MATERIALS

ASPHALT PRODUCTS

Asphalt Cement:

Asphalt cement is the resdue obtained by refining crude petroleum. Asphat cement, when heated,
becomes workable and adheres to fine coarse aggregate particles and binds them together.

NY SDOT uses the following grades of asphat cement:

AC - 25,510, 15 and 20* *Standard grade for
PEN - 85-100*, 18-60, and 15-30 gandard 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 characterigtics (condgstency). Viscosty isafluid' s resstance to flow
(“fluid friction”). Viscodty is measured in a capillary tube viscometer.

Penetration- A measure of hardness and consistency. A sampleis brought to a specified temperature
and tested by alowing aloaded needle to penetrateit. The depth of penetration is measured.

Flash Point - The temperature to which asphat cement may safely be heated without the danger of
ingantaneous 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 | eft after dissolving asamplein trichlorethylene.

Softening Point - Used to determine the temperature at which a phase change occurs in asphat cement.
Thering and bal method is used for thistest.

Ductility - A measure of an agphdt cement’ s adhesive qudities. The distance a briquette of asphalt
cement is stretched before it breaks is measured.



Thin FHIm Oven Test - Measures the hardening of asphat cement. Thin films of agphdt 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 asphat when used at lower temperatures. They are
manufactured by blending petroleum solvents with asphat cement. Upon gpplication of hedt, the solvent
evaporates leaving the asphalt cement residue on the surface of the aggregate or base. Based on the
rate of evgporation, cutback asphalts fdl into three groups:

Rapid Curing (RC) - Asphdt cement blended with a highly volatile diluent -- usudly gasoline or
naphtha. Used for tack coat or surface treatments.

Medium Curing (MC) - Asphat cement blended with amedium volatile diluent -- usualy kerosene.
Used for prime coat or road mixing operations.

Sow Curing (SC) - Asphdt cement blended with alow or non-volatile diluent. Usudly diesd fud or
oil. Used for prime coat or dust control.

NY SDOT uses only RC and MC cutback asphdts in the following grades:
RC - 30, 70, 250, 800, 3000
MC - 30, 70, 250, 800, 3000

Grades are based on viscosty.

Table 702-3 and 702-4 from the Spec. Book have the Liquid Asphalt grades, test limitsand
uses.

Test Requirements:
% Water - Percentage of water in the product.
Viscogity - Measure of flow characterigtics.

Didillation- Determines the proportions of asphat cement and diluent. Defines the rate of evaporation
of diluent at different temperatures and how the cutback will cure.

Tedts on Residue from Didtillation
viscodty - measure of flow characteristics
ductility- measure of adhesive qudities
solubility - measure of the purity of the residue
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Cutbacks are not used often because:
°  They are not environmentaly sound.
°  The expendve 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 asphdts are made to reduce the viscosity of the agphat when used at lower temperatures.
They are manufactured by blending asphdt cement, water and an emulsifying agent. The mixtureis
passed, under pressure, through a colloid mill to produce smal globules (0.001 - 0.01 mm) of asphalt
cement. The emulsfying agent puts an dectrica charge on the globules of agphat cement o they repd
each other and stay suspended in the water. Emulsionsfal into three types depending on the emulsifying
agent used:

Anionic-  eectro-negatively charged asphdt globules

Caionic - eectro-postively charged asphdt globules

Nonionic - Neutraly charged asphdt globules

Anionic and cationic are primarily used in highway congtruction.

Aggregates have a positive, negative or mixed charge on the surface. Mixing a charged aggregeate with
an oppositely charged emulsion causes the asphdt 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
agphdt which is coating the aggregate “sets” The setting rate is controlled by the type and amount of
emulsfying agent. Emulsonsfal into three categories based on how fast they set.

Rapid Setting (RS) - Hasllittle 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 Sabilization.

Sow Seting (SS) - Mixes best with fine aggregate. Used for durry sedls or stabilization.
NY SDOT uses the following emulsion grades:

AnionicRS-1, RS-2, HFRS-2, MS-2, HFMS-2, HFMS-2h, HFMS-2s, SS-1, SS-1h
Cdtionic CRS-1, CRS-2, SMS-2, CMS-2h, CSS-1, CSS-1h



°  The number following the grade indicates the viscosity and hardness of the base asphalt
cements.

