D 2371 ASTM Standard Test Method for Pigment Content of Solvent-Reducible Paints 

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

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

D 2621 ASTM Standard Test Method for Infrared Identification of Vehicle Solids 
From Solvent-Reducible Paints

D 2628/ 
M 220

ASTM   Test for High and Low Temperature Recovery of Elastomeric Joint Seals 
for Concrete Pavements

D 2633 ASTM Standard Test Methods for Thermoplastic Insulations and Jackets for Wire 
and Cable

D 2697 ASTM Standard Test Method for Volume Nonvolatile Matter in Clear 
or Pigmented Coatings

3011 FTMS Method for Determination of Condition in Container
D 3111 ASTM Standard Test Method for Flexibility Determination of Hot-Melt Adhesives 

by Mandrel Bend Test Method
D 3723 ASTM Standard Test Method for Pigment Content of Water Emulsion Paints by 

Temperature Ashing
D 3786 ASTM Standard Test Method for Bursting Strength of Textile Fabrics – 

Diaphragm Bursting Strength Tester Method
4053 FTMS Method for Determination of Nonvolatile Vehicle Content
4061 FTMS Method for Determination of Drying Time (Oil-Based Paints)
4122 FTMS Method for Determination of Hiding Power (Contrast Ratio)
D 4186 ASTM Standard Test Method for One-Dimensional Consolidation Properties 

of Saturated Cohesive Soils Using Controlled-Strain Loading
D 4354 ASTM  Standard Practice for Sampling of Geosynthetics for Testing
D 4355 ASTM Standard Test Method for Deterioration of Geotextiles From Exposure 

to Ultraviolet Light and Water (Xenon-Arc Type Apparatus)
D 4491 ASTM Standard Test Methods for Water Permeability of Geotextiles 

by Permittivity 
D 4505 ASTM Standard Specification for Preformed Plastic Pavement Marking 

Tape for Extended Service Life
D 4533 ASTM Standard Test Method for Trapezoid Tearing Strength of Geotextiles
D 4595 ASTM Standard Test Method for Tensile Properties of Geotextiles by the Wide-

Width Strip Method
D 4632 ASTM Standard Test Method for Grab Breaking Load and Elongation 

of Geotextiles
D 4644 ASTM Standard Test Method for Slake Durability of Shales and Similar 

Weak Rocks
D 4694 ASTM Test Method for Deflections With Falling-Eight Type Impulse Load Device
D 4751 ASTM Test Method for Determining Apparent Opening Size of a Geotextile
D 4758 ASTM Test Method for Nonvolatile Contents of Latexes
D 4791 WSDOT   FOP for ASTM for Standard Test Method for Flat Particles, Elongated 

Particles, or Flat and Elongated Particles in Coarse Aggregate
D 4833 ASTM Test Method for Index Puncture Resistance of Geomembranes 

and Related Products
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D 4956 ASTM Standard Specification for Retroreflective Sheeting for Traffic Control
D 5084 ASTM Standard Test Methods for Measurement of Hydraulic Conductivity 

of Saturated Porous Materials Using a Flexible Wall Permeameter
D 5311 ASTM Standard Test Method for Load Controlled Cyclic Triaxial Strength of Soil
D 5329 ASTM Standard Test Methods for Sealants and Fillers, Hot-Applied, for Joints 

and Cracks in Asphaltic and Portland Cement Concrete Pavements
D 5731 ASTM Standard Test Method for Determination of the Point Load Strength Index 
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WSDOT FOP for AASHTO T 2
Standard Practice for Sampling Aggregates 

1. Scope

1.1 This practice covers sampling of coarse and fine aggregates for the following purposes:

1.1.1 Preliminary investigation of the potential source of supply.

1.1.2 Control of the product at the source of supply.

1.1.3 Control of the operations at the site of use.

1.1.4 Acceptance or rejection of the materials.

1.2 The values stated in English units are to be regarded as the standard.

1.3 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.

2. Referenced Documents

2.1 AASHTO Standards

 T 248 – Reducing Samples of Aggregate to Testing Size 

2.2 ASTM Standards

 C 702 – Practice for Reducing Field Samples of Aggregate to Testing Size

 D 2234 – Test Method for Collection of a Gross Sample of Coal

 D 3665 – Practice for Random Sampling of Construction Materials

 E 105 – Practice for Probability Sampling of Materials

 E 122 – Practice for Choice of Sample Size to Estimate the Average Quality 
of a Lot or Process

 E 141 – Practice for Acceptance of Evidence Based on the Results 
of Probability Sampling

3.	 Significance	and	Use

3.1 Sampling is equally as important as the testing, and the sampler shall use every 
precaution to obtain samples that will show the nature and condition of the materials 
which they represent.

3.2 Samples taken for preliminary testing  of aggregate sources must be witnessed or taken 
by a designated representative of the Regional Materials Engineer or the State Materials 
Laboratory. A qualified tester employed by the contracting agency or their designated 
qualified representative will take the acceptance samples.

 Note 1: For more comprehensive guidance, on preliminary investigation and sampling 
of potential aggregate sources see the Appendix 1.
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4.	 General	Procedures

4.1 Where practicable, samples to be tested for quality shall be obtained from the 
finished product.

4.2 Samples of the finished product taken for testing abrasion loss shall not be subject to 
further crushing or manual reduction in particle size in preparation for the abrasion 
test unless the size of the finished product is such that it requires further reduction for 
testing purposes.

4.3 Native soils within the contract limits used for embankment construction and/or backfill 
material do not require sampling by a qualified tester. For material that requires gradation 
testing, such as but not limited to manufactured aggregates and Gravel Borrow, a 
qualified tester shall be required for sampling. 

4.4 The number of field samples required depends on the testing required. 

4.5 Generally, the sample sizes specified in Table 1 will provide adequate material for routine 
grading and quality analysis.

4.6 Reduce the field sample to test size in accordance with T 248 or as required by other 
applicable test methods.

Nominal Maximum Size*in (mm) Minimum Mass lb (kg)
US No. 4 (4.75) 5 (2)

¼ (6.3) 10 (4)
⅜ (9.5) 10 (4)
½ (12.5) 20 (8)
⅝ (16.0) 20 (8)
¾ (19.0) 30 (12)
1 (25.0) 55 (25)

1¼ (31.5) 70 (30)
1½ (37.5) 80 (36)
2 (50) 90 (40)

2½ (63) 110 (50)
3 (75) 140 (60)

3½ (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 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.

Size of Samples
Table 1

 Note 2: 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.

T 2 Standard Practice for Sampling Aggregates

Page 2 of 8 WSDOT Materials Manual M 46-01.25 
 July 2016



5.	 Procedure

5.1 Sampling From A Flowing Aggregate Stream (Bins or Belt Discharge) – A mechanical, 
automatic, or semi-automatic sampling device is required  for processed materials.

5.1.1 Obtain a field sample with a mass equal to or greater than the minimum 
recommended mass in Table 1. 

5.1.2 Take the sample from the entire cross section of the flowing stream.

5.1.3 Avoid sampling from the beginning or end of the aggregate run due to the 
potential for segregation.

5.2 Sampling From the Conveyor Belt (Stopped) – Avoid sampling at the beginning or end of 
the aggregate run due to the potential for segregation.

5.2.1 Select sample by a random method.

5.2.2 Stop the conveyor belt.

5.2.3 Set the sampling template(s) on the belt.  The template(s) must have enough space 
between the sides such that, the material contained between the sides will yield an 
increment of the required weight.

5.2.4 Carefully scoop all material between the sides of the template(s) into a suitable 
container being sure to include all fines.

5.2.5 Obtain a minimum of 3 approximately equal increments

5.2.6 Combine increments to form a single sample.

5.3 Sampling From Transportation Units

5.3.1 Visually divide the unit into four quadrants.

5.3.2 Identify one sampling location in each quadrant.

5.3.3 Dig down and remove approximately 0.3 m (1 ft.) of material to avoid surface 
segregation. Obtain each increment from below this level.

5.3.4 Combine the increments to form a single sample.

5.4 Sampling From Stockpile – Method A – Coarse, Fine, or a Combination of Coarse and 
Fine Aggregates:

5.4.1 Sampling From a Flat Surface Created by a Loader

5.4.1.1 With a loader form a small sampling pile at the base of the stockpile 

5.4.1.2 Create a flat surface by having the loader back drag the small pile.

5.4.1.3 Divide the flat surface into four quadrants.

5.4.1.4 Collect a representative sample 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.

5.4.1.5 Combine the increments to form a single sample.

Standard Practice for Sampling Aggregates T 2
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5.4.2 Sampling From a Horizontal Surface on The Stockpile Face

5.4.2.1 Create, with a loader if one is available, horizontal surfaces with vertical 
faces in the top, middle, and bottom third of the stockpile. When no 
equipment is available a shovel may be used to create the horizontal 
surfaces with vertical faces.

5.4.2.2 Prevent continued sloughing by shoving a flat board in against the 
vertical face. Discarded sloughed material to create a horizontal surface.

5.4.2.3 Obtain sample from the horizontal surface as close to the intersection as 
possible of the horizontal and vertical faces.

5.4.2.4 Obtain at least one increment of equal size from each of the top, middle, 
and bottom thirds of the pile.

5.4.2.5 Combine the increments to form a single sample.

5.5 Sampling From Stockpiles – Method B – Fine Aggregate (Alternate Tube Method):

5.5.1 Remove the outer layer to avoid potential segregation.

5.5.2 Use a sampling tube to obtain one increment of equal size from a minimum of 
five random locations on the pile.

5.5.3 Combine the increments to form a single sample.

5.6 Sampling From Roadway (Bases and Subbases) – WSDOT has deleted this section.

6.	 Shipping	Samples

6.1 Transport aggregates in bags or other containers that prevent loss, contamination or 
damage from mishandling during shipment. The weight limit for each bag of aggregate is 
30 pounds maximum.

6.2 Shipping containers for aggregate samples shall have a transmittal or suitable individual 
identification attached and enclosed so that the sample can be identified when it reaches 
the laboratory.

6.3 All samples submitted for testing to the Regional or State Materials Laboratories shall 
be accompanied by a completed sample information report from the Materials Testing 
System (MATS).

Note 4: Agencies that do not have access to MATS may submit a completed DOT Form 350-056.
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Appendices
X1. Exploration of Potential Aggregate Sources 

X1.1 Scope 
X1.1.1 Sampling for evaluation of potential aggregate sources should be performed 

by a responsible trained and experienced person. Because of the wide variety 
of conditions under which sampling may have to be done, it is not possible to 
describe detailed procedures applicable to all circumstances. This appendix is 
intended to provide general guidance and list more comprehensive references.

X1.2 Sampling Stone From Quarries of Ledges 
X1.2.1 Inspection – The ledge or quarry face should be inspected to determine 

discernible variations or strata. Differences in color and structure should 
be recorded. 

X1.2.2 Sampling and Size of Sample – Separate samples having a mass of at least 
55 lbs (25 kg) should be obtained from each discernible stratum. The sample 
should not include material weathered to such an extent that it is no longer 
suitable for the purpose intended. One or more pieces in each sample should 
be at least 6 × 6 × 4 in (150 × 150 × 100 mm) in size with the bedding plane 
plainly marked, and this piece should be free of seams or fractures.

X1.2.3 Record – In addition to the general information accompanying all samples, 
the following information should accompany samples taken from ledges 
or quarry faces: 
X1.2.3.1 Approximate quantity available. (If quantities is very large, 

this may be recorded as practically unlimited.)
X1.2.3.2 Quantity and character of overburden.
X1.2.3.3 A detailed record showing boundaries and location of material 

represented by each sample. 
 Note X1.1: A sketch, plan, and elevation showing the thickness and location 

of the different layers is recommended for this purpose. 
X1.3 Sampling Roadside or Bank Run Sand and Gravel Deposits 

X1.3.1 Inspection – Potential sources of bank run sand and gravel may include 
previously worked pits from which there is an exposed face or potential 
deposits discovered through air-photo interpretation, geophysical exploration, 
or other types of terrain investigation. 
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X1.3.2 Sampling – Samples should be so chosen from each different stratum in the 
deposit discernible to the sampler. An estimate of the quantity of the different 
materials should be made. If the deposit is worked as an open-face bank or 
pit, samples should be taken by channeling the face vertically, bottom to top, 
so as to represent the materials proposed for use. Overburdened or disturbed 
material should not be included in the sample. Test holes should be excavated 
or drilled at numerous locations in the deposit to determine the quality of the 
material and the extent of the deposit beyond the exposed face, if any. The 
number and depth of test holes will depend upon the quantity of the material 
needed, topography of the area, nature of the deposit, character of the material, 
and potential value of the material in the deposit. If visual inspection indicates 
that there is considerable variation in the material, individual samples should 
be selected from the material in each well defined stratum. Each sample should 
be thoroughly mixed and quartered if necessary so that the field sample thus 
obtained will be at least 25 lb (12 kg) for sand and 75 lb (35 kg) if the deposit 
contains an appreciable amount of coarse aggregate.

X1.3.3 Record – In addition to the general information accompanying all samples, 
the following information should accompany samples of bank run sand 
and gravel: 
X1.3.3.1 Location of supply.
X1.3.3.2 Estimate of approximate quantity available.
X1.3.3.3 Quantity and character of overburden.
X1.3.3.4 Length of haul to proposed site of work.
X1.3.3.5 Character of haul (kind of road, maximum grades, etc.).
X1.3.3.6 Details as to extent and location of material represented 

by each sample.
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Performance Exam Checklist
Sampling of Aggregates 
FOP for AASHTO T 2

Participant Name   Exam Date 

Procedure	Element 
Preparation Yes No
1. The tester has a copy of the current procedure on hand?
Conveyor Belts – Stopped 
2. Belt stopped?
3. Sampling device set on belt, avoiding intrusion of adjacent material?
4. Sample, including all fines, scooped off?
Flowing Aggregate Sampler
5. Container passed through full stream of material as it runs off end of belt? 

(Mechanical, Automatic, or Semi Automatic Sampler Only)
Transport Units
6. Transport Unit divided into 4 quadrants?
7. 1 foot of material removed each sampling site and sample taken?
8. Four incremental samples into one combined sample?
Stockpiles
9. Create vertical face, if one does not exist, or use mechanical equipment to build 

a small sampling pile?
10. At least three increments taken, at various locations?
Procedure Element
11. When sampling sand, outer layer removed and increments taken from a least 

five locations?
12. Correct sample size?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments:
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WSDOT FOP for WAQTC TM 8
In-Place Density of Bituminous Mixes Using the Nuclear Moisture-Density Gauge

Scope
This test method describes a test procedure for determining the density of bituminous mixes by means 
of a nuclear density gauge employing either direct transmission or thin layer methods. Correlation 
with densities determined under SOP 730 is required.

Apparatus
• Nuclear density gauge with the factory matched standard reference block.
• Drive pin, guide, scraper plate, and hammer for testing in direct transmission mode.
• Transport case for properly shipping and housing the gauge and tools.
• Operator manual for the specific make and model of gauge.
• Radioactive materials information and calibration packet containing:

– Daily Standard Count Log
– Factory and Laboratory Calibration Data Sheet
– Density Standard Decay Sheet
– Leak Test Certificate
– Shippers Declaration for Dangerous Goods
– Procedure Memo for Storing, Transporting, and Handling Nuclear Testing Equipment
– Other radioactive materials documentation as required by local regulatory requirements.

Material
WSDOT does not use filler material.

Radiation Safety
This method does not purport to address the safety concerns, if any, associated with its use. This test 
method involves potentially hazardous materials. The gauge utilizes radioactive materials that may 
be hazardous to the health of the user unless proper precautions are taken. Users of this gauge must 
become familiar with the applicable safety procedures and governmental regulations. All operators 
will be trained in radiation safety prior to operating nuclear density gauges. Some agencies require 
the use of personal monitoring devices such as a thermoluminescent dosimeter or film badge.

Effective instructions together with routine safety procedures such as source leak tests, recording 
and evaluation of personal monitoring device data, etc., are a recommended part of the operation 
and storage of this gauge.

Calibration
WSDOT performs calibrations according to the manufacturer’s operators manual.
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Standardization (Standard Count)
1. Turn the gauge on and allow it to stabilize for a minimum of 45 minutes prior to taking a Standard 

Count. Leave the power on during the day’s testing.
 Note 1: If for any reason the gauge loses power or is turned off during the work period, the 

Standard Count must be re-established prior to use.
2. Prior to any correlation of the nuclear gauge, perform a Stat Test in accordance with the gauge’s 

operator manual. If the gauge passes the Stat Test, perform a Standard Count. If the gauge fails 
the Stat Test, run a second Stat Test. If the gauge fails the second Stat Test, it should be repaired 
or recalibrated.

3. Take a Standard Count at the start of each day’s work and as often as deemed necessary by the 
operator or agency. Daily variations in Standard Count shall not exceed the daily variations 
established by the manufacturer of the gauge. Compare the daily Standard Count to the Density 
Standard Decay Sheet (Note 2) to ensure the standard count falls within acceptable limits. If the 
daily variations in Standard Count are exceeded after repeating the Standard Count procedure or 
if the daily Standard Count is outside the range of the Standard Decay Sheet, the gauge should be 
repaired and or recalibrated.

4. Record the Standard Count for both density and moisture in the Daily Standard Count Log. 
Instructions for taking a Standard Count are found in the gauge’s operator manual.

 Note 2: The Density Standard Decay Sheet is found in the calibration documentation packet. This 
sheet shows the anticipated standard count range based on the calculated decay rate of the gauges 
radioactive source over the passage of time.

Test Site Location
1. Select a test location(s) randomly and in accordance with WSDOT Test Method T 716. Test sites 

should be relatively smooth and flat and meet the following conditions:
a. At least 33 ft (10 m) away from other sources of radioactivity. 
b. At least 10 ft (3 m) away from large objects (i.e., vehicles).
c. No closer than 24 in (600 mm) to any vertical mass, or less than 6 in (152.0 mm) from 

a vertical pavement edge.

Overview
There are two approved methods for determining in-place density of bituminous mixes:

• Direct Transmission – When the lift thickness is 0.15 foot or greater.
• Thin Layer – When the lift thickness is 0.10 foot or greater. Only gauges with two sets of photon 

detectors (i.e., Troxler 3450) operating in “Thin Layer Mode” will be allowed.

Note 3: When a density lot is started in thin layer mode, it must remain in thin layer mode until the lot 
is completed. If a density lot is started in direct transmission mode, the lot must be completed in direct 
transmission mode unless the pavement depth falls below 0.15 feet. In such a case, the gauge must be 
correlated in thin layer mode prior to use.
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Procedure
Direct Transmission Mode
1. Maintaining maximum contact between the base of the gauge and the surface of the material under 

test is critical.
2. Use the guide and scraper plate as a template and drill a hole to a depth of at least ¼ in (7 mm) 

deeper than the measurement depth required for the gauge.
3. Place the gauge on the prepared surface so the source rod can enter the hole. Insert the probe 

in the hole and lower the source rod to the desired test depth using the handle and trigger 
mechanism. Position the gauge with the long axis of the gauge parallel to the direction of paving. 
Pull the gauge so that the probe is firmly against the side of the hole. Draw an outline around the 
entire gauge base for correlation coring, when applicable.

 WSDOT Note: For alignment purposes, the user may expose the source rod for a maximum of 
10 seconds.

4. Take test in accordance with manufacturer’s recommendation.
5. Take one 4-minute test and record the wet density (WD) reading.

Thin Layer Mode
1. Maintaining maximum contact between the base of the gauge and the surface of the material under 

test is critical.
2. A thin layer gauge (i.e., Troxler 4640) or a moisture density and thin layer gauge that has a thin 

layer mode setting (i.e., Troxler 3450) is required to perform this testing.
3. Ensure that the depth entered into the gauge matches the pavement depth and the depth at which 

the gauge was correlated. Draw an outline around the entire gauge base for correlation coring.
4. Take test in accordance with manufacturer’s recommendation.
5. Take one 4-minute test and record the density (D) reading.

Calculation of Percent of Compaction
The percent compaction is determined by comparing the in-place wet density (WD) or density (D), as 
determined by this method, to the Average Theoretical Maximum Density of the bituminous mix as 
determined by the WSDOT SOP 729.

The density gauge operator will receive a new average Theoretical Maximum Density from the tester 
at the bituminous mix plant each day that production requires a mix test. The density gauge operator 
will continue to use the previous moving average until a new moving average is received from the 
tester at the bituminous mix plant.

Each gauge shall be correlated in accordance with WSDOT SOP 730. A correlation factor will be 
provided to the density gauge operator for each gauge.
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Use the following equations to calculate the percent of compaction:
1. Calculate the corrected gauge reading to the nearest tenth of a percent as follows: 
 Corrected Gauge Reading = WD x CF or D x CF

 Where: 
WD = moisture density gauge wet density reading 
D  = Bituminous Mix Density reading for thin layer mode gauge  
CF  = gauge correlation factor (WSDOT SOP 730)

2. Calculate the percent compaction as follows. 

Percent Compaction = 
Corrected Gauge Reading  

Average Theoretical Maximum Density
 × 100

Correlation With Cores
WSDOT has deleted this section, refer to WSDOT SOP 730.

Report
Report the results using one of the following:

• Materials Testing System (MATS)
• DOT Forms 350-092 and 350-157
• Form approved in writing by the State Materials Engineer

Report the percent compaction to the nearest tenth of a percent (0.1 percent).
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Tester Qualification Practical Exam Checklist
In-Place Density of Bituminous Mixes Using the Nuclear Moisture-Density Gauge  
FOP for WAQTC TM 8

Participant Name   Exam Date 

Procedure	Element Yes No
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. Gauge turned on?

4. Gauge standardized and Standard Count recorded?

5. Standard Count compared with Density Standard Decay sheet?

6. Test location selected appropriately?

7. Direct Transmission Mode:
a. Hole made a minimum of ¼ inch deeper than measurement depth?
b. Gauge placed parallel to direction of paving, probe extended, gauge pulled back 

so probe against hole?
c. For alignment purposes did not expose the source rod for more than 10 seconds.
d. One 4-minute test made?
e. Wet density recorded?

8. Thin Layer Gauge or Gauge in Thin Layer Mode:
a. Gauge placed, probe extended to backscatter position?
b. One 4-minute test made; gauge placed as described in the manufacturer 

recommendations?
c. Density (D) recorded?

9. All calculations performed correctly?
10. Nuclear Gauge secured in a manner consistent with current DOH requirements?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments: 
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WSDOT FOP for AASHTO T 221

Compressive Strength of Cylindrical Concrete Specimens

1. Scope

1.1 This test method covers determination of compressive strength of cylindrical concrete 
specimens such as molded cylinders and drilled cores. It is limited to concrete having 
a unit weight in excess of 50 lb/ft3 (800 kg/m3).

