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LABORATORY TESTING SECTION 
 

Method of Test for 
 

SOUNDNESS OF AGGREGATE BY USE OF SODIUM SULFATE 
 
1. SCOPE 
 

1.1 This method of test, which is based on AASHTO T 104, covers the procedure to be 
followed in testing aggregates to determine their resistance to disintegration by saturated solutions 
of sodium sulfate. This is accomplished by repeated immersion in saturated solutions of sodium 
sulfate followed by oven drying to partially or completely dehydrate the salt precipitated in 
permeable pore spaces. The internal expansive force, derived from the re-hydration of the salt upon 
re-immersion, simulates the expansion of water upon freezing. This test method furnishes 
information helpful in judging the soundness of aggregates subject to weathering action, 
particularly when adequate information is not available from service records of the material 
exposed to actual weathering conditions.   
 

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

1.3 This standard may involve hazardous materials, operations, and equipment. This 
standard does not purport to address all 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. 
 
2. REFERENCED DOCUMENTS 
 

2.1 AASHTO Standards: 
 
2.1.1 M 231, Weighing Devices Used in the Testing of Materials 
 
2.1.2 R 16, Regulatory Information for Chemicals Used in AASHTO Tests 
 
2.1.3 T 104, Soundness of Aggregate by Use of Sodium Sulfate or Magnesium 

Sulfate 
 

2.2 ASTM Standards: 
 

2.2.1 C670, Standard Practice for Preparing Precision and Bias Statements for 
Test Methods for Construction Materials 

 
2.2.2 E11, Standard Specification for Woven Wire Test Sieve Cloth and Test 

Sieves 
 

2.2.3 E100, Standard Specification for ASTM Hydrometers 
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2.3 Pennsylvania Test Method 
 

2.3.1 PTM No. 616, Sieve Analysis of Coarse and Fine Aggregate 
 
3. APPARATUS 
 

3.1 Sieves- With square openings of the following sizes conforming to ASTM E11, for 
sieving the samples in accordance with Sections 5, 6, and 8: 
 

4.75 mm (No. 4) 63 mm (2½ in.) 
4.00 mm (No. 5) 50 mm (2 in.) 
2.36 mm (No. 8) 37.5 mm (1½ in.) 
1.18 mm (No. 16) 31.5 mm (1¼ in.) 
600 m (No. 30) 25.0 mm (1 in.) 
300 m (No. 50) 19.0 mm (¾ in.) 
150 m (No. 100) 16.0 mm  in.) 

  12.5 mm (½ in.) 
  9.5 mm  in.) 
  8.0 mm (5/16 in.) 

 
3.2 Mechanical Sieving Device- A mechanical sieving device shall provide the motion 

specified in PTM No. 616 (NOTE 1). 
 

NOTE 1- A mechanical sieving device is required for the testing of fine aggregate 
by this method. Its use is not permitted in the testing of coarse aggregate larger than 
9.5 mm (3/8 inch), except for making a rough separation of material prior to 
washing the sample. 

 
3.3 Containers- Containers for immersing the samples of aggregate in the sodium 

sulfate solution.  
 

3.3.1 For Fine Aggregates- Stainless steel pots or pans, approximately 105 mm 
 inches) in diameter and not less than 76 mm (3 inches) deep are satisfactory containers for the 

samples. 
 

3.3.2 For Coarse Aggregates- Stainless steel or aluminum pans, approximately 
203 mm (8 inches) in diameter and not less than 76 mm (3 inches) deep are satisfactory containers 
for the samples. 
 

3.4 Temperature Regulation- Suitable means for regulating the temperature of the 
samples during immersion in the sodium sulfate solution shall be provided. 

 
3.5 Thermometer- A thermometer covering the recommended temperature range for 

solutions during the test and readable to 0.1 C (0.2F). 
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3.6 Balance- A balance conforming to the requirements of AASHTO M 231, Class G2. 
 
3.7 Drying Oven- The oven shall be capable of being heated continuously at 110 °C  

5 °C (230F  9F) and the rate of evaporation, at this range of temperature, shall be at least 25 g/h 
for 4 hours, during which period the doors of the oven shall be kept closed. This rate of evaporation 
shall be determined by the loss of water from 1-liter Griffin low-form beakers, each initially 
containing 500 g of water at a temperature of 21 °C  2 °C (70F  3F), placed at each corner and 
at the center of each shelf of the oven.  The evaporation requirement is to apply to all test locations 
when the oven is empty except for the beakers of water. 
 

3.8 Specific Gravity Measurement- Hydrometers conforming to the requirements of 
ASTM E100, capable of measuring the solution specific gravity within  0.001. 
 
4. SPECIAL SOLUTIONS REQUIRED 
 

4.1 Prepare the sodium sulfate solution, for immersion of the test samples, in 
accordance with Section 4.1.1 (NOTE 2). 
 

NOTE 2- Some aggregates containing carbonates of calcium are attacked 
chemically by fresh sulfate solution, resulting in erroneously high measured losses. 
If this condition is encountered or is suspected, repeat the test using a filtered 
solution that has been used previously to test the same type of carbonate rock, 
provided that the solution meets the requirements of Sections 4.1.1 for specific 
gravity. 

 
4.1.1 Sodium Sulfate Solution- Prepare a saturated solution of sodium sulfate by 

dissolving a reagent grade of anhydrous sodium sulfate salt (NA2SO4) in water (Note 4) at a 
temperature of 25 C (77F) minimum. Add sufficient anhydrous sodium sulfate salt to ensure not 
only saturation but also the presence of excess crystals when the solution is ready for use in the 
tests (NOTE 3).  Thoroughly stir the mixture during the addition of the salt and stir the solution at 
frequent intervals until used. To reduce evaporation and prevent contamination, keep the solution 
covered at all times when access is not needed. Allow the solution to cool to 20.3 °C to 21.9 °C 
(68.5F to 71.5F).  Again stir, and allow the solution to remain at 20.3 °C to 21.9 °C (68.5F to 
71.5F) for at least 48 hours before use. Prior to each use, break up the salt cake, if any, in the 
container, stir the solution thoroughly and determine the specific gravity of the solution. When 
used, the solution shall have a specific gravity of not less than 1.154 nor more than 1.171. The 
solution shall be reused until completion of the required 5 cycles of soaking and drying, after which 
it shall be discarded (NOTE 2). 

 
NOTE 3- 215 g of anhydrous sodium sulfate salt per liter of water is sufficient for 
saturation of the sodium sulfate solution at 22 °C (71.6F). However, since this salt 
is not completely stable and since it is desirable that an excess of crystals be present, 
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the use of not less than 225 g of the anhydrous sodium sulfate salt per liter of water 
is recommended. 
 
NOTE 4- Distilled water shall be used in referee or comparison testing. 

 
4.2 Barium Chloride Solution- A 0.2 molar solution of barium chloride is used 

(41.6 g of BaCl2 per liter of solution) to determine the presence of sodium sulfate in the wash 
water. 
 
5. SAMPLES 
 

5.1 Fine Aggregate- Fine aggregate for the test shall be passed through a 9.5 mm 
(3/8-inch) sieve. The sample shall be of such a size that it will yield not less than 100 g of each of 
the following sizes, expressed in terms of the following sieves: 
 

Passing Sieve Retained on Sieve 
9.5  in.) 4.75 mm (No. 4) 
4.75 mm (No. 4) 2.36 mm (No. 8) 
2.36 mm (No. 8) 1.18 mm (No. 16) 

1.18 mm (No. 16) 600 m (No. 30) 
600 m (No. 30) 300 m (No. 50) 

 
5.1.1 Should the gradation of the sample contain less than 5% of any of the sizes 

specified in Section 5.1, that size shall not be tested. 
 

5.2 Coarse Aggregate- Coarse aggregate for the test shall consist of material from 
which the sizes finer than the 4.75 mm (No. 4) sieve have been removed.  The sample shall be of 
such a size that it will yield the amounts indicated in Table 1 (NOTE 5). 
 

Table 1 - Coarse Aggregate Sample 
Sieve Size Mass, g 

63 mm to 37.5 mm (2½ in. to 1½ in.) 5000 ± 300 
Consisting of:  
50 mm to 37.5 mm (2 in. to 1½ in.) material 2000 ± 200 
63 mm to 50 mm (2½ in. to 2 in.) material 3000 ± 300 

  
37.5 mm to 19.0 mm (1½ in. to ¾ in.)  1500 ± 50 

Consisting of:  
25.0 mm to 19.0 mm (1 in. to ¾ in.) material 500 ± 30 
37.5 mm to 25.0 mm (1½ in. to 1 in.) material 1000 ± 50 

  
19.0 mm to 9.5 mm (¾ in.  in.) 1000 ± 10 

Consisting of:  
12.5 mm to 9.5 mm (½ in.  in.) material 330 ± 5 
19.0 mm to 12.5 mm (¾ in. to ½ in.) material 670 ± 10 
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 in. to No. 4) 300 ± 5 

 
NOTE 5- The sample size for AASHTO No. 8’s shall be 300 g  5 g passing the 
3/8-inch sieve retained on the No. 4 sieve only. 
 
5.2.1 Should the gradation of the sample contain less than 5% of any of the sizes 

specified in Section 5.2, that size shall not be tested. When a combination of sizes is specified for 
the test portion and one of the sizes specified is less than 5% of the sample gradation, reduce the 
test portion by the applicable mass specified in Section 5.2 for the size not available. 
 

5.2.2 When testing large rock (broken stone, ledge rock, cobbles, and boulders 
for use as riprap, channel lining, etc.), obtain the test portion by crushing, splitting, or sawing the 
larger sample pieces. Test only those pieces in the 37.5 mm to 19.0 mm (1½-inch to ¾-inch) and 
63 mm to 37.5 mm (2½-inch to 1½-inch) size fractions when size reduction is by crushing or 
splitting. 
 

5.2.3 When testing large rock (to evaluate a potential source) that will be 
subsequently crushed to produce aggregate, obtain the test portion by crushing the larger sample 
pieces. Test pieces only in those sizes that will be included in the produced aggregate, but ignoring 
any material finer than 4.75 mm (No. 4) sieve or coarser than 63 mm (2½-inch) sieve. 
 

5.2.4 When the finished aggregate material will contain particles coarser than  
63 mm (2½ inches), such as aggregate for use in mass concrete, crush the material coarser than 63 
mm (2½ inches) and distribute the material among that in the range of 63 mm (2½ inches) to 4.75 
mm (No. 4) sieves.  Discard material finer than 4.75 mm (No. 4) sieve. 
 
6. PREPARATION OF TEST SAMPLE 
 

6.1 Fine Aggregate- Thoroughly wash the sample of fine aggregate on a 300 m (No. 
50) sieve, dry to constant mass at 110 °C  5 °C (230F  9F), and separate into the different sizes 
by sieving, as follows: Make a rough separation of the graded sample by means of a nest of the 
standard sieves specified in Section 5.1. From the fractions obtained in this manner, select samples 
of sufficient size to yield 100 g after sieving to refusal (In general, a 110 g sample will be 
sufficient). Sieve the selected samples to refusal according to PTM No. 616. Do not use fine 
aggregate sticking in the meshes of the sieves in preparing the samples. Weigh samples consisting 
of 100  0.1 g out of each of the separated fractions after final sieving, record the masses of the 
test samples, and place in separate containers for the test. 
 

6.2 Coarse Aggregate- Thoroughly wash and dry the sample of coarse aggregate to 
constant mass at 110 °C  5 °C (230F  9F) and separate it into the different sizes shown in Section 
5.2 by sieving to refusal according to PTM No. 616. Weigh out quantities of the different sizes 
within the tolerances of Section 5.2 and combine them to the designated total mass (NOTE 6). 
Record the masses of the test samples and their fractional components. In the case of sizes larger 
than 19.0 mm (3/4 inch), count and record the number of particles in the test samples. 
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NOTE 6- The fractional components of each sample may be placed in separate 
containers if so desired, but it is not required. If separate containers are used, the 
two sizes must be combined for the calculations under Section 8.1.2 (Table 2). 
 

Table 2 - Suggested Form for Recording Test Data (with Illustrative Test Values) 
 
 
 
 

Sieve Size 

Grading of 
Original 
Sample, 
Percent 

Retained 

Mass of 
Test 

Fractions 
Before 
Test, g 

Percentage 
Passing 

Designated 
Sieve 

After Test 

Weighted 
Percentage 

Loss 

Soundness Test of Fine Aggregate 
Minus 150 m 5    
300 m to 150 m 12    
600 m to 300 m 26 100 4.20 1.09 
1.18 mm to 600 m 25 100 4.80 1.20 
2.36 mm to 1.18 mm 17 100 8.00 1.36 
4.75 mm to 2.36 mm 11 100 11.20 1.23 
9.5 mm to 4.75 mm 4  11.20a 0.45 

Totals 100   5.33 
Soundness Test of Coarse Aggregate 

63 mm to 50 mm 
50 mm to 37.5 mm 

2825 g 
1958 g 63 to 37.5 mm 20 4783 4.80 0.96 

37.5 mm to 25.0 mm 
25.0 mm to 19.0 mm 

1012 g 
513 g 37.5 to 19.0 mm 45 1525 8.00 3.60 

19.0 mm to 12.5 mm 
12.5 mm to 9.5 mm 

675 g 
333 g 19.0 to 9.5 mm 23 1008 9.60 2.21 

9.5 mm to 4.75 mm 298 g  12 298 11.20 1.34 
Totals   100   8.11 

a The percentage loss (11.20%) of the next smaller size is used as the percentage loss for 
this size, since this size contains less than 5% of the original sample as received. Section 
10.1.3.2. 

 
NOTE 7- Calculate the percentage loss and weighted percentage loss for each size fraction 
and the weighted average percentage loss to the nearest 0.01%. Record the soundness loss 
for the appropriate gradation to the nearest 0.01%. 
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6.3 For PennDOT No. 2A and No. OGS and AASHTO Nos. 57 and 67, the standard 
grading is as follows:  
 

Table 3 – No. 2A, No. OGS, No. 57, and No. 67 Gradation 
Sieve Size Standard Grading 

% Passing Retained On 
37.5 mm 
(1½ in.) 

19.0 mm 
(¾ in.) 36.8 

19.0 mm 
(¾ in.) 

9.5 mm 
 in.) 36.9 

9.5 mm 
 in.) 

4.75 mm 
(No. 4) 26.3 

 
 
7. PROCEDURE 
 

7.1 Storage of Samples in Solution- Pour the prepared solution of sodium sulfate into 
the sample containers in such a manner that the solution covers them to a depth of at least  
12.5 mm (1/2 inch), for not less than 16 nor more than 18 hours. Cover the containers to reduce 
evaporation and prevent the accidental addition of extraneous substances.  Maintain the samples 
immersed in the solution at a temperature of 20.3 °C to 21.9 °C (68.5F to 71.5F) for the immersion 
period. 

 
7.2 Drying Samples After Immersion- After the immersion period, carefully drain the 

solution from the sample container and return the solution to a common container for reuse.  Then 
place the sample containers in a drying oven maintained at a temperature of 110 °C  5 °C (230F 

 9F).  Dry the samples at the specified temperature until constant mass has been achieved.  
Establish the time required to attain constant mass as follows: with the oven containing the 
maximum sample load expected, check the mass losses of test samples by removing and weighing 
them without cooling, at intervals of 2 to 4 hours. Check to establish the required drying time for 
the least favorable oven location (Section 3.7) and sample condition (NOTE 8). Constant mass 
will be achieved when the mass loss is less than 0.1% of sample mass in 4 hours of drying. After 
constant mass has been achieved, allow the samples to cool to 20 °C to 25 °C (68F to 77F) (NOTE 
9), when they shall again be placed in the prepared solution and tested as described in Section 7.1. 
Cooling may be aided by the use of an air conditioner or fan. The temperature of the material shall 
be checked by thermometer or other acceptable means before placing the material in the soaking 
solution. 
 

NOTE 8- Drying time required to reach constant mass may vary considerably for 
several reasons. Efficiency of drying will be reduced as cycles accumulate because 
of salt adhering to particles and in some cases, because of increase in the surface 
area due to breakdown.  The different size fractions of aggregate will have differing 
drying rates. The smaller sizes will tend to dry more slowly because of their larger 
surface area and restricted interparticle voids, but this tendency may be altered by 
the effects of container size and shape. 
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NOTE 9- Experience has shown that sample temperatures significantly different 
than the solution temperature of 20.3 °C to 21.9 °C (68.5F to 71.5F) may change 
the temperature of the solution temporarily, thereby causing a change in salt 
saturation even though the solution returns to 20.3 °C to 21.9 °C (68.5F to 71.5F) 
for most of the soaking period. This may cause erroneous results. 

 
7.3 Number of Cycles- Repeat the process of alternate immersion and drying until five 

cycles are completed. 
 
8. QUANTITATIVE EXAMINATION 
 

8.1 Make the quantitative examination as follows: 
 

8.1.1 After completion of the final cycle and after the sample has cooled, wash 
the sample free from the sodium sulfate. Wash by circulating water at 43 °C  6 °C (110F  10F) 
through the samples in their containers by introducing hot water near the bottom and allowing the 
water to pass through the samples and overflow out of the container. The thoroughness of washing 
shall be checked by obtaining a sample of rinse water after it has passed through the samples and 
checking the water sample with 0.2 molar barium chloride. Further washing is required if the 
sample becomes cloudy upon addition of the barium chloride solution. In areas where the water 
gives a reaction with barium chloride other analytical means shall be used to assure thoroughness 
of washing. In the washing operation, the samples shall not be subjected to impact or abrasion that 
may tend to break up particles. 

 
8.1.2 After the sodium sulfate has been removed by washing, dry each fraction of 

the sample to constant mass at 110 °C  5 °C (230F  9F). Sieve the fine aggregate over the same 
sieve on which it was retained before the test, and sieve the coarse aggregate over the sieve shown 
below for the appropriate size of particle. For fine aggregate, the method and duration of sieving 
shall be the same as were used in preparing the test samples. For coarse aggregate, sieving shall 
be by hand, with agitation sufficient only to assure that all undersize material passes the designated 
sieve. No extra manipulation shall be employed to break up particles or cause them to pass the 
sieves. Determine the mass of the material retained on each sieve and record each amount. The 
difference between each of these amounts and the initial mass of the fraction of the sample tested 
is the loss in the test and is to be expressed as a percentage of the initial mass for use in Table 2. 
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Size of Aggregate Sieve Used to Determine Loss 
63 mm to 37.5 mm 

(2½ to 1½ in.) 31.5 mm (1¼ in.) 

37.5 mm to 19.0 mm 
(1½ to ¾ in.)  in.) 

19.0 mm to 9.5 mm 
 in.) 8.0 mm (5/16 in.) 

9.5 mm to 4.75 mm 
 in. to No. 4) 4.0 mm (No. 5) 

 
 
9. QUALITATIVE EXAMINATION 
 

9.1 Make a qualitative examination of test samples coarser than 19.0 mm (3/4 inch) as 
follows (Note 10): 
 

9.1.1 Separate the particles of each test sample into groups according to the action 
produced by the test (NOTE 10). 
 

9.1.2 Count and record the number of particles showing each type of distress. 
 

NOTE 10- Many types of action may be expected. In general, they may be 
classified as disintegration, splitting, crumbling, cracking, flaking, etc. While only 
particles larger than 19.0 mm (3/4 inch) in size are required to be examined 
qualitatively, it is recommended that examination of the smaller sizes be made in 
order to determine whether there is any evidence of excessive splitting. 

 
10. REPORT 
 

10.1 The report shall include the following data (Note 11): 
 

10.1.1 Mass of each fraction of each sample before the test. 
 
10.1.2 Material from each fraction of the sample finer than the sieve designated in 

Section 8.1.2 for sieving after the test, expressed as a percentage of the original mass of the 
fraction. 

 
10.1.3 Weighted average calculated from the percentage of loss for each fraction, 

based on the grading of the sample as received for examination determined by using  
PTM No. 616 or, preferably, on the average grading of the material from that portion of the supply 
of which the sample is representative except that: 
 

10.1.3.1 For fine and coarse aggregate sizes finer than the 300 m (No. 
50) sieve they shall be assumed to have 0% loss. 
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10.1.3.2 For the purpose of calculating the weighted average, consider any 

size in Section 5.1 or 5.2 that contain less than 5% of the sample to have the same loss as the 
average of the next smaller and the next larger size, or if one of these sizes is absent, to have the 
same loss as the next larger or next smaller size, whichever is present. 

 
10.1.3.3 For large rock tested according to Section 5.2.2 the weighted 

average (if more than one size fraction is tested) shall be the arithmetic mean of the loss on the 
fractions tested. 

 
10.1.3.4 For large rock tested according to Sections 5.2.3 or 5.2.4, the 

weighted average shall be based on a sample grading conforming to the middle of the specification 
to which the aggregate will be produced, or the actual grading as produced. If the specification 
grading includes fractions larger than the 63 mm (2½-inch) sieve, assume such sizes to have the 
same percentage loss as the 63 mm to 37.5 mm (2½-inch to 1½-inch) fraction. 

 
10.1.4 Report the weighted percentage loss to the nearest 0.01%. 
 
10.1.5 In the case of particles coarser than the 19.0 mm (3/4-inch) sieve, report the 

number of particles counted and recorded in Section 6.2 and Section 9.1.2 as shown in Table 4. 
 
 

Table 4 - Suggested Form for Qualitative Examination (with Illustrative Test Values) 
Qualitative Examination of Coarse Sizes 

 Particles Exhibiting Distress Total No. 
of 

Particles 
Before 
Test 

 Splitting Crumbling Cracking Flaking 
Sieve Size No. Percent No. Percent No. Percent No. Percent 

63 mm to 37.5 mm 
(2½ to 1½ in.) 2 7   2 7   29 

37.5 mm to 19.0 mm 
(1½ to ¾ in.) 5 - - 2 - - - - 50 

 
10.1.6 Type of solution (sodium sulfate) 
 
10.1.7 Method of producing particles for test, when reduced from large pieces as 

described in Sections 5.2.2, 5.2.3, or 5.2.4 
 

NOTE 11- Table 2, shown with test values inserted for purpose of illustration, is a 
suggested form for recording test data.   
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11. PRECISION 
 

11.1 For coarse aggregate with weighted average sulfate soundness losses in the range 
of 6% to 16% for sodium sulfate, the precision indexes are as indicated, in Table 5 (NOTE 12). 
 

Table 5 - Precision Indexes 
 Coefficient of  

Variation (1S%),  
Percenta 

Difference Between Two 
Tests (D2S%), 

Percent of Averagea 
Multilaboratory:   

Sodium sulfate 41 116 
Single-Operator:   

Sodium sulfate 24 68 
a These numbers represent, respectively, the (1S%) and (D2S%) limits as described in 
ASTM C670. 

 
NOTE 12- The values in the precision statement are based on testing according to 
AASHTO T 104 prior to the AASHTO T 104 revisions in 1991.  The AASHTO T 104 
revisions in 1991 are believed to improve the precision of AASTHO T 104. 
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LABORATORY TESTING SECTION 
 

Method of Test for 
 

SIEVE ANALYSIS OF COARSE AND FINE AGGREGATE 
 
 
This PTM is a modification of AASHTO T-27. The full standard is available from 
American Association of State Highway and Transportation Officials, 444 N. Capitol 
Street, N.W., Suite 249, Washington, D.C. 20001 (www.transportation.org). 
 
The modifications to AASHTO T-27 are as follows: 
 
6. APPARATUS 
 

6.4 Oven- An oven of appropriate size capable of maintaining a uniform temperature 
of 110 ± 5°C (230 ± 9°F). Hot plates either electric or gas may be used when test results must be 
obtained quickly. Confirmation samples shall be tested using ovens as described in this section. 
 
7. SAMPLING 
 
 7.1 Sample the aggregate in accordance with PTM 607. 
 
 7.3 Fine Aggregate - The size of the test sample of aggregate, after drying shall have 
an approximate mass of 500 grams. 
 
 7.4 Coarse Aggregate- The mass of the test sample of coarse aggregate shall conform 
with the following: 
 
   AASHTO / PA Number   Minimum Mass of Sample 
          Kg  lb. 
    # 1     Usual inspection per section 
         850.2 (a) 1 & 2, Pub. 408 
    # 3      20  44 
    # 5      10  22 
    # 57      10  22 
    # 67      10  22 
    # 7      10  22 
    # 8       5  11 
    # 10       1   2 
    2A      15  33 
    OGS      15  33 
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            7.7.1  Delete this section 
 7.7.2  Delete this section 
 7.7.3  Delete this section 
 
8. PROCEDURE 
 

8.4 (For Fine Aggregates) - Sieve for a sufficient period and in such a manner that, 
after completion, not more than 0.5 percent by mass of the total sample passes any sieve during 1 
minute of continuous hand sieving performed as follows: Hold the individual sieve, provided 
with a snug fitting pan and cover, in a slightly inclined position in one hand. Strike the side of 
the sieve sharply with an upward motion while holding the sieve in the other hand, at the rate of 
about 150 times per minute. Turn the sieve about one-sixth of a revolution at intervals of about 
25 strokes.  
 

