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Project Overview 

 

The overall objective of the Work Order 4 project was to provide support to PennDOT District 1-

5 in the effective use of milled asphalt material. Specifically, District 1-5 has a shortage of high-

quality available coarse aggregate, and has developed the innovative procedure of breaking down 

and sorting Recycled Asphalt Pavement (RAP) to recover the older high-quality aggregate for 

use on higher-volume roadways. In effect, the District is producing a type of fractionated RAP as 

a byproduct of the removal of the high-quality coarse aggregate. 

 

The focus of this project was on the usage of the remaining asphalt and fines, either separately or 

in conjunction with the use of the coarse aggregate. The Task 1 report provided a review of the 

current state of the practice from literature and other available resources. Task 2 provided 

laboratory physical characterization (binder content and gradation) of the reclaimed millings 

from stockpile sampling. Task 3 provided potential applications of the reclaimed millings for a 

trial project. Task 4, the monitoring of the construction and performance of the trial project, has 

been deferred to a later time and project.   

 

Overview of Task 5 

 

The objective of Task 5 is to explore two promising applications for the reclaimed fine millings. 

Initially, in the project proposal, Task 5 was envisioned as occurring after completion of the field 

trial, principally to accommodate the needed timing for field construction. However, it was 

decided that since Task 5 includes principally laboratory characterization, it could be fulfilled 

before the field trial. The two applications investigated were use of the reclaimed millings in thin 

cold-mix overlays (Option A), and the possibility of using a cold mix of the reclaimed millings 

with virgin-grade C aggregates to replace the scalped #8 aggregates for binder course or low-

volume secondary roads (Option B). 

 

Table 1 summarizes the list of standards utilized during the laboratory investigations for Task 

5.2. 
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Table 1  Test Methods for Task 5.2 
Test Method   Standard 

 
Compaction of Asphalt Specimens using 

SuperPave Gyratory Compactor 
 

AASHTO T 312 
ASTM D6925 - 09 

Standard Test Method for Indirect Tensile 
(IDT) Strength of Bituminous Mixtures 

 

ASTM D6931 - 12 

 

Standard Test Method for Raveling Test of 
Cold Mixed Emulsified Asphalt Samples 

 

ASTM 7196-12 
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Option A – Cold Mix Thin Overlay 

 

To develop a cold mix suitable for a thin overlay field trial, a series of tests using one source of 

reclaimed millings and one emulsion CSS-1H (Appendix A) was conducted. The binder residue 

in the reclaimed millings was graded in Task 2. The cold mix has been developed to optimize 

strength and density. A series of specimens were prepared and compacted at a range of varying 

emulsion and water contents. Specimens were produced at two different heights: 19 mm (0.75 in) 

and 37.5 mm (1.5 in). Table 2 summarizes the mix proportions for the test specimens. For each 

specimen, density was determined, followed by indirect tensile strength testing. 

 

Mix Design and Proportioning 

A set of preliminary tests were conducted to determine the amount of reclaimed aggregates 

needed for each specimen height. Table 3 summarizes the amount of reclaimed aggregate 

required for each height. 

 

In order to determine the number of required replicates for each mix, an initial batch consisting 

of four sets of proportions was selected, and for each set two replicates were prepared and 

compacted to the height of 19 mm (a total of eight specimens). The specimens were tested for 

indirect tensile strength. Table 4 summarizes the mix design and results for this initial batch. 

 

Based on the results presented in Table 4, it was decided to continue the work with two replicates 

for each proportion. In total, 36 specimens were prepared. 
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Table 2  Summary of Mix Design for Option A 
Height (mm) Water (%) Emulsion (%) 

19 
 

1 
2.0 
2.5 
3.0 

2 
2.0 
2.5 
3.0 

3 
2.0 
2.5 
3.0 

37.5 

1 
2.0 
2.5 
3.0 

2 
2.0 
2.5 
3.0 

3 
2.0 
2.5 
3.0 

 
 

Table 3  Required Reclaimed Millings for Different Specimen Heights 
Specimen Height Required Reclaimed Aggregates (g) 
19 𝑚𝑚𝑚𝑚 (3/4")  670 
37.5 mm (1.5") 1340 

