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Discussion 
Topics

● Cement Properties Review
● Coarse and Fine Aggregates Properties 

Review
● Admixture Properties Review
● Construction Practices
● Mix Design Considerations  
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Cementitious materials Review
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General Cement
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Clinker Chemistry

● Alite: approximately tricalcium silicate

● Belite: approximately dicalcium silicate
 
● Aluminate: very approximately tricalcium aluminate

● Ferrite: very approximately tetracalcium aluminoferrite
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Clinker Chemistry

● Alite – early age strength / early heat of 
hydration

● Belite – strength after 1 week
● C3A – low amounts will give concrete 

higher sulfate resistance
● Ferrite – color
● Gypsum – controls set time through C3A 

hydration and shrinkage
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Setting Problems?

● False set – Stiffing concrete without heat 
generation 

● Flash set - Stiffing concrete with heat 
generation
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Fly Ash Chemistry

● C2S + C3S + H2O  C-S-H + CH

● S + CH + H2O  C-S-H 

● Class F, Class C or Class N
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Fly Ash Classes

● Class F – True Pozzolanic material
   Minimum total silica content of 70%
    Low amount of calcium oxide

● Class C – Some reaction to water
    Minimum total silica content of 50%
    Higher amount of calcium oxide
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Fly ash affects:
● Water demand
● Segregation and bleeding
● Air entrainment
● Heat of hydration
● Setting time
● Finishability
● Pumpability
● Strength development



*

Fly ash affects:

● Drying shrinkage
● Permeability
● Sulfate resistance
● ASR
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ASR – Alkali Silica Reactivity

● Cement alkalis react with silica from 
aggregates to form a gel. The gel swells due 
from absorbing water and causes reactive 
aggregates to pop-out.
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ASR
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ASR
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ASR testing test methods

● ASTM C295 - Guide for Petrographic 
Examination of Aggregates

● ASTM C289 – Potential ASR of Aggregates 
(Chemical Method)

● ASTM C1260 - Potential ASR of Aggregates 
(Mortar Bar Method)

● ASTM C1263 - Potential ASR of Aggregates 
(Concrete Prisim Method)
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Aggregates Review

Physical Properties Testing



*

Physical Properties

Aggregate physical properties are the most readily apparent aggregate 
properties and they also have the most direct effect on how an 
aggregate performs in concrete.  Commonly measured physical 
aggregate properties are:

•Gradation and size
•Toughness and abrasion resistance
•Durability and soundness
•Particle shape and surface texture
•Specific gravity
•Cleanness and deleterious materials

It should be noted that these are not the only physical properties of 
aggregates but rather the most commonly measured. 
 



*

Physical Properties:

Durability
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Aggregates undergo substantial wear and tear 
throughout their life.  In general, they should be hard 
and tough enough to resist crushing, degradation and 
disintegration from any associated activities including 
manufacturing, stockpiling, Concrete production, 
placing and compaction.  Aggregates not adequately 
resistant to abrasion and polishing will cause 
premature structural failure and/or a loss of skid 
resistance in pavement aplications.

Toughness and Abrasion Resistance
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Los Angeles Abrasion Machine
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A common test used to characterize toughness and abrasion resistance is 
the Los Angeles abrasion test.  For the Los Angeles abrasion test, the 
portion of an aggregate sample passing the 1.70-mm (No. 12) sieve is 

placed in a large rotating drum that contains a shelf plate attached to the 
outer wall (the Los Angeles machine – see Figure 2.7).  A specified 

number of steel spheres are then placed in the machine and the drum is 
rotated for 500 revolutions.  The material is then extracted and 

separated into material passing the 1.70-mm (No. 12) sieve and material 
retained on the 1.70-mm (No. 12) sieve.  The retained material (larger 
particles) is then weighed and compared to the original sample weight.  
The difference in weight is reported as a percent of the original weight 

and called the "percent loss".

Los Angeles Abrasion Test
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Problems with LA Rattler

Unfortunately, the test does not seem to correspond well with field 
measurements (especially with slags, cinders and other 
lightweight aggregates).  Some aggregates with high L.A. 
abrasion loss, such as soft limestone, provide excellent 
performance.  However, no matter the performance 
characteristics, aggregate with high L.A. abrasion loss values 
will tend to create dust during production and handling, which 
may produce environmental and mixture control problems.
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•AASHTO T 96 and ASTM C 131: Resistance to 
Degradation of Small-Size Coarse Aggregate by Abrasion 
and Impact in the Los Angeles Machine 

•ASTM C 535: Resistance to Degradation of Large-Size 
Coarse Aggregate by Abrasion and Impact in the Los 
Angeles Machine 

 

L.A. Abrasion Test Methods



*

Physical Properties:

Cleanness
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Aggregates must be relatively clean when used in concrete.  
Vegetation, soft particles, clay lumps, excess dust and 
vegetable matter are not desirable in Concrete because they 
generally affect its performance by quickly degrading, 
which causes a loss of structural support and/or prevents 
cement-aggregate bonding.
 