(For Coarse Aggregates) - Sieve for a sufficient period and in such a manner that, 
after completion, not more than 0.5 percent by mass of the total sample passes any sieve during 1 
minute of continuous mechanical shaking as follows: Weigh the material retained on each 
individual sieve after the initial shaking period. Individually place each sieve with the material 
retained on the sieve back into the mechanical shaking device and sieve for an additional minute. 
In determining the sufficiency of sieving for sizes larger than 4.75 mm (No. 4) sieve, limit the 
material on the sieve to a single layer of particles.  
 
 Note- The Sufficiency of Sieving procedure is documented in PTM 608. 
 
 8.7 Determine the mass of each size increment by weighing on a scale or balance 
conforming to the requirements specified in Section 6.1 to the nearest 0.1 percent of the total 
original dry sample mass. The total mass of the material after sieving shall check closely with the 
original mass of sample placed on the sieves. If the amounts differ by more than 0.8 percent, 
based on the original dry sample mass, the results shall not be used for acceptance purposes. 
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LABORATORY TESTING SECTION 
 

Method of Test for 
 

QUANTITATIVE EXTRACTION OF BITUMEN FROM 
BITUMINOUS PAVING MIXTURES  

 
 
l. SCOPE 
 

1.1 This method covers procedures for the quantitative determination of bitumen in 
hot-mixed paving mixtures, mixtures containing liquid bituminous materials, and pavement 
samples. This method is a modification of AASHTO T-164. Contact the Innovation and Support 
Services Division, Laboratory Testing Section for copies of the AASHTO or ASTM test methods 
referred to in this PTM. 
 

1.2 The extracted aggregate may be used for sieve analysis according to PTM No. 
739. 
 

NOTE 1- Although bitumen, by definition, is material soluble in carbon disulfide, 
1,1,1-Trichloroethane is used in this method for safety reasons. Toluene or 
Trichloroethylene may also be used. 

 
NOTE 2 - Terpene type solvents may be substituted for 1,1,1-Trichloroethane in 
                Method A providing the following steps have been taken: 

 
1.   Follow all steps in Sections 8.2.1 and 8.3.1 modified for Terpene use. 

 
2.   A trial extraction of a sample with a known asphalt content has been 

performed using the modified procedures yielding satisfactory results (± 0.1 percent). 
 

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. 
 
2. SUMMARY OF METHOD 
 

2.1 The paving mixture is extracted with 1, 1, 1-Trichloroethane using the extraction 
equipment applicable to the particular method. The bitumen content is calculated by taking the 
difference between the mass of the original sample, and the combined mass of the extracted 
aggregate, moisture content, and ash from an aliquot part of the extract. A bitumenometer may be 
used to determine the bitumen content. 
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3. APPARATUS 
 

3.1 Oven- Capable of maintaining the temperature at 163 ± 5ºC (325 ± 9 ºF). 
 

3.2 Pan- Flat pan, 300 mm (12 in.) long, 200 mm (8 in.) wide, and 25 mm (1 in.) 
deep. 
 

3.3 Balance- A balance conforming to the requirements of AASHTO M-231, Class 
G2. 
 

3.4 Hot Plate- Electric, with an adjustable heating rate. 
 

3.6 Graduated Cylinder- 1000 or 2000 mL capacity 
 

3.7 Ignition Dish- 125 mL capacity 
 

3.8 Desiccator 
 

3.9 Analytical Balance- An analytical balance conforming to the requirements of 
AASHTO M-231, Class B. 
 

3.10 Muffle furnace or gas burner capable of maintaining temperatures between 500 
and 660 C (932 and 1220 F). 
 
 
4. REAGENTS 
 

4.1 Ammonium Carbonate- Saturated solution of reagent grade ammonium carbonate 
(NH4)2CO3. 
 

4.2 1,1,1-Trichloroethane- Conforming to Federal Specification O-T-620 a (Int. Amd. 
3);  Refer to Sec. 17.1 (Method D) for an additional requirement when the bitumenometer is used 
for bitumen content. 
 

NOTE 3- The solvents shall be used only under a hood in a well-ventilated area, since 
they are all toxic to some degree. The maximum acceptable concentration for an eight 
hour exposure for 1,1,1-Trichloroethane is 500 ppm. 

 
CAUTION:   1,1,1-Trichloroethane in the presence of heat and moisture may form acids 
that are extremely corrosive to certain metals, particularly, when subjected to contact over 
lengthy periods of time. Proper precautions shall be taken to not allow the solvents to 
remain, even in small quantities in the effluent tanks of aluminum vacuum extractors. 
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5. WATER DETERMINATION 
 

5.1 Determine the water content of a representative portion of the mixture according 
to AASHTO T-110, Test for Moisture or Volatile Distillates in Hot-Mix Asphalt. 
 

5.2 Calculate the mass of water in the sample (W2) by multiplying the moisture 
content by the mass of the sample. 
 

NOTE 4- The Water Determination Test is conducted only when water is known to be 
present or if its presence is suspected. 

 
 
6. PREPARATION OF SAMPLE 
 

6.1 If the mixture is not sufficiently soft to separate with a spatula or trowel, place the 
mixture in a large flat pan and warm until it can be handled at the following temperature 163 ± 5 
oC (325 ± 9 º F ). Separate the particles of the mixture as uniformly as possible using care not to 
fracture the mineral particles. Care shall be taken to avoid overheating the sample or leaving the 
sample in the oven for too long a period. Thoroughly mix the sample and form into a flat pile. 
Quarter the sample to the required size of sample for the extraction test. 
 

6.2 Recommended approximate sizes of the sample are given in the test methods. 
 

NOTE 5- In no case shall the selection of a predetermined mass be attempted. 
 

NOTE 6- When the required minimum mass of the sample is greater than the allowable 
maximum mass for the method used, divide the sample into equal portions for testing. 
The masses for calculations will be the sum of like masses of the test portions. 

 
6.3 Weighing of the extraction test apparatus and/or samples shall be done on a 

balance meeting the requirements of Section 3.3. 
 

6.4 Mixtures containing liquid bituminous materials (such as cutbacks and emulsified 
asphalt) shall be cured before testing. 
 

6.4.1 All bituminous mixtures containing emulsified asphalt and cutback 
asphalt (except stockpile patch mixes containing emulsified asphalt) shall be spread on a tray of 
sufficient size to hold the total sample, one layer deep. Place the sample in an oven maintained at 
163 ± 5 o C (325 ± 9 o F) for one-half hour, remove and weigh. Place the sample back in the oven 
and remove at half-hour intervals until the sample has reached a constant mass. Approximately 
one to two hours are required. Proceed with the extraction. 
 

6.4.2 Stockpiled patch mixes containing emulsified asphalt shall be cured for 
15 minutes at 163 ± 1.5 o C (325 ±9 o F), either in an oven or on a hot plate, mixing occasionally. 
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6.4.3 Stockpiled patch mixes containing polypropylene fibers shall be cured 
in an oven, overnight at 88 ± 5.5 oC (190 ± 10oF). Also, the extracted aggregate shall be dried to 
a constant mass at 88 ± 5.5 oC (190 ± 10º F). 
 

6.5 Mixtures containing tar (FB-1, FB-2, and some stockpile patch mixes) do not 
require curing. The sample is extracted by an approved method and the resulting bitumen content 
corrected for insoluble tar as determined in the remaining part of this section. 

 
6.5.1 Apparatus 

 
6.5.1.1 125 mL Erlenmeyer flask 

 
6.5.1.2 Air cooled condenser, 7 mm glass tube approximately 500 

mm (20 in.) long. 
 

6.5.2 Procedure- Prepare a Gooch crucible according to AASHTO T-44 
(Section 7) and follow the procedure in AASHTO T- 44 Sections 9 and 10 with the following 
change: 
 

6.5.2.1   Transfer approximately 2 grams of the tar used to make the 
mix into a tared 125 mL Erlenmeyer Flask. Weigh accurately to the nearest 0.001 g. Add 100 mL 
of 1, 1, l-Trichloroethane and place the air condenser into the top of the flask. Place the flask on a 
hot plate and reflux for 30 minutes. Determine the percent soluble as stated in AASHTO T-44, 
Section 10. 
 

6.5.2.2   Calculations- Divide the percent bitumen, as determined by 
extraction, by the percent soluble to find the correct bitumen (tar) content. 

 
6.5.3 In lieu of this procedure, the percent soluble may be obtained from the 

Laboratory Testing Section, Harrisburg. 
 
 

METHOD A (CENTRIFUGE METHOD) 
 

7. APPARATUS 
 

7.1 In addition to the apparatus listed in Section 3, the following apparatus is required 
for Method A. 
 

7.1.1 Extraction apparatus- Consisting of a bowl approximating that shown in 
Figure 1, which may be revolved at controlled variable speeds up to 3600 rpm. The apparatus 
shall be provided with a container for catching the solvent thrown from the bowl and a drain for 
removing the solvent. The apparatus shall be provided with explosion proof features and installed 
in a hood to provide ventilation. 
 

NOTE 7 - Similar apparatus of a larger size may be used. 
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7.1.2 Filter ring- A heavy, weighty, smooth, white medium fast filter paper 
(Eaton-Dikeman Grade 627 has been found satisfactory for this purpose) of a diameter at least 
equal to the bowl seating surfaces outside diameter and to internally exceed the bowl sealing 
surfaces width by at least 25.4 mm (1 in). 
 

7.1.3 2000 mL Florence flask 
 
7.1.4 Bitumenometer, 750 or 1500 mL 

 
8. PROCEDURE 
 

8.1 Weigh an approximate 500 to 2500 gram sample into the bowl to the nearest 0.1 
gram. In no case shall the wearing course and binder samples be less than 500 and 1000 grams, 
respectively. 

 
NOTE 8- In the case of Heavy Duty Bituminous Concrete Base Course and Heavy Duty 
ID-2 Binder, the mass of the sample shall not be less than 1400 grams. 

 
8.2 Cover the sample in the bowl with 1,1,1-Trichloroethane and allow sufficient time 

for the solvent to disintegrate the sample (not over 1 hour). Place the bowl containing the sample 
and the solvent in the extraction apparatus. Dry and weigh the filter ring and place it around the 
edge of the bowl. Clamp the cover on the bowl tightly and place a 2000 mL Florence flask under 
the drain to collect the extract: 

                                                  
                                              OR 

 
8.2.1 Cover the sample in the bowl with Terpene solvent and let the sample 

digest for a minimum of 30 minutes. During this period, probe the sample with a metal rod at ten 
minute intervals. Place the bowl containing the sample and solvent in the extraction apparatus. 
Dry the bowl. Clamp the cover on the bowl tightly and place the 2000 mL Florence flask under 
the drain to collect the extract. 
 

8.3 If using the procedure in Section 8.2: Start the centrifuge revolving slowly and 
gradually increase the speed to a maximum of 3600 rpm or until solvent ceases to flow from the 
drain. Allow the machine to stop, add 200 mL of solvent and repeat the procedure. Use sufficient 
200 mL solvent additions (not less than three) so that the extract is clear and not darker than a 
light straw color. Collect the extract and the washings in a 2000 mL Florence flask. 

 
8.3.1 If using the procedure in Section 8.2.1: Start the centrifuge revolving 

and gradually increase the speed to a maximum of 3600 rpm or until solvent ceases to flow from 
the drain. Allow the machine to stop, add 300 mL of solvent and repeat the procedure. Use three 
(3) 300 mL solvent additions. Remove the 2000 mL Florence flask with the extract for use in 
Section 8.5.  Place a container under the drain, charge the bowl with 500 mL of tepid water and 
extract. Repeat using five (5) 300 mL tepid water washings. 
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NOTE 9- The number of water washings may be decreased if the extraction of samples of 
known asphalt content indicate satisfactory results (± 0.1 percent). 
 
8.4 Remove the filter ring from the bowl and dry in air. Remove as much of the 

mineral matter adhering to the filter ring is as possible and add the mineral matter to the 
aggregate in the bowl. Dry the ring to constant mass in an oven at 163 ± 5 oC (325 ± 9 oF). Dry 
the contents of the bowl to a constant mass in an oven at 163 ± 5 oC (325 ± 9 oF). 
 

NOTE 10- The sample shall be dried until further drying at 163 ± 5 oC (325 ± 9 oF) does 
not alter the mass 0.1 percent, the precision of weighing. 

 
8.5 Agitate the extract in the Florence flask thoroughly by swirling to insure uniform 

dispersion and immediately measure 100 mL into a previously weighed ignition dish. Pour the 
remaining extract liquid into the graduate, and record the volume (V). Evaporate the extract 
liquid in the ignition dish to dryness on a hot plate. Burn the residue at a dull red heat (500 to 600 
oC), cool, and add 5 mL of saturated ammonium carbonate solution (NH4)2CO3 per gram of ash. 
Digest at room temperature for one hour. Dry the ash in an oven at 110 ± 5 oC (230 ± 9 oF) to a 
constant mass, cool in a desiccator, and weigh to 0.001 gram on an analytical balance. 
 

8.6 An alternate procedure is to use a bitumenometer, following the procedure in 
Sections 19.5 and 20. 
 
 
9. CALCULATIONS 
 

9.1 Calculate the mass of mineral matter in the total volume of extract as follows: 
 

100
100 + V G x = ash  totalgrams  

 
Where: 

 
G = Mineral matter in grams 

 
V = Volume of the extract after removing the aliquot in milliliters 

 
 
 

9.2 Calculate the percentage of bitumen in the sample as follows: 

)W - W(
100 x )]W + W + W( - )W - W[( = sampledry  aofcontent Bitumen  %

21
54321  

Where: 
 

W1 = mass of the sample  
 

W2 = mass of water in the sample  
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W3 = mass of the extracted mineral matter  
 

W4 = mass of mineral matter in the extract  
 

W5 = mass of mineral matter on the filter ring 
 
 

NOTE 11 - Add the increase in the mass of the filter ring to the masses of the recovered 
aggregate and the ash in the recovered bitumen. 

 
 

METHOD C (MARYLAND METHOD) 
 

10. APPARATUS 
 

10.1 In addition to the apparatus listed in Section 3, the following apparatus is required 
for Method C. 
 

10.1.1 Extraction apparatus- Consisting of metal containers, condenser lid 
and stand similar to that shown in Figure 2. 
 

10.1.2 A basket for the sample as shown in Figure 2.  A 4.75 mm (No. 4) or 
heavier screen shall be placed in the basket to support the sample. 

 
10.1.3 Filter Cloth- (A 16 xx Swiss stencil cloth available from the Atlas Silk 

Screen Supply Co., 1733 Milwaukee Ave., Chicago, IL 60647 is suitable for this purpose) with 
approximately 85 µm openings (No.185 mesh), shaped to cover completely the inside of the 
basket. 
 

10.1.4 Thermometer-, Accurate to 0.1 oC (0.2º F), covering a temperature 
range of 19 to 27 oC (66 to 80 oF), conforming to the requirements for a 17C (17F) thermometer 
as prescribed in ASTM Specification E-1. 
 

10.1.5 Scraper- To loosen asphalt and fine bituminous mixture on the bottom 
of the extractor. 
 

10.1.6 Rubber Gloves, Gas Mask, Trowel, Rubber Tubing, etc. 
 
11. REAGENT 
 

11.1 1,1,1-Trichloroethane. 
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12. PREPARATION OF SAMPLE 
 

12.1 Samples do not have to be heated prior to extracting but shall be thoroughly dry. 
The sample size shall be between 3,500 and 11,000 grams. Weigh the basket assembly, place the 
sample in the basket, and obtain the total mass to the nearest gram. 
 
 
13. PROCEDURE 
 

13.1 Place the basket with the sample in the extractor. Pour 1150 to 1250 mL of 
Trichloroethane over the sample. Put the extractor lid tightly in place and allow water to circulate 
freely through the condenser on the top. Apply heat from a gas ring burner. 
 

13.2 Reflux the samples for 1.5 to 3 hours until all the bitumen is extracted from the 
aggregate. Shut down the extractor after 1.5 hours and inspect the sample. Mix the sample with a 
trowel and continue extraction to completion. 

 
NOTE 12- The sample is completely extracted when upon inspection, no discoloration is 
found either on the aggregate or on the surface of the trowel which has thoroughly mixed 
the sample. 

 
13.3 Drain the extract from the extraction and wash clean the extractor apparatus with 

fresh solvent. Recover the extract in a 2000 mL Florence flask. Agitate the extract liquid in the 
2000 mL graduate and record the volume. Remove the sample basket and dry in air. The basket 
shall be dried on a hot plate or oven at 163 ± 5 oC (325 ± 9 oF) to a constant mass. Determine the 
ash recovered bitumen as described in Section 8.5. 
 

13.4 When using the bitumenometer method of bitumen determination use the 
procedure as stated in Section 19.5. 
 
 
14. CALCULATIONS 
 

14.1 Calculate the percentage bitumen in the sample as described in Section 9, if the 
ash method is used, or as in Section 20 when using the bitumenometer. 
 

 
 

METHOD D (IMMERSION-REFLUX METHOD) 
 
15. SCOPE 
 

15.1 This method of test is intended for the determination of the percentage of bitumen 
in a paving mixture in which the aggregate size does not exceed 63 mm (2.5 inches) (NOTE 13). 
The sample is first immersed in hot solvent, for rapid disintegration of the mixture and extraction 
of the bitumen, and is then thoroughly washed by refluxing to complete the extraction. The  
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percentage of bitumen is determined by calculation from the specific gravities and the volume of 
the materials in the extract, using a pycnometer. The mineral matter recovered from either test 
can be used for the sieve analysis. 

 
NOTE 13 - These methods are adaptable to paving mixtures in which aggregate size is up 
to 90 mm (3.5 inches) by employing an extractor four times larger than that described 
herein and a larger pycnometer (bitumenometer) of 1500 mL capacity. The larger 
apparatus accommodates samples of up to 7000 grams of sample with a larger size 
aggregate. 

 
16. APPARATUS 
 

16.1 In addition to the apparatus listed in Section 3, the following apparatus is required 
for Method D. 
 

16.1.1 Extraction apparatus- (Figure 3) Consisting of an extraction kettle of 
stainless steel or borosilicate glass, with a perforated basket and condenser. The underside of 
condenser shall be covered with numerous rounded knobs to distribute condensed solvent 
uniformly onto the surface of the sample. The suspension of the basket shall be arranged to 
support the basket 12.5 mm (0.5 inches) above the bottom of kettle for immersion of the sample 
in solvent, a minimum of 75 mm (3 inches) above the bottom of the kettle for refluxing. The 
apparatus preferably shall be used under a hood to provide ventilation. 
 

16.2 Cloth Filter Sacks for lining the basket 
 

16.3 Bitumenometer (Pycnometer)- Approximately 750 mL capacity, as shown in 
Figure 3, calibrated to the nearest 0.1 mL. A 1500 mL capacity pycnometer is required for the 
larger sized extractor. 
 
            16.4 Thermometer- Accurate to 0.1 oC (0.2º F), covering a temperature range of 19 to 
27 oC (66 to 80 oF), conforming to the requirements for a 17C (17F) thermometer as prescribed in 
ASTM Specification E-1. 

 
16.5 Cold Water Bath, Metal Funnel, Washing Bottle, Brush, Spatula, etc. 

 
 
17. SOLVENT 
 

17.1 1,1,1-Trichloroethane- For the bitumenometer method of extract analysis, the 
specific gravity of solvent must be known within 0.001, and must remain constant through the 
extraction process. This is considered very important. If the solvent has proper inhibitor(s), the  
specific gravity should not change. This can be verified by extracting mixtures of known bitumen 
contents or by subjecting the solvent to the extraction process (without a sample) and measuring 
the specific gravity before and after the process.  
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18. PREPARATION OF SAMPLE 
 

18.1 If the mixture is not sufficiently soft to separate with a spatula or trowel, place 
2000 to 5000 grams in an oven at 163 oC (325 oF) for a maximum of two hours, or on a hot plate 
over low heat, until it can be handled. Use care not to fracture the mineral particles. Thoroughly 
mix, form into a flat pile, and quarter to the required size of sample. Insert a filter sack in the 
extractor basket and weigh the filter and basket with the tared pan to determine the total tared 
mass. Weigh into the filter sack a representative sample of mix not less than 500 grams if the  
maximum aggregate size is less than 12.7 mm (0.5 inches). If the maximum aggregate size is 
12.7 to 63.5 mm (0.5 to 2.5 inches), the mass of the sample shall not be less than 1000 grams. 
While transferring the mix onto the filter sack, any fine mix sticking to the inside of the spatula 
shall be scrapped and included with the sample for extraction. All weighing shall be to nearest 
0.1 gram. Larger samples up to 7000 grams may be tested by using a larger apparatus. In no case, 
however, shall the selection of a sample of a predetermined mass be attempted. 
 

NOTE 14 - In the case of Heavy Duty Bituminous Concrete Base Course and Heavy Duty 
ID-2 Binder, the mass of the sample shall not be less than 1500 grams. 

 
 
19. PROCEDURE 
 

19.1 Attach the suspension rod to the loaded basket and set the assembly into the 
extraction kettle. Pour carefully approximately 600 mL of solvent over sample. The extractor can 
be filled with the solvent prior to suspending the loaded basket in the extraction kettle. Set the 
condenser cover in place on the kettle. Provide a flow of cold water through the condenser cover. 
 

19.2 Raise the basket to the immersion level, i.e. 12.5 mm (0.5 inch) above the bottom 
of the kettle, by inserting the support pin through the upper hole of the suspension rod. Place the 
extractor on the hot plate or over a burner and adjust the heating rate so that solvent is maintained 
at a gentle boil. Avoid vigorous boiling which might wash fines over the sides of the basket. 
Continue heating the sample during the immersion position for 15 to 30 minutes, depending upon 
composition, size, and age of sample. 
 

19.3 Raise the basket to the refluxing level, a minimum of 75 mm (3 inches) above the 
bottom of the kettle, by inserting the pin through the lower hole of the suspension rod. Increase 
the heat and maintain active boiling for 15 to 30 minutes, or until solvent dripping from the 
basket appears colorless. If a stainless steel kettle is used, solvent can be examined by lifting the 
basket out of the condenser assembly. 
 

19.4 Remove the extractor from the heat source and allow the extractor to cool for 
several minutes. Lift the basket out of the condenser assembly. Remove the filter sack, distribute 
its contents onto the tared pan in which the sample was originally weighed, dry on hot plate over 
low heat, or in an oven at 163 ± 5 oC (325 ± 9 oF) to a constant mass, with the filter sack on top 
of the aggregate. Use care not to char the sack. Place the extractor basket onto the pan, and weigh  
the assembly of aggregate, filter sack, extractor, and tared pan. Subtract the total tared mass from 
the mass of this assembly and record this weight as the mass of extracted aggregate. 
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19.5 While the aggregate is being dried, set the covered kettle in a cold water bath 50 
to 120 mm (2 to 4 inches) deep to hasten cooling to approximately 27 oC (80 oF). Transfer the 
extract to the bitumenometer, using a funnel. Wash down the inside of the kettle with solvent, 
adding enough additional solvent to fill the bitumenometer to the base of the neck. Air bubbles 
must be eliminated. Adjust the temperature of the bitumenometer contents to 25 oC (77.0 oF) 
(NOTE 15). Insert the volume adjustment stopper, fill the stopper capillary and apply the 
overflow cap. Dry the outside of the bitumenometer and weigh to the nearest 0.1 of a gram 
(NOTE 16). Subtract the mass of the bitumenometer from this mass and record as the mass of the 
extract. Record the actual temperature of the extract to the nearest 0.1 oC (0.2 oF) at the time of 
weighing. 

 
NOTE 15 – A correction can be applied for extract temperatures differing from 25 oC 
(77.0 oF), between 23 and 27 oC (74 and 80 oF). Corrections for solvents can be computed 
from their specific gravity and coefficient of expansion. If a 750 mL bitumenometer is 
used, the following corrections have been determined to be adequate: add 1.23 grams to 
the mass of the extract for each degree oC above 25 oC (0.7 g per degree above 77 oF), and  
subtract 1.23 grams from the weight for each degree below 25 oC (0.7 g per degree below 
77 oF). 