1.2 The values stated in English units are the standard.

1.3 This standard 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 whoever uses this standard to consult and establish appropriate safety 
and health practices and determine the applicability of regulatory limitations prior to use.

 Warning: Means should be provided to contain concrete fragments during sudden 
rupture of specimens. Tendency for sudden rupture increases with increasing concrete 
strength (Note 1).

 Note 1: The safety precautions given in the Manual of Aggregate and Concrete Testing, 
located in the Related Materials section of Volume 04.02 of the Annual Book of ASTM 
Standards, are recommended.

1.4 The text of this standard references notes which provide explanatory material. 
These notes shall not be considered as requirements of the standard.

2. Referenced Documents

2.1 AASHTO Standards

 R 39 – Making and Curing Concrete Test Specimens in the Laboratory

 T 23 – Making and Curing Concrete Test Specimens in the Field

 T 24 – Obtaining and Testing Drilled Cores and Sawed Beams of Concrete

 T 231 – Capping Cylindrical Concrete Specimens

2.2 ASTM Standards

 C 873 – Test Method for Compressive Strength of Concrete Cylinders Cast in Place 
in Cylindrical Molds

 C 1231 – Practice for Use of Unbonded Caps in Determination of Compressive Strength 
of Hardened Concrete Cylinders

 E 74 – Practice for Calibration of Force-Measuring Instruments for Verifying the Load 
Indication of Testing Machines

1This FOP is based on AASHTO T 22-11 and has been modified per WSDOT standards. To view the redline modifications, contact the 
WSDOT Quality Systems Manager at 360-709-5412.
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3. Summary of Test Method

3.1 This test method consists of applying a compressive axial load to molded cylinders or 
cores at a rate which is within a prescribed range until failure occurs. The compressive 
strength of the specimen is calculated by dividing the maximum load attained during the 
test by the cross-sectional area of the specimen.

4. Significance and Use

4.1 Care must be exercised in the interpretation of the significance of compressive strength 
determinations by this test method since strength is not a fundamental or intrinsic 
property of concrete made from given materials. Values obtained will depend on the 
size and shape of the specimen, batching, mixing procedures, the methods of sampling, 
molding, and fabrication and the age, temperature, and moisture conditions during curing.

4.2 This test method is used to determine compressive strength of cylindrical specimens 
prepared and cured in accordance with Methods T 23, T 24, T 231, and ASTM C873.

4.3 The results of this test method are used as a basis for quality control of concrete 
proportioning, mixing, and placing operations; determination of compliance with 
specifications; control for evaluating effectiveness of admixtures and similar uses.

5. Apparatus

5.1 Testing Machine – The testing machine shall be of a type having sufficient capacity and 
capable of providing the rates of loading prescribed in Section 7.5. As a minimum, the 
machine should be capable of achieving 170 percent of the design strength.

5.1.1 Verify calibration of the testing machines in accordance with Method T 67 except 
that the verified loading range shall be as required in Section 5.3.2. Verification is 
required under the following conditions:

5.1.1.1 At least annually, but not to exceed 13 months.

5.1.1.2 On original installation or immediately after relocation.

5.1.1.3 Immediately after making repairs or adjustments that affect the operation 
of the force applying system or the values displayed on the load 
indicating system, except for zero adjustments that compensate for the 
mass (weight) of tooling, or specimen, or both.

5.1.1.4 Whenever there is reason to suspect the accuracy of the indicated loads.

5.1.2. Design – The design of the machine must include the following features:

5.1.2.1 The machine must be power operated and must apply the load 
continuously rather than intermittently, and without shock. If it has 
only one loading rate (meeting the requirements of Section 7.5), it must 
be provided with a supplemental means for loading at a rate suitable 
for verification. This supplemental means of loading may be power or 
hand operated.
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5.1.2.2 The space provided for test specimens shall be large enough to 
accommodate, in a readable position, an elastic calibration device which 
is of sufficient capacity to cover the potential loading range of the testing 
machine and which complies with the requirements of Practice E 74.

 Note 2: The types of elastic calibration devices most generally available 
and most commonly used for this purpose are the circular proving ring 
or load cell.

5.1.3 Accuracy – The accuracy of the testing machine shall be in accordance with the 
following provisions:

5.1.3.1 The percentage of error for the loads within the proposed range 
of use of the testing machine shall not exceed ± 1.0 percent of the 
indicated load.

5.1.3.2 The accuracy of the testing machine shall be verified by applying 
five test loads in four approximately equal increments in ascending 
order. The difference between any two successive test loads shall not 
exceed one third of the difference between the maximum and minimum 
test loads.

5.1.3.3 The test load as indicated by the testing machine and the applied load 
computed from the readings of the verification device shall be recorded 
at each test point. Calculate the error, E, and the percentage of error, Ep, 
for each point from these data as follows:

 E   = A – B 
Ep = 100(A – B)/B 

 where: 
A = load, lbf (kN) indicated by the machine being verified; and 
B = applied load, lbf (kN) as determined by the calibrating device.

5.1.3.4 The report on the verification of a testing machine shall state within what 
loading range it was found to conform to specification requirements 
rather than reporting a blanket acceptance or rejection. In no case shall 
the loading range be stated as including loads below the value which is 
100 times the smallest change of load that can be estimated on the load-
indicating mechanism of the testing machine or loads within that portion 
of the range below 10 percent of the maximum range capacity.

5.1.3.5 In no case shall the loading range be stated as including loads outside the 
range of loads applied during the verification test.

5.1.3.6 The indicated load of a testing machine shall not be corrected either by 
calculation or by the use of a calibration diagram to obtain values within 
the required permissible variation.
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5.2 The testing machine shall be equipped with two steel bearing blocks with hardened faces 
(Note 3), one of which is a spherically seated block that will bear on the upper surface 
of the specimen, and the other a solid block on which the specimen shall rest. Bearing 
faces of the blocks shall have a minimum dimension at least 3 percent greater than the 
diameter of the specimen to be tested. Except for the concentric circles described below, 
the bearing faces shall not depart from a plane by more than 0.001 in (0.025 mm) in any 
6 in (150 mm) of blocks 6 in (150 mm) in diameter or larger, or by more than 0.001 in 
(0.025 mm) in the diameter of any smaller block; and new blocks shall be manufactured 
within one half of this tolerance. When the diameter of the bearing face of the spherically 
seated block exceeds the diameter of the specimen by more than 0.5 in (13 mm), 
concentric circles not more than 0.031 in (0.8 mm) deep and not more than 0.047 in 
(1 mm) wide shall be inscribed to facilitate proper centering.

 Note 3: It is desirable that the bearing faces of blocks used for compression testing of 
concrete have a Rockwell hardness of not less than 55 HRC.

5.2.1 Bottom bearing blocks shall conform to the following requirements:

5.2.1.1 The bottom bearing block is specified for the purpose of providing a 
readily machinable surface for maintenance of the specified surface 
conditions (Note 4). The top and bottom surfaces shall be parallel to 
each other. Its least horizontal dimension shall be at least 3 percent 
greater than the diameter of the specimen to be tested. Concentric 
circles as described in Section 5.2 are optional on the bottom block.

 Note 4: The block may be fastened to the platen of the testing machine.

5.2.1.2 Final centering must be made with reference to the upper spherical block 
when the lower bearing block is used to assist in centering the specimen. 
The center of the concentric rings, when provided, or the center of the 
block itself must be directly below the center of the spherical head. 
Provision shall be made on the platen of the machine to assure such 
a position.

5.2.1.3 The bottom bearing block shall be at least 1 in (25 mm) thick when new, 
and at least 0.9 in (22.5 mm) thick after any resurfacing operations, 
except when the block is in full and intimate contact with the lower 
platen of the testing machine, the thickness may be reduced to 0.38 in 
(10 mm).

 Note 5: If the testing machine is so designed that the platen itself can 
be readily maintained in the specified surface condition, a bottom block 
is not required.
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5.2.2 The spherically seated bearing block shall conform to the following requirements:

5.2.2.1 The maximum diameter of the bearing face of the suspended spherically 
seated block shall not exceed the values given below:

Diameter of Test 
Specimens in (mm)

Maximum Diameter of 
Bearing Face in (mm)

2 (50) 4 (105)

3 (75) 5 (130)

4 (100) 6.5 (165)

6 (150) 10 (255)

8 (200) 11 (280)

 Note 6: Square bearing faces are permissible, provided the diameter of 
the largest possible inscribed circle does not exceed the above diameter.

5.2.2.2 The center of the sphere shall coincide with the surface of the bearing 
face within a tolerance of ± 5 percent of the radius of the sphere. 
The diameter of the sphere shall be at least 75 percent of the diameter 
of the specimen to be tested.

5.2.2.3 The ball and the socket shall be designed so that the steel in the contact 
area does not permanently deform when loaded to the capacity of the 
test machine. (Note 7).

 Note 7: The preferred contact area is in the form of a ring (described as 
preferred “bearing” area) as shown on Figure 1.

5.2.2.4 The curved surfaces of the socket and of the spherical portion shall be 
kept clean and shall be lubricated with a petroleum-type oil such as 
conventional motor oil, not with a pressure type grease. After contacting 
the specimen and application of small initial load, further tilting of the 
spherically seated block is not intended and is undesirable.

5.2.2.5 If the radius of the sphere is smaller than the radius of the largest 
specimen to be tested, the portion of the bearing face extending beyond 
the sphere shall have a thickness not less than the difference between the 
radius of the sphere and radius of the specimen. The least dimension of 
the bearing face shall be at least as great as the diameter of the sphere 
(see Figure 1).

5.2.2.6 The movable portion of the bearing block shall be held closely in the 
spherical seat, but the design shall be such that the bearing face can 
be rotated freely and tilted at least 4 degrees in any direction.

5.2.2.7 If the ball portion of the upper bearing block is a two-piece design 
composed of a spherical portion and a bearing plate, a mechanical 
means shall be provided to ensure that the spherical portion is fixed 
and centered on the bearing plate.
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Note: Provision shall be made for holding the ball in the socket and for holding the entire 
unit in the testing machine

Schematic Sketch of a Typical Spherical Bearing Block
Figure 1

5.3 Load Indication

5.3.1 If the load of a compression machine used in concrete testing is registered on a 
dial, the dial shall be provided with a graduated scale that is readable to at least 
the nearest 0.1 percent of the full scale load (Note 8). The dial shall be readable 
within 1 percent of the indicated load at any given load level within the loading 
range. In no case shall the loading range of a dial be considered to include 
loads below the value that is 100 times the smallest change of load that can be 
read on the scale. The scale shall be provided with a graduation line equal to 
zero and so numbered. The dial pointer shall be of sufficient length to reach the 
graduation marks; the width of the end of the pointer shall not exceed the clear 
distance between the smallest graduations. Each dial shall be equipped with a 
zero adjustment which is easily accessible from the outside of the dial case, while 
observing the zero mark and dial pointer, and with a suitable device that at all 
times until reset will indicate to within one percent accuracy the maximum load 
applied to the specimen.

 Note 8: As close as can reasonably be read is considered to be 0.02 in (0.5 mm) 
along the arc described by the end of the pointer. Also, one half of a scale interval 
is close as can reasonably be read when the spacing on the load indicating 
mechanism is between 0.04 in (1 mm) and 0.06 in (2 mm). When the spacing is 
between 0.06 and 0.12 in (2 and 3 mm), one third of a scale interval can be read 
with reasonable certainty. When the spacing is 0.12 in (3 mm) or more, one fourth 
of a scale interval can be read with reasonable certainty.
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5.3.2 If the testing machine load is indicated in digital form, the numerical display must 
be large enough to be easily read. The numerical increment must be equal to or 
less than 0.10 percent of the full scale load of a given loading range. In no case 
shall the verified loading range include loads less than the minimum numerical 
increment multiplied by 100. The accuracy of the indicated load must be within 
1.0 percent for any value displayed within the verified loading range. Provision 
must be made for adjusting to indicate true zero at zero load. There shall be 
provided a maximum load indicator that at all times until reset will indicate 
within 1.0 percent system accuracy the maximum load applied to the specimen.

5.4 Provide a means for containing fragments in the event of explosive rupture of the 
cylinders during testing.

6. Specimens

6.1 Specimens shall not be tested if any individual diameter of a cylinder differs from any 
other diameter of the same cylinder by more than 2 percent (Note 9).

 Note 9: This may occur when single use molds are damaged or deformed during 
shipment, when flexible single use molds are deformed during molding, or when a core 
drill deflects or shifts during drilling.

6.2 Neither end of compressive test specimens when tested shall depart from perpendicularity 
to the axis by more than 0.5 degrees (approximately equivalent to 0.12 in in 12 in (3 mm 
in 300 mm). The ends of compression test specimens that are not plane within 0.002 in 
(0.050 mm) shall be sawed, ground, or capped in accordance with T 231 to meet that 
tolerance or if the ends meet the requirements of A6, then neoprene caps with steel 
controllers may be used instead of capping. The diameter used for calculating the cross-
sectional area of the test specimen shall be determined to the nearest 0.01 in (0.25 mm) 
by averaging two diameters measured at right angles to each other at about mid-height 
of the specimen.

6.3 The height of the cylinder shall be determined to 0.01 in. The mass of the cylinder shall 
be determined to the nearest 0.1 lb or better.

7. Procedure

7.1 Compression tests of moist-cured specimens shall be made as soon as practicable after 
removal from moist storage.

7.2 Test specimens shall be kept moist by any convenient method during the period between 
removal from moist storage and testing. They shall be tested in the moist condition.

7.3 All test specimens for a given test age shall be broken within the permissible time 
tolerances prescribed as follows:
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Test Age Permissible Tolerance
12 h ± 0.25 h or 2.1%
24 h ± 0.5 h or 2.1%

3 days + 2 h or 2.8%
7 days + 6 h or 3.6%
28 days + 20 h or 3.0%
56 days + 40 h or 3.0%
90 days + 2 days 2.2%

 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.

7.4 Placing the Specimen Place the plain (lower) bearing block, with its hardened face up, 
on the table or platen of the testing machine directly under the spherically seated (upper) 
bearing block. Wipe clean the bearing faces of the upper and lower bearing blocks and 
of the test specimen and place the test specimen on the lower bearing block.

7.4.1 Zero Verification and Block Seating – Prior to testing the specimen, verify that 
the load indicator is set to zero. In cases where the indicator is not properly set to 
zero, adjust the indicator (Note 10). Prior to the spherically-seated block is being 
brought to bear on the specimen, rotate its movable portion gently by hand so that 
uniform seating is obtained.

 Note 10: The technique used to verify and adjust load indicator to zero will 
vary depending on the machine manufacturer. Consult your owner’s manual 
or compression machine calibrator for the proper technique.

7.5 Rate of Loading – Apply the load continuously and without shock.

7.5.1 The load shall be applied at a rate of movement (platen to crosshead 
measurement) corresponding to a stress rate on the specimen of 35 ± 7 psi/s 
(0.25 ± 0.05 MPa/s) (Note 11). The designated rate of movement shall be 
maintained at least during the latter half of the anticipated loading phase.

 Note 11: For a screw driven or displacement-controlled testing machine, 
preliminary testing will be necessary to establish the required rate of movement 
to achieve the specified stress rate. The required rate of movement will depend 
on the size of the test specimen, the elastic modulus of the concrete, and the 
stiffness of the testing machine.

7.5.2 During application of the first half of the anticipated loading phase, a higher 
rate of loading shall be permitted. The higher loading rate shall be applied in 
a controlled manner so that the specimen is not subjected to shock loading.

7.5.3 Make no adjustment in the rate of movement (platen to crosshead) as the 
ultimate load is being approached and the stress rate decreases due to cracking 
in the specimen.
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7.6 Apply the compressive load until the load indicator shows that the load is decreasing 
steadily and the specimen displays a well-defined fracture pattern (Figure 2). For a testing 
machine equipped with a specimen break detector, automatic shut-off of the testing 
machine is prohibited until the load has dropped to a value that is less than 95 percent of 
the peak load. When testing with unbonded caps, a corner fracture may occur before the 
ultimate capacity of the specimen has been attained. Continue compressing the specimen 
until the user is certain that the ultimate capacity has been attained. Record the maximum 
load carried by the specimen during the test and note the type of fracture pattern 
according to Figure 2. If the fracture pattern is not one of the typical patterns shown 
in Figure 2, sketch and describe briefly the fracture pattern. If the measured strength is 
lower than expected, examine the fractured concrete and note the presence of large air 
voids, evidence of segregation, whether fractures pass predominantly around or through 
the coarse aggregate particles, and verify end preparations were in accordance with 
Practice T 231 or Practice C1231.

 Note WSDOT 1: The test loading should be stopped when 80% of the loading capacity 
of the testing machine has been reached. Record the maximum load achieved and note 
that the sample was not taken to failure as it exceeded the safe working limits of the 
testing machine.

8. Calculation

8.1 Calculate the compressive strength of the specimen by dividing the maximum load 
carried by the specimen during the test by the average cross-sectional area determined 
as described in Section 6 and express the result to the nearest 10 psi (0.1 MPa).

8.2 If the specimen length to diameter ratio is 1.75 or less, correct the result obtained in 
Section 8.1 by multiplying by the appropriate correction factor shown in the following 
table (Note 11):

L/D: 1.75 1.50 1.25 1.00
Factor: 0.98 0.96 0.93 0.87 (Note 11)

 Use interpolation to determine correction factors for L/D values between those given 
in the table.

 Note 11: Correction factors depend on various conditions such as moisture condition, 
strength level, and elastic modulus. Average values are given in the table. These 
correction factors apply to lightweight concrete weighing between 100 and 120 lb/ft3 
(1,600 and 1,920 kg/m3) and to normal weight concrete. They are applicable to concrete 
dry or soaked at the time of loading and for nominal concrete strengths from 2,000 to 
6,000 psi(15 to 45 MPa). For strengths higher than 6,000 psi (45 MPa), correction factors 
may be larger than the values listed above x.
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8.3 Calculate the average compressive strength of the set of specimens to the nearest 10 psi 
or 0.1MPa.

 Average Compressive Strength = 
(CS1 + CS2) 

2  

 Where:
  CS1 = Compressive Strength of Specimen 1  

 CS2 = Compressive Strength of Specimen 2 

 Calculate the density of the specimen to the nearest 1 lb/ft3 (10 kg/m3) as follows:

 Density = W 
V

 where:
  W = mass of specimen, lb (kg) 

 V = volume of specimen computed from the average diameter and average  
   length or from weighing the cylinder in air and submerged, ft3 (m3)

9. Report

9.1 Report the following information:

9.1.1 Identification number.

9.1.2 Diameter (and length, if outside the range of 1.8D to 2.2D), in inches or 
millimeters.

9.1.3 Cross-sectional area, in square inches or centimeters.

9.1.4 Maximum load, in pounds-force or Newton.

9.1.5 Compressive strength calculated to the nearest 10 psi or 0.1MPa.

9.1.6 Average compressive strength for the set of specimens calculated to the nearest 
10 psi or 0.1 MPa.

9.1.7 Type of fracture, if other than the usual cone (see Figure 2).

Sketches of Types of Fracture
Figure 2

9.1.8 Defects in either specimen or caps.

9.1.9 Age of specimen.

9.1.10 Report the density to the nearest 10 kg/m3 (1 lb/ft3).
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10. Precision and Bias

 See AASHTO T 22 for precision and bias.

 WSDOT has added Appendix A and it is an excerpt of ASTM C1231-00 sections 1 through 7.
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Appendix A
A1. Scope

A1.1 This practice covers requirements for a capping system using unbonded caps for testing 
concrete cylinders molded in accordance with Practice C 31/C 31M or C 192/C 192M. 
Unbonded neoprene caps of a defined hardness are permitted to be used for testing for 
a specified maximum number of reuses without qualification testing up to a certain 
concrete compressive strength level. Above that strength, level neoprene caps will require 
qualification testing. Qualification testing is required for all elastomeric materials other 
than neoprene regardless of the concrete strength.

A1.2 Unbonded caps are not to be used for acceptance testing of concrete with compressive 
strength below 1500 psi (10 MPa) or above 12,000 psi (85 MPa).

A1.3 The values stated in either inch-pound or SI units shall be regarded as standard. SI units 
are shown in brackets. That values stated in each system may not be exact equivalents. 
Therefore, each system must be used independently of the other, without combining the 
values in any way.

A1.4 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. For a specific hazard statement, see Note 4.

A2. Referenced Documents

A2.1 ASTM Standards

 C 31/C 31M – Practice for Making and Curing Concrete Test Specimens in the Field2

 C 39 – Test Method for Compressive Strength of Cylindrical Concrete Specimens2

 C 192/C 192M – Practice for Making and Curing Concrete Test Specimens in 
the Laboratory2

 C 617 – Practice for Capping Cylindrical Concrete Specimens2

 D 2000 – Classification System for Rubber Products in Automotive Applications3

 D 2240 – Test Method for Rubber Property—Durometer Hardness4

A3. Terminology

A3.1 Definitions of Terms Specific to This Standard

A3.1.1 pad, n – An unbonded elastomeric pad.

A3.1.2 unbonded cap, n – A metal retainer and an elastomeric pad.
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A4. Significance and Use

A4.1 This practice provides for using an unbonded capping system in testing hardened 
concrete cylinders made in accordance with Practices C 31/C 31M or C 192/C 192M 
in lieu of the capping systems described in Practice C 617.

A4.2 The elastomeric pads deform in initial loading to conform to the contour of the ends of 
the cylinder and are restrained from excessive lateral spreading by plates and metal rings 
to provide a uniform distribution of load from the bearing blocks of the testing machine 
to the ends of the concrete or mortar cylinders.

A5. Materials and Apparatus

A5.1 Materials and equipment necessary to produce ends of the reference cylinders that 
conform to planeness requirements of Test Method C 39 and the requirements of Practice 
C 617. This may include grinding equipment or capping materials and equipment to 
produce neat cement paste, high strength gypsum plaster, or sulfur mortar caps.

A5.2 Elastomeric Pads

A5.2.1 Pads shall be ½ ± 1⁄16 in (13 ± 2 mm) thick and the diameter shall not be more 
than 1⁄16 in (2 mm) smaller than the inside diameter of the retaining ring.

 1This practice is under the jurisdiction of ASTM Committee C09 on Concrete and 
Concrete Aggregate sand is the direct responsibility of Subcommittee C09.61 on 
Testing Concrete for Strength. Current edition approved January 2000. Published 
April 2000. Originally published as C 1231-93. Last previous edition C 1231-99.

 2Annual Book of ASTM Standards, Volume 04.02.