Cleanliness and Deleterious Materials
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Clay & Silt Content (Fine 
Aggregate)

● Measured on - #4(4.75 mm) material
● Based on Sand Equivalent value
● AASHTO T176

>  How dirty is the sand ?
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The sand equivalent test is a rapid field test to show the relative 
proportions of fine dust or claylike materials in aggregate (or soils).  A 
sample of aggregate passing the 4.75-mm (No. 4) sieve and a small amount 
of flocculating solution are poured into a graduated cylinder and are 
agitated to loosen the claylike coatings from the sand particles.  The 
sample is then irrigated with additional flocculation solution forcing the 
claylike material into suspension above the sand.  After a prescribed 
sedimentation period, the height of flocculated clay and height of sand are 
determined (ASTM, 2001). 

Tests for Cleanness – Sand Equivalent
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suspended clay

sedimented aggregate

clay reading

sand 
reading

graduate
d
cylinder

flocculating
solution

Sand Equivalent
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Cleaner aggregates will have higher sand equivalent values.  Agencies often specify a 
minimum sand equivalent around 75.

Standard Sand Equivalent Tests:
•AASHTO T 176: Plastic Fines in Graded Aggregates 
and Soils by Use of the Sand Equivalent Test 

•ASTM D 2419: Sand Equivalent Value of Soils and 
Fine Aggregate 
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Physical Properties:

Particle Shape
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Particle shape and surface texture are important for proper compaction and load 
resistance.  Cubic angular-shaped particles with a rough surface texture tend to exhibit 
the best stability and load resistance.  Other particles may prove inadequate for various 
reasons such as:

Particle Shape and Surface Texture
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•Rounded particles.  These particles create less particle-to-particle 
interlock than angular particles and thus provide better workability and 
easier compaction.  However, less interlock is generally a disadvantage 
as rounded aggregate will continue to compact, shove and rut after 
construction. 

•Elongated particles-  These particles tend to impede compaction or 
break during compaction and thus, may decrease strength and stiffness. 

•Smooth-surfaced particles-  These particles have a lower 
surface-to-volume ratio than rough-surfaced particles and thus may be 
easier to coat with mortar.  However, mortar tends to bond more 
effectively with rough-surfaced particles. 

• 
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Flat & Elongated Particles

● Measured on + #4(4.75 mm) material
● Based on dimensional ratio of particles

– ratio of max to min dimension < 5
● ASTM D 4791
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1:5 pivot 
point
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Flat, Elongated Particles
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  For coarse aggregate, a sample retained on the 2.36 mm (No. 8) sieve is 
collected and the number of particles with fractured faces is compared to the 
number of particles without fractured faces. 

Percent Fractured Face

Elongated particles are typically restricted to some maximum percentage.  
An elongated particle is most often defined as one that exceeds a 5:1 
length-to-width ratio.  Testing is done using a small caliper device on a 
representative sample. 

Elongated Particles
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•ASTM D 3398: Index of Aggregate Particle Shape and Texture 
•AASHTO T 304 and ASTM C 1252: Uncompacted Void Content of Fine 
Aggregate 

•ASTM D 4791: Flat or Elongated Particles in Coarse Aggregate 
 

Standard Particle Shape and Surface Texture Tests
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Fine Aggregate Angularity

● Measured on - 2.36 mm material
● Based on air voids in loose sample
● AASHTO T 304
● Requirements depend on

– depth of layer within pavement

– traffic level 
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Physical Properties:

Density (Specific Gravity)
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The ratio of the mass of a unit volume of a material at a stated 
temperature to the mass of the same volume of gas-free distilled 
water at a stated temperature (AASHTO M 132 and ASTM E 12)

Specific Gravity
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A typical aggregate particle consists of some amount of solid material along with a 
certain amount of air voids.  These air voids within the aggregate particle can 
become filled with water, cement or both .  It takes a finite amount of time for 
water/cement to penetrate these pores so specific gravity test procedures generally 
contain a 24-hour (for ASTM procedures) soak period for the purpose of allowing 
water to penetrate these pores.

Aggregate Particle Structure
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Generally, there are three different specific gravities used in association with HMA 
pavements: Bulk, Apparent and Bulk SSD.  

Aggregate Specific Gravities

Bulk Specific Gravity- HMA design, aggregates presumed dry

Apparent Specific Gravity- Does not account for pore 
space. Used when Bulk Gravity is not available.

Bulk SSD Specific Gravity- Concrete Design, aggregates 
presumed saturated.
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Physical Properties

Particle Size Distribution
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The smallest sieve through which 100 percent of the aggregate sample particles 
pass. 

 The largest sieve that retains 15 percent of the aggregate 
particles by weight.