 
NOTE 16 - The mass of the bitumenometer filled with the extract liquid shall be taken 
very carefully. Variations of ± 0.5 gram in mass can affect the asphalt content 
determination by ± 0.1 percent. 

 
 
20. CALCULATIONS 
 

20.1 Calculate the percentage bitumen in the sample using one of the following 
procedures: 

 
PROCEDURE 1 

 
% bitumen = [G2/(W1(G3-G2))] x [G3(Vl-((W2+W3-Wl)/Gl))+W3-Wl] x 100 
 

Where: 
 

G1 = Specific gravity of the solvent at 25 oC (77.0 ºF) 
        (within 0.001) 

 
G2 = Specific gravity of  the bitumen at 25 oC (77.0 ºF) 

                    (within 0.01) 
 

G3 = Specific gravity of the aggregate fines at 25 oC (77.0º F) (within 0.1) 
 

Vl = Volume of the bitumenometer at 25 oC (77.0º F) 
 

W1 = Mass of the original dry sample 
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W2 = Mass of the extract 
 

W3 = Mass of the extracted aggregate 
 
 
NOTE 17- The formula above corrects for the amount of fines contained in the extract. 
 
NOTE 18- It is very important that the specific gravity values of solvent and bitumen are 
very accurate. The bitumen content will vary by approximately ± 0.1 percent for the 
following variations in the measurements of specific gravities: 

 
specific gravity of the solvent ± 0.001  
specific gravity of the bitumen ± 0.01 

 
 
NOTE 19 - If the specific gravity values of aggregate fines are not known, the following 
values may be used: 

 
stone 2.70 
gravel 2.60 
slag 2.95 

 
 
20.2 Calculate the mass of fines in the extract as follows: 

 
W4 = (G3/(G3-G2)) X [Wl-W3-G2(V1-((W2-Wl+W3)/Gl))] 

 
Where: 

 
W4 = Mass of the fines in the extract 

 
 

PROCEDURE 2 
 

Percent Bitumen Calculation 
 

 
Specific Gravity of Bitumen (± 0.01) at 25 C (77.0 F)                                   G2 = 
Specific Gravity of Aggregate Fines (± 0.1) at 25 C (77.0 F)                         G3 = 
Specific Gravity of Solvent (± 0.001) at 25 C (77.0 F)                                   G1 = 
Volume of Bitumenometer at 25 C (77.0 F)                                                    V1 = 
 
Weight of Original Sample       W1 = 
- Weight of Extracted Sample                                                                         W3 = 
Weight of Extraction Loss or weight of bitumen and fines:                           Wc = W1-W3  
 
Weight of Bitumenometer and Extracted liquid    Wa = 
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- Weight of Bitumenometer                                                                            Wb = 
Weight of Extracted Liquid                             W2 = Wa-Wb  
Weight of Extracted Liquid       W2 = 
- Weight of Extraction loss or weight of bitumen and fines                           Wc = 
Weight of Solvent                   Wd = W2-Wc  
  
      Weight of Solvent  (Wd) (       ) = Volume of Solvent (Va) 
      Sp. Gr. Of Solvent (G1) (       ) in the Bitumenometer 
Volume of Bitumenometer       V1 = 
- Volume of Solvent                                                                                        Va = 
Volume of Extraction Loss or Volume of Bitumen & Fines: 

Vb = V1-Va 
Volume of Extraction Loss       Vb = 
x Sp. Gr. Of Aggregate Fines                                                                         G3 = 
Algebraic Term (Weight of Extraction Loss)                                      a1 =  Vb xG3 = 
Algebraic Term (Weight of Extraction Loss)                a1 = 
- Weight of Extraction Loss                                                                           Wc = 
Algebraic Term (Weight of Bitumen)                            a2 =  a1-Wc = 
Specific Gravity of Aggregate Fines                 G3 = 
- Specific Gravity of Bitumen                                                                         G2 = 
Algebraic Term (Weight of Bitumen)                            a3 =  G3-G2 = 
 Algebraic Term (Weight of Bitumen) (a2) (   ) = Volume of Bitumen 
 Algebraic Term (Sp. Gr. Of Bitumen) (a3)(   ) in Sample (Vc) 
 
Volume of Bitumen in Sample      Vc = 
x Specific Gravity of Bitumen                                                                        G2 = 
Weight of Bitumen in Sample                 We = Vc xG2 = 
 
 Weight of Bitumen in Sample (We)   (    ) x 100 =     % of Bitumen 
  Weight of Original Sample   (W1)   (    )               in Sample 
 
Weight of Original Sample       W1 = 
- Weight of Bitumen                                                                                       We =  
 
Weight of Total Aggregate in Sample                           Wf =    W1-We = 
 
Weight of Extraction loss (bitumen and fines)              Wc  = 
- Weight of Bitumen                                                                                      We  = 
Weight of Fines in Sample                             W4 =    Wc-We = 
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PROCEDURE 3 
 
                                                         Percent Bitumen Calculation 
 
           20.3     If the ash method is used, calculate the percent bitumen in the sample as described 
in Section 9. 

 
 

MODIFIED METHOD D (IMMERSION-REFLUX-CENTRIFUGE) 
 

21 SCOPE 
 

21.1 This method of test is intended for the determination of asphalt content of 
bituminous mixtures in which the aggregate size does not exceed 63mm (2.5 inches). The sample 
is first immersed in hot solvent, for rapid disintegration of the mixture and extraction of the 
bitumen. The sample is thoroughly washed by refluxing, the extract liquid is run through a 
centrifuge to trap the fines.  
 
22. APPARATUS           
             
 22.1 In addition to the apparatus listed in Section 3, the following apparatus is required 
for Modified Method D. 
 
  22.1.1   Extraction apparatus (Figure 3)- Consisting of an extraction kettle of 
stainless steel or borosilicate glass, with a perforated basket and condenser. The underside of the 
condenser shall be covered with numerous rounded knobs to distribute condensed solvent 
uniformly onto the surface of the sample. The suspension of the basket shall be arranged to 
support the basket 12.5 mm (0.5 inches) above the bottom of the kettle for immersion of the 
sample in solvent, a minimum of 75 mm (3 inches) above the bottom of the kettle for refluxing. 
The apparatus preferably shall be used under a hood to provide ventilation. 
 

     22.1.2   Cloth Filter Sacks for lining the basket 
 

        22.1.3   Centrifuge- High-speed (3000 rev./min or higher). A continuous flow type 
with a metal thimble to catch the fines. 
 
23.       SOLVENT           
            

23.1   normal-Propyl Bromide (nPB), conforming to ASTM D6368 
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24.    PREPARATION OF SAMPLE         
            
          24.1    If the collected mixture sample is not sufficiently soft to separate with a spatula, 
scoop, or trowel, place the collected mixture sample in an oven at 163 ± 5°C (325 ± 9°F) for a 
maximum of 2 hours, or on a hot plate over low heat, until it is sufficiently soft to separate. 
Thoroughly mix, form into a flat pile, and quarter the mixture sample. Use care not to fracture 
the mineral particles. The minimum mass of the test sample shall be the result of quartering from 
a larger mixture sample and shall conform to the minimum mass requirements in Table 1. 
 

Table 1 
Superpave or SMA 
Mixture Nominal 

Maximum Aggregate Size 
(NMAS), mm 

Other Asphalt Mixtures or 
Material Classes 

Minimum Mass of Test 
Sample, g 

12.5 or smaller 

FJ-1, FJ-1C, FJ-4, FB-1W, 
FB-2W, FB-3 Modified, Micro-
Surfacing, Ultra-Thin Friction 

Course, Cold Path 

500 

19 ATPBC, FB-1B, FB-2B, 
FB-Modified 1000 

25 or greater  1500 
 
 

 
25.   PROCEDURE 

  
25.1  Insert a filter sack in the extractor basket and determine the total tare mass of the 

filter, basket, suspension rod, and pan to the nearest 0.1 g. 
 
25.2  Prepare the test sample according to Section 24. Using a scoop, add the minimum 

mass of test sample according to Table 1 into the filter sack.  Scrape any fine mixture 
particles that stick to the inside of the scoop with a spatula and include the fine particles in 
the filter sack with the mixture test sample for extraction. 

 
25.3   Attach the suspension rod to the basket and set the assembly into the extraction 

kettle. Carefully pour 700 ± 50 ml of solvent over the sample. The extractor can be filled with 
solvent prior to suspending the loaded basket. Set the condenser cover in place on the kettle. 
Provide a flow of cold water through the condenser cover. 

 
25.4   Raise the basket to the immersion level, 12mm (0.5 inches) above the bottom of 

the kettle by inserting the support pin through the upper hole of the suspension rod. Place the 
extractor on the hot plate and adjust the heat rate so that the solvent is maintained at a gentle 
boil. Avoid vigorous boiling which might wash fines over the sides of the basket. Continue 
heating with the sample in the immersion position for a minimum of 30 minutes. 

 



                                                                                                     PTM No.702 
October 2013 

Page 16 
 

 25.5   Raise the basket to the reflux level, a minimum of 75mm (3 inches) above the 
bottom of the kettle by inserting the pin through the lower hole of the suspension rod. 
Increase the heat and maintain active boiling for a minimum of 30 minutes, or until solvent 
dripping from the basket appears colorless. If a stainless steel kettle is used, the solvent can 
be examined by lifting the basket out of the condenser assembly. 
  
 25.6    Remove the extractor from the hot plate and lift the basket out of the condenser 
assembly. Remove the suspension rod and basket from the condenser assembly. Remove the 
filter sack, distribute its contents into the pan and dry on a hot plate over low heat, or in an 
oven at 163°C + 5°C (325°F + 9°F) to a constant mass, with the filter sack on top of the 
aggregate. Use care not to char the filter sack. 
 
 25.7    When the aggregate is dry, place the extractor basket and the suspension rod 
assembly into the pan. Weigh and record the mass of the aggregate, filter sack, suspension 
rod assembly and pan to the nearest 0.1 g. 
 
 25.8   While the aggregate is being dried, allow the kettle to cool to approximately 
27°C (80°F). To hasten cooling set the kettle in a cold water bath 50 mm to 120 mm (2 to 4 
inches) deep. 
 
 25.9   Place a pre-weighed thimble in the centrifuge. Run the extract liquid through the 
centrifuge 3 times. Wash the material in the thimble using a final wash of approximately 200 
ml of clean solvent or enough wash solvent until the wash runs clear. 

 
 25.10   Dry the thimble and material in an oven at 163 C + 5°C (325 F + 9°F). Record  

     the weight of the thimble and material. 
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26. CALCULATIONS 
        

Calculate the percentage bitumen in the sample using the following procedure: 
 

                   1. Wt. of pan + basket + filter + sample   ___________________                                
                              
                   2.   Wt. of pan + basket+ filter    ___________________                                
                         
                   A.   1-2 = Wt. of original sample                ___________________                              
                                         

3. Wt. of  pan + basket + filter + aggregate __________________                             
                                       

4. Wt. of pan + basket + filter                    ____________________                           
                                       

       B.   3-4 = Wt. of aggregate in the pan         ____________________                            
                                           

       5.  Wt of aggregate in the thimble                ____________________                           
                                             

       6. Wt. of  the thimble                                   _____________________                        
                                              

       C. 5-6 = Wt. of aggregate in the thimble       _____________________ 
 
 

                                                  Calculation for Percent Bitumen: 
 

A-(B+C) X 100 = % AC 
                                                                 A 
 
27. PRECISION 
 

The following data shall be used for judging the acceptability of the results (95 percent 
probability). 
 

27.1 Duplicate results by the same operator should be considered suspect if they differ 
by more than the following amounts: 
               repeatability 

standard deviation, percent               0.12 
bitumen content, percent    0.34 

27.2 The result submitted by one laboratory should not be considered suspect unless 
the result differs from that of another laboratory by more than the following amounts:  
 
              reproducibility 

standard deviation, percent                0.20 
bitumen content, percent    0.56 
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NOTE 20- The precision statement is derived from 10 laboratories testing 4 samples with 
3 replicates per test. 

 
28. REFERENCE 
 

AASHTO Method T-164 ASTM Method D 2172 
 

Attachments: Figures 1 thru 4; Table 1. 
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LABORATORY TESTING SECTION 
 

Method of Calibration for 
 

VOLUMETER 
 
1. SCOPE 
 

This method is intended to determine the volume of the volumeter. 
 
2. APPARATUS 
 

2.1 Volumeter- Of an appropriate capacity 
 

2.2 Thermometer- ASTM 17 C (17 F) having a range of 19 to 27 oC (66 to 80 ºF), 
graduated in 0.1 oC (0.2 º F) subdivisions 
 

2.3 Water Bath- Thermostatically controlled so as to maintain the bath temperature at 
25 ± 0.5 oC (77 F ± 0.9º F) 
 

2.4 Balance- A balance conforming to the requirements of AASHTO M-231, Class 
G2. 
 

2.5 Distilled Water- Freshly-boiled distilled water 
 
 
3. SIGNIFICANCE 
 

3.1 It is essential that all equipment is calibrated accurately. Exercise care in 
calibrating the equipment. All subsequent tests are dependent on the calibrated equipment. It is 
also important to calibrate all equipment and material at the same temperature as will be used in 
conducting the test. All air bubbles shall be eliminated prior to weighing. All weights shall be 
made to the nearest tenth (0.1) of a gram. The maximum permissible variation in temperature 
shall not exceed ± 0.1 oC (± 0.2º F) from the specified temperature. 
 
 
4. PROCEDURE 
 

4.1 Weigh the clean, dry volumeter (metal pycnometer). Fill the volumeter with 
freshly-boiled distilled water, cover, and immerse the volumeter for one hour in a distilled water 
bath maintained at 25 oC (77º F). Remove the cover, and eliminate any air bubbles that are  
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present. If necessary add distilled water to fill the volumeter. Cover and make certain that the 
capillary tube is filled with water, wipe the volumeter dry, and weigh. 
 
 
5. CALCULATIONS 
 

5.1 Calculate the volume of the volumeter as follows: 
 

(WVo + Wa) - WVo  =  Vvo  
 

Where: 
 

W Vo = mass of the volumeter in grams 
 

Wa   =  mass of the water in grams 
 
V Vo =  volume of the volumeter in mL’s 

 
NOTE 1- The mass of the volumeter in grams plus the mass of the water in the volumeter 
in grams, minus the mass of the volumeter in grams, equals the volume of the volumeter 
in mL’s. 
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LABORATORY TESTING SECTION 

 

Method of Test for 

 

EFFECTIVE ASPHALT CONTENT OF BITUMINOUS PAVING MIXTURES 

 

1. SCOPE 

 

1.1 This method computes the effective asphalt content in a bituminous paving mixture. 

The effective asphalt content (Pbe) of a paving mixture is the total asphalt content (Pb) minus the 

quantity of asphalt lost by absorption into the aggregate particles. It is the portion of the total 

asphalt content that remains as a coating on the outside of the aggregate particles in which the 

service performance of a paving mixture depends. 

 

1.2 The effective asphalt content (not the total asphalt content) is to be used to compute 

the VMA (voids in mineral aggregate) and the VFA (voids filled with asphalt) in Marshall 

specimens (PTM No. 705) and pavement cores. 

 

2. REFERENCED DOCUMENTS 

 

2.1 AASHTO Standards: 

 

2.1.1 R 76, Reducing Samples of Aggregate to Testing Size 

 

2.1.2 T 84, Specific Gravity and Absorption of Fine Aggregate 

 

2.1.3 T 85, Specific Gravity and Absorption of Coarse Aggregate 

 

2.1.4 T 133, Density of Hydraulic Cement 

 

2.1.5 T 209, Theoretical Maximum Specific Gravity (Gmm) and Density of Hot 

Mix Asphalt (HMA) 

 

2.1.6 T 228, Specific Gravity of Semi-Solid Asphalt Materials 

 

2.2 Pennsylvania Test Methods: 

 

2.2.1 PTM No. 705, Marshall Criteria for Compacted Bituminous 

Specimens 
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3. MATERIALS AND TESTS 

 

3.1 Coarse Aggregate(s) 

 

3.1.1 A representative sample of the coarse aggregate(s) shall be obtained in 

accordance with AASHTO R 76. 

 

Nominal Maximum Size                 Minimum Mass of               

(inches)                                                                 Sample (kg) 

 

12.5 mm (1/2 inch) or less, (1B) aggregate        2.5 

 

25.0 mm (1 inch), (2B) aggregate                          4.5 

 

3.1.2 The bulk specific gravity (dry) of the coarse aggregate(s) shall be 

determined in accordance with AASHTO T 85 using the following formula (the value shall be 

reported to three decimal places): 

CB-

A
 = .Gr .SpBulk  

3.2 Fine Aggregate(s) 

 

3.2.1 A representative sample of the fine aggregate(s) weighing at least 1.0 kg 

shall be obtained in accordance with AASHTO R 76. 

 

3.2.2 The bulk specific gravity (dry) of the fine aggregate(s) shall be determined 

in accordance with AASHTO T 84 using the following formula (the test value shall be reported to 

three decimal places): 

C - S + B

A
 = .Gr .SpBulk  

3.3 Mineral Filler 

 

3.3.1 If a mineral filler is added separately to the paving mixture, a representative 

sample weighing at least 200 g shall be obtained in a plastic lined bag. 

 

3.3.2 The specific gravity of the mineral filler shall be determined in accordance 

with AASHTO T 133 using kerosene as a wetting agent. The test value shall be reported to three 

decimal places. 
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3.4 Asphalt Cement 

 

3.4.1 The specific gravity of the asphalt cement (Gb) shall be determined at 

25 °C (77F) in accordance with AASHTO T 228 and shall be reported to three decimal places. The 

value furnished by the asphalt supplier may be used. 

 

3.5 Bituminous Paving Mixture 

 

3.5.1 The maximum specific gravity (Gmm) of the loose bituminous paving 

mixture containing a known asphalt content (Pb), by total mass of the mixture, shall be determined 

by AASHTO T 209. 

 

3.5.2 The effective specific gravity (Gse) of the combined aggregates in the same 

mixture shall be calculated as follows (Note 1): 

 

G

PFUNCx  G
 - 100

)P - (100 G
 = G

b

bmm

bmm
se  

Where: 

 

Gse   = effective specific gravity of the aggregates 

 

Gmm = maximum specific gravity of the loose paving mixture 

 

Pb    = asphalt content, percent by total weight of the mixture 

 

Gb   = specific gravity of the asphalt 

 

NOTE 1- A worksheet to calculate the effective specific gravity(Gse) by the above 

formula is appended to this PTM.  
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4. CALCULATIONS 

 

4.1 Bulk specific gravity of the total aggregate (Gsb)- When the total aggregate consists 

of separate fractions of coarse aggregate(s), fine aggregate(s), and mineral filler (if added 

separately), all having different specific gravities, the combined bulk specific gravity for the total 

aggregate is calculated as follows (assuming there are three aggregates): 

 

G

P
 + 

G

P
 + 

G

P

P + P + P
 = G

3

3

2

2

1

1

321
sb  

 

Where: 

 

Gsb                  = bulk specific gravity of the total aggregate 

 

P1, P2, P3   = percentages by weight of aggregates l, 2 and 3 in the paving mixture 

 

G1, G2, G3 = bulk specific gravities of aggregates l, 2, and 3 (Sections 3.1, 3.2, and 3.3 of                            

this PTM) 

 

NOTE 2- A worksheet to calculate Gsb by the above formula is appended to this PTM. 

 

4.2 Percent asphalt absorbed by the aggregate (Pba)- Absorption is expressed as a 

percentage by weight of aggregate rather than as a percentage by total weight of the mixture. It 

shall be calculated as follows: 

100 x G x 
G x G

G - G
 = P b

sbse

sbse
ba  

Where: 

 

Pba = absorbed asphalt, percent by weight of aggregate 

 

Gse = effective specific gravity of the aggregate  

 

Gsb = bulk specific gravity of the aggregate  

 

Gb  = specific gravity of the asphalt  

 

NOTE 3 - A worksheet to calculate Pba by the above formula is appended to this PTM. 
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4.3 Effective asphalt content of the paving mixture- The effective asphalt content (Pbe) 

of a paving mixture is the total asphalt content minus the quantity of asphalt lost by absorption 

into the aggregate particles. 

 

Effective asphalt content (Pbe) shall be calculated as follows: 

 

)P - (100 
100

P
 - P = P b

ba
bbe  

Where: 

 

Pbe = effective asphalt content, percent by total weight of the mixture 

 

Pb = asphalt content, percent by total weight of the mixture 

 

Pba = absorbed asphalt, percent by weight of the aggregate    

 

NOTE 4 - A worksheet to calculate Pbe by the above formula is appended to this PTM. 

 

5. REPORT 

 

5.1 Effective asphalt content (Pbe) shall be reported to the nearest 0.1 percent. 

 

5.2 Effective asphalt content (Pbe)is intended to be used to compute the VMA (voids in 

mineral aggregate) and the VFA (voids filled with asphalt) using the Marshall specimen worksheet 

(PTM No. 705). 

 

6. REFERENCES 

 

6.1 Asphalt Institute MS-2, Asphalt Mix Design Methods 
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APPENDIX TO PTM No. 709 

 

EXAMPLE 1 (Using Formula) 

 

Given: 

 

Constituent                    Bulk Sp. Gr Percent by Weight 

 Material             Value                  Test Method Total Mix 

 

 Coarse aggregate 2.604 (G1)     AASHTO T 85 51.4 (P1) 

 

 Fine aggregate #1 2.827 (G2)     AASHTO T 84 18.7 (P2) 

 

 Fine aggregate #2 2.619 (G3)     AASHTO T 84       22.9 (P3) 

 

 Asphalt cement 1.010 (Gb)     AASHTO T 228   7.0 (Pb) 

          

                                                                       TOTAL:         100.0 

 

Maximum Sp. Gr. of Mix (AASHTO T 209) = 2.439 (Gmm) 

 

 

Calculate the Effective Asphalt Content in the above mixture as follows: 

 

(a) Bulk Sp. Gr. of the Total Aggregate (Gsb) 

 

                               

2.650 = 
35.098

93.0
 =    

 

8.744 + 6.615 + 19.739

93.0
 =  

 

2.619

22.9
 + 

2.827

18.7
 + 

2.604

51.4

22.9 + 18.7 + 51.4
 =    

 

G

P
 + 

G

P
 + 

G

P

P + P + P
 = G

3

3

2

2

1

1

321
sb
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(b) Effective Sp. Gr. of the Total Aggregate (Gse): 

 

                                     

2.730 = 
83.096

226.827
 =    

 

16.904 - 100

226.827
 =    

 

1.010

7.0 x 2.439
 - 100

7.0) - (100 2.439
 =    

 

G

P x G
 - 100

)P - (100 G
 = G

b

bmm

bmm
se

 

 

 

 (c) Percent Asphalt Absorbed by the Aggregate (Pba): 

 

                               

1.117 = 101.0 x 
7.234

0.080
 =    

 

100 x 1.010 x 
2.650 x 2.730

2.650 - 2.730
 =    

 

100 x G x 
G x G

G - G
 = P b

sbse

sbse
ba
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(d) Effective Asphalt Content (Pbe) in the Mixture: 

 

 

 

percent)tenth one-  to(rounded 6.0 = 5.961 =    

 

1.039 - 7.0 =    

 

7.0) - (100 
100

1.117
 - 7.0 =    

 

)P - (100 
100

P
 - P = P b

ba
bbe
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     WORK SHEET FOR DETERMINATION OF 

                                      EFFECTIVE ASPHALT CONTENT 

A.                           BULK SP. GR. OF THE TOTAL AGGREGATE (Gsb) 

 

 
Aggregate 

 
Type 

(Coarse or Fine) 

 
Percentage in Mix 

(P) 

 
Bulk Sp. Gr.      

