
OREGON DEPARTMENT OF TRANSPORTATION 

CONSTRUCTION SECTION 
MATERIALS LABORATORY 

800 Airport Road  
Salem, OR  97301 

503/986-3000 

LABORATORY MANUAL 
OF TEST PROCEDURES 

February 2025



February 2025 

TO:  Materials Testing Manual Holders 

SUBJECT:  Laboratory Manual of Test Procedures 

Attached is your copy of the new Oregon Department of Transportation 
Laboratory Manual of Test Procedures, February 2025.   

This edition completely replaces the February 2024 Laboratory Manual of 
Test Procedures. 

This manual has the current versions of our laboratory test procedures.  However, 
if a test was identical to an AASHTO, ASTM, or MFTP procedure it was 
not duplicated in this manual.  

Every effort has been made to make this manual complete and accurate.  If you 
have questions or comments on the contents, format, or wording of this manual 
please let me know. 

Kevin Brophy  
Laboratory Services Manager 





ODOT AASHTO ASTM MFTP

T 176

T 89

T 90

T 288

T 289

R 58

T 99

T 180

T 100

TM 104

TM 117

T 216

T 296

T 297

TM 126

T 265

Consolidated, Undrained Triaxial Compression 
Test on Cohesive Soils

Cement Treated Base and Cement Treated 
Existing Roadway Material

Laboratory Determination of Moisture Content 
of Soils

Torvane Shear/Soil Pocket Penetrometer

One Dimensional Consolidation Properties of 
Soils

Unconsolidated, Undrained Compressive 
Strength of Cohesive Soils in Triaxial 
Compression

Moisture/Density Relations of Soils Using 
Harvard Miniature Compaction Apparatus

Moisture/Density Relations of Soils Using a 2.5 
Kg Hammer and a 305 mm Drop 

Moisture/Density Relations of Soils Using a 
4.54 Kg Hammer and a 457 mm Drop

Specific Gravity of Soils

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

Plastic Fines in Graded Aggregate and Soil by 
use of Sand Equivalent Test

Determining the Liquid Limit of Soils

Determining the Plastic Limit and Plasticity 
Index of Soils

Determining Minimum Laboratory Soil 
Resistivity

Determining pH of Soil for Use in Corrosion 
Testing

Dry Preparation of Disturbed Soil and Soil 
Aggregate Samples for Testing



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

T 267 D 2974

T 208

D 7012

T 88

T 236

D 4644

WAQTC      
TM 15

WAQTC      
TM 17

T 19

TM 202 T 84

TM 203 T 85

T 27

T 11

T 104

TM 208

Determination of Organic Content in Soils by 
loss on Ignition

Unconfined Compressive Strength of Cohesive 
Soil

Standard Test Method for Unconfined 
Compressive Strength of Intact Rock Core 
Specimens

Particle Size Analysis of Soils

Direct Shear Test of Soils Under Consolidated 
Drained Conditions

Standard Test Method for Slake Durability of 
Shales and Similar Weak Rocks

Unit Weight and Voids in Aggregate

Laboratory Theoretical Maximum Dry Density 
of Granular Soil and Soil / Aggregate

Determination of Theoretical Maximum Dry 
Density of Granular Soils and Soil / Aggregates 
For Use as a Density Standard

Specific Gravity and Absorption of fine 
Aggregate

Specific Gravity and Absorption of Coarse 
Aggregate

Sieve Analysis of Fine and Coarse Aggregates 

Amount of Material Finer than 75 μm Sieve in 
Aggregate

Soundness of Aggregate by Use of Sodium 
Sulfate

Oregon Air Aggregate Degradation 



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

TM 211 T 96

T 21

T 335

T 112

TM 222 T 113

TM 225

TM 226-95

TM 227

TM 229

T 304

T 248

D7428

TM 303

TM 307

D 1075

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

Organic Impurities in Fine Aggregate for 
Concrete

Determining the Percent of Fractured Particles 
in Crushed Aggregate

Clay Lumps and Friable Particles in Aggregate

Lightweight Pieces in Aggregate

Presence of Wood Waste in Produced 
Aggregates

Dust or Clay Coating on Produced Coarse 
Aggregates for use in Highway Construction

Evaluating Cleanness of Cover Coat Material

Determination of Elongated Material in Coarse 
Aggregates

Uncompacted Void Content Of Fine Aggregate 
(As Influenced By Particle Shape, Surface 
Texture And Grading)

Reducing Field Samples of Aggregate to 
Testing Size

Resistance of Coarse Aggregate to 
Degradation by Abrasion in the Micro-Deval 
Apparatus

Resistance to Deformation of Bituminous 
Mixtures by Means of Hveem Stabilometer

Compressive Strength of Bituminous Mixtures

Effect of Water on Compressive Strength of 
Compacted Bituminous Mixtures



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

TM 311

TM 313

TM 315

TM 316

TM 317

TM 318

TM 335

T 49

T 201

T 48

T 51

T 44

T 59

T 53

D 6

T 202

T 240

TM 425

Moisture Content of Aggregates

Compressive Strength of Emulsified Asphalt 
Mixtures

Effect of Water Saturation And Freeze Thaw 
Cycle on Dense Graded Asphalt Concrete-
Index of Retained Resilient Modulus

Adding Anti-Strip Additives or Lime to Mix 
Design Samples

Moisture Content of Bituminous Mixtures

Selection of Asphalt Content In Open-Graded 
Bituminous Mixes by the Draindown and 
ECS Procedure

Presence of Harmful Material in Recycled 
Asphalt Shingles

Penetration of Bituminous Materials

Kinematic Viscosity of Asphalts (Bitumens)

Flash and Fire Points by Cleveland Open Cup

Ductility of Bituminous Materials

Solubility of Bituminous Materials

Testing Emulsified Asphalts

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

Loss on Heating of Oil and Asphaltic 
Compounds

Absolute Viscosity of Asphalts

Effect of Heat and Air on a Moving Film of 
Asphalt Binder (Rolling Tin-Film Oven Test)

C- Value Procedures



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

TM 426

TM 428

TM 429

TM 430

TM 432

TM 503X
EPA Test 
Method 1311

E 70

T 260

T 194

T 178 C 1084

T 260

T 213 A 428

T 65 A 90

TM 580X

D 1475            
D 2697            
D 50               
D 2369            
D 562

TM 591X

D 562              
D 711              
D 1475

D 1214

Vialit test for Aggregate Retention in Chip 
Seals “French Chip”

Torsional Recovery

Elastic Recovery

Absolute Viscosity

Bond Strength of Flexible Bituminous Adhesive

EPA TCLP Analysis

pH Determination of Water using digital pH/mv 
Meter

Procedure for Chloride Determination

Determination of Organic Matter in Soils by 
Wet Combustion

Portland-Cement Content of Hardened 
Hydraulic-Cement Concrete

Chemical, Concrete Chloride Analysis

Mass [Weight] of Coating on Aluminum-Coated 
Iron or Steel Articles

Mass [Weight] of Coating on Iron and Steel 
Articles with Zinc or Zinc-Alloy Coatings

Paint, Structural Coatings, Pre-Qualification

Traffic Paint

Glass Spheres, Traffic Paint



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

TM 613

TM 614

T 97 C 78

C 192

T 231 C 617

T 22 C 39

TM 721

T 106

TM 759

TM 920 AX     
TM 920 BX T 244 A 370

B 557

T 244 A 370

F 606

M 181 A 370

TM 950 AX     
TM 950 BX M 31M A 615

M 55 A 185/A

Weight – Per – Gallon Determination of Paints 
and Coatings

Determination of Zinc in Dry Films of Paints 
and Coatings

Flexural Strength of Concrete (Using Simple 
Beam-Third Front Loading)

Making and Curing Concrete Test Specimens 
in the Lab

Capping Cylindrical Concrete Specimens

Compressive Strength of Cylindrical Concrete 
Specimens

Water Retention Efficiency of Liquid Membrane-
Forming Compounds and Impermeable Sheet 
Materials for Curing Concrete

Compressive Strength of Hydraulic Cement 
Mortar (Using 50 mm Cube Specimens)

Rebar Splices (No. 3 through No. 8)

Static Modulus of Elasticity of Polymer 
Concrete Cylinders

Aluminum, Physical Properties

Guardrail Anchor Cable Assembly

High Strength Bolt

Chain Link Fence Fabric

Steel Reinforcing (No. 3 through No. 8)

Welded Wire Fabric



ODOT AASHTO ASTM MFTP

ODOT LABORATORY TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

A 1061M         
A 1061

M 280 A 121

M 279 A 116

M 281 A 702

E 8

T 148 C 174

E 10

E 18

T 244 A 370

E 4

Prestress or Post Tension Seven Wire Strand

Standard Practices for Load Verification of 
Testing Machines

Barbed Wire 

Woven Wire Fence Fabric

Fence Post (Studded Tee)

Tension Testing of Metallic Materials

Rockwell Hardness

Measuring Length of Drilled Concrete Cores

Brinell Hardness

Steel, Physical Properties







ODOT AASHTO ASTM MFTP

T 176

T 89

T 90

T 288

T 289

R 58

T 99

T 180

T 100

TM 104

TM 117

T 216

T 296

T 297

TM 126

T 265
Laboratory Determination of Moisture Content 
of Soils

Unconsolidated, Undrained Compressive 
Strength of Cohesive Soils in Triaxial 
Compression

Consolidated, Undrained Triaxial Compression 
Test on Cohesive Soils

Cement Treated Base and Cement Treated 
Existing Roadway Material

Specific Gravity of Soils

Torvane Shear/Soil Pocket Penetrometer

One Dimensional Consolidation Properties of 
Soils

Moisture/Density Relations of Soils Using 
Harvard Miniature Compaction Apparatus

Dry Preparation of Disturbed Soil and Soil 
Aggregate Samples for Testing

Moisture/Density Relations of Soils Using a 2.5 
Kg Hammer and a 305 mm Drop 

Moisture/Density Relations of Soils Using a 
4.54 Kg Hammer and a 457 mm Drop

Determining the Plastic Limit and Plasticity 
Index of Soils

Determining Minimum Laboratory Soil 
Resistivity

Determining pH of Soil for Use in Corrosion 
Testing

SOILS - ODOT TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

Plastic Fines in Graded Aggregate and Soil by 
use of Sand Equivalent Test

Determining the Liquid Limit of Soils



ODOT AASHTO ASTM MFTP

T 267 D 2974

T 208

D 7012

T 88

T 236

D 4644

WAQTC      
TM 15

WAQTC      
TM 17

Laboratory Theoretical Maximum Dry Density 
of Granular Soil and Soil / Aggregate

