
MnROAD AGGREGATE PHYSICAL PROPERTIES MEASURED 

WITH THE AGGREGATE IMAGING SYSTEM (AIMS) 

 
by 
 
 

Edward Ofori-Abebresse 
Graduate Research Assistant, Texas Transportation Institute 

 
 

and 
 
 

Amy Epps Martin 
Associate Research Engineer, Texas Transportation Institute 

 
 

as part of 
 
 

Texas Department of Transportation (TxDOT) Project 0-4688 
Project Title: Development of a Long-Term Durability Specification for Modified 

Asphalt 
 
 

Performed in cooperation with the 
 

Texas Department of Transportation 
 

and the 
 

Federal Highway Administration 
 
 
 
 

March 2006  
 
 
 
 

TEXAS TRANSPORTATION INSTITUTE 
The Texas A&M University System 
College Station, Texas 77843-3135 



MnROAD AGGREGATE PHYSICAL PROPERTIES MEASURED WITH THE 

AGGREGATE IMAGING SYSTEM (AIMS) 

INTRODUCTION 

The physical properties of aggregates have a direct correlation to the performance 

of a pavement in which they are used. Hot Mix Asphalt (HMA) stiffness, fatigue 

response, shear resistance and permanent deformation are some of the distresses for 

which aggregate shape, form and texture have an influence. Several methodologies have 

been identified and used to capture these physical properties either directly or indirectly. 

The Superpave system which includes standardized test methods ASTM D5821, 

AASHTO T304, and ASTM D4791 are some of the indirect measures of aggregate 

angularity and form. The Superpave system does not however include a protocol for the 

determination of aggregate texture which is also an important physical property of 

aggregates. 

The increasing capacity and performance of microcomputers and imaging 

technology facilitated the evolution of several imaging techniques to directly measure 

aggregate physical properties. Notable among these imaging techniques include the 

University of Illinois Aggregate Image Analyzer (UIAIA), the Laser Based Aggregate 

Analysis System, the UD-40 Video Grader and the Aggregate Imaging System (AIMS). 

(Alrousan 2004) 

AIMS was developed by Dr. Masad of the Texas Transportation Institute and is a 

promising methodology to characterize aggregate shape, form and texture. The results 

from AIMS have a direct relationship with the fundamental factors governing pavement 

performance. Applications of AIMS results in relation to several applications in 



pavement engineering were published and presented at conferences and seminars with 

topics including but not limited to: aggregate quality control and quality assurance during 

production, the relationship of aggregate shape and skid resistance measurements, and 

aggregate shape and texture and permanent deformation in HMA. The results from AIMS 

are also repeatable and reproducible (Bathina, 2005). 

SCOPE 

For this particular study, different aggregates from the Minnesota Road 

(MnROAD) Research Study were measured with AIMS. These different aggregates were 

used in different mix designs for the pavement sections currently under study in the 

MnROAD research project. The aggregates and their sources are as follows: 

• A partially crushed river gravel from Crow River Aggregates sourced from the 

Buffalo Bituminous Crow River Pit in Buffalo, Minnesota.  

• A 100% crushed granite from Meridian Aggregates sourced from Meridian 

Incorporated in St. Cloud, Minnesota (Stroup-Gardiner et al., 1997). 

• The Danner Class D and OttoPed Sand sourced from Danner Incorporated in St. Paul, 

Minnesota. 

METHODOLOGY 

The test equipment for AIMS is shown in Figure 1. The detailed description of the 

test methodology and equipment is found elsewhere (Alroussan, 2004 and Bathina, 

2005).  



 

Fig. 1 – The Aggregate Imaging System (AIMS) Set up 

The test sample consisting of 56 particles for coarse aggregates are placed on 

specified grid points on the measurement tray for scanning. For fine aggregate, a handful 

of the aggregate is spread uniformly on the measurement grid for scanning. A built-in 

camera unit captures images of the aggregates in black, white and gray format; and an 

attached software system evaluates the images and determines aggregate texture, 

angularity, sphericity and 2D form. For fine aggregate, 2D form and angularity are the 

only properties captured, as angularity and texture in fine aggregates has a direct 

correlation (Masad, 2001). For coarse aggregates, shape, texture, sphericity, 2D form and 

angularity properties are determined.  

