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Evaluation of Resilient Modulus and Structural Layer 
Coefficient of NovaChip Ultrathin Bonded Wearing Course

Authorization: 

PaveTex Engineering and Testing, Inc. was authorized by Mr. Marvin Exline of Koch
Pavement Solutions to perform Resilient Modulus testing on laboratory prepared
NovaChip specimens and determine structural layer coefficient of this material.

Scope: 

The scope of this work was limited to conducting Indirect Tensile Resilient Modulus Test
at three different testing temperatures and analyzing the test results to evaluate
characteristics of NovaChip under dynamic tensile loading. In addition structural layer
coefficient of NovaChip was to be determined from resilient modulus results at 68
degrees Fahrenheit.

 Research Approach: 

Test specimens utilized in this study were prepared by Koch Pavement Solutions
laboratory in Terra Haute, Indiana and shipped to PaveTex laboratory in Dripping
Springs for Resilient Modulus testing. The methodology outlined in the 1986 AASHTO
Guide For Design of Pavements was utilized to estimate Structural Layer Coefficient
from Resilient Modulus data obtained at 68 Degrees Fahrenheit. In addition to
conducting resilient modulus test at 68 F for the purpose of determining Structural Layer
Coefficient, resilient modulus was determined at 39 F and 104 F in order to determine
temperature susceptibility of NovaChip mixtures. Two different aggregate mixtures and
three different binder grades were utilized in the study. Each mixture was tested at three
different binder contents in order to determine effects of binder content on resilient
modulus and layer coefficient. Experimental Design is shown in Table 1.

Resilient Modulus Test:

Indirect Tensile Resilient Modulus Test was conducted in accordance with ASTM test
method D4123, “ Indirect Tensile Test for Resilient Modulus of Bituminous Mixtures “.
This test is conducted by applying a compressive load with a haversine waveform. The
load is applied vertically in the vertical diametral plane of a cylindrical specimen of
asphalt concrete as shown in Figure 1. The resulting horizontal deformation of the
specimen is measured and, with an assumed Poisson’s ratio, is used to calculate a
resilient modulus.  A typical deformation output is shown in Figure 2. Interpretation of
the deformation data shown in Figure 2 can yield two resilient modulus values. The
instantaneous resilient modulus (Eri) is calculated using the recoverable deformation that
occurs instantly during the unloading portion of one load cycle. The total resilient
modulus (Ert) is calculated using the total recoverable deformation which includes both
the instantaneous recoverable and the time dependant recoverable deformation during the
unloading and the rest-period of one load cycle. The test is typically performed over a
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range of temperatures and loading frequencies in order to determine temperature and load
duration sensitivity of the bituminous mixtures.

 Determination of Layer Coefficient:

The 1986 AASHTO Pavement Design Guide contains a methodology for determining
layer coefficient of bituminous mixtures based of resilient modulus results at 68 Degrees
Fahrenheit.  The chart for estimating layer coefficient based on resilient modulus (Eri) is
shown in Figure 3. There are some limitations in using this chart for determination of
layer coefficient. The data used in developing the chart is from dense graded mixes and at
the time this chart was developed majority of dense graded mixtures were made using
AC-10 and  AC-20 This method, however, is currently the only recognized method for
estimating load carrying capacity of bituminous mixtures. 

Materials: 

Test specimens consisted of 4 inches diameter by 2.5 inches tall specimens compacted in
a Superpave Gyratory compactor. Two different NovaChips mixtures proposed for use in
two Texas Department of Transportation projects were utilized for this study. These
mixtures are identified as San Antonio and Dallas mixtures. Combined gradation of each
mixture and the asphalt content are presented in Table 2. Koch Pavement Solutions
Laboratory in Terra Haute designed both mixtures. Koch mixture design summaries are
shown in attachments 1 and 2 for San Antonio and Dallas mixtures, respectively. As
shown in Table 2, combined gradations of both mixtures are very similar.  

Three different binder grades were utilized with each mixture. These binder grades were
PG 64-22, PG 70-28 and PG 76-22. The aggregates utilized in this study were limestone
and sandstone for San Antonio and Dallas Mixtures, respectively. NovaChip mixtures in
Texas are typically designed using PG 76-22. The purpose of evaluating these mixtures
with three different binder grades was to determine influence of binder grade on layer
coefficient and resilient modulus of NovaChip. Each mixture was compacted and tested
at three different binder contents.  

