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Aggregates:  
 

• It is a key component of highway pavement from the 

W.S to the Subgrade. 

 

 

 
 

    

 

 Many sources, many types, diverse properties. 
 

 Improper aggregate selection and use = Pavement 

failure.        
   

     So, it’s important to study the properties of 

aggregates 
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 3-1  Aggregate Sources and Types: 

Natural Aggregate Manufactured 

(Artificial)Aggregate 

- Steel Slag 

- Blast furnace Slag 

- Electric furnace slag 

Pit.  

(Non-Processed Agg.) 

-Gravel 

-Sand 

Quarry 

(Processed Agg.) 

Aggregate 

Crushing Machine (Crusher) 

Crusher Run Agg. 

or Crushed Agg. 

      Aggregate Gradation 

1- Dense (well) graded agg.                (Surface layer mixes) 

2- Open graded Agg.                           (Binder layer or surface drainage mixes) 

3- Gap graded Agg.                             (Mixes with rich asphalt cement) 

4- one-size Agg.                                  (Macadam or surface treatment) 

Application 

%Pass 

Sieve Size 

Dense 
Gap 

Open 



5 gradations 
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  3-1  Aggregate Sources and Types:  
 

 1)  Natural :   

         - Excavation            removal of overburden           quarrying 

                                                                         (digging, cutting, blasting) 

           -  Sand, Gravel, rocks :  

        -  Non- processed sand & Gravel 

        -  Processed: Granite, Basalt, Limestone, Dolomite, …etc.  
 

-  Processing: 

    Quarrying (digging, cutting, blasting)           crushing          sieving 

    & dirt removing          stock piling           use in construction  

  

2) Manufactured (artificial) :  blast furnace slag (light weight agg.)  
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 3-2 Desirable Properties of Aggregates 
1- Cleanliness:     

                      Free from organic materials, Clay dust or any foreign substances. 

2- Toughness: 
                       Resistance to abrasive wear during processing, placing, and compaction. 

3- Soundness: 
                       Durability measures, resistance to weather action. 

4- Particle shape: 
                       Minimum flat and elongated particles 

5- Surface texture: 
                      Rough surface texture provides better friction between particles. 

6- Absorption: 
                     more absorption would improve adhesion between agg. And asphalt. 
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Laboratory Tests for Aggregate  Properties    

Agg. Property                                 Test Used 
   Cleanliness                    Washed sieve size Analysis or sand-equivalent  

                                           test. 

   Toughness                      Loss Angles Abrasion Test.  

   Soundness                      Magnesium Sulphate Test (Soaking-Drying  

                                           cycles) 

  Particle shape                % Flat and Elongated particles. 

  Absorption                    Absorption test. 

  Affinity for Asphalt      Marshal relative Stability Test. 

  Specific Gravity            Specific gravity test 

  Strength                         California Bearing Ration ( CBR ) test                                                      
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 Desirable Properties of Aggregates 
 

a)  Affecting strength (Load): 
 1- Strength & Toughness : 

      - Resist loads (construction or traffic) without breakdown  

         or degradation 

      - Open-graded tend to break easily  

Tests :  

 - Crushing resistance                 Los Angeles Test (metal drum, 

   12 steel balls, rotate 500 times @ 32 rpm, impact, % pass # 12 

   = LA abrasion)  
 

 - Load carrying                  CBR Penetration test.  (California 

    bearing Ratio)  
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b)  Affecting Durability ( Weathering): 

1- Hydrophobic character: 

    -  Hydrophilic (water loving) agg.          Bit. Displaced by 

        water            stripping  

    -  Hydrophobic (water hating) agg.           Good adhesion 

       between agg & Bit. 
 

Tests : Immersion compression test (asphalt mix) 

            dry sample (store in air)            compression     

            soak in water          compression.    Reduction in strength 

 

2- Soundness :  Disintegration under the effect of weathering 

                           (water, freez) 
 

Test:  Crumbling under soaking / overdrying cycles. 
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2- Particle shape :  -  Mechanical Resistance to displacement 

                                  vie interlocking 

                               -  Angular shapes are better than  

                                  elongated or thin shapes.  

 3- Surface texture : Rough texture resists skidding and gives 

                                 good friction 
 

 4- Porosity: -  low porosity is needed for better adhesion 

                        with bitumen 

                     -  No or high porosity is not good 
 

Tests :   % water absorption using  immersion test. 
  

  
 



17 

3-3 Gradation Requirements & Aggregate Blending 
 

  - Dense-graded 

  - Open-graded 

  - One-sized 



•  Uniformly graded 

-  Few points of contact 

-  Poor interlock (shape dependent) 

-  High permeability 

•  Well graded 

-  Good interlock 

-  Low permeability 

•  Gap graded 

-  Only limited sizes 
-  Good interlock 
-  Low permeability 

Types of Gradations 
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Base and Subbase 

 Materials 
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Base Layer : is granular material treated or untreated. 

Treated :   Stabilized or cemented with lime, Portland cement,  

                    asphalt cement,…….etc. 

Untreated:  Only aggregate (without additives). 

 

Both base and subbase materials are characterized by: 

      a) Soil Classification methods. 

      b) Aggregate Evaluation Tests (LOA, Soundness,  ….etc). 

      c) California Bearing Ratio (CBR). 

      d) Plate Bearing Test. 

3-4  Base and Subbase Materials  
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Types of Base Course 

Untreated Base Courses treated Base Courses 

Cement treated 

bases  

Asphalt treated 

Bases 

Chemical treated 

bases  

Granular Base Courses 

The most common type 

(Pure agg. with gradation 

requirements) 

Macadam Base Courses 

(one size agg.) 

Penetration 

 Macadam 

Water-Bound 

 Macadam 

Dry-Bound 

 Macadam 

(Dust interlock and Friction) (Friction + Cementation) (Cementation) 

Crushed Rock multi-layers 

Los Angles Abrasion ≯ 50% 

Water Liquid Asphalt 
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Requirements for Granular Sub-Base Layer : 

 Gradation Requirements 

 L.L. ≯ 30 %            

 P.I. ≯ 8 % 

 CBR ≮ 25 % for access & local Roads and ≮ 40% 

for main Roads with no Swelling 

 Crumbling for coarse aggregates (retained on   

sieve  # 4) ≯ 10 % 

 Absorption ≯ 10 % 

 No organic materials or other dirts. 
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Requirements for Granular Base Course : 

    Gradation Requirements 

   LOA ≯ 50 % (after 500 cycle). 

   L.L. ≯ 25 %            

   P.I. ≯ 6 % 

  CBR ≮ 60 % for access & local Roads and ≮ 80% 

for main Roads with no Swelling 

  Crumbling for coarse aggregates (retained on   

sieve  # 4) ≯ 5 % 

 Absorption ≯ 10 % 
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