Maximum Size

Nominal Maximum Size
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Aggregate Size Definitions

● Nominal Maximum Aggregate Size
– one size larger than the first sieve to 

retain more than 15%

● Maximum Aggregate Size
– one size larger than nominal maximum 

size
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The gradation of a particular aggregate is most often determined by a sieve analysis 
(see Figure 2.1).  In a sieve analysis, a sample of dry aggregate of known weight is 
separated through a series of sieves with progressively smaller openings. Once 
separated, the weight of particles retained on each sieve is measured and compared 
to the total sample weight.  Particle size distribution is then expressed as a percent 
retained by weight on each sieve size.  Results are usually expressed in tabular or 
graphical format. 

Sieve Analysis
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Aggregates for Concrete

•    Aggregates need to be clean, hard, durable

•   Aggregates need to conform to ASTM C-33.

•   Aggregates which conform to ASTM C-33 will tend to be the most 
economical, and produce the most workable fresh concrete.

•   Aggregates should have a proven history in concrete. 

•Some aggregates which meet ASTM C-33 will not produce desirable 
concrete. 
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•AASHTO T 27 and ASTM C 136: Sieve Analysis of Fine and Coarse Aggregates

•AASHTO T 11 and ASTM C 117: Materials Finer Than 75-μm (No. 200) Sieve in 
Mineral Aggregate by Washing

Standard Sieve Analysis Test Methods
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Sieves
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Standard Aggregate 
Sieves

2” (50 mm) #8(2.36 mm)
1 ½” (37.5 mm) #16(1.18 mm)
1” (25 mm) #30(0.6 mm)
¾”(19 mm) #50(0.3 mm)
½”(12.5 mm) #100(0.15 mm)
3/8”(9.5 mm) #200(0.075 mm)
#4(4.75 mm)
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Screening…
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Separated material
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Sieve Analysis Equipment

Gilson Screen Shaker
Gilson Sieve Shaker
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Chapter 4

Data Analysis
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Statistical Analysis (SPC)
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Limits & Specifications
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•   The importance of using the right type of aggregate cannot be 
overemphasize since they occupy 60% to 75% of the concrete volume.

•   Aggregates strongly influence the concrete’s freshly mixed and hardened        
properties, mixture proportions, workability, and economy.    

•   There are two general classifications for aggregates:

Coarse Aggregates:  Those particles which are greater than 1/4”

Fine Aggregates:      Those particles which are smaller than 1/4”

•   Aggregates must conform to certain standards for optimum engineering 
use:  They must be clean, hard, strong, durable particles

Aggregates
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Aggregate 
Size

•   The maximum size of aggregate affects the economy of a mix.

•   Larger aggregates allow you to use less cement and water to achieve 

    the same strength and slump.

•   Smaller aggregates have a larger

     surface area and require more 

     water to produce the same 

     slump. More water needs more

     cement to produce the same 

     required strength or W/c.
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Aggregate Surface Area

Surface area = 24 in2

Total Volume = 8 in3
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Aggregate Surface Area

Surface area = 48 in2

Total Volume = 8 in3
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Aggregates Surface Texture

•   Particle shape and surface texture influence the properties of 
freshly mixed concrete more than the hardened.

•   Here you can see how surface texture affects the percent voids.

•   The more voids the more cement and water it will take to fill the voids.
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•   Grading is the particle-size distribution of an aggregate as defined by a sieve   
analysis. 

•   Aggregate grading is usually represented as a percent passing each sieve size.

Characteristics of Aggregates
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• Aggregates need to conform to certain specifications. 

•ASTM C-33 gives guidelines for aggregate particle distribution.

Aggregate Grading
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GRC Wilson     ¾” X ½”
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GRC  Wilson   ½” X #4
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GRC   FC Sand
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Combined Gradation
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Combined Gradation
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What is F.M.???
FC Sand

Sieve Size Cumulative % Passing
# 4 95
# 8 82
# 16 65
# 30 50
# 50 28
# 100 12
# 200 7.5

F.M. = [600 – (Sum of total % passing #4 through # 100 sieves)] 
/ 100

= [600 – (95+82+65+50+28+12)] / 100 = (600 – 332) / 100 = 2.68
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Aggregate Properties
Critical Data to Review Regularly:
- FC sand

a. F.M. in range of 2.50 – 2.90 (target = 
2.70)

b. % passing # 200 < 8.5%
c. % passing # 4 > 94%
d. grading within guidelines shown in 

Raw Data section of SPC report
e. problems in plants when F.M. < 2.50 

and moisture content > 7%; small line 
pump problems when F.M. < ~ 2.45 or > ~ 
2.95
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Fineness Modulus
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Maximum Size Aggregate
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 Admixtures Review
● Daravair 1000 – Air Entrainment - ASTM C-260

