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Fundamentals of
<Concrete

Chapter 1

FUNDAMENTALS OF CONCRETE

1.

This introduction provides an overview of
the fundamentals of concrete and is a
frame of reference for this course. To
begin, concrete is a mixture@f two primary
ingredients: aggregates ‘and portland
cement paste. The paste, through a
chemical reaction called hy@dration,, binds
the aggregate into a rockélike mass.

The paste'portion of the«£oncrete, water,
cement and air, constitutes from 25 to 40
pefcént of the volume. The aggregates,
both "codrse " and fine, make up the
remaining 600 75 percent. The 1st and
3rd mixes shown here are rich, while the
2nd ‘and 4th mixes are lean. Rich mixes
are mixes with a high percentage of paste.
Neote that the air content ranges from 8
percent in air entrained concrete to 1/2
percent in the non-air entrained.

Since aggregates make up most of the mix
volume, they should consist of particles
with adequate strength and resistance to
exposure conditions, and should not cause
deterioration of the concrete. Aggregates
can be divided into two groups: fine and
coarse. Fine aggregates are sands
composed of particles which pass the 4.75
mm sieve. Coarse aggregates are particles
retained on 4.75 mm sieve and range
upward in increasing size. Aggregate
gradations of well-graded sizes provide for
efficient use of the cement and water
paste.

Fundamentals of Concrete
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Many concrete problems are caused by
poor quality aggregates. Here, soft
aggregates have caused pop outs in the
concrete surface.

Another agfifegate. Iinduced  concrete
problem is D-gracking. #When aggregates
with pgrous stfuctures are subject to
moisturé along with fréeze-thaw cycles,
the aggr?gates deterioate and generate this
gharacteristic D-cracking pattern.

Some siliceous aggregates will react with
the alkali in the cement. This is called
alkali-silica reactivity. When this reaction
occurs the concrete may expand resulting
in this map cracking pattern.




THE wmaa CEMENT RAT “LAW

“For gweft muteno!s., the strengti? of the concrefe

- —Duff A Abrams

Moy, 1918 ’;1'

The quality of concrete also depends upon
the quality of the cement paste. This
paste contains Portland Cement, water,
and entrapped or purposely entrained air.
The strength of the concrete is determined
by the water-cement ratio. This principle
was understood as early as. 1918 by Duff
Abrams, who pioneered théycurrent mix
design procedures. The Indiscriminate
addition of water will increase the, water-
cement ratio and adverSely affect, the
concrete strength and dufability. Someof
the advantages of decreasing the water
content are:

- Increased compressiye and flexural
strength

- Increased watéffightness
- “Bwer absorption

-, Increased resistance to
-~ weathering

= . Better bond between
successive layers

- Better concrete and
reinforcement bond

- Less volume change from
wetting and drying

Factors of concern with fresh concrete
include wuniformity, workability,
consolidation and hydration. Fresh
concrete should be plastic or semi-fluid,
capable of being molded by hand. Each
particle of aggregate should be coated with
paste and all spaces between aggregate
particles should be completely filled. A
plastic mix keeps the components in place
and does not allow segregation during
transport. Plastic concrete should not
crumble, but should flow sluggishly.

Fundamentals of Concrete




HOW SLUMP MAY VARY

W/C held constant

Reference Mix @ 22°C- §
Initial Stump}
After 1 Hol
Cold Mix @ 6°C
Initial Slum
o After 1 Hol
Hot Mix @ 36°C -
Initial Slump
After 1 Hour§
Finer Sand
No Air Entrainment
Double The Air
Round Coarse Agg.

2550 .75 100125 150 175 500
Slump in Millimeters
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Plastic concrete should be uniform from
batch to batch. To have a finished product
that is of consistent quality throughout,
each batch of plastic concrete that goes
into a structure should be uniform. A
commonly used measure of uniformity or
consistency is slump. A number of factors
can influence the slump@f gsoncrete as can
be seen from this chart. »A thorough
understanding of the fagtors, that can
influence the slump ig important, and a
change in slump should not be sSimply
compensated for by Varying the water
content.

Workability | refersfto thé ease of placing
and copsolidating concréte. The concrete

should ot segregate of bleed while being

worked. |t is iImportant to transport and
@leposit each load of fresh concrete as
close as possible to its final position.

Consolidation is another important
consideration of fresh concrete. Vibration
sets the particles in concrete into motion,
allowing the mix to become mobile. This
allows the concrete to mold to forms and
around reinforcing. Vibration permits the
use of stiff mixtures with a larger
proportion of fine aggregate. It also aids in
placing concrete of high coarse aggregate
content. The greater the amount of large
aggregate, the less volume needs to be
filled with paste (since there is less surface
area to be covered). The less paste that is
needed, the more economical the mix.