 

 

Table 4  Summary of Batch 1 Results for Determination of Number of Required Replicates 
Water 
(%) 

Emulsion 
(%) 

IDT Strength 
(kPa) 

Bulk Specific 
Gravity 𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 Mean 

IDT (kPa) 𝜎𝜎𝐼𝐼𝐼𝐼𝐼𝐼 (kPa) 

1 2 
276.21 2.031 

2.377 288.061 11.855 
299.92 2.004 

1 3 
285.25 2.036 

2.346 306.701 21.455 
328.16 2.031 

2 2 
323.58 2.030 

2.377 311.848 11.735 
300.11 2.027 

2 3 
453.16 2.037 

2.346 454.438 1.273 
455.71 2.031 
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Reclaimed Aggregate Gradation 

The reclaimed aggregate was from the same material used for Task 2. Before gradation could be 

determined, half of the material from the first bucket was spread and air dried. After sieve 

analysis of black rock, tests of extractions and ignition burn were performed. Gradation results 

before binder extraction for the bucket #1 sample are shown in Table 5. 

 

Table 5  RAP Sample from Bucket #1 - Black Rock Gradation before Extraction 

Sieve 
Retained 

(g) % Retained 
Cumulative 
Retaining 

Cumulative 
% 

Retained % Passing 
2" 50.0mm 0 0 0 0 100 

1 1/2" 37.5mm 0 0 0 0 100 
1" 25mm 0 0 0 0 100 

3/4" 19mm 0 0 0 0 100 
1/2" 12.5mm 10 0.6 10 0.6 99.4 
3/8" 9.5mm 28.1 1.6 38.1 2.2 97.8 
#4 4.75mm 318 17.9 356.1 20.1 79.9 
#8 2.36mm 590.1 33.3 946.2 53.4 46.6 
#16 1.18mm 376.5 21.3 1322.7 74.7 25.3 
#30 0.6mm 242.7 13.7 1565.4 88.4 11.6 
#50 0.3mm 134.7 7.6 1700.1 96 4 
#100 0.15mm 39.1 2.2 1739.2 98.2 1.8 
#200 0.075mm 15 0.8 1754.2 99 1 

 Pan 17.5 1 1771.7 100  
 

Sample Preparation and Curing 

The protocol provided for Work Order 3 at Penn State was followed for this test (Solaimanian, 

Appendix B).  

 

The reclaimed aggregates were air-dried for 24 hours. A moisture content test was performed on 

the air-dried material and the moisture content was determined as 0.08%, which indicated that 

air-drying the material in the lab removed nearly all of the moisture. The CSS-1H emulsion 

asphalt was heated in a 60 ℃ oven for 60 minutes prior to mixing. The reclaimed aggregates 

were batched and weighed carefully, and were mixed manually with the required amount of 

water for 90 seconds prior to adding the emulsion. After adding the emulsion, the mixing was 
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continued for at least 90 seconds to ensure the complete blending of reclaimed aggregates, water, 

and emulsion. The mix was then moved to the environmental chamber and was allowed to set for 

30 minutes at 42 ℃ before compaction. See Figures 1 and 2. 

 
Figure 1  Mixing of reclaimed aggregates, water and emulsion for preparing the specimens 
 

 
Figure 2  Mixed samples in the environmental chamber 

 

Specimens were compacted using the SuperPave gyratory compactor following AASHTO T 312. 

As the thicknesses of the specimens were below the minimum achievable thickness of the 

compactor, a disk of compacted hot-mix asphalt concrete was used as spacer to facilitate the 
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preparation of specimens. Following compaction, each specimen was labeled, moved back to the 

environmental chamber, and cured for an additional 72 hours at 42 ℃.   

 

Determination of Bulk and Maximum Specific Gravity of Specimens 
 

After the 72-hour curing period in the 42 ℃ environmental chamber, the compacted specimens 

were placed back at ambient temperature for 2 hours. Bulk specific gravity (Gmb) for each of the 

specimens was then measured, using the CoreLok® device (Figure 3), before performing the 

strength tests. 

