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MATERIALS 
 
ASPHALT PRODUCTS 
 
Asphalt Cement: 
 
Asphalt cement is the residue obtained by refining crude petroleum.  Asphalt cement, when heated, 
becomes workable and adheres to fine coarse aggregate particles and binds them together. 
 
NYSDOT uses the following grades of asphalt cement:   
 

AC  -  2.5, 5, 10, 15 and 20*   *Standard grade for 
PEN - 85-100*, 18-60, and 15-30  standard mixes 

 
Grades are based on penetration and viscosity 
 
Table 702-1 and 702-2 from the Spec. Book lists the asphalt cement grades, test limits and typical 
uses. 
 
Test Requirements: 
 
Viscosity - A measure of the flow characteristics (consistency).  Viscosity is a fluid’s resistance to flow 
(“fluid friction”).  Viscosity is measured in a capillary tube viscometer. 
 
Penetration - A measure of hardness and consistency.  A sample is brought to a specified temperature 
and tested by allowing a loaded needle to penetrate it.  The depth of penetration is measured. 
 
Flash Point - The temperature to which asphalt cement may safely be heated without the danger of 
instantaneous flash in the presence of an open flame (asphalt cement gives off vapors that can ignite). 
 
Solubility in Trichlorethylene - Determines the bitumen content (purity) of asphalt cement by measuring 
the insolubles left after dissolving a sample in trichlorethylene. 
 
Softening Point - Used to determine the temperature at which a phase change occurs in asphalt cement. 
 The ring and ball method is used for this test. 
 
Ductility - A measure of an asphalt cement’s adhesive qualities.  The distance a briquette of asphalt 
cement is stretched before it breaks is measured. 
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Thin Film Oven Test - Measures the hardening of asphalt cement.  Thin films of asphalt cement are 
subjected to a 325 deg. oven for five hours and then tested for penetration, viscosity and ductility. 
 
Liquid Asphalts (Cutback Asphalts): 
 
Cutbacks are made to reduce the viscosity of the asphalt when used at lower temperatures.  They are 
manufactured by blending petroleum solvents with asphalt cement.  Upon application of heat, the solvent 
evaporates leaving the asphalt cement residue on the surface of the aggregate or base.  Based on the 
rate of evaporation, cutback asphalts fall into three groups: 
 
Rapid Curing (RC) - Asphalt cement blended with a highly volatile diluent -- usually gasoline or 
naphtha.  Used for tack coat or surface treatments. 
 
Medium Curing (MC) - Asphalt cement blended with a medium volatile diluent -- usually kerosene.  
Used for prime coat or road mixing operations. 
 
Slow Curing (SC) - Asphalt cement blended with a low or non-volatile diluent.  Usually diesel fuel or 
oil.  Used for prime coat or dust control. 
 
NYSDOT uses only RC and MC cutback asphalts in the following grades: 

RC  -  30, 70, 250, 800, 3000 
MC -  30, 70, 250, 800, 3000 

 
Grades are based on viscosity. 
 
Table 702-3 and 702-4 from the Spec. Book have the Liquid Asphalt grades, test limits and 
uses. 
 
Test Requirements: 
 
% Water - Percentage of water in the product. 
 
Viscosity - Measure of flow characteristics. 
 
Distillation - Determines the proportions of asphalt cement and diluent.  Defines the rate of evaporation 
of diluent at different temperatures and how the cutback will cure. 
 
Tests on Residue from Distillation 

viscosity  - measure of flow characteristics 
ductility - measure of adhesive qualities 
solubility - measure of the purity of the residue 
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Cutbacks are not used often because: 
° They are not environmentally sound. 
° The expensive diluents that are used to make them are wasted into the atmosphere. 
° They are unsafe to use around flame and give off fumes. 

 
Emulsified Asphalts: 
 
Emulsified asphalts are made to reduce the viscosity of the asphalt when used at lower temperatures.  
They are manufactured by blending asphalt cement, water and an emulsifying agent.  The mixture is 
passed, under pressure, through a colloid mill to produce small globules (0.001 - 0.01 mm) of asphalt 
cement.  The emulsifying agent puts an electrical charge on the globules of asphalt cement so they repel 
each other and stay suspended in the water.  Emulsions fall into three types depending on the emulsifying 
agent used: 

Anionic - electro-negatively charged asphalt globules 
Cationic - electro-positively charged asphalt globules 
Nonionic - Neutrally charged asphalt globules 

 
Anionic and cationic are primarily used in highway construction. 
 
Aggregates have a positive, negative or mixed charge on the surface.  Mixing a charged aggregate with 
an oppositely charged emulsion causes the asphalt globules to react with the aggregate surface.  The 
reaction is an attraction which forces the water out from between them.  The water evaporates and the 
asphalt which is coating the aggregate “sets.”  The setting rate is controlled by the type and amount of 
emulsifying agent.  Emulsions fall into three categories based on how fast they set. 
 
Rapid Setting (RS) - Has little or no ability to mix with aggregate.  Used for surface treatments or 
penetration macadams. 
 