(G) 

 
P 

G 
 
Aggregate #1 

 
 

 
 

 
 

 
 

 
Aggregate #2 

 
 

 
 

 
 

 
 

 
Aggregate #3 

 
 

 
 

 
 

 
 

 
Aggregate #4 

 
 

 
 

 
 

 
 

 
Mineral Filler 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
TOTALS 

 
 

 
 

 
 

 
 

 

= 
P/G ofSummation 

P ofSummation 
 = Gsb  

 

 

B. EFFECTIVE SP. GR. OF THE TOTAL AGGREGATE (Gse) 

 

                  1  2              3 
 

1 
 
Max. Sp. Gr. of the Mix (Gmm) 

 
 

 
 

 
 

 
2 

 
% Total AC in the Mix (Pb) 

 
 

 
 

 
 

 
3 

 
Sp. Gr. of the AC (Gb) 

 
 

 
 

 
 

 
4 

 
Line 2 ÷ Line 3 (cc of AC) 

 
 

 
 

 
 

 
5 

 
100 - Line 2 

 
 

 
 

 
 

 
6 

 
Line 1 x Line 5 

 
 

 
 

 
 

 
7 

 
Line 1 x Line 4 

 
 

 
 

 
 

 
8 

 
100 - Line 7 

 
 

 
 

 
 

 
9 

 
Line 6 ÷ Line 8 (Effective Sp. Gr. of the 

total aggregate, (Gse) 

 
 

 
 

 
 

 

Average Value of Gse = 
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C. PERCENT ASPHALT ABSORBED BY AGGREGATE (Pba) 

 

   Line 
 

1 
 
Effective Sp. Gr. of the total aggregate (Gse) 

 
 

 
2 

 
Bulk. Sp. Gr. of the total aggregate (Gsb) 

 
 

 
3 

 
Sp. Gr. of the Asphalt Cement (Gb) 

 
 

 
4 

 
Line 1 - Line 2 

 
 

 
5 

 
Line 1 x Line 2 

 
 

 
6 

 
Line 4 ÷ Line 5 

 
 

 
7 

 
Line 6 x Line 3 

 
 

 
8 

 
Line 7 x 100 (Percent AC Absorbed by the aggregate, Pba) 

 
 

 

D. EFFECTIVE ASPHALT CONTENT IN MIX (Pbe) 

 

   Line 
 

1 
 
% Total AC in the Mix (Pb) 

 
 

 
2 

 
% AC Absorbed by the aggregate (Pba) 

 
 

 
3 

 
Line 2 - 100 

 
 

 
4 

 
100 - Line 1 

 
 

 
5 

 
Line 3 x Line 4 

 
 

 
6 

 
Line 1 - Line 5 (Effective Asphalt Content in the Mix, Pbe) 
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LABORATORY TESTING SECTION 
 

Method of Test for 
 

SIEVE ANALYSIS OF EXTRACTED AGGREGATE 
 
1. SCOPE  
 

1.1 This method of test covers a procedure for the determination of the particle size 
distribution of aggregates extracted from bituminous mixtures using sieves with square openings. 
This method was developed for use with PTM 702, Method D. 
 
2. APPARATUS  
 

2.1 Balance- Conforming to the requirements of AASHTO M-231, Class G2. 
 
2.2 Sieves- Square openings and conforming to the requirements AASHTO M-92. All 

sizes shall be available as required by bituminous concrete specification. 
 

2.3 Timer- An electric timer accurate and variable in one-minute increments with a 
minimum range of 15 minutes.  
 

2.4 Mechanical Shaker- Capable of performing the sieving action as specified in 
Section 4.3.  
 
3. SAMPLE  
 

3.1 The sample shall consist of the entire aggregate sample from PTM 702.  
 

NOTE 1- When the extracted sample is too large in quantity to be sieved over one set of 
203.2 mm (8") sieves, the sample may be split and sieved over more than one set of 203.2 
mm (8") sieves. The weights on each sieve size are combined for calculation of the final 
percent passing. For sieves with openings of 4.75 mm (No.4) and larger, the mass 
retained in grams at the completion of the sieving operation shall not exceed the product 
of 2,500 x (sieve opening in mm) x (sieving surface area in m2). For the 2.36 mm (No.8) 
sieve, the mass retained shall not exceed 9 kg/m2 (6g/in.2), or 300 g for the usual 8-inch 
diameter sieve. For sieves with openings smaller than 2.36 mm (No.8), the mass retained 
shall not exceed 6 kg/m2 (4g/in.2), or 200 g for the usual 8-inch diameter sieves. 
 
3.2 If the sample has remained at room temperature for more than one hour it shall be 
dried to constant mass. 
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4. PROCEDURE  
 

4.1 Record the mass of the extracted aggregate from PTM No. 702.  
 

4.2 The sample shall be sieved over sieves of various sizes as required by the 
bituminous concrete specifications. The mass of material passing each sieve and retained on the 
next shall be recorded, starting with the pan mass (material passing the 75 µm (No. 200) mesh) 
and continuing up to and including the maximum sieve size.  
 

4.3 The sieving operation shall be conducted by means of a circular motion of the 
sieve accompanied by a jarring action to keep the sample moving continuously over the surface 
of the sieve. In no case shall fragments in the sample be turned or manipulated through the sieve 
by hand. Mechanical sieving shall be controlled by a timer and shall continue for the pre-
determined time. The pre-determined time is established when not more than one percent by 
mass of the residue passes the sieve during one minute of hand sieving. Hand sieving shall be 
used to evaluate the thoroughness of mechanical sieving.  
 

NOTE 2- When mechanical shakers and 8 inch sieves are used, 8 minutes has generally 
shown to be a suitable shaking time.  

 
4.4 The mass of each size aggregate shall be obtained by weighing the pan material 

and accumulating the mass of each increasing sieve size (Column A, Table 1). All sieve masses 
shall be accurate to within 0.1 percent of the total sample mass.  
 

4.5 Add the mass of fine aggregate in the extract liquid (Column B, Table 1) as 
determined in PTM 702, to the mass of aggregate passing each sieve used in the gradation, 
(Column A, Table 1), to obtain the total mass passing each sieve (Column C, Table 1).  
 

NOTE 3- The mass of fine aggregate in the extract liquid may be obtained with suitable 
accuracy by subtracting the total mass obtained on the maximum sieve size from the total 
mass of aggregate in the sample. The total mass of aggregate in the sample is obtained by 
subtracting the mass of the bitumen in the sample from the total mass of the sample. This 
calculation assumes that all mass loss on grading is passing the 75 µm (No. 200) mesh 
sieve. The mass loss on grading shall be limited to 0.4 percent of the total sample. All 
weights for the wash test are recorded to the nearest 0.1 g (0.004 ounce). All weights for 
the gradation testing are recorded to the nearest 1 g (0.04 ounce). 

 
5. CALCULATIONS  
 

5.1 Divide the total mass of the extracted aggregate into the total mass passing each 
sieve (Column C, Table 1), and record in Column D, Table 1, as the percent of raw aggregate 
passing each sieve. 
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6. REPORT  
 

6.1 Percentages shall be reported to the nearest whole number except for the 
percentage passing the 75 µm (No. 200) sieve which shall be reported to the nearest 0.1 percent.  
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GRADATION WORK SHEET 

Table 1 
 

(All masses in grams) 
 
Mass of Original Sample = 2173.8    Mass of Bitumen = 81.6 
Mass of Extracted Sample = 2073.2    % Aggregate = 96.2 
Mass of Aggregate in Extract = 19.0    % Bitumen = 3.8 
Mass of Total Extracted Aggregate= 2092.2 
 
Passing 
Sieve 
Size 

 
Mass Passing 

each Sieve 

  
Fines in 
Ext. Liq. 

 Total Mass 
Passing 

each Sieve 

 
Raw Aggreg. 

% Passing 
 A + B = C D 
37.5 mm 
(1½) 2073  19  2092 100 

       
25 mm 
(1) 2018  19  2037 97 

       
12.5 mm 
(1/2) 1035  19  1054 50 

       
4.75 mm 
(No.4) 593  19  612 29 

       
2.36 mm 
(No. 8) 435  19  454 22 

       
1.18 mm 
(No. 16) 363  19  382 18 

       
600 mm 
(No. 30) 156  19  175 8 

       
300 mm 
(No. 50) 89  19  108 5 

       
150 mm 
(No. 100) 56  19  75 4 

       
75 mm 
(No. 200) 35  19  54 2.6 
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LABORATORY TESTING SECTION 

 

Method of Test for 

 

DETERMINATION OF ASPHALT CONTENT AND GRADATION OF 

BITUMINOUS MIXTURES BY THE IGNITION METHOD 

 

1. SCOPE 

 

1.1 This test method covers the determination of asphalt content of bituminous 

mixtures by the ignition of the asphalt binder at 538 °C ± 5 °C (1000F ± 9F) in a furnace, and is a 

modification of AASHTO T 308. The aggregate remaining after burning can be used for the sieve 

analysis using AASHTO T 30 as modified herein. 

 

1.2 The values in metric units are to be regarded as 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. 

 

2. REFERENCED DOCUMENTS 
 

2.1 AASHTO Standards 
 

2.1.1 M 231, Weighing Devices Used in the Testing of Materials 

 

2.1.2 R 76, Reducing Samples of Aggregate to Testing Size 

 

2.1.3 R 90, Sampling Aggregate Products 
 

2.1.4 T 30, Mechanical Analysis of Extracted Aggregate 

 

2.1.5 T 40, Sampling Bituminous Materials 

 

2.1.6 T 308, Determining the Asphalt Binder Content of Hot Mix Asphalt (HMA) 

by the Ignition Method 
 

2.2 Pennsylvania Test Methods 
 

2.2.1 PTM No. 729, Sampling Roadway Bituminous Concrete 

 

2.2.2 PTM No. 746, Sampling Bituminous Paving Mixtures 
 

2.3 Furnace manufacturer’s instruction manual. 
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3. SUMMARY OF TEST METHODS 

 

3.1 The asphalt binder in the bituminous mixture is ignited using the furnace equipment 

applicable to the particular method. The asphalt content is calculated as the difference between the 

initial mass of the bituminous mixture and the mass of the residual aggregate, any calibration 

factor(s) and moisture content. The asphalt content is expressed as a mass percent of the moisture-

free mixture. 

 

4. SIGNIFICANCE AND USE 

 

4.1 This method can be used for quantitative determinations of asphalt binder content 

and gradation in bituminous paving and patching mixtures and pavement samples for quality 

control, specification acceptance, and mixture evaluation studies. This method does not require the 

use of solvents. Aggregate obtained by this test method may be used for gradation analysis 

according to AASHTO T 30 as modified herein. 

 

5. SAMPLING 

 

5.1 Obtain samples of aggregate in accordance with AASHTO R 90. 

 

5.1.1 The test specimen shall be the end result of quartering a larger sample taken 

in accordance with AASHTO R 76. 

 

5.2 Obtain samples of asphalt binder in accordance with AASHTO T 40. 

 

5.3 Obtain samples of freshly produced bituminous mixture in accordance with  

PTM No. 746, or samples of compacted roadway in accordance with PTM No. 729, or prepared 

mixture samples composed of the design aggregate structure and design asphalt content as directed 

in Section 6.2 for mix calibration. 

 

5.3.1 The size of the test sample shall be the result of quartering from a larger 

sample, according to PTM No. 746 and shall conform to the mass requirement in Table 1. 

Specimen size shall not be more than 200 grams greater than the minimum recommended 

specimen size. 

Table 1 
 

Bituminous Mixture 

 
Minimum Mass of Specimen, g 

 
SP9.5, SP12.5, FJ’s, ID2W, ID2WHD, FB1W, 

FB2W, FB3Mod, Micro-Surfacing, Ultra-Thin 

Friction Course, Cold Patch 

 
1200 

 
SP19, ID3W, ID2B, ATPBC, FB1B, FB2B, 

FBMod, SMA  

 
1500 

 
SP25, SP37.5, BCBC, ID2BHD 

 
2000 
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6. CALIBRATION 

 

6.1 Apparatus Calibration and Certification 

 

6.1.1 Items requiring periodic verification by calibration include ignition furnaces 

and balances. Calibration is performed annually using standards traceable to nationally or 

internationally recognized standards. Calibration services may be performed by the original 

manufacturer or by other outside certified agencies. 

 

6.1.2 Ignition Furnaces and their internal balances shall be calibrated using the 

manufacturer’s procedure and tolerances for temperature and mass determination. Each furnace or 

balance is given a calibration status, which indicates the most recent calibration date. 

 

6.1.3 Balances used to weigh pans, baskets, or graded aggregate shall be 

calibrated to conform to the tolerances outlined in the most recent edition of AASHTO M 231 for 

the type and class of balance being used. 

 

6.2 Mix Calibration 

 

6.2.1 This method may be affected by the type of aggregate in the mixture. The 

results may also be affected by the presence of additives and modifiers. Accordingly, to optimize 

accuracy, a Calibration factor (Cf) shall be established by testing a set of calibration samples for 

each mix type. This procedure must be performed before any acceptance testing is completed. 

 

6.2.2 The calibration shall be repeated each time if there is a change in the mix 

ingredients or design. 

 

6.2.3 According to the requirements of Section 5, prepare two calibration samples 

at the design asphalt content and aggregate structure, which shall also include additives and 

modifiers, if any. Prior to mixing, prepare a butter mix at the design asphalt content. The purpose 

of the butter mix is to condition the mixing bowl to provide a coating of asphalt and fines in the 

bowl. Mix and discard the butter mix prior to mixing any of the calibration specimens to ensure 

accurate asphalt content. Aggregate used for the calibration specimens shall be sampled from 

stockpiled material produced in the current production season and designated for use on the 

candidate project. Any method may be used to combine the aggregates, however, an additional 

“blank” specimen shall be batched and tested for the aggregate gradation according to AASHTO 

T 30. The washed gradation shall fall within the mix design tolerances. 

 

6.2.4 The freshly mixed specimens may be placed directly in the sample baskets 

except for mixtures containing cutbacks or emulsions as directed in Section 8.2. If allowed to cool, 

the samples must be preheated in a 163 °C ± 5 °C (325F ± 9F) oven for 25 minutes. Do not preheat 

the sample baskets. 
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6.2.5 Test the specimens in accordance with Sections 9 and 10 (Test Method A) 

or Sections 11 and 12 (Test Method B). 

 

6.2.6 Once all of the calibration specimens have been burned, determine the 

measured asphalt content for each sample by calculation or from the furnace printout. 

 

6.2.7 If the difference between the measured asphalt contents of the two samples 

exceeds 0.15 percent, repeat the two tests, and from the four tests, discard the high and low result. 

Determine the Cf from the two remaining results. Calculate the difference between the measured 

and actual asphalt content for each sample. The Cf is the average of the differences expressed in 

percent by weight of the asphalt mixture, (measured-actual). Sign convention (+/-) is important 

and must be maintained. 

 

6.2.8 It will be necessary to determine a separate Cf for the material passing the 

75μm (No. 200) sieve. Perform a gradation analysis on the residual aggregate as indicated in 

Section 13. Compare this gradation, to the gradation of the unburned, “blank” specimen in Section 

6.2.3, to evaluate the amount of aggregate breakdown. The No. 200 sieve Cf shall be the average 

percent passing the 75 μm (No. 200) sieve of the burnt samples minus the percent passing the 75 

μm (No. 200) sieve of the blank sample.  

 

6.3 RAP Calibration Factor Determination 

 

6.3.1 Test a minimum of four 100% RAP samples. The sample size shall conform 

to Table 1. Test each sample according to Method A or Method B (60-minute burn time) to 

determine the AC content of each.  

 

6.3.2 Determine the average total loss of the four samples. Subtract 0.5% from 

the average total percent loss (NOTE 1). This is the corrected percent of AC of the RAP (Pbr). 

 

NOTE 1- Since it is difficult and time consuming to determine the actual Cf for 

100% RAP without a blank (virgin) aggregate specimen, 0.5% will be the standard 

Cf for 100% RAP. Only if prior testing experience with a specific RAP source 

indicates inadequate accuracy when compared to alternate methods, such as solvent 

extraction, should this standard factor (0.5%) not be used.  

 

6.3.3 The value determined in Section 6.3.2 will be considered the corrected 

percent of asphalt in the RAP (Pbr). 

 

6.3.4 Perform a sieve analysis (Washed) on three of the incinerated RAP samples 

as per Section 13. The average of the three samples will be considered the gradation for the 100% 

RAP. The fourth incinerated (unwashed) sample will be used to make the blank sample in Section 

6.3.5. 
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6.3.5 Batch and test two calibration samples (plus a butter mix) according to 

Section 6.2.3, and according to the proportions of RAP and virgin materials established in the JMF. 

Also, batch a blank sample (aggregate only) meeting the JMF of the RAP/virgin aggregate 

combination, using material from the unwashed RAP sample of Section 6.3.4. The actual asphalt 

content used to calculate the Cf shall be a combination of the Pbr and the virgin asphalt added. 

The No.200 sieve Cf shall be the average percent passing the 75 μm (No. 200) sieve of the burnt 

samples minus the percent passing the 75 μm (No. 200) sieve of the blank sample. 

 

6.3.6 Calculations for Cf for mixtures with RAP: 

 

Actual asphalt % = [(%RAP/100) x Pbr] + % Virgin Asphalt Added 

 

Pbr = Corrected Percent Asphalt in 100% RAP 
 

% Virgin Asphalt Added = % of new asphalt by total mix weight 

 

EXAMPLE: If THE JMF INDICATES 20% RAP Material: 
 

6.2% Avg. Total Loss 

 

Pbr = 6.2% - 0.5% = 5.7%  

 

4.3% new asphalt added 

 

THEN:  Actual Asphalt % = [(20/100) x 5.7] + 4.3% 

Actual Asphalt % = 1.14% + 4.3% = 5.44% 

 

Cf  = [(D1 - P1) + (D2 - P2)] 

2 

Where: D1, D2 = Total sample loss in percent for Calibration samples 1 and 2. 

P1, P2 = Actual asphalt % for Calibration samples 1 and 2. 

 

IF:  D1   = 5.52% 

D2   = 5.61% 

P1 and P2  = 5.44% 

 

THEN: Cf  = 0.13% 
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7. MOISTURE CONTENT 

 

7.1 Determine the moisture content of a representative portion of the mixture according 

to PTM No. 749 Apparent Moisture In Bituminous Paving Mixtures. 

 

NOTE 2- The Moisture Content Test is conducted only when water is known or suspected 

to be present. 

 

8. SAMPLE PREPARATION  

 

8.1 If the mixture is not sufficiently soft to separate with a spatula, scoop, or trowel, 

place 2000 to 5000 grams in an oven at 163 °C ± 5 °C (325F ± 9F) for a maximum of two hours 

or on a hot plate over low heat, until the mixture can be handled. Use care not to fracture the 

mineral particles. Thoroughly mix and form into a flat pile and quarter to the required size. 

 

8.2 Mixtures containing liquid bituminous materials such as cutbacks and emulsified 

asphalt shall be cured before testing. 

 

8.2.1 All bituminous mixtures containing emulsified asphalt and cutback asphalt 

shall be spread uniformly on a tray of sufficient size to hold the total sample. Place the sample in 

an oven maintained at 163 °C ± 5 °C (325F ± 9F) for approximately 15 minutes, remove and 

weigh. Place the sample back in the oven and remove at approximately 15 minute intervals, mixing 

occasionally, until the sample has reached constant mass.  

 

NOTE 3- Constant mass will be defined as the mass at which further drying at 

163 °C ± 5 °C (325F ± 9F) does not alter the mass by more than 0.6 grams. 

 

TEST METHOD A 

 

9. APPARATUS 

 

9.1 Ignition furnace- A forced air ignition furnace, capable of maintaining the 

temperature at 578 °C ± 5 °C (1072F ± 9F), with an internal balance thermally isolated from the 

furnace chamber accurate to 0.1 g. The balance shall be capable of weighing a 3500 gram sample 

in addition to the sample baskets. A data collection system shall be included so that the weight can 

be automatically determined and displayed during the test. The furnace shall have a built-in 

computer program to calculate the change in mass of the sample and provide for the input of a 

correction factor for determining the aggregate loss. The furnace shall produce a printed ticket 

with the initial specimen mass, specimen mass loss, temperature compensation, correction factor, 

corrected asphalt content (%), test time, and test temperature. The furnace chamber dimensions 

shall be adequate to accommodate a sample size of 3500 grams. The furnace shall provide an 

audible alarm and indicator light when the sample mass loss does not exceed 0.01 percent of the 

total sample mass for three consecutive minutes. The furnace door shall be equipped so that the 

door cannot be opened during the ignition test. A method of reducing furnace emissions shall be 

provided. The furnace shall be vented into a hood or to the outside. When set up properly the 
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furnace shall have no noticeable odors escaping into the laboratory. The furnace shall have a fan 

with the capability of pulling air through the furnace to expedite the test, and to reduce the escape 

of smoke into the laboratory. 

 

9.2 Sample basket(s)- Of an appropriate size that allows the samples to be thinly spread, 

and allows airflow through and around the sample particles. Sets with two or more baskets shall 

be nested. The sample shall be completely enclosed with screen mesh or a perforated stainless steel 

plate, or other suitable material. 

 

NOTE 4- Screen mesh or other suitable materials with maximum and minimum 

openings of 2.36 mm (No. 8) and 600 m (No. 30), respectively, have been found 

to perform well. 

 

9.3 Catch Pan- Of sufficient size to hold the sample basket(s) so that aggregate particles 

and melted asphalt binder falling through the screen mesh are caught. 

 

9.4 Oven- Capable of maintaining 163 °C ± 5 °C (325F ± 9F) 

 

9.5 Balance- External balance used to weigh pans, baskets, bituminous samples, or 

graded aggregate, conforming to AASHTO M 231 Class G2. 

 

9.6 Safety Equipment - Safety glasses or a face shield, high temperature gloves, long 

sleeve jacket, a heat resistant surface capable of withstanding 650 °C (1202ºF), and a protective 

cage capable of surrounding the sample and baskets during the cooling period 

 

9.7 Miscellaneous Equipment - A pan larger than the sample basket(s) for transferring 

the sample after ignition, spatulas, scoops, bowls, and wire brushes 

 

10. TEST PROCEDURES 

 

10.1 Preheat the ignition furnace to 538 °C ± 5 °C (1000F ± 9F). Manually record the 

furnace temperature (set point) prior to the initiation of the test if the furnace does not record it 

automatically. 

 

10.2 The Cf value shall be entered into the ignition furnace for the specific mix to be 

tested as determined in Section 6.2 or 6.3. 

 

10.3 Weigh and record the mass of the sample basket(s) and catch pan (with guards in 

place). 
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10.4 Prepare the sample as described in Section 8. Evenly distribute the required amount 

of sample in the sample basket(s) that have been placed in the catch pan, taking care to keep the 

material away from the edges of the basket. While transferring the mix into the baskets, any fine 

mix sticking to the inside of the spatula shall be scraped and included in the sample. Use a spatula 

or trowel to level the specimen. The required sample sizes are listed in  

Section 5, Table 1. 

 

10.5 Weigh and record the total mass of the sample, basket(s), catch pan, and basket 

guards. Calculate and record the initial mass of the specimen (total mass - the mass of the specimen 

basket assembly). 

 

10.6 Input the initial mass of the specimen, in whole grams, into the ignition furnace 

controller. Press the enter key. Verify that the correct mass has been entered. 

 

10.7 Open the chamber door and place the sample baskets in the furnace. Close the 

chamber door and verify that the sample mass (including the basket(s)) displayed on the furnace 

scale equals the total mass recorded in Section 10.5 within ± 5 g. Differences greater than 5 g or 

failure of the furnace scale to stabilize may indicate that the sample basket(s) are contacting the 

furnace wall. Initiate the test by pressing the start/stop button. This will lock the sample chamber 

and start the combustion blower. 

 

NOTE 5- The furnace temperature will drop below the set point when the door is 

opened, but will recover with the door closed and when ignition occurs. Sample 

ignition typically increases the temperature well above the set point, depending on 

sample size and asphalt content. 

 

10.8 Allow the test to continue until the stable light and audible stable indicator indicate 

the test is complete (the change in mass does not exceed 0.01 percent for three consecutive 

minutes). Press the start/stop button. This will unlock the sample chamber and cause the printer to 

print out the test results. 

 

10.9 Open the chamber door, remove the sample basket(s) and allow the baskets to cool 

to room temperature (approximately 30 minutes). 

 

10.10 Use the corrected asphalt content (%) from the furnace printout. If a moisture 

content has been determined, subtract the moisture content from the printed ticket corrected asphalt 

content and report the difference as the corrected asphalt content. 

 

NOTE 6- In the event of a suspect result, it is recommended that the burnt aggregate 

be weighed after the aggregate has cooled (Never weigh the baskets hot, see Section 

10.9) and calculate the asphalt content manually (see the formula in Section 12.15).
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TEST METHOD B 
11. APPARATUS 

 

11.1 Ignition Furnace- A forced air furnace, capable of maintaining the temperature at 

578 °C ± 5 °C (1072F ± 9F). The furnace chamber dimensions shall be adequate to accommodate 

a sample size of 3500 grams. The furnace door shall be equipped so that the door cannot be opened 

during the ignition test. A method of reducing furnace emissions shall be provided. The furnace 

shall be vented into a hood or to the outside. When set up properly the furnace shall have no 

noticeable odors escaping into the laboratory. The furnace shall have a fan with the capability of 

pulling air through the furnace to expedite the test, and to reduce the escape of smoke into the 

laboratory. 