°  Theletter “h” attached to the number indicates a harder base asphat cement isused. The
letter “s” indicates an emulsion for sockpile mixes.

°  The“HF’ preceding some of the gradesindicates high float. High float emulsions have
chemicas added which produce a thicker agphdt film on the aggregate.

°  Theletter “c” preceding the cationic grades Smply indicates cationic.

TABLE 702-5 from the spec book liststhe anionic asphalt emulsion grades, test limitsand

uses.

TABLE 702-6 from the spec book lists the cationic asphalt emulsion grades, test limitsand

uses.

TABLE 702-9 from the spec book lists asphalt emulsion tack coat grades and test limits.

Teg Reguirements

*

*

*

Viscosty - measures flow characterigtics.

Storage sability - detects the tendency of asphat globules to settle during Storage.

Demulshility - for RS and MS emulsions indicates the rate a which asphdt globules will st.

Expressed as a percentage of “set” asphalt globules.

Cement mixing test - same as demulsibility test but performed on SS emulsions.

Stone coating - visud measure of how well the emulsion coats the aggregate after washing with

water.

Sievetest - detects large asphdt globules by pouring an emulsion through aNo. 20 Seve.

Large globules do not coat properly.

Particle charge test - used to identify cationic emulsions. An anode ( + ectrode) and a

cathode ( - dectrode) are immersed in an emulson and acharge is connected to them. If a

layer of asphat forms on the cathode, the emulson is cationic.

Resdue by didtillation - to determine the proportions of asphat and water.

Oil digillate - obtained by the amount of oil Ieft from the residue by didtillation test.

Tests on resdue from didtillation

- penetration - measure of hardness and consistency.

- float test - test of consstency. Usesfloat cup testing apparatus.

Tests on base asphdt

- penetration - measure of hardness and consistency.

- solubility in trichlorethylene - determines the bitumen content (purity) in base,

- ductility - measure of the adhesive qudity of the base.

- flash point - the temperature to which asphalt cement may safely be heated without the danger
of ingtantaneous flash in the presence of an open flame.



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 congigts of cacium silicates, cacium duminates and cacium
duminoferrites. Gypsum mogtly conssts of cacium 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:

Type1- normd *

Type 1A - normd, ar entraining

Typell - norma, moderate sulfate res stance *

TypellA - normd, moderate sulfate resstance, air entraining

Typelll - high early srength *

TypelllA - high early strength, air entraining

TypelV - low heat of hydration

TypeV - high sulfate resstance *

White Portland cement (NY SDOT Type 6) *

*indicates used by NY SDOT
When Portland cement comes in contact with water, it chemically reacts. Thisreaction iscalled
hydration. During hydration, each cement particle forms “tentacle like’ growths that interconnect and

give cement its hardened mass and strength.

Mogt of the strength development occurs within the first month if curing conditions (temperature and
moisture) are favorable.

Aggregates (Section 703)

Aggregate - hard, inert materids such as sand, grave or stone used for mixing with a cementitious
materid to form concrete.



NY SDOT uses only approved aggregate sources. Sources are sampled and tested when:

*

* % x X

anew source wants approval

arejected source wants re-gpprova

the last test for a source istwo years old

achange in the character of the processed aggregate occurs

the location of the source of raw materid is shifted or a change in the character of raw materid
occurs

considered necessary by the Department

An approved source must submit an annua report which conssts of:

*

*

geologic source report (usudly written by a geologist)
plant flow information (equipment, products made, etc.)

Fine Aggregate

TABLE 703-1 from the spec book liststhe fine aggregate test limitsfor usein Portland
cement concrete or bituminous concr ete.

Test Requirements:
*

Magnesium sulfate (5 cycles) - measures an aggregae s resstance to disintegration due to
wetting/drying action or freezefthaw action. A sampleis submerged in magnesum sulfate for 18
hours. 1t isthen removed and dried. Repest this cyclefivetimes. At the end of five cycles, the
sample is washed, dried, Seved and weighed. The percent lossis calculated.