Medium Setting (MS) - Mixes best with coarse aggregate.  Used for cold mixes, penetration macadam 
or stabilization. 
 
Slow Setting (SS) - Mixes best with fine aggregate.  Used for slurry seals or stabilization. 
 
NYSDOT uses the following emulsion grades: 
 

Anionic RS-1, RS-2, HFRS-2, MS-2, HFMS-2, HFMS-2h, HFMS-2s, SS-1, SS-1h 
Cationic CRS-1, CRS-2, SMS-2, CMS-2h, CSS-1, CSS-1h 
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° The number following the grade indicates the viscosity and hardness of the base asphalt 
cements. 

° The letter “h” attached to the number indicates a harder base asphalt cement is used.  The 
letter “s” indicates an emulsion for stockpile mixes. 

° The “HF” preceding some of the grades indicates high float.  High float emulsions have 
chemicals added which produce a thicker asphalt film on the aggregate. 

° The letter “c” preceding the cationic grades simply indicates cationic. 
 
TABLE 702-5 from the spec book lists the anionic asphalt emulsion grades, test limits and 
uses. 
TABLE 702-6 from the spec book lists the cationic asphalt emulsion grades, test limits and 
uses. 
TABLE 702-9 from the spec book lists asphalt emulsion tack coat grades and test limits. 
 
Test Requirements 
* Viscosity - measures flow characteristics. 
* Storage stability - detects the tendency of asphalt globules to settle during storage. 
* Demulsibility - for RS and MS emulsions indicates the rate at which asphalt globules will set.  

Expressed as a percentage of “set” asphalt globules. 
* Cement mixing test - same as demulsibility test but performed on SS emulsions. 
* Stone coating - visual measure of how well the emulsion coats the aggregate after washing with 

water. 
* Sieve test - detects large asphalt globules by pouring an emulsion through a No. 20 sieve.  

Large globules do not coat properly. 
* Particle charge test - used to identify cationic emulsions.  An anode ( + electrode) and a 

cathode ( - electrode) are immersed in an emulsion and a charge is connected to them.  If a 
layer of asphalt forms on the cathode, the emulsion is cationic. 

* Residue by distillation - to determine the proportions of asphalt and water. 
* Oil distillate - obtained by the amount of oil left from the residue by distillation test. 
* Tests on residue from distillation 

- penetration - measure of hardness and consistency. 
- float test - test of consistency.  Uses float cup testing apparatus. 

* Tests on base asphalt 
- penetration - measure of hardness and consistency. 
- solubility in trichlorethylene - determines the bitumen content (purity) in base. 
- ductility - measure of the adhesive quality of the base. 
- flash point - the temperature to which asphalt cement may safely be heated without the danger 

of instantaneous flash in the presence of an open flame. 
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Portland Cement (Section 701-01) 
 
Portland cement is a hydraulic cement which is produced by grinding and mixing cement clinker and 
gypsum together.  Clinker mostly consists of calcium silicates, calcium aluminates and calcium 
aluminoferrites.  Gypsum mostly consists of calcium sulfate.  Many other ingredients are involved. 
 
Depending on the composition of the clinker and amount of gypsum used, different types of Portland 
cement can be manufactured for specific purposes.  Following are some of the different types of 
Portland cement: 

Type 1 - normal * 
Type 1A - normal, air entraining 
Type II - normal, moderate sulfate resistance * 
Type IIA - normal, moderate sulfate resistance, air entraining 
Type III - high early strength * 
Type IIIA - high early strength, air entraining 
Type IV - low heat of hydration 
Type V - high sulfate resistance * 
White Portland cement (NYSDOT Type 6) * 

 
*indicates used by NYSDOT 

 
When Portland cement comes in contact with water, it chemically reacts.  This reaction is called 
hydration.  During hydration, each cement particle forms “tentacle like” growths that interconnect and 
give cement its hardened mass and strength. 
 
Most of the strength development occurs within the first month if curing conditions (temperature and 
moisture) are favorable. 
 
Aggregates (Section 703) 
 
Aggregate - hard, inert materials such as sand, gravel or stone used for mixing with a cementitious 
material to form concrete. 
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NYSDOT uses only approved aggregate sources.  Sources are sampled and tested when: 
* a new source wants approval 
* a rejected source wants re-approval 
* the last test for a source is two years old 
* a change in the character of the processed aggregate occurs 
* the location of the source of raw material is shifted or a change in the character of raw material 

occurs 
* considered necessary by the Department 
 
An approved source must submit an annual report which consists of: 
* geologic source report (usually written by a geologist) 
* plant flow information (equipment, products made, etc.) 
 
Fine Aggregate 
 
TABLE 703-1 from the spec book lists the fine aggregate test limits for use in Portland 
cement concrete or bituminous concrete. 
 
Test Requirements: 
* Magnesium sulfate (5 cycles) - measures an aggregate’s resistance to disintegration due to 

wetting/drying action or freeze/thaw action.  A sample is submerged in magnesium sulfate for 18 
hours.  It is then removed and dried.  Repeat this cycle five times.  At the end of five cycles, the 
sample is washed, dried, sieved and weighed.  The percent loss is calculated. 