13.

14.

Over . vibration or vibrating normally
workable mixes can cause segregation.
Conversely, under consolidation can result
in honeycombing.  Here, all of the
entrapped air has not been driven off
through vibration.

Concrete should neverde mgied by use of
a vibrator.

Hydration is the chemical reaction
between cement and water and results in
the cementitious properties of Portland
Cement. Portland Cement is an inorganic
substance made up of many compounds.
The initial chemical composition of cement
is transformed during hydration to form
calcium hydroxide (lime) and calcium
silicate hydrate. The concrete properties
of set time and strength depend upon the
formation of this latter compound.
Knowledge of the heat released during
hydration and the rate of the reaction are
important to proper construction planning.

Fundamentals of Concrete
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Fundamentals of Concrete

Hardened concrete should be durable, that
is, it should have the properties of
strength, abrasion resistance and
resistance to freezing and thawing.

Concrete will contifiue té hydrate and gain
strengthi, as' lofig as there is moisture
available for the reactiéon. For this reason
it is very\ important to keep concrete
€ontinuously moist during curing. This
figure Shows that after 7 days, concrete
kept continuously moist will ultimately
teach a strength greater than concrete
allowed to dry. It is important to
remember that concrete does not harden
By drying. When concrete dries, it ceases
to gain strength, and even though it is dry,
there is no indication that it has sufficiently
hydrated.

Strength is normally considered the primary
property of concrete quality. Compressive
strength is needed for bridges and
structures, flexural strength is needed for
pavements and slabs. As a general rule of
thumb, flexural strength of normal weight
concrete is about 7.5 to 10 times the
square root of the compressive strength.




=

TYPICAL RELATIONSHIPS
Non~Air -Entrained Concrete

04 05 Q08 OF
Water~cemant rotio, by moss

WEIGHT OF CONCRETE, kg/m?
(Air Entrained)

The principle factors affecting concrete
strength are water-cement ratio and age.
This figure shows compressive strengths
for a range of water-cement ratios and
ages. Note how strength increases with a
decrease in water-cement ratio and an
increase in age. Air entrained concrete
tends to have slightly lower Stréngth. This
loss in strength, however, is offset by the
fact that alower water-cement#atio ean be
used for air entrained concféte.

Concrete that is gormally used in‘highway
work has a unit weight (of density) of
2240 to 2400 kg/m3¢ The unit weight test
can be used to detérmine thé uniformity of
concrete from batch to batch. Factors
affegting the "Unit weight are aggregate
density, dip, cotitent, and the water and
cement content \as influenced by the
maxithum aggregate size. Specialty
concretés can provide a large diversity of
unit weights. Lightweight concrete used
for ihsulation can be as low as 240 kg/m?®
and heavy weight concrete can run as high
as 6010 kg/m?.

For concrete to have a long life and low
maintenance requirements, it must be
durable. Durable concrete must have high
strength, be resistant to freeze-thaw, be
watertight, be abrasionresistant, and crack
free. Nondurable concrete suffers from
deterioration often caused by the freezing
of the water in the paste. With air
entrained concrete, however, resistance to
freeze thaw is greatly improved. During
freezing, the air bubbles provide chambers
for the particles to expand into.

Fundamentals of Concrete
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Concrete made without air entrainment is
subject to scaling. Under severe
conditions, however, even air entrained
concrete can exhibit scaling.

Concre@e exposed todweather or severe
conquns should be watertight. Water
can penetrate permeable concretes. If the
mtrudmp water contains a high chloride
content then the reinforcing steel can
deteriorate and result in failure of the
concretge element.

The pef’rmeability of concrete depends on
the water-cement ratio and the length of
moist curing. This apparatus determines
the permeability of cement mortar disks.
The results indicate that the lower the
water-cement ratio, the less water leakage
occurs through the sample. Also, the
longer the specimens are moist cured, the
more watertight the concrete.

Pl
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Depending on the use of the concrete,
abrasion resistance becomes an important
consideration. Concrete pavements can
become worn with age, particularly where
studded tires have been used. Worn
pavements can be slippery if the
aggregates are easily abraded.

This picture shows the 1est apparatus for
measuring abrasion gf confrete used in
pavementsd Abkadion is linfluenced by
concrete strength and aggfegate type.

One final consideration for obtaining
durable concrete is the control of cracking.
Cracking can be caused by applied loads,
expansion and contraction, or drying
shrinkage. Proper placement of joints in
concrete work can reduce the amount of
cracking. In concrete pavements, timely
sawing of joints will prevent this type of
cracking.