 

11.2 Sample basket(s)- Of an appropriate size that allows the samples to be thinly spread 

out and allows airflow through and around the sample particles. Sets with two or more baskets 

shall be nested. The sample shall be completely enclosed with screen mesh or a perforated stainless 

steel plate or other suitable material. 

 

NOTE 7- Screen mesh or other suitable materials with maximum and minimum 

openings of 2.36 mm (No. 8) and 600 m (No. 30), respectively, have been found 

to perform well. 

 

11.3 Catch Pan- Of sufficient size to hold the sample basket(s) so that aggregate particles 

and melted asphalt binder falling through the screen mesh are caught. 

 

11.4 Oven- capable of maintaining 163 °C ± 5 °C (325F ± 9F) 

 

11.5 Balance- Of sufficient capacity and conforming to the requirements of AASHTO 

M 231, Class G2 for weighing the specimen and basket(s). 

 

11.6 Safety Equipment- Safety glasses or a face shield, high temperature gloves, long 

sleeve jacket, a heat resistant surface capable of withstanding 650 °C (1202F), and a protective 

cage capable of surrounding the sample and baskets during the cooling period 

 

11.7 Miscellaneous Equipment- A pan larger than the sample basket(s) for transferring 

the sample after ignition, spatulas, scoops, bowls, and wire brushes 

 

12. TEST PROCEDURES 

 

12.1 Preheat the ignition furnace to 538 °C ± 5 °C (1000F ± 9F). 

 

12.2 Enter the Cf value into the ignition furnace for the specific mix to be tested as 

determined in Section 6.2 or 6.3. 

 

12.3 Weigh and record the mass of the sample basket(s) and each pan (with guards in 
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place). 

 

12.4 Prepare the sample as described in Section 8. Place the sample baskets in the catch 

pan. Evenly distribute the sample in the basket(s) taking care to keep the material away from the 

edge. 

 

12.5 Weigh and record the total mass of the sample, basket(s), catch pan, and basket 

guards. Calculate and record the initial mass of the specimen (total mass - the mass of the specimen 

basket assembly). 

 

12.6 Burn the sample in the furnace for at least 45 minutes.   

 

NOTE 8- The appropriate time for the initial burn of a sample is dependent on the 

sample size. For large samples, the time could be significantly longer than 45 

minutes. See the manufacturer’s manual for guidelines. 

 

12.7 Remove the sample from the furnace after ignition and allow the sample to cool to 

approximately room temperature (at least 30 minutes). 

 

12.8 Weigh and record the mass (Wa) of the sample after ignition to the nearest 0.1 gram. 

 

12.9 Return the sample to the furnace. 

 

12.10 After the furnace reaches the set temperature, burn the sample for at least 15 

minutes. 

 

12.11 Remove the sample from the furnace and allow it to cool to approximately room 

temperature (at least 30 minutes). 

 

12.12 Weigh and record the mass (Wa) of the sample after ignition. 

 

12.13 Repeat these steps until the change in measured mass (Wa) of the sample after 

ignition does not exceed 0.01 percent of the initial sample mass (Ws). 

 

12.14 Record the last value obtained for (Wa) as the mass (Wa) of the sample after 

ignition. 

 

NOTE 9- Steps 12.9 through 12.14 may not be necessary if it can be demonstrated 

from the mix calibration data that constant mass can be achieved by heating the 

sample for the same time as the calibration samples. The type and mass of the 

sample being tested shall be reasonably close (within 200 grams) to those of the 

calibration sample. 
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12.15 Calculate the asphalt content of the sample as follows: 

 

AC% =  
Ws - Wa 

x 100 - Cf  
     Ws 

Where: 

 

AC% = the measured (corrected) asphalt content percent by weight of the sample 

Wa  = the total weight of the aggregate remaining after ignition 

Ws  = the total weight of the sample prior to ignition 

Cf   = calibration factor, percent by weight of the sample 

 

13. GRADATION, METHODS A & B 

 

13.1 Allow the specimen to cool to approximately room temperature in the sample 

baskets. 

 

13.2 Empty the contents of the baskets into a flat pan. Use a small wire sieve brush to 

ensure that any residual fines are removed from the baskets. 

 

13.3 Perform the gradation analysis according to AASHTO T 30 with the exception of 

NOTES 10 and 11. 

 

NOTE 10- All gradations are to be washed. To expedite drying samples to a 

constant weight after washing, samples may be dried at 191 °C ± 5 °C (375F ± 9F). 

 

NOTE 11- The permissible limit for mass retained on the 2.36 mm (No. 8) sieve 

shall be 9 kg/m2 (6 g/square inch), or 300 g for the usual 8-inch diameter sieve.  

 

13.4 A gradation worksheet example is attached.  

 

14. REPORT, METHODS A & B 

 

14.1 Always report the test method (A or B), corrected asphalt content, Cf for asphalt 

content, Cf for the percent passing the 75m (No. 200) sieve, temperature compensation factor (if 

applicable), total percent loss, sample mass, moisture content (if determined), and test temperature. 

For units with internal balances attach a copy of the furnace printout to the report. 
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Worksheet EXAMPLE 

A Mass of Aggregate before wash    = 1143.0 
B Mass of Aggregate after wash  = 1085.4 
C Mass Loss on wash         = 57.6 
D No. 200 Calibration factor (200Cf)  = 0.5 

Passing 
Sieve 
Size 

Mass 
Passing  

each sieve  

  
Mass loss 
on wash  

Total Mass 
Passing 

each sieve  
Raw Agg. 
% passing   

  Corrected 
No. 200 

E  F  G=(E+F)  H=(G/A)  I=(H-D) 
12.5 mm (1/2 in.) 1085 + 57.6 = 1142.6   100     
9.5 mm (3/8 in.) 1048 + 57.6 = 1105.6  97    
4.75 mm (No. 4) 674 + 57.6 = 731.6  64    
2.36 mm (No. 8) 478 + 57.6 = 535.6  47    
1.18 mm (No. 16) 233 + 57.6 = 290.6  25    
600m (No. 30) 126 + 57.6 = 183.6  16    
300m (No. 50) 61 + 57.6 = 118.6  10    
150m (No. 100) 23 + 57.6 = 80.6  7    
75m (No. 200) 1.3 + 57.6 = 58.9  5.2  - 0.5 = 4.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
IMPORTANT NOTE REGARDING  
BULLETIN 27 
 
 
 
 
This section covers only parts of PennDOT Bulletin 27 that are referred 
to as part of Plant Certification Course.  This section does NOT include 
all chapters and appendices included in PennDOT Bulletin 27.  The user 
must refer to PennDOT publications to access complete version of 
Bulletin 27.  The user is also cautioned regarding changes in Bulletin 27 
and is encouraged to check with PennDOT regarding the most recent 
changes or upcoming changes that are not reflected in the sections 
provided here. 
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Chapter 2A 
 

Design and Control of Hot-Mix Asphalt 
(HMA) Mixtures Using the Superpave Asphalt 
Mixture Design and Analysis System with the 

Additional Requirement of Performance 
Testing 

 
1. General Scope 

 
The Department has established procedures for the design and control of 
Hot-Mix Asphalt (HMA) based on the Superpave Asphalt Mixture 
Design and Analysis System, with the addition of performance related 
physical testing to help ensure that asphalt mixtures achieve optimum 
performance.  Superpave considers the interaction of traffic, climate, and 
pavement structure within the paving mix.  The mix design and structural 
design are truly better integrated into a single system.  There are three 
main components to the system: the performance graded asphalt binder 
specification, the Superpave volumetric mix design procedures, and the 
additional mix testing and analysis.  The purpose of these procedures is to 
provide uniform guidance in the use of a more complex and currently 
incomplete, performance-related design system for Department work. 

 
Currently, the Superpave asphalt binder specification and the Superpave 
volumetric mix design procedures are available and will be used by the 
Department.  The additional mix testing and analysis is currently not ready 
for Department use.  Nationally, the additional mix testing and analysis is 
still undergoing research refinements, validation work, and the 
development of performance models.  Once completed, the additional mix 
testing and analysis will provide performance predictions of mixture 
designs.  These predictions can then be used to enable the Department to 
specify hot-mix asphalt pavements with greater confidence that the mix 
will perform well for defined traffic and climate conditions over realistic 
and planned life cycles. 

 
The Department will follow the Superpave mix design procedure and 
Superpave specifications contained in the Standard Practice for Superpave 
Volumetric Design for HMA (AASHTO R 35) and Standard Specification 
for Superpave Volumetric Mix Design (AASHTO M 323) except as 
revised herein.  All AASHTO standard practices, specifications and test 
procedures are implied to reference the most current approved and 
published version available at the time of project bid letting. 

 
2. Department Revisions to AASHTO R 35 - 

Standard Practice for Superpave Volumetric Design 

Return to Index 
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for HMA AASHTO R 35, Section 3. Terminology 

Revise Section 3 by adding new Subsections as follows: 
 

3.18 Durability - a measure of resistance to disintegration by weather or traffic 
conditions.  The most important factor with respect to durability is the amount of 
binder.  An HMA mixture is resistant to action of air and water in direct proportion to 
the degree that they are kept out of the mix.  It is desirable that the mix should contain 
as high a binder content as is consistent with balanced strength, strain, and voids for the 
expected life cycle of traffic load and environmental factors.  This can be achieved with 
high Voids in the Mineral Aggregate (VMA).  This will give the pavement maximum 
durability and prevent raveling because of a deficiency of asphalt binder.  This binder 
content is referred to as the optimum. 

 
3.19  Flexibility - the ability of the HMA mixture to bend repeatedly without 
cracking and to conform to changes in the base course.  To have flexibility, a mix must 
contain the proper amount of binder.  Open-graded mixtures are more flexible than 
dense-graded mixtures.  Also, a mixture consisting of a softer binder grade is more 
flexible than the same mixture made with a harder binder grade. 
 
3.20  Workability - the property that enables the efficient placement without 
segregation, and compaction of the mixture.  Harsh or stiff mixtures can result from an 
excess of coarse aggregate, low VMA, low binder content, or an excess of minus 75   m 
(No. 200) sieve fraction. 

 
3.21 Friction Number - a measure of the sliding force exerted on a tire when a 
vehicle’s brakes are locked.  HMA wearing courses must have the highest possible 
friction number obtainable with the combination of aggregates available in the area. 
The type of coarse aggregate has the greatest effect on friction number.  Aggregates 
that polish rapidly and repeatedly produce a low friction number before the normal 
service life is complete should not be used.  An excessive binder content can produce a 
flushed surface resulting in low friction number. 

 
3.22 Superpave Gyratory Compactor (SGC) - a mechanical compaction device used 
to mold and compact 150 mm (6 inch) diameter mixture specimens.  It compacts the 
specimens using a loading ram which applies a loading pressure of 600 kPa to the 
specimen.  The mold is held at an angle during compaction.  The SGC gyrates the 
specimen during compaction at a constant speed of 30 revolutions per minute.  The 
complete test procedure is found in AASHTO T 312. 

 
3.23 Initial number of gyrations (Nini) - the number of gyrations applied by the SGC 
to the mixture specimens early in the compaction process and is generally considered 
useful in identifying tender or poorly graded mixtures which may compact too readily 
or mixtures that are too harsh and require excessive compaction effort in the field. 

 
3.24 Design number of gyrations (Ndes) - the number of gyrations, which when 
applied to the design mixture specimens, results in 4.0 percent air voids and determines 
the design asphalt content if Nini and Nmax requirements are satisfied.  This compaction 
level is generally considered to represent the pavement’s expected air void content 
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several years after construction, assuming the correct traffic level and climate are 
accounted for in design.  It is also used to select the design asphalt content. 

 
Maximum number of gyrations (Nmax) - the maximum number of gyrations applied 
during the SGC compaction cycle and represents the maximum level the mix is 
expected to compact to in the pavement assuming the correct traffic level and climate 
are accounted for in design.  The maximum density requirement at Nmax ensures that 
the mix will not compact excessively under the design traffic, become plastic, and 
produce permanent deformation.  The air voids content must be 2.0 percent or greater. 

 
AASHTO R 35, Section 4. Summary of the Practice 

 
Revise Subsection 4.1 by adding the following to Note 4: 

 
When using RAP or manufacturer waste Recycled Asphalt Shingles (RAS), the 
Department’s modified design procedures (See Appendix H) shall be followed 
exclusively. 

 
Revise Subsection 4.2 by adding the following to Note 5: 

 
Also, other recognized procedures may be used to select trial blends or recommend a 
design aggregate structure. One such method is the “Bailey Method for Gradation 
Selection in Hot-Mix Asphalt Mixture Design,” by W.R. Vavrik, G. Huber, W.S. Pine, 
S.H. Carpenter and R. Bailey.  Transportation Research Circular E-C044, October 2002.  
Copies may be obtained by contacting National Research Council, Business Office, 500 
Fifth Street, N.W. Washington D.C. 20001.  Tel: (202) 334-3213 or email 
TRBsales@nas.edu.  This publication is also available on the Internet at  
http://www.trb.org and following the links for “Resources” then “TRID” and searching 
for “E-C044”. 

 
Revise Subsection 4.4 by adding the following to the end: 

All mixtures shall include either a compatible, heat stable, amine-based liquid anti-strip, 
hydrated lime or another compatible alternate anti-strip additive.  Incorporate the anti-strip 
additive at least at the minimum dosage rate published on the anti-strip additive’s technical 
data sheet from the anti-strip manufacturer (typically 0.25% by mass of asphalt). 
Mixtures that incorporate both coarse and fine aggregates classified as a type of 
Sandstone, Siltstone, Slag, Quartz, Shale, or Gravel shall include either a compatible, heat 
stable, amine-based liquid anti-strip, hydrated lime or another compatible alternate anti-
strip additive incorporated at a dosage rate one level higher than the minimum 
recommended dosage rate recommended by the manufacturer (typically 0.50% by mass of 
the total asphalt). 
The producer may elect to perform additional testing for mixtures that incorporate both 
coarse and fine aggregates classified as a type of Sandstone, Siltstone, Slag, Quartz, Shale, 
or Gravel with an anti-strip agent dosage rate one level higher than the minimum dosage 
rate recommended by the manufacturer compared to the test results that incorporate anti-
stripping agent at the minimum dosage rate.  If all of the following bullet points are true, 
then design the JMF with the higher dosage rate. 
 

• The TSR of the higher dosage mixture is greater than the TSR of the minimum 

mailto:TRBsales@nas.edu
http://www.trb.org/
http://www.trb.org/
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dosage mixture. 
• The conditioned and unconditioned tensile strength of all AASHTO T 283 tests are 

above the minimum tensile strength requirement in section 11.3 
 

The design shall meet the tensile strength ratio requirement of M 323. 
 

 
If visual stripping of the asphalt film is observed from the T 283 specimens and 
estimated to be 5% or greater of the specimen face area, further evaluate moisture 
susceptibility by performing test procedure ASTM D3625 (Boiling Water Test).  
(Uncoated areas due to fractured aggregate should not be recorded as stripped).  When 
asphalt binder coating is less than 95%, as determined by ASTM D3625, retest the 
mixture in accordance with Section 11.  All collected specimens and test data should be 
carefully reviewed prior to determining acceptability.  If there is any doubt concerning 
the mixture’s susceptibility, the recommended approach is to consider the mix moisture 
susceptible. 
The DME/DMM may allow JMFs that conform to the Performance Testing Limits in 
the Department's added AASHTO M 323, Section 7.4, Table 9 to use the exceptions in 
the Department's added AASHTO M 323, Section 7.4, Table 10. 
 

 
Revise Section 4 by adding a new Subsection as follows: 

 
4.5 Evaluating Rutting Performance -  Perform rut testing according to AASHTO T 
324 as modified in the Department's modifications to AASHTO M 323, Section 7.4. 
 
4.6 Evaluating Cracking Performance – Perform crack testing according to ASTM 
D8225 as modified in the Department's modifications to AASHTO M 323, Section 7.4. 
 
4.7 Review of Job-Mix Formula (JMF) - The contractor will be solely responsible to 
design a mix that meets all Department requirements.  The contractor will submit the 
required test results, the composition of the mixtures and the combined aggregate 
gradation curves proposed for use in the production of base, binder, and wearing 
courses, to the District Materials Manager/Materials Engineer (DME/DMM) for review 
at least three weeks prior to the scheduled start of work.  Submit mix designs to the 
DME/DMM for review following the procedures outlined in Appendix J.  The 
acceptability of the asphalt concrete produced from any mix design is determined as 
specified in Publication 408, Section 413 in addition to the criteria specified herein. 

 
Whenever the Contractor’s gradations and calculations do not check, the DME/DMM 
shall request the Contractor to do additional testing and/or recalculate and submit the 
correct mathematical solutions.  The DME/DMM may request, at his option, to 
observe testing of the trial mix.  He may also require that materials be submitted to the 
Laboratory Testing Section (LTS) for evaluation of the mix.  The Department reserves 
the right to review any design through plant production, prior to using for Department 
work, at no additional cost to the Department.  See Department Revisions to AASHTO 
R 35, Section 12 (page 2A-9) for Evaluating Mix Characteristics.  Also, see 
Department Revisions to AASHTO M 323 Section 7 (page 2A-14) for a recommended 
procedure for the statistical evaluation of a JMF through plant production. 
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AASHTO R 35, Section 6. Preparing Aggregate Trial Blend Gradations 

 
Revise Subsection 6.1 completely as follows: 

 
6.1 Select Performance Graded Binders (PG-Binders) as specified in the project 
Contract, meeting the requirements of AASHTO M 332, except as revised in the 
applicable sections of Department Publication No. 37 (Bulletin 25).  Obtain material 
from currently approved producers and sources listed in Department Publication No. 35 
(Bulletin 15).  If 16% or more RAP is included in the mixture or, if 5% or more RAP 
and 5% RAS is included in the mixture, adjust the PG-Binder grade if necessary, in 
accordance with the requirements of Appendix H and only as recommended by the 
LTS. 

 
If two or more mixtures are specified in one project Contract with all things being 
equal (nominal maximum aggregate size of mixture, ESALs, SRL) except the specified 
grade of PG-Binder, it is permitted to fully design one of the specified mixtures with 
one of the specified PG-Binders and then make three specimens in accordance with T 
312 at the same JMF asphalt content for the other PG-Binder(s).  If the average 
volumetric properties of the three specimens, such as, air voids at Nini, Ndes and Nmax, 
VMA, and VFA meet the specified Superpave volumetric properties, use the same 
asphalt content for the other PG-Binders.  However, evaluate the mixtures using the 
different grades of PG-Binders for moisture susceptibility in accordance with 
AASHTO R 35, Section 11 and as modified herein.  If the average volumetric 
properties of the three specimens do not meet the specified Superpave volumetric 
criteria, proceed to the following paragraph. 

 
If two or more mixtures are specified in one project contract with all things being equal 
(nominal maximum aggregate size of mixture, ESALs, SRL) except the specified 
grade of PG-Binder and the average volumetric properties do not meet the specified 
Superpave volumetric properties as determined by the procedure in the preceding 
paragraph, optimum asphalt content must be determined for each grade of PG-Binder.  
Using the same combined gradation of the aggregate, follow the procedure outlined in 
AASHTO R 35, Section 10. 

 
Revise Subsection 6.4 and 6.5 as follows: 

 
Change reference of T 27 to PTM No. 616, and reference of T 11 to PTM No. 100. 

 
Revise Subsection 6.6 by adding the following to the end: 

 
Determine the Apparent Specific Gravity of mineral filler, if added separately (T 133). 
At least three determinations should be made, and the average value used. 

 
Revise Subsection 6.8 by adding the following to the end: 

 
See Note 5 and Department Revisions to Note 5 concerning trial blends.  The 
DME/DMM  may, at their discretion, eliminate the need for three trial blends based on 
a Producer’s previous Superpave mix design work with specific aggregate blends.  
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When preparing trial blends, vary the primary control sieve (PCS) on each trial blend 
by 4 to 5%. 

 
Note 6A - M 323, Table 5 is incorrect, and the Department revised the table by 
changing “Max. 90" for the first sieve size smaller than the nominal maximum 
aggregate size for each gradation to “Max. 89".  This change is more consistent with 
the definition as stated in Subsection 3.9.  (See Department Revisions to AASHTO M 
323, Section 6.1.2, Table 4). Also see Note 5. 

 
Revise Subsection 6.9 by adding the following to the end: 

 
Source property of Toughness (Abrasion) has been added to aggregate requirements 
(See Department Revisions to AASHTO M 323, Section 6 - Combined Aggregate 
Requirements). 

 
Revise Note 7 by adding the following to the end: 

 
It is recommended to perform the fine aggregate quality tests on the combined 
aggregate trial blend and not estimate the fine aggregate quality tests mathematically 
from quality tests on each fine aggregate stockpile. 

 
 
AASHTO R 35, Section 7. Determining an Initial Trial Binder Content for Each Trial 

Aggregate Gradation 
 

Replace Note 8 with the following: 
 

When using RAP, RAS or a combination of RAP and RAS, the Department’s modified 
design procedures (see Appendix H) shall be followed exclusively. 
 

AASHTO R 35, Section 8. Compacting Specimens of Each Trial Gradation 
 

Revise the Section 8, Table 1 completely as follows: 
 

        

Design ESALsa 
(Millions) 

Compaction Parameters  

Ninitial Ndesign Nmax Typical Roadway Application 

<0.3 6 50 75 Applications include roadways with very light 
traffic volumes, such as local roads, county roads, 
and city streets where truck traffic is prohibited or 
at a very minimal level. Traffic on these 
roadways would be considered local in nature, not 
regional, intrastate, or interstate. Special purpose 
roadways serving recreational sites or areas may 
also be applicable to this level. 

0.3 to <3 7 75 115 Applications include many collector roads or 
access streets. Medium-trafficked city streets and 
the majority of county roadways may be 
applicable to this level. 
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3 to <30 7 75 115 Applications include many two-lane, multilane, 
divided, and partially or completely controlled 
access roadways. Among these are medium to 
highly-trafficked city streets, many state routes, 
U.S. highways, and some rural Interstates. 

≥30 7 75 115 Applications include the vast majority of the U.S. 
Interstate system, both rural and urban in nature. 
Special applications such as truck-weighing 
stations or truck-climbing lanes on two lane 
roadways may also be applicable to this level. 

All ESAL Levels 
for Base Course 

Mixtures 
7 75 115 

 

a. The anticipated project traffic level expected on the design lane over a 20-year period. Regardless 
of the actual design life of the roadway, determine the design ESALs for 20 years. 

b. As defined by A Policy on Geometric Design of Highways and Streets, 2004, AASHTO. 
 

Replace Subsection 8.2 with the following: 
 

Condition the mixtures according to Bulletin 27, Appendix I, and compact the 
specimens to Ndesign gyrations in accordance with T 312.  Record the specimen height 
to the nearest 0.1 mm after each revolution. 

 
Replace reference to AASHTO T 166 with PTM No. 715, typical throughout. 

Replace reference to AASHTO T 275 with PTM No. 716, typical throughout.  

 

 

Revise Subsection 8.3 by adding the following: 

Note 10A – When the estimated design traffic level is between 0.3 and <3 million 
ESALs, the District may, at its discretion, specify Ninitial at 6, NDesign at 50, and Nmax at 
75. 
 
In the event a discrepancy occurs between lab test data, PTM No. 715, Method A will 
be the referee method. Notes 10 and 11 in reference to Table 1 apply. 

 
AASHTO R 35, Section 10. Selecting the Design Binder Content 

 
Revise Subsection 10.1 by adding the following: 

 
When a design using less than 16% RAP or a design using 5% RAS with no RAP is 
developed based on a previously approved virgin aggregate design of similar 
composition (gradation, aggregate source, binder content), only specimens with 
estimated design binder content may be necessary, as directed in the Department’s 
modified design procedure.  (See Appendix H) 
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Replace Subsection 10.2 with the following: 

 
Condition the mixtures according to Bulletin 27, Appendix I, and compact the 
specimens to Ndesign gyrations in accordance with T 312.  Record the specimen height 
to the nearest 0.1 mm after each revolution. 

