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Performance of Different Classes of 
Hot Bituminous Pavement 

Purpose and Need 

The purpose of the study is to determine how the performance of Class 27, 29, 

31, and 33 are different due to their various percentages of fractured faces. The 

classes of aggregates will be compared to each other to determine if lower classes of 

aggregates should be allowed for high volume highways under heavy loads. 

Objective 

Availability of good quality aggregate is becoming scarce in areas within the state 

of North Dakota. Current specifications require different percentages of fractured faces 

depending on the class of Hot Bituminous Pavement (HBP). The objective of this 

research project is to evaluate performance of Class 27, 29, 33 aggregates and an 

experimental mix when used on high volume roads. 

Scope 

The North Dakota Department of Transportation (NDDOT) will construct test 

sections comprised of several different classes of HBP. These test sections will be 

used to evaluate the performance of different HBP under heavy loads. 
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Location 

 The test sections will be part of the project IM-1-094(040)193.  

located on Interstate 94 from the west Kidder County line to just east of the Dawson 

Interchange.  sections will be constructed on the westbound lanes.  

westbound lanes will be overlaid from Reference Point (RP) 193.111 to RP 195.000, RP 

197.000 to RP 203.000, and RP 208.000 to RP 209.359 for a length of 9.248 miles.  

The map in Figure 1 identifies the project location. 

  

Figure 1 – Project Location 

IM-1-094(040)193, Kidder 
County Line to E of Dawson 

This project is 

The test The 
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Project Historical Information 

RIMS Data 

RP 193.1110 to RP 195.0000 and RP 197.0000 to 203.0000 

Surface Components  Left Shld. 
Width 

Roadway 
Width Right Shld. Width Year Material Depth 

Grade - 48.0 - 1965 - - 
Aggregate Base - 27.0 - 1966 - 3.0 

Cont - Reinforced PCC - 24.0 - 1966 - 7.0 
Aggregate Base 13.1 - 7.7 1966 - 3.7 

Plant Mix Bit Base 11.9 - 5.8 1966 120-150 2.0 
HBP 10.0 - 3.0 1966 120-150 3.0 

Contract Chip Seal 10.0 - 3.0 1981 MC-3000 - 
Concrete Pavement Rep - - - 1983 - - 
Maintenance Gravel SE - - 3.0 1987 - - 
Concrete Pavement Rep - - - 1988 - - 

District Sand Seal 10.0 - 3.0 1992 RCLMITE - 
HBP - 24.0 3.0 1997 120-150 3.7 
HBP 10.0 - - 1997 120-150 2.4 

Safety Enhancements - - - 1997 - - 
Federal Aid Chip Seal - 27.0 - 1999 MC-3000P - 
Federal Aid Chip Seal - - 10.0 1999 MC-3000P - 

Table 1 

Design 

 All of the test sections were designed with identical asphalt thickness and applied 

over existing continuously reinforced concrete pavement (CRCP).  

sections are two miles long and located in the westbound driving lane.  

located from RP 197 to RP 199.  

section 3 is located from RP 201 to RP 203.  

remainder of the project.  -section is shown below. 

Figure 2 – Typical Section 

All of the test 

Test section 1 is 

Test Test section 2 is located from RP 199 to RP 201.  

The control section was used for the 

A typical cross



Test section one is a standard Class 27 HBP (no additional crusher fines will be 

added to the mix). Test section two is a standard Class 29 HBP. Test section three is 

an experimental mix where eighty percent of the total mix shall be produced by a 

mechanical crushing process (the gradation tolerances allowed for in Section 409.04 

P.2 of the NDDOT specifications will be in effect). Each test section is two miles long 

only in the driving lane of the roadway. Class 33 HBP was used on the reminder of the 

project as a control section. 

Mix Designs 

The Bismarck District developed the mix design for test sections one, two and 

the control section. The Contractor developed the mix design for test section three. 

The Contractor submitted a complete mix design to the Materials and Research lab for 

section three.  The Materials and Research lab verified the Contractors mix design. The 

aggregate was separated on each sieve and batched back by weight retained on each 

sieve. 
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Aggregate Gradation 

The gradation requirements for Classes 27, 29, Experimental Mix, and 33 are 

shown in Table 2. 