 3Annual Book of ASTM Standards, Volume 09.02.

 4Annual Book of ASTM Standards, Volume 09.01.

A5.2.2 Pads shall be made from polychloroprene (neoprene) meeting the requirements 
of Classification D 2000 as follows:

Shore A Durometer Classification D 2000 Line Call-Out
50 M2BC514
60 M2BC614
70 M2BC714

 The tolerance on Shore A durometer hardness is ± 5. Table 1 provides 
requirements for use of caps made from material meeting the requirements 
of Classification D 2000, above.

A5.2.3 Other elastomeric materials that meet the performance requirements of 
qualification tests in Section 8 are permitted.
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A5.2.4 Elastomeric pads shall be supplied with the following information:

A5.2.4.1 The manufacturer’s or supplier’s name.

A5.2.4.2 The Shore A hardness.

A5.2.4.3 The applicable range of concrete compressive strength from Table 1 or 
from qualification testing.

A5.2.5 The user shall maintain a record indicating the date the pads are placed in service, 
the pad durometer, and the number of uses to which they have been subjected.

A5.3 Retainers shall be made of metal that will prove durable in repeated use (Note 1). 
The cavity in the metal retainers shall have a depth at least twice the thickness of the pad. 
The inside diameter of the retaining rings shall not be less than 102 percent or greater 
than 107 percent of the diameter of the cylinder. The surfaces of the metal retainer 
which contact the bearing blocks of the testing machine shall be plane to within 0.002 in 
(0.05 mm).

 The bearing surfaces of the retainers shall not have gouges, grooves, or indentations 
greater than 0.010 in (0.25 mm) deep or greater than 0.05 in2 (32 mm2) in surface area.

 Note 1: Retainers made from steel and some aluminum alloys have been found 
acceptable. Steel retaining rings that have been used successfully with ½ in (13 mm) 
neoprene pads are shown in Figure 1. Retainer design and metals used are subject to 
the performance and acceptance requirements of Section 8.

A6. Test Specimens

A6.1 The specimens shall be either 6 by 12 in (150 by 300 mm) or 4 by 8 in (100 by 200 mm) 
cylinders made in accordance with Practices C 31/C 31M or C 192/C 192M.

 Neither end of a cylinder shall depart from perpendicularity to the axis by more than 0.5° 
(approximately equivalent to ⅛ in in 12 in (3 mm in 300 mm). No individual diameter 
of a cylinder may differ from any other diameter by more than 2 percent.

 Note 2: One method of measuring the perpendicularly of ends of cylinders is to place 
a try square across any diameter and measure the departure of the longer blade from 
an element of the cylindrical surface. An alternative method is to place the end of the 
cylinder on a plane surface and support the try square on that surface.
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A6.2 Depressions under a straight edge measured with a round wire gage across any diameter 
shall not exceed 0.20 in (5 mm). If cylinder ends do not meet this tolerance, the cylinder 
shall not be tested unless irregularities are corrected by sawing or grinding.

Cylinder Compressive  
Strength, psi (MPa)

Shore A 
Durometer 
Hardness

Qualification 
Tests Required

Maximum 
ReusesA

1500 to 6000 (10 to 40) 50 None 100
2500 to 7000 (17 to 50) 60 None 100
4000 to 7000 (28 to 50) 70 None 100

7000 to 12000 (50 to 80) 70 Required 50
Greater than 12000 (80) Not Permitted

AMaximum number of reuses. Will be less if pads wear, crack or split (Note 6).

Requirements for Use of Polychloroprene (Neoprene) Pads
Table 1

T 22 January 2007 T 22 
 Page �3 of �6

T 22  T 22

 

 

 

FIG. 1 Example of Steel Retaining Rings for 6 by 12 in. [150 by 300 mm]  
Cylinders (Nonmandatory)

A7. Procedure

A7.� Unbonded caps are permitted to be used on one or both ends of a cylinder in lieu of a 
cap or caps meeting Practice C 6�7, provided they meet the requirements of Section 5.

A7.2 Examine the pads for excessive wear or damage (Note 6). Replace pads which have 
cracks or splits exceeding 3⁄8 in. [10 mm] in length regardless of depth. Insert the pads 
in the retainers before they are placed on the cylinder (Note 3).

 NOTE 3—Some manufacturers recommend dusting the pads and the ends of the 
cylinders with corn starch or talcum powder prior to testing.

 NOTE 4—Caution: Concrete cylinders tested with unbonded caps rupture more violently 
than comparable cylinders tested with bonded caps. As a safety precaution the cylinder 
testing machine must be equipped with a protective cage. In addition, some users have 
reported damage to testing machines from the sudden release of energy stored in the 
elastomeric pads.

Example of Steel Retaining Rings for 6 by 12 in  
(150 by 300 mm) Cylinders (Nonmandatory)

Figure 1
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A7 Procedure

A7.1 Unbonded caps are permitted to be used on one or both ends of a cylinder in lieu of a 
cap or caps meeting Practice C 617, provided they meet the requirements of Section 5.

A7.2 Examine the pads for excessive wear or damage (Note 6). Replace pads which have 
cracks or splits exceeding ⅜ in (10 mm) in length regardless of depth. Insert the pads 
in the retainers before they are placed on the cylinder (Note 3).

 Note 3: Some manufacturers recommend dusting the pads and the ends of the cylinders 
with corn starch or talcum powder prior to testing.

 Note 4: Caution: Concrete cylinders tested with unbonded caps rupture more violently 
than comparable cylinders tested with bonded caps. As a safety precaution, the cylinder 
testing machine must be equipped with a protective cage. In addition, some users have 
reported damage to testing machines from the sudden release of energy stored in the 
elastomeric pads.

A7.3 Center the unbonded cap or caps on the cylinder and place the cylinder on the lower 
bearing block of the testing machine. Carefully align the axis of the cylinder with the 
center of thrust of the testing machine by centering the upper retaining ring on the 
spherically seated bearing block. As the spherically seated block is brought to bear on 
the upper retaining ring, rotate its movable portion gently by hand so that uniform seating 
is obtained. After application of load, but before reaching 10 percent of the anticipated 
specimen strength, check to see that the axis of the cylinder is vertical within a tolerance 
of ⅛ in in 12 in (3.2 mm in 300 mm) and that the ends of the cylinder are centered within 
the retaining rings. If the cylinder alignment does not meet these requirements, release the 
load, check compliance with Section 6.1, and carefully recenter the specimen. Reapply 
load and recheck specimen centering and alignment. A pause in load application to check 
cylinder alignment is permissible.

A7.4 Complete the load application, testing, calculation, and reporting of results in accordance 
with Test Method C 39.

 Note 5: Because of the violent release of energy stored in pads, the broken cylinder rarely 
exhibits conical fracture typical of capped cylinders and the sketches of types of fracture 
in Test Method C 39 are not descriptive. Occasionally, unbonded capped cylinders may 
develop early cracking, but continue to carry increasing load. For this reason, cylinders 
must be tested to complete failure.
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Performance Exam Checklist
Compressive Strength of Cylindrical Concrete Specimens 
FOP for AASHTO T 22

Participant Name   Exam Date 

Procedure	Element Yes No
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. Specimens kept moist between removal from moist storage and testing?

4. Is the diameter of the cylinder reported to the nearest 0.01 inch by averaging 
two diameters taken at about mid-height?

5. Is the length of the cylinder reported to the nearest 0.01 inches?

6. Is the mass of the cylinder reported to the nearest 0.1 lbs or better?

7. Ends of cylinders checked for perpendicularity to axis?

8. Ends of cylinders checked for depressions greater than 0.2 inch?

9. Ends of cylinders checked for plane? 

10. If ends did not meet plane, was correct method chosen to correct plane?

11. Are lower and upper bearing surface wiped clean?

12. Is the axis of the cylinder aligned with center of the spherical block?

13. Is the spherical block rotated prior to it contacts with the cylinder?

14. Is the load applied continuously and without shock?

15. Is the load applied at the specified rate and maintain for the latter half 
of the anticipated load.

16. Is no rate adjustment made while the cylinder is yielding? 

17. Is the maximum load recorded?

18. Are cylinders tested to failure and the type of fracture recorded?

19. Specimens broken within the permissible time tolerance?

20. All calculations performed correctly?

Unbonded	Caps	–	AASHTO	22	Appendix	A
1. Pads examined for splits or cracks?

2. Cylinders centered in retaining rings?

3. Is cylinders checked for alignment with a small load applied?
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First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

 Comments:
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WSDOT FOP for WAQTC/AASHTO R 66
Sampling Bituminous Materials

Significance
Sampling is as important as testing and precautions shall be taken to obtain samples to show the 
true nature and condition of the materials. Because of the numerous types and grades of bituminous 
materials that are alternately shipped and stored in the same or similar containers, the opportunity 
for contaminating these containers with residues, precipitates, or cleaning solvents is ever present. 
Numerous opportunities also exist for obtaining samples which are not strictly representative of the 
material or are contaminated after removal. Therefore it is incumbent upon the producer, transporter, 
user and sampler to exercise continuous precaution in the sampling and handling of these materials
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 the standard to establish appropriate safety and health practices 
and determine the applicability of regulatory limitations prior to use.
Scope
This practice applies to the sampling of liquid bituminous materials in accordance with AASHTO 
R 66. Sampling of solid and semi-solid bituminous materials (included in AASHTO R 66) is not 
covered here.
Agencies may be more specific on exactly who obtains the samples, where to sample, and what type 
of sampling device to use.
WSDOT personnel will observe the contractor’s personnel obtaining the samples to assure that proper 
sampling procedures are followed. If proper sampling procedures are not followed the Contractor’s 
personnel shall resample.
Procedure
1. Coordinate sampling with the contractor or supplier.
2. Use appropriate safety equipment and precautions.
3. A minimum of 1 gal (4 L) of the product shall be drawn and discarded or reintroduced to the tank 

before obtaining samples.
4. Sampling Asphalt Binder – Obtain samples at the asphalt mixing plant from the valve in either the 

storage tank or in the supply line to the mixer while the plant is in operation.
5. Sampling Emulsified Asphalt – Obtain samples from the distributor spray bar or application 

device just before or during application.
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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 qt (1 L ) 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.
All samples shall be protected from freezing.
Note: The filled 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.

• Asphalt Binder – Use metal cans.
• Emulsified Asphalt – Use wide-mouth plastic jars with screw caps. Place tape around the seam of 

the cap to keep the cap from loosening and spilling the contents.
Standard sample labels (WSDOT Form 350-016) shall be completely filled out and attached to each 
sample container.
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Performance Exam Checklist 
Sampling Bituminous Materials  
WAQTC FOP for AASHTO R 66

Participant Name   Exam Date 

Procedure	Element Yes No
1. The tester has a copy of the current procedure on hand?
2. Appropriate containers used?

a. Metal cans (all other bituminous liquids).

b. Wide-mouth plastic containers (emulsified).

3. Containers not washed or rinsed on inside?

4. Minimum of 1 gallon allowed to flow before sample taken?

5. Material obtained at correct location?
a. Line between storage tank and mixing plant or the storage tank (HMA plants). 
b. Spray bar or application device, if not diluted (distributors).
c. From delivery vehicle or prior to dilution, if diluted (distributors).

Sample Taken By: Contractor

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments: 
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WSDOT FOP for AASHTO T 1661

Bulk Specific Gravity of Compacted Hot Mix Asphalt Using Saturated  
Surface-Dry Specimens

1. Scope

1.1 This method of test covers the determination of bulk specific gravity of specimens of 
compacted hot mix asphalt.

1.2 Definition:

1.2.1 Bulk specific gravity (of solids) – The ratio of the mass in air of a unit volume of 
a permeable material (including both permeable and impermeable voids normal 
to the material) at a stated temperature to the weight in air of equal density of an 
equal volume of gas-free distilled water at a stated temperature. The form of the 
expression shall be:

Bulk specific gravity x/y °C

Where:
x = temperature of the material, and 
y = temperature of the water

1.3 The bulk specific gravity of the compacted hot mix asphalt may be used in calculating 
the unit mass of the mixture.

1.4 The values stated in English units are to be regarded as the standard.

 Note: Method A shall be used for laboratory compacted specimens, and field specimens 
compacted using gyratory compactor.

 Method C shall be used for asphalt pavement cores.

2. Referenced Documents

2.1 AASHTO Standards

 M 231 – Weighing Devices Used in the Testing of Materials

 PP 75 – Standard Practice for Vacuum Drying Compacted Asphalt Specimens

 T 331 – Bulk Specific Gravity (Gmb) and Density of Compacted Hot Mix Asphalt (HMA) 
Using Automatic Vacuum Sealing Method

3. Test Specimens

3.1 Test specimens may be either laboratory-molded HMA mixtures or from HMA pavements. 
The mixtures may be surface, wearing, leveling or base course materials.

3.2 Size of Specimens – It is recommended that: (1) the diameter of cylindrically molded or 
cored specimens, or the length of the sides of sawed specimens, be at least equal to four 
times the maximum size of the aggregate; and (2) the thickness of specimens be at least 
one-and-one-half times the maximum size of the aggregate.

1This Test Method is based on AASHTO T 166-10.
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3.3 Specimens shall be taken from pavements with core drill, diamond or carborundum saw, 
or by other suitable means.

3.4 Care shall be taken to avoid distortion, bending, or cracking of specimens during and after 
the removal from pavement or mold. Specimens shall be stored in a safe, cool place.

3.5 Specimens shall be free from foreign materials such as seal coat, tack coat, foundation 
material, soil, paper, or foil.

3.6 If desired, specimens may be separated from other pavement layers by sawing or other 
suitable means. Care should be exercised to ensure sawing does not damage the specimens.

Method A
4. Apparatus

4.1 Weighing Device – The weighing device shall have sufficient capacity, be readable to 
0.1 percent of the specimen mass, or better, and conform to the requirements of AASHTO 
M 231. The weighing device shall be equipped with suitable suspension apparatus and 
holder to permit weighing the specimen while suspended from the center of scale pan of 
the weighing device.

4.2 Suspension Apparatus – The wire suspending the container shall be the smallest practical 
size to minimize any possible effects of a variable immersed length. The suspension 
apparatus shall be constructed to enable the container to be immersed to a depth sufficient 
to cover it and the specimen during weighing. Care should be exercised to ensure no 
trapped air bubbles exist under the specimen.

4.3 Water Bath – For immersing the specimen in water while suspended under the weighing 
device, equipped with an overflow outlet for maintaining a constant water level.

4.4 Thermometric Device – Liquid-in-glass thermometers or other suitable thermometric 
device, accurate to 1ºF (0.5º C).

5. Procedure

5.1 Dry the specimen to a constant mass (Note 1) at a temperature of 125 ± 5°F (52 ± 3°C). 
As an alternative to oven drying to constant mass, drying the sample according to PP 75 
may be used.

5.2 Cool the specimen to room temperature for a minimum of 15 hours and a maximum of 
24 hours at 77 ± 9°F (25 ± 5°C) per SOP 731 and record the dry mass as A (Note 2). 
Immerse each specimen in water at 77 ± 1.8°F (25 ± 1°C) for 4 ± 1 minute and record 
the immersed mass as C. Remove the specimen from the water, damp dry the specimen 
by blotting with a damp towel as quickly as possible (blotting not to exceed 10s), and 
determine the surface-dry mass as, B (Note 3). Any water that seeps from the specimen 
during the weighing operation is considered part of the saturated specimen. Each specimen 
shall be immersed and weighed individually.

 Note 1: Constant mass shall be defined as the mass at which further drying does not alter 
the mass by more than 0.05 percent when weighed at 2-hour intervals when using oven 
drying or by more than 0.05 percent when weighed after at least two drying cycles of 
the vacuum-drying apparatus required in AASHTO PP 75. Recently molded laboratory 
specimens which have not been exposed to moisture do not require drying.
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 Note 2: If desired, the sequence of testing operations may be changed to expedite the test 
results. For example, first the immersed mass (C) can be taken, then the surface-dry mass 
(B), and finally the dry mass (A).

 Note 3: Terry cloth has been found to work well for an absorbent cloth. Damp is considered 
to be when no water can be wrung from towel.

6. Transportation of Warm Specimens

 It is not recommended that specimens be transported before they have cooled to room 
temperature. If however, a specimen must be transported prior to reaching room temperature the 
following guidelines should be used to transport the specimen: 

a. Place the specimen in a container that has a flat bottom surface to prevent deformation of 
the bottom of the specimen.

 Note: A flat piece of wood, rigid aluminum or reinforced cardboard may be used to create 
a flat surface in an HMA sample box.

b. Make sure the specimen is not deformed in handling.

c. Do not stack anything on top of the specimen container.

d. Transport the container in the cab of the vehicle or secure it in the vehicle bed to prevent 
movement during transit.

7. Calculation

7.1 Calculate the bulk specific gravity of the specimens as follows (round and report the value 
to the nearest three decimal places): 

Bulk Specific Gravity = 
A 

B – C
Where:

A = Mass in grams of specimen in air
B = Mass in grams of surface-dry specimen in air
C = Mass in grams of specimen in water.

7.2 Calculate the percent water absorbed by the specimen (on volume basis) as follows:

 

Percent Water Absorbed by Volume = 
B – A 
B – C  × 100

7.3 If the percent water absorbed by the specimen as calculated in Section 7.2 exceeds 2 
percent, use AASHTO T 331 Bulk Specific Gravity (Gmb) and Density of Compacted 
Hot Mix Asphalt (HMA) Using Automatic Vacuum Sealing Method to determine the bulk 
specific gravity (Gmb).
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Method B
WSDOT does not use Method B and has removed this section from the procedure.

Method C
8. Procedure

8.1 This procedure can be used for testing specimens which contain substantial amount 
of moisture. Specimens obtained by coring or sawing can be tested the same day by 
this method.

8.2 The testing procedure shall be the same as given in Section 5 except for the sequence of 
operations. The dry mass (A) of the specimen is determined last.

9. Calculations

9.1 Calculate the bulk specific gravity per Section 7.1.

10. Report

10.1 The report shall include the following:

10.1.1 Bulk Specific Gravity reported to the nearest thousandth (0.001).

10.1.2 Absorption reported to the nearest hundredth (0.01).

11. Precision

11.1 See AASHTO T 166 for precision statement.



WSDOT Materials Manual M 46-01.25 Page 5 of 6 
July 2016

Performance Exam Checklist
WSDOT FOP for AASHTO T 166  
Bulk Specific Gravity of Compacted Hot Mix Asphalt Using Saturated  
Surface Dry Specimens 

Participant Name   Exam Date 

Procedure	Element Yes No
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?

Method	A (For use with laboratory compacted specimens.)
1. Compacted specimen cooled to room temperature (refer to step 5.2), 77 ± 9º F, and 

record the dry mass. 
2. Immerse each specimen in water at 77 ± 1.8°F for 3 to 5 minutes and record the 

immersed mass to the nearest 0.1 gram?
3. Remove sample from water, surface dry with damp towel and weigh the specimen in 

air at 77 ± 9º F to the nearest 0.1 gram?
4. Calculated the bulk specific gravity of the specimens per Section 7.1?

Method	C (For use with pavement cores and chunks.)
1. Immerse specimen in water at 77 ± 1.8º F for 3 to 5 minutes and record the immersed 

weight to the nearest 0.1 gram?
2. Remove sample from water, surface dry by blotting with damp towel and immediately 

weigh specimen in air at 77 ± 9º F to the nearest 0.1 gram?
3. Dry specimen in vacuum drying apparatus? (Steps 4-7 not required when using

vacuum drying apparatus)
4. Place specimen in container (noting the empty container weight), then place in an oven 

at 125 ± 5º F?
5. Weigh specimen in container?
6. Return specimen and container to oven until it has reached a constant weight?
7. Remove container and sample from oven and allow to cool to room temperature,  

77 ± 9º F?
8. Weigh container with sample and record to nearest 0.1 gram, deducting known weight 

of container to arrive at oven-dried sample weight?
9. Calculated the bulk specific gravity of the specimen per Section 7.1?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 
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Comments:
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WSDOT FOP for AASHTO T 1761

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

1. Scope

1.1 This test is intended to serve as a rapid field test to show the relative proportions of fine 
dust or claylike material in soils or graded aggregates.

1.2 The following applies to all specified limits in this standard: For the purpose of 
determining conformance with these specifications, an observed value or a calculated 
value shall be rounded off “to the nearest unit” in the last right-hand place of figures 
used in expressing the limiting value, in accordance with E 29, Using Significant Digits 
in Test Data to Determine Conformance With Specifications.

1.3 The values stated in English units are to be regarded as the standard.

1.4 Refer to R 16 for regulatory information for chemicals.

2. Reference Document

2.1 AASHTO Standards

 M 92 – Wire-Cloth Sieves for Testing Purposes

 M 231 – Weighing Devices Used in the Testing of Materials

2.2 ASTM Standards

 E 29 – Using Significant Digits in Test Data to Determine Conformance With 
Specifications

2.3 WSDOT Standards

 T2 – FOP for Sampling of Aggregates

 T 248 – FOP for Reducing Samples of Aggregate to Testing Size

3.	 Significance	and	Use

3.1 This test method is used to determine the proportion of detrimental fines in the portion 
passing the 4.75-mm (No. 4) sieve of soils or graded aggregates.

4.	 Apparatus

4.1 A graduated plastic cylinder, rubber stopper, irrigator tube, weighted foot assembly, and 
siphon assembly, all conforming to their respective specifications and dimensions shown 
in Figure 1. Fit the siphon assembly to a 1 gal (4L) bottle of working calcium chloride 
solution (see Section 4.9) placed on a shelf 36 ± 1 in (915 ± 25 mm) above the work 
surface. In lieu of the specified 1 gal (4L) bottle, a glass or plastic vat having a larger 
capacity may be used provided the liquid level of the working solution is maintained 
between 36 and 46 inches (915 and 1170 mm) above the work surface.

1This FOP is based on AASHTO T 176-08 and has been modified per WSDOT standards. To view the redline modifications, contact the 
WSDOT Quality Systems Manager at 360-709-5412.
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List of Material

Assembly
No. 
Reg. Description Stock size Material Heat Treatment

A

Siphon Assembly
1 Siphon Tube 6.4 dia. × 400
2 Siphon Hose 4.6 I.D. × 1220
3 Blow Hose 4.8 I.D. × 50.8
4 Blow Tube 6.4 dia × 50.8
5 Two-Hole Stopper No. 6
6 Irrigator Tube 6.4 O.D. 0.89 Wall × 500 Stainless Steel Tube, Type 316
7 Clamp Pinchcock, Day, BKH No. 21730 or Equiv.