● WRDA 64 – Low Range Water Reducer - Type A

● ADVA 100 – Mid Range/Superplasticizer - Type F

● Recover - Retarder (Hydration Stabilizer)

● Polarset - Accelerator - Type C

● Eclipse - Shrinkage Reducing Admixture

● DCI – Corrosion Inhibitor

● Xypex – Water Proofing Admixture
● Others : ADVA 140, ADVA 500, Calcium Chloride, Krighton, and 
Color



*

ASTM C 494, “Standard 
Specifications For Chemical 
Admixtures For Concrete”

● Type A Water Reducing
● Type B Retarding
● Type C Accelerating
● Type D Water Reducing and Retarding
● Type E Water Reducing and Accelerating
● Type FWater Reducing, High Range
● Type G Water Reducing, High Range & 

Retarding
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*The Story of Tiny Bubbles

*Over One Million bubbles per cubic inch in 
air-entrained concrete

Air 
Entrainment
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Air Entrainment

● Entrained air is produced by a mixing 
action.

● Not chemical or foam.
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Addition

● Accurately measured.
● Dispensed separately.
● With water or sand.
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Benefits

Hardened Concrete
● Freeze Thaw Durability
● Permeability
Plastic Concrete
● Workability
● Reduced Segregation and Bleeding
● Alkali and Sulfate Attack
● Improved Finishing
● Increased Yield
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Durability

Freeze Thaw
● Tiny Bubbles
● Safety Relief Valve
● Spacing Factor
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No AEA AEA
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Spacing 
Factor

Enough Bubbles

Tiny Bubbles
1 yard of concrete 
contains 10 Billion 
Air Bubbles!

Volume

Size
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Standards
● ASTM

– C260 Standard Specification
– C233 Standard Test Method

● ACI
– 212 Admixtures for Concrete
– 201 Guide for Durable Concrete

● AASHTO
– M 154 Standard Specification
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Factors Affecting Air Content 
in Fresh Concrete

● Cement
● Coarse Aggregate
● Fine Aggregate
● Fine Materials
● Other Admixtures (Sequencing, 

Interaction)
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Factors Affecting Air Content 
in Fresh Concrete

● Temperature
● Slump
● Mixing 
● Placement
● Vibration
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Golden Rule
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Air Content Too Low ?

Use More AEA
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Air Content Too High ?

Use Less AEA
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WATER REDUCERS

SHAPING THE FUTURE OF CONCRETE

BY MAKING CORROSION A THING OF THE PAST
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Water Reducers:

●Admixtures That Reduce The Amount of Water 
Required For A Given Workability
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What Is The Importance Of 
Water Reduction ?
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Water 300 lbs.
Cement 500 lbs.

= = 0.60

Water  = 300 lbs. Slump = 5 in.

Strength = 3500 psi
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Water 280 lbs.
Cement 500 lbs.

= = 0.56

Cement = 500 lbs. Water  = 280 lbs. Slump = 5 in.

Strength = 4100 psi
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Where Did The Strength 
Come From ?

● Less Water In The Mix
– Stronger Cement Paste

● Better Cement Dispersion
– More Cement Surface Available For Hydration 

Activity



Economics

~



Effects of Water Reducers on 
Fresh Concrete

~



Workability

● Reduced Water Mix
– Workability maintained despite water 

reduction.
● Equal Water Mix

– Increased slump with increased dosage.

~



Type D Water Reducing and 
Retarding

Usage
● Equal Slump, Water 

Reduction
● Equal Water, Slump 

Increase

Benefit
● Strength and Economy

● Workability

~

Plus Set 
Control



Effect on Hardened Concrete

~



Strength Development
Normal Curing (70F)

PS
I

~
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WRWater Typical Strength
Type Reduction Dosage Gain
WRDA 64 8-10% 3-6 oz. ~10%

Mid-Range W/R 8-15% 5-10 oz. ~15%+  

ADVA 100 10-20% 3-5+ oz. ~20%+

Water Reducing 
Capabilities

 of Chemical Admixtures
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Water-reducers separate “flocs” of cement into 
individual grains.  
Trapped water is released and grains slip by 
each other like ball bearings, improving the 
workability of the concrete.

Floc Busting Action Of Water 
Reducers

(Why we use ADMIXTURES)

Freed 
Water

Cement
WR or HRWR-



*

• Dramatic Water Cut (Lower W/C Ratio): Lower 
water/cement ratio means improved product quality 
for the finished product. 

• High Workability: Increased workability means easier 
placement, reduced equipment needs, and lower 
labor costs . 