 

 
Figure 3 Measurement of Gmb of specimens using the CoreLok® device 

 

The maximum theoretical specific gravity of the mix with emulsion (𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒) was calculated 

using Equation (1). 

    

  𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 = 𝐺𝐺𝐺𝐺𝐺𝐺(1+𝑝𝑝)

1+𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑝𝑝𝑏𝑏

 (1) 

Where 𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 represents the maximum theoretical specific gravity of the mix with emulsion, 

𝐺𝐺𝑚𝑚𝑚𝑚 represents the maximum theoretical specific gravity of the mix without emulsion, 𝑝𝑝 is the 

percent of emulsion in the mix (by mass of mix), and 𝐺𝐺𝑏𝑏 is the specific gravity of emulsion 

binder (From Appendix A). 
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Determination of Indirect Tensile Strength (IDT) of Specimens 

The tensile strengths of the specimens were measured according to ASTM D6931–12. Table 6 

summarizes the test results for the 19-mm specimens, while Table 7 presents the test results for 

the 37.5-mm specimens. 

 

Based on Table 6 and Table 7, the highest tensile strength has been achieved in specimens W4-1-

6 for 19-mm specimens, while in the case of the 37.5-mm specimens, the IDT of W4-2-5 

specimens were slightly higher, but as the IDT of W4-1-5 were significantly lower than the W4-

1-6 specimens, the desirable water content was considered as 2%, while the desirable emulsion 

content was selected as 3%.  The highest variability was observed with the 3% emulsion. 

However, for most of the tests, the results of the two replicates are reasonably close, indicating 

consistent material preparation and testing. Appendix C includes the results of the IDT testing on 

all specimens for Option A. 

Table 6  Summary of Test Results for Specimens with 19-mm Thickness 

Water  
(%) 

Emulsion  
(%) ID 

IDT 
Strength 

(kPa) 

Bulk Specific 
Gravity (Gmb) 

𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 
Air 

Voids 
(%) 

1 

2 
W4-1-11 276.21 2.031 2.377 14.5 
W4-1-12 299.92 2.004 2.377 15.7 

2.5 
W4-1-21 324.79 2.025 2.361 14.2 
W4-1-22 327.56 2.020 2.361 14.4 

3 
W4-2-31 285.25 2.036 2.346 13.2 
W4-2-32 328.16 2.031 2.346 13.4 

2 

2 
W4-1-41 323.58 2.030 2.377 14.6 
W4-1-42 300.11 2.027 2.377 14.7 

2.5 
W4-1-51 295.44 2.005 2.361 15.1 
W4-1-52 280.14 2.017 2.361 14.6 

3 
W4-1-61 453.16 2.037 2.346 13.2 
W4-1-62 455.71 2.031 2.346 13.4 

3 

2 
W4-1-71 358.22 2.005 2.377 15.6 
W4-1-72 347.64 1.994 2.377 16.1 

2.5 
W4-1-81 334.06 1.998 2.361 15.4 
W4-1-82 349.50 2.002 2.361 15.2 

3 W4-1-91 336.69 2.005 2.346 14.5 
W4-1-92 343.96 1.982 2.346 15.5 
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Table 7  Summary of Test Results for Specimens with 37.5-mm Thickness 

Water  
(%) 

Emulsion  
(%) ID 

IDT 
Strength 

(kPa) 

Bulk Specific 
Gravity (Gmb) 

𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 
Air 

Voids 
(%) 

1 

2 
W4-2-11 212.39 2.032 2.377 14.5 
W4-2-12 279.93 2.019 2.377 15.1 

2.5 
W4-2-21 368.38 2.044 2.361 13.4 
W4-2-22 358.96 2.042 2.361 13.5 

3 
W4-2-31 371.37 2.031 2.346 13.4 
W4-2-32 389.41 2.047 2.346 12.7 

2 

2 
W4-2-41 432.46 2.036 2.377 14.4 
W4-2-42 418.15 2.020 2.377 15.0 

2.5 
W4-2-51 431.41 2.033 2.361 13.9 
W4-2-52 442.62 2.035 2.361 13.8 

3 
W4-2-61 448.30 2.042 2.346 13.0 
W4-2-62 407.75 2.047 2.346 12.7 

3 

2 
W4-2-71 404.79 2.020 2.377 15.0 
W4-2-72 363.68 2.023 2.377 14.9 

2.5 
W4-2-81 426.52 2.030 2.361 14.0 
W4-2-82 430.97 2.017 2.361 14.6 

3 W4-2-91 457.62 2.035 2.346 13.3 
W4-2-92 415.57 2.001 2.346 14.7 

 