Percent Passing Test Section 1 
(Class 27) 

Test Section 2 
(Class 29) 

Test Section 3 
(Experimental 

mix) 

Control Section 
(Class 33) 

3/4" 100 100 100 100 
5/8" 100 100 - 100 
1/2" 70-100 70-100 - 70-100 
3/8" - - - -
No.4 40-70 40-70 20-80 40-70 
No.8 33-55 33-55 15-65 33-55 
No.16 25-45 25-45 - 25-45 
No.30 15-35 15-35 - 15-35 
No.50 10-30 10-30 - 10-30 
No.200 2.0-9.0 2.0-9.0 2.0-8.0 2.0-9.0 
Shale 5% 5% 5% 5% 

L.A. Abrasion 40% 40% 40% 40% 
Plasticity Index 3 3 3 N.P. 

Fractured Faces1 50% 50% 95% 
Crushed Fines2 - 50% 

80% of total mix 
80% 

1Mininum weight percentage allowable for the portion of the aggregate retained on a No. 4 sieve having at least 1 fractured 
face for Class 33 and 2 fractured faces for Class 27 and 29. 

2Minimum percentage of material passing a No. 4 sieve that is composed of fractured material produced by a crushing 
process. The Contractor shall demonstrate that the crushing operation produces this result. 

Table 2 

Asphalt Mix Properties 

The laboratory mix design with aggregate and asphalt proposed for the project 

shall have the following properties: 

Number of Blows: 

Air Voids: 

Stability (lbs): 

Flow (0.01 in): 

V.M.A. (% min if % passing No.4 > 45): 

V.M.A. (% min if % passing No.4 # 45): 

Percent Passing No. 200 Sieve/ 
Effective Asphalt Cement Ratio 

50 

4.0 

1800 

8 -16 

15 

14.5 

0.6 – 1.3 
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Construction 

Project IM-1-094(040)193 was constructed in Kidder County in 1997. The project 

Engineer was Doug Fercho and the prime contractor was Anderson Western, Inc. The 

project bid price was $3,153,950 for Alternate #2. 

The project underwent its construction without problems other than one change 

order. Section 3 originally was designed with Class 33. Change Order 3P 3C was 

established because the A.C. content was too low. The aggregate blend would need to 

allow for more A.C. without adversely affecting voids and reducing the P200 material 

would accomplish this. The VMA was at 12.1% well below the desired 14%. Reducing 

the P200 would increase the voids and allow for more A.C. at the required 4% air voids. 

The P200 material was reduced by adding washed crusher dust to the mix design. After 

the washed crusher dust was added the P200 material was reduced from 8.5% to 6.2%, 

and a new mix design was developed. The new mix design consisted of 80% total that 

a mechanical crushing process produced for the mix. The gradation specifications 

applied to this mix design follows the North Dakota Department of Transportation 

Specifications 409.04 P.2. 

Evaluation 

The evaluation period for this project was to be five years. The items to be 

evaluated are: 

1. Accumulated ESALs versus rut depth 

2. Ride 

3.	 Cracking Pattern 

The traffic for each year can be seen in the Tables 3 and 4. 
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Reference Point 193.1081 to 201.1790 
Year *ESAL's **AADT Truck AADT 

2002 2060 6621 1630 
2001 2030 7100 1678 
2000 1827 7005 1654 
1999 1607 5752 1451 
1998 1625 5652 1278 

* Equivalent Single Axle Load 
** Average Annual Daily Traffic 

Table 3 

Reference Point 201.1790 to 208.0000 
Year *ESAL's **AADT Truck AADT 

2002 2070 7100 1725 
2001 2070 7100 1725 
2000 1770 6700 1475 
1999 1590 6600 1325 
1998 1625 6880 1250 

* Equivalent Single Axle Load 

** Average Annual Daily Traffic 

Table 4 

The rutting score may be one of the most important factors determining the 

success of the research project.  The differences in fractured faces will effect how the 

asphalt ruts under existing traffic. 

The difference in rut from the 1997 RIMS data to the 2002 RIMS data can be 

seen in Chart 1.  From Chart 1 it can be seen that the rut from the lower classes of HBP 

is higher then the rut of the higher classes of HBP.  This evaluation of rut depth 

corresponds to how the differences in HBP classes behave.  Below in Chart 2 through 5 

the rut for each year can be seen for each section.  It appears the initial traffic after 

construction effected the rutting the most.  The rut for each section did not change much 

after the first year of traffic.  Chart 1 will show the average depth difference, in rut from 

1997 to 2002, between the three experimental sections and control section. 

staylor
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Chart 5 – Average annual rut for the Control Section (Class 33) 

The ride scores for each mile of this project were categorized as Good in 2002. 

The scores for the test sections and control sections scored well in RIDE, International 

Roughness Index (IRI), Distress, Rut, and Public Ride Perception Index (PRPI) can be 

seen in Tables 4 and 5. The different scores can be seen in the tables below and 

Appendix B. Table 5 is a scoring chart for IRI and RIDE scores. 