* Organic impurities - consists of the organic plate and gardener color tests.  Determines the 
presence of harmful organic impurities.  Samples are put in a solution and set for 24 hours.  The 
color of the sample and solution are compared to a reference solution.  A difference in color 
indicates the presence of organic impurities. 

* Fineness modulus - indicates the “fineness” of an aggregate.  Computed from sieve analysis.  
Used in mix designs. 

* Specific gravity - the ratio of the mass of the aggregate to the mass of an equal volume of water 
at the same temperature.  Used in mix designs. 

* Absorption - amount of water absorbed by an aggregate.  Used in mix designs. 
* % minus 200 - measures the material passing a #200 sieve.  Performed by weighing sample, 

washing sample with water until the water comes clean, drying and weighing the sample.  Minus 
200 material affects the bond between cement paste and aggregate and the performance of 
asphalt concrete. 

 
Course Aggregate 
 
TABLE 703-2 & 703-3 from the spec book list the test limits for stone and gravel products. 
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Test Requirements: 
* Magnesium sulfate (10 cycles) - same as fine aggregate 
* Freezing and thawing (25 cycles) - measures an aggregate’s resistance to disintegration due to 

25 cycles of freezing and thawing  the percent loss by weight is calculated 
* Los Angeles Abrasion Test - measures an aggregate’s toughness and abrasion characteristics.  

Aggregates are graded, then put in a drum with steel balls and tumbled.  After tumbling, the 
aggregate is graded and the additional material passing the #12 sieve is recorded.  This 
percentage is the Los Angeles Abrasion Number 

* Flat and elongated pieces - gives an indication of an aggregate’s particle shape.  Particles are 
analyzed to determine the amount of elongated particles (3:1, 5:1) present.  Limits are set on 
allowable amounts. 

* Crush count - measures an aggregate’s angularity.  Particles are analyzed to determine the 
number of fractured faces.  Limits are set on minimum amounts. 

* Specific gravity - same as fine aggregate 
* Absorption - same as fine aggregate 
* % minus 200 - same as fine aggregate 
* Deleterious material - affects an aggregate’s strength or strength of the material it is used in 
 
Primary Sizes 
 
Aggregates are crushed into certain sizes, known as primary sizes.  Typically, NYSDOT uses the 
Numbers 1A, 1, 2 and 3 sizes. 
 
For Portland cement concrete, Number 1 stone or a blend of Numbers 1 and 2 stone with sand is used. 
 For asphalt concrete, a blend of all four primary sizes with sand may be used depending on the type of 
mix. 
 
TABLE 403-4 from the spec book lists the required gradation for primary size stone and 
gravel products. 
 
Skid Resistance 
 
Proper skid resistance in pavements requires the use of high friction aggregates and proper design.  The 
skid resistance of a riding surface is dependent upon an aggregate’s texture, resistance to wear and 
polish, shape and size.  The shape and size of an aggregate particle is controlled by the crushing 
operation and affects the macro-texture of the pavement.  The texture and wear resistance of an 
aggregate particle is controlled by its mineralogy; simply put, the hardness and shape of the minerals that 
make up the aggregate.  These qualities affect the micro-texture of the aggregate and are related to skid 
resistance.  NYSDOT uses a test to determine the quality of an aggregate’s minerals.  An aggregate 
sample is weighed and subjected to 
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hydrochloric acid.  The amount of aggregate that dissolves is determined.  The material that remains is a 
residue that is insoluble in HC1 acid.  The test determines the percent of acid insoluble residue.  Our 
standard mixes require a minimum 10% acid insoluble residue.  Our rut avoidance and heavy duty mixes 
require a minimum 20% acid insoluble residue.  The RA (rut avoidance) and HD (heavy duty) mixes 
have stricter requirements because they are used on higher volume roads. 
 
Stripping 
 
Stripping is failure of the adhesion between asphalt cement and aggregate.  The adhesion between the 
asphalt cement and aggregate breaks down due to the presence of moisture.  There are four theories to 
explain stripping. 

Mechanical Theory - asphalt cement adheres better to aggregates with pores and a rough 
surface texture. 
Chemical Reaction Theory - when asphalt cement coats an aggregate, a chemical reaction takes 
place that affects adhesion.  The reaction is weaker with acidic aggregates. 
Surface Energy Theory - asphalt cement is mostly neutral in charge (non-polar) and when it 
coats an aggregate, it must coat it thoroughly for good adhesion.  Any water present adversely 
affects that adhesion. 
Molecular Orientation Theory - most aggregates have a charge on their surface and asphalt 
cement is mostly neutral in charge.  Water, on the other hand, has a charge and is strongly 
attracted to certain aggregates (granite, sandstone, quartz).  The attraction can “strip” the 
asphalt cement from the aggregate. 

 
Common ways to reduce stripping are by using non-strip susceptible aggregates, properly draining 
pavements or using chemical additives.  Properly drained pavements reduce the cause of the problem 
but are not totally effective.  Chemical additives give the asphalt cement a charge that is the opposite of 
the aggregate.  This produces better adhesion between the asphalt cement and aggregate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
























































