B
Graduate Assembly

8 Tube 38.1 Od. × 430 Trans. Acrylic Plastic
9 Base 12.7 × 102 × 102 Trans. Acrylic Plastic

C

Weighted Foot Assembly
10 Sand Reading Indicator 6.4 dia. × 14.9 Nylon 101 Type 66 Annealed
11 Rod 6.4 dia. × 438.2 Brass
12 Weight 50.8 dia. × 52.78 C.R. SH.
13 Roll Pin 0.16 dia. × 12.7 Steel 
14 Foot 0.16 dia. × 13.7 Brass
15 Solid Stopper No. 7 Rubber

Notes
1. “C” Weighted Foot Assembly to Weigh 1000 ± 5g.
2. Graduations of graduate to be 2.54 mm apart and every tenth mark to be numerically designated as shown.  

Every fifth line should be approximately 9.5 mm long. All other lines should be approximately 5.5 mm long.  
Depth to be 0.4 mm. Width to be 0.8 mm across the top.

3. Accuracy of scale to be ± 0.25 mm. Error at any point on scale to be ± 0.75 mm of true distance to zero.
4. Glass or stainless steel may be substituted as a material type for the copper siphon and blow tubing.

Sand Equivalent Apparatus 
Figure 1

 Note 1: An older model of weighted foot assembly has a guide cap that fits over the 
upper end of the graduated cylinder and centers the rod in the cylinder, and the foot of 
the assembly has a conical upper surface and three centering screws to center it loosely 
in the cylinder. The older model does not have the same reading indicator affixed to the 
rod (Figure 1), but a slot in the centering screws of the weighted foot is used to indicate 
the sand reading. Apparatus with the sand reading indicator (Figure 2) is preferred for 
testing clayey materials.

Apparatus
Figure 2
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4.2 A tinned measure, having a capacity of 3 oz (85 ± 5 mL), approximately 2.25 in (57 mm) 
in diameter.

4.3 A balance with sufficient capacity, readable to 0.1 percent of the sample mass, or better, 
and conforming to the requirements of M 231.

4.4 A wide-mouth funnel approximately 4 in (100 mm) in diameter at the mouth.

4.5 A clock or watch reading in minutes and seconds.

4.6 A mechanical shaker having a throw of 8.00 ± 0.04 in (203.2 ± 1.0 mm) and operating at 
175 ± 2 cycles per minute (2.92 ± 0.03 Hz) (Note 2). Prior to use, fasten the mechanical 
sand equivalent shaker securely to a firm and level mount.

 Note 2: The mechanical shaker shall be used when performing referee sand equivalent 
determinations.

4.7 A manually operated shaker capable of producing an oscillating motion at the rate 
of 100 complete cycles in 45 ± 5 seconds, with a hand-assisted half stroke length of 
5.0 ± 0.2 in (127 ± 5 mm). The shaker shall be fastened securely to a firm and level 
mount by bolts or clamps.

4.8 Stock Solution

4.8.1 Prepare a calcium chloride stock solution

 Ingredients: 454 g (1.0 lb) of technical grade Anhydrous Calcium Chloride 
 2050 g (4.515 lb) of USP Glycerin

 Calcium chloride stock solution: Dissolve the 454 g (1.0 lb) of calcium chloride 
in 1.89 L (1/2 gal) of distilled water. Cool and filter it through ready pleated rapid 
filtering paper. Add the 2050 g (4.515 lb) of glycerin to the filtered solution, mix 
well and dilute to 3.78 L (1 gal).

 Note 3: The stock solution can be stored provided the time of storage is not sufficient to 
promote the growth of fungi.

4.9 Working calcium chloride solution: Prepare the working calcium chloride solution by 
diluting one measuring tin full 3 oz. (85 ± 5 mL), or from a graduated cylinder of the 
stock calcium chloride solution to 1 gal (3.8 L) with water. Use distilled or demineralized 
water for the normal preparation of the working solution. Record the date the working 
solution was made on the gallon container. Working solutions more than 30 days old shall 
be discarded.

4.10 A straightedge or spatula, suitable for striking off the excess soil from the tin measure.

4.11 A thermostatically controlled drying oven.

4.12 Quartering or splitting cloth, approximately 2 ft. square, nonabsorbent material such 
as plastic or oil cloth.

4.13 A No. 4 (4.75-mm) sieve conforming to the requirements of M 92.

4.14 Optional Handle for Irrigation Tube – A 25 mm diameter wooden dowel to aid in pushing 
the irrigation tube into firm materials. See Figure 1, Assembly B.
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5.	 Temperature	Control

5.1 The temperature of the working solution should be maintained at 67–77°F (22 ± 3°C) 
during the performance of this test. If field conditions preclude the maintenance of 
the temperature range, frequent reference samples should be submitted to a laboratory 
where proper temperature control is possible. It is also possible to establish temperature 
correction curves for each material being tested where proper temperature control 
is not possible. However, no general correction curve should be utilized for several 
materials even within a narrow range of sand equivalent values. Samples which meet 
the minimums and equivalent requirement at a working solution temperature below the 
recommended range need not be subject to reference testing.

6.	 Sampling

6.1 Obtain a sample of the material to be tested in accordance with WSDOT FOP for 
AASHTO T 2.

6.2 Reduce the sample in accordance with WSDOT FOP for AASHTO T 248.

6.3 Sieve the sample over No. 4 (4.75 mm) sieve using a mechanical shaker. (Make sure all 
large clumps of material are broken up before placing sieves in the mechanical shaker.)

6.3.1 Shake the sample in the mechanical shaker for a minimum of 10 minutes or for 
the minimum verified shaking time, whichever is greater.

6.3.2 The material shall be at Saturated Surface Dry (Saturated Surface Dry is defined 
herein as no visible free moisture, but material may still appear damp) or drier 
prior to sieving.

6.3.2.1 If the “as received” sample requires drying to achieve the required SSD 
or dryer condition prior to initial sieving, either air dry it or dry it in a 
thermostatically controlled oven at a temperature not to exceed 350°F.

6.3.3 Sieves may be nested above the No. 4 (4.75 mm) to prevent overloading, 
as defined in Table 1 of WSDOT FOP for WAQTC/AASHTO T 27/T 11, 
or the sample may be sieved in increments.

6.3.4  Break up any remaining clumps of fine-grained material and clean the fines from 
particles retained above the No. 4 (4.75 mm) sieve. Pass this material over the 
No. 4 (4.75 mm) sieve and include the material that passes in the total material 
passing the No. 4 (4.75 mm) sieve.

6.4 Split or quarter the material passing the No. 4 (4.75 mm), in accordance with WSDOT 
FOP for AASHTO T 248, to yield approximately 1,000 g to 1,500 g of material. Use 
extreme care to obtain a truly representative portion of the original sample (Note 4).

 Note 4: Experiments show that as the amount of material being reduced by splitting or 
quartering is decreased, the accuracy of providing representative portions is decreased. 
It is imperative that the sample be split or quartered carefully. When it appears necessary, 
dampen the material before splitting or quartering to avoid segregation or loss of fines.
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7.	 Sample	Preparation

7.1 Prepare two test samples by the following method:

7.1.1 The sample must be in the proper moisture condition to achieve reliable results. 
Condition is determined by tightly squeezing a small portion of the thoroughly 
mixed sample in the palm of the hand. If the cast that is formed permits careful 
handling without breaking, the correct moisture range has been obtained. If the 
material is too dry, the cast will crumble and it will be necessary to add water and 
remix and retest until the material forms a cast. If the material shows any free 
water, it is too wet to test and must be drained and air-dried, mixing it frequently 
to ensure uniformity. This overly wet material will form a good cast when 
checked initially, so the drying process should continue until a squeeze check on 
the drying material gives a cast which is more fragile and delicate to handle than 
the original.

 Place the sample on the splitting cloth and mix by alternately lifting each corner 
of the cloth and pulling it over the sample toward the diagonally opposite corner, 
causing the material to be rolled. When the material appears homogeneous, finish 
the mixing with the sample in a pile near the center of the cloth.

7.1.2 Fill the 3 oz (85 mL) tin measure by pushing it through the base of the pile while 
exerting pressure with the hand against the pile on the side opposite the measure. 
As the tin is moved though the pile, hold enough pressure with the hand to cause 
the material to fill the tin to overflowing. Press firmly with the palm of the hand, 
compacting the material and allowing the maximum amount to be placed in the 
tin. Strike off the tin measure level full with a spatula or straightedge. For the 
second determination, remix the sample and fill the tin again.

 Dry the test sample in an oven in accordance with FOP for AASHTO T 255. 
The oven temperature shall not exceed 350°F (177°C). Cool to room temperature 
before testing. It is acceptable to place the test sample in a larger container to 
aid drying.
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8.	 Procedure

8.1 Start the siphon by forcing air into the top of the solution bottle through the bent copper, 
glass, or stainless steel blow tube while the pinch clamp is open. The apparatus is now 
ready for use.

8.2 Siphon 4.0 ± 0.1 in (101.6 ± 2.5 mm) of working calcium chloride solution into the 
plastic cylinder. Pour the prepared test sample into the plastic cylinder using the funnel 
to avoid spillage (see Figure 3). Tap the bottom of the cylinder sharply on the heel of the 
hand several times to release air bubbles and to promote thorough wetting of the sample.

Tapping Bottom of Cylinder
Figure 3

8.3 Allow the wetted sample to stand undisturbed for 10 ± 1 minute. At the end of the 
10-minute soaking period, stopper the cylinder, then loosen the material from the bottom 
by partially inverting the cylinder and shaking it simultaneously.

8.4 After loosening the material from the bottom of the cylinder, shake the cylinder and 
contents by any one of the following methods:

8.4.1 Mechanical Shaker Method – Place the stoppered cylinder in the mechanical sand 
equivalent shaker, set the timer, and allow the machine to shake the cylinder and 
contents for 45 ± 1 second.

8.4.2 Manual Shaker Method – Secure the stoppered cylinder in the three spring clamps 
on the carriage of the hand-operated sand equivalent shaker and reset the stroke 
counter to zero. Stand directly in front of the shaker and force the pointer to the 
stroke limit marker painted on the backboard by applying an abrupt horizontal 
thrust to the upper portion of the right hand spring steel strap. Then remove the 
hand from the strap and allow the spring action of the straps to move the carriage 
and cylinder in the opposite direction without assistance or hindrance. Apply 
enough force to the right-hand spring steel strap during the thrust portion of each 
stroke to move the pointer to the stroke limit marker by pushing against the strap 
with the ends of the fingers to maintain a smooth oscillating motion. The center 
of the stroke limit marker is positioned to provide the proper stroke length and its 
width provides the maximum allowable limits of variation. The proper shaking 
action is accomplished only when the tip of the point reverses direction within 
the marker limits. Proper shaking action can best be maintained by using only 
the forearm and wrist action to propel the shaker. Continue the shaking action 
for 100 strokes.
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Manually-Operated Shaker
Figure 4

8.5 Following the shaking operation, set the cylinder upright on the work table and remove 
the stopper.

8.6 Irrigation Procedure – Insert the irrigator tube in the cylinder and rinse material from 
the cylinder walls as the irrigator is lowered. Force the irrigator through the material 
to the bottom of the cylinder by applying a gentle stabbing and twisting action while 
the working solution flows from the irrigator tip. This flushes the fine material into 
suspension above the coarser sand particles (see Figure 5). Continue to apply the stabbing 
and twisting action while flushing the fines upward until the cylinder is filled to the 15 in 
(381 mm) mark. Then raise the irrigator slowly without shutting off the flow so that the 
liquid level is maintained at about 15 in (381 mm) while the irrigator is being withdrawn. 
Regulate the flow just before the irrigator is entirely withdrawn and adjust the final level 
to 15 in (381 mm). Final level as judged by the bottom of the meniscus shall be between 
the top two gradations on the tube but shall not be above the 15 in (381 mm) level.

Irrigation
Figure 5

 Note 5: For certain soils, particularly on crushed materials, the stabbing action may not 
be possible. For these materials, the irrigation technique is as follows: Continue to apply 
a twisting action as the irrigation tube is slowly withdrawn. As the tube is withdrawn, 
it is essential that as many fines as possible flushed upward until the cylinder is filled to 
the 15 in (381 mm) mark.
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8.7 Allow the cylinder and contents to stand undisturbed for 20 minutes ± 15 seconds. 
Start the timing immediately after withdrawing the irrigator tube

8.8 At the end of the 20 minute sedimentation period, read and record the level of the 
top of the clay suspension. This is referred to as the “clay reading.” If no clear line of 
demarcation has formed at the end of the specified 20 minute sedimentation period, allow 
the sample to stand undisturbed until a clear reading can be obtained, then immediately 
read and record the level of the top of the clay suspension and the total sedimentation 
time. If the total sedimentation time exceeds 30 minutes, it will be rejected.

8.9 After the clay reading has been taken, the “sand reading” shall be obtained by one of the 
following methods:

8.9.1 When using the weighted foot assembly having the sand indictor on the rod of 
the assembly, place the assembly over the cylinder and gently lower the assembly 
toward the sand. Do not allow the indicator to hit the mouth of the cylinder as 
the assembly is being lowered. As the weighted foot comes to rest on the sand, 
tip the assembly toward the graduations on the cylinder until the indicator touches 
the inside of the cylinder. Subtract 10 in (254 mm) from the level indicated by 
the extreme top edge of the indicator and record this value as the “sand reading” 
(see Figure 6).

Clay Reading
Figure 6

8.9.2 If an older model weighted foot assembly having centering screws is used, keep 
one of the centering screws in contact with the cylinder wall near the graduations 
so that it can be seen at all times while the assembly is being lowered. When the 
weighted foot has come to rest on the sand, read the level of the centering screw 
and record this value as the “sand reading.”

8.10 If clay or sand readings fall between 0.1 in (2.5 mm) graduations, record the level of the 
higher graduation as the reading. For example, a clay reading of 7.95 would be recorded 
as 8.0, and a sand reading of 3.22 would be recorded as 3.3.
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9.	 Calculations

9.1 Calculate the sand equivalent (SE) to the nearest 0.1 using the following formula:

  SE = Sand Reading × 100 
Clay Reading

9.2 If the calculated sand equivalent is not a whole number, report it as the next higher 
whole number, as in the following example:

  SE = 3.3 × 100 
8  = 41.25

 which is reported as 42.

9.3 Average the whole number values determined as described above. If the average 
of these values is not a whole number, raise it to the next higher whole number, 
as in the following example:

 Calculated SE values: 41.2, 40.9

 After raising each to the next higher whole number, they become: 42, 41

 The average of these values is then determined:

  42 + 41 
2  = 41.5

 which is reported as 42.

 If the two results from the same SE sample vary by more than 8 points, the test shall be 
invalid and a new test completed.

9.3.1 Since the average value is not a whole number, it is raised to the next higher 
whole number and the reported averages and equivalent value is reported as 42.

10. Report

10.1 Report the results using one or more of the following:

• Materials Testing System (MATS)

• DOT Form 350-161, 422-022, 422-022A, or 422-022B

• Form approved in writing by the State Materials Engineer

http://www.wsdot.wa.gov/publications/fulltext/forms/350-161.PDF
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Performance Exam Checklist
Plastic Fines in Graded Aggregates and Soils by the Use of the Sand Equivalent Test 
FOP for AASHTO T 176

Participant Name   Exam Date 

Procedure	Element 
Preparation

Yes No

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 passed through No. 4 (4.75 mm) sieve?
4. Material in clods broken up and re-screened?
5. No fines lost?
6. Temperature of working solution 72 ± 5°F (22 ± 3°C)?
7. Working calcium chloride solution 36 ± 1 in (915 mm ± 25 mm) above the 

work surface?
8. 4 ± 0.1 in (101.6 ± 2.5 mm) working calcium chloride solution siphoned 

into cylinder?
9. Working solution dated?

Sample Preparation
1. If necessary, sample sprayed with water to prevent loss of fines?
2. Material checked for moisture condition by tightly squeezing small portion in palm 

of hand and forming a cast?
3. Sample at proper water content?

a. If too dry (cast crumbles easily), water added and remixed?
b. If too wet (shows free water), sample drained, air dried and mixed frequently?

4. Sample placed on splitting cloth and mixed by alternately lifting each corner of 
the cloth and pulling it over the sample toward diagonally opposite corner, causing 
material to be rolled?

5. Is material thoroughly mixed?
6. When material appears to be homogeneous, mixing finished with sample in a pile 

near center of cloth?
7. Fill the 85 mL tin by pushing through base of pile with other hand on opposite side 

of pile?
8. Material fills tin to overflowing?
9. Material compacted into tin with palm of hand?
10. Tin struck off level full with spatula or straightedge?
11. Test sample dried in an oven at the correct temperature?
12. Sample cooled to room temperature
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Procedure
1. Prepared sample funneled into cylinder with no loss of fines?
2. Bottom of cylinder tapped sharply on heel of hand several times to release 

air bubbles?
3. Wetted sample allowed to stand undisturbed for 10 min ± 1 min?
4. Cylinder stoppered and material loosened from bottom by shaking?
5. Properly performed shaking method?

  •  Mechanical Shaker Method
  •  Manual Shaker Method

6. Following shaking, cylinder set vertical on work surface and stopper removed?
7. Irrigator tube inserted in cylinder and material rinsed from cylinder walls as irrigator 

is lowered?
8. Irrigator tube forced through material to bottom of cylinder by gently stabbing and 

twisting action?
9. Stabbing and twisting motion applied until cylinder filled to 15 in (381 mm) mark?
10. Liquid raised and maintained at 15 in (381 mm) mark while irrigator is being 

withdrawn?
11. No clear solution at top of column?
12. Contents let stand 20 minutes ± 15 seconds?
13. Timing started immediately after withdrawal of irrigator?
14. No vibration or disturbance of the sample?
15. Readings taken at 20 minutes or up to 30 minutes, when a definite line appears?
16. Weighted foot assembly lowered into cylinder without hitting mouth of cylinder?
17. Calculations made to 0.1 and reported to the next higher whole number?
18. SE is based on the average results of two samples?
19. If the two SE values vary by more than 8 points, additional tests run?
20. All calculations performed correctly?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments:
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WSDOT FOP for AASHTO T 3041

Uncompacted Void Content of Fine Aggregate

1. Scope

1.1 This method describes the determination of the loose uncompacted void content of 
a sample of fine aggregate. When measured on any aggregate of a known grading, void 
content provides an indication of that aggregate’s angularity, sphericity, and surface 
texture compared with other fine aggregates tested in the same grading. When void 
content is measured on an as-received fine aggregate grading, it can be an indicator of 
the effect of the fine aggregate on the workability of a mixture in which it may be used.

1.2 Three procedures are included for the measurement of void content. Two use graded 
fine aggregate (standard grading or as-received grading), and the other uses several 
individual size fractions for void content determinations:

1.2.1 Standard Graded Sample (Method A) – This method uses a standard fine 
aggregate grading that is obtained by combining individual sieve fractions 
from a typical fine aggregate sieve analysis (see Section 9).

 Note: WSDOT Specifications require Method A.

1.2.2 See the Section 5 for guidance on the method to be used.

1.3 The values stated in English units shall be regarded as the standard.

1.4 This standard does not purport to address all of the safety problems, 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.

2. References Documents

2.1 AASHTO Standards

 T 84 – Specific Gravity and Absorption of Fine Aggregate

2.1 WSDOT Standards

 T 2 – FOP for AASHTO for the Sampling of Aggregates

 T 248 – FOP for AASHTO for Reducing Field Samples of Aggregates to Testing Size

 T 27/T 11 – FOP for WAQTC for the Sieve Analysis of Fine and Coarse Aggregates 

1This FOP is based on AASHTO T 304-11 and has been modified per WSDOT standards. To view the redline modifications, contact the 
WSDOT Quality Systems Manager at 360-709-5412.
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2.1 ASTM Standards
 B 88 – Specification for Seamless Copper Water Tube
 B 88M – Specification for Seamless Copper Water Tube (Metric)
 C 29/29M – Test Method for Bulk Density (“Unit Weight”) and Voids in Aggregate
 C 117 – Test Method for Materials Finer than 75-um (No. 200) Sieve in Mineral 

Aggregates by Washing
 C 125 – Terminology Relating to Concrete and Concrete Aggregates
 C 128 – Test Method for Specific Gravity and Absorption of Fine Aggregate
 C 136 – Test Method for Sieve Analysis of Fine and Coarse Aggregates
 C 702 – Practice for Reducing Samples of Aggregate to Testing Size
 C 778 – Specification for Standard Sand
 D 75 – Practice for Sampling Aggregates

2.2 ACI Document

 ACI 116R – Cement and Concrete Terminology1

3.	 Terminology

3.1 Terms used in this standard are defined in ASTM C 125 or ACI 116R.

4.	 Summary	of	Test	Method

4.1 A nominal 100-mL calibrated cylindrical measure is filled with fine aggregate of 
prescribed grading by allowing the sample to flow through a funnel from a fixed height 
into the measure. The fine aggregate is struck off and its mass is determined by weighing. 
Uncompacted void content is calculated as the difference between the volume of the 
cylindrical measure and the absolute volume of the fine aggregate collected in the 
measure. Uncompacted void content is calculated using the bulk dry specific gravity 
of the fine aggregate. Two runs are made on each sample and the results are averaged.

4.1.1 For a graded sample, the percent void content is determined directly and the 
average value from two runs is reported.

5.	 Significance	and	Use

5.1 Methods A provide percent void content determined under standardized conditions 
which depend on the particle shape and texture of a fine aggregate. An increase in 
void content by these procedures indicates greater angularity, less sphericity, or rougher 
surface texture, or some combination of the three factors. A decrease in void content 
results is associated with more rounded, spherical, smooth surfaced fine aggregate, 
or a combination of these factors.

5.2 The standard graded sample (Method A) is most useful as a quick test which indicates the 
particle shape properties of a graded fine aggregate. Typically, the material used to make 
up the standard graded sample can be obtained from the remaining size fractions after 
performing a single sieve analysis of the fine aggregate.
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5.3 The bulk dry specific gravity of the fine aggregate is used in calculating the void content.
The effectiveness of these methods of determining void content and its relationship to 
particle shape and texture depends on the bulk specific gravity of the various size 
fractions being equal, or nearly so. The void content is actually a function of the volume 
of each size fraction. If the type of rock or minerals, or its porosity, in any of the size
fractions varies markedly, it may be necessary to determine the specific gravity of the size
fractions used in the test.