 
Replace Subsection 10.7.1 with the following: 

 
Condition the mixtures according to Bulletin 27, Appendix I, and compact the 
specimens according to T 312 to the maximum number of gyrations, Nmax, from 
Table 1. 
Revise Section 10 by adding the following Subsections: 

 
10.7.3 Prepare replicate (Note 9) specimens composed of the design aggregate 
structure at the design binder content to confirm that %Gmm design satisfies the design 
requirements in M 323. 

 
10.7.4 Condition the mixtures according to Appendix I, and compact the 
specimens according to T 312 to the design number of gyrations, Ndesign, from Table 
1. 

 
10.7.5 Determine the average specimen relative density at Ndesign, %Gmm design, by 
using Equation 15A, and confirm that %Gmm design satisfies the volumetric requirement 
in M 323. 

 

%Gmm design = 100 
  Gmb   
Gmm

 
(15A) 
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Where: 
%Gmm design = relative density at Ndesign gyrations at the design binder content. 

 
10.7.6 Place each replicate specimen gyrated to Ndesign on a separate pan and place 
each pan in an oven set at the midpoint of the minimum and maximum mixture 
temperature range for the PG Binder Grade.  Heat each specimen until it is 
sufficiently soft to separate with a spatula or trowel.  Warm the asphalt mixture 
until it can be handled or mixed.  Determine the asphalt content and gradation of 
each specimen according to PTM No. 757 or PTM No. 702 and PTM No. 739.  
Compare the gradation of each specimen to the original gradation of the prepared 
specimens and the JMF.  If the gradation of the specimens is not within the single 
and multiple sample tolerances of Pub. 408, Section 413, Table A, when compared 
to the JMF, either the specimens were not prepared with enough precision to 
properly represent the JMF or, significant breakdown of the aggregate has 
occurred during laboratory compaction if a finer gradation is determined. 

 
If it is determined that the sample preparation was not precise, repeat Section 10 
starting at Section 10.7.3 until precision is obtained with each specimen meeting 
the multiple sample tolerances in Pub. 408, Section 413, Table A.  If it is 
determined that the sample preparation was not precise, review laboratory 
procedures to ensure specimen preparation is precise and repeat any work where 
precision was not maintained. 

 
If it is determined that the laboratory compaction resulted in breakdown of the 
aggregate and the gradation after compaction no longer meets the single and 
multiple sample tolerances of Pub. 408, Section 413, Table A, the mixture should 
be considered suspect.  Either the aggregate structure of the mixture results in a 
“harsh” mixture that is not conducive to compaction or the aggregate quality is 
poor.  Harsh mixtures should be redesigned to make them more workable.  Poor 
quality aggregates should be investigated in cooperation with the District and not 
used until the investigation is completed. 
 

AASHTO R 35, Section 11. Evaluating Moisture Susceptibility 
 

Revise Section 11 by adding Notes as follows: 
 

Note 19A - It has been shown that the chemical composition of asphalt 
binders, aggregates and any mixture additives can have a strong influence on 
the results obtained from these testing procedures.  Therefore, it is 
recommended that the sources of materials (binder and additives) used in the 
design process be the same as the materials that will be incorporated in the 
mixture during production.  If either of these components change at the time 
of production, the actual production mixture must be verified by retesting, 
initially with ASTM D3625 (Boiling Water Test) as a screening test.  
Otherwise, the design testing may not be representative. 
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Note 19B– If multiple mix designs use the same aggregate combination 
and the same PG binder but differ in optimal asphalt content, the 
DME/DMM may elect to require moisture susceptibility evaluation of only 
the mix with the lowest asphalt content.  The "same aggregate combination" 
can be defined as mix designs with gradation targets differing by less than 
the multiple sample tolerances of Publication 408, Section 413, Table A. 

 
Note 19C -All moisture susceptibility sampling and testing shall be 
directly witnessed and documented by PennDOT inspection personnel 
unless otherwise approved, in writing, by the DME/DMM. 

 
 

Revise Subsections 11.1 and 11.2 by completely deleting existing language and 
replacing with language as follows: 

 
11.1 Prepare either laboratory-mixed, laboratory-compacted specimens or 
field mixed (plant-mixed), laboratory-compacted specimens according to 
AASHTO T 283 with modifications as follows: 

 
AASHTO T 283, Section 6. 5, add the following to the end: 

Prepare batches composed of the design aggregate structure at the design binder 
content. 

 
AASHTO T 283, Section 6.5, revise the compaction method as follows: 
Compact the specimens according to T 312. 

 
AASHTO T 283, Section 7.3, revise completely as follows: 
Field-mixed (plant-mixed) samples are only permitted to be obtained from 
asphalt production plants and evaluated for moisture susceptibility prior to 
shipment to any PennDOT funded project location.  Obtain a large enough 
sample according to PTM No. 746 to split the sample and prepare the 
required six compacted specimens, to test the sample according to PTM No. 
757 or PTM No. 702 and PTM No. 739, and to perform two tests according 
to AASHTO T 209 as required in AASHTO 
T 283, Section 9.1.  Compare the gradation and asphalt content of the tested 

material to the multiple sample (n2:3) tolerances in Publication 408, Section 
413, Table A.  If any of the individual sieve size gradations or asphalt content 
are outside of the multiple sample (n2:3) tolerances in Publication 408, Section 
413, Table A, the complete sample is invalid and must be discarded. 

 
AASHTO T 283, Section 7.4, revise the first three sentences completely as 
follows: 
No loose-mix curing as described in Section 6.4 shall be performed on 
the field-mixed samples.  After sampling, divide the sample to obtain the 
desired size in accordance with R 47.  Next, place the mixture in an oven for 
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2 h ± 10 min at the compaction temperature ±3°C (5°F) prior to compaction. 
 

AASHTO T 283, Section 8, delete Section 8 in its entirety including Sections 8.1, 
8.2 and 8.3. 

 
 

11.2 Evaluate and group, precondition, test, and calculate the tensile 
strength ratio according to AASHTO T 283 with modifications as follows.  The 
design shall meet the tensile strength ratio requirement of AASHTO M 323. 

 
AASHTO T 283. Section 9.1, revise completely to read as follows:  

 
After curing and/or heating the mixture samples to the compaction 
temperature as described in Sections 6.4 and 6.5 or Section 7.4, as 
appropriate, determine the theoretical maximum specific gravity (Gmm) of 
those samples according to AASHTO T 209 as modified by Bulletin 27, 
Appendix I except the sample conditioning required for Gmm in Bulletin 27, 
Appendix I is not required.  Determine Gmm on a minimum of two samples 
and average the results for calculating percent air voids of the specimens. 

 
AASHTO T 283, Section 9.4, revise first sentence completely as follows:  

 
Determine the bulk specific gravity (Gmb) of each specimen according to PTM 
No. 715. 

 
AASHTO T 283. Section 9.5, revise completely to read as follows:  
 
Calculate the percentage of air voids (Pa) in accordance with T 269 using the 
bulk specific gravity (Gmb) and the theoretical maximum specific gravity 
(Gmm) as determined in the revised AASHTO T 283 Sections 9.4 and 9.1 

 
AASHTO T 283. Section 10.3.l, add new Note 5 and Table as follows:  

 
Note 5-The following table is provided to help with understanding vacuum 
pressure readings and understanding weaker and stronger vacuum. 
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Understanding Vacuum Gauge Pressure  Readings 
 

Vacuum Gauge 
Type 

 
 

Unit of Measure 

 
Vacuum Reading 
with No Vacuum 

Applied 

Vacuum 
Reading with 

Weakest 
Vacuum 
Applied 

Vacuum 
Reading 

with 
Strongest 
Vacuum 

 Partial/Relative Inches of Mercury 
(Hg) 

0 (Zero) 10 in. Hg 26 in. Hg 

Partial/Relative mm of Mercury 
(Hg) 

0 (Zero) 254 mm Hg 660 mm Hg 

Absolute Inches of Mercury 
(Hg) 

Approximately 29.9 in. 
Hg 

19.9 in. Hg 3.9 in. Hg 

Absolute mm of Mercury 
(Hg) 

Approximately 760 mm 
Hg 

506 mm Hg 97.5 mm Hg 

 
AASHTO T 283, Section 10.3.2, revise completely to read as follows:  
Determine the mass of the saturated, surface-dry specimen after partial 
vacuum saturation (B') by PTM No. 715. 

 
AASHTO T 283, Section 12.l, add new Subsection 12.1.1 as follows: 
 
12.1.1 Calculate the average (x) and standard deviation (s) of tensile 
strengths for both the dry group of specimens and the freeze-thaw group. 
Calculate the Coefficient of Variation (C.V.) for each group by dividing the 
standard deviation by the average: 

 

𝐶𝐶. 𝑉𝑉. = 𝑠𝑠
𝑥𝑥
 (%) 

 
If the C.V. is greater than 12% for the dry group, or 24% for the freeze 
thaw group, the test results should be viewed as suspect and a new subset of 
specimens prepared and tested. 

 
If only one of the results is suspect and analysis according to PTM No. 4 
identifies that result as an outlier, a replacement is initially only required for 
that specimen.  If the C.V. considering the replacement specimen in place of 
the outlier is still greater than the acceptable limit, prepare and test an entire 
subset of new specimens.  Each group of specimens, dry or freeze-thaw, is 
defined as a subset. 

 
 

Revise Subsection 11.3 by adding the following to the end: 
 

If the average dry strength for mixtures containing PG 64S-22 or PG 64E-
22 is less than 80 psi (552 kPa) or the average dry strength for mixtures 
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containing PG 58S-28 is less than 65 psi (448 kPA), the mix is 
unacceptable. Any mixture with an average wet/freeze strength less than 
50 psi (345 kPa) is unacceptable.  Moisture susceptibility testing must be 
reevaluated, at a minimum, once every five years, if mixture components, 
sources, and JMF targets remain the same, to account for variations in 
aggregate sources and other mix components.  When component material 
sources change or component material proportions or JMF targets 
significantly change, as determined by the DME/DMM, moisture 
susceptibility must be reevaluated. 

 
If any JMF fails to meet any of the requirements above or in AASHTO T 
283, any retest or testing of JMF versions of the same aggregate 
combination (outlined in note 19B above) must be approved by the 
DME/DMM. 

 
Compute the dosage rate of liquid anti-stripping agent as follows: 

• For mixtures that contain no RAP or RAS, or conform to Tier 1 of 
appendix H, compute the anti-strip dosage rate based on the virgin 
asphalt added to the mixture. 

• For mixtures that contain RAP and / or RAS, and fall into Tier 2 or 
Tier 3 of Appendix H, compute the anti-strip dosage rate based on the 
total asphalt in the mixture. 

 
All warm mix asphalt (WMA) versions of JMFs must have separate 
evaluations for moisture susceptibility testing from the hot mix asphalt 
(HMA) parent JMF.  In all cases of a WMA mixture produced by a WMA 
Technology categorized as a foaming additive or process (e.g., foaming 
additive or mechanical foaming), if the HMA version of the JMF requires an 
anti-strip additive to meet the moisture susceptibility requirements, the 
WMA version of that JMF is required to contain the same minimum 
amount of antistrip additive required in the HMA version of the JMF. 

 
If the Producer elects to use an alternate anti-strip additive that is not a typical 
amine-based anti-strip additive, contact the DME/DMM at least three weeks prior 
to start of work.  If directed by the DME/DMM, perform moisture sensitivity 
analysis with the alternate anti-strip additive incorporated at the alternate anti-strip 
manufacturer’s recommended dosage rate.  Demonstrate, by the moisture 
sensitivity test results that the alternate anti-strip additive meets the specified 
moisture sensitivity requirements.  If directed by the DME/DMM, provide written 
documentation (e.g., research or project evaluation reports) from the manufacturer 
of the alternate anti-strip additive showing successful use of the alternate anti-strip 
additive in asphalt mixtures at the same dosage rate as is being recommended for 
the JMF. 
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If the DME/DMM determines that moisture susceptibility results are suspect 
or inconsistent with historical data or field performance, a specified level of 
anti-strip additive may be required in a mixture at no additional cost to the 
Department prior to approval. 
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AASHTO R 35, Section 12. Adjusting the Mixture to Meet Properties 

 
Revise Subsection 12.1 by adding the following to the end: 

 
See Department Revisions to AASHTO R 35, Subsection 4.2, Note 5.  The suggested 
reference may assist in adjusting the aggregate skeleton. 

 
Revise Section 12 by adding the following new Subsections: 

 
12.4 Evaluating Mix Characteristics - Although a mix may satisfy all the 
Superpave volumetric design criteria at design asphalt binder content, it may be 
unacceptable because of the following considerations: 

 
Brittleness - Mixes with abnormally high values of Tensile Strength and 
abnormally high binder stiffness values due to thin apparent asphalt film thickness 
(low binder content) are undesirable because pavements of such mixes tend to be 
more rigid or brittle and may crack under heavy volumes of traffic.  This is 
particularly true where base and subgrade deflections are such as to permit 
moderate to relatively high deflections of the pavement.  As a guideline to ensure 
there is sufficient asphalt binder in the mixture, calculate the apparent asphalt film 
thickness according to the procedure in the reference book entitled Hot Mix 
Asphalt Materials, Mixture Design and Construction, TB-1, Second Edition, 1996 
by Roberts, Kandhal, et al. and available through the National Asphalt Pavement 
Association (NAPA), as part of the mix design process. As a guideline, mixtures 
with a calculated apparent asphalt film thickness ranging from 9 to 12 microns 
should provide enhanced durability.  If the calculated apparent asphalt film 
thickness is not within the guideline range, the mixture’s other properties should be 
further scrutinized to ensure mixture durability.  Apparent asphalt film thickness 
should not be used as the sole parameter to reject the mixture.  Adjustments in the 
aggregate gradation [particularly the percentages passing the 2.36 mm and 75   m 
(No. 8 and No. 200) sieves] should be made to increase the VMA so that more 
asphalt can be incorporated in the mix.  This may be done by deviating further 
from the maximum density line (Fuller’s curve).  If the minus 75  m (No. 200) 
sieve content is high, a reduction in this fraction will increase the aggregate voids. 

 
12.4.1. Mixture Volumetric Properties Sensitivity to Asphalt Binder Content - 
Some mixes, such as mixes with aggregate gradation close to the maximum density 
line (Fuller’s curve), are very sensitive to slight variations in asphalt content.  If a 
+/- 0.5% change in asphalt binder content relative to the estimated design content 
(see Section 10) results in VMA outside the criteria in AASHTO M 323, Table 7, 
or voids that are outside of the Department’s production specifications (Publication 
408, Section 413) the mix should be considered suspect.  If a mix changes from dry 
to gummy with a 0.5% increase in the asphalt content, the mix should also be 
considered suspect.  Such mixes may be reduced in sensitivity by adjustments to 
the aggregate gradation, usually by deviating further from the maximum density 
line. 

 
12.4.2. Tenderness - These mixes tend to pull and shove during the compaction 
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operation resulting in hairline cracking, usually consisting of transverse hairline 
cracks several inches apart, sometimes accompanied by longitudinal cracking.  
A poor aggregate gradation often is a leading contributor to tender (slow-setting) 
or unstable mixes.  Tender mixes are frequently typified by the following: 

 
(a) An excess of the middle-size fraction in the material passing the 

4.75mm (No. 4) sieve.  A hump in the grading curve caused by the 
excess sand could appear on nearly any sieve below the 4.75 mm (No. 
4) sieve and above the 150   m (No. 100) sieve.  This condition is most 
critical when occurring near the 600   m (No. 30) sieve.  A change in the 
gradation of the fine aggregate(s) is necessary to remove the hump. 

 
(b) Close proximity of the aggregate gradation to the maximum density line 

and/or major portion of gradation line relatively straight.  These mixes 
generally have low VMA.  Some easily compactable gravel mixes attain 
the desired maximum density (lowest possible VMA) with one or two 
passes of the roller, and then start to decompact and deform.  A change 
in the gradation of the mix may be necessary to alleviate this situation. 

 
Poor Handling and/or Constructability Characteristics.  Such mixes are difficult to 
handle from production to field application without segregating and/or difficult to 
achieve acceptable and uniform compaction.  Often these mixes have aggregate 
gradations that are not uniform or have characteristics as stated previously.  
Avoiding humps and gaps in gradation typically corrects this condition.  
Otherwise, aggregate shape and texture characteristics should be investigated.  
Plant produced materials should be sampled and evaluated relative to design 
values, if production material variability is suspected.  Evaluate apparent asphalt 
film thickness as directed in 12.4.1 and compare to design values. 

 
AASHTO R 35, Section 13. Report 

 
Revise Section 13 by adding new Subsections as follows: 

 
13.5 Report the JMF and plot the mixture gradation on the most current Form TR- 
448A or on a form acceptable to the Department. Provide all design laboratory test 
results for review by the Department. 

 
13.5.1 As part of the JMF report, the Producer is to provide the ignition 

furnace correction factors for percent asphalt binder (Cf) and for 
percent passing the 75 µm (No. 200) sieve (200 Cf) for the JMF. 
Determine these correction factors according to PTM No. 757 and 
document the process on the form included in the Electronic State 
Book (ESB) or on another form provided by the Department.  Include 
this form as part of the JMF documentation submitted to the 
Department for review.  The HMA Producer is responsible for 
determining the frequency or identifying the criteria that triggers 
when they determine new or revised ignition furnace correction 
factors for each JMF.  The ignition furnace correction factor 
documentation submitted as part of the JMF report is to be the HMA 



 

2A - 17  

Producer’s correction factors that they determined best represent the 
current raw material components of the JMF and current 
compositional targets of the JMF. 

 
13.5.2 If ignition furnace correction factors cannot be determined for percent 

asphalt binder or for percent passing the 75 µm (No. 200) sieve due to 
potential problematic aggregate conditions in the JMF, the HMA 
Producer must immediately notify the District Materials 
Engineer/Manager, and as part of the JMF submission, submit a 
request to change the test method from PTM No. 757 to PTM No. 702, 
Modified Method D with comprehensive documentation supporting 
that problematic aggregates may exist for the JMF.  Upon District 
review of the comprehensive documentation, witnessing the HMA 
Producer’s attempt to determine ignition furnace correction factors, 
and concurrence that a potential problematic aggregate condition 
exists, the District will submit all the comprehensive documentation to 
the LTS.  The LTS will make the final determination if problematic 
aggregates exist.  The LTS, at its discretion, may request samples of 
the problematic aggregates for testing and verification of the potential 
problematic aggregate condition. 
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3. Department Revisions to AASHTO M 323 - Standard Specification for 
Superpave Volumetric Mix Design 

 
AASHTO M 323, Section 4. Significance and Use 

 
Revise Section 4 by adding the following to the end: 

 
Under the Department’s Research initiative, currently referred to as Superpave 
Special Studies or Superpave Validation Studies, and with the approval of the 
Asphalt Paving Quality Improvement Committee, this standard and specified 
requirements, in part or whole, may be revised. 

 
AASHTO M 323, Section 5. Binder Requirements 

 
Revise Section 5 completely as follows: 

 
Delete M 323, Tables 1, 2, and 3.  Requirements are as previously specified in the 
Department Revisions to AASHTO R 35, Subsection 6.1 and Department 
Publications 242 (Chapter 5.8) and Bulletin 25.  Adjustments made for RAP, RAS or 
a combination of RAP and RAS usage will be in accordance with the Department’s 
requirements found in Appendix H. 

 
AASHTO M 323, Section 6. Combined Aggregate Requirements 

 
Revise Subsection 6.1.2 by revising the referenced Table 4 as follows: 

 
Table 4 - Aggregate Gradation Control Points 

 Nominal Maximum Aggregate Size - Control Point (Percent Passing) 
37.5 mm 25.0 mm 19.0 mm 12.5 mm 9.5 mm 

Sieve Size Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
50.0 mm 100 -- -- -- -- -- -- -- -- -- 
37.5 mm 90 100 100 -- -- -- -- -- -- -- 
25.0 mm -- 89* 90 100 100 -- -- -- -- -- 
19.0 mm -- -- -- 89* 90 100 100 -- -- -- 
12.5 mm -- -- -- -- -- 89* 90 100 100 -- 
9.5 mm -- -- -- -- -- -- -- 89* 90 100 
4.75 mm -- -- -- -- -- -- -- -- -- 89* 

2.36 mm 15 41 19 45 23 49 28 58 32 67 
0.075 mm 0 6 1 7 2 8 2 10 2 10 

 

* The maximum percent passing on these sieves have been revised from Table 4 
in AASHTO M 323 to better conform with the written definition of the nominal 
maximum aggregate size provided in AASHTO R 35 Section 3.9 and AASHTO 
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M 323 Section 3.6. (Refer to Department Revisions to AASHTO R 35, 
Subsection 6.8, Note 6A) 

 
Revise Subsection 6.6 completely as follows: 

 
Refer to the Department’s modified design procedures and requirements (see Appendix 
H) when RAP, RAS or a combination of RAP and RAS is used in the mixture. 

 
Revise Section 6 by adding a new Subsection as follows: 

 
6.7 Toughness Requirements, Coarse Aggregates - The aggregates shall meet the 
abrasion requirements specified in Table 6A.  The percentage of weight loss will be 
determined in accordance with AASHTO T 96. 

 
Table 6A - Coarse Aggregate Toughness Criteria (AASHTO T 96) 

Estimated Traffic 
(million ESALs) 

Abrasion 
(Maximum % Loss) 

<3 45 

3 to < 30 40 

≥30 35 
 

Revise the Section 6 Table 6 Row 5 for Design ESALs ≥30 Million and Columns for 
Fractured Faces, Coarse Aggregate, Percent Minimum as follows: 

 
Table 6 – Superpave Aggregate Consensus Property Requirements 

 

Fractured Faces, 
Coarse Aggregate,c 

Design 
ESALsa 

(Million) 

  Percent Minimum   
  Depth from Surface   

≤ 100 mm > 100 mm 
 

≥30 95/90 95/90 
 

 
 
AASHTO M 323, Section 7. Asphalt Mixture Design Requirements 

Revise Subsection 7.1 by adding the following to the end: “and as 

modified herein.” 



 

2A - 20  

Revise Subsection 7.2 completely as follows: 
 
The asphalt mixture design, when compacted in accordance with AASHTO T 312, 
shall meet the relative density, VMA, VFA, and dust to binder ratio requirements 
specified in Table 7 and the minimum effective asphalt requirements in Table 8. 
 

Table 7 – Superpave Asphalt Mixture Design Requirements 

Design 
ESALs 

Required Relative Density, 
Percent of Theoretical 

Maximum Specific 
Gravityd 

 Voids in the Mineral Aggregate (VMA), 
Percent Minimum Voids Filled 

with Asphalt 
(VFA) Range,b 

Dust-to-
Binder 
Ratio 

Rangec 
 Nominal Maximum Aggregate Size, mm 

(Million) Ninitial Ndesign Nmax  37.5 25.0 19.0 12.5 9.5 4.75 Percent 
<0.3 ≤91.5 96.0a ≤98.0  12.0 13.0 14.0 15.0 16.0 16.0 70-78 0.6-1.2 

0.3 to <3 ≤90.5 96.0a ≤98.0  12.0 13.0 14.0 15.0 16.0 16.0 65-78 0.6-1.2 
3 to <10 ≤89.0 96.0a ≤98.0  12.0 13.0 14.0 15.0 16.0 16.0 65-75e,f,g 0.6-1.2 
10 to <30 ≤89.0 96.0a ≤98.0  12.0 13.0 14.0 15.0 16.0 16.0 65-75e,f,g 0.6-1.2 

≥30 ≤89.0 96.0a ≤98.0  12.0 13.0 14.0 15.0 16.0 16.0 65-75e,g 0.6-1.2 
a The Required Relative Density at Ndesign may vary if the requirements of Tables 7, 8, and 9 are met and 

incorporated into the design. 
b For 37.5-mm nominal maximum aggregate size mixtures, the specified lower limit of the VFA range 

shall be 65 percent for all design traffic levels. 
For 25.0-mm nominal maximum aggregate size mixtures, the specified lower limit of the VFA range 
shall be 68 percent for all design traffic levels. 
For 19.0-mm nominal maximum aggregate size mixtures, the specified lower limit of the VFA range 
shall be 70 percent for all design traffic levels. 
For 12.5-mm nominal maximum aggregate size mixtures, the specified lower limit of the VFA range 
shall be 72 percent for all design traffic levels. 

c For 4.75-mm nominal maximum size mixtures, the dust-to-binder ratio shall be 1.0 to 2.0, for design 
traffic levels <3 million ESALs, and 1.5 to 2.0 for design traffic levels ≥3 million ESALs. 

d       For 4.75-mm nominal maximum size mixtures, the relative density (as a percent of the theoretical 
maximum specific gravity) shall be within the range of 94.0 to 96.0 percent. 

e For design traffic levels > 3 million ESALs, 9.5-mm nominal maximum aggregate size mixtures, the 
specified VFA range shall be 74 to 77 percent and for 4.75-mm nominal maximum aggregate size 
mixtures shall be 75 to 78 percent. 

f For design traffic levels >0.3 million ESALs, and for 4.75-mm nominal maximum size mixtures, the 
specified VFA range shall be 66 to 77 percent. 

g For design traffic levels ≥3 million ESALs, and for 9.5-mm nominal maximum size mixtures, the 
specified VFA range shall be 74 to 81 percent and for 12.5-mm nominal maximum size mixtures, the 
specified VFA range shall be 72 to 80. 