Freed 
Water

Cement

W/R
-

The Results of “Floc-Busting”
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Traditional 
Superplasticizers – NSFC

● Naphthalene Sulfonated Formaldehyde Condensate
– Older dispersent technology
– Patented by Dewey & Almy for use  in cement in 

the 1930’s
– Used in concrete after WWII in Japan

● Satisfactory performance with most cements
● Linear dosage response
● Some set time extension
● Moderate slump life (3/4 to 1 hour)
● Type F & G available
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Traditional 
Superplasticizers - MSFC

● Melamine Sulfonated Formaldehyde 
Condensate
– Developed in Germany after WWII for flowing concrete
– Introduced in NA in late 1960’s

● Slightly shorter slump life
● Near neutral set times
● Improved surface and color quality
● Good response to certain cements
● “Enhanced” finishability
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● NSFC - Daracem 19 & 100
● MSFC - Daracem ML 330 & ML 500
Both function as anionic, globular dispersents 
● A retarding component is added to Daracem 

100 (Type G) in order to provide “extended 
slump life” performance.

Same Primary 
Technology

Two 
Chemistries

Globular

Cement 
Grain
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HRWR Mechanisms

● Globular Superplasticizers
– NSFC & MSFC

● Linear Superplasticizers 
– PVP

Linear

Globular

-
-

-
-

-
-

Chain Molecule

-
- - -



Scanning Electron Photomicrograph of 
Concrete Surface:

   (a) HRWR                                  (b) Type A WR
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Comb Superplasticizers 

Cement 
Grain

ADVA Comb 
Molecule
ADVA Comb is 
“Hydrophilic” 
Attracts Water Like a 
Sponge

ADVA
™
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ADVA 
Superplasticizers

● The ADVA polymer disperses flocculated 
cement particles by the “sponge/comb” 
model

● The ADVA comb backbone attaches to 
the cement surface, the comb teeth attract 
water (like a sponge), and repel the 
adjacent cement particles.

● Water is adsorbed by the polymer which 
allows controlled cement hydration 
without rapid slump loss or retardation.
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● Low dosage:  20% to 40% NSFC
● Slump retention = Type G
● Setting characteristics = Type F
● Less sensitivity to addition time 

and cement chemistry
● Improved finishability; no “spotty 

set”

Advantages of ADVA Technology
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Typical ADVA Dosage 
Response

Dosage Rate, mL / 
100kg
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Typical ADVA Slump Life 

Time, 
hours
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Typical ADVA Setting Time 
Characteristics at 21ºC  (70ºF)
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ADVA  Compressive Strength 
Development at 21ºC  (70ºF)
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ADVA Products
● ADVA  100

– Designed for the ready-mixed concrete 
industry

– Provides extended slump life without 
retardation
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ADVA 100 Advantages to 
Ready Mix

● Increased Production
● Plant Added

– Can Reduce # of Trucks to Service a Project
● Consistent Slump Controlled @ Plant
● Easier To Maintain Air Content
● Finishers Prefer Setting Characteristics
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HRWR treated concrete has excellent workability, 
while maintaining high quality and low water 
cement ratios 
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ADVA 100 improves paste quality
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ADVA 100 for production efficiency
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ADVA 100 and DCI for Corrosion Protection
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ADVA 100 for improved finishability with laser screed



*

Reduced cement factor and improved finishability
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Solving Contractor’s
Needs Using Retarders During

The Hot Weather Concreting Season

Recover Hydration Stabilizer
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Hot Weather Concreting Problems
 

• Hot & Windy Weather (85°F+)
• Increased Water Demand
• Faster Set Times
• Rapid Water Evaporation
• Plastic Shrinkage
• Accelerated Slump Loss
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Hot Weather Concreting Problems
 

• Increased Water Demand
– Higher Water Demand Given Slump
– Lower Compressive Strength
– Decreased Durability & Water 
Tightness

– Non-uniform Surface Appearance
– Dry Shrinkage Cracking
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•   Dampen Forms and Subgrade
• Lower Concrete Temperature In Hot Weather
• Minimize Time Between Placing & Finishing
• Erect Wind Breaks
• In Hot Weather, Protect The Concrete:

- Coverings (Wet Burlap)
- Fog Spray
- Flood Surface
- Recommended Curing Procedures

• Use Grace Fibers and MicroFibers

Steps To Minimize Plastic Shrinkage Cracking
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Hot Weather Concreting Problems
 

• Faster Set Times
• Rapid Water Evaporation

– Concrete Difficult To Handle
– Concrete Difficult To Finish
– Possible Cold Joints
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Hot Weather Concreting Problems
 

• Plastic Shrinkage Cracks
– Difficult To Control Evaporation
– Rate Of Evaporation > 0.2 lb/sf/hr

ACI 305, Figure 2.1.5
(Hot Air/Low RH/Windy)

– Undesirable Surface Appearance
– Patching/Repair Costs
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Rate Of Evaporation
And Plastic Shrinkage
Cracking