Determination of Theoretical Maximum Dry 
Density of Granular Soils and Soil / Aggregates 
For Use as a Density Standard

SOILS - ODOT TEST METHODS
WITH  AASHTO, ASTM AND MFTP TEST REFERENCES

Description of Test

Determination of Organic Content in Soils by 
loss on Ignition

Unconfined Compressive Strength of Cohesive 
Soil

Standard Test Method for Slake Durability of 
Shales and Similar Weak Rocks

Standard Test Method for Unconfined 
Compressive Strength of Intact Rock Core 
Specimens

Particle Size Analysis of Soils

Direct Shear Test of Soils Under Consolidated 
Drained Conditions













ODOT Test Method 126-98

MATERIALS LABORATORY
ODOT  Test Method 126-98 

Method of Test for 
CEMENT TREATED BASE AND CEMENT

TREATED EXISTING ROADWAY MATERIAL

SCOPE

1.1 This method describes the procedure for establishing a mix design (% passing 6.3 mm /4 in.) 
sieve vs. design kg/m3 (Lbs/Ft.3) for Cement Treated Base material. From the resulting curve a 
minimum allowable in place density can be determined, providing the percent passing the 6.3 
mm (1/4 in.) sieve and the specified percent compaction is known. A particular curve, however, 
applies only to those Cement Treated Base mixtures containing aggregates and cement from the 
same source and production as those used in establishing the curve. 

APPARATUS

2.1 Drying oven thermostatically controlled to 110   3  C (230  9  F). 

2.2 Drying oven thermostatically controlled to 60   3  C (140  5  F). 

2.3 Balance with capacity of 4500 grams, accurate to 0.1 gram. 

2.4 Sample splitter, riffle type, 19 mm (3/4 in.) openings. 

2.5 Sieves, U.S. Standard sizes, 25, 19, 12.5, 6.3, 4.75, 2.00 and .075 mm (1-in., 3/4-in., 1/2-in.,  1/4-
in., No. 4, No. 10, No. 20, No. 40 and No. 200). 

2.6 Non-porous mixing bowl, 4 liter (1 gal.) capacity. 

2.7 Metal scoop and large mixing spoon. 

2.8 Measuring gauge and stand, Figure 5. 

2.9 Split compaction mold, 102 mm (4 in.) diameter x 290 mm (11.5 in.) as shown in Figure 5. 

2.10 Compression machine consisting of a  18 - 22 kN (20 - 25 ton) capacity hydraulic jack fitted with  a 
spherically seated head and mounted in a 762 mm (30 inch) frame. (Figure 5) 

2.11 Bottom and upper plunger for compression jack.

2.12 Special bench vise for holding compaction mold as shown in Figure 5. 

2.13 Small carpenters level. 

2.14 Glass or Plexiglas plates 150 x 150 mm (6in. x 6in.). 
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2.15 Testing machine with a minimum capacity of 15 kN (30,000 lbs.). 

2.16 Bullet nosed rod, 9.5 mm (3/8 in.) diameter by approx. 500 mm ( 20 in.) long. 

2.17 Hand tamper, 19 mm (3/4 in) diameter by approx. 500 mm (20 in.) long, weighing between 2700  2745 gr ( 
6.00  .05 lbs.). 

2.18 Tin or galvanized liner, 102 x 102 mm (4 x 4 in.) in diameter. 

2.19 102 mm (4 in.) diameter filter paper (medium) filtration speed. 

AGGREGATE PREPARATION 

3.1 Dry aggregate at a maximum of 60  C (140  F). 

3.2 Determine sieve analysis. 

3.3 Retain the aggregates separated on each sieve size, 25, 19, 12.5, 9.5, 6.3, 4.75, 2.0, .425, .075 and P.075 mm 
(1, 3/4, 1/2, 3/8, 1/4, #4, #10, #40, #200 and P200). 

CALCULATE TEST SPECIMEN GRADATIONS

4.1 Three gradations are required to obtain sufficient points for a reliable maximum density curve. The three 
gradations should be the specified maximum and minimum percentages passing the 6.3 mm (1/4 in.) sieve 
and at the midpoint of this range. 

4.2 Obtain field test gradations and determine an average. Sieve and calculate the gradation of the sample 
submitted for use in the design. The gradation of the submitted sample must be reconciled to the field 
gradation. 

4.3 To adjust the submitted sample gradation, a ratio of the submitted sample gradation (lab sample) to the field 
gradation for the percent retained on the 6.3 mm (1/4 in.) sieve (R 6.3 mm [1/4 in.]) and percent passing the 
6.3 mm (1/4 in.) sieve (P 6.3 mm [1/4 in.]) fractions is determined. Example: 

 FIELD TEST% LAB SAMPLE % 

 25 mm (1in.)       2.0 25 mm (1in.)       1.1 
 53.8 % 12.5 mm (1/2in.)   27.2    19 mm (3/4in.)   10.7 
   6.3 mm (1/4in.)   24.6 63.6 % 12.5 mm (1/2in.)  25.6 
   9.5 mm(3/8in.)    12.1 
   6.3 mm (1/4in.)   14.1 

 R2.0 mm (no.10) 24.3  4.75 mm (no.4)      8..2 
  P2.0 mm (Pno.10) 21.9  2.00 mm (no.10)   11.1 
 46.2 %  36.4 % .425 mm (no.40)   10.8 
  R6.3 mm (1/4in.)   53.8  .075 mm (no.200)   3.9 
  P6.3 mm (1/4in.)   46.2  P.075 mm (no.200)   3.0 

4.3.1 The ratio for the R6.3 mm (R1/4in.) fraction is 53.8 / 63.6, and for P6.3 mm (P1/4in.) fraction is 
46.2 / 36.4. These ratios are multiplied times each sieve size of the submitted sample to give the 
“gradation adjustment”. 
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                                      Adjusted Lab. Gradation 

    25 mm (1in.)  1.1 0.9 
    19 mm (3/4in.) 10.7          53.8 9.1 
   12.5 mm (1/2in.) 25.6 = 21.7 
   9.5 mm (3/8in.) 12.1          63.6 10.2 
   6.3 mm (1/4in.) 14.1 11.9 

 4.75 mm (no.4)   8.2 10.4 
 2.00 mm(no.10) 11.1          46.2 14.1 
 .425 mm (no.40) 10.2 = 12.9 
 .075 mm (no.200)  3.9           36.4   5.0 
 P.075 mm (P200)  3.0   3.8 

4.3.2 Now the individual fractions of the “gradation adjustment” must be adjusted to the fractions of the field 
gradation. Note - The fraction for 25 - 12.5 mm (1 - 1/2in.) in the field gradation is 27.2%. The fractions for 
the R19 mm (R 3/4in.) and the R12.5 mm (R 1/2in.) in the gradation adjustment add up to 30.8%, thus the 
ratio of 27.2/30.8 is established. Likewise ratios for 12.5 - 6.3, 6.3 - 2.00, 2.00 - 0 mm (1/2 - 1/4in., 1/4in. - 
no.10, no.10 - 0) are respectively: 24.6/22.1, 24.3/24.5, and 21.9/21.7. 

4.3.3 The ratios determined in 4.3.2 are then multiplied times each individual sieve size in its fraction to arrive at 
the “adjusted field gradation.” For example: 

  Gradation Adjustment  Adjusted Field 
    Determined in 4.3.1       Gradation   

   25 mm (1in.)     0.9     27.2  2.0* 
   19 mm (3/4in.)  9.1     = 8.0 
  12.5 mm (1/2in.) 21.7    30.8  19.3 

  9.5 mm (3/8in.) 10.2    24.6  11.4 
                                                      = 
  6.3 mm (1/4in.) 11.9    22.1  13.2 

  4.75 mm (no.4)   10.4    24.3  10.3 
   = 
  2.00 mm (no.10) 14.1    24.5  14.0 

  4.75 mm (no.4)   12.9    21.9  13.0 
  .075 mm (no.200) 5.0 =   5.0 
     P.075 mm (P200) 3.8    21.7    3.8 

* Note that the R 25 mm (1in.) fraction is taken directly from the field gradation. 

4.3.4 Since the retained on the 25 mm (1in.) sieve is not used in specimen fabrication, that percentage of material must 
be replaced by 19 and 12.5 mm (3/4 and 1/2in.) size material size material, so those fractions must be 
redistributed proportionally. Determine a ratio of the 3 fractions to the 2nd and 3rd fractions combined. 

  25 mm (1in.) 2.0 29.2  
19 mm (3/4in.) 8.0  

  12.5 mm (1/2in.)    19.2     27.2    

 This ratio is multiplied times the 19 and 12.5 mm (3/4 and 1/2in.) percentages to give the “test gradation” used 
in sample fabrication. If all material is passing the 25 mm (1in.) sieve, this step (4.3.4) is not necessary and the 
“adjusted field gradation” is used as the “test  gradation”. 
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 25 mm (1in.)  2.0 0.0 
   19 mm (3/4in.) 8.0 29.2             = 8.6 
 12.5 mm (1/2in.) 19.3 27.2 20.7 

  9.5 mm (3/8in.)   11.4 
  6.3 mm (1/4in.) 13.2 
   4.75 mm (no.4) 10.3 
   2.00 mm (no.10) 14.0 
   .425 mm (no.40) 13.0 
   .075 mm (no.200)   5.0 
  P.075 mm (P.200)   3.8 

4.3.5 Normally the above calculations (4.3 - 4.3.4) are done consecutively on a single sheet. (See Figure 
4)

4.3.6 ODOT specifications require material passing the 6.3 mm sieve for 25 mm material to fall in the 
range of 40 - 55%. After the test gradation is determined, specified gradations are calculated 
proportionally to arrive at gradations where the passing 6.3 mm material equals 40, 47.5 and 55%, 
covering the specified range uniformly. In the example below, the R6.3 mm is 53.8% and the P6.3 
mm is 46.2%. For gradation “G” where the desired 6.3 mm is 40% the ratios are 60.0/53.8 and 
40/46.2 for R6.3 mm and P6.3 mm  respectively. These ratios are multiplied times their individual  
sieve sizes to give the percentages in column “G”. These percentages are used to batch out all 
samples for  gradation “G” . The same process, using appropriate ratios is used to used to calculate 
gradations “H” and “J”.                 
_____________________________________________________________________