Organic impurities - conssts of the organic plate and gardener color tests. Determinesthe
presence of harmful organic impurities. Samples are put in asolution and set for 24 hours. The
color of the sample and solution are compared to areference solution. A differencein color
indicates the presence of organic impurities.

Fineness modulus - indicates the “fineness’ of an aggregate. Computed from Sieve anayss.
Used in mix desgns.

Specific gravity - theratio of the mass of the aggregeate to the mass of an equa 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 materid passng a#200 Seve. Performed by weighing sample,
washing sample with water until the water comes clean, drying and weighing the sample. Minus
200 materid 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 limitsfor stone and gravel products.



Test Requirements:
* Magnesium sulfate (10 cycles) - same as fine aggregate

* Freezing and thawing (25 cycles) - measures an aggregate’ s resistance to disntegration due to
25 cydes 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 sted bals and tumbled. After tumbling, the
aggregate is graded and the additiond materid passing the #12 Seveisrecorded. This
percentage is the Los Angeles Abrasion Number

* Hat and elongated pieces - gives an indication of an aggregate’ s particle shape. Particles are
andyzed to determine the amount of €longated particles (3:1, 5:1) present. Limitsare set on
alowable amounts.

* Crush count - measures an aggregate' s angularity. Particles are andyzed 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

* Deeterious materid - affects an aggregate’ s strength or strength of the materid itisusedin
Primary Sizes

Aggregates are crushed into certain Sizes, known as primary sizes. Typicdly, NY SDOT usesthe
Numbers 1A, 1, 2 and 3 sizes.

For Portland cement concrete, Number 1 stone or ablend of Numbers 1 and 2 stone with sand is used.
For asphdt concrete, ablend of dl four primary sizes with sand may be used depending on the type of
Mmix.

TABLE 403-4 from the spec book liststhe required gradation for primary size stcone and
grave products.

Skid Resigtance

Proper skid resistance in pavements requires the use of high friction aggregates and proper design. The
skid resistance of ariding surface is dependent upon an aggregate’ s texture, resistance to wear and
polish, shape and Size. The shape and Sze of an aggregate particleis 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 minerdogy; smply put, the hardness and shape of the minerds that
make up the aggregate. These qudities affect the micro-texture of the aggregate and are related to skid
resstance. NYSDOT uses atest to determine the quality of an aggregate’ s minerds. An aggregate
sample is weighed and subjected to



hydrochloric acid. The amount of aggregate that dissolvesis determined. The materid that remainsisa
resduethat isinsolublein HC1 acid. The test determines the percent of acid insoluble residue. Our
gtandard mixes require aminimum 10% acid insoluble resdue. Our rut avoidance and heavy duty mixes
require aminimum 20% acid insoluble resdue. The RA (rut avoidance) and HD (heavy duty) mixes
have dricter requirements because they are used on higher volume roads.

Stripping

Stripping isfalure of the adhesion between asphalt cement and aggregate. The adhesion between the
asphalt cement and aggregate bresks down due to the presence of moisture. There are four theories to
explain gripping.
Mechanica Theory - asphalt cement adheres better to aggregates with pores and arough
surface texture.
Chemica Reaction Theory - when asphat cement coats an aggregate, a chemical reaction takes
place that affects adhesion. The reaction isweaker with acidic aggregates.
Surface Energy Theory - asphdt cement is mostly neutrd in charge (non-polar) and when it
coats an aggregate, it must coat it thoroughly for good adhesion. Any water present adversdy
affects that adhesion.
Molecular Orientation Theory - most aggregates have a charge on their surface and asphalt
cement is mogtly neutra 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
agphdt cement from the aggregate.

Common ways to reduce stripping are by using nonstrip susceptible aggregates, properly draining
pavements or using chemica additives. Properly drained pavements reduce the cause of the problem
but are not totaly effective. Chemicd additives give the agphat cement a charge that is the opposite of
the aggregate. This produces better adhesion between the asphalt cement and aggregate.