R
u

t 
(i

n
ch

es
) 

1997 
1998 
1999 
2000 
2001 
2002 

RIDE 1997 
to Present 

IRI 
In/Mile 

Excellent 4.01 - 5.00 0 - 60 

Good 3.25 - 4.00 61 - 95 

Fair 2.50 - 3.24 96 - 132 

Poor 0.00 - 2.49 133 - > 

Table 5
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1997 Reference 
Point 

Section 

Aggregate 
Mix Ride IRI 

(in/mi) 
Distress 

Score 

 Average 
Rut per 
Mile (in) 

Public Ride Perception 
Index (PRPI) 

197 1 Class 27 4.45 41 96 0.00 Excl 
198 1 Class 27 4.55 36 99 0.00 Excl 
199 2 Class 29 4.65 32 99 0.00 Excl 
200 2 Class 29 4.71 29 99 0.00 Excl 

201 3 Experimental 
mix 4.59 34 99 0.00 Excl 

202 3 Experimental 
mix 4.53 37 99 0.00 Excl 

194 Control Class 33 4.48 39 99 0.00 Excl 

195 Control Class 33 3.81 69 99 0.00 Good 
196 Control Class 33 4.02 60 98 0.00 Good 
203 Control Class 33 4.33 46 89 0.07 Good 
204 Control Class 33 4.15 54 93 0.08 Good 
205 Control Class 33 4.13 55 93 0.05 Good 
206 Control Class 33 4.15 54 89 0.08 Good 
207 Control Class 33 4.06 58 89 0.09 Good 
208 Control Class 33 4.55 36 99 0.00 Excl 

Table 6 
 

2002 Reference 
Point Section

Aggregate 
Mix Ride IRI 

(in/mi)
Distress 

Score 

 Average 
Rut per 
Mile (in) 

Public Ride 
Perception Index 

(PRPI) 
197 1 Class 27 4.37 44 96 0.19 Good 
198 1 Class 27 4.50 39 98 0.17 Good 
199 2 Class 29 4.50 39 97 0.14 Excl 
200 2 Class 29 4.47 39 97 0.12 Good 

201 3 Experimental 
mix 4.42 42 94 0.11 Good 

202 3 Experimental 
mix 4.38 43 91 0.11 Good 

194 Control Class 40 4.28 48 97 0.08 Good 
195 Control Class 40 3.53 82 95 0.11 Fair 
196 Control Class 41 3.76 72 97 0.11 Good 

203 Control Class 42 4.17 53 82 0.16 Good 

204 Control Class 43 4.07 58 90 0.19 Good 
205 Control Class 44 3.88 66 89 0.14 Good 
206 Control Class 45 4.01 60 86 0.13 Good 
207 Control Class 46 4.00 60 91 0.22 Good 
208 Control Class 47 4.33 46 97 0.12 Good 

Table 7 



The cracking in this section is very minimal. Most of the cracks are transverse 

cracks running the whole width of the roadway, which can be seen in photo 1. There 

were no signs of alligator or block cracking. The different sections appeared to have the 

same type of cracking throughout the project. The pavement is being overlaid to extend 

the service life of the existing pavement 

Photo 1 
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Summary 

With the evaluation of this research project there was no significant 

difference in the performance of the different sections, except for the rut. Chart 1 

displays the rut data from RIMS that has occurred since the pavement was 

overlaid in 1997. This chart displays how the rut decreases as the class of 

aggregate increases. The RIDE, IRI, Distress, and PRPI scores have not 

changed much during the 5 year period of the evaluation. Most of the PRPI 

scores remain in the GOOD category. 

With the accumulated ESALs uniform throughout the project, the 

differences in the section properties reveal, for the evaluation period, that the 

lower class aggregate experienced more rutting then the higher classes of 

aggregate. Based on the abbreviated evaluation period the control section with 

Class 33 and experimental mix in section 3 performed better then the other 

classes of aggregate. With only 5 years of evaluation the performance of the 

asphalt after 20 years can not be predicted. The research project was ended 

since that section of roadway was scheduled for a HBP overlay. 

Recommendation 

The objective to evaluate the performance of different classes of HBP for 

high volume roadways is somewhat inconclusive given the short evaluation 

period of 5 years. Class 33 rut scores performed better than the other classes of 

aggregate. Class 27, 29, and the experimental mix rut scores were not that 

much worse than Class 33 however, the service life of flexible pavements does 

not track on a linear scale. It is recommended that a similar study be conducted 

over a longer evaluation period. An extended evaluation until “first failure” would 

help establish the economic cost/benefit for using lower class aggregate in HBP 

for high volume roads 
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