> 0.1 Potential Cracking

> 0.2 Cracking

ACI 305 Fig. 2.1.5

™



*



*

Hot Weather Concreting Problems
 

• Accelerated Slump Loss
– Added Water Creates Problems

Lower Compressive Strength
Decreased Durability/Tightness

– Difficult To Place
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Compressive Strength 
Is Reduced About 200 
PSI For Each Gallon of 
Water Added Per CY 
Of Concrete

How Additional Water Impacts Concrete

ACI 305 Fig. 2.3.3b
Concrete Mix: Water Content Increases With Temperature

100°F

36 Gals./cy

80°F

35 Gals./cy

34 Gals./cy

60°F40°F

32 Gals./cy

31 Gals./cy

3 inch Slump
1 inch Aggregate

Water

Temperature

To Maintain
Same 
Workability

Temperature Gain of 20°F

One Gal./CY Increase
In Water Demand
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New  Class of Retarder
● Hydration Stabilizer, or High Range 

Set Retarder
● 1 hour to >30 hour set extension
● Performance is predictable and 

controllable even out to 30 hr set 
extension
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Hydration Stabilizer
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HOT WEATHER 
CONCRETING

RECOMMENDATIONS

• Take Precautions At Temperatures Above 85°F.

• Dampen Sub-grade and Wood Forms To Discourage 
Water Loss.

• Place and Finish Rapidly. Start Curing Immediately After 
Finishing (Fog or Flood Surface, Canvas/Burlap Covers). 
Avoid Clear Plastic Covers.

• Protect Concrete From Rapid Evaporation by Keeping It 
Damp. Cure For 7 Days.  Use Windbreaks.

• Use Quality Concrete (Keep Materials Cool) With Fibers.
• Use Water Reducing Retarders (Recover).
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Effect of premature finishing
Sand 
grain



*

Recover Contractor 
Benefits●Long Haul Time Before Placement

●Need Extra Time Under Difficult 
Conditions

•Wheelbarrow Placement
•Slow Wall Pours
•Poor Access To Site

●Need More Time To Finish Concrete 
Properly

●Concerned About Unwanted Cold Joints
●Need To Maintain Slump Life
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How Retarders Benefit Contractors

TIME

MONEY

CONVENIENCE

QUALITY
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TIME

• Less Placing Time

• More Finish Time
• Higher Early Strengths
• Contractor Controls Finish Time
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CONVENIENCE

• Achieve Slump w/o Added Water
• Less Slump Loss
• Less Water Needed For Long Pours
• Permits More Time To Place/Finish
• Finishes Better
• Pumps Better
• Fewer Cold Joints



*

QUALITY

• Fewer Callbacks
• Better Appearance
• Higher Strengths
• Better Durability
• Less Potential For Cracking
• More Consistent Concrete
• Lower Concrete Temperature



*

MONEY

• Potential Labor Savings By 
Slowing Set Time

● Placing and Finish Time
● Higher Early Strengths

• Fewer Repairs
• Good Dollar Value For Quality



*

When it’s HOT -  add 
RECOVER!



Accelerators – THINK 
Polarset

Time = 

It has been said More Than Once……





Accelerators  

● Hydration & Setting of Concrete 
is a Chemical Reaction

● For every 20 of change; set time 
changes by a factor of 2

● Accelerators  may “even out” this 
effect



Accelerators
● Main function to decrease time to initial set 

– Get people on the concrete more quickly
– Create summer in the winter
– Allow for placement in below freezing conditions

● Also optimized for better early strength gain
– Strip Forms Faster
– Rapid set/strength patching mixes



Accelerators

● Typically Calcium Chloride is most 
economical chemical accelerator
–However, Non-Chloride Accel. 

necessary when concrete contains 
reinforcing steel, also colored concrete

● Set Time reduction and early age 
strength development are usually 
related, but not always.



Value Added

● YES!
•Schedule concrete around needs of 
job Vs. schedule job around needs 
of concrete

•Speak in set times Vs. percentages
•Seek the opportunity cost



Compatibility Issues
–Non-chlorides

•Changing source, brand or Type of 
cement

–Dosage response may likely change
•Fly ash source

–Chlorides
•Reinforced concrete
•Colored concrete



clipse



Some Fundamentals
● Cracking in concrete is universally 

acknowledged as one of its most serious 
limitations as a building material.

● Drying shrinkage of concrete is one of the 
major contributors to concrete cracking.

● The reductions in shrinkage made possible 
with Eclipse can result in dramatic 
reductions and even the elimination of 
cracking due to drying shrinkage



● Result of a multi-year Development Partnership 
between Grace and ARCO Chemical Co.

● Base chemical in current product has been in 
testing for over three years.

● Product has been in commercial use in the US 
since mid 1996.

● Prime segments will be bridge decks, 
containment structures, industrial floors, marine 
structures and concrete repair.