Raveling Test 

Durability of cold mixes is always of great concern in any application. While strength is an 

important indicator, it is not a reliable measurement of how well the mix will last once exposed 

to traffic loading and harsh conditions. Mixes that are not adequately durable will ravel 

prematurely. One of the tests proposed to evaluate durability and raveling potential of cold mixes 

is known as the raveling test. This test was performed to evaluate the resistance of the specimens 

against raveling.  

 

For this purpose, three specimens with established mix proportions were prepared following the 

procedure previously described. Table 8 summarizes the properties of the specimens prepared for 

the raveling testing. The prepared specimens were tested for air content prior to testing for 

raveling. The raveling test was conducted following ASTM 7196-12. Figure 4 illustrates the 

instrument, while Figure 5 shows a specimen before and after running the test. The procedure of 
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testing for raveling consists of measuring the initial weight of the specimen, running the raveling 

test for 15 minutes, and calculating the mass loss due to raveling. Table 9 includes the results of 

the testing for raveling. Based on the observation that the mass loss due to raveling is very small, 

the samples that were prepared using this procedure for preparation and curing are showing good 

resistance to raveling.  

 

Table 8  Mix Proportion of Specimens for Raveling Test 
  Water Emulsion Height (mm) Diameter (mm) 

W4-R-1 
2 3 65 150 W4-R-2 

W4-R-3 
 
 

Table 9  Summary of the Results of Raveling Test 
  Initial Weight (g) Final Weight (g) Weight Loss (%) 

W4-M-1 2411.5 2410 0.062 
W4-M-2 2407.7 2406.4 0.054 
W4-M-3 2415.2 2414.7 0.021 

 
 
 
 

 
Figure 4  Raveling test equipment 
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Figure 5  Specimens for the raveling test: before the test (top) and after the test (bottom) 
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Option B — Cold Mix for Binder Course or Low-Volume Secondary Roads 

 

As discussed in the Task 3.1 report, by adding a lower-quality aggregate to replace the scalped 

No. 8 material, a cold mix suitable for a low-volume secondary road or binder course might be 

produced. This task consisted of initial laboratory work to determine the aggregate blend and 

optimize the emulsion and water content. 

 

Blending of Aggregates 

The reclaimed material used for this part of the test was acquired from the same stockpile as the 

material used in option A; however, a new sieve analysis was performed to determine the desired 

gradation, because of blending the millings with the coarse aggregate. To replace the scalped #8 

aggregates from the millings, it was decided to blend the millings with virgin type C aggregates. 

A sieve analysis was performed on these virgin materials. Table 10 summarizes the results of 

sieve analysis on both the reclaimed millings and the virgin aggregates. Figure 6 and Figure 7 

present the gradation charts for the reclaimed millings and the virgin A67 aggregates. 

 

Table 10  Results of Sieve Analysis on the Reclaimed Millings and the Virgin Aggregates 
Sieves Materials (% Passing) 

US 
units 

SI, mm 
units A67 Reclaimed 

1 25 100.000 100.000 
3/4 19 92.721 100.000 
1/2 12.5 53.181 100.000 
3/8 9.5 25.423 98.270 
#4 4.75 3.141 96.354 
#8 2.36 1.390 72.101 
#16 1.18 1.258 37.188 
#30 0.6 1.234 18.764 
#50 0.3 1.214 8.883 
#100 0.15 1.174 3.393 
#200 0.075 0.994 1.624 
Pan 0 0.000 0.818 
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Figure 6  Gradation of the reclaimed millings 

 

 
Figure 7  Gradation of the virgin aggregates 

 
These materials were blended to achieve an aggregate meeting AASHTO M 323 requirements. 