 
 

Table 8 - Minimum Effective Asphalt (Pbe) for 9.5mm and 
12.5mm  Superpave Asphalt Mixtures. 

Minimum Pbe(1) 

Combined 
Aggregate Bulk 
Specific Gravity 

(Gsb) 

9.5 mm Superpave Mixes 12.5 mm Superpave Mixes 

2.250 to 2.274 6.2 5.8 
2.275 to 2.324 6.1 5.7 
2.325 to 2.374 6.0 5.6 
2.375 to 2.424 5.9 5.5 
2.425 to 2.474 5.8 5.4 
2.475 to 2.524 5.7 5.3 
2.525 to 2.574 5.6 5.2 
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2.575 to 2.624 5.5 5.1 
2.625 to 2.674 5.4 5.0 
2.675 to 2.724 5.3 4.9 
2.725 to 2.774 5.2 4.8 
2.775 to 2.824 5.1 4.7 
2.825 to 2.874 5.0 4.6 
2.875 to 2.924 4.9 4.5 
2.925 to 2.974 4.8 4.4 
2.975 to 3.024 4.7 4.3 
3.025 to 3.074 4.6 4.2 

(1) The DME/DMM may approve mixtures with NDesign Air Voids from 3.5 
percent to 4.0 percent. 

 
 
Revise Section 7 by adding the following new Subsections to the end: 
 
7.4 Performance Testing – Submit the results of AASHTO T 324 and ASTM 
D8225 performance testing for each JMF at the design binder content including all 
binder additives.  Oven condition loose laboratory prepared asphalt mixture for 2 h  ± 
5 min at 285 ± 5F (140 ± 3C) for PG 58S-28, 293 ± 5F (145 ± 3C) for PG 64S-22, or 
308 ± 5F (153 ± 3C) for PG 64E-22 final asphalt binder grade of the JMF.  Compact 
specimens to 7.0 ± 0.5 percent air voids according to AASHTO T 312.  Test 
compacted test specimens for AASHTO T 324 at a test temperature of 122 ± 2F (50 ± 
1C).  Test compacted test specimens for ASTM D8225 at a test temperature of  77 ± 
2F (25 ± 1C).  Additionally, submit results of AASHTO PP 78 Section 7 testing of the 
JMF blended binder for all JMFs with a recycled binder ratio (RBR) greater than or 
equal to 0.35. 
 The DME/DMM may allow JMFs that conform to all of the testing criteria in 
Table 9 to apply the criteria exceptions in Table 10 to the JMF. 
 
 

   TABLE 9 - Performance Testing Limits 

Specification AASHTO T 324, Hamburg Wheel Track  ASTM D8225, 
CTIndex 

AASHTO 
PP 78(1, 2), 

ΔTc  
    

Property 

Traffic 
Level 

(Millions 
of ESALs) 

Maximum 
Rut Depth 
at 20,000 

Passes 
(mm) 

SIP 
(minimum 

passes) 

Minimum 
Passes at 
12.5mm 

Rut Depth 

CTIndex(3) ΔTc 

Rutting & 
Moisture 

Susceptibility 

<3 
≤15 N/A N/A   
≤20 14,000 10,000   
≤25 16,000 12,000   

3 and <10 
≤10 N/A N/A   
≤15 14,000 12,000   
≤20 16,000 14,000   

≥10 ≤10 N/A N/A   
≤12 16,000 15,000   

Cracking(3) <3    >70  
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3 and <10    >80  
≥10    >90  

High RAP / 
RAS (≥ 0.35 

RBR)(1) 
All     >-5.0C 

(1) Only applies to JMFs with an RBR greater than or equal to 0.35  
Recycled Binder Ratio (RBR) = ((PbRAP xPRAP ) + (PbRAS x PRAS)) / (100 x PbTotal) 
Where: 

 PbRAP  =  Percent Asphalt in the RAP 
 PRAP = Percent of RAP by weight in the JMF 
 PbRAS = Percent asphalt in the RAS 
 PRAS = Percent RAS by weight in the JMF 
 PbTotal = Total Percent of asphalt in the JMF 

(2) Compute ΔTc according to AASHTO PP 78, Section 7.2, using Section 7.6 Procedure for 
Evaluating Specific Mixtures . 

(3) ASTM D8225 CTIndex Tests with an average peak load result of less than 75 psi is a failing test. 
 
 

TABLE 10 - Exceptions for JMFs that Meet All Table 9 Requirements 

Property AASHTO 
Specification 

Existing PA 
Specification 
Requirement 

Specification Requirement if 
Table 9 Limits are Met 

Percent Air 
Voids at 
NDesign 

R 35 Table 2 4.0 3.0 to 4.1 

Moisture 
Susceptibility 

R 35 - Sect. 4.4, M 323 
- Sect. 7.3, & T 283 

<0.80  AASHTO T 283 
TSR, mandatory anti-

strip 

AASHTO T 283 and mandatory 
anti-strip waived 

Asphalt PG 
Grade 

M 323 Sect. 5, and as 
specified As specified PG grade bumping to meet all 

performance testing limits allowed 

Note: The DME/DMM may allow or disallow any or all of the exceptions in Table 10 for any 
JMF. 

 
7.5 Approved Job-Mix Formula - The JMF is developed specifically for the plant 
from the reviewed laboratory design.  This may require small adjustments to fit the 
plant and thus ensure production within the tolerance limits.  The selected laboratory 
design must be reproducible within the tolerances specified in Publication 408, Section 
413.  This design, when verified and proven in production by the process described in 
Publication 408, Section 413.2 can then be considered an approved JMF as long as the 
mix characteristics are satisfactory during construction and the material sources, 
aggregate gradations, asphalt content and test values remain within the specifications 
and design tolerances.  If initial JMF verification is unsuccessful, the following process 
is recommended for statistical evaluation of the JMF: 

 
7.5.1    Statistical Evaluation of JMF Production 

 
• The contractor must evaluate the JMF based on a minimum of three 

(preferably five) random samples taken from a single day’s plant 
production using PTM No. 1. 
Evaluate the mix composition (gradation and asphalt binder content) for 
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conformance to Publication 408, Section 413.2, Table A.  Using the 
procedure described in Publication 408, Section 106.03, calculate a PWL 
for asphalt binder content (Pb), percent passing the 2.36 mm (No. 8) sieve, 
and percent passing the 75   m (No. 200) sieve relative to the target values 
in the JMF.  If the resulting PWL for each parameter is 85% or greater, the 
plant’s process control and blending of mixture components is considered 
satisfactory.  If the resulting PWLs are less than 85%, the mix 
composition’s reproducibility is inadequate; take corrective action at the 
plant to obtain the desired mix composition and then re-evaluate the mix. 

• Evaluate the mixture’s maximum specific gravity (Gmm) and VMA in 
accordance with Appendix I. Evaluate VFA and the F/A ratio for 
conformance to AASHTO M 323, Table 7 and voids for conformance 
to the Department’s production specifications. 

• If the mix composition conforms to the JMF but the volumetric data do 
not meet the above criteria, perform additional testing of each material 
component in the mix for change in properties and/or verify all test 
equipment is in proper working order, calibrated within specifications, 
and test procedures are performed properly.  Provide a summary report 
which includes findings and recommendations to the DME/DMM for 
review prior to performing any work with such a design. 

7.6   Quality Control Requirements for Mix Designs During Production - Prepare and 
Submit a QC Plan to the DME/DMM for review and approval as specified in Chapter 1, 
Section 2.1 and Publication 408, Section 413.2.  Perform all tests as required therein at 
the frequencies specified.  Control and documentation of Gmm and volumetric 
properties during production shall be performed as specified in Appendix I. 

 
7.6.1   Ignition Furnace Correction Factors.  As part of the HMA Producer’s 
QC plan, it is the HMA Producer’s responsibility to regularly monitor and 
maintain their ignition furnace correction factors to ensure that the correction 
factors represent the raw material components of the JMF and the JMF 
compositional targets.  The HMA Producer is responsible for determining the 
frequency of when they monitor, review, or check their ignition furnace 
correction factors for each JMF or identifying the criteria that trigger the 
HMA Producer to monitor, review or check their ignition furnace correction 
factors for each JMF.  It is the HMA Producer’s responsibility to request 
correction factor changes to the appropriate District Materials 
Engineer/Manager with documentation supporting the correction factor 
change. 

 
If an ignition furnace correction factor for asphalt content or percent 
passing the 75 µm (No. 200) sieve has changed, the HMA Producer shall 
immediately submit a request to change the correction factors with 
supporting data and justification to the District Materials 
Engineer/Manager.  HMA Producers must submit requests for correction 
factor changes in a timely manner so as not to jeopardize the accurate 
testing of pending acceptance samples.  The District may request that LTS 
suspend testing of samples that have arrived at the LTS dock but have not 
been tested, until the District reviews and makes a decision on the 
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correction factor change request.  The District must also keep all other 
samples of the JMF still located within the District until a decision has 
been made on the correction factor change request and may also decide to 
suspend shipment of this JMF until a decision has been made on the 
correction factor change request.  This will ensure continued asphalt 
testing efficiency and testing turnaround time at the LTS. 

 
After reviewing the supporting data, the DME/DMM may grant the 
request to change the current correction factor(s).  Correction factor 
changes will not be allowed to negate or change a failing acceptance 
sample test result.  In addition, revised correction factors cannot be used 
for retests.  All retests will use the correction factors used on the original 
mixture acceptance samples.  It is imperative for the HMA Producer to 
notify the District immediately of any issues with correction factors for a 
particular JMF Year and Number.  The District will then immediately 
notify the LTS Asphalt Lab Manager to stop testing on pending samples 
for the particular JMF Year and Number.  LTS will resume testing of the 
pending samples upon the District’s review and decision of a HMA 
Producer’s request for change of a correction factor and the District’s 
notification to the LTS Asphalt Lab Manager. 

 
7.6.2   Change of Test Method Due to Problematic Aggregates.  It is the HMA 
Producer’s responsibility to monitor and maintain their ignition furnace correction 
factors to ensure that the correction factors represent the raw material components of 
the JMF and the JMF compositional targets.  This monitoring should be included and 
managed within a HMA Producer’s Quality Control Plan.  If during this monitoring or 
during the volumetric mix design process, the HMA Producer identifies potential 
problematic aggregates, the HMA Producer must immediately notify the District 
Materials Engineer/Manager of the affected JMF numbers and submit a request to 
change the test method from PTM No. 757 to PTM No. 702, Modified Method D with 
comprehensive documentation supporting that problematic aggregates may exist for 
the JMF. Problematic aggregates may exist if one or more of the following conditions 
exist: 

 
• Sample burn times of a specific JMF extend well beyond normal burn 

times for similar NMAS mixtures. 
• Samples burn continuously for the JMF and the weight never 

stabilizes. 
• Exploding aggregate is noted during testing or aggregate breakdown is 

noted in the gradation results. 
• Asphalt content results are significantly (2% or more) higher than 

expected, based on plant recordation or solvent extraction results. 
• The asphalt correction factor is in excess of 1.0. 
• Attempts to establish a stable correction factor according to the 

method in PTM No. 757 are unsuccessful. 
 

Upon being notified of JMF numbers with potential problematic aggregates, 
the District Materials Engineer/Manager must immediately notify LTS to 
suspend testing of samples that have arrived at the LTS dock but have not been 
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tested and potentially contain the problematic aggregate.  The District must 
also keep all other samples of this JMF that are still located within the District 
and may also decide to suspend shipment of this JMF until the problematic 
aggregate issue can be investigated.  This will ensure continued asphalt testing 
efficiency and testing turnaround time at the LTS. 

 
The District will conduct an investigation including a review of the 

supporting documentation provided by the HMA Producer and witnessing the 
HMA Producer’s testing of each JMF number to verify one or more of the 
above problematic aggregate conditions exist.  Upon completing its 
investigation and if the District concurs that potential problematic aggregates 
exist, the District will submit a written request to change the test method from 
PTM No. 757 to PTM No. 702 Modified Method D for a JMF to the LTS.  The 
request must include all supporting data to justify the request for a change in 
test method.  The LTS will make the final determination if problematic 
aggregates exist.  The LTS, at its discretion, may request samples of the 
problematic aggregates for verification testing. 

 
As part of the HMA Producer’s quality control plan, it must 

periodically test problematic aggregate mixtures to verify that the problematic 
aggregate conditions continue to exist.  If the problematic aggregate conditions 
cease to exist, the HMA Producer must immediately notify the District 
Materials Engineer/Manager of the affected JMF numbers and submit a 
request to change the test method from PTM No. 702 Modified Method D to 
PTM No. 757 with comprehensive documentation supporting that problematic 
aggregate conditions no longer exist for the JMF. 

 
The District will conduct an investigation including a review of the 

supporting documentation provided by the HMA Producer and witnessing the 
HMA Producer’s testing of each JMF number to verify that problematic 
aggregate conditions cease to exist.  Upon completing its investigation and if 
the District concurs that problematic aggregates cease to exist, the District will 
submit a written request to change the test method from PTM No. 702 
Modified Method D to PTM No. 757 for a JMF to the LTS.  The request must 
include all supporting data to justify the request for a change in test method.  
The LTS will make the final determination if problematic aggregates cease to 
exist.  The LTS, at its discretion, may request samples of the problematic 
aggregates for verification testing. 

 
7.7   Quality Control Requirements for P.G. Binder Supply and Handling During 
Production 

 
7.7.1   Same grade PG-Binders may be commingled in the same hot mix 

asphalt producer storage tank only when compatible (i.e., the PG-Binders 
can become homogeneous through agitation or circulation and remain the 
same grade of PG- Binder).  Before commingling same grade PG 64E-22 
from different suppliers, or any other modified PG-Binders from different 
suppliers, producers are to obtain written verification of material 
compatibility from the approved supplier(s).
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7.7.2   Different grade PG-Binders may be commingled in the same hot mix asphalt 
producer storage tank only when the former PG-Binder is compatible (i.e. the PG- 
Binder can become homogeneous through agitation or circulation with the different 
grade PG-Binder) and has been drained as low as practical prior to introducing a 
different grade PG-Binder.  Add a minimum of two full tanker loads (three if 
feasible) of new different grade PG-Binder, and circulate well before using. 

 
7.7.3    If the storage tank is not dedicated to a specific grade, producers of asphalt 
mixtures are to maintain a log of shipments or notify the respective DME/DMM 
when receiving and storing a PG-Binder of a different grade or different modifier. 

 
7.7.4   When a supply change occurs during production, evaluate the mixtures using 
same grade PG-Binders supplied from a different primary supplier (i.e., United vs. 
PBF) for moisture susceptibility in accordance with ASTM D3625 (Boiling Water 
Test) as a screening test.  When asphalt binder coating is less than 95%, as determined 
by ASTM D3625, the mixture shall be retested in accordance with AASHTO R 35, 
Section 11 and as modified herein.  Same grade PG-Binders supplied from different 
storage facilities or terminals of the same primary source (e.g., Citgo) do not require 
additional testing unless there is evidence of a problem that may relate to a supply 
change. 

 
Note 9A- Use of ASTM D3625 as a screening test is intended as a time saving 
alternative to be used primarily during high volume production at the HMA 
facility.  If an approved mix design was only tested for moisture susceptibility in 
accordance with Section 11, using a PG Binder supplied from a different primary 
supplier, a recommended best practice is to conduct testing according to Section 
11 as soon as time permits using the new primary PG Binder Supplier. 

 
7.7.5   Provide Department Quality Assurance (QA) teams P.G. Binder samples 
as required. 

 
Note 9B- When the purpose of the sample is to verify the quality of the binder 
being incorporated into a production mix, the preferred location for asphalt 
sampling at an HMA plant is at the asphalt pump.  A sample valve located at the 
HMA plant asphalt pump guarantees the asphalt QC sample represents the asphalt 
added to the mix.  It is important to note that taking samples from this location 
requires coordination between the HMA plant operator and the QC person to 
insure the sample is taken while the plant is producing the mix to be tested. 
Manufacturers typically provide sample port locations on the piping at the pump. 
Connection of the sample valve to the pump piping with a very short pipe nipple 
will keep the valve hot and prevent safety concerns during sampling.  The short 
connection between the sample valve and the asphalt line also can help minimize 
the amount of waste material required to insure a representative sample.  A QC 
asphalt sample from an HMA plant storage tank indicates if the material in that 
tank meets the required PG asphalt.  It does not ensure that valves were set 
correctly and that this asphalt grade was added to the HMA mix. 

 
7.7.6   Prepare and maintain a QC Plan at each production facility for P.G. 
Binder including all of the following elements: 
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1. A schematic drawing showing all tanks, pumps, piping, valves, sampling 
points and heat system components.  Each individual item (tank, valve, etc.) should 
be clearly labeled and/or numbered on the drawing and in the field. 

2. Specific procedures for movement of asphalt into and out of each storage 
tank.  The procedures should clearly identify all pumps and valves used for the desired 
flow of asphalt binder and indicate pump direction and valve positions. 

3. Specify sampling location and sampling procedure.  The sampling procedure 
should include the need for any Personal Protective Equipment and safe practices 
when sampling hot asphalt. 

4. Establish storage temperatures for each PG asphalt binder to be stored at the 
HMA plant.  Identify heat system controls and settings to obtain the desired 
temperatures and institute a monitoring procedure to insure proper temperatures are 
maintained. 
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Chapter 2B 

 

Design and Control of Stone Matrix Asphalt (SMA) Mixtures 

 

1. General Scope 

 

The Department has established procedures for the design and control of Stone Matrix Asphalt 

(SMA).  SMA is a hot-mix asphalt consisting of two parts, a coarse aggregate skeleton and a rich 

asphalt binder mortar.  The mortar is a mixture of asphalt binder, mineral filler and a stabilizing 

additive.  SMA mixtures must have an aggregate skeleton with coarse aggregate-on-coarse 

aggregate contact, generally referred to as stone-on-stone contact.   Much of the design and 

control of SMA is consistent with the procedures for Superpave outlined in Chapter 2A, but there 

are some differences as well.  The purpose of these procedures discussed in Chapter 2B is to 

provide guidance for the design and use of Stone Matrix Asphalt for Department work. 

 

The Department will follow the Stone Matrix Asphalt mix design procedure and specifications 

contained in the AASHTO R 46, Standard Practice for Designing Stone Matrix Asphalt (SMA) 

and the AASHTO M 325 Standard Specification for Stone Matrix Asphalt (SMA) except as 

revised herein.  All AASHTO standard practices, specifications and test procedures are implied 

to reference the most current approved and published version available at the time of bid letting. 

 

2. Department Revisions to AASHTO R 46 – Standard Practice for Designing Stone 

Matrix Asphalt (SMA) 

 

AASHTO R 46, Section 3. Terminology 

 

Revise Section 3 by adding a new Subsection as follows: 

 

3.8 Design Number of Gyrations (Ndes) – The number of gyrations which, when 

applied to the design mixture specimens, results in 3.5 – 4.0 percent air voids and 

determines the asphalt content. 

 

AASHTO R 46, Section 4. Summary of the Practice 

 

Revise Subsection 4.2 as follows: 

 

Replace the fourth sentence with “Where no previous history is available, it is 

recommended that an initial trial asphalt binder content be selected according to Table 

C of Publication 408, Section 419.”  

 

Revise Subsection 4.3 as follows: 

 

Delete Note 2.  Mixes must meet the minimum asphalt content requirements of Table C 

in Publication 408, Section 419.  

 

ftp://ftp.dot.state.pa.us/public/pdf/BOCM_MTD_LAB/PUBLICATIONS/PUB_27/Intro.pdf
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Revise Section 4 by adding a new Subsection as follows: 

 

4.6 Review of Job-Mix Formula (JMF) – The contractor will be solely responsible to 

design a mix that meets all Department requirements.  The contractor shall submit the 

required test results, the composition of the mixture and the combined aggregate 

gradation curves proposed for use in the production of the mixture to the District 

Materials Manager/Materials Engineer (DMM/DME) for review at least three weeks 

prior to the scheduled start of work.  Submit mix designs to the DME/DMM for review 

following the procedures outlined in Appendix J.  The acceptability of the bituminous 

concrete produced from any mix design is determined as specified in Publication 408, 

Section 419 in addition to the criteria specified herein. 

 

Whenever the Contractor’s gradations and calculations do not check, the DMM/DME 

will request the Contractor to do additional testing and/or recalculate and submit the 

correct mathematical solutions.  The DMM/DME may request, at his option, to observe 

testing of the trial mix.  He may also request that materials be submitted to the 

Materials and Testing Division (MTD) for the evaluation of the mix.  The Department 

reserves the right to review any design through plant production, prior to using for 

Department work, at no additional cost to the Department.  See Bulletin 27, Chapter 2A 

and the revisions for AASHTO M 323, Section 7 for the procedure on the statistical 

evaluation of a JMF through plant production and replace the references to Publication 

408, Section 409 with equivalent values from Section 419. 

 

AASHTO R 46, Section 6. Selection of Trial Gradations 

 

Revise Subsection 6.1 as follows: 

 

Replace both references to M 325 for gradation with the gradation ranges as specified 

in Table B of Publication 408, Section 419. 

 

AASHTO R 46, Section 7. Selection of Trial Binder Content 

 

Revise Subsection 7.1 completely as follows: 

 

A binder content should be selected according to Table C of Publication 408, Section 

419. 

 

AASHTO R 46, Section 9. Selection of Desired Gradation 

 

Revise Subsection 9.1 as follows: 

 

Replace reference to AASHTO T 166 with PTM No. 715, typical throughout 

 



 2B - 3 Change 5 

AASHTO R 46, Section 10. Selection of Optimum Binder Content 

 

Revise Subsections 10.1 and 10.2 as follows: 

 

Replace AASHTO M 325 criteria with that outlined in Tables B and C of Publication 

408, Section 419. 

 

AASHTO R 46, Section 11. Moisture Susceptibility 

 

Revise Section 11 by adding a Note as follows: 
  

Note 7 - It has been shown that the chemical composition of asphalt binders, aggregates 

and any mixture additives can have a strong influence on the results obtained from 

these testing procedures.  Therefore, it is recommended that the sources of materials 

(binder and additives) used in the design process be the same as the materials that will 

be incorporated in the mixture during production.  If either of these components change 

at the time of production, the actual production mixture must be verified by retesting, 

initially with ASTM D 3625 (Boiling Water Test) as a screening test.  Otherwise, the 

design testing may not be representative. 

 

Revise Subsection 11.1 completely as follows: 

 

11.1  Prepare at least six mixture specimens (half to be tested dry and the other half to 

be tested after partial saturation and freeze-thaw conditioning) composed of the design 

aggregate structure at the design binder content.  Condition the mixtures in accordance 

with the revised mixture conditioning for volumetric mixture design and production 

quality control testing time (Appendix I herein) plus an additional 2 hours.  After 

conditioning, compact the specimens to 6 ± 1.0 percent air voids in accordance with T 

312 to the number of gyrations specified in Pub. 408, Section 419, Table B. 

 

11.2 Test the specimens within 24 hours of completion of T 312 in accordance with 

T 283, starting with Section 9.6 of the procedure with the following exceptions: 

(a) Revise T 283, Section 10.3.1 vacuum application time to apply a 

vacuum of 254 mm (10 in.) mercury partial pressure for 30 minutes 

to the conditioned specimens, regardless of air voids and percent 

final saturation.  (See Note 8) 

(b) Delete T 283, Sections 10.3.5 and 10.3.6 

 

Note 8 – The following table explains the proper vacuum settings and readings. 