Eclipse    Shrinkage Reducing 
Admixture

TM



Drying and Autogenous 
Shrinkage

● Primary mechanism driving shrinkage is capillary 
action and surface tension of water

● Depletion of water from initially water filled pore 
space creates an inward pulling force on the side 
walls of the pore - essentially trying to close the 
pores up.

● It is the cement paste that is trying to shrink (this 
is where the capillary pores are)

● The aggregate acts to restrain the shrinkage 
internally (although some absorptive agg shrinks 
upon drying)



Understanding Shrinkage
Even after hydration, concrete is a porous material



Understanding Shrinkage
● Pores lose water due to 

hydration and 
evaporation

● As pores become less 
than fully saturated, 
meniscus forms at the 
air-water interface due to 
surface tension

● The surface tension of 
pore solution which 
forms meniscus also 
exerts inward pulling 
force on the side walls of 
the pore

● These forces in all pores 
in range of 2.5 to 50 nm is 
primary cause of 
shrinkage

C   O   N   C   R   E   T   E      P   R   O   D   U   C   T   S



Understanding the Effects of 
Surface Tension 

C   O   N   C   R   E   T   E      P   R   O   D   U   C   T   S



Performance of Eclipse

● With Eclipse, surface tension of pore water 
solution is significantly reduced, leading to 
lower tensile force in pores, and less 
shrinkage.

● Reduces shrinkage by as much as 80% at 28 
days.

● Reduces ultimate shrinkage on the order of 
25 to 50%.



Drying Shrinkage

● Measurement of drying shrinkage
– 4” x 4” x 11” prism with embedded studs

(3” x 3” x 11”)
– Store in 50 % relative humidity at 72 degrees F 

and measure length change
– ASTM C 157 



Drying Shrinkage

● Magnitudes of drying shrinkage
Long term
– Typical: .08% (800 millionths or 800 

microstrains)
– Low: .04%   /   High: .12%
28 Day
– Typical: .04 - .045 %
– Low: .025%  /  High: .06%



Shrinkage Performance

390 kg/m3

Reference

1% Eclipse (3.9kg/m3)

2% Eclipse (7.8kg/m3)



Shrinkage Performance

390 kg/m3

Reference

1% Eclipse (3.9kg/m3)

2% Eclipse (7.8kg/m3)
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Drying Shrinkage
● Factors affecting shrinkage 

(In order of importance - approx)
– Aggregate to paste ratio
– Stiffness of aggregate
– Water content
– Pore size distribution  f(w/c, fineness, pozzolans, 

admixtures)
– Aggregate absorption and shrinkage
– Aggregate cleanliness
– Cement chemistry



Drying Shrinkage

● Other factors affecting shrinkage
– Temperature (mainly due to impact on water 

demand)
– Member volume to surface area ratio (more 

massive members shrink slower)
– Environmental conditions



Curling, and Impact on Cracking
● Concrete slabs curl due to differential moisture 

through the thickness, and the differing shrinkage 
response.

Moisture
Profile

Differential 
Shrinkage

Curling 
Response

Cracking
Upon Loading



Curling

● In slabs on grade, curling is a major contributor to 
cracking - in many cases it is the predominant 
factor

● Stiffer subgrade will result in higher tendency to 
crack for a given amount of curling

● Curling is a problem on superflat construction 
even if it doesn’t result in cracking

● Are no established standardized procedures for 
measuring curling



Eclipse Impact on Curling



Cracking Performance
● Shrinkage performance is nice, but what people 

want is a reduction or elimination in cracking.
● We have done restrained shrinkage testing to 

examine impact of reduced shrinkage on cracking
– Large scale (35 ft long) restrained slabs
– Work at Northwestern University (modelling work)
– Phoenix field test

● Have shown that reductions in shrinkage 
attainable with Eclipse can lead to elimination of 
cracks due to drying shrinkage - or at least a 
dramatic reduction



Large Scale Restrained 
Concrete



Large Scale Restrained 
Concrete



Phoenix Field Test

Test Panel Configuration Phoenix Field Test
Tested Several Aspect Ratios 

30’x30’
slab
(9m x 9m)

20’x20’
slab
(6m x 6m)

20’x20’
slab
(6m x 6m)on poly

30’x10’ slab
(9m

 x 3m
)

50’x 10’ slab, (15m
 x 3m

)
150 mm thickness



Phoenix Field Test



Northwestern University / 
ACBM Research

Restrained Ring Specimens

End Restrained Slabs

End and Base Restrained Slabs



Northwestern University 
Research

R
ef

er
en

ce

1%
 E

cl
ip

se

2%
 E

cl
ip

se

R
ef

er
en

ce

1%
 E

cl
ip

se

2%
 E

cl
ip

se

R
ef

er
en

ce

1%
 E

cl
ip

se

2%
 E

cl
ip

se

D
ay

s 
to

 C
ra

ck
in

g

Ring Test Slab, end 
restraint

Slab, base and 
end restraint



Shrinkage Induced Cracking

● Level of restraint against movement is very 
important variable across different structures