 
5.4 Void content information from Method A will be useful as an indicator of properties

such as in bituminous concrete, the effect of the fine aggregate on stability and
voids in the mineral aggregate; or the stability of the fine aggregate portion of a base
course aggregate.
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5.3 The bulk dry specific gravity of the fine aggregate is used in calculating the void content. 
The effectiveness of these methods of determining void content and its relationship 
to particle shape and texture depends on the bulk specific gravity of the various size 
fractions being equal, or nearly so. The void content is actually a function of the volume 
of each size fraction. If the type of rock or minerals, or its porosity, in any of the size 
fractions varies markedly, it may be necessary to determine the specific gravity of the size 
fractions used in the test.

5.4 Void content information from Method A will be useful as an indicator of properties 
such as in bituminous concrete, the effect of the fine aggregate on stability and 
voids in the mineral aggregate; or the stability of the fine aggregate portion of a base 
course aggregate.

6.	 Apparatus

6.1 Cylindrical Measure – A right cylinder of approximately 100 mL capacity having an 
inside diameter of approximately 39 mm and an inside height of approximately 86 mm 
made of brass or drawn copper water tube meeting ASTM Specification B 88 Type M, 
or B 88 M Type C. The bottom of the measure shall be metal at least 6 mm thick, shall 
be firmly sealed to the tubing, and shall be provided with means for aligning the axis 
of the cylinder with that of the funnel (see Figure 1).
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6.2 Funnel – The lateral surface of the right frustum of a cone sloped 60 ± 4º from the 
horizontal with an opening of 12.7 ± 0.6 mm diameter. The funnel section shall be a piece 
of metal, smooth on the inside and at least 38 mm high. It shall have a volume of at least 
200 mL or shall be provided with a supplemental glass or metal container to provide the 
required volume (see Figure 2).

 Note 1: Pycnometer top C9455 sold by Hogentogler and Co., Inc., 9515 Gerwig, 
Columbia, MD 21045, 410-381-2390 is satisfactory for the funnel section, except that 
the size of the opening has to be enlarged and any burrs or lips that are apparent should 
be removed by light filing or sanding before use. This pycnometer top must be used with 
suitable glass jar with the bottom removed (Figure 2).

6.3 Funnel Stand – A three or four legged support capable of holding the funnel firmly in 
position with the axis of the funnel colinear (within a 4º angle and a displacement of 
2 mm) with the axis of the cylindrical measure. The funnel opening shall be 115 ± 2 mm 
above the top of the cylinder. A suitable arrangement is shown in Figure 2.

6.4 Glass Plate – A square glass plate approximately 60 mm by 60 mm with a minimum 
4 mm thickness used to calibrate the cylindrical measure.

6.5 Pan – A metal or plastic pan of sufficient size to contain the funnel stand and to prevent 
loss of material. The purpose of the pan is to catch and retain fine aggregate particles 
that overflow the measure during filling and strike off. The pan shall not be warped 
so as to prevent rocking of the apparatus during testing.

6.6 Metal spatula with a blade approximately 100 mm long, and at least 20 mm wide, 
with straight edges. The end shall be cut at a right angle to the edges. The straight 
edge of the spatula blade is used to strike off the fine aggregate.

6.7 Scale or balance accurate and readable to ±0.1 g within the range of use, capable 
of weighing the cylindrical measure and its contents.

7.	 Sampling

7.1 The sample(s) used for this test shall be obtained using FOP for AASHTO T 2 and 
FOP for AASHTO T 248, or from sieve analysis samples used for FOP for WAQTC/
AASHTO T 27/11, or from aggregate extracted from a bituminous concrete specimen. 
For Method A, the sample is washed over a 150-um (No. 100) or 75-um (No. 200) sieve 
in accordance with FOP for WAQTC/AASHTO T 27/11 and then dried and sieved into 
separate size fractions according to FOP for WAQTC/AASHTO T 27/11 procedures. 
Maintain the necessary size fractions obtained from one (or more) sieve analysis in 
a dry condition in separate containers for each size.

8.	 Calibration	of	Cylindrical	Measure

8.1 Apply a light coat of grease to the top edge of the dry, empty cylindrical measure. Weigh 
the measure, grease, and glass plate. Fill the measure freshly boiled, deionized water 
at a temperature of 18 to 24ºC. Record the temperature of the water. Place the glass plate 
on the measure, being sure that no air bubbles remain. Dry the outer surfaces of the 
measure and determine the combined mass of measure, glass plate, grease, and water 
by weighing. Following the final weighing, remove the grease, and determine the mass 
of the clean, dry, empty measure for subsequent test.
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8.2 Calculate the volume of the measure as follows:

V = 1000 M 
D

Where: 
V = volume of cylinder, mL, 
M = net mass of water, g, and 
D = density of water (see table in ASTM C 29/C 29M for density at the  
  temperature used), Kg/m3

Determine the volume to the nearest 0.1 mL.

 Note 2: If the volume of the measure is greater than 100.0 mL, it may be desirable 
to grind the upper edge of the cylinder until the volume is exactly 100.0 mL, to simplify 
subsequent calculations.

9.	 Preparation	of	Test	Samples

9.1 Method A – Standard Graded Sample – Weigh out and combine the following quantities 
of fine aggregate which has been dried and sieved in accordance with FOP for AASHTO 
T 27/11.

Individual Size Fraction
Passing Retained On Mass, g

No. 8 (2.36 mm) No. 16 (1.18 mm) 44
No. 16 (1.18 mm) No. 30 (600 um) 57
No. 30 (600 um) No. 50 (300 um) 72
No. 50 (300 um) No. 100 (150 um) 17

Total 190

The tolerance on each of these amounts is ± 0.2 g.

9.2 Method B – Individual Size Fractions – WSDOT has deleted this section. They use 
Method  A.

9.3 Method C – As Received Grading – WSDOT has deleted this section. They use 
Method A.

9.4 Specific Gravity of Fine Aggregate – If the bulk dry specific gravity of fine aggregate 
from the source is unknown, determine it on the minus No. 4 (4.75 mm) material 
according to AASHTO T 84. Use this value in subsequent calculations unless some 
size fractions differ by more than 0.05 from the specific gravity typical of the complete 
sample, in which case the specific gravity of the fraction (or fractions) being tested must 
be determined. An indicator of differences in specific gravity of various particle sizes 
is a comparison of specific gravities run on the fine aggregate in different gradings. 
Specific gravity can be run on gradings with and without specific size fractions 
of interest. If specific gravity differences exceed 0.05, determine the specific gravity 
of the individual 2.36 mm (No. 8) to 150 um (No. 100) sizes for use with Method A 
or the individual size fractions for use with Method B either by direct measurement 
or by calculation using the specific gravity data on gradings with and without the size 
fraction of interest. A difference in specific gravity of 0.05 will change the calculated 
void content about 1 percent.
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10.	 Procedure
10.1 Mix each test sample with the spatula until it appears to be homogeneous. Position the jar 

and funnel section in the stand and center the cylindrical measure as shown in Figure 2. 
Use a finger to block the opening of the funnel. Pour the test sample into the funnel. 
Level the material in the funnel with the spatula. Remove the finger and allow the sample 
to fall freely into the cylindrical measure.

10.2 After the funnel empties, strike-off excess heaped fine aggregate from the cylindrical 
measure by a single pass of the spatula with the width of the blade vertical using the 
straight part of its edge in light contact with the top of the measure. Until this operation 
is complete, exercise care to avoid vibration or any disturbance that could cause 
compaction of the fine aggregate in the cylindrical measure (Note 3). Brush adhering 
grains from the outside of the container and determine the mass of the cylindrical 
measure and contents to the nearest 0.1 g. Retain all fine aggregate particles for a 
second test run.

 Note 3: After strike-off, the cylindrical measure may be tapped lightly to compact 
the sample to make it easier to transfer the container to scale or balance without 
spilling any of the sample.

10.3 Recombine the sample from the retaining pan and cylindrical measure and repeat 
the procedure. The results of two runs are averaged (see Section 11).

10.4 Record the mass of the empty measure. Also, for each run, record the mass of 
the measure and fine aggregate.

11.	 Calculation
11.1 Calculate the uncompacted voids for each determination as follows:

U = 
V– (F/G) 

V
 × 100

V = volume of cylindrical measure, mL;
F = net mass, g, of fine aggregate in measure  

 (gross mass minus the mass of the empty measure);
G = Bulk dry specific gravity of fine aggregate; and
U = uncompacted voids, percent, in the material

11.2 For the standard Graded Sample (Method A), calculate the average uncompacted 
voids for the two determinations and report the result as Us.

12. Report

12.1 For the Standard Graded Sample (Method A) report:

12.1.1 The Uncompacted Voids (Us) in percent to the nearest 1 percent.

12.1.2 The specific gravity value used in the calculations.

12.2 Report the results using one or more of the following:
• Materials Testing System (MATS)
• DOT Form 350-161
• Form approved in writing by the State Materials Engineer

13.	 Precision	and	Bias
 See AASHTO T 304 for precision and bias.

http://www.wsdot.wa.gov/publications/fulltext/forms/350-161.PDF
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Performance Exam Checklist
Uncompacted Void Content of Fine Aggregate  
FOP AASHTO T 304

Participant Name   Exam Date 

Procedure	Element Yes No
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?

Sample	Preparation	(Method	A)
Note: If Bulk Dry Specific Gravity is unknown, determine it on the minus  
No. 4 (4.75 mm) material according to AASHTO T 84.
1 Field sample obtained per FOP for AASHTO T 2?
2. Sample reduced to testing size per FOP for AASHTO T 248?
3. Sample washed over No. 100 or No. 200 sieve in accordance with FOP for  

WAQTC/AASHTO T 27/11?
4. Sample dried to constant weight?
5. Standard Graded sample achieved per FOP for WAQTC/AASHTO T 27/11?
6. Necessary size fractions obtained, maintained in a dry condition in separate 

containers for each size?
7. Standard Graded sample-weighed out and combined per Section 9.1, FOP for 

AASHTO T 304?
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Procedure	Element
Procedure (Method A)
Note: If Bulk Dry Specific Gravity is unknown, determine it on the minus  
No. 4 (4.75 mm) material according to AASHTO T 84. Yes No
1. Test sample mixed until it appears to be homogeneous?
2. Jar and funnel section positioned in stand and cylindrical measure centered on stand?
3. Finger used to block the opening of the funnel?
4. Test sample poured into the funnel and leveled?
5. Finger removed and sample allowed to fall freely into cylindrical measure?
6. After funnel empties, is excess material struck off w/single pass of upright spatula?
7. Was care taken to avoid any vibration or disturbance that could cause compaction 

of material?
8. All adhering grains brushed off before weighing the cylindrical measure?
9. Mass of the cylindrical measure and contents weighed to nearest 0.1 gram?
10. All fine aggregate particles retained and re-homogenized for a second test run?
11. Percent (%) of Uncompacted Voids calculated for each run, as per FOP for 

AASHTO T 304, Method A?
12. Were the results for each run averaged for a final result?
13. Was the (%) percent of Uncompacted voids reported to the nearest one percent (1%)?
14. All calculations performed correctly?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments:
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WSDOT FOP for AASHTO T 3101

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

1. Scope

1.1 This test method describes the procedure for determining the in-place density and 
moisture of soil and soil-aggregate by use of nuclear equipment. The density of 
the material may be determined by direct transmission, backscatter, or backscatter/
air-gap ratio method. The WSDOT standard method for determining density is by 
direct transmission.

1.2 Density – The total or wet density of soil and soil-rock mixtures is determined by 
the attenuation of gamma radiation where the source or detector is placed at a known 
depth up to 12 in (300 mm) while the detector(s) or source remains on the surface 
(Direct Transmission Method) or the source and detector(s) remain on the surface 
(Backscatter Method).

1.2.1 The density in mass per unit volume of the material under test is determined 
by comparing the detected rate of gamma radiation with previously established 
calibration data.

1.3 Moisture – The moisture content of the soil and soil-rock mixtures is determined by 
thermalization or slowing of fast neutrons where the neutron source and the thermal 
neutron detector both remain at the surface.

1.3.1 The water content in mass per unit volume of the material under test is determined 
by comparing the detection rate of thermalized or slow neutrons with previously 
established calibration data.

1.4 SI Units – The values stated in SI units are to be regarded as the standard.

1.5 This standard does not purport to address all of the safety problems, 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 (see Section 6).

2. Referenced Documents

2.1 AASHTO Standards

 T 99 – Moisture-Density Relations of Soils Using a 5.5 lb (2.5 kg) Rammer and a 12 in 
(305 mm) Drop

 T 180 – Moisture-Density Relations of Soils Using a 10 lb (4.54 kg) Rammer and an 
18 in (457 mm) Drop

 T 191 – Density of Soil In-Place by the Sand-Cone Method

1This FOP is based on AASHTO 310-11 and has been modified per WSDOT standards. To view the redline modifications, contact the 
WSDOT Quality Systems Manager at 360-709-5412. 
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 T 217 – Determination of Moisture in Soils by Means of a Calcium Carbide Gas 
Pressure Moisture Tester

 T 224 – Correction for Coarse Particles in the Soil Compaction Test

 T 255 – Total Evaporable Moisture Content of Aggregate by Drying

 T 265 – Laboratory Determination of Moisture Content of Soils

 T 272 – Family of Curves – One-Point Method

2.2 ASTM Test Method

 D 2216 – Laboratory Determination of Moisture Content of Soil

 D 2487 – Classification of Soils for Engineering Purposes (Unified Soil Classification 
System)

 D 2488 – Description and Identification for Soils (Visual-Manual Procedure)

 D 2937 – Density of Soil in Place by the Drive-Cylinder Method

 D 4253 – Maximum Index Density and Unit Weight of Soils Using a Vibratory Table

 D 4254 – Maximum Index Density and Unit Weight of Soils and Calculation of 
Relative Density

 D 7013 – Standard Guide for Nuclear Surface Moisture and Density Gauge Calibration 
Facility Setup

2.3 WSDOT Standards

 T 606 – Method of Test for Compaction Control of Granular Materials

 SOP 615 – Determination of the % Compaction for Embankment & Untreated Surfacing 
Materials using the Nuclear Moisture-Density Gauge

3.	 Significance

3.1 The test method described is useful as a rapid, nondestructive technique for the in-place 
determination of the wet density and water content of soil and soil-aggregate.

3.2 The test method is used for quality control and acceptance testing of compacted soil 
and rock for construction and for research and development. The non-destructive 
nature allows repetitive measurements at a single test location and statistical analysis 
of the results.

3.3 Density – The fundamental assumptions inherent in the methods are that Compton 
 scattering is the dominant interaction and that the material under test is homogeneous.

3.4 Moisture – The fundamental assumptions inherent in the test method are that the 
hydrogen present is in the form of water as defined by ASTM D 2216, and that the 
material under test is homogeneous.
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3.5 Test results may be affected by chemical composition, sample heterogeneity, and, to 
a lesser degree, material density and the surface texture of the material being tested. 
The technique also exhibits spatial bias in that the gauge is more sensitive to water 
contained in the material in close proximity to the surface and less sensitive to water 
at deeper levels.

4. Interferences

4.1 In-Place Density Interferences

4.1.1 The chemical composition of the sample may affect the measurement, and 
adjustments may be necessary.

4.1.2 The gauge is more sensitive to the density of the material in close proximity 
to the surface in the Backscatter Method.

 Note 1: The nuclear gauge density measurements are somewhat biased to the 
surface layers of the soil being tested. This bias has largely been corrected out 
of the Direct Transmission Method and any remaining bias is insignificant. The 
Backscatter Method is still more sensitive to the material within the first several 
inches from the surface. Density measurements with direct transmission is the 
WSDOT standard method for soil and soil aggregate.

4.1.3 Oversize rocks or large voids in the source-detector path may cause higher or 
lower density determination. Since there is lack of uniformity in the soil due 
to layering, rock, or voids the test site beneath the gauge will be excavated and 
a representative sample will be taken to determine the gradation per WSDOT 
SOP 615.

4.1.4 Keep all other radioactive sources at least the minimum distance recommended 
by the manufacture away from the gauge to avoid affecting the measurement.

4.2 In-Place Moisture Content Interferences

4.2.1 The chemical composition of the sample may dramatically affect the measurement 
and adjustments may be necessary. Hydrogen in forms other than water, as 
defined by ASTM D 2216, and carbon will cause measurements in excess of 
the true value. Some chemical elements such as boron, chlorine, and minute 
quantities of cadmium will cause measurements lower than the true value.

4.2.2 The water content determined by this test method is not necessarily the average 
water within the volume of the sample involved in the measurement. The 
measurement is heavily influenced by the water content of the material closest 
to the surface. The volume of soil and rock represented in the measurement is 
indeterminate and will vary with the water content of the material. In general, the 
greater the water content of the material, the smaller the volume involved in the 
measurement. At 10 lbs/ft3 (160 kg/m3), approximately 50 percent of the typical 
measurement results from the water content of the upper 2 to 3 in (50 to 75 mm).

4.2.3 Keep all other neutron sources at least the minimum distance recommended 
by the manufacture away from the gauge to avoid affecting the measurement.
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5.	 Apparatus

5.1 Nuclear Density/Moisture Gauge – While exact details of construction of the gauge may 
vary, the system shall consist of:

5.1.1 A sealed source of high energy gamma radiation such as cesium or radium.

5.1.2 Gamma Detector – Any type of gamma detector such as a Geiger-Mueller tube(s).

5.2 Fast Neutron Source – A sealed mixture of a radioactive material such as americium, 
radium, or californium-252 and a target material such as beryllium.

5.3 Slow Neutron Detector – Any type of slow neutron detector such as boron trifluoride 
or helium-3 proportional counter.

5.4 Reference Standard – A block of material used for checking instrument operation, 
correction of source decay, and to establish conditions for a reproducible reference 
count rate.

5.5 Site Preparation Device – A plate, straightedge, or other suitable leveling tool which 
may be used for planing the test site to the required smoothness, and in the Direct 
Transmission Method, guiding the drive pin to prepare a perpendicular hole.

5.6 Drive Pin – A pin not to exceed the diameter of the rod in the Direct Transmission Gauge 
by more than ¼ in (6 mm) or as recommended by the gauge manufacturer used to prepare 
a hole in the material under test for inserting the rod.

5.7 Hammer – Hand-held hammer of sufficient size and weight to drive the drive pin into the 
material being tested. A slide hammer with an attached drive pin is an acceptable alternate 
to the Drive Pin, Hammer, and Drive Pin Extractor.

5.8 Drive Pin Extractor – A tool that may be used to remove the drive pin in a vertical 
direction so that the pin will not distort the hole in the extraction process.

6.	 Hazards

6.1 This gauge utilizes radioactive materials that may be hazardous to the health of the users 
unless proper precautions are taken. Users of this gauge must become familiar with 
applicable safety procedures and government regulations.

6.2 Effective user instructions together with routine safety procedures, such as source leak 
tests, recording, and evaluation of film badge data, etc., are a recommended part of the 
operation and storage of this gauge.

7.	 Calibration

 Nuclear gauges used for the purpose of acceptance testing, independent assurance testing, 
or dispute resolution shall be calibrated 

 WSDOT-owned nuclear density gauges will be calibrated by WSDOT using the manufacturer’s 
recommended procedures or may be calibrated by an external calibration facility that has been 
approved by the State Materials Engineer.

 Nuclear gauges that are not owned by WSDOT shall be calibrated in accordance with AASHTO 
T 310 Annexes A1, A 2, and A3. 
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8.	 Standardization

8.1 Turn the gauge on and allow it to stabilize for a minimum of 45 minutes prior to 
standardization. Leave the power on during the day’s testing.

 Note 2: If for any reason the gauge loses power or is turned off during the work period, 
the Standard Count must be re-established prior to use.

8.2 Standardize the gauge at the start of each day’s work and as often as deemed necessary 
by the operator or agency. Daily variations in Standard Count shall not exceed the daily 
variations established by the manufacturer of the gauge. Compare the daily Standard 
Count to the Density Standard Decay Sheet (Note 3) to ensure the Standard Count 
falls within acceptable limits. If the daily variations are exceeded after repeating the 
standardization procedure or if the daily Standard Count is outside the range of the 
Standard Decay Sheet, the gauge should be repaired and or recalibrated.

8.3 Record the Standard Count for both density and moisture in the Daily Standard 
Count Log. The exact procedure for standard count is listed in the manufacturer’s 
operators manual.

 Note 3: The Density Standard Decay Sheet is located in the calibration documentation. 
This sheet shows the anticipated Standard Count range based on the calculated decay 
rate of the gauges radioactive source over the passage of time.

9.	 Procedure

9.1 Select a test location per WSDOT SOP 615.

9.2 Prepare the test site in the following manner:

9.2.1 Remove all loose and disturbed material and additional material as necessary 
to expose the top of the material to be tested.

 Note 4: The spatial bias should be considered in determining the depth at which 
the gauge is to be seated.

9.2.2 Select a horizontal area sufficient in size to accommodate four gauge readings 
that will be 90° to each other. Plane the area to a smooth condition so as to 
obtain maximum contact between the gauge and the material being tested.

9.2.3 The maximum void beneath the gauge shall not exceed ⅛ in (3 mm). Use native 
fines or fine sand to fill the voids and smooth the surface with a rigid plate or 
other suitable tool. The depth of the filler shall not exceed approximately ⅛ in 
(3 mm).

9.3 This section has been deleted because WSDOT does not use this method.
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9.4 Direct Transmission Method of In-Place Nuclear Density and Moisture Content

9.4.1 When selecting a test location, the tester shall visually select a site where the 
least compactive effort has been applied. Select a test location where the gauge 
will be at least 6 in (150 mm) away from any vertical mass. If closer than 24 in 
(600 mm) to a vertical mass, such as in a trench, follow gauge manufacturer 
correction procedures.

 The test location should be at least 33 ft (10 m) away from other sources of 
radioactivity and at least 10 ft (3 m) away from large objects or the minimum 
distance recommended by the manufacturer, whichever is the greater distance.

9.4.2 Make a hole perpendicular to the prepared surface using the guide and the hole-
forming device (Section 5). The hole shall be a minimum of 2 in (50 mm) deeper 
than the desired measurement depth and of an alignment that insertion of the 
probe will not cause the gauge to tilt from the plane of the prepared area.

9.4.3 Mark the test area to allow the placement of the gauge over the test site and 
to allow the alignment of the source rod to the hole. Follow manufacturer 
recommendations if applicable.

 Note 5: For alignment purposes, the user may expose the source rod for 
a maximum of ten seconds.

9.4.4 Remove the hole forming device carefully to prevent the distortion of the hole, 
damage to the surface, or loose material to fall into the hole.

 Note 6: If the hole cannot be maintained, contact the Regional Materials 
Laboratory for directions on how to proceed.