Fundamentals of Concrete




Plastic shrinkage cracks result when the
water in the concrete evaporates from the
surface too rapidly. This problem is most
common when concrete is placed in hot,
windy, and/or low humidity weather.

28. This chart simmariées items necessary for
durable.concrete.

. Low water/cement ratio
. Adequate cement content
. Adequate strength
. Proper consolidation
. Adequate air-entrainment
Sound, clean, well-graded
aggregates
. Adequate moist curing

29. Materiaj for this presentation on concrete
was taken from sources that included
AASHTp, ASTM, PCA, ACI, and FHWA.

Fundamentals of Concrete 1-10
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In conclusion, this course will emphasize
high standards rather than common
practice. In most cases, concrete of poor
quality will cost the same to produce as
concrete of high quality. Many of the high
standards presented will improve the
concrete uniformity and quality so that the
effort invested will be rewarded by a
smoother operation, a higher ‘praduction
rate, and a better concrete pfoduct.

Fundamentals of Concrete







Chapter 2

PORTLAND CEMENT

1.

Portland Cements, by definition, are
hydraulic cements; that is, they set and
harden by reacting with water. The
process is called hydrationddThe invention
of Portland Cement is credited to an
Englishman named Joseph Aspdin.

Aspdin, a mason, obtainefl a patent for his
product in {1824. He named it Portland
Cei;ment because it produced a concrete
that reserfibled a natural limestone which
was quarried o the Isle of Portland in the
English Channel. David Saylor started the
United State’s concrete production in the
garly 1870’s, in Coplay, Pennsylvania.

Portland Cement is produced in a plant
where raw materials are heated in a rotary
kiln. The high heat in the kiln causes a
chemical reaction that converts the raw
materials to clinker. The clinker is then
pulverized to form the cement.

i

Portland Cement




SOURCE OF MAJOR COMPONENTS IN
' PORTLAND CEMENT

‘Steps in the manufacture of porlane
syihad coss gsﬁxga

g

Portland Cement

The four major chemical components that
must be present in the raw materials in
order to produce Portland Cement are
Calcium, Iron, Silica, and Alumina. Sources
for these raw materials are illustrated here.
Note that some raw materials are available
from the same source.

The raw malterials £an be combined in
either a diy orgda wgt process. This
illustratipn andhe next three depict the
steps involved In_manufacturing Portland
Cement by the“dry process. The raw
material i$ first put through a crusher to
brealdit.down to 125 mm or smaller.

Followirigg primary crushing, the raw
materials are proportioned, put through
another grinding, and then dry mixed. This
providesﬁf the proper chemical composition
for making the clinker.




The raw materials are preheated, and then
enter a kiln with temperatures from
1425°C to 1650°C where they are
chemically changed into cement clinker.
As the clinker exits the kiln, it is air-cooled.
The rate of cooling must be controlled as it
can affect the properties gf the cement.
The cement clinker consists essentially of
hydraulic calcium silicates.

The clinker is cooled, ptiverized, and then
stored or shipped.
Note that@t the pulverizing stage, gypsum
is added ta the clinker tad€ontrol concrete
setting time \and aids in its obtaining
optimum strength.

After the final grinding, the cement is a
fine powder with particles so small that
they could pass through a sieve with 62
openings per square millimeter.

Portiand Cement




LA "

& A Entralned Cement (A, HA, HA)

@ Wiile Cement
@ Bientlad Hydeaulic Cements (1S, 19)

Portiand Cement
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11.

Different types of cement are
manufactured to meet different physical
requirements and for specific purposes.
The five basic types of cement are as
follows:

- Type | is a general purpose cement
that is used when) there are no
extenuating circumstances.

- Type Il is used where there is a
need to protect against moderate
sulfate attack. Naturally ogeurring
sulfates® suchy, as sedin and
magnésium are sometimes found in
soils | or digsolvedl \in groundwater
vithere edhcrete is to be placed.

- Type Il is™a  high-early-strength
cement used where high strength
goncrete is needed in a short period,
usually’ one week or less. Uses
would include situations where
forms must be removed early, where
a structure has to be put into
service quickly, or in cold weather.

- Type IV is a low heat of hydration
cement that is used in large
sﬁjuctures such as dams where a
heat rise is a critical factor.
Excessive heat rise could cause
cracking due to volume change.

- Type V is a high sulfate-resistant
cement.

There are also other less common types of
hydraulié cements. For example, there are
Type IA, IA and IlIA cements that are
Type I, Il or lll cements with a small
amount of air-entraining agent interground
with the clinker.