  Test P6.3 mm 40% P6.3 mm 47.5% P6.3 mm 55% 
 SIZE Gradation% G  H J 
 _____________________________________________________________________ 

    25 mm 0.0 0.0 0.0 0.0 
    19 mm 8.6 9.6 8.4 7.2 
   12.5 mm 20.7 23.1 20.2 17.3 
   9.5 mm 11.4 12.7 11.1   9.5 
   6.3 mm 13.2 14.7 12.9 11.0 
 4.75 mm 10.3  8.9 10.6 12.3 
 2.00 mm 14.0 12.1 14.4 16.7 
 .425 mm 13.0 11.3 13.4 15.5 
 .075 mm   5.0   4.3   5.1   6.0 
  P.075 mm   3.8   3.3   3.9   4.5 

 R6.3 mm 53.8 60.0 52.5 45.0 
   53.8 53.8 53.8 

 P6.3 mm 46.2 40.0 47.5 55.0 
   46.2 46.2 46.2 
 ____________________________________________________________________ 

PREPARATION OF TRIAL TEST SPECIMENS

5.1 It is essential that all specimens be compacted to a height of 102  5 mm (4.0  0.2 in.). To obtain specimens 
within this range, the proper quantity of aggregate must be used. Trial specimens are fabricated for this 
determination. 
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5.2 Trials specimens are fabricated at the coarse limit of the specified gradations. (Gradation “G” in 
4.3.6) Since aggregates contain some moisture, three 500 or 1000 g samples for moisture 
determination are also batched at this time, using the same gradation as each of the test  
gradations. These samples are placed in an oven at 110  C following the procedure outlined in 
AASHTO T 255. The trial specimen is batched at 1750 g for height determination. 

5.3 After testing of the moisture samples is complete, determine the dry weight of the batched sample for the 
purpose of calculating the weight of cement to be added. 

 Example: 

 1000 g moisture = 982.6 g after drying at 110  C. 
 1750 g dummy sample 

     982.6 x 1750    =  1719.6 g dry weight 
 1000 

5.4 Calculate cement percentage based on the dry weight of the sample. 

 Example: 

   1719.6     Dry weight from 5.3 
    x .055  =  5.5% cement (varies according to mix design) 
   94.6 g   =  cement addition 

5.5 Determine the brand and type of cement to be used and screen it over the .850 mm (no. 20) sieve.  

5.5.1 Weigh out the amount of cement calculated in 5.4, add it to the sample in a  mixing bowl, and stir to 
distribute thoroughly. 

5.6 Add sufficient water to produce a mix in which all aggregate surfaces are damp, but  without free water. This 
is done by adding increments of water and mixing after each  addition, until the desired moisture is obtained. 
This content is near optimum moisture. (This will usually be 120 mL to 140 mL water.) 

5.7 Cover the bowl with a damp cloth and allow to hydrate 30 minutes. Record the amount of water added. (See 
Figure 2) 

5.8 The sample is compacted as described in part 6 below, and the quantity of exudated water recorded. 
Optimum moisture content occurs when 8 - 11 mL of water is exudated from the sample during compaction. 

5.9 After the sample is compacted, a height is taken with the extensiometer, (See Figure 5) picking a 
representative place on the surface of the sample to place the tip of the plunger. If the sample is a desirable 
height in the 97 - 107 mm (3.8 - 4.2in.) range, and the  moisture exudated is a desirable amount, the 
trial sample may be used as a regular  sample to be reported. 
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5.10 If the trial sample is not 97 - 107 mm or is not at the desired height, the gradation needs to be adjusted in 
this manner: 

     1750(102.3)   =   1629.5 
          110.4 

    Air dried weight of sample    =  1750 g  
    Height of completed sample =  110.4 mm 
    Desired height of sample      =  102.8 mm 

 5.10.1 Each fraction of the gradation must be adjusted by this same factor: 

    1629 g    =    0.93086 
    1750 g 

 _______________________________________________________________________ 
      Cumulative   Cumulative 
           Trial          Test 
          Grams        Grams 
 _______________________________________________________________________ 
         Sieve Size  %         1750 x (0.93086)  =    1629.0 
 _______________________________________________________________________ 
       19 mm (3/4in.)   9.6     168.0   =    156.4 
    12.5 mm (1/2in.)          23.1      572.3   =     532.7 
      9.5 mm (3/8in.)          12.7      794.5  =     739.6 
      6.3 mm (1/4in.)          14.7    1051.8  =     979.1 
    4.75 mm (no.4)    8.9    1207.5    =   1124.0 
    2.00 mm (no.10)          12.1    1419.3  =   1321.2 
    .425 mm (no.40)          11.3    1617.0  =   1505.2 
    .075 mm (no.200)          4.3    1692.3  =   1575.3 
     P.075 mm(P200)          3.3    1750.0  =   1629.0 
 _______________________________________________________________________ 

5.11 Two more samples of the same gradation and total weight are treated like the first acceptable trial sample 
(5.4 - 5.9), but the moisture contents are adjusted to produce a complete compaction curve (ignore 5.6). It 
is desirable to have one specimen lose 8 - 11 mL, another lose 20 - 25 mL and the third have a 0 -5 mL 
loss. Operator judgment is involved in determining the proper water add. 

5.12 Three samples are fabricated at each design gradation in the manner described above to determine 
maximum density at optimum moisture content for each gradation. 

5.13 The moisture content of each specimen is calculated from the dry weight, initial  moisture, and the 
moisture added. (See Figure 2) 

COMPACTION OF TEST SPECIMENS:

6.1 Weigh a tin liner and 2 filter papers together. Record the weight (See Figure 2). Write the sample  number 
on the liner. 

6.2 Assemble the 102 mm (4in.) mold in the vise with the tin liner in place and the bottom plunger pinned 
three holes from the bottom.  For some materials it may be necessary to pin the bottom plunger further 
away or closer to the bottom of the mold.  The proper pin setting is determined during compaction of the 
trial specimen. 
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6.3 Set the mold upright on a solid block (concrete is best) at a convenient height. Put in one filter 
paper and put on the extension sleeve. 

6.4 After 30 min. hydration time, weigh the bowl and contents , record the gross weight. (Figure 2) 
Spoon approximately 1/2 the sample into mold, cover the bowl with a damp cloth and rod 20 - 30 
times around the edge of the mold with a 9.5 mm (3/8in.) bullet nosed rod to prevent rock pockets. 
Tamp with the 19 mm (3/4in.) faced small end of the 2725 g (6 lb.) tamper for 50 blows. Physical 
exertion in tamping should be only sufficient to move the tamper up and down approximately 100  
mm (4in.) in travel. Guide the tamper over the entire surface of the specimen. The actual 
compactive effort should be provided only by the combined weights of the tamper and the operators 
hand. Avoid a smoothly compacted surface because it will result in a compaction plane in the 
specimen when the next layer is tamped, and will prevent the two layers from bonding.

6.5      Place the remaining portion of the sample in the mold, cover the bowl with a damp cloth, and rod 
the sample 20 - 30 times around the edge of the mold. Care must be taken to include the entire 

prepared sample, since the initial dry weight is used for density calculations. Tamp the second lift 
using 100 blows with the small 19 mm (3/4in.) end of the hand tamper. Level off the top of the 

compacted specimen by tamping lightly with the large 50 mm (2in.) end of the tamper in order to 
provide a smooth surface and an even plane at right angles to the axis of the mold. After tamping 
is complete remove the extension sleeve, brush down the sides of the mold and put on the filter 

paper.

6.6     Place the top plunger in position, then place the entire assembly on the hydraulic jack in the 
compression frame (See Figure 5). If necessary, place one or more of the spacing rings between 
the top plunger and the top of the frame to prevent excessive travel of the jack. Remove the pin 

that holds the bottom in place and gradually apply a total load of 111 kN (12 1/2 t).  Use 1 minute 
to attain the first 89 kN (10 t.), 1/2 of a minute for the next  22 kN (2 1/2 t.), and hold at 111 kN (12 
1/2 t.) for 1 minute. Then release the load, place the mold in the vise, take out the plungers, open 

the mold and remove the specimen with its tin jacket and 2 filter papers.* 

 * Caution: When removing the mold from the jack frame, be sure to hold the bottom plunger, so it doesn't 
fall out and cause injury. 

6.7      Wipe any free water from the outside of the tin liner, clean any adhering sample from the mold, and 
put on top of specimen, then weigh (specimen, 2 filters and liner). Record the weight. (See Figure 
2).

6.8      Weigh the dirty mixing bowl to get net sample weight. The difference between the net weight of the 
sample and the net weight of the specimen is the water loss. (Figure 2) 

6.8.1  If the water loss for the sample does not fall in the 0-5 mL, 8-11 mL or 20-25 mL ranges, 
discard the sample, and adjust the moisture of subsequent samples accordingly. 

6.9  Cap and seal specimen in its tin liner with metal or plastic lids and tape. Store in the moist room for 
6 days to cure. Record the sample in the diary on the day it is to come out of the moist room (6th 
day) and the day it is to be tested for compressive strength. (7th day) 

PROCEDURE FOR DETERMINATION OF COMPRESSIVE STRENGTH 

7.1 After 6 days in the moist room, retrieve specimens, remove lid seals and liners. Transfer identifying 
marks from tin liner to side of specimen with wax pencil. Weigh and measure height in 5 places, 
(center and 4 quarters) and diameter in 4 places along the side. (the same 4 quarters) Record 
measurements on sheet in figure 1. 

7.2 Immerse the specimen in water, at room temperature, for one day to complete the seven day 
curing period required for the compressive strength test. 
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7.3 The next day, remove the specimen from the water bath, pat the surfaces dry of free water with a 
cloth or towel, and cap ends of each specimen with plaster of paris as follows: 

7.3.1 Select 2 glass or plastic plates approximately 150  x 150 mm (6in. x 6in.), for each specimen and 
place them on a level table or bench. 

7.3.2 Oil lightly the top of each plate with a common motor lubricant, Measure into suitable container, 
about 1/4 L (1 cup) of plaster of paris for each specimen to be capped.  Add water, and mix to a fairly 
thick paste. Place a spoonful of paste on every other plate and put a specimen on with some 
downward force. Level the top of the specimen with a small level. 

7.3.3 Add another spoonful of paste on top of the specimen and a plate on top of that. Level this plate 
with the small level. 