9.4.5 Place the instrument on the material to be tested, making sure of maximum 
surface contact as described above.

9.4.6 Lower the source rod into the hole to the desired test depth. Pull gently on the 
gauge in the direction that will bring the side of the probe to face the center of 
the gauge so that the probe is in intimate contact with the side of the hole in the 
gamma measurement path.

9.4.7 If the gauge is so equipped, set the depth selector to the same depth as the probe 
before recording the automated (gauge computed densities, moisture contents, 
and weights) values.

9.4.8 Secure and record one, one minute dry density and moisture content readings, 
then turn the gauge 90º and perform another set of readings. If the two dry 
density readings are not within 3 lbs/cf (50 kg/m3) of each other, see Note 7.

 Note 7: If two readings are not within tolerances stated, rotate gauge 90º and 
retest. Again compare both 90º readings. If after four readings the results are 
not within the tolerances stated, rotate gauge 90º and retest. Again compare both 
readings. If these reading are still not within tolerances stated, move to another 
location to perform test.



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

WSDOT Materials Manual M 46-01.25 Page 7 of 10 
July 2016

10.	 Calculation	of	Results

10.1 If dry density is required, the in-place water content may be determined by using the 
nuclear methods described herein, gravimetric samples and laboratory determination, 
or other approved instrumentation.

10.1.1 If the water content is determined by nuclear methods, use the gauge 
readings directly.

10.1.2 If the water content is determined by other methods and is in the form of 
percent, proceed as follows:

 d = 100 
100+W  (m)

 where:

 d = dry density in lb/ft3 (kg/m3) 
m = wet density in lb/ft3 (kg/m3) 
W = water as a percent of dry mass

10.2. Percent Compaction

 WSDOT has deleted this section. Refer to WSDOT SOP 615 for determining the 
percent compaction.

11. Report

 WSDOT has deleted this section. Refer to WSDOT SOP 615 for reporting.

12.	 Precision	and	Bias

 WSDOT has deleted this section. Refer to AASHTO T 310 for precision and bias information.

Appendix

WSDOT has deleted this section. WSDOT uses the manufacturer’s software to calibrate the gauge.
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Performance Exam Checklist
In-Place Density and Moisture Content of Soil and Soil-Aggregate by  
Nuclear Methods (Shallow Depth) 
FOP for AASHTO T 310

Participant Name   Exam Date 

Procedure	Element Yes No
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. Gauge turned on and allowed to stabilize?
4. Gauge standardized and standard count recorded?
5. Test location selected per WSDOT SOP 615?
6. Loose, disturbed material removed?
7. Flat, smooth area prepared?
8. Surface voids filled with native fines (⅛ in (3 mm) maximum thickness)?
9. Hole driven 2 in (50 mm) deeper than material to be tested?
10. Gauge placed, probe placed, and source rod lowered without disturbing 

loose material?
11. For alignment purposes, did not expose the source rod for more than 10 seconds?.
12. Method B

a. Gauge firmly seated and gently pulled back so that source rod is against hole?
b. A one-minute count taken; dry density and moisture data recorded?
c. Gauge turned 90° (180° in trench)?
d. Gauge firmly seated and gently pulled back so that source rod is against hole?
e. A second one-minute count taken; dry density and moisture data recorded?
f. Dry density counts within 3 lb/ft3 (50 kg/m3)?
g. Average of two tests?

13. A minimum 9 lbs (4 kg) sample obtained from below gauge?
14. Oversize determined following WSDOT SOP 615?
15. All calculations performed correctly?
16. Nuclear Gauge secured in a manner consistent with current DOH requirements?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 



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

Page 10 of 10 WSDOT Materials Manual M 46-01.25 
 July 2016

Comments:
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WSDOT FOP for AASHTO T 331
Bulk Specific Gravity (Gmb) and Density of Compacted Hot Mix Asphalt (HMA) Using 
Automatic Vacuum Sealing Method

AASHTO T 331 has been adopted by WSDOT with the following changes:

6.	 Procedure

 AASHTO PP 75 shall be used throughout section 6 in lieu of ASTM D7227/D7227M

 Note 3: Laboratory specimens 3000 grams or greater shall be cooled to room temperature 
for a minimum of 15 hours and a maximum of 24 hours at 77 ± 9°F (25 ± 5°C).

8.	 Verification

 8.1 WSDOT VP 103 shall be used for vacuum system verification. 

 8.2  This section is deleted.
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Performance Exam Checklist
Bulk Specific Gravity of Compacted HMA Using Automatic Vacuum Sealing Method 
FOP for AASHTO T 331

Participant Name   Exam Date 

Procedure	Element Yes No
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. Water bath of suitable size to entirely submerge and suspend the specimen with 

an adequate holder?
4. Water bath equipped with an overflow outlet?
5. Water bath controlled to 77 ± 1.8°F (25 ± 1°C)?
6. Plastic bag meets procedure specifications?
Sample	Preparation
1. Specimen dried to constant mass per AASHTO PP 75 or according to T 331 

Section 6.1?
2. Specimen at room temperature, 77 ± 9°F (25 ± 5°C)?  Laboratory compacted 

specimens cooled for 15 – 24 hours at 77 ± 9°F (25 ± 5°C)?
3. Sharp edges removed from specimen (recommended)?
Procedure
1. Specimen mass, A, determined at room temperature, 77 ± 9°F (25 ± 5°C)?
2. Appropriate size bag selected, inspected for holes and it’s mass determined?
3. Sealed dry mass of specimen determine by adding specimen and bag masses together 

then recorded as B?
4. If needed, filler plates added or removed before placing bag inside vacuum chamber 

and inserting specimen into bag?
5. Specimen placed in bag with the smoothest side down?
6. End of bag pulled over sample and centered over sealing bar with minimum of 

1” overlap?
7. Bag wrinkles smoothed out over seal bar just prior to closing lid?
8. CorLok operation initiated by closing and latching lid?
9. CorLok test cycle allowed to continue until chamber door opens?
10. Sealed specimen carefully removed from vacuum chamber without puncturing bag?
11. Bag inspected for loose areas which indicate poor seal or bag puncture?
12. If needed, test started over because seal ruptured or bag punctured?
13. Sealed specimen fully submerged in water bath within 1 minute of vacuum chamber 

door releasing?
14. Bag is not touching the sides of the water bath and no trapped air bubbles exist 

under specimen?
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Procedure	(continued) Yes No
15. Mass of sealed specimen underwater, E, at 77 ± 1.8°F (25 ± 1°C) recorded as soon 

as scale stabilizes?
16. Specimen removed from bag and mass recorded as C then checked to be no more 

than 5 grams of the mass recorded as A?
17. Process restarted at section 6.1 if test fails section 6.5 check? Section 6.5 check: 

If difference between C and A are greater than 5 grams the specimen is acceptable 
if less than 0.08 percent is lost ( material loss) or 0.04 percent is gained (from water) 
as compared to A.

18. All calculations performed correctly?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments:
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WSDOT FOP for AASHTO T 355
In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge
Scope

This test method describes a procedure for determining the density of asphalt 
mixtures by means of a nuclear gauge using the backscatter method in accordance 
with AASHTO T 355-15. Correlation with densities determined under the FOP for 
AASHTO T 166 is required by some agencies.

Apparatus
• Nuclear density gauge with the factory-matched standard reference block.
• Transport case for properly shipping and housing the gauge and tools.
• Instruction manual for the specific make and model of gauge.
• Radioactive materials information and calibration packet containing:

– Daily standard count log
– Factory and laboratory calibration data sheet
– Leak test certificate
– Shippers’ declaration for dangerous goods
– Procedure memo for storing, transporting and handling nuclear 

testing equipment
– Other radioactive materials documentation as required by local 

regulatory requirements

Material
• WSDOT does not use filler material

Radiation Safety
This method does not purport to address all of the safety problems associated with 
its use. This test method involves potentially hazardous materials. The gauge utilizes 
radioactive materials that may be hazardous to the health of the user unless proper 
precautions are taken. Users of this gauge must become familiar with the applicable 
safety procedures and governmental regulations. All operators will be trained in 
radiation safety prior to operating nuclear density gauges. Some agencies require the 
use of personal monitoring devices such as a thermoluminescent dosimeter or film 
badge. Effective instructions, together with routine safety procedures such as source 
leak tests, recording and evaluation of personal monitoring device data, etc., are a 
recommended part of the operation and storage of this gauge.
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T 355 In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge

Calibration 
Calibrate the nuclear gauge as required by the agency. This calibration may be 
performed by the agency using the manufacturer’s recommended procedures or by 
other facilities approved by the agency. Verify or re-establish calibration curves, tables, 
or equivalent coefficients every 12 months.

Standardization (Standard Count)
1. Turn the gauge on and allow it to stabilize for a minimum of 45 minutes prior to 

taking a Standard Count. Leave the power on during the day’s testing.

 Note 1: If for any reason the gauge loses power or is turned off during the work 
period, the Standard Count must be re-established prior to use.

2. Prior to any correlation of the nuclear gauge, perform a Stat Test in accordance 
with the gauge’s operator manual. If the gauge passes the Stat Test, perform a 
Standard Count. If the gauge fails the Stat Test, run a second Stat Test. If the gauge 
fails the second Stat Test, it should be repaired or recalibrated.

3. Take a Standard Count at the start of each day’s work and as often as deemed 
necessary by the operator or agency. Daily variations in Standard Count shall not 
exceed the daily variations established by the manufacturer of the gauge. Compare 
the daily Standard Count to the Density Standard Decay Sheet (Note 2) to ensure 
the standard count falls within acceptable limits. If the daily variations in Standard 
Count are exceeded after repeating the Standard Count procedure or if the daily 
Standard Count is outside the range of the Standard Decay Sheet, the gauge should 
be repaired and or recalibrated.

4. Record the Standard Count for both density and moisture in the Daily Standard 
Count Log. Instructions for taking a Standard Count are found in the gauge’s 
operator manual.

 Note 2: The Density Standard Decay Sheet is found in the calibration 
documentation packet. This sheet shows the anticipated standard count range based 
on the calculated decay rate of the gauges radioactive source over the passage 
of time.
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In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge T 355

Test Site Location
Select a test location(s) randomly and in accordance with WSDOT Test Method T 716. 
Test sites should be relatively smooth and flat and meet the following conditions: 

a. At least 30 ft. (10 m) away from other sources of radioactivity.

b. At least 10 ft. (3 m) away from large objects.

c. If the gauge will be closer than 24 in (600 mm) to any vertical mass, or less than 
6 in (150 mm) from a vertical pavement edge, use the gauge manufacturer’s 
correction procedure.

Procedure
Place the gauge on the test site. Using a crayon (not spray paint), mark the outline or 
footprint of the gauge. Extend the probe to the backscatter position.

Method	1	–	Average	of	two	one-minute	tests	WSDOT	does	not	use	Method	1

1. Take a one-minute test and record the wet density reading. 

2. Rotate the gauge 90 degrees centered over the original footprint. Mark the outline 
or footprint of the gauge. 

3. Take another one-minute test and record the wet density reading.

4. If the difference between the two one-minute tests is greater than 2.5 lb/ft3 
(40 kg/m3), retest in both directions. If the difference of the retests is still greater 
than 2.5 lb/ft3 (40 kg/m3) test at 180 and 270 degrees.

5. The density reported for each test site shall be the average of the two individual 
one-minute wet density readings.

IN-PLACE DENSITY WSDOT FOP AASHTO T 355 (15)

WSDOT FOP_52_T355_short_15 WSDOT proposal.docx E&B&IP 20-4
Pub. October 2016

Procedure

1. Place the gauge on the test site.  Using a crayon (not spray paint), mark the outline or 
footprint of the gauge. Extend the probe to the backscatter position.

Method 1 – Average	of	two	one-minute tests WSDOT	does	not	use	Method	1

1. Take a one-minute test and record the wet density reading.

2. Rotate the gauge 90 degrees centered over the original footprint. Mark the outline or 
footprint of the gauge. 

3. Take another one-minute test and record the wet density reading.

4. If the difference between the two one-minute tests is greater than 40 kg/m3 (2.5 lb/ft3), 
retest in both directions. If the difference of the retests is still greater than 40 kg/m3

(2.5 lb/ft3) test at 180 and 270 degrees.

5. The density reported for each test site shall be the average of the two individual one-
minute wet density readings.

Method 1 - Footprint	of	the	gauge	test	site

Method 2 – One	four	minute	test

1. Ensure the depth entered into the gauge matches the pavement depth and the depth at 
which the gauge was correlated. 

Footprint of The Gauge Test Site
Method 1
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T 355 In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge

Method	2	–	One	four	minute	test

1. Ensure the depth entered into the gauge matches the pavement depth and the depth 
at which the gauge was correlated or set the gauge depth to backscatter. 

2. Draw an outline around the entire gauge base for correlation coring. 

3. Take one 4-minute test and record the wet density reading parallel to the direction 
of travel.

IN-PLACE DENSITY WSDOT FOP AASHTO T 355 (15)

WSDOT FOP_52_T355_short_15 WSDOT proposal (2).docx E&B&IP 20-2
Pub. October 2016

Procedure
Method 2 – One four minute test

1. Ensure the depth entered into the gauge matches the pavement depth and the depth at 
which the gauge was correlated. 

2. Draw an outline around the entire gauge base for correlation coring. 

3. Take one 4-minute test and record the wet density reading parallel to the direction of 
travel.

Method 2 - Footprint of the gauge test site parallel to direction of travel

Calculation of Results

Percent compaction is determined by comparing the in-place wet density as determined by 
this method to the appropriate agency density standard.  See appropriate agency policy for 
use of density standards.

Example for Method 1:

Reading #1:             141.5 lb/ft3

Reading #2:             140.1 lb/ft3 Are the two readings within the tolerance?  (YES)

Reading average:    140.8 lb/ft3

Core correction   :      +2.1 lb/ft3

Direction

Comment [JDM1]: Do we need an example for Method 2?

Footprint of The Gauge Test Site Parallel to Direction of Travel
Method 2
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In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge T 355

Calculation of Results
Percent compaction is determined by comparing the in-place wet density as determined 
by this method to the appropriate agency density standard. See appropriate agency 
policy for use of density standards.

Example	for	Method	1	:

Reading #1: 141.5 lb/ft3

Reading #2: 140.1 lb/ft3 Are the two readings within the tolerance? (YES)

Reading average: 140.8 lb/ft3

Core correction: +2.1 lb/ft3

Corrected reading: 142.9 lb/ft3

Example	for	Method	2:

Reading #1: 140.8 lb/ft3

Core correction: +2.1 lb/ft3

Corrected reading: 142.9 lb/ft3

Example	percent	compaction:

 From the FOP for AASHTO T 209: 

Gmm = 2.466 

Maximum	Laboratory	Dry	Density = 153.5 lb/ft3

 

IN-PLACE DENSITY WSDOT FOP AASHTO T 355 (15)

WSDOT FOP_52_T355_short_15 WSDOT proposal (2).docx E&B&IP 20-1
Pub. October 2016

Calculation of Results

Percent compaction is determined by comparing the in-place wet density as determined by 
this method to the appropriate agency density standard.  See appropriate agency policy for 
use of density standards.

Example for Method 1:

Reading #1:             141.5 lb/ft3

Reading #2:             140.1 lb/ft3 Are the two readings within the tolerance?  (YES)

Reading average:    140.8 lb/ft3

Core correction   :      +2.1 lb/ft3

Corrected reading:   142.9 lb/ft3

Example for Method 2:

Reading #1:             140.8 lb/ft3

Core correction   :      +2.1 lb/ft3 

Corrected reading:   142.9 lb/ft3
Example	percent	compaction:

From the FOP for AASHTO T 209: 

Gmm = 2.466

Maximum	Laboratory	Dry	Density = 153.5 lb/ft3

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝐷𝐷𝐷𝐷𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷

× 100 = % 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅     
142.9 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶3⁄
153.5 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶3⁄ × 100 = 93.1%

Report

• Results on forms approved by the agency

• Test ID

• Location of test and thickness of layer tested

• Mixture type

Comment [JDM1]: Do we need an example for 
Method 2?

Report
• Results on forms approved by the agency
• Test ID
• Location of test and thickness of layer tested
• Mixture type
• Make, model and serial number of the nuclear moisture-density gauge
• Calculated wet density of each measurement and any adjustment data
• Density standard
• Compaction 0.1 percent 
• Name and signature of operator
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Appendix – Correlation With Cores
(Nonmandatory Information)

The Bulk Specific Gravity (Gmb) of the core is a physical measurement of the in-place 
HMA and can be compared with the nuclear density gauge readings. Comparing the 
core value to the corresponding gauge values, a correlation can be established. 

The correlation can then be used to adjust the gauge readings to the in-place density of 
the cores. The core correlation is gauge specific and must be determined without traffic 
allowed on the pavement between nuclear density gauge readings and obtaining the 
core. When using multiple nuclear density gauges each gauge should be correlated to 
the core locations prior to removal of the core. 

When density correlation with the FOP for AASHTO T 166 is required, correlation of 
the nuclear gauge with pavement cores shall be made on the first day’s paving (within 
24 hours) or from a test strip constructed prior to the start of paving. Cores must be 
taken before traffic is allowed on the pavement.

Correlation with Cores
1. Determine the number of cores required for correlation from the agency’s 

specifications. Cores shall be located on the first day’s paving or on the test strip. 
Locate the test sites in accordance with the agency’s specifications. Follow the 
“Procedure” section above to establish test sites and obtain densities using the 
nuclear gauge.

2. Obtain a pavement core from each of the test sites according to AASHTO R 67. 
The core should be taken from the center of the nuclear gauge footprint. 

IN-PLACE DENSITY WSDOT FOP AASHTO T 355 (15)
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APPENDIX – CORRELATION WITH CORES

Method 1 - Footprint of the gauge test site. 

Method 2 - Footprint of the gauge test site. 

1. Determine the density of the cores by the FOP for AASHTO T 166, Bulk Specific 
Gravity of Compacted Asphalt Mixtures Using Saturated Surface Dry Specimens.

2. Calculate a correlation factor for the nuclear gauge reading as follows:

Direction 
of traffic

Footprint of The Gauge Test Site
Method 1
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APPENDIX – CORRELATION WITH CORES

Method 1 - Footprint of the gauge test site. 

Method 2 - Footprint of the gauge test site. 

1. Determine the density of the cores by the FOP for AASHTO T 166, Bulk Specific 
Gravity of Compacted Asphalt Mixtures Using Saturated Surface Dry Specimens.

2. Calculate a correlation factor for the nuclear gauge reading as follows:

Direction 
of	traffic

Footprint of The Gauge Test Site
Method 2

3. Determine the density of the cores by the FOP for AASHTO T 166, Bulk Specific 
Gravity of Compacted Asphalt Mixtures Using Saturated Surface Dry Specimens.

4. Calculate a correlation factor for the nuclear gauge reading as follows:

a. Calculate the difference between the core density and the average nuclear 
gauge density at each test site to the nearest 0.1 lb/ft3 (1 kg/m3). Calculate the 
average difference and standard deviation of the differences for the entire data 
set to the nearest 0.1 lb/ft3 (1 kg/m3).

b. If the standard deviation of the differences is equal to or less than 2.5 lb/ft3 
(40 kg/m3), the correlation factor applied to the average nuclear gauge density 
shall be the average difference calculated above in 4.a.

c. If the standard deviation of the differences is greater than 2.5 lb/ft3 (40 kg/m3), 
the test site with the greatest variation from the average difference shall be 
eliminated from the data set and the data set properties and correlation factor 
recalculated following 4.a and 4.b.

d.  If the standard deviation of the modified data set still exceeds the maximum 
specified in 4.b, additional test sites will be eliminated from the data set and 
the data set properties and correlation factor recalculated following 4.a and 
4.b. If the data set consists of less than five test sites, additional test sites shall 
be established.

Note A1: The exact method used in calculating the nuclear gauge correlation factor 
shall be defined by agency policy.



Page 8 of 10 WSDOT Materials Manual M 46-01.25 
 July 2016

T 355 In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge

Note A2: The above correlation procedure must be repeated if there is a new job 
mix formula. Adjustments to the job mix formula beyond tolerances established in 
the contract documents will constitute a new job mix formula. A correlation factor 
established using this procedure is only valid for the particular gauge and at the probe 
depth used in the correlation procedure. If another gauge is brought onto the project, 
it shall be correlated using the same procedure. Multiple gauges may be correlated 
from the same series of cores if done at the same time.

Note A3: For the purpose of this procedure, a job mix formula is defined as the 
percent and grade of paving asphalt used with a specified gradation of aggregate from 
a designated aggregate source. A new job mix formula may be required whenever 
compaction of the wearing surface exceeds the agency’s specified maximum density 
or minimum air voids.

Core	Correlation	Example:

Core Results 
From T 166:

English Average 
Gauge Reading: Difference: X X2

1 144.9 lb/ft3 142.1 lb/ft3 2.8 lb/ft3 -0.7 0.49
2 142.8 lb/ft3 140.9 lb/ft3 1.9 lb/ft3 0.2 0.04
3 143.1 lb/ft3 140.7 lb/ft3 2.4 lb/ft3 -0.3 0.09
4 140.7 lb/ft3 138.9 lb/ft3 1.8 lb/ft3 0.3 0.09
5 145.1 lb/ft3 143.6 lb/ft3 1.5 lb/ft3 0.6 0.36
6 144.2 lb/ft3 142.4 lb/ft3 1.8 lb/ft3 0.3 0.09
7 143.8 lb/ft3 141.3 lb/ft3 2.5 lb/ft3 -0.4 0.16
8 142.8 lb/ft3 139.8lb/ft3 3.0 lb/ft3 0.9 0.81
9 144.8 lb/ft3 143.3 lb/ft3 1.5 lb/ft3 -0.6 0.36

10 143.0 lb/ft3 141.0 lb/ft3 2.0 lb/ft3 -0.1 0.01
Average Difference: +2.1 lb/ft3
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Core	Correlation	Example:

English
Core results from 
T 166:

Average 
Gauge 
reading:

Difference: X X2

1 144.9 lb/ft3 142.1 lb/ft3 2.8 lb/ft3 -0.7 0.49
2 142.8 lb/ft3 140.9 lb/ft3 1.9 lb/ft3 0.2 0.04
3 143.1 lb/ft3 140.7 lb/ft3 2.4 lb/ft3 -0.3 0.09
4 140.7 lb/ft3 138.9 lb/ft3 1.8 lb/ft3 0.3 0.09
5 145.1 lb/ft3 143.6 lb/ft3 1.5 lb/ft3 0.6 0.36
6 144.2 lb/ft3 142.4 lb/ft3 1.8 lb/ft3 0.3 0.09
7 143.8 lb/ft3 141.3 lb/ft3 2.5 lb/ft3 -0.4 0.16
8 142.8 lb/ft3 139.8lb/ft3 3.0 lb/ft3 0.9 0.81
9 144.8 lb/ft3 143.3 lb/ft3 1.5 lb/ft3 -0.6 0.36
10 143.0 lb/ft3 141.0 lb/ft3 2.0 lb/ft3 -0.1 0.01

Average Difference: +2.1 lb/ft3

� ∑𝑥𝑥𝑥𝑥2

𝑛𝑛𝑛𝑛 − 1
Where:

∑ = Sum 
x = Difference from the average Difference
n-1 = number of data sets minus 1

Example:  10 – 1 = 9

�2.5
9

= 0.53

The Sum of X2 = 2.5 and the number of data sets = 9 for a computed standard deviation of 
0.53.  This is within the allowable 2.5 therefore no cores are eliminated, use the average 
difference from all ten cores.