Bituminous Construction {Section 400}

Plants

All plants used for NYSDOT work must be approved annually. Approval includes, but is not
limited to, automated proportioning and recording equipment, scales, meters, cold feed bins,
bituminous control units, thermometric equipment, dust collector systems, safety requirements
and inspection facilities (office and testing lab). There are two types of plants: the batch plant
where material is made one batch at a time and the drum plant where material is made

continuously.

Fourteen Major Parts

1)
1. Cold bins 9. Hot birs p
2. Cold feed gate 10, Weigh box U
3. Cold eiwevator 11, Mixing wnit — or pugmill :
4. Dryer 12. Mineral fiiter storoge 0|[€ L
5. Dust collector 13, Hot It cament storage 3 /%
6, Exhayst stock 14. Asphalt weigh buckat ua
7. Hot slevator
B, Scresning unit

1

1 3

I IT I

FIGURE 4.1 ~Cutaway View of Typical Batch Plant.
(Courtesy Tennessee Department of Transportation).



FIGURE 4.2 - Typical Drum Mix Plant.
(Courtesy Barber-Greene Company)

Composition of Mixes

Mixes are submitted by the producer and approved by the Department. Top courses, heavy duty
binder and rut avoidance binder are designed using the Marshall Mix Design Method. Marshall
designs must meet the following requirements:

stability - 1500 Ib. min.
flow - 8-18 (0.01 in.)
air voids - 3.0 - 5.0 % for standard mixes and RA and HD mixes
voids in mineral aggregate - 15.5 % for 6F, 6FRA, 6FHD
16.0 % for 7F, 7FRA, 7FHD
13.5 % for RA and HD binder
Marshall quotient (stability/flow) Ibs./0.01 in. - 150 (for RA and HD only)
* Stability - maximum load carried by a compacted specimen

* Flow - vertical deformation of the sample measured from start of loading to the point at
which stability begins to decrease.

* Air voids - air voids present in the compacted specimen.

* VMA - air voids present in the compacted aggregate.

In addition, the mix must fit within the gradation bands and asphalt contents specified for each
mix type in TABLE 401-1 of the spec book.
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Primary sizes used in mixes:
top course: # 1A, 1
binder course: # 1A, 1,2
base course: # 1A, 1,2, 3

Stone size increases in the lower courses for better load carrying ability. The rut avoidance and
heavy duty mixes were developed for high traffic volume roads with high truck traffic which are
more prone to rutting. The mixes have different gradation requirements that provide better stone
to stone contact and the specimen is compacted with 75 blows instead of 50 blows to simulate
higher traffic.

Seasonal Requirements

TABLE 401-2
TEMPERATURE AND SEASONAL REQUIREMENTS
Norninal Surface
Compacted Temperature Seasonal
Lift Thickness Minimum (Note 1 & 4) Limits
3" or greater 40°F None
Greater than 1"
but less than 3" 45°F {(Notes 2 & 3)
1" or less 50°F (Notes 2 & 3)
NOTES:
1. All temperatures shall be measured on the surface where the paving is to be placed and

the controlling temperature shall be the average of three temperature readings taken at
locations 25 +/- feet apart in accordance with the Department’s written instructions.

2. Top Course shall be placed only during the period of April 1* up to and including the
third Saturday of November in the counties of Duchess, Orange, Rockland, Putnam,
Westchester, Nassau, Suffolk, and the City of New York.

3. Top Course shall be placed only during the period of May 1* up to and including the third
Saturday of October in all counties except as noted in Note 2.

Cool weather affects the viscosity characteristics of asphalt cement. The asphalt cement’s
viscosity increases in cool weather and does not coat the aggregate properly.

Condition of Existing Surface
Prior to overlaying with asphalt concrete, the existing pavement surface must be cleaned, joints
and cracks must be cleaned and filled and a tact coat (emulsion) must be applied. Cleaning the

pavement and tact coating provides a bond between the overlay and existing surface. Cleaning
and filling cracks and joints keeps water from getting into the pavement. Sometimes a truing and
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leveling courses is used to bring the existing pavement surface to a uniform transverse slope and
longitudinal grade.