7.3.4 Trim excess plaster flush with the specimen circumference and plate using a stiff, 19 mm wide square 
ended spatula. 

7.3.5 Allow the caps to harden for a minimum of 30 minutes and then remove the plates by tapping the 
edges lightly with a piece of soft wood. If difficulty is experienced in removing the plates, apply 
warm water and continue tapping lightly. 

7.4 The specimen may be tested for compressive strength as soon as the glass plates are removed. Using a manila 
disc on each end, center specimen on platen of testing machine and apply load at 133 kN (30,000 lbs) per 
minute. Apply the load until ultimate failure of the test cylinder occurs. An initial failure will usually occur at 
about 80% of the load required for ultimate fracture. Record the total load at failure in kN (lbs). (See Figure 
1)

CALCULATIONS AND REPORTS FOR CTB 

8.1 Complete all calculations for Figures 1 and 2. 

8.2 Transfer percent moisture, dry density, and compressive strength in kPa (psi), (I, K, and M on Figure  1), to 
the proper column on Figure 6 (Lab Report Sheet) for each sample. 

8.3 Convert the gradation determined in 4.3.3 from “retained” gradation to a “passing” gradation and record at 
the top of the form in Figure 6. (Note that the example in 4.3.3 is taken from a different sample than the 
sample in Fig. 1, 2, 6, 7 and 8). 

8.4 Graph the value “E” water loss versus “I” initial moisture from Figure 2, for each gradation as shown in 
Figure 7. Determine the range of moisture contents at 10 mL water  loss and 20 mL water loss. Record these 
ranges of moisture contents on the lines labeled “Mix Moisture Content” in Figure 6. 

8.5 Determine the “recommended cement content” based on compressive strength by applying the criteria found 
in the document ODOT CTB Mix Design Policy, or as determined by the project specifications. 

8.6 At the bottom of Figure 6, a recommended weight for fabricating field CTB samples must be recorded. Dry 
aggregate weight is taken from item K on Figure 2, the cement weight from item L on Figure 2, and water 
from (M-K)M+N on Figure 2. The total weight is the sum of these three components. 
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8.7 As shown in Figure 8, percent passing 6.3 mm (1/4 in.) sieve is graphed versus dry density at 10 
mL water loss. This density is determined by interpolating the known densities at water losses 
above and below 10 mL. These values are multiplied by 0.95 and a second curve is generated. 
This curve determines the minimum density required on the job at a given percent passing the 6.3 
mm (1/4in.) sieve. Each point located on the graph is labeled with its corresponding moisture 
content.

8.8 The sheets corresponding to Figures 6 and 8 are distributed as part of the Lab. Report. All other 
work sheets and forms are kept on file. 

CEMENT TREATED EXISTING ROADWAY MATERIAL (C-TERM) 

SCOPE

9.1 This method describes the procedure as it varies from the CTB. method, for establishing a 
minimum dry density curve versus percent retained on the 25 mm (1in.) sieve for material which 
will be mixed in place, unlike the CTB. material which is plant mixed. Mixing conditions of the test 
should simulate job site mixing conditions. Except for the method of calculating the gradation of the 
sample, and the method of mixing, it is essentially the same as described in the CTB procedure 
above.

AGGREGATE PREPARATION 

10.1 Aggregate preparation is the same as described in section 3 except that the 4.75 mm (no. 4)  sieve 
is the smallest sieve size used in this preparation. All smaller material is labeled  passing 4.75 
mm (no. 4) A bulk specific gravity ( ) and percent absorption test 
is run on the material retained on the 25 mm (1 in.) sieve. 

TEST SPECIMEN GRADATION 

11.1 The gradation used for test specimens is that which is determined in section 3.2, the sieve analysis. 
Only one gradation is used, and the material retained on the 25 mm (1in.) sieve is not used. 

PREPARATION OF A TRIAL SPECIMEN 

12.1 This section is the same procedure as described in 5.1 - 5.13 except: 

In place of 5.5.1 - 5.7 read: Weigh out the amount of cement calculated in 5.4 and add it to the 
sample in the sealable container, seal the container and shake, by inverting vigorously ten times. 
Carefully open the container (cement may collect in the lip of the lid) and add water to the sample. 
The proper amount to add is based on operator judgment. 130  20 mL is normally a good 
amount. Reseal the container and invert vigorously ten more times. Open the container and scrape 
the material off the lid and sides into the container. Replace the lid seal with tape, and allow to cure 
60 minutes. Record the amount of water added. 

COMPACTION OF TEST SPECIMEN 

13.1 The method of compaction of the specimen is identical to section 6 with three exceptions: In 
section 6.4 hydration time is 60 minutes instead of 30 minutes and a sealable container is used 
instead of a mixing bowl. In 6.9 the sample will come out of the moist room on the 7th day. 

PROCEDURE FOR DETERMINATION OF COMPRESSIVE STRENGTH 

14.1 All procedures are the same as in section 7 except that: 
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The sample does not come out of the moist room after 6 days, as stated in 7.1 but remains 
the full 7 days. Then it is taken out of the moist room, its liner removed, it is weighed and 
measured as outlined in 7.1, capped (as described in 7.3) and tested for compressive 
strength as in 7.4. Section 7.2 can be ignored and no immersion takes place.

CALCULATIONS AND REPORTS FOR C-TERM 

15.1 Complete calculations on sheets in Figures 1 and 2 for C-TERM as for C.T.B. samples, except that 
in place of bowl weight, etc. use container weight. In addition, the sheet in Figure 3 must be 
completed.

15.2 Report the dry densities and other test results on a lab report sheet (Figure 3). Calculate the dry 
density  and moisture percent using these formulas: 

 Dd = (Bulk Specific Gravity)(62.4)(%r1”) + (Dry Density of Test Specimen)(%P1”) 

 %M = (Moisture SSD)(%R1”) + (Optimum Moisture %)(%P1”) 

 Values for Bulk Specific Gravity and Moisture SSD are obtained from the test performed in Section 10 
(OSHD TM 203). 

 Metric formula: 

 Dd = (Bulk Gravity) (999.6) (%R25 mm) + (Dry Density of test  specimen) (%P25 mm) 

 %M = (Moisture SSD) (%R25 mm) + (Optimum Moisture %) (% P25 mm) 

15.3 The form in Figure 3 is distributed as the lab report. Forms in Figures 1 and 2 are retained in the 
files.
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METRIC C.T.B. SAMPLE CALCULATIONS 

 Sample Number B - 6 - II 
 B 

Description        Abbr.        Measurement C =       
 2 

Aggr. Size ............................  25 mm (1in. - 0) 
D = (C)2

      Height 100.025 mm (3.938) 

 100.355 mm (3.951) E = 3.1416 (D)2

 100.025 mm (3.938) 
  F = (E) (A) 
  99.898 mm (3.933)           F 

 100.101 mm (3.941) G =    F 
          109

  Avg. Ht.          (A) 100.081 mm (3.940) 

Diameter 101.676 mm (4.003) H = H From Figure 2 
               1000 
 101.448 mm (3.994) 
            H 
 101.575 mm (3.999) K =          
            G 
 101.651 mm (4.002) 

Avg. Dia.          (B) 101.588 mm (4.000) I = I From Figure 2 

  Radius (C)   50.794 mm (2.000) 
   L = Compressive Strength 
R squared (D) 2580.030 mm  
              L 

 r2 (Area) (E) 8105.398 mm M = 
              E

 r2 x HT                                                                                    10 6
(Volume) (F) 811,358.4 mm3

Volume (G) .00081 m3

Wet Wt. kg       1.8978 kg 

Dry Wt. kg (H)      1.7511kg 
Dry Density 
 (K)      2162 kg/m3

   kg/m3

Moisture % (I)          9.3 

Total Load 
    in kN (L)    89.805  kN 

Load kPa (M)   11,080  kPa 

Figure 1 
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C.T.B. SAMPLE CALCULATIONS 

 Sample Number B - 6 - II 

Description         Abbr.              Measurement A  =  K  +  L 

Dry weight 
of material   g (K) 1662.0 B  =  R  +  N 

Weight of 
cement        g (L)    92.6 C  =  S  -  T 

Total Wt.     g (A) 1754.6  
   D  =  U  -  W 

Wet weight 
of material   g (M) 1775.0 

   E  =  C  -  D 
Weight of    
cement      g (P)    92.6 
   F   =  B  -  C 

Subtotal      g (R) 1867.6 
     
Water added  g (N)    50.0  

Total Wt.     g (B) 1917.6  

Weight of 
sample & bowl g (S) 2183.5           A (F) 
    G  = 
Wt. of bowl    g (T)   269.7             B  

Wt. of sample  g (C) 1913.8 H  =  A  -  G 

Wt. of sample 
and liner    g (U) 2005.3  C 
   I  =             - 1     100 

Wt of liner   g (W)  100.1  H 

Wt. of sample  g (D) 1905.2 

Water loss     g (E)     8.6    
    D 

 Mix loss wet   g (F)     3.8 J  =             - 1     100 
    H 

Mix loss dry   g (G)     3.5 

Corr. Dry Wt. g (H) 1751.1 R  =  M  +  P 

Initial 
Moisture (I)     9.3 

Final
Moisture (J)     8.8 

Figure 2 
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GRADATION ADJUSTMENT 

 AVG. LAB 
SIZE FIELD SAMPLE % GRAD. ADJ. FLD. TEST 

 GRAD. RETAINED ADJUST. GRAD. GRAD. 

  25 mm (1in.)  2.0  1.1  0.9  2.0  0.0 
                     27.2                    29.2 
                     30.8                    27.2 
19mm (3/4in.)  ----- 10.7  9.1  8.0  8.6 

12.5mm (1/2in.)  27.2 25.6         53.8  21.7  19.3  20.7 
                 63.6 
9.5 mm (3/8in.)   ------ 12.1  10.2   11.4  11.4 
                       24.6 
6.3 mm (1/4in.)  24.6 14.1  11.9          22.1 13.2  13.2 

4.75 mm (no.4)  ------  8.2  10.4  10.3  10.3 
                       24.3 
2.0 mm (no.10)  24.3 11.1  14.1          24.5 14.0  14.0 

.425 mm (no.40) 24.3 10.2         46.2  12.9  13.0  13.0 
                36.4                   21.9 

.075 mm (no.200) 24.3  3.9   5.0           21.7  5.0   5.0 

P.075 mm (P200) 21.9  3.0   3.8   3.8   3.8 

TOTAL  100.0 100.0 

R6.3 mm (R1/4in.)  53.8 63.6 

P6.3 mm (P1/4in.)  46.2 36.4 

FIGURE 3
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LABORATORY THEORETICAL MAXIMUM DRY DENSITY OF GRANULAR SOIL 
AND SOIL/ AGGREGATE 
WAQTC TM 15 
 

Scope 
This method is used to establish the theoretical maximum dry density of granular and non-
granular soil-aggregate.  Use Procedure 1 for material with more than 30 percent retained on 
the 4.75 mm (No. 4) sieve or Procedure 2 for material with more than 30 percent retained on 
the 19.0 mm (¾ in.) sieve. 