Where: 
∑ = Sum  
x = Difference from the average Difference 
n-1 = number of data sets minus 1

Example:	10 – 1 = 9
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Core	Correlation	Example:

English
Core results from 
T 166:

Average 
Gauge 
reading:

Difference: X X2

1 144.9 lb/ft3 142.1 lb/ft3 2.8 lb/ft3 -0.7 0.49
2 142.8 lb/ft3 140.9 lb/ft3 1.9 lb/ft3 0.2 0.04
3 143.1 lb/ft3 140.7 lb/ft3 2.4 lb/ft3 -0.3 0.09
4 140.7 lb/ft3 138.9 lb/ft3 1.8 lb/ft3 0.3 0.09
5 145.1 lb/ft3 143.6 lb/ft3 1.5 lb/ft3 0.6 0.36
6 144.2 lb/ft3 142.4 lb/ft3 1.8 lb/ft3 0.3 0.09
7 143.8 lb/ft3 141.3 lb/ft3 2.5 lb/ft3 -0.4 0.16
8 142.8 lb/ft3 139.8lb/ft3 3.0 lb/ft3 0.9 0.81
9 144.8 lb/ft3 143.3 lb/ft3 1.5 lb/ft3 -0.6 0.36
10 143.0 lb/ft3 141.0 lb/ft3 2.0 lb/ft3 -0.1 0.01

Average Difference: +2.1 lb/ft3

� ∑𝑥𝑥𝑥𝑥2

𝑛𝑛𝑛𝑛 − 1
Where:

∑ = Sum 
x = Difference from the average Difference
n-1 = number of data sets minus 1

Example:  10 – 1 = 9

�2.5
9

= 0.53

The Sum of X2 = 2.5 and the number of data sets = 9 for a computed standard deviation of 
0.53.  This is within the allowable 2.5 therefore no cores are eliminated, use the average 
difference from all ten cores.

The Sum of X2 = 2.5 and the number of data sets = 9 for a computed standard 
deviation of 0.53. This is within the allowable 2.5 therefore no cores are eliminated, 
use the average difference from all ten cores.
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Performance Exam Checklist
In-Place Density of Asphalt Mixtures Using The Nuclear Moisture-Density Gauge 
FOP For AASHTO T 355

Participant Element 

Procedure	Element Trial	1 Trial	2
1. Does the tester have 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. Gauge turned on? 
4. Gauge standardized and Standard Count recorded?
5. Standard Count compared with Density Standard Decay sheet? 
6. Test location selected appropriately?
7. Test location selected appropriately [24 in (600 mm) from vertical 

projections or 30 ft (10 m) from any other radioactive sources]?
8. Procedure:

a. Gauge placed on pavement surface and footprint of gauge 
marked?

b. Probe extended to backscatter position?
c. Was a four-minute count taken?
d. Core correlation applied if required? 

9. Percent compaction calculated correctly?
10. Nuclear Gauge secured in a manner consistent with current DOH 

requirements? 

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 
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Comments:



WSDOT Materials Manual M 46-01.25 Page 1 of 10 
July 2016

WSDOT Test Method T 716
Method of Random Sampling for Locations of Testing and Sampling Sites

A.	 Scope

1. This method outlines the procedure for selecting sampling and testing sites in accordance 
with accepted random sampling techniques. It is intended that all testing and sampling 
locations be selected in an unbiased manner based entirely on chance.

2. Testing and sampling locations and procedures are as important as testing. For test results 
or measurements to be meaningful, it is necessary that the sampling locations be selected 
at random, typically by use of a table of random numbers. Other techniques yielding a system 
of randomly selected locations are also acceptable.

B.	 Summary	of	Method	for	Selecting	Random	Test	Location

• Method A – Determining a Random Location for Hot Mixture Asphalt (HMA) Density Tests 

• Method B – Determining Random Test Location for Sampling HMA Mix, Aggregates, 
and Miscellaneous Materials

• Method C – Determining Random Test Location for Portland Cement Concrete

• Appendix A – Hot Mix Asphalt Density Test Locations for Irregular Paving Areas

C.	 Procedure	for	Determining	Random	Test/Sampling	Location

 Method	A	–	Selection	of	Random	Location	for	HMA	Density

1. Stationing

 This method outlines the procedure for determining the random location of HMA Density 
testing sites using stationing.

 Calculate the linear foot distance for tons specified per sublot (i.e. 80 or 100 ton sublots).

 Equations:  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

(𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

12 ×  0.15 ×  2.05 
= 731.7 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙) =   
𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

�𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆)  ×  𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) ×  2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 � ×  5,280 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

(12 × 0.15 × 2.05) ×  5,280
= 0.138

a. Use a random number generator (i.e. calculator, computer) or a random number 
determined by a stopwatch (See Note 1) to enter Table 1. Use the corresponding 
X value to determine the test station. A new X value is required for every test.

 Note 1: To use the stopwatch method, randomly start and stop the stopwatch 10 or more 
times, then use the decimal part of the seconds as your entry point.
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b. Determine the test station as follows:

 Test Station = (sublot length × “X” multiplier) + beginning station of paving (round to 
the nearest foot)

c. Use a random number generator (i.e. calculator, computer) or a random number 
determined by a stopwatch (See Note 1) to enter Table 2. Use the corresponding “Y” 
multiplier to determine the offset. A new “Y” multiplier is required for every test.

d. Determine the offset as follows:

 Offset = (width of pavement × “Y” multiplier) (round to the nearest 0.1 ft)

 Offset may be figured from the right or left edge of pavement. Tester shall indicate 
in MATS or approved density form from which edge the offset is measured.

e. If a tester must move a testing location due to an obstruction of other interference, a new 
random number for the offset and station shall be picked and the location recalculate. 
Document the new location and the reason the testing location was changed.

 Example	for	a	100	ton	sublot: 
 Given: 
  Paving width = 12 ft 
  Paving depth = 0.15 ft 
  Beginning Station = 10 + 00 
  Offset from left edge of pavement

 Calculations: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

(𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

12 ×  0.15 ×  2.05 
= 731.7 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙) =   
𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

�𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆)  ×  𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) ×  2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 � ×  5,280 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

(12 × 0.15 × 2.05) ×  5,280
= 0.138

  Ending Station = (Beginning Station + Sublot length) = (1000 + 731.7) = 17 + 32 
 Random generated number = X=25, Y=10 
 Beginning Test Location 
 Enter Table 1 at (25): “X” multiplier = 0.080  
 Enter Table 2 at (10): “Y” multiplier 0.167 
 Testing Station = (732 × 0.080) + 1000 =1058.5 = 10 + 59 (round to the nearest ft) 
 Offset = (12 × 0.167) = 2.00 = 2.0 ft left of pavement edge (round to the nearest 0.1 ft)
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2. Milepost

 This method outlines the procedure for determining the random location of HMA Density 
testing sites using mileposts. 

a. Convert to tons per mile using the roadway area based on the roadway width and depth.

 Equations:

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

(𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

12 ×  0.15 ×  2.05 
= 731.7 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙) =   
𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

�𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆)  ×  𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) ×  2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 � ×  5,280 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

(12 × 0.15 × 2.05) ×  5,280
= 0.138

 Round sublot length to the nearest thousandth (0.001) of a mile

 Calculate the location of the test site and offset using the same method as described 
in Method A Stationing except use tons per mile instead of the tons per lf.

 Test site = (sublot length × “X” multiplier) + beginning milepost

	 Offset	=	(width	×	“Y”	multiplier)

	 Example	for	100-ton	sublot: 
 Given: 
 Paving width = 12 ft 
 Paving depth = 0.15 ft 
 Beginning Milepost (MP) = 1.00 
 Offset determined from right side of pavement

Calculations: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

(𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ (𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) 𝑥𝑥𝑥𝑥 2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

12 ×  0.15 ×  2.05 
= 731.7 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙) =   
𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞𝑆𝑆𝑆𝑆𝑞𝑞𝑞𝑞 ( 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡)

�𝑤𝑤𝑤𝑤𝑞𝑞𝑞𝑞𝑤𝑤𝑤𝑤𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆)  ×  𝑤𝑤𝑤𝑤𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆ℎ ( 𝑓𝑓𝑓𝑓𝑆𝑆𝑆𝑆) ×  2.05 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 � ×  5,280 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆ℎ =   
100

(12 × 0.15 × 2.05) ×  5,280
= 0.138

 Ending MP = (Beginning MP + Sublot length) = (1.00 + 0.138) = 1.138 
Random generated number = X=25, Y=90 
Beginning Test Location 
Enter Table 1 at (25): “X” multiplier = 0.080 
Enter Table 2 at (90): “Y” multiplier = 0.060 
Testing MP = (.138 × 0.080) + 1.00 = 1.011  
Offset = (12 × 0.060) = 0.72 = 0.72 ft right of edge of pavement
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Random # X Random # X Random # X Random # X
1 0.794 26 0.526 51 0.304 76 0.617
2 0.500 27 0.519 52 0.167 77 0.584
3 0.393 28 0.446 53 0.308 78 0.591
4 0.427 29 0.219 54 0.570 79 0.563
5 0.165 30 0.780 55 0.322 80 0.482
6 0.821 31 0.574 56 0.491 81 0.499
7 0.562 32 0.730 57 0.349 82 0.227
8 0.284 33 0.435 58 0.681 83 0.476
9 0.704 34 0.338 59 0.858 84 0.258

10 0.988 35 0.515 60 0.716 85 0.227
11 0.692 36 0.751 61 0.521 86 0.364
12 0.491 37 0.063 62 0.568 87 0.186
13 0.769 38 0.269 63 0.168 88 0.791
14 0.675 39 0.357 64 0.460 89 0.985
15 0.205 40 0.555 65 0.708 90 0.562
16 0.187 41 0.837 66 0.453 91 0.753
17 0.238 42 0.699 67 0.778 92 0.097
18 0.400 43 0.456 68 0.484 93 0.723
19 0.263 44 0.730 69 0.609 94 0.214
20 0.545 45 0.314 70 0.949 95 0.215
21 0.230 46 0.179 71 0.575 96 0.428
22 0.700 47 0.152 72 0.263 97 0.647
23 0.616 48 0.334 73 0.192 98 0.794
24 0.179 49 0.284 74 0.845 99 0.154
25 0.080 50 0.819 75 0.095 100 0.964

Random Number - X
Table 1
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Random # Y Random # Y Random # Y Random # Y
1 0.823 26 0.755 51 0.068 76 0.298
2 0.646 27 0.922 52 0.709 77 0.217
3 0.928 28 0.299 53 0.742 78 0.662
4 0.247 29 0.855 54 0.704 79 0.709
5 0.742 30 0.270 55 0.230 80 0.634
6 0.666 31 0.875 56 0.584 81 0.245
7 0.624 32 0.076 57 0.663 82 0.672
8 0.553 33 0.393 58 0.727 83 0.620
9 0.311 34 0.366 59 0.559 84 0.580

10 0.167 35 0.860 60 0.907 85 0.452
11 0.198 36 0.605 61 0.311 86 0.141
12 0.814 37 0.239 62 0.665 87 0.937
13 0.876 38 0.349 63 0.134 88 0.228
14 0.356 39 0.201 64 0.241 89 0.225
15 0.898 40 0.650 65 0.384 90 0.060
16 0.141 41 0.822 66 0.268 91 0.820
17 0.913 42 0.157 67 0.629 92 0.883
18 0.384 43 0.799 68 0.227 93 0.528
19 0.815 44 0.340 69 0.187 94 0.749
20 0.761 45 0.479 70 0.167 95 0.441
21 0.370 46 0.925 71 0.127 96 0.221
22 0.156 47 0.494 72 0.288 97 0.863
23 0.397 48 0.833 73 0.436 98 0.082
24 0.416 49 0.128 74 0.913 99 0.467
25 0.705 50 0.294 75 0.665 100 0.828

Random Number - Y
Table 2
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 Method	B	–	Hot	Mix	Asphalt	(HMA)	Pavement	Mixture	or	Aggregates

1. Determine the sublot increment of the material.

2. Use a random number generator (i.e. calculator, computer, etc) or a random number 
determined by a stopwatch (See Note 1) to enter Table 1. Use the corresponding X multiplier 
to determine the offset.

3. A new X multiplier is required for every sublot.

4. Random sample tonnage may be adjusted per sublot to accommodate field testing. 
Adjustments to random sample tonnage must be documented.

5. Calculate the location of the sampling site as follows:

 Equations:

  First Sample Site = Sublot increment × “X” multiplier (Table 1) 
 Subsequent Sites= (sublot increment + (Sublot increment × “X” multiplier)

 Aggregate	Sample Example:

  Given: Crushed Surfacing Base Coarse  
 Random sample frequency per 9-3.7 =1 per 2,000 tons.  
 Calculate the location of the first random sample site as follows:

  The computer-generated number is 22. 
 Sublot Increment (Frequency of sampling) = 2,000 tons  
 Enter Table 1 at (22) “X” = 0.700 
 Sampling Site = 2000 × 0.700= 1400 tons 

 Calculate	subsequent	sample	sites	as	follows:

  The computer-generated number is (53). 
 Sublot Increment (Frequency of sampling) = 2,000 tons  
 Enter Table 1at 53 “X” = 0.308 
 Sampling Site = 2000 + (2000 × 0.308) = 2616 tons
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 Method	C	Portland	Cement	(PCC)

1. Determine subsequent random sampling locations as follows:

a. Example for less than 10 truckloads remaining after reducing frequency:

(1) Determine amount of pour remaining this will be the sublot increment

(2) Use a random number generator (i.e. calculator, computer) or a random number 
determined by a stopwatch (See Note 1) to enter Table 1. Use the corresponding X 
multiplier to determine the test station. A new X multiplier is required for every test.

(3) Determine the sample location as follows:

 Sampling Location = Concrete remaining × “X” multiplier (Table 2)

 Given:

 Total cubic yards (cy) of concrete placement = 80 cy 
Truckload = 10 cy 
Given: First two trucks are in specification = 20 cy 
Remaining cubic yards = 80 cy-20 cy= 60 cy< 100 cy 
Sublot increment =60 cy 
Random number =30 
Sampling Location = 60 cy × 0.780 = 46.8= 47 cy or 7th truck

b. Example for greater than 10 truckloads remaining after reducing frequency

(1) Determine the sublot increment for the random test sample. 

 Sublot increment = cubic yards per truck × 10 truckloads

 Given:

 Pour = 130 cy 
Each truck carries 8 cy of concrete 
First two trucks are in specification = 16 cy 
Remaining cubic yards = 130 - 16 = 114 > 80 cy 
Sublot Increment = 8 cy × 10 trucks = 80 cy

 Use a random number generator (i.e. calculator, computer) or a random number 
determined by a stopwatch (See Note 1) to enter Table 1. Use the corresponding X 
value to determine the test station. A new X value is required for every test.

 Determine the sample location as follows:

 Sampling Location = Sublot increment × “X” multiplier (Table 1)

 Example:

 Random number = 15 “X”= 0.205 
Sample location = 80 cy × 0.205 = 16.4 
Determine where the first sample will be taken: 
Testing location = (accumulated cy of last truck sampled) + sample yardage 
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 Example:

 First Sample Location: 
Accumulated cy successive trucks = 8 × 2 =16 
Sample location = 16 cy + 16.4 cy = 32.4 cy 
Truck load = 32/8 = 4  
Sampling = first half of 4th truck

 Determine subsequent sampling locations as follows:

 Sublot increment = total pour – (initial loads tested to get two consecutive loads 
in specification)-(first sublot increment) 
Sublot increment = 130 cy – (16 cy) – (80 cy) = 34 cy  
Random number = 70 “X” = 0.167 
Testing location = (initial loads tested to get two consecutive loads in specification) 
+ (first sublot increment) +(testing location within the second sublot) 
Testing location = (16 cy)+(80 cy)+(0.167 × 34 cy) 
Testing location = 101.67 cy or 101.67/8 cy per truck = 12.7 = 13th truck

3. Report

a. Report the random number used to determine station and offset

b. Document any changes in station or offset of random testing location

c. Use one of the following to report random location information:
•  Materials Testing System (MATS)
•  Form approved in writing by the State Materials Engineer
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Appendix A
Hot Mix Asphalt Density Test Locations for Irregular Paving Areas

A. Track tonnage placed in the irregular shaped area until specified tons are placed, note 
the stationing.

B. Measure back to the beginning of the paving or end of the previous lot to obtain the length 
(this is also your beginning station). 

C. Use a computer-generated random number or a random number determined by a stopwatch 
(See Note 1) to enter Table 1. Use the corresponding X value to determine the test station. 
A new X value is required for every test.

D. Multiply the length by the “X” value and add to the beginning station to locate your testing site.

E. Use a computer-generated random number or a random number determined by a stopwatch 
(See Note 1) to enter Table 2. Use the corresponding Y value to determine the offset. A new 
Y value is required for every test.

F. Measure the width at the testing station and multiply the width time the “Y” value to determine 
the offset of the testing site.

G. Make a sketch of the area to document the test location in the event a retest is required.

 Example:

 Paving began at Station 101 + 00.

 The tester determined Station 105 + 75 was the end of the 100 ton lot.

 The width of the pavement began at 0 and transitioned to 12.

	 Testing	Station

 Sta 105 + 75 – Sta 101 + 00 = 475 ft 
Random number = 45, “X” value = 0.314 
475 ft × 0.314= 149.15= 149   Testing station = 10100 + 149 =102 + 49

	 Testing	Offset

 Measure width at station 102 + 49 
Width = 3.76 
Random # 65 “Y” value = 0.384  
Offset = 3.76 × 0.384 = 1.44 = 1.4 ft from right edge 
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WSDOT SOP 729
Determination of the Moving Average of Theoretical Maximum Density (TMD) for HMA

1. Scope

 This procedure covers the process for obtaining the moving average of the Theoretical 
Maximum Density (TMD) for calculating pavement compaction in accordance with WSDOT 
FOP for WAQTC T 355. The TMD is to be determined in accordance with WSDOT FOP for 
AASHTO T 209.

2.	 Procedure

 The procedure for determining the moving average of TMD is as follows:

a. On the initial day of production of a new Job Mix Formula, two determinations shall be made 
to establish an initial average value. The samples shall not be from the same truck. Average 
the two TMDs and report the result to the Moisture Density Gauge Operator. The TMD value 
from the Mix Design Verification Report shall not be included in the average. If the two TMDs 
determined on the initial day do not agree within 1.5 lb/ft3 (24 kg/m3), a third determination 
shall be made. The initial average density shall be based on the two closest results.

b. A TMD test shall be taken with each mix sample. The moving average is defined as the 
average of the last five TMD values for the HMA being placed. Until five TMD values have 
been determined, the moving average will consist of all previous TMD values plus the first 
TMD value for the current production shift. When five TMD values have been determined, 
the moving average for each shift will include the last four TMD values plus the first TMD 
value for the current paving shift. This new moving average value will be used for the entire 
paving shift.

c. Each TMD shall be compared with the previously computed moving average. If a TMD 
deviates from the moving average by more than 1.5 lb/ft3 (± 24 kg/m3), a second test shall 
be made on another portion of the same sample. If the second TMD agrees within 1.5 lb/ft3 
(± 24 kg/m3) of the moving average then the first TMD will be discarded and the second TMD 
will be included in the moving average. If the second TMD is not within 1.5 lb/ft3 (± 24 kg/
m3) of the moving average but is within 1.5 lb/ft3 (± 24 kg/m3) of the first TMD, a new 
moving average will be initiated, discarding all previous results. The new moving average will 
be sent to the Moisture Density Gauge operator and will replace the current moving average.

d. A moving average will be sent to the Moisture Density Gauge operator once per production 
shift, unless two tests during a shift are not within 1.5 lb/ft3 (± 24 kg/m3), then a new moving 
average will be calculated in accordance with “c” of this procedure and sent to the Moisture 
Density Gauge operator as the new moving average for the shift. The Moisture Density 
Gauge Operator will continue to use the previous moving average until a new moving 
average is available.
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3. Report

 The gauge operator will record the average TMD received from the tester at the HMA plant on 
WSDOT Form 350-092 and 350-157 or in the MATS database. The average TMD will be used in 
WSDOT FOP for WAQTC T 355 to calculate the percent of compaction for statistical evaluation.

http://www.wsdot.wa.gov/publications/fulltext/forms/350-092.PDF
http://www.wsdot.wa.gov/publications/fulltext/forms/350-157.PDF
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WSDOT SOP 730
Correlation of Nuclear Gauge Densities With Hot Mix Asphalt (HMA) Cores

1. When evaluating HMA compaction:

1.1 A gauge correlation is required:

a. For each combination of gauge and HMA Mix Design (initial JMF).

b. When gauge mode changes (i.e., direct transmission to thin layer).

c. When wearing course lift thickness changes per Note 1.

d. When a gauge is recalibrated.

 Note 1: For density determined with the “Thin Layer Mode,” a layer thickness change 
of greater than 0.08 feet requires a new correlation. For density determined with the 
“Direct Transmission Mode,” a layer thickness change of greater than 0.15 feet requires 
a new gauge correlation.

1.2 A gauge correlation is not required but may be considered by the Regional Materials 
Engineer when:

a. Base material changes from the original correlation base (i.e., from a surfacing base 
to an asphalt base).

b. The same gauge HMA Mix Design (Reference Mix Design) combination are used 
on a different contract within the same construction year.

c. When JMF has been adjusted in accordance with Standard	Specifications 
Section 9-03.8(7)A.

2. Gauge correlation is based on ten in-place HMA densities and ten cores taken at the same 
location as the in-place density.

2.1 In-place HMA densities shall be determined in accordance with WSDOT FOP for WAQTC 
T 355.

2.2 Cores should be taken no later than the day following paving and before traffic has 
been allowed on roadway. Correlation cores are not required to be taken at record density 
locations. Therefore, a site outside the traveled way should be considered for worker 
safety, as long as the lift thickness matches that of the plan lift thickness of the record 
density locations.