Pavers

Pavers must be self-powered units with a heated, activated screed or strike off assembly. Pavers
must have a receiving hopper with sufficient capacity and automatic flow controls to place the
mixture uniformly in front of the screed. Pavers must be equipped with automatic transverse
slope and longitudinal grade screed controls which will adjust the screed to compensate for
irregularities in the surface being paved.

TRACTOR
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SIDE ARM AUGERS
Figure 1
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Rollers and Compaction

Rolling should start at the low side of the mat and work toward the high side. Rollers can be a
vibratory type of static steel wheel type or pneumnatic tire type.

* vibratory type - must be equipped with a speedometer and speed control device and met
the following requirements:

nominal amplitude - 0.05 in. max.

vibration frequency - 1500 vpm. min.
drum width - 54 in. min. dual

84 in. min. single
* static steel wheel type - must be 10-12 ton tandem three axle type or 8-10 ton tandem
axle type
* pneumatic tire type - must have two axles with multiple wheels. Front and rear wheels

must not follow in the same tracks. Tires must be smooth and of equal size and
inflation. Also:

maximum wheel load - 5600 lbs.

tire compression on pavement - 80 +/- 5 psi.
maximum axle load - 22400 1bs.
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Once the asphalt concrete has been placed, it must be compacted. The mat must be compacted
while it is warm (above 180°F). Compaction should not be performed if rolling causes
displacement, cracking or shoving. The mat should be allowed to cool if these problems occur.
NYSDOT allows two compaction options for standard mixes:

*  Option A - three roller compaction train. Initial rolling with a steel wheel roller.
Intermediate rolling with three passes of a pneumatic type roller. Finish rolling
with a steel wheel roller.

*  QOption B - vibratory compaction
- base course - one vibratory roller
- binder course and top course - one vibratory roller and one steel wheel roller

Vibratory compaction must meet these requirements:

TABLE 401-3
REQUIRED NUMBER OF PASSES (MINIMUM)
Vibratory Roller Steel-Wheel Tandem Finish Roller

Vibrating Static Static
Pavement Courses | Passes (1) Passes (2) Passes
Base(Open Graded-
Each Lift) 4 2 Not Required
Base(Dense Graded) 4 2 Not Required
Binder(Dense Graded) 2 Not Required 2
Top (Dense Graded
All Types) 2 Not Required 2

NOTES:

1. The required number of vibrating passes shall be reduced by one-half (1/2) for dual
vibrating drum rollers when the drums are tandem and are both in the vibrating mode.

2. The required number of static passes may be completed by the vibratory roller operating
in the static mode. For heavy duty mixes, the contractor is responsible for the
compaction procedure used. This is because the HD specification is performance based.
The contractor is paid based on compaction results.

Joints

A bituminous material (tack coat) should be applied to existing pavement edges to provide bond.
All joints should be offset by 6 in. from the joint in the lower course.

* Transverse - overlap the previously laid mat by 2-3 in, The overlap material should be
1/4 the compacted thickness of the course. Rake or broom the overlapped material onto
the hot mat. The joint should be compacted with the roller perpendicular to traffic. The
first pass should have 6-8 in. of the drum on the hot mat. Adjacent transverse joints
should be staggered a minimum of 10 ft.



* Longitudinal - exposed edges longer than 100 ft. cannot be left at the end of the day.
Overlap the joint by 2-3 in. The overlap material should be 1/4 the thickness of the
course. Rake or broom the overlap material onto the hot mat and compact the joint
with most of the roller on the cold mat.

uality Control

At the plant, as per Materials Method 5 booklet: “Plant Insector’s Manual for Bituminous
Concrete Mix Production™

- Hot bin analysis (gradation)

- Asphalt cement sample

- Aggregate sample

- Temperature

- Air voids

- Extraction test

- Visual

At the job site, as per spec book (Section 401)
- Temperature
- Yield
- Visual

Surface Treatments

Surface treatments are made with high friction # 1 stone and asphalt emulsion. For pavement,
RS-2, HFRS-2 or CRS-2 emulsions are used. For shoulders, RS-2, HFRS-2, HFMS-2 or CRS-2
emulsions are used. The existing surface is cleaned, the emulsion is applied at a specified rate
(0.35-0.50 gal./s.y.), the aggregate is applied at a specified rate (20-24 1b.s.y.) and rolled with a
pneumatic tire roller.