Table 11 shows the AASHTO M 323 designation. 

Table 11 AASHTO M 323 Designation for SuperPave Design (NMAS 19 mm)   
Standard Sieve (mm) Percent Passing Criteria 

25.0 100 
19.0 90-100 
12.0  
9.50  
2.36 23-49 
0.075 2.0-8.0 

 

Table 12 demonstrates the proportion of each aggregate to produce the blend, and Figure 8 

shows the gradation of the blend, along with the control zone. 
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 Table 12  Aggregate Proportion in the Blend 
Material Proportion in the Blend 

Reclaimed millings 0.55 
A67 virgin aggregates 0.45 

 

 
Figure 8 Gradation of the blended aggregates 

 

Mix Design and Proportioning 

To develop a cold mix suitable for binder course or low-volume secondary roads, a series of tests 

using the blended aggregates and one emulsion CSS-1H (Appendix A) were conducted. The cold 

mix was developed to optimize strength and density. A series of specimens was prepared and 

compacted at a range of emulsion and water contents. Tests were conducted using specimens 

with 62.5-mm (2.5 in) height. Table 13 summarizes the mix proportions of the test specimens. 

For each, density was determined and indirect tensile strength testing was conducted. 

Table 13  Summary of Mix Proportions for Option B 
Height (mm) Water (%) Emulsion (%) 

62.5 
 

2 
3.0 
3.5 
4.0 

3 
3.0 
3.5 
4.0 

4 
3.0 
3.5 
4.0 
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Sample Preparation and Curing 

The protocol provided for Work Order 3 at Penn State has also been followed for this testing 

(Appendix C). Due to the very high moisture content of the newly delivered materials, the 

reclaimed and virgin aggregates were air-dried for 72 hours. A moisture content test was 

performed on the air-dried reclaimed aggregates and the moisture content was determined as 

0.05%, which demonstrates the efficiency of air-drying in removing the moisture from the 

material. The CSS-1H emulsion asphalt was heated in the 60 ℃ oven for 60 minutes prior to 

mixing. The reclaimed aggregates and the virgin A67 aggregates were batched and weighed 

carefully, and were blended for 60 seconds before adding water. The blended aggregates were 

then mixed manually with the required amount of water for 90 seconds prior to adding the 

emulsion. After adding the emulsion, the mixing was continued for at least 90 seconds to ensure 

the complete blending of reclaimed aggregates, water and emulsion. The mix was then moved to 

the environmental chamber, and was allowed to set for 30 minutes at 42 ℃ before compaction. 

 

Determination of Bulk Specific Gravity of Specimens 

After the 72-hour curing period in the 42 ℃ environmental chamber, the specimens were moved 

to room condition (25 ℃) for 2 hours to reach the ambient temperature. Bulk specific gravities 

(Gmb) of the specimens were then measured using the CoreLok® device before running the 

strength tests. 

 

Determination of Indirect Tensile Strength of Specimens 

The tensile strengths of the specimens were then measured according ASTM D6931 – 12. Table 

14 summarizes the test results for the 62.5-mm specimens. It should be noted that the B-2-3.5-2 

specimen was very weak and was not fit for IDT testing. 
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Table 14  Summary of Test Results for Specimens with 62.5-mm Thickness 

Water 
(%) 

Emulsion 
(%) ID 

IDT 
Strength 

(kPa) 

Bulk Specific 
Gravity (Gmb) 

𝐺𝐺𝑚𝑚𝑚𝑚𝑒𝑒 
Air 

Voids 
(%) 