Testing Program:

Resilient modulus is a non-destructive test. Each test specimen was tested at each of the
three different test temperatures. Specimens were tested at 39 F and allowed to rest at
room temperature for one day then tested at 68 F. After testing at 68 F, specimens were
allowed to rest at room temperature for at least one day, and then tested at 104 F.
Specimens were placed in an environmental chamber for three hours at test temperature
prior to testing. At each test temperature, specimens were tested at testing frequency of
0.33, 0.5 and 1.0 cycles per second. As mentioned previously, determination of layer
coefficient from resilient modulus is based on resilient modulus results obtained at 68 F
at a frequency of 1.0 cycle per second. The additional test temperatures and frequencies
were utilized in order to evaluate the elastic properties NovaChip over a range of loading
frequencies and test temperatures. 
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Discussion of Test Results:

Test results for individual specimens are presented in Tables 3A, 3B, 3C and 4A, 4B, 4C
for San Antonio and Dallas mixtures, respectively. As shown in these tables, for each
specimen at each testing condition two separate resilient modulus values are measured
and reported. These values are identified at Eri and Ert . Both resilient modulus values
(Er) are calculated in accordance with the formula for calculating resilient modulus
presented contained in ASTM test method D4123. Eri designates resilient modulus
calculated using instantaneous portion of the recovered deformation while Ert is
calculated using the total recovered deformation. The difference between total and
instantaneous deformation is the amount of permanent deformation, which is retained by
the specimen and never recovered. A large differences between Eri and Ert maybe an
indicator of propensity of the mixture to rutting. As shown in Tables 3A, B, C and 4A, B,
C, the differences between Eri and Ert for NovaChip mixtures utilized in this study
appear to be insignificant. Average Eri for each test condition are presented in Tables 3
and 4. Average Eri values are used to calculate layer coefficient.

Relationships between testing frequency and resilient modulus are shown in figures 4 and
5 for San Antonio and Dallas mixtures, respectively. As shown in these figures, testing
frequency does not influence resilient modulus of NovaChip mixtures. As expected, test
temperature has a significant effect on resilient modulus.

Relationships between binder content and resilient modulus are shown in figures 6 and 7
for San Antonio and Dallas mixtures, respectively. As shown in these figures, neither the
binder content nor the binder grade does significantly effect resilient modulus. This lack
of dependence on binder content or grade is likely due to the aggregate structure of
NovaChip. NovaChip mixtures are designed to have an aggregate skeleton, which yields
rock-on-rock contact between the coarse aggregates. Due to this rock-on-rock skeleton,
the aggregate skeleton and not the binder carry load. Therefore, within limits of the
mixture design, variations in binder content will not influence load carrying capacity of
NovaChip. However, as with any other bituminous mixture, extremely low or high binder
contents may result in raveling or flushing. Binder grade is also likely to influence
raveling or flushing susceptibility.

As mentioned in preceding sections, one of the objectives of this study was to determine
structural layer coefficient of NovaChip mixtures. As shown in figure 3, structural layer
coefficient is a function of resilient modulus at 68 degrees Fahrenheit. The maximum
value of structural layer coefficient shown in figure 3 is approximately 0.45 which
corresponds to approximately 500 Ksi resilient modulus. As shown in Tables 3 and 4 and
illustrated in figures 6 and 7, resilient modulus of NovaChip mixtures exceeds 500 Ksi at
68 degrees Fahrenheit and 1 cycle per second for all binder grades and binder contents.
The lowest calculated layer coefficient is 0.469 (San Antonio mixture at 5% PG 70-28 for
533 Ksi) and the highest calculated layer coefficient is 0.548 (Dallas mixture at 4.5% PG



PaveTex Engineering and Testing, Inc. Page 5 of 15

76-22 for 840 Ksi). Therefore, NovaChip mixtures evaluated in this study may be
assigned a layer coefficient of at least 0.45. 

Conclusions:

Based on the results obtained in this study and discussed in proceeding sections, the
following conclusions are warranted:

1. For all binder grades and binder contents, Structural Layer Coefficient of both
NovaChip mixtures evaluated in this study, exceeded the maximum value
shown in the figure contained in AASHTO design guide and presented in this
report. Therefore, NovaChip mixtures evaluated in this study maybe assigned
layer coefficient of at least 0.45. This value exceeds the layer coefficient value
of 0.35, which is currently assigned to most hot mix pavement layers by most
agencies.

2. There is no practically significant difference between Eri and Ert in the
majority of specimens tested in this study. This would indicate low propensity
of these mixtures to rutting as evaluated in resilient modulus test. However,
resilient modulus test results may not be a good indicator of rutting
susceptibility, due to tensile nature of the loads applied in this test.