Concrete Construction (Section 500)
Plants

All plants used for NYSDOT work must be approved annually. Approval includes, but is not
limited to, bins, weigh hoppers, scales, meters, automated proportioning and recording
equipment and inspection facilities (office and testing lab). There are two types of plants: the
batch plant, where material is delivered to a truck for mixing and the central mix plant where the
concrete is mixed at the plant, put in a truck and delivered to the job site.

Transit Mixed Concrete is the primary method of delivery for DOT projects.

TABLE 501-2 from the spec. book lists the criteria for concrete batching, mixing, hauling
and discharge.
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501-3.01 Proportioning

Proportions of ingredients, except admixtures, for all Portland cement concrete mixtures shall be
determined by the Department according to these specifications unless otherwise indicated in the
contract documents.

Mixes

Mix designs are supplied by the Department to the producer.

TABLE 501-3
CONCRETE MIXTURES
Primary Use

general purpose
structural

359 35.8 0.44 6.5 40 - 65 CA2 Pavement: slipform
paving, form paving

430 45.8 0.44 7.5 65 - 90 CAl thin structural
applications

384 35.8 0.44 6.5 75 - 100 CA2 structural slabs and
structural approach
slabs

425 34.6 0.38 6.5 50-75 CA2 high early strength for
pavement or structural
slabs

431 45.0 0.45 6.0 150 - 180 CA2 tremie

400 40.0 0.44 6.5 75 - 100 CA2 pumping applications

380 41.0 0.44 6.0 15 - 40 CA2 stip form highway
median barriers

403 45.8 0.44 6.0 15 - 40 CAl slip forming structural
median barriers,
parapet walls & curbs

NOTE: The criteria are given for design information and the data on fine aggregate fineness
modulus of 2.80.

The mixture proportions shall be determined using actual conditions for fineness modulus
and bulk specific gravities (saturated surface dry for aggregates). The proportions shall be
computed according to the Department’s written instruction.
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A minimum compressive strength is not required by the specifications, but NYSDOT mixes are
designed for a 28 day strength of 3000 psi.

The water/cement ratio (w/c) of a mix plays an important role in the strength of the mix. W/C
ratio is calculated as pounds of water divided by pounds of cement.

Compressiva streng1n, psi
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The use of any admixture, except air entraining agents, must be approved by the Department.
Following are the admixtures used by NYSDOT:

* Air entraining - improves durability. Improves resistance to deicers. Improves
workability.

* Water reducers - also known as superplasticizers. Improves compressive strength with
reduced w/c. Improves workability with constant w/c. Can retard set.

* Retarder - delays setting which allows more time for placement and finishing.

* Accelerator - accelerates setting time and increases initial rate of strength development.

* Fly ash (pozzolan) - increases workability. Reduces bleeding and segregation.
Improves pumpability. Lowers heat build up. Increases strength gain at later ages.
Decreases permeability.

* Micro-Silica (silica fume, pozzolan) - 100 times finer than cement. Increases strength.
Reduces bleeding and segregation. Decreases permeability. Improves chemical and
sulfate resistance. Improves abrasion resistance.

* Latex - improves workability. Reduces micro-cracks. Improves durability. Reduces
permeability.

H-18



urin,

The object of curing is to prevent the loss of moisture and control the concrete temperature.
Temperature and moisture affect the rate of hydration.