Terminology 
 Fine aggregate portion – material passing the 4.75 mm (No. 4) Sieve. 

 Coarse aggregate portion – material retained on the 4.75 mm (No. 4) sieve. 

Significance  
A theoretical maximum dry density chart and curve are developed by determining  a 
laboratory maximum dry density of a representative sample of material passing the 4.75 mm 
(No. 4) and the material retained on the 4.75 mm (No. 4), and their respective apparent 
specific gravities (Gab).  The theoretical maximum dry density chart and curve address the 
range of theoretical maximum dry densities due to fluctuations in coarse and fine aggregate 
of a given material. 

To determine the laboratory maximum dry density of the fine aggregate portion, this method 
allows for use of the FOP for AASHTO T 99/T 180 or by vibratory compactor covered in the 
method.  

This method is for use on granular materials having 30 to 70 percent passing the 4.75 mm 
(No. 4) or 19.0 mm (3/4 in.) sieve.   

Apparatus  
 A vibratory spring-loaded compactor – D G Parrott & Son Humphres Maximum Density 

machine, or equivalent. 

 Molds: solid wall rigid inflexible metal cylinders. 

 Small mold: volume approximately 0.003 m3 (0.1 ft.3) with an inside diameter of 150 
mm ± 5 mm (6 ± 0.15 in.) and a height of 200 ± 5 mm (8 ± 0.1 in.) with base. 

 Large mold: volume approximately 0.014 m3 (0.5 ft.3) with a height 85 to  
150 percent of the inside diameter.   

 Cap: rigid, inflexible metal cap fitting inside the mold with 1.5 mm (1/16 in.) max. space 
between piston and mold wall.   

 Spacer blocks: of varying heights compatible with the compactor and pistons. 
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 Measuring device: minimum length 150 mm (6 in.), accurate and readable to 2.5 mm 
(0.01 in.)  

 Sieves: 75 mm (3 in.), 19 mm (¾ in.), and a 4.75 mm (No. 4) conforming to the FOP for 
AASHTO T 27/T 11 

 Balance or Scale: Capacity sufficient for the principle sample mass, readable to 
0.1 percent or 0.1 g, and meeting the requirements of AASHTO M 231 

 Tamping rod: straight steel, 16 mm (5/8 in.) in diameter and approximately 400 mm  
(24 in.) long having at least one end rounded to a hemispherical tip 

 Straight edge: at least 25 mm (1 in.) longer than the diameter of the mold 

 A stopwatch or timer readable to 1 second 

Determining Laboratory Maximum Dry Density 
Select the proper method for determining the laboratory maximum dry density of the fine 
aggregate portion of the sample, refer to Table 1, or as directed by the agency. 

Select the proper method for determining the laboratory maximum dry density of the coarse 
aggregate portion of the sample, refer to Table 2. 

Table 1 
Fine Aggregate Portion Laboratory Maximum Dry Density Method 

Estimated Soil Type Recommended Test Method 

Sandy, non-plastic, permeable soil or non-
cohesive soil. 

WAQTC TM 15 Vibratory Compactor  

Silt, some plasticity, low permeability. FOP for AASTHO T 99/T 180, T 99 
Method A 

Sandy/silt, some plasticity, permeable. WAQTC TM 15 and FOP for AASHTO  
T 99/T 180, T 99 Method A   
(use highest results) 
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Table 2 
Coarse Aggregate Portion Laboratory Maximum Dry Density Method 

Coarse Aggregate Amount Test Method 

No more than 15 percent by weight of the original 
aggregate specimen exceeds 19 mm (¾ in.) 

WAQTC TM 15 Vibratory 
Compactor Procedure 1 

15 percent or more by weight of the original aggregate 
specimen is greater than 19 mm (¾ in) but does not 
exceed 75 mm (3 in.) 

WAQTC TM 15 Vibratory 
Compactor Procedure 2 

 

Sample Preparation 
1. Obtain a representative sample according to the FOP for AASHTO R 90, minimum  

180 kg. (400 lbs.).  

2. Reduce according to the FOP for AASHTO R 76 to a sufficient size to yield amounts 
required in steps 7 and 8. 

3. If the sample is damp, dry until it becomes friable under a trowel.  Drying may be in air 
or by use of a drying apparatus maintained at a temperature not exceeding 60°C (140°F).   

4. Thoroughly break up aggregations in a manner that avoids reducing the natural size of 
individual particles. 

5. Remove the material retained on the 75 mm (3 in.) sieve. 

6. Separate into coarse and fine aggregate portions by passing the remainder of the sample 
through the 4.75 mm (No. 4) sieve.  

7. Fine aggregate – 

a. Obtain a representative sample as described in the FOP for AASHTO T 99/T 180, 
T 99 Method A, or 

b. Obtain at least three representative test samples of approximately 6 kg (13 lb.) 
each for the fine aggregate vibratory compactor method. 

8. Coarse aggregate – obtain a representative sample for one of the following:  

a. 19 mm (¾ in) to 4.75 mm (No. 4) – approximately 5 kg (11 lb.) for coarse 
aggregate vibratory compactor Procedure 1; or 

b. 75 mm (3 in) to 4.75 mm (No. 4) – approximately 20 kg (45 lb.) for coarse 
aggregate vibratory compactor Procedure 2. 
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Laboratory Maximum Dry Density of Fine Aggregate Portion 
Determine laboratory maximum dry density of the fine aggregate portion according to the 
FOP for AASHTO T 180/T 99, T 99 Method A, or the following vibratory compactor 
method.  Refer to Table 1.  

Vibratory Compactor Method  

1. Determine and record the mass of the clean dry small mold to the nearest 5 g (0.01 lb.).  
Designate this mass as the Mm. 

2. Add enough water to one of the fine aggregate portions to saturate the sample, 
approximately optimum moisture.  Do not over saturate (Note 1).   

Note 1:  The sample is considered saturated when one to two drops of free water are visible at the base of the 
mold at the end of the first 2-minute load cycle, Table 3.  Refer to Step 11.   

3. Mix until homogenous. 

4. Place approximately one third of the sample in the mold.  

5. Consolidate with 25 strokes of the tamping rod, distribute evenly over the surface, and 
25 blows of the manually operated rammer.  

6. Repeat Steps 4 and 5 for two subsequent lifts.  The surface of the top lift should be 
finished as level as possible. 

7. Place the cap on top of the molded specimen and mount the mold on the jack platform in 
the compactor. Use spacers between the load spring assembly and cap to adjust the 
elevation of the mold so the hammers strike near the center of the mass of material in the 
mold.  

8. Elevate the mold with the jack until the load spring assembly seats on top of the cap and 
apply an initial seating load of approximately 100 lbf. on the sample. 

9. Start the compactor hammers.  Continue to elevate the mold, applying the load gradually 
over the time stated in the Table 3. 

Table 3 
Load Application Rate 

Load lbf Time 

0 to 500  1 min. 

500 to 1,000  30 sec. 

1,000 to 2,000  30 sec. 
 

10. Upon reaching 2,000 lbf at the end of the 2-minute cycle, stop the hammer, release the 
load on the jack, and return to zero pressure. 
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11. Determine apparent moisture.  

a. If the material is pumping around the mold cap or excessive amounts of water are 
seeping from the mold, prepare a new sample and begin the test again at Step 1.

b. If the base of the mold is dry or there is a small amount of water, repeat Steps 7
through 10, four additional times.

12. Remove the mold assembly from the compactor.

13. Measure the height of the compacted specimen.

a. Lay the straight edge across the mold.

b. Using the measuring device, measure from the bottom of the straight edge to the 
top of the cap and spacers to the nearest 0.1 mm (0.01 in.). Designate as D.

c. Calculate and record the height, hs, of the compacted specimen, subtract D and the 
T, from Annex A, from the height of the mold.

14. Determine and record the mass of the mold and specimen, Mms, to the nearest 5 g 
(0.01 lb.). 

15. Determine and record the mass of the specimen, Ms, by subtracting Mm from Mms.

16. Remove the specimen from the mold.

17. Use the entire specimen for a moisture content sample or obtain a representative sample 
by slicing vertically through the center of the specimen. Obtain at least 500 g. 
(1.1 lb.) from one of the cut faces, ensuring that all the layers are represented.  If a 
vertical face does not exist, take a representative sample.  

18. Determine and record the moisture content, w, according to the FOP for AASHTO 
T 255/T 265.  

19. Calculate and record the wet density, w, of the fine aggregate portion.

                     

Slice through the center Representative moisture 
content sample
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20. Calculate and record the laboratory dry density, d, of the fine aggregate portion. 

Laboratory Maximum Dry Density of the Coarse Portion 
Vibratory Compactor Method  
Note 2: Procedure 1 uses the small mold, this procedure is not recommended for material with aggregate larger 

than 9.3 mm (3/4 in.).  

Procedure 1  

1. Determine and record the mass of the small mold to the nearest 5 g (0.01 lb.).  Designate 
this mass as the Mm. 

2. Determine and record the mass of the coarse aggregate portion to the nearest 5 g  
(0.01 lb.).  Designate this mass as the Ms.  See Note 3. 

Note 3: If all the coarse aggregate portion does not fit in the mold or there is some indication that material may 
have been lost, perform alternate Step 15 to determine Ms. 

3. Determine amount of water to add to the coarse aggregate portion by multiplying the 
mass determined in Step 2 by 0.025 (2.5 percent). 

4. Add water to coarse aggregate portion, mix thoroughly.  

5. Place approximately one third of the sample in the mold.  

6. Tamp the surface lightly with the manually operated rammer to consolidate material and 
achieve a level surface.  

7. Repeat Steps 5 and 6 for two subsequent lifts.  Ensure all of the coarse aggregate portion 
is placed in the mold. 

8. Place the cap on top of the molded specimen and mount the mold on the jack platform in 
the compactor. Use spacers between the load spring assembly and cap to adjust the 
elevation of the mold so the hammers strike near the center of the mass of material in the 
mold.  