2 

3 B-2-3-1 460.85 2.099 2.384 12.0 
B-2-3-2 449.42 2.113 2.384 11.4 

3.5 
B-2-3.5-1 0.00 2.136 2.368 9.8 
B-2-3.5-2 0.00 0.000 2.368 n/a 

4 
B-2-4-1 451.28 2.112 2.353 10.3 
B-2-4-2 501.00 2.145 2.353 8.8 

3 

3 
B-3-3-1 480.42 2.140 2.384 10.2 
B-3-3-2 405.86 2.151 2.384 9.8 

3.5 
B-3-3.5-1 420.79 2.121 2.368 10.4 
B-3-3.5-2 405.86 2.136 2.368 9.8 

4 
B-3-4-2 554.76 2.037 2.353 13.4 
B-3-4-2 500.26 2.031 2.353 13.7 

4 

3 
B-4-3-1 410.05 2.005 2.384 15.9 
B-4-3-2 466.10 1.994 2.384 16.4 

3.5 
B-4-3.5-1 373.04 1.998 2.368 15.6 
B-4-3.5-2 462.65 2.002 2.368 15.5 

4 B-4-4-1 404.36 2.005 2.353 14.8 
B-4-4-2 424.65 1.982 2.353 15.8 

 

Based on Table 14, the maximum tensile strength occurred for the B-3-4 specimens, with 3% 

moisture content and 4% emulsion content. These moisture and emulsion contents are both 

higher than the values found to be desirable for Option A (2% moisture and 3% emulsion 

content), which is rational considering the addition of the virgin material. The addition of the 

coarse aggregate increased the strength of the cold mix. Appendix D shows the results of the IDT 

on all specimens for option B. 
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Summary and Recommendations 
 

The Task 5.2 test results for both Option A and Option B indicate potential for application, and 

are recommended for field evaluation. The preferable option would depend upon the availability 

of materials and project needs.  

 

Option A uses only the fine reclaimed millings, requiring no use of virgin aggregates, and might 

be a suitable cold mix for a thin overlay project. The indirect tensile strength results for Option A 

are summarized in Figure 9 and Figure 10. Based on the reclaimed millings tested in this task, 

the desirable water content was recommended as 2%, while the desirable CSS-1H emulsion 

content was selected as 3%. The test specimens at this content produced indirect tensile strengths 

significantly above 300 kPa, which is a minimum relative acceptable benchmark. 

 

In addition to a field trial, for future development of mix design requirements for Option A, it is 

recommended that additional laboratory testing be performed to assess if an upper limit on 

indirect tensile strength should be included to improve long-term field performance. The 

research needed to assess and set such a limit would include both indirect tensile and fracture 

energy testing. 
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Figure 9  IDT Strength for the Option A laboratory specimens with 19-mm thickness 

 

Figure 10  IDT Strength for the Option A laboratory specimens with 37.5-mm thickness 

 

Option B incorporates virgin type C coarse aggregates into the cold mix with the reclaimed 

millings, and might be suitable as a binder course on a lower volume roadway. The indirect 

tensile strength results for Option B are summarized in Figure 11. Based on the reclaimed 
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millings tested in this task, and upon the addition of 45% virgin A67 type C aggregates, the 

maximum tensile strength occurred with 3% moisture content and 4% CSS-1H emulsion content.  

 

These results are acceptable for an Option B field evaluation, although consideration could be 

given to first also testing with 4.5% emulsion, based upon examination of Table 14 and Figure 

11. In addition, because of the addition of lower-quality virgin aggregates to Option B, it would 

be prudent to consider moisture damage resistance. Laboratory assessment of tensile strength 

ratio (TSR) and moisture damage is recommended. 

 

 

Figure 11  IDT Strength for the Option B laboratory specimens with 62.5-mm thickness 

 

 

0

100

200

300

400

500

600

3 3.5 4

Av
er

ag
e 

of
 ID

T 
St

re
ng

th
 (k

Pa
) 

Emulsion, % 

2% Water

3% Water

4% Water



A-1 
 

 

Appendix A 
 

Midland Specifications for CSS1-H Emulsified Asphalt 
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Appendix B 
 

Procedure for Preparation and Testing of Cold Mix Asphalt with 
Reclaimed Aggregates  
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Emulsified Cold Mixes Using Reclaimed Asphalt 

 

Procedure for Preparing Specimens and Conducting Mix Design  

 

Scope 

This procedure covers specimen preparation and required testing to establish mix design 
for cold mixes using reclaimed asphalt and emulsion. 