Comprassive strength, parcant of
208-day, 73 *F-cured concrets
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For concrete pavement curing is achieved by using:
* Impervious membrane (spray type)
* Polyethylene curing covers
* Quilted covers

i7

The curing period is four (4) days minimum from June 1 to September 15, six (6) days outside
those dates. Concrete pavement can only be placed when air and surface temperatures are at
least 40°F and rising. When the temperature is expected to fall below 35°F, hay, straw or
blankets should be spread on the pavement. For structural concrete, curing is achieved by using:

* Curing covers

* Clear membrane curing compound (spray type)

* Continuous burlap wetting

* Wet burlap and curing covers

The curing period is 2 minimum of seven (7) days. Curing temperature must be maintained
between 45-85°F. If curing temperature cannot be maintained between 45-85°F, the contractor
can get permission for cold weather concreting. The curing temperature under cold weather
concrete is maintained by:

* Provision of external heat (heat enclosure)

* Use of insulated forms



Quality Contro]

Plant: (as per Materials Method 9.1 booklet: “Plant Inspection of Portland Cement Concrete™)
* gradation
* cement sample
* aggregate sample
* moisture test
* cleanness test
* admixture sample
* water sample
* fineness modules test

Job: (as per Materials Method 9.2 booklet: “Field Inspection of Portland Cement Concrete”)
* temperature
* air content
* slump
* yield
* cylinders

oncrete Pavement

Pavement can be slip form paved or fixed form paved. Longitudinal joints are constructed with
tie bars spaced at 3'-4". Transverse joints are constructed perpendicular to the direction of travel
with transverse joint supports spaced at 12". Pavement panels can be 63 ft. mesh reinforced or
20 ft. unreinforced. Mesh should be placed 3" below slab surface and never deeper than mid-
slab.

Pavement Management

The Department is involved in pavement management on the network level and project level.
The network level involves gathering data on pavement condition, traffic, physical characteristics
and classification (sufficiency manual). The data is used to plan the Capital Program (GOCP)
based on the needs determined from the data.

The project level pavement management system involves deciding on what is the best treatment
for a project. The Department published a two volume Pavement Rehabilitation Manual.
Volume 1 is for pavement evaluations. This involves evaluating and documenting pavement
distress on standard forms. Volume II is for treatment selection. With the data gathered from
Volume 1, a number (2-3) of possible treatments are chosen to rehabilitate the pavement. The
treatments are put through a life cycle cost analysis to determine which treatment is the most cost
effective. The analysis includes the initial treatment, preventive maintenance and one future
major rehabilitation treatment. The analysis is based on the present worth method.
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PURPOSE OF ASPHALT PAVEMENT
Asphalt Concrete - Hot Mix Asphalt (HMA)
Primary ingredients - asphalt cement & aggregate

I. Asphalt Binder

Asphalt Cement - product of refining crude oil and is also known as “binder” (not to be confused
with binder, the intermediate paving course).

When hot, asphalt cement acts as a lubricant allowing aggregate particles to slide past each other
and arrange themselves into the densest possible mixture.

When cool, asphalt acts as a binding agent, bonding aggregate particles together into a cohesive
mass. Asphalt cement is impervious to water, so it functions as a waterproofing for the mixture.

Strength properties are dependent on temperature. Asphalt cement tests are performed at specific
temperatures so test results can be interpreted properly.

Asphalt behavior depends on time of loading. Different load durations yield different results.
Asphalt Cement is visco-elastic material

Viscous fluid at temperatures > 100°C

Elastic solid at temperatures < 0°C (when loaded, it changes shape and when unloaded, it
returns to original shape)

Between 0°C and 100°C, asphalt cement exhibits both viscous and elastic properties.

Asphalt reacts to oxygen.
Oxidized asphalt cement becomes harder and more brittle.

Oxidation occurs more rapidly at higher temperatures.

Asphalt can be modified by additives or heat to alter or improve properties and enhance long
term performance.

Most modifiers attempt to reduce temperature dependency, oxidative hardening or moisture
susceptibility of asphalt mixes (anti stripping agents).
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II.  Aggregate

Natural - mixed from glacial or river deposits “bank run” or “pit run” aggregate.
Processed or manufactured - quarried, crushed and sized sometimes washed.

RAP - recycled asphalt pavement which is
existing pavement, removed and processed.

Aggregates provide a strong stone skeleton in asphalt concrete to resist repeated load
applications.

Cubical, rough-textured aggregates are better than round and smooth because they provide a
better aggregate interlock with less sliding of particles over one another.

The ability of asphalt concrete to resist shearing and resulting deformation is better with the use
of crushed aggregate.

To increase strength of aggregate structure, the % of crushed faces and gradation limits should be
specified.