9. Elevate the mold with the jack until the loading spring assembly seats on top of the cap 
and spacers.  

10. Apply an initial seating load of approximately 100 lbf on the sample. 

11. Start the compactor hammers.  Continue to elevate the mold, applying the load gradually 
over the time stated in the Table 3. 

12. Upon reaching the 2,000 lbf load at the end of the 2-minute cycle, stop the hammer, 
release the load on the jack, and return to zero pressure. 

13. Repeat Steps 10 through 12 four additional times. 
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14.  Remove the mold assembly from the compactor. 

15. Measure the height of the compacted specimen. 

a. Lay the straight edge across the mold. 

b. Using the measuring device, measure from the bottom of the straight edge to the 
top of the cap and spacers to the nearest 0.1 mm (0.01 in.). Designate as D. 

c. Calculate and record the height of the compacted specimen, hs, by subtracting D 
and T (thickness of the cap) from the height of the mold hm.  See Annex A. 

16. Alternate method of determining Ms  

a. Remove the specimen from the mold. 

b. Determine the dry mass according to the FOP for AASHTO T 255.  Designate as Ms. 

17. Calculate and record the laboratory dry density, d, of the coarse aggregate portion. 

Procedure 2  

1. Determine and record the mass of the large mold and cap to the nearest 5 g (0.01 lb.).  
Designate this mass as the Mm. 

2. Determine and record the mass of the coarse aggregate portion to the nearest 5 g  
(0.01 lb.). Designate this mass as the Ms.   

Note 4: If all the coarse aggregate portion does not fit in the mold or there is some indication that material may 
have been lost, perform alternate Step 14 to determine Ms. 

3. Place approximately one fifth of the sample in the mold. 

4. Tamp the surface lightly with the manually operated rammer to consolidate material and 
achieve a level surface.  

5. Place the cap on top of the molded specimen and mount the mold on the jack platform in 
the compactor. Use spacers between the load spring assembly and cap to adjust the 
elevation of the mold so the hammers strike near the center of the mass of material in the 
mold.  

6. Elevate the mold with the jack until the loading spring assembly seats on top of the cap. 

7. Apply an initial seating load of approximately 100 lbf on the sample. 

8. Start the compactor hammers.  Continue to elevate the mold, applying the load gradually 
over the time stated in the Table 3. 

9. Upon reaching the 2,000 lbf load at the end of the 2-minute cycle, stop the hammer, 
release the load on the jack, and return to zero pressure. 
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10. Repeat Steps 3 through 9 four additional times.  Ensure all of the coarse aggregate 
portion is placed in the mold on the final lift. 

11. Remove the mold assembly from the compactor. 

12. Measure the height of the compacted specimen. 

a. Lay the straight edge across the mold. 

b. Using the measuring device, measure from the bottom of the straight edge to the 
top of the cap and spacers to the nearest 0.1 mm (0.01 in.). Designate as D. 

c. Calculate and record the height of the compacted specimen, hs, by subtracting D 
and T (thickness of cap) from the height of the mold, hs.  See Annex A. 

13. Alternate method of determining Ms  

a. Remove the specimen from the mold. 

b. Determine the dry mass of the specimen according to the FOP for AASHTO 
T 255.  Designate as Ms. 

14. Calculate and record the laboratory dry density, d, of the coarse aggregate portion. 

Apparent Specific Gravity of the Fine and Coarse Portions 

1. Determine the apparent specific gravity, Gab, of the minus 4.75mm (No. 4) sieve 
according to AASHTO T 84 or Annex B. 

2. Determine the apparent specific gravity, Gab, of the plus 4.75 mm (No. 4) sieve according 
to the FOP for AASHTO T 85 or Annex B. 
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Calculations 
Height of specimen in mold (fine or coarse aggregate portion) 

 =  

 

where: 

hs  =  height of specimen in mold, 0.1 mm (0.01 in.) 

hm = height of mold, 0.1 mm (0.01 in.), Annex A 

D = measured distance from the mold top to the cap, 0.1 mm 
(0.01 in.) 

T  =  thickness of the cap, 0.1 mm (0.01 in.), Annex A 

 

Volume of the specimen in the mold (fine or coarse aggregate portion) 

 

= × × 21  1728  

 

where: 

Vs  =  volume of specimen in mold m3 (ft3) 

d = inside diameter of the mold, 0.1 mm (0.01 in.), Annex A 

 

Mass of fine aggregate portion in the mold  

 =  

 

where: 

Ms  =  mass of specimen in mold, 0.005 kg (0.01 lb.)  

Mms  =  mass of mold and specimen, 0.005 kg (0.01 lb.) 

Mm  =  mass of mold, 0.005 kg (0.01 lb.) 
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Wet Density of fine aggregate portion 

 =   

 

Where: 

w  =  wet density, kg/m3 (lb/ft3) 

Ms = mass of specimen in the mold, 0.005 kg (0.01 lb.) 

 

Laboratory maximum dry density fine aggregate portion 

 = + 100 × 100        = 100 + 1   
 

Where: 

 

d  =  dry density, kg/m3 (lb/ft3) 

w =  moisture content, as a percentage (FOP for AASHTO  
T 255) 

 

Laboratory maximum dry density of coarse aggregate portion 

 = × 100   
 
Where: 

 

d  =  dry density, kg/m3 (lb/ft3) 

Ms = mass of specimen in the mold, 0.005 kg (0.01 lb.) 

Vs  =  volume of specimen in mold m3 (ft3) 
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Example 
Example for small mold fine aggregate portion 

Wet mass, Mw =  6.470 kg (14.26 lb) 

Moisture content, w = 11.3%  

Height of mold, hm = 203.7 mm (8.02 in.) 

Inside diameter of mold, d = 153.4 mm (6.04 in.) 

Measurement from top of mold to cap, D = 44.5 mm (1.75 in.) 

Thickness of the cap, T = 3.6 mm (0.14 in.) 

Mass of specimen and mold, Mms = 6.400 kg (14.11 lb) 

Mass of mold, Mm = 0.280 kg (0.62 lb) 

  

Height of fine aggregate portion in mold  

 =  

 = 203.7  44.5 3.6 = 155.6  

 = 8.02 .  1.75 0.14 . = 6.13 .  
 

Volume of the fine aggregate in the mold  

= × × 21  1728  

 

= 155.6   × × 153.4 21,000,000,000 = 0.002876  

Or 

= 6.13 .  × × 6.04 .21728 = 0.1016  
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Mass of fine aggregate portion in the mold  

 =  

 = 6.400  0.280 = 6.119  

 = 14.11 0.62 = 13.49  

 

Wet density of fine aggregate portion  

 =   

 =  6.119   0.002876 = 2128   
 =  13.49 0.1016 = 132.8  

 

Where: 

w  =  wet density, kg/m3 (lb/ft3) 

Ms = mass of specimen in the mold  
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Laboratory maximum dry density of the fine aggregate portion 

 = + 100 × 100        = 100 + 1   
 = 212811.3% + 100 × 100 = 1912   = 132.8 11.3% + 100 × 100 = 119.3  

 
Or 

= 212811.3%100 + 1 = 1912   = 132.8  11.3%100 + 1 = 119.3  

 

 
Example for small mold coarse aggregate portion (Procedure 1) 

Calculations will be the same for Procedure 2 

Height of mold, hm = 203.7 mm (8.02 in.) 

Inside diameter of mold, d = 153.4 mm (6.04 in.) 

Measurement from top of mold to cap, D = 42.4 mm (1.67 in.) 

Thickness of the cap, T = 3.6 mm (0.14 in.) 

Mass of coarse aggregate in the mold, Ms = 4.985 kg (10.99 lb) 

  

Height of coarse aggregate portion in mold  

 =  

 = 203.7 42.4 3.6 = 157.7  

 = 8.02 . 1.67 .  0.14 . = 6.21 . 
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Volume of the coarse aggregate portion in the mold 

 

= × × 21  1728  

 

= 157.7 × × 153.4 21,000,000,000 = 0.002915   
 

= 6.21 .  ×  × 6.04 .21728 = 0.1030  

 

Laboratory maximum dry density of coarse aggregate portion 

 = × 100   
 = 4.985 0.002915 × 100 =   1710   
 = 10.99 0.1030 × 100 =    106.7  

 

Where: 

 

d  =  dry density, kg/m3 (lb/ft3) 
Ms = mass of specimen in the mold, 0.005 kg (0.01 lb.) 

Vs  =  volume of specimen in mold m3 (ft3) 
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Theoretical Maximum Density Curve Development 
Enter the following data into an approved spreadsheet to develop the maximum density chart 
and maximum density curve. 

 Laboratory maximum dry density, d, of the coarse aggregate portion to the nearest  
1 kg/m3 (0.1 lb/ft3) 

 Laboratory maximum dry density, d, of the fine aggregate portion to the nearest  
1 kg/m3 (0.1 lb/ft3) 

 Optimum moisture content to the nearest 0.1 percent if the FOP for AASTHO  
T 99/T 180, T 99 Method A was used for the fine portion. 