Apparatus 

Forced Draft Ovens: capable of maintaining temperature at 140 ºF to 300 ºF. 
Balances 
Sieves: ¾”, 12.5mm, 9.5mm, #4, #8, #16, #30, #50, #100, #200 and PAN 
Sample Splitter:  Suitable for splitting RAP into representative and similar samples 
Bucket Mixer 
Superpave Gyratory Compactor 
Pans 
Corelok Device for bulk and maximum density measurements 
Spatulas, trowels 

Materials 

Emulsions:  CSS-1h and CSS-1hp 
Reclaimed Asphalt (RAP):  500 pounds 

Specimen Preparation 

Moisture Content Determination:  

A representative sample of RAP must be used to determine the moisture content through 
oven drying at 230 ºF (110 ºC) to a constant mass. 

Drying Process: 

RAP must be spread in pans or spread on worktable to dry overnight.   

Sieve Analysis:  

RAP must be crushed manually or through manipulation using gentle impact of a rod to 
remove clumped pieces.  All materials larger than 3/4 inches must be scalped.  Only 
material passing 3/4 inch must be used. 

Conduct sieve analysis according to AASHTO T27 on three randomly selected samples 
of the RAP and determine gradation of each.  Establish an average gradation based on 
these three gradations.  Use this average gradation as the reference gradation.  
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Maximum Specific Gravity Determination (Gmm): 

Prepare two samples of dried RAP and measure Gmm using CoreLok device.  The loose 
RAP should be spread in a tray and cured at room temperature for 24 hours before 
measurement of Gmm. 

Determine the amount of Material Needed for Compacted Specimens: 

Use (1010  × Gmm) to determine the amount of  material needed to deliver the height of 
specimen between 62 and 66 mm. For the raveling test, the height of the specimen is 
decided based on requirements of ASTM 7196-12. 

Mixing/Curing Process: 

Blending with Water: Mix the prepared batch of RAP and tap water according to the 
water content given in Tables 1 through 4.  Mixing is conducted manually.  Continue 
hand mixing for 90 seconds.  Let the material sit for 2 minutes. 

Blending with Emulsion: The wetted RAP will be mixed with emulsion at room 
temperature according to the emulsion content given in Tables 1 through 4.  Blending 
emulsion with RAP takes place manually in a container suitable for such blending.  The 
RAP is maintained at room temperature and the emulsion is maintained at 140 ºF (60 ºC) 
temperature before mixing.  Mixing time will be 50 to 60 seconds.    

Curing:  Immediately after blending, the RAP-emulsion blend will be cured at 104 ºF 
(40C) oven for 30 minutes.   

 

Table B-1  Specimen Preparation Matrix for Density/IDT – Number of Gyrations = 35 
 Emulsion Content, % Total # of 

Specimens 
Water 

Content, % 0 1.5 2.0 3.0 3.5  

1 0 0 3 3 3 9 
2 3 3 3 3 3 15 
3 0 3 3 3 0 9 
4 3 3 3 0 0 9 

 

 

Table B-2   Specimen Preparation Matrix for Density/IDT – Number of Gyrations = 50 
 Emulsion Content, % 

Water Content, % Optimum from Table 1 
Optimum from Table 1 3 
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Table B-3 Specimen Preparation Matrix for Raveling Test 
 Emulsion Content, %  

Water 
Content, % 

0 Optimum 
– 0.5% 

Optimum  Optimum 
+0.5% 

Total # of 
Specimens 

Optimum 
from Table 

1 
3 3 3 3 12 

 

Table B-4 Specimen Preparation Matrix for Moisture Damage Test  

 Emulsion Content, % 
Water Content, % Optimum from Table 1 

Optimum from Table 1 8 
 

Compaction/Curing Process: 

Compaction: The cured material is placed in a perforated SGC mold and compacted to 
50  gyrations.  Compaction is conducted at room temperature and molds shall not be 
heated. Specimen must be extruded immediately after compaction.  If desired height is 
not achieved, the amount of material needs to be adjusted and the process repeated.  The 
number of specimens to be compacted is given in Tables 1 through 4.  Immediately after 
compaction, weigh the specimen.  Because of limitations on the mix curing time before 
compaction, mixing and compacting more than two specimens will require two persons.  
One person will conduct the mixing and a second person compacting samples and 
immediately weighing the samples after compaction.   