 Note 2: If a core becomes damaged, it shall be eliminated from the average.

 Note 3: Cores may be taken sooner than the day after paving if the HMA is cooled to prevent 
damage during coring and removal of cores. Water, ice, or dry-ice may be used to cool the 
pavement. Another method of cooling that may be used is substitution of nitrogen gas or 
CO2 for drilling fluids.

http://www.wsdot.wa.gov/Publications/Manuals/M41-10.htm
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3. Obtain a pavement core from each of the test sites in accordance with WSDOT SOP 734. 
The core shall be taken in the nuclear gauge footprint.

3.1 For “direct transmission mode,” locate the core at least 1 in (25 mm) away from the edge 
of the drive pin hole.

3.2 For “thin layer mode,” locate the core in the approximate center of the nuclear gauge 
footprint. If the core thickness exceeds the plan pavement thickness by more than 0.04 feet, 
then the core shall be saw cut to the plan thickness prior to performing density testing. If a 
core thickness is less than the plan thickness by more than 0.04 feet, it shall be eliminated 
from the average.

4. Bulk Specific Gravity (Gmb) of core shall be determined in conformance with WSDOT FOP for 
AASHTO T 166 Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using Saturated 
Surface-Dry Specimens.

 Calculate core density as follows, round to the nearest 0.1 pcf:

 Core Density = Gmb × 62.245 pcf

 Calculate gauge correlation factor as follows:

 Density Ratio = 
(core density) 

(nuclear gauge density)

 Round Density Ratio to the nearest 0.001

 Gauge correlation factor = 
(Sum of ratios) 

(number of cores)

5. Gauge Correlation Factor shall be determined to 0.001.

6. Report the Gauge Correlation Factor using MATS or DOT Form 350-112.

http://wwwi.wsdot.wa.gov/fasc/adminservices/forms/formfiles/WSDOT_Forms/350-112-Correlation-NuclearGaugetoCoreDensity.fp7
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WSDOT SOP 733
Determination of Pavement Density Differentials Using the Nuclear Density Gauge

1. Scope

 This test method describes the procedure for locating and testing areas of suspected low cyclic 
density. Lower pavement density has been related to temperature differentials and areas of 
“spots, streaks” or visual pavement irregularities. This method uses infrared detection devices 
and visual inspection to identify areas of potentially low cyclic density.

2. Definitions

a. Temperature Differential Area- Any area where the temperature of the newly placed HMA 
pavement is greater than 25° F different than the surrounding area.

b. Aggregate segregation- “Spots, streaks” or visual pavement irregularities in the newly 
placed HMA pavement that has a significant difference in texture when compared to the 
surrounding material.

c. Systematic Density Testing - the testing of temperature differential areas or areas of 
aggregate segregation to determine if there is a pattern of low cyclic density.

3.	 Equipment

a. An approved infrared camera OR a handheld noncontact infrared thermometer (features for 
both should include continuous reading, minimum, maximum, and average readings, laser 
sighting, and a minimum distance to spot size ratio (D:S) of 30:1.

b. Nuclear moisture-density gauge.

c. Tape measure.

d. A can of spray paint for marking test locations.

e. Required report form.

4.	 Testing	Criteria

a. Where temperature differentials are 25° F or greater a systematic HMA compaction test is 
required.

b. Where temperature differentials are less than 25° F a systematic HMA compaction test 
is not required unless, an area shows signs of visual pavement irregularities, surface 
segregation or a significantly different texture.

5.	 Determination	of	Systematic	Density	Testing	Locations

 Use either and infrared camera or a handheld non-contact infrared device to locate temperature 
differential areas as follows:
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5.1	 Infrared	Camera

a. Delineate a 500 ft section of pavement and systematically check the area for 
temperature differentials within one minute of HMA placement and prior to any 
compaction of the pavement.

b. No temperature profiles shall be performed within the first or last 25 tons of production 
each day or within 25 feet of any transverse joint.

c. Focus the camera on the freshly placed HMA pavement prior to compaction. Adjust the 
camera to show the high and low temperatures.

d. Viewing should occur from the side of the paved lane approximately 15 to 20 feet back 
from the paver looking toward the paver.

e. The “spot” function on the camera should be used to obtain the temperature of the cool 
area and the surrounding HMA to assess for temperature differentials.

f. If the temperature differential is 25° F or more, locate the approximate center of the 
temperature differential area with the camera. The offset is from the center of the 
temperature differential area to the edge of the lane. Mark the location to be tested 
for systematic HMA compaction by placing a paint mark at the edge of the lane 
corresponding to the center of the temperature differential. Record the HMA surface 
temperature, temperature differential, offset, and station on DOT form 350-170 and in 
the MATS database.

g. If the temperature differential is less than 25° F, there is no need to mark the location 
unless an area within the paved lane has a significantly different texture.

 If testing is performed because of a significantly different textured area, locate the 
center of the affected area and mark the location as described in step g and as shown in 
Figure 1 with an (S) after the temperature differential.

5.2	 Handheld	Noncontact	Infrared	Device

a. Delineate a 500 ft section of pavement and systematically check the area for 
temperature differentials within one minute of HMA placement and prior to any 
compaction of the pavement.

b. No temperature profiles shall be performed within the first or last 25 tons of production 
each day or within 25 feet of any transverse joint.

c. Perform a longitudinal scan of the pavement by standing at the edge of the paving lane 
about 5 to 10 feet back from the paver. Scan the mat with the handheld noncontact 
thermometer continuously in a longitudinal manner by walking behind the paver in 
the direction of paving, staying the same distance away from the paver for 500 ft of 
HMA placement.

d. The offset for the longitudinal profile should be anywhere from 18 inches from 
the edge to no more than half the width of the paved lane. (The need to vary the 
longitudinal offset will be necessary to get an accurate representation of the whole 
mat.) Scanning temperatures for the other half of the paved lane should be performed 
from the other side.

 Note: Typically, temperature differentials or surface segregation can be captured with 
the longitudinal scan.
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e. Perform a transverse scan after completion of the longitudinal scan, making sure to 
scan the entire width of the paved lane excluding the outer 18 inches on each side. 
It should be performed approximately 5 to 10 feet behind the paver (to check for 
streaking of the mat).

 Note: Typically, streaking caused by temperature differentials or surface segregation 
will be captured by the transverse scan.

f. If the temperature differential is 25° F or more, locate the approximate center of the 
temperature differential area by scanning that specified location. The offset is from 
the center of the temperature differential area to the edge of the paved lane. Mark the 
location to be tested for systematic density testing by placing a paint mark at the edge 
of the lane corresponding to the center of the temperature differential. Record the HMA 
surface temperature, temperature differential, offset, and station on DOT form 350-170 
or in the MATS database.

g. If the temperature differential is less than 25° F, there is no need to mark the location 
unless an area within the paved lane has visual pavement irregularities, surface 
segregation or a significantly different texture. If testing is performed because of a 
significantly different textured area, locate the center of the affected area and mark 
the location as described in step g and as shown in Figure 1 with an (S) after the 
temperature differential.

6.	 Systematic	Density	Testing	Procedure

a. Systematic density testing shall begin after finish rolling is completed.

b. All systematic density testing shall be performed in accordance with WSDOT FOP for 
WAQTC T 355.

c. Systematic density testing shall be performed at all the locations recorded in 5.1f and 5.2f 
of this procedure. Gauge probe shall be placed at the station and offset determined above as 
the center of the temperature differential area.

e. If any temperature differentials are found in the initial assessment of the paving 
operations, at least one temperature profile shall be taken for every subsequent 500 ft of 
paving operation.

d. If no temperature differentials or streaks greater than 25° F are found or if there are 
no more than 2 density readings lower than 90 percent found in a 500 ft section, the 
testing frequency may be reduced. Random checks however, should continue to be made 
throughout the day and the results recorded.

e. If any significant equipment or weather changes occur, temperature profiles should 
be performed to determine if the new operation is capable of producing uniform 
HMA temperatures.

f. If it is found that the paving machine is creating areas that are significantly different 
in texture from the surrounding pavement, systematic density tests should be performed 
to determine if these are areas of low cyclic density.
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Marking Location of Temperature Differential
Figure 1

Marking Location of Temperature Differential
Figure 1
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WSDOT SOP 735
Standard Operating Procedure for Longitudinal Joint Density

1.	 General	Scope

a. This procedure describes the method for determining the location of a longitudinal joint 
density test.

b. Longitudinal joint density tests are performed in addition to Quality Assurance (QA) 
density tests.

c. One longitudinal joint density test will be performed on the confined or unconfined edge at 
each longitudinal joint.

2.	 Longitudinal	Joint	Testing

a. The longitudinal joint density test will be conducted in accordance with WSDOT FOP for 
WAQTC T 355, except “Test Site Location, Section 1, subsection c, which is modified by 
this procedure to read “No closer than 18 in (450mm) to any vertical mass, or less than 6 in 
(152 mm) from a vertical pavement edge,” making sure the gauge will sit flush with the 
hot-mix asphalt (HMA). See Figure 1.

b. A longitudinal joint density will be required on the lane edge side of a shoulder if the shoulder 
is required to meet the same QA density requirements as the traveled lane.

 Note: Hot lap joints are not included in longitudinal joint testing.

3.	 Number	of	Longitudinal	Joint	Tests

a. For projects requiring 400 tons sublot with 5 sublots – One reading, at each longitudinal 
joint to be tested, will be taken within each compaction lot at the same station location as the 
third sublot.

b. For projects requiring 80 ton sublots – One reading, at each longitudinal joint to be tested, 
will be taken every four hundred tons or at every fifth sublot tested.

4.	 Calculation	of	Results

a. Calculate the Longitudinal Joint density in accordance WSDOT SOP 729.

5. Report

a. Report the results using one or more of the following:

• Materials Testing System (MATS)

• WSDOT Form 350-095

• Form approved in writing by the State Materials Engineer

 Note: Lot Number corresponds to the lot where the set of longitudinal joint readings were 
taken. The station corresponds to the station within the lot (i.e., third sublot) where the set 
of longitudinal joint readings were taken.

http://www.wsdot.wa.gov/publications/fulltext/forms/350-095.PDF
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WSDOT T 738
In-Place Density of Asphalt Mixtures Using the Nuclear Moisture-Density Gauge

Scope
This test method describes the procedure for using a nuclear moisture gauge to determine the 
in-place density of asphalt mixtures, the correction of the gauge reading by correlation core, 
and the calculation of the percentage of compaction for asphalt mixtures.

Apparatus
• Nuclear density gauge with the factory matched standard reference block.
• Drive pin, guide, scraper plate, and hammer for testing in direct transmission mode.
• Transport case for properly shipping and housing the gauge and tools.
• Operator manual for the specific make and model of gauge.
• Radioactive materials information and calibration packet containing:

– Daily Standard Count Log
– Factory and Laboratory Calibration Data Sheet
– Density Standard Decay Sheet
– Leak Test Certificate
– Shippers Declaration for Dangerous Goods
– Procedure Memo for Storing, Transporting, and Handling Nuclear Testing Equipment
– Other radioactive materials documentation as required by local regulatory requirements.

Radiation Safety
This method does not purport to address the safety concerns, if any, associated with its use. This test 
method involves potentially hazardous materials. Take proper precautions when utilizing the nuclear 
gauge, radioactive materials can be hazardous to the health of the user. Users of this gauge must 
become familiar with the applicable safety procedures and governmental regulations. All operators 
will be trained in radiation safety prior to operating nuclear density gauges. The use of personal 
monitoring devices such as a thermoluminescent dosimeter or film badge is required by WSDOT.

Calibration
Perform calibrations in accordance with the manufacturer’s operators manual.
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Standardization (Standard Count)
1. Turn the gauge on and allow it to stabilize for 10-20 minutes prior to taking a Standard 

(extra carriage return) Count. Do not turn the gauge off during the work period.
2. Prior to any correlation of the nuclear gauge, perform a Stat Test in accordance with the gauge’s 

operator manual.

a. If the gauge passes the Stat Test, perform a Standard Count.

b. If the gauge fails the Stat Test, run a second Stat Test. If the gauge fails the second Stat Test, 
it should be repaired or recalibrated.

3. Take a Standard Count at the start of each day’s work and prior to testing whenever the gauge has 
been turned off during the work period. Daily variations in Standard Count shall not exceed the 
acceptable limits established by the manufacturer of the gauge. Compare the daily standard count 
to the average of the last four counts to ensure acceptable limits are not exceeded.

4. Compare the daily Standard Count to the Density Standard Decay Sheet (Note 2) to ensure the 
standard count falls within acceptable limits.

a. If the acceptable limits in Standard Count are exceeded after repeating the Standard Count 
procedure or if the daily Standard Count is outside the range of the Standard Decay Sheet, 
the gauge should be repaired and or recalibrated.

5. Record the Standard Count for both density and moisture in the Daily Standard Count Log.
6. The gauge operator manual has instructions for taking a Standard Count.
 Note 2: The Density Standard Decay Sheet is found in the calibration documentation packet. This 

sheet shows the anticipated standard count range based on the calculated decay rate of the gauges 
radioactive source over the passage of time.

Test Site Location
1. Select a test location(s) randomly and in accordance with WSDOT Test Method T 716. Test sites 

should be relatively smooth and flat and meet the following conditions:

a. At least 33 ft (10 m) away from other sources of radioactivity 

b. At least 10 ft (3 m) away from large objects (i.e., vehicles)

c. No closer than 24 in (600 mm) to any vertical mass, or less than 6 in (152.0 mm) from 
a vertical pavement edge
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Overview
There are two approved methods for determining in-place density of asphalt mixes:

• Direct Transmission Mode – When the lift thickness is 0.15 foot or greater.
 If a density lot is started in this mode it must continue in this mode until the pavement thickness 

falls below 0.15 feet. At that time, the mode of testing will change to Thin Layer Mode and the 
gauge must be correlated in thin layer mode prior to resuming testing.

• Thin Layer Mode – When the lift thickness is 0.10 foot or greater. Only gauges with two sets 
of photon detectors (i.e., Troxler 3450) operating in “Thin Layer Mode” will be allowed.

 If a density lot is started in thin layer mode, it must remain in thin layer mode until the lot 
is completed.

Procedure
Direct Transmission Mode
1. Maintaining maximum contact between the base of the gauge and the surface of the material under 

test is critical.
2. Use the guide and scraper plate as a template and drill a hole to a depth of at least ¼ in (7 mm) 

deeper than the measurement depth required for the gauge.
3. Place the gauge on the prepared surface so the source rod can enter the hole. Insert the probe in the 

hole and lower the source rod to the desired test depth using the handle and trigger mechanism. 
Ensure that the pavement depth is within 0.15’ of the correlation depth. If the pavement depth not 
within 0.15’ of the correlation depth an new correlation is required per SOP 730.

4. Position the gauge with the long axis of the gauge parallel to the direction of paving. Pull the 
gauge so that the probe is firmly against the side of the hole. Draw an outline around the entire 
gauge base for correlation coring, when applicable.

 WSDOT Note: For alignment purposes, the user may expose the source rod for a maximum of 10 
seconds.

5. Take one 4-minute test and record the wet density (WD) reading.

Thin Layer Mode
1. Maintaining maximum contact between the base of the gauge and the surface of the material under 

test is critical.
2. A thin layer gauge (i.e., Troxler 4640) or a moisture density and thin layer gauge that has a thin 

layer mode setting (i.e., Troxler 3450) is required to perform this testing.
3. Ensure that the depth entered into the gauge matches the pavement depth and is within 0.08’ of the 

correlation depth. If the pavement depth is not within than 0.08’ of the correlation depth, a new 
correlation is required per SOP 730. Draw an outline around the entire gauge base for correlation 
coring.

4. Take test in accordance with manufacturer’s recommendation except, WSDOT does not fill voids 
in asphalt with sand or cement.

5. Take one 4-minute test and record the density (D) reading.

Sampling Freshly Mixed Concrete WAQTC TM 2
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Calculation of Percent of Compaction
The percent compaction is determined by comparing the in-place wet density (WD) or density (D), 
as determined by this method, to the Average Theoretical Maximum Density of the asphalt mix as 
determined by the WSDOT SOP 729.

The gauge operator will receive a new average Theoretical Maximum Density from the asphalt mix 
tester for each day of production a mix test is required. The gauge operator will continue to use the 
previous moving average until a new moving average is received. The gauge operator will then 
change the moving average value and calculate the percent compaction using the new moving average 
value. Density tests performed prior to the receipt of the new moving average will not be adjusted 
with the new moving average value.

Each gauge shall be correlated in accordance with WSDOT SOP 730. A correlation factor will be 
provided for each nuclear-moisture density gauge.

Use the following equations to calculate the percent of compaction:
1. Calculate the corrected gauge reading to the nearest tenth of a percent as follows: 

Corrected Gauge Reading = WD × CF or D × CF

 Where: 
WD = moisture density gauge wet density reading 
D  = Asphalt Mix Density reading for thin layer mode gauge 
CF  = gauge correlation factor (WSDOT SOP 730)

2. Calculate the percent compaction as follows.

Percent Compaction = 
Corrected Gauge Reading  

Average Theoretical Maximum Density
 × 100

Correlation With Cores
Refer to WSDOT SOP 730 for the procedure for correlation cores

Report
Report the results using one of the following:

• Materials Testing System (MATS)
• DOT Forms 350-092 and 350-157
• Form approved in writing by the State Materials Engineer

Report the percent compaction to the nearest tenth of a percent (0.1 percent).
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Tester Qualification Practical Exam Checklist
In-Place Density of Asphalt Mixes Using the Nuclear Moisture-Density Gauge  
FOP for WAQTC T 738

Participant Name   Exam Date 

Procedure	Element Yes No
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 

thecurrent calibration/verification tags present?
3. Gauge turned on?

4. Gauge standardized and Standard Count recorded?

5. Standard Count compared with Density Standard Decay sheet?

6. Stat test run prior to correlation?

7. Test location selected appropriately?

8. Direct Transmission Mode:
a. Hole made a minimum of ¼ inch deeper than measurement depth?
b. Gauge placed parallel to direction of paving, probe extended, gauge pulled back 

so probe against hole?
c. For alignment purposes did not expose the source rod for more than 10 seconds.
d. One 4-minute test made?
e. Wet density recorded?

9. Thin Layer Gauge or Gauge in Thin Layer Mode:
a. Gauge placed, probe extended to backscatter position?
b. One 4-minute test made; gauge placed as described in the manufacturer 

recommendations?
c. Density (D) recorded?

10. All calculations performed correctly?
11. Nuclear Gauge secured in a manner consistent with current DOH requirements?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 
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Comments: 
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WSDOT Test Method T 812
Method of Test for Measuring Length of Drilled Concrete Cores

1. Scope
a. This method is for the WSDOT ten point callipering device it is similar to AASHTO  

T- 48 and covers the procedure for determining the length of a core drilled from a concrete 
structure, and from Portland cement concrete pavement. It is acceptable to use the 
commercially available nine point callipering device defined in AASHTO T 148.

2.	 Apparatus
a. The apparatus shall be a callipering device that will measure the length of axial elements of 

the core. While the details of the mechanical design are not prescribed, the apparatus shall 
conform to the requirements of 2 (B) to 2 (F).

b. The apparatus shall be designed so that the specimen will be held with its axis in a vertical 
position by three symmetrically placed supports bearing against the lower end. These supports 
shall be short posts or stubs of hardened steel, and the ends that bear against the surface of the 
specimen shall be rounded to a diameter of not less than ¼ inch more than ½ inch.

c. The apparatus shall provide for the accommodation of specimens of different nominal lengths. 
(A range of at least 9 to 12 inches.)

d. The callipering apparatus shall be designed so that it will be possible to make a length 
measurement at the center of the upper end of the specimen and at nine additional points 
(See Note 1) spaced at equal intervals along the circumference of a circle whose center point 
coincides with that of the end area of the specimen and whose radius is not less than one-half 
nor more than three-fourths of the radius of the specimen.

	 Note	1:	 Commercially available nine point callipering device is acceptable.
e. The measuring rod or other device that makes contact with the end surface of the specimen for 

measurement shall be rounded to a radius of ⅛ inch. The scale on which the length readings 
are made shall be marked with clear, definite, accurately-spaced graduations. The spacing of 
the graduations shall be 0.10 inch or a decimal part thereof.

f. The apparatus shall be stable and sufficiently rigid to maintain its shape and alignment without 
a distortion or deflection of more than 0.01 inch during all normal measuring operations.
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3.	 Test	Specimens
a. Cores shall be obtained per AASHTO T 24. Cores that show abnormal defects or that have 

been damaged appreciably in the drilling operation shall not be used.
4.	 Procedure

a. Before any measurement of the core length is made, the apparatus is calibrated with suitable 
gauges so that errors caused by mechanical imperfections in the apparatus are known. When 
these errors exceed 0.01 inch, suitable corrections are applied to the core length measurements.

b. The specimen is placed in the measuring apparatus with the smoothest end of the core facing 
down, to bear against the three hardened-steel supports. The specimen is placed on the 
supports so that the central measuring position of the measuring apparatus is directly over the 
mid-point of the upper end of the specimen.

c. Ten measurements (See Note 2) of the length are made on each specimen, one at the 
central position and one each at nine additional positions spaced at equal intervals along 
the circumference of a circle of measurement as described in 2(D). Each of these ten 
measurements is read directly to 0.10 inch and to 0.01 inch either directly or by estimation.

	 Note	2:	 For commercially available callipering devices nine measurements is allowed.
d. If, in the course of the measuring operation, it is discovered that at one or more of the 

measuring points the surface of the specimen is not representative of the general plane of the 
core end because of a small projection or depression, rotate the specimen slightly about its 
axis, and make a complete set of nine measurements in the new position.

5. Report
a. The individual observations are recorded to the nearest 0.01 inch and the average of the ten 

measurements (See Note 3), expressed to the nearest 0.01 foot, Measurements will be reported 
in the Materials Tracking System (MATS) database.

 Note	3: For commercially available callipering devices average nine measurements.
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Performance Exam Checklist
Method T 812 Checklist 
Measuring Length of PCC Cores 

Participant Name   Exam Date 

Procedure	Element Yes No
1. Only concrete measured?

2. Damaged cores not measured?

3. Apparatus calibrated?

4. Smooth (top) end of core set on pins?

5. Center probe located at center of core?

6. Ten measurements taken?

7. Measurements read to 0.10 in directly?

8. Measurements read indirectly to 0.01 in?

9. Measurements recorded to 0.01 in?

10. Averaged and reported to 0.01 foot?

First Attempt: Pass  Fail Second Attempt: Pass  Fail 

Signature of Examiner 

Comments:
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