● Restraint - high to low
– Bonded overlay
– Wall doweled into footing, slab supported by walls
– Bridge slabs
– Slab on grade
– Elevated slab supported by columns



Using Eclipse in Concrete

● Plusses
– Reduced shrinkage
– Reduced curling
– Reduced peak heat of hydration
– Works well even with no curing
– Enhanced finishability



Using Eclipse in Concrete

● Minuses
– Lowers strength by 5 to 15% 
– Requires more AEA to attain a set level of air
– Retards concrete set

● Other Considerations
– Does nothing for plastic shrinkage - use fibers



Using Eclipse in Concrete
Air entrainment
● Basic formulation is a good air detrainer.
● A second version of the product has been 

developed to allow for adequate air 
entrainment in concretes requiring freeze-thaw 
protection.



Using Eclipse in Concrete
● Dealing with Strength Reduction

– In many applications where mixes are overdesigned 
for strength (Bridge decks, wastewater treatment, 
P/G), the strength reduction will not be an issue

– Where a 10%+ strength reduction cannot be 
accommodated, adjustments to mix can be made to 
offset strength impact of Eclipse without 
compromising shrinkage performance

– Basic strategy is to reduce water through use of super 
or mid-range.



Mix Adjustments for Strength



Shrinkage Performance



Mix Adjustments for Strength

● Look to get ~10% water reduction at higher 
doses of SRA (1.5% to 2% range)

● Cut water or increase cement 
(or combination)

● Water reduction is preferred course of action



GraniteRock Mix 
Development



Customer Testing



Summary
● Eclipse is a new technology that can be used to 

dramatically reduce drying shrinkage and the 
resultant cracking that frequently occurs.

● Large scale tests have shown that “fully 
restrained” concrete containing Eclipse did not 
crack in a severe drying environment (but no 
thermal fluctuations).

● We consider Eclipse a major innovation enabling 
the production of more durable, better performing, 
and more visually pleasing concrete structures.



*

How Fibers Work

Fibers Intersect Cracks 
That Form In The 
Concrete. This Allows For 
Uniform Distribution Of 
The Shrinkage Stresses 
That Develop, Thereby 
Lessening Cracking 
Problems.

Reference: Engineering Bulletin 
No. 2



*

Recommended Dosage Rates

● Daravair 1000: .5 – 2 oz/cwt
● Wrda 64: 3 – 5 oz/cwt
● Recover: .5 – 6 oz/cwt
● Adva 100: 3 – 8 oz/cwt
● Adva 140: 4 – 20 oz/cwt
● Polarset: 15 – 80 oz/cwt
● Eclipse: .5 – 2 gallons/yard



*

Recommended Dosage Rates 
(cont.)

● DCI: 1 – 3 gallons/yard
● Xypex: 10 lbs./yard
● Krighton: 11 lbs./yard



*

That’s Admixtures
(at least some of them)

Any Questions?



*

Construction: Precast

● Precast concrete is concrete cast elsewhere than its 
final position. Precast construction can be used to 
produce a wide variety of structural elements such as 
wall panels, bridge girders, pipes, poles, crash 
barriers, lift stations, etc. The concrete can be 
reinforced, lightly prestressed or prestressed 
depending upon its requirements. Precast concrete 
elements are typically transported from the plant to 
the job site through highways, rail, or barges. Tilt-up 
concrete is a form of precast concrete and is 
generally referred to as site precasting



*

Construction: Tilt-Up

● Tilt-Up construction is "a construction technique of 
casting concrete elements in a horizontal position at 
the jobsite and then tilting and lifting the panels to 
their final position in a structure". The greatest 
advantage of tilt-up construction over cast-in-place 
concrete is the ease and speed of construction. 
Generally the concrete should attain a high early age 
flexural strength to facilitate lifting and handling. 
Tilt-up concrete is a form of precast concrete and is 
generally referred to as site precasting. 



*

Construction: Flowable Fill

● Flowable also known as constrolled low-strength 
material (CLSM) is a self-compacted, cementitious 
material used primarily as a backfill in lieu of 
compacted fill. The compressive strengths must be 
lower than 1200 psi and often is lower than 200 psi. 
Since the material flows into place no compaction is 
required which is a significant advantage over 
compacted back fill. Flowable fill can be made with 
very high amounts of non-standard materials. 



*

Construction: Pervious

● Pervious concrete is concrete that does not contain 
fine aggregate. It typically has a voids content of 15% 
to 35%. This ensures that the concrete has the 
unique ability to allow storm water to pass through its 
mass into the ground underneath. Pervious concrete 
offers significant environmental benefits as it reduces 
the requirement for drainage facilities. Further it 
facilitates the recharge of ground water and the 
filtration process purifies the water as it percolates 
below. 

 