The analysis of the scanned results is based on the captured images of the 

aggregate particles during the scan. A total description of the analysis process is reported 

elsewhere (Alroussan, 2004 and Bathina, 2005). The indices measured from this 

methodology are Angularity Index (radius and gradient methods), form index, sphericity 

index and texture index. 



Each aggregate type was wet sieved and separated into particle sizes. Particles 

retained on sieve sizes ½”, 3/8” and #4 were classified as coarse aggregates and were 

scanned for their texture, angularity and 2D form. Particle sizes which were retained on 

sieve sizes #8, #16, #30, #50 and #100 were classified as fine aggregates and scanned for 

their angularity and 2D form only. All particle sizes were washed thoroughly with 

distilled water to remove all forms of dust and debris which are possible sources of error 

in the measurements. Two replicate test samples per particle size per aggregate type were 

scanned and measured using AIMS.  

RESULTS 

A summary of the results obtained from the measurements is provided in Table 1.  

Table 1 – Aggregate Physical Properties measured from AIMS 

Aggregate Texture 
Gradient 

Angularity 

Radius 

Angularity 
Sphericity 2D Form 

Crow 

River 

Coarse 

181.6 173.0 2081.9 2361.1 8.820 8.917 0.7209 0.7123 6.221 6.767 

177.3 2221.5 8.869 0.7166 6.494 

Crow 

River Fine 
 

2616.1 2558.5 9.173 8.685   6.614 6.478 

2587.3 8.929  6.546 

Meridian 

CA-50 

313.5 319.8 3298.1 3427.4 10.680 10.478 0.6539 0.6656 8.071 7.865 

316.7 3362.7 10.579 0.6597 7.968 

Danner 1/2 

Class D 

155.1 193.4 3191.0 2839.0 10.651 10.263 0.6393 0.6455 8.362 8.014 

174.2 3015.0 10.457 0.6424 8.188 

Danner ¾ 

Class D 

200.4 193.5 3058.5 3274.0 9.309 9.926 0.7148 0.6869 7.085 7.344 

197.0 3166.2 9.618 0.7009 7.215 

Danner 

Crushed 

159.3 186.3 3559.7 3527.0 10.690 10.824 0.5887 0.6112 8.499 8.587 

172.8 3543.4 10.757 0.6000 8.543 

Otto-Ped 
118.1 125.0 2595.3 2684.6 9.596 9.380 0.7003 0.7006 6.982 6.868 

121.5 2639.9 9.488 0.7005 6.925 

A reference scale for the comparison of the aggregate properties according to Alroussan 

(2004) is provided in Table 2. 



Table 2 – Aggregate Physical Property Reference Scale for Comparison 

Aggregate Physical 
Property Range and Description 

Texture Scale 
High 

Roughness 
Moderate 
Roughness 

Low 
Roughness Smooth Polished 

> 460 350 - 460 275 - 350 165 - 275 < 165 
  Angular Sub-Angular Sub-Rounded Rounded   

Angularity - 
Gradient Method > 5400 3975 - 5400 2100 - 3975 < 2100   

Angularity - Radius 
Method > 15.25 10.65 – 15.25 8 – 10.65 < 8   

Form (Coarse) 
High 

Sphericity 
Moderate 
Sphericity Low Sphericity Flat/Elongated   

> 0.8 0.7 - 0.8 0.6 - 0.7 < 0.6   

Form (Fine) 
Circular Semi-Circular Semi-

Elongated Elongated   

< 6.5 6.5 - 8 8 – 10.75 > 10.75   

 

One of the outputs of AIMS is to provide a cumulative distribution plot of the 

percentage of particles that are within a particular range for the physical property in 

question, say high roughness for texture index determination. A summary of such 

cumulative distribution plots is shown in the appendix for all aggregates. 