3. The relationship between Eri and frequency was found to be inconsistent with
varying temperatures. 

4. In general there is no consistent relationship between binder content and
resilient modulus of NovaChip mixtures.

5. Resilient Modulus of NovaChip mixtures is not significantly affected by
binder grade.

6. Although binder content and binder grade may not have a significant effect on
load carrying capacity as measured by resilient modulus, as with other
bituminous mixtures, they may have a significant effect on other mixture
properties such as raveling or flushing.
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Figure 1. Indirect Tension Test

Figure 2. Typical load and deformation plot.



PaveTex Engineering and Testing, Inc. Page 7 of 15

Figure 2. Resilient Modulus Load and Deformation plots

Figure 3.  Relationship between Layer Coefficient and resilient modulus ( Ref. AASHTO design guide)

a1 = (0.4 Log(Mr/450)+0.44)



PaveTex Engineering and Testing, Inc. Page 8 of 15

Relationship Between Freq. and Mr
for PG 64-22 @ 5.0 % AC- San Antonio
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Relationship between Frequency and Mr for 
PG 64-22 @ 5 % AC-Dallas
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Relationship between % AC and
 Mr @ 1Hz for PG 64-22- San Antonio

0

200

400

600

800

1000

1200

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F

Relationship between %AC  and
 Mr @ 1 Hz for PG 70-28- San Antonio

0

200

400

600

800

1000

1200

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F

Relationship between %AC and
 Mr @ 1 Hz for PG 76-22-San Antonio

0

200

400

600

800

1000

1200

1400

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F



PaveTex Engineering and Testing, Inc. Page 11 of 15

Relatioship Between % AC and Mr @ 1 Hz for 
PG 70-28 Dallas

0

200

400

600

800

1000

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F

Relatioship Between % AC and Mr @ 1 Hz for 
PG 76-22 Dallas

0

200

400

600

800

1000

1200

1400

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F

Relatioship Between % AC and Mr @ 1 Hz for 
PG 64-22 Dallas

0
100
200
300
400
500
600
700
800
900

1000

4.5 % AC
5.0 % AC
5.5 % AC

39 F 68 F 104 F



PaveTex Engineering and Testing, Inc. Page 12 of 15

Table 2. Mixture Design Information

Sieve, % Passing San Antonio Dallas
1/2 " 90.0 92.0
3/8 " 71.0 65.0
# 4 38.0 35.0
# 8 25.0 25.0
# 16 18.0 19.0
# 30 14.0 15.0
# 50 10.0 12.0
# 100 7.0 9.0
# 200 4.5 4.9

Optimum Binder, % 5.0 5.0

Table 1. Experimental  Design

San Antonio
Binder Grade 64-22 70-28 76-22 64-22 70-28 76-22
4.5 % Binder X X X X X X
5.0 % Binder X X X X X X
5.5 % Binder X X X X X X

Dallas
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Table 4. Summary of Resilient Modulus Average Values for Dallas Mixture

39 F 68 F 104 F
1 Hz 0.5 Hz 0.33 Hz 1 Hz 0.5 Hz 0.33 Hz 1 Hz 0.5 Hz 0.33 Hz

Binder %AC Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi)
64-22 4.5 891 855 826 648 652 613 271 280 300

5 748 770 740 595 564 556 233 252 249
5.5 698 690 697 605 612 618 239 313 292

70-28 4.5 939 919 948 683 658 669 254 315 312
5 856 876 870 572 556 555 260 294 311

5.5 946 903 828 561 556 531 231 248 263

76-22 4.5 953 953 911 840 825 803 371 371 371
5 1108 1141 1105 560 527 509 336 440 465

5.5 1189 1187 1161 638 644 626 307 358 372

Table 3. Summary of Resilient Modulus Average Values  for San Antonio

39 F 68 F 104 F
1 Hz 0.5 Hz 0.33 Hz 1 Hz 0.5 Hz 0.33 Hz 1 Hz 0.5 Hz 0.33 Hz

Binder % AC Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi) Eri (ksi)
64-22 4.5 1095 1101 1067 601 585 601 252 284 296

5 911 916 952 682 715 683 256 294 282
5.5 840 867 810 594 610 594 276 302 314

70-28 4.5 1137 1091 1062 614 657 692 278 335 322
5 1017 1033 1021 533 521 526 288 336 311

5.5 1123 1192 1171 578 548 574 252 286 301

76-22 4.5 1144 999 1023 733 778 756 363 385 393
5 1089 1056 1078 693 717 708 339 361 375

5.5 1147 1104 1060 794 793 783 351 398 394
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