I1I. Asphalt Mixture Behavior

Primary forms of asphalt concrete distress are:

* Permanent Deformation - rutting

* Fatigue Cracking - caused by repeated heavy loads

* Low Temp Cracking - asphalt cement becomes brittle at low temperatures

A. Permanent Deformation - accumulation of small amounts of deformations which occur
each time a load is applied.

Causes: Weak subbase - too many repeated heavy loads cause subbase and/or subgrade
to deform below the asphalt layer. Asphalt concrete is flexible and won’t
bridge large deformations in subgrade.

*  Asphalt or subbase layer is too thin. Subbase and/or subgrade can also be
weakened by water intrusion.

Weak Pavement Pavement too low in shear strength to resist repeated heavy loads.

Results: Rutting becomes safety hazard - ruts fill with water causing hydroplaining or ice

to form.

Rutting is more prevalent in the summer due to high temperatures softening the asphalt

cement.




To prevent rutting - use cubical and rough textured aggregate like crushed stone, graded in 2
manner to develop a dense mass with particle to particle contact.

Particles lock together and react as large single elastic mass rather than individual particles.
When the load is removed, the asphalt cement helps the particles move back to their original
positions.

Aggregate structure is directly related to an asphalt concrete mat’s ability to resist permanent

deformation.
B. Fatigue Cracking

® appears in wheel paths with repeated heavy loads

° early sign of fatigue cracking - intermittent longitudinal cracks

. fatigue cracking is progressive - eventually longitudinal cracks will join and cause
transverse cracks to form alligator cracking.

° extreme fatigue cracking leads to disintegration and the formation of potholes
when the pieces are dislodged by traffic

Causes:

Stiffer HMA mixtures are more prone to fatigue cracking.

Poor subgrade and poor drainage result in excessive deflection of the pavement and can
be a cause of deflection cracking.

Fatigue cracking can just be an indication that the useful service life of the asphalt
pavement is complete. If this coincides with the design life, it’s not a premature failure.

If it occurs prior to the end of the design life, it can indicate that the pavement was
subjected to more and/or heavier loads than the pavement was designed to carry.

To Avoid Fatigue Cracking:

accurate prediction of the number of heavy loads.

keep subgrade dry - proper drainage will help prevent rutting caused by wet subgrade.
thicker pavements.

don’t use paving materials that are weakened by the presence of moisture. Use asphalt
cement that doesn’t strip from aggregate.

paving materials that are resilient enough to withstand normal deflections.

use asphalt cement that is able to resist tensile stresses.

use asphalt cement that is resilient or able to withstand many load applications at levels
less than the maximum tensile strength without cracking.

soft asphalts have better anti-fatigue properties than hard asphaits.
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C. Low Temperature Cracking

Intermittent transverse cracks at a consistent spacing.
(not reflection cracks or asphalt pavement over Portland cement concrete pavement where
the transverse joints work and result in cracking in the asphalt overlay)

Causes:

Low temp cracks form when pavement shrinks in cold weather and tensile stresses
develop. At some point along the pavement, the tensile stress will exceed the tensile
strength of the asphalt and the pavement cracks.

Some engineers believe that low temperature cracking is due to the cumulative effect of
many cycles of cold weather.

Hard asphalt cement is more prone to low temp cracking than soft binders.

Asphalt cement excessively oxidized due to many air voids is more prone to low
temperature cracking.

To Prevent Low Temp Cracking:

use soft asphalt cement

use asphalt cement that is not prone to aging (oxidizing)

maintain low air voids in mix so it is not prone to being oxidized

soft asphalts have high penetration and lower viscosity than hard asphalts

PORTLAND CEMENT CONCRETE

Concrete - stone-like material obtained by permitting a carefully proportioned mixture of cement,
sand, gravel or other aggregate and water to harden in forms of the shape of the desired structure.

Fine and course aggregate make up most of the mix

Class A concrete - substructures 360 kg/m3 cement
165.6 kg/m3 water
836.5 kg/m3 sand
961.9 kg/m3 stone?

Cement and water interact to bind aggregate particle into a solid mass

















































