 

 Curing:  Cure the compacted specimens at 104 ºF (40 ºC) for 72 hours.  Let cool at room 
temperature for 2 to 3 hours before measuring Gmb.  After measuring Gmb the 
specimens are placed into a 25 °C environmental chamber for 2 hours, after which one 
sample at a time is then removed and tested. 

 

Density/Air Void Determination 

Measure the density of compacted specimens using the CoreLok device.  This 
measurement takes place after completion of the curing process according to the 
preceding section. 

Back-calculate Gmm for each mix with emulsion using the Gmm of the RAP mix 
previously measured. 

Determine air void of each specimen. 
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Measuring Indirect Tensile Strength (IDT) 

Immediately after completion of the 72-hour 40 ºC curing, the compacted specimens shall 
be cured at 77 º F (25 ºC) for 2 to 3 hours before IDT testing.  The IDT test must be 
conducted immediately afterward.  Measure indirect tensile strength of the specimens 
prepared for IDT using a deformation rate of 50 mm/min.   

Measuring Durability Using Raveling Test 

Follow ASTM D7196-12 for making, compacting, and curing the samples.   

Moisture Damage Evaluation 

At the completion of the 72-hour 40 ºC curing, the compacted specimens shall be cooled 
at room temperature for 2 hours and the Gmb should be measured using CoreLok.  Four 
of the specimens are randomly selected and processed for water conditioning based on 
the procedure described in PennDOT Bulletin 27 for moisture damage evaluation. After 
completion of conditioning, all 8 specimens are tested for IDT as explained under No. 6: 
Measuring IDT.
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Appendix C 
 

Results of Indirect Tensile Testing  
for Option A 
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Figure C1 IDT test results on W4-1-1 Mixes 

 

 
Figure C2 IDT test results on W4-1-2 Mixes 

 

 
Figure C3 IDT test results on W4-1-3 Mixes 
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Figure C4 IDT test results on W4-1-4 Mixes 

 

 
Figure C5 IDT test results on W4-1-5 Mixes 

 
 

 
Figure C6 IDT test results on W4-1-6 Mixes 
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Figure C7 IDT test results on W4-1-7 Mixes 

 

 
Figure C8 IDT test results on W4-1-8 Mixes 

 
 

 
Figure C9 IDT test results on W4-1-9 Mixes 
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Figure C10 IDT test results on W4-2-1 Mixes 

 

 
Figure C11 IDT test results on W4-2-2 Mixes 

 
 

 
Figure C12 IDT test results on W4-2-3 Mixes 
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Figure C13 IDT test results on W4-2-4 Mixes 

 
 

 
Figure C14 IDT test results on W4-2-5 Mixes 

 

 
Figure C15 IDT test results on W4-2-6 Mixes 
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Figure C16 IDT test results on W4-2-7 Mixes 

 

 
Figure C17 IDT test results on W4-2-8 Mixes 

 

 
Figure C18 IDT test results on W4-2-9 Mixes



D-1 
 

 
 

 

Appendix D 
 

Results of Indirect Tensile Testing  
for Option B 
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Figure D1 IDT test results on W4-B-2-3 Mixes 

 

 
Figure D2 IDT test results on W4-B-2-3.5 Mixes 

 

 
Figure D3 IDT test results on W4-B-2-4 Mixes 
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Figure D4 IDT test results on W4-B-3-3 Mixes 

 

 
Figure D5 IDT test results on W4-B-3-3.5 Mixes 

 

 
Figure D6 IDT test results on W4-B-3-4 Mixes 
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Figure D7 IDT test results on W4-B-4-3 Mixes 

 

 
Figure D8 IDT test results on W4-B-4-3.5 Mixes 

 
 

 
Figure D9 IDT test results on W4-B-4-4 Mixes 
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