 Coarse aggregate apparent specific gravity, Gab, to the nearest 0.001 

 Fine aggregate portion apparent specific gravity, Gab, to the nearest 0.001 
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Example 

Theoretical Maximum Dry Density Chart 

 
  

Pass #4 Maximum Pass #4 Maximum Pass #4 Maximum Pass #4 Maximum
0.0 104.8 31.0 133.7 62.0 134.6 82.0 129.6
1.0 105.6 32.0 134.5 63.0 134.3 83.0 129.4
2.0 106.4 33.0 135.2 64.0 134.0 84.0 129.3
3.0 107.1 34.0 135.8 65.0 133.6 85.0 129.1
4.0 107.9 35.0 136.4 66.0 133.3 86.0 128.9
5.0 108.7 36.0 137.0 67.0 133.1 87.0 128.8
6.0 109.5 37.0 137.5 68.0 132.8 88.0 128.6
7.0 110.3 38.0 137.9 69.0 132.5 89.0 128.4
8.0 111.1 39.0 138.3 70.0 132.2 90.0 128.3
9.0 112.0 40.0 138.6 71.0 132.0 91.0 128.1
10.0 112.8 41.0 138.9 72.0 131.7 92.0 128.0
11.0 113.7 42.0 139.0 73.0 131.5 93.0 127.9
12.0 114.5 43.0 139.2 74.0 131.2 94.0 127.7
13.0 115.4 44.0 139.2 75.0 131.0 95.0 127.6
14.0 116.4 45.0 139.2 76.0 130.8 96.0 127.4
15.0 117.3 46.0 139.2 77.0 130.6 97.0 127.3
16.0 118.2 47.0 139.1 78.0 130.4 98.0 127.2
17.0 119.2 48.0 139.0 79.0 130.2 99.0 127.0
18.0 120.2 49.0 138.8 80.0 130.0 100.0 126.9
19.0 121.3 50.0 138.6 81.0 129.8
20.0 122.3 51.0 138.3
21.0 123.4 52.0 138.1
22.0 124.5 53.0 137.8 Pass #4 Maximum Loose
23.0 125.6 54.0 137.5 0.0 104.8 87.6
24.0 126.8 55.0 137.1 20.5 122.8 99.6
25.0 127.9 56.0 136.8 27.4 130.4 103.8
26.0 129.0 57.0 136.4 42.5 139.1 105.4
27.0 130.0 58.0 136.0 61.1 134.9 96.7
28.0 131.0 59.0 135.7 100.0 126.9 81.9
29.0 132.0 60.0 135.3
30.0 132.8 61.0 135.0

Density Curves

Control Points for Density Curves

Density Curves
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Theoretical Maximum Dry Density Curve 

 
 

Report 
 

 Results on standard agency forms 

 Sample ID 

 Laboratory maximum dry density of the coarse aggregate portion to the nearest  
1 kg/m3 (0.1 lb/ft3) 

 Laboratory maximum dry density of the fine aggregate portion to the nearest 1 kg/m3 
(0.1 lb/ft3) 

 Optimum moisture content to the nearest 0.1 percent (when using the FOP for 
AASTHO T 99/T 180, T 99 Method A for the fine aggregate portion) 

 Coarse aggregate apparent specific gravity (Gab) to the nearest 0.001 

 Fine aggregate apparent specific gravity (Gab) to the nearest 0.001 

 Theoretical maximum dry density chart 

 Theoretical maximum dry density curve 

  

70

80

90

100

110

120

130

140

150

160

0 10 20 30 40 50 60 70 80 90 100

De
ns

ity
 (l

bs
/ft

^3
)

% Passing No. 4 U.S. Standard Sieve



FOP LIBRARY WAQTC WAQTC TM 15 

TM15_short_20 FOP Library -18  Pub. October 2020  

ANNEX A STANDARDIZATION OF THE MOLD 
(Mandatory Information) 

Apparatus 
 Calipers having a range sufficient to measure the diameter of the measure being checked 

and readable to at least 0.1 mm (0.01 in.) 

 Inside diameter caliper, 300 mm (12 in.) range 

 Straight edge at least 25 mm (1 in.) larger than the mold 

 Ruler readable to 0.1 mm (0.01 in.) 

Procedure 
Determine the height of the mold (hm) 

1. Place the straight edge across the top of the mold. 

2. Using the caliper measure from the bottom of the straight edge to the center mold to the 
nearest 0.1 mm (0.01 in.) 

3. Turn the straight edge 90 degrees. 

4. Repeat Step 2. 

5. Average the two measurements. 

6. Designate as hm 

Determine the thickness of the cap and spacers (T)  

1. Place cap and spacers inside the mold. 

2. Place the straight edge across the top of the mold. 

3. Using the caliper measure from the bottom of the straight edge to the center of the top of 
the cap to the nearest 0.1 mm (0.01 in.). 

4. Turn the straight edge 90 degrees. 

5. Repeat Step 3. 

6. Average the two measurements. 

7. Subtract the average measurement from hm 

8. Designate as T.  

Determine the inside diameter of the mold (d) 

1. Using the caliper measure the inside diameter of the mold to the nearest 0.1 mm (0.01 
in.). 

2. Turn the mold 90 degrees. 

3. Repeat Step 1. 

4. Average the two measurements. 
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5. Designate as d. 

ANNEX B APPARENT SPECIFIC GRAVITY (Gab) DETERMINATION  
(Mandatory Information) 

This procedure covers the determination of apparent specific of coarse and fine aggregate by 
means of a pycnometer.  When the soil is composed of material both larger and smaller than 
the 4.75 mm (No. 4) sieve, the sample is separated on the 4.75 mm (No. 4) sieve. 

Apparatus 
 Pycnometer:  A flask or other suitable container in which the volume can be 

reproduced within ±0.1 ml.  The volume of the flask shall be at least 50 percent 
greater than required for the test sample. 

 Pycnometer / volumetric flask cover:  A glass plate or a metal or plastic cover with a 
vented opening 

 Balance:  A balance of sufficient capacity, readable to 0.1 g.  Meeting AASHTO  
M 231, Class G2. 

 Oven:  Capable of maintaining a temperature of 110 ±5°C (230 ±9°F) for drying the 
specimens to a constant mass. 

 Vacuum lid:  A transparent lid with a suitable vacuum connection, with a vacuum 
opening to be covered with a fine wire mesh 

 Vacuum:  Capable of evacuating air from the container to a partial vacuum of 13.33 
kPa (100 mmHg) or less absolute pressure 

 Manometer or vacuum gauge: Capable of measuring the vacuum being applied at the 
source of the vacuum 

 Water bath:  A constant-temperature water bath (optional) 

 Thermometers:  Thermometric devices accurate to 0.5°C (1°F) 

 Bleeder valve to adjust vacuum 

 Timer 

Sample Preparation 
1. Sample and reduce the aggregate in accordance with the FOPs for AASHTO R 90 

and R 76. 

2. Dry the sample sufficiently to obtain a clean separation of fine and coarse material in 
the sieving operation. 

3. Sieve the sample in accordance with the FOP for AASHTO T 27/ T 11 over the 4.75 
mm (No. 4) sieve. 

Coarse test sample 

a. Split or quarter approximately 1000 g of material from the portion retained on the  
4.75 mm (No. 4) sieve.   
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b. Dry to constant mass according to the FOP for AASHTO T 255 at 110 ±5°C (230 
±9°F). 

c. Cool to room temperature. 

Fine test sample 

a. Split or quarter approximately 500 g of material from the portion passing the  
4.75 mm (No. 4) sieve.   

b. Dry to constant mass according to the FOP for AASHTO T 255/T 265 at 110 
±5°C (230 ±9°F). 

c. Cool to room temperature. 

Procedure 
The procedure is performed on fine and coarse aggregate separately. 

1. Determine and record the mass of the dry test sample.  Designate as A. 

2. Place the test sample in the pycnometer. 

3. Add water at approximately 20°C (68°F) until the pycnometer is about ¾ full. 

4. Connect the pycnometer to the vacuum system. 

5. Apply partial vacuum, 30 mmHg or less absolute pressure, for 20 ± 1 min. 

6. Agitate the pycnometer and contents, either continuously by mechanical device or 
manually by vigorous shaking, at 2-minute intervals.  This agitation facilitates the 
removal of entrapped air. 

7. Release vacuum and disconnect the hoses. 

8. Fill the pycnometer with water without reintroducing air.  Water temperature should 
be maintained as close to 20 ±0.5°C (68 ±1°F) as possible throughout the procedure. 

Note 1: It may be necessary to place the pycnometer in a water bath for 10 minutes after the release of 
vacuum to stabilize at 20 ±0.5°C (68 ±1°F). 

a. Metal pycnometer (coarse test sample only) – Fill the pycnometer with to 20 
±0.5°C (68 ±1°F) water according to manufacturer’s instructions and dry the 
outside.  

b. Glass pycnometer (fine or coarse test samples) – Completely fill the 
pycnometer with to 20 ±0.5°C (68 ±1°F) water, slide the calibrated glass plate 
over the mouth of the pycnometer making sure there are no air bubbles 
trapped under the plate.  Dry the outside. 

9. Determine and record the mass of the pycnometer, sample, and water.  Designate as 
C. 
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Calculation 
Calculate the Gab to three decimal places as follows: 

 =  +      
 

Where: 

A  =  Mass of dry sample in air, g 

B  =  Mass of pycnometer filled with water at 20°C (68°F), g, determined during 
the Standardization of Pycnometer procedure 

C =  Mass of pycnometer, water, and the test sample at to 20 ±0.5°C (68 ±1°F), g 

 

Coarse example: 

 =  2200.3 2200.3 + 7502.5 8812.0 = 2.470 

 

Given: 

A  =  2200.3 g 

B  =  7502.5 g 

C  =  8812.0 g 

 

Report 
 Report on standard agency forms. 

 Report apparent specific gravities, Gab, to the nearest 0.001 
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Standardization of Pycnometer 
The pycnometer shall be standardized periodically in conformance with procedures 
established by the agency. 

1. Fill the pycnometer with water at approximately 20°C (68°F). 

2. Place the metal or plastic cover, or a glass plate on the pycnometer and eliminate all 
air.  

Note B1:  When using a metal pycnometer and cover, place the cover on the pycnometer and push down 
slowly, forcing excess water out of the hole in the center of the cover.  Use care when filling the 
pycnometer to avoid reintroducing air into the water. 

3. Stabilize the pycnometer at 20 ± 0.5ºC (68 ± 1ºF) for 10 ± 1 min.  

4. Towel dry the outside of the pycnometer and cover. 

5. Determine and record the mass of the pycnometer, water, and lid.  

6. Repeat Steps 2 through 5 two more times for a total of three determinations. 

7. If the variation of the three masses is within 0.3 g, average the three masses.  
Designate as “B.” 

8. If the variation of the masses is greater than 0.3 g, take corrective action and perform 
the “Standardization of Pycnometer” again. 
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DETERMINATION OF THEORETICAL MAXIMUM DRY DENSITY OF GRANULAR 
SOILS AND SOIL/AGGREGATES FOR USE AS A DENSITY STANDARD 
WAQTC TM 17 
Scope 
This procedure provides for the rapid determination of the theoretical maximum dry density 
of a soil-aggregate sample.  This procedure is associated with the FOP for AASHTO T 310 
and WAQTC TM 15.  The percentage of material passing the 4.75 mm (No. 4) sieve of the 
in-place material is determined.  This percentage is used to establish a density standard using 
the theoretical maximum dry density chart and curve developed in WAQTC TM 15 for the 
given material.  The density standard is used to determine percent compaction for in-place 
density.  