 

Vacuum Gauge 

Type 
Measurement Scale 

Vacuum Reading 

with No Vacuum 

Applied 

Vacuum Reading 

with Proper 

Vacuum Applied 

Partial Inches of Mercury 0 (Zero) 10 

Partial mm of Mercury 0 (Zero) 254 

Absolute Inches of Mercury Approximately 29.9 19.9 

Absolute mm of Mercury Approximately 760 506 
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Calculate the average ( x ) and standard deviation (s) of tensile strengths for both the 

dry group of specimens and the freeze-thaw group. Calculate the Coefficient of 

Variation (C.V.) for each group by dividing the standard deviation by the average:  

(%)
x

s
  C.V.  

 

If the C.V. is greater than 12% for the dry group, or 24% for the freeze-thaw group, the 

test results should be viewed as suspect and a new subset of specimens prepared and 

tested.  

 

If only one of the results is suspect and analysis according to PTM No. 4 identifies that 

result as an outlier, a replacement is initially only required for that specimen. If the 

C.V. considering the replacement specimen in place of the outlier is still greater than 

the acceptable limit, prepare and test an entire subset of new specimens.  Each group of 

specimens, dry or freeze-thaw, is defined as a subset. 

 

11.3 If the average dry strength is less than 80 psi (552 kPa) or the average 

wet/freeze strength is less than 50 psi (345 kPa), the mix is unacceptable. 

 

11.4 The design shall meet the tensile strength ratio (TSR) requirement listed in 

AASHTO M 325, Section 9.3 

 

11.5 If visual stripping of the asphalt film is observed from the T 283 specimens and 

estimated to be 5% or greater of the specimen face area, further evaluate moisture 

susceptibility by performing test procedure ASTM D 3625 (Boiling Water Test).  

(Uncoated areas due to fractured aggregate should not be recorded as stripped).  When 

asphalt binder coating is less than 95%, as determined by ASTM D 3625, retest the 

mixture according to AASHTO T 283 as outlined above.  All collected specimens and 

test data should be carefully reviewed prior to determining acceptability.  If there is any 

doubt concerning the mixture’s susceptibility, the recommended approach is to consider 

the mix moisture susceptible. 
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APPENDIX J 

ANNUAL ASPHALT CONCRETE MIX DESIGN SUBMITTAL PROCEDURE  

Prior to ANY Annual Mix Design Submittals: 

Submit the following to the District Materials Engineer/Manager (DME/DMM): 

1) Submit the most current aggregate bulk specific gravity (Gsb) values determined according 

to AASHTO T 84 and AASHTO T 85 for Fine Aggregate and Coarse Aggregate, 

respectively for each aggregate to be used in all the asphalt mixture producer’s JMFs for the 

upcoming or current calendar year.  The most current Gsb values may have been determined 

by the aggregate producer, the asphalt mixture producer, or the MTD (current Bulletin 14 

values).  If the Gsb values are determined by the aggregate producer or asphalt mixture 

producer, perform the minimum number of tests as indicated in Table J-1 to determine the 

average specific gravity and absorption values submitted to the DME/DMM.  When either 

the aggregate producer or asphalt mixture producer determined Gsb value differs from the 

MTD determined Gsb value by more than the tolerances in Table J-1, then follow-up testing 

is required and shall be performed. 

 

Table J-1 

Material Test Method 

Minimum Number 

of Tests to 

Determine the 

Producer Average 

Aggregate Gsb 

Value 

Maximum 

Difference 

Between Producer 

and MTD Average 

Aggregate Gsb 

Values 

Fine Aggregate AASHTO T 84 3 0.038 

Coarse Aggregate AASHTO T 85 2 0.027 

 

a) Follow-up testing:  If either the aggregate producer or asphalt mixture producer average 

aggregate Gsb value(s) differ from the MTD average aggregate Gsb value(s) by more 

than the Table J-1 tolerances, the Department Representative will lift aggregate samples 

from current stockpiles that best represent the material that will be used for asphalt 

mixture production for specific gravity and absorption testing according to AASHTO T 

84 or AASHTO T 85.  The Department Representative will either witness the asphalt 

mixture producer perform the AASHTO T 84 and AASHTO T 85 testing on the 

aggregate samples in the presence of the Department Representative or submit the 

aggregate samples to the MTD for AASHTO T 84 and AASHTO T 85 testing.  If the 

asphalt mixture producer performs the AASHTO T 84 or AASHTO T 85 testing, the 

ftp://ftp.dot.state.pa.us/public/pdf/BOCM_MTD_LAB/PUBLICATIONS/PUB_27/Intro.pdf
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asphalt mixture producer shall perform the minimum number of tests as indicated in 

Table J-1.  The average bulk specific gravity and absorption values from this follow-up 

testing will be the values used on the asphalt mixture producer’s JMFs. 

 

2) Submit the current aggregate producer, asphalt mixture producer, or MTD determined 

aggregate consensus property values [Coarse Aggregate Angularity, Fine Aggregate 

Angularity, Clay Content (Sand Equivalent Test), and Flat & Elongated Particles] and 

aggregate physical property values [average gradation, Los Angeles Abrasion, Sodium 

Sulfate Soundness, Deleterious Material Content (Shale, Clay Lumps, Friable Particles, Coal 

or Coke).  Determine consensus property and physical property test result values according to 

the requirements specified in Section 409.2(b), Section 419.2(b), Section 703, or other 

applicable Publication 408 Specification or special provision as appropriate.  

 

3) Submit the previous calendar year’s asphalt mixture production quality control (QC) test 

results [gradation, asphalt content, F/A ratio, volumetric analysis (air voids, VMA, VFA), 

and maximum theoretical specific gravity] for each existing mix design intended to be 

submitted for approval in the upcoming or current calendar year.  This may be done 

electronically using the Electronic State Book (ESB) files. 

 

 

New Mix Design - Submittal Process: 

Procedure:  Follow Bulletin 27 Chapter 2A and applicable Appendices. 

Software: Within the current version of the ESB, use the MS Excel filename: PA 

Superpave Design 

 

Existing Mix Design - Submittal Process: 

A. 0 to ≤ 4 Production Quality Control Volumetric Analysis Test Results from the 

Previous Calendar Year 

Procedure: 

1. Re-calculate the current combined Gsb for the JMF.   

a. If the current combined Gsb value differs by < 0.015 from the previous 

calendar year’s combined Gsb value (value submitted with the annual or 

initial JMF submission) then, re-calculate the VMA, VFA, effective binder 

content, and F/A ratio using the previous year’s JMF Gmm value.  If all 

these parameters meet Bulletin 27 criteria, calculate the Gmb to 4.0% air 
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voids using the average of the previous year’s QC Gmm values (if two or 

more QC Gmm values available).  If there are less than two QC Gmm 

values for the JMF from the previous calendar year’s production, calculate 

the Gmb to 4.0% air voids using the JMF Gmm value from the previous 

calendar year and submit a new TR-448A with the re-calculated values.  

Otherwise, go to Section A.1.b. 

b. If the current combined Gsb value differs by > 0.015 from the previous 

calendar year’s combined Gsb value (value submitted with the annual or 

initial JMF submission) or, the recalculated VMA or VFA from Section 

A.1.a do not meet the Bulletin 27 design requirements, perform laboratory 

testing of the existing JMF as indicated in Section C below. 

 

Existing Mix Design – Submittal Process: 

B. ≥ 5 Production Quality Control Volumetric Analysis Test Results from the Previous 

Calendar Year 

 Procedure: 

1. Re-calculate the current combined Gsb for the JMF.   

a. If the current combined Gsb value differs by < 0.015 from the previous 

calendar year’s combined Gsb value (value submitted with the annual or 

initial JMF submission) then, re-calculate the VMA, VFA, effective binder 

content, and F/A ratio.  Ensure these values meet the design requirements 

of Bulletin 27.  Then, go to Section B.2 below.   

i. If the recalculated VMA, VFA, effective asphalt content, or F/A 

ratio do not meet the Bulletin 27 design requirements, then make 

proportional or gradational adjustments to the JMF and perform 

laboratory testing of the adjusted JMF as indicated in Section C 

below. 

b. If the current combined Gsb value differs by > 0.015 from the previous 

calendar year’s combined Gsb value (value submitted with the annual or 

initial JMF submission), then perform laboratory testing of the JMF as 

indicated in Section C below. 

2. If the previous calendar year’s production QC test results for the JMF in the ESB 

meet all of the following: 

a.  average air voids are from 3.5% to 4.5%, 
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b. air voids PWL is ≥ 90,  

c. averages for asphalt content and gradation of all sieves meet the n≥3 

tolerances in Pub. 408, Section 409, Table A, and 

d. gradation (for all sieves) and asphalt content PWL are all ≥ 90%,  

then, calculate the Gmb to 4.0% air voids using the average of the previous 

calendar year’s QC Gmm values.  No other work is necessary.  Submit a new TR-

448A with the re-calculated values.  Otherwise, go to Section B.3 below. 

3. If the previous calendar year’s production QC test results for the JMF in the ESB 

meet all of the following: 

a. average air voids are < 3.5% or > 4.5%, or air voids PWL is < 90 

b.  average asphalt content and average gradation of all sieves meet the n≥3 

tolerances in Pub. 408, Section 409, Table A, and 

c. gradation (of all sieves) and asphalt content PWL are all ≥ 90%,  

then, make proportional or gradational adjustments to the JMF and perform 

laboratory testing of the adjusted JMF as indicated in Section C below.  

Otherwise, go to Section B.4 below. 

4. If the previous calendar year’s production QC test results for the JMF in the ESB 

meet all of the following: 

a. average air voids are from 3.5% to 4.5%  

b. air voids PWL is ≥ 90  

c. average asphalt content or average gradation of any sieve does NOT meet 

the n≥3 tolerances in Pub. 408, Section 409, Table A or the asphalt content 

PWL or gradation PWL of any sieve is < 90%,  

then, perform laboratory testing of the existing JMF as indicated in Section C 

below.  Otherwise, go to Section B.5 below.   

5. If the previous calendar year’s production QC test results for the JMF in the ESB 

meet all of the following: 

a. average air voids are < 3.5% or > 4.5%, or air voids PWL is < 90 
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b. average asphalt content or average gradation of any sieve does NOT meet 

the n≥3 tolerances in Pub. 408, Section 409, Table A or the asphalt content 

PWL or gradation PWL of any sieve is < 90%, 

then, produce a complete new mix design according to Bulletin 27 or contact the 

DME/DMM for other alternate requirements. 

6. For any existing JMF with ≥ 5 Production Quality Control Volumetric Analysis 

Test Results from the Previous Calendar Year and not falling under any of the 

above conditions, produce a complete new mix design according to Bulletin 27 or 

contact the DME/DMM for other alternate requirements. 

7. If the PWL for any individual sieve is less than 90%, the DME/DMM may elect 

for that sieve to require a change to JMF target value from the previous calendar 

year. 

C. Laboratory Testing of the Existing JMF or Adjusted JMF.   

Perform the following: 

1. Collect samples of current production JMF component materials. 

2. Laboratory mix the JMF component materials targeting the existing JMF or 

adjusted JMF as appropriate. 

3. Prepare enough laboratory mixture for a minimum of 2 Gmm samples and a 

minimum of 2 gyratory compacted specimens.   

4. Determine Gmm according to Bulletin 27, Appendix I on a minimum of 2 

samples and average the results.   

5. Prepare, compact, and determine Gmb on a minimum of 2 gyratory specimens 

according to AASHTO T 312 except condition the mixture according to Bulletin 

27, Appendix I.  Calculate air voids, VMA, and VFA according to Bulletin 27 on 

each specimen and average the results.   

6. Analyze the volumetric properties of the laboratory mixed, laboratory compacted 

specimens. 

i. If the laboratory mixed, laboratory compacted specimen air void results 

meet Table J-2, Condition A (both single and multiple), and the calculated 

VMA and VFA meet the minimum design requirements in Bulletin 27, 

and all other Bulletin 27 mixture design requirements are met, no other 

work is necessary.  Submit a new TR-448A with the adjusted JMF and the 

re-calculated values.   
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a. If the laboratory mixed, laboratory compacted specimen air voids 

meet Table J-2, Condition A (both single and multiple, but VMA 

and VFA do not meet the Bulletin 27 design requirements, make 

additional or different proportional or gradational adjustments to 

the JMF.  Perform the laboratory testing of the adjusted JMF as 

indicated in Section C above. 

ii. If the laboratory mixed, laboratory compacted specimen air void results 

meet Table J-2, Condition B (both single and multiple), then make 

additional or different proportional or gradational adjustments to the JMF.  

Perform the laboratory testing of the adjusted JMF as indicated in Section 

C above.  

a. Immediately notify the DME/DMM when multiple adjustments to 

the JMF and multiple volumetric analyses of gyratory specimens 

continue to meet Table J-2, Condition B. 

iii. If the laboratory mixed, laboratory compacted specimen air void results 

meet Table J-2, Condition C (both single and multiple), produce a new 

mix design using a selected design aggregate structure (Trial Blends are 

NOT necessary for this level of re-design), determine a design binder 

content, evaluate moisture susceptibility, and submit a new TR-448A. 

 

Table J-2 

Acceptable Ranges of Air Voids (Va) for Laboratory Mixed, Laboratory 

Compacted Specimens for Evaluating JMFs from the Previous Calendar Year. 

Condition 

Range of Air Voids (Va) for each 

Single (n=1) Laboratory Mixed, 

Laboratory Compacted 

Specimen, % 

Range of Air Voids (Va) for the 

Average of Multiple (n≥2) 

Laboratory Mixed, Laboratory 

Compacted Specimens, % 

A 4.0 ± 0.5 4.0 ± 0.2 

B 4.0 ± 1.0 4.0 ± 0.5 

C N/A < 3.5 or > 4.5 
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Note:  For questionable mixes as determined by the DME/DMM, additional testing, as 

determined by the DME/DMM, may be required.  See Bulletin 27, Chapter 2A, and the 

PennDOT modifications to AASHTO R 35, Section 4.5 Review of Job-Mix Formula (JMF) and 

Bulletin 27, Chapter 2A, and the PennDOT modifications to AASHTO R 35, Section 12.4 

Evaluating Mix Characteristics for guidance.  In addition, the DME/DMM may require an 

existing mix design to be redesigned due to poor performance in the field after placement. 
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PennDOT Plant Technician Certification Program           NECEPT 

 

 

WORKSHOP 

AGGEGATE GRADATION ANALYSIS 

 

A sample of No. 8 aggregate is taken from the plant stockpile.  It is quartered to a sample 

size of 5013.2 grams.  The sample is then sieved to give the following weight passing 

each sieve: 

 

 

Sieve 

Size 

(mm) 

Sieve Size 

English 

Cumulative 

Mass 

Retained 

(g) 

Mass 

Passing 

(g) 

Percent 

Passing 

Each  

Sieve 

12.5 ½” 5001.7   

9.5 3/8” 5001.7   

4.75 No. 4 4351.5   

2.36 No. 8 700.3 250.1  

1.18 No. 16 250.1 2.0  

Pan Pan 2.0 ----  

 

 

 

1. Determine the mass passing for the 12.5, 9.5, and 4.74 mm sieves.  Determine the 

percent passing for all sieves. 

 

2. Plot the gradation curve on 0.45 power chart. 

 

3. Does this aggregate meet PennDOT Spec 703 or AASHTO Spec M43, for a No. 8 

aggregate? 

 

4. What is the loss or error for this analysis?  Is this acceptable according to PTM 

616? 
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Aggregate Blending 
Workshop Problem 

 
The gradations of two aggregates are as follows: 
 

Sieve Size F.A. #1 C.A 
75 μm 2.2 0.2 
150 μm 3.0 0.3 
300 μm 14.2 0.5 
600 μm 47.7 0.9 
1.18 mm 66.0 2.2 
2.36 mm 85.0 2.9 
4.75 mm 97.2 14.0 
9.5 mm 100.0 91.0 
12.5 mm  100.0 

 
Problem 1: Find Proportions of these two aggregates needed 
to give a final blend with 45 percent passing the 2.36 mm 
sieve. 







Aggregate Blending 

Using Criss-Cross Form 

Example No. 1 
 

• Two aggregates 

• Step-by-step: 
1. Always fill out top of form: project, Mix ID, etc. 

 

2. Select one control sieve (2.36 mm). 

 

3. Select one “dummy” sieve for which all aggregates pass 100 

percent (12.5 mm). 

 

4. Fill out percent passing for aggregate A and B at the top of 

the form. 

 

5. Aggregate C is a “dummy” aggregate, and the percent 

passing should be zero for both sieves. 

 

6. Fill out percent passing for target on control sieves (45 

percent on 2.36 mm, 100 percent on 12.5 mm). 



Aggregate Blending 
Example No. 1, continued 

 

 
7. Fill out percent passing values on remainder of form, noting that 

order of aggregates changes in each section. 

 

8. Calculate diagonal products; there are six for each section. 

 

9. Add upper and lower diagonal products for each section. 
 



Aggregate Blending 

Example No. 1, continued 

 

10. Subtract upper diagonal product from lower diagonal 

product and place in “D,” “Da,” “Db,” etc. 

 

11. Calculate percent of each aggregate at bottom of form 

(48.6 percent of aggregate “A,” 51.4 percent of aggregate 

“B”); in this case, the percent of aggregate C will be zero, 

since this was a “dummy” aggregate. 

 

12. Check your results by calculating the percent passing for 

the blend for the target sieve 



Sieve 

Size

% Passing 

Agg. A

% Passing 

Agg. B

% Passing 

Agg. C

% Passing 

Target

12.5mm 100.0 100.0 0.0 100.0

2.36mm 8.0 80.0 0.0 45.0

Sieve 

Size

% Passing 

Agg. A

% Passing 

Agg. B

% Passing 

Agg. C

% Passing 

Agg. A Sum U 

12.5mm D=L-U

2.36mm Sum L

Sieve 

Size

% Passing 

Target

% Passing 

Agg. B

% Passing 

Agg. C

% Passing 

Target Sum Ua 

12.5mm Da=La-Ua

2.36mm Sum La

Sieve 

Size

% Passing 

Agg. A

% Passing 

Target

% Passing 

Agg. C

% Passing 

Agg. A Sum Ub 

12.5mm Db=Lb-Ub

2.36mm Sum Lb

Sieve 

Size

% Passing 

Agg. A

% Passing 

Agg. B

% Passing 

Target

% Passing 

Agg. A Sum Uc 

12.5mm Dc=Lc-Uc

2.36mm Sum Lc

Check:

Target1=(PaXPPa1+PbXPPb1+PcXPPc1)/100=

Target2=(PaXPPa2+PbXPPb2+PcXPPc2)/100=

NOTE:  PP is Percent Passing for a Specific Aggregate

SUM

Aggregate Blending "Criss-Cross" Form

Tech:

Project: _XYZ         Mix ID: 009 xyz                                        Date: 

Diagonal Products

Diagonal Products

Diagonal Products

Pa=% Agg. A = Da/D X 100%=

Pb=% Agg. B = Db/D X 100%=

Pc=% Agg. C = Dc/D X 100%=

Diagonal Products

Diagonal Products

Diagonal Products

Diagonal Products

Diagonal Products



Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Target

12.5mm 100.0 100.0 0.0 100.0
2.36mm 8.0 80.0 0.0 45.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Agg. A Sum U 

800.0 0.0 0.0 800.0
12.5mm 100.0 100.0 0.0 100.0 D=L-U
2.36mm 8.0 80.0 0.0 8.0 Sum L

8000.0 0.0 0.0 8000.0

Sieve 
Size

% Passing 
Target

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Target Sum Ua 

4500.0 0.0 0.0 4500.0
12.5mm 100.0 100.0 0.0 100.0 Da=La-Ua
2.36mm 45.0 80.0 0.0 45.0 Sum La

8000.0 0.0 0.0 8000.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Target

% Passing 
Agg. C

% Passing 
Agg. A Sum Ub 

800.0 0.0 0.0 800.0
12.5mm 100.0 100.0 0.0 100.0 Db=Lb-Ub
2.36mm 8.0 45.0 0.0 8.0 Sum Lb

4500.0 0.0 0.0 4500.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Target

% Passing 
Agg. A Sum Uc 

800.0 8000.0 4500.0 13300.0
12.5mm 100.0 100.0 100.0 100.0 Dc=Lc-Uc
2.36mm 8.0 80.0 45.0 8.0 Sum Lc

8000.0 4500.0 800.0 13300.0

Check:
Target1=(PaXPPa1+PbXPPb1+PcXPPc1)/100=
Target2=(PaXPPa2+PbXPPb2+PcXPPc2)/100=
NOTE:  PP is Percent Passing for a Specific Aggregate

SUM

Diagonal Products

Diagonal Products

Diagonal Products

Diagonal Products

Pc=% Agg. C = Dc/D X 100%=

Aggregate Blending "Criss-Cross" Form

Tech: 
Project: _XYZ         Mix ID: 009 xyz                                        Date: 

Diagonal Products

Pa=% Agg. A = Da/D X 100%=
Pb=% Agg. B = Db/D X 100%=

Diagonal Products

Diagonal Products

Diagonal Products



Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Target

12.5mm 100.0 100.0 0.0 100.0
2.36mm 8.0 80.0 0.0 45.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Agg. A Sum U 

800.0 0.0 0.0 800.0
12.5mm 100.0 100.0 0.0 100.0 D=L-U
2.36mm 8.0 80.0 0.0 8.0 Sum L 7200.0

8000.0 0.0 0.0 8000.0

Sieve 
Size

% Passing 
Target

% Passing 
Agg. B

% Passing 
Agg. C

% Passing 
Target Sum Ua 

4500.0 0.0 0.0 4500.0
12.5mm 100.0 100.0 0.0 100.0 Da=La-Ua
2.36mm 45.0 80.0 0.0 45.0 Sum La 3500.0

8000.0 0.0 0.0 8000.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Target

% Passing 
Agg. C

% Passing 
Agg. A Sum Ub 

800.0 0.0 0.0 800.0
12.5mm 100.0 100.0 0.0 100.0 Db=Lb-Ub
2.36mm 8.0 45.0 0.0 8.0 Sum Lb 3700.0

4500.0 0.0 0.0 4500.0

Sieve 
Size

% Passing 
Agg. A

% Passing 
Agg. B

% Passing 
Target

% Passing 
Agg. A Sum Uc 

800.0 8000.0 4500.0 13300.0
12.5mm 100.0 100.0 100.0 100.0 Dc=Lc-Uc
2.36mm 8.0 80.0 45.0 8.0 Sum Lc 0.0

8000.0 4500.0 800.0 13300.0

Check:
48.6 Target1=(PaXPPa1+PbXPPb1+PcXPPc1)/100= 100
51.4 Target2=(PaXPPa2+PbXPPb2+PcXPPc2)/100= 45.0
0.0 NOTE:  PP is Percent Passing for a Specific Aggregate

SUM 100.0

Diagonal Products

Diagonal Products

Diagonal Products

Diagonal Products

Pc=% Agg. C = Dc/D X 100%=

Aggregate Blending "Criss-Cross" Form

Tech: 
Project: _XYZ         Mix ID: 009 xyz                                        Date: 

Diagonal Products

Pa=% Agg. A = Da/D X 100%=
Pb=% Agg. B = Db/D X 100%=

Diagonal Products

Diagonal Products

Diagonal Products
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	AASHTO T 283, Section 7.4, revise the first three sentences completely as follows:
	AASHTO T 283, Section 8, delete Section 8 in its entirety including Sections 8.1, 8.2 and 8.3.
	AASHTO T 283. Section 9.1, revise completely to read as follows:
	AASHTO T 283, Section 9.4, revise first sentence completely as follows:
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	AASHTO T 283, Section 10.3.2, revise completely to read as follows:
	AASHTO T 283, Section 12.l, add new Subsection 12.1.1 as follows:
	Revise Subsection 11.3 by adding the following to the end:

	AASHTO R 35, Section 12. Adjusting the Mixture to Meet Properties
	Revise Subsection 12.1 by adding the following to the end:
	Revise Section 12 by adding the following new Subsections:

	AASHTO R 35, Section 13. Report
	Revise Section 13 by adding new Subsections as follows:

	3. Department Revisions to AASHTO M 323 - Standard Specification for Superpave Volumetric Mix Design
	Revise Section 4 by adding the following to the end:

	AASHTO M 323, Section 5. Binder Requirements
	Revise Section 5 completely as follows:

	AASHTO M 323, Section 6. Combined Aggregate Requirements
	Revise Subsection 6.1.2 by revising the referenced Table 4 as follows:
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	Revise Subsection 7.2 completely as follows:
	The asphalt mixture design, when compacted in accordance with AASHTO T 312, shall meet the relative density, VMA, VFA, and dust to binder ratio requirements specified in Table 7 and the minimum effective asphalt requirements in Table 8.
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