SUMMARY 

From the results and comparison table as presented in Tables 1 and 2, the 

following summary in Table 3 is provided. 

Table 3 – Aggregate Property Summary 

Aggregate 
Aggregate Physical Property Description 

Texture Gradient 
Angularity 

Radius 
Angularity 

Form 
Sphericity 2D Form 

Crow River Smooth Sub - Rounded Sub - Rounded Moderate Sphericity Circular 

Meridian CA50 Low 
Roughness Sub - Rounded Sub - Rounded Low Sphericity Semi-Circular 

Danner 1/2 Class D Smooth Sub - Rounded Sub - Rounded Low Sphericity Semi-Elongated 
Danner 3/4 Class D Smooth Sub - Rounded Sub - Rounded Moderate Sphericity Semi-Circular 
Danner Crushed Smooth Sub - Rounded Sub - Angular Low Sphericity Semi-Elongated 
OttoPed Sand Polished Sub - Rounded Sub - Rounded Moderate Sphericity Semi-Circular 



Figures 2 through 6 shows a comparison of the aggregate physical property indices 

measured using AIMS. 
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Figure 2 – Aggregate Texture Indices 
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Figure 3 Aggregate Gradient Angularity Index 
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Figure 4 – Aggregate Radius Angularity Index 
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Figure 5 – Aggregate Sphericity Index 
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Figure 6 – Aggregat e 2D Form Index 

DISCUSSION AND FUTURE WORK 

Aggregate characteristics affect the stiffness and ultimately the fatigue response 

of HMA. To increase mixture stiffness, rough textured aggregates are used in dense 

gradations with adequate compaction (Monismith, 1970). The fatigue response of HMA 

is directly related to this stiffness property. The Meridian CA50 aggregate, which had the 

highest texture index, when used in a dense gradation is expected to exhibit the highest 

stiffness and ultimately the best fatigue resistance as compared to HMA mixtures made 

with all of the other MnROAD aggregates under investigation. 

Permanent deformation in HMA is influenced by the shape and gradation of 

aggregate particles contained in the mixture. Aggregate shearing resistance which is 

aided by good aggregate interlocking adds to mixture resistance to permanent 

deformation. Good aggregate interlock is provided through aggregates with adequate 



shape in a dense graded mixture. Judging from the AIMS shape indices it can be inferred 

that since all the aggregates are sub-rounded in terms of angularity they should be able to 

provide good aggregate interlock when used in a dense graded mixture and thus perform 

adequately in terms of resistance to permanent deformation. 

In the MnROAD research study, four of these aggregates (Danner ½” Class D, 

Danner ¾” Class D, Danner Crushed and OttoPed Sand) are used in a mix design with 

three asphalt binders (PG 58-28, PG 58-34 and PG 58-40) sourced from Koch materials 

for three cells in the MnROAD Low Volume Road. Loose HMA sampled from the 

mixing truck will be fabricated into 6” × 4” HMAC specimens and tested for fatigue 

resistance. The Calibrated Mechanistic with Surface Energy Measurements (CMSE) 

approach will be used to evaluate the fatigue resistances of the mixtures including the 

effect of aging on this fatigue resistance. The surface energies of these aggregates and the 

binders will be measured separately and the respective adhesive bond energies will be 

calculated. Adhesive bond energy is an input in the fatigue approach, CMSE. 

The fatigue resistances of the MnROAD mixtures will be compared to mixtures 

used in some selected Texas Pavements. In this study the effect of the AIMS aggregate 

characteristics on the fatigue resistance of two Texas mixtures which use the same binder, 

PG 76-22, at the same binder content, 5%, will be evaluated.  
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APPENDICES 

CROW RIVER PLOTS 
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AIMS Gradient Ang. An
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AIMS Radius Ang. Ana
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AIMS Sphericity I Ana
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AIMS 2D Form Analy
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