Apparatus 
 Balance or scale: with a capacity of 5 kg, sensitive to 1 g.  Meeting the requirements of 

AASHTO M 231. 

 Sieve: 4.75 mm (No. 4), meeting the requirements of FOP for AASHTO T 27/T 11. 

 Large absorbent towel 

Procedure 
All masses are determined to at least the nearest 0.1 percent of the total sample mass. 

1. Determine in-place density of the soil-aggregate according to the FOP for AASHTO  
T 310. 

2. Obtain a representative sample from directly beneath the gauge according to the FOP for 
AASHTO T 310. 

3. Determine the percent retained on the 4.75 mm (No. 4) sieve by one of the following 
methods: 

Method 1 – for material that will easily pass through the sieve. 

a. Dry the sample until no visible free moisture is present (material may appear damp 
but not shiny). 

b. Determine and record the mass of the sample. 

c. Shake the sample by hand over a 4.75 mm (No. 4) sieve.  Do not overload the sieve. 
  Note 1: The sample may be sieved in increments to avoid overloading and then recombined. 

d. Determine and record the mass of the material retained on the 4.75 mm (No. 4) sieve. 

Method 2 – for material that will not easily pass through the 4.75 mm (No. 4) sieve due 
to fines adhering to the coarse aggregate.  

a. Determine and record the mass of the sample. 

b. Shake the sample by hand over a 4.75 mm (No. 4) sieve.  Do not overload the sieve. 

c. Shake until no material appears to be passing the 4.75 mm (No. 4) sieve. 
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d. Rinse the material retained with water until it appears free of material that will pass 
the 4.75 mm (No. 4) sieve. 

e. Blot the retained material with a large absorbent cloth until all visible films of water 
are removed (material may appear damp but not shiny). 

f. Determine and record the mass of the material retained on the 4.75 mm (No. 4) sieve. 

4. Determine the percent retained on the 4.75 mm (No. 4) sieve by dividing the mass of 
retained material by total sample mass and multiply by 100. 

5. Determine the percent passing the 4.75 mm (No. 4) sieve by subtracting the percent 
retained from 100. 

6. Enter the percent passing in the theoretical maximum dry density chart from the WAQTC 
TM 15 to determine the theoretical maximum dry density of the in-place material. 

 

Calculations 
Calculate the percent retained on the 4.75 mm (No. 4) sieve % =  × 100 

Where: 

A =  mass of material retained on the 4.75 mm (No. 4) sieve, 
1 g 

B = total sample mass, 1 g 

 

Calculate the percent passing the 4.75 mm (No. 4 sieve) 

 % = 100 %  

Example % =  3052 4120 × 100 = 74% 

 % = 100% 74% = 26% 

 

Given: 

A =  3052 g 

B = 4120 g 

 

Theoretical Maximum Dry Density = 129.0 lb/ft3   
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EXAMPLE  
Theoretical Maximum Dry Density Chart 

 
  

Pass #4 Maximum Pass #4 Maximum Pass #4 Maximum Pass #4 Maximum
0.0 104.8 31.0 133.7 62.0 134.6 82.0 129.6
1.0 105.6 32.0 134.5 63.0 134.3 83.0 129.4
2.0 106.4 33.0 135.2 64.0 134.0 84.0 129.3
3.0 107.1 34.0 135.8 65.0 133.6 85.0 129.1
4.0 107.9 35.0 136.4 66.0 133.3 86.0 128.9
5.0 108.7 36.0 137.0 67.0 133.1 87.0 128.8
6.0 109.5 37.0 137.5 68.0 132.8 88.0 128.6
7.0 110.3 38.0 137.9 69.0 132.5 89.0 128.4
8.0 111.1 39.0 138.3 70.0 132.2 90.0 128.3
9.0 112.0 40.0 138.6 71.0 132.0 91.0 128.1
10.0 112.8 41.0 138.9 72.0 131.7 92.0 128.0
11.0 113.7 42.0 139.0 73.0 131.5 93.0 127.9
12.0 114.5 43.0 139.2 74.0 131.2 94.0 127.7
13.0 115.4 44.0 139.2 75.0 131.0 95.0 127.6
14.0 116.4 45.0 139.2 76.0 130.8 96.0 127.4
15.0 117.3 46.0 139.2 77.0 130.6 97.0 127.3
16.0 118.2 47.0 139.1 78.0 130.4 98.0 127.2
17.0 119.2 48.0 139.0 79.0 130.2 99.0 127.0
18.0 120.2 49.0 138.8 80.0 130.0 100.0 126.9
19.0 121.3 50.0 138.6 81.0 129.8
20.0 122.3 51.0 138.3
21.0 123.4 52.0 138.1
22.0 124.5 53.0 137.8 Pass #4 Maximum Loose
23.0 125.6 54.0 137.5 0.0 104.8 87.6
24.0 126.8 55.0 137.1 20.5 122.8 99.6
25.0 127.9 56.0 136.8 27.4 130.4 103.8
26.0 129.0 57.0 136.4 42.5 139.1 105.4
27.0 130.0 58.0 136.0 61.1 134.9 96.7
28.0 131.0 59.0 135.7 100.0 126.9 81.9
29.0 132.0 60.0 135.3
30.0 132.8 61.0 135.0

Density Curves

Control Points for Density Curves

Density Curves
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Report 
 Results on forms approved by the agency 

 Sample ID 

 Theoretical maximum dry density to the nearest 1 kg/m3 (0.1 lb/ft3) 
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TO:  Materials Testing Manual Holders

Section:  Test Procedure AASHTO T-84 (Specific Gravity 
and Absorption of Fine Aggregate)

The Oregon Department of Transportation has specified method(s) for the Test 
Procedure.  Please observe the following for our projects: 

o Add the following to the end of Section 7.2.1:

7.2.1 If the material is to coarse to perform the cone test, split the material on the #8 
screen.  Perform a T84 on the passing #8 material and a T85

 on the retained #8 material. 

Department of Transportation
Construction Services
800 Airport Road SE

Salem, OR 97301 4798
Phone: (503) 986 3000

Fax: (503) 986 3096
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TO:  Materials Testing Manual Holders

Section:  Test Procedure AASHTO T-85 (Specific Gravity 
and Absorption of Coarse Aggregate) 

The Oregon Department of Transportation has specified method(s) for the Test 
Procedure.  Please observe the following for our projects: 

o For #4 – 0 AC aggregate change Section 7.2 to the following:

7.2 Thoroughly mix the sample of aggregate and reduce it to the approximate 
quantity needed using the applicable procedures in T 248.  Sieve all 
material over a 4.75-mm (No. 4) sieve by dry sieving and thoroughly
washing to remove dust or other coatings from the surface.  Separate the 
material finer than the 4.75-mm (No. 4) sieve and test the finer material 
according to T 84.  If a substantial quantity of material is retained on the 
4.75-mm (No.4) sieve (a substantial amount is defined as 15% retained on 
the 4.75-mm (No. 4) sieve), use the 2.36-mm (No. 8) sieve in place of the 
4.75-mm (No. 4) sieve.  Separate the material retained on the 2.36-mm 
(No.8) sieve and test according to T 85 .  Separate the 
material finer than the 2.36-mm (No. 8) sieve and test the finer material 
according to T 84 .

o For #4 - #8 AC aggregate only change Section 7.2 to the following:

7.2 Thoroughly mix the sample of aggregate and reduce it to the approximate 
quantity needed using the applicable procedures in T 248.  Reject all 
material passing a 2.36-mm (No. 8) sieve by dry sieving and thoroughly
washing to remove dust or other coatings from the surface.  If the coarse 
aggregate contains a substantial quantity of material finer than the 2.36-
mm (No.8) sieve (a substantial amount is defined as 15% passing the No. 
8 sieve), separate the material retained on the 2.36-mm (No.8) sieve and 
test according to T 85 .  Separate the material finer than 
the 2.36-mm (No. 8) sieve and test the finer material according to T 84
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o For all other aggregate change Section 7.2 to the following:

7.2 Thoroughly mix the sample of aggregate and reduce it to the 
approximate quantity needed using the applicable procedures in T 248.
Sieve all material over a 4.75-mm (No. 4) sieve by dry sieving and 
thoroughly washing to remove dust or other coatings from the surface.
Determine if the material has a substantial amount passing the 4.75-mm 
(No.4) sieve (a substantial amount is defined as 15% passing the 4.75-
mm (No. 4) sieve 

7.2.1 If the material does not have a substantial amount of material passing 
the 4.75-mm (No. 4) sieve, separate the material retained on the 4.75-
mm (No. 4) sieve and test according to T 85 .  The 
material finer than the 4.75-mm (No. 4) sieve shall not be tested. 

7.2.2 If the material does have a substantial amount of material passing the 
4.75-mm (No. 4) sieve, use the 2.36-mm (No. 8) sieve in place of the 
4.75-mm (No. 4) sieve.  Separate the material retained on the 2.36-
mm (No.8) sieve and test according to T 85 .

7.2.2.1 If the material does have a substantial amount of material passing the 
4.75-mm (No. 4) sieve, determine if the material has a substantial 
amount passing the 2.36-mm (No.8) sieve (a substantial amount is 
defined as 15% passing the No. 8 sieve). If the material does not have a 
substantial amount of material passing the 2.36-mm (No.8) sieve, the 
material finer than the 2.36-mm (No.8) sieve shall not be tested. 

7.2.2.2 If the material does have a substantial amount of material passing the 
2.36-mm (No.8) sieve, separate the material passing the 2.36-mm
(No.8) sieve and test according to T 84 .
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TO:  Materials Testing Manual Holders

Section:  Test Procedure ASTM D7428 (Standard Test Method for 
Resistance of Fine Aggregate to Degradation by Abrasion in the Micro-
Deval Apparatus) 

The Oregon Department of Transportation has specified method(s) for the 
Test Procedure.  Please observe the following for our projects: 

o hange Section 8.2 to the following:

8.2 Aggregate for the test sample shall consist of material passing the 4.75-
mm (No. 4) sieve, retained on the 75- m (No. 200) sieve with a Fineness 
Modulus of 2.8.  An oven dried sample of 500 ± 5 g shall be prepared as 
follows: 

Passing      Retained Mass 

4.75-mm (No. 4) 2.36-mm (No. 8)  150 g 
2.36-mm (No. 8) 1.18-mm (No. 16)  350 g 
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