Pozzolan

# An inert siliceous material which,
| in the presence of water, will
combine with lime to prodice a
cementitious matter with excellent
structural properties,

& improved Workabllity

& Econoigy

& Rediced Akal-aggregate Reaction
& Increased Sulfate Resistance

@m‘»

)

It is also possible to specify a White
Portland Cement, however, this is used
mdstly for architectural purposes or for
color contrast, such as in curbs and
median Dbarriers. Blended hydraulic
cements (ASTM C 595) consist of Portland
Cement combined withge some other
ingredient.

There are several types of blended
cements and they are ¢lassified by the
material interground with the clinker. Type
IS cements have had blast-furnace siag
added. As mugh 28985 pefeentdio 75
percent slag ni@y be substituted for the
cement. Type IP géments have had a
pozzolan ddded inflace ofla portion of the
cement clinker.

AvPozzolan i a siliceous or siliceous and
alumhinous material, which, alone,
possesses little or no cementitious value
but will react with water and calcium
Rydroxide to form compounds possessing
cementitious properties. The most
common Pozzolan is Fly-Ash. Here again,
intergrinding is the common manufacturing
process and the Pozzolan may account for
15 to 40 percent of the weight of the
cement.

Some advantages of using a Pozzolan are
improved workability, economy, and
sulfate resistance. Otheradvantages are
reduced alkali-aggregate reaction, heat
generation, volume change and bleeding.

Portland Cement




COMPOSITION OF CEMENTS

Portland Cement

ASTM C 150 and AASHTO M 85 both
provide the chemical and physical
properties for each type of cement.

Cement types can b€ identified| by, the
percentages of their “four compounds.
When the clifker is, fortneéd,diring the
manufacturifig progess, four principal
compounds are sCreatéd, The figures
shownd in thel chart represent typical
compositions.

- Tricalcium silicate (C,;S) hydrates
rapidly. and is responsible for initial
set and early strength. Note that
Type lll (High Early) is made up of
56 percent tricalcium silicate. C150
limits C;S to a maximum of 35
percent for Type IV cement only.

- Dicalcium silicate (C,S) hydrates
slowly, thus it generates a low heat
of hydration and is responsible for
long term strength. Type IV (Low
heat of hydration) cement has the
highest percentage of C,S. C150
limits C,S to a minimum of 40
percent for Type IV cement.

- Tricalcium aluminate (C;A) liberates
large amounts of heat during early
hydration and contributes to early
strength development. High
amounts of this material, however,
contribute adversely to the
resistance to sulfate attack.
Consequently, Type lll cement (High
Early Strength) has a higher
percentage of C;A than Type V
(Low Sulfate).




C150 limits C;A to a maximum as
follows:

8 percent for Type Il
15 percent for Type Il

7 percent for Type IV

5 percent for, Type V

Tetracalcium Aluminofertite (C,AF)
reduces the clinkering@f@mperature,
and thus assists in \the
manufacturing pro¢ess. It acts like a
flux in burning the glinker. CT180
limits C,ARgi6na, migitaum_©OF 20
percent for Type V cementonly.

There aresa numbér of properties of the
Portland Cément that arediiportant.

-- . Fineness

- Compressive Strength
= Soundness

-, Heat of Hydration

-- . Consistency

s Loss on Ignition

< . Setting time

-- > Specific Gravity

-- False Set

-- Weight

Fineness of the cement affects the rate of
hydration. Greater fineness increases the
surface available for hydration which
causes higher early strength and more
rapid generation of heat. Type lll cement
has a high fineness and therefore exhibits
these properties. Because of the extremely
small size of the particles, they do not lend
themselves to analysis by means of
sieving. Special methods have been
developed to make approximations of the
size distribution.

Portland Cement
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This is the Wagner Turbidimeter. It is an
older method for determining size of
cement particles. It operates by shining a
light through a suspension of the cement.
The light passing through is measured by a
photoelectric cell. Through calibration, the
fineness can be determingd from the light
passing through the suspensien. This test
is AASHTO T 98 or ASTM'C 115. The
measure of fineness is the'specific surface
and is the summation ¢f particle stirface
area in square meters for one kilogram, of
cement.

Another test for fineness is the Blaine air
permeability | test/4 ASTM C 204 or
AASHTQ T 153, (This test is performed by
drawing ‘@ known guantity of air through a
bed of cement. “The fineness can be
cOirelated 1o the flow rate. Most cements
have @ Blaing fineness from 260 to 500
m?/kg. ASTM requires a minimum of 280
m‘lkg for Type | cement. Cements with a
finenéss below 280 m?/kg may produce
concrete with poor workability and
excessive bleeding. The U.S. Department
of the Interior Concrete Manual indicates
that the Blaine method correlates to about
1.8 times the Wagner method.

Soundness refers to the ability of hardened
cement paste to retain its volume after
setting. =~ Expansion of the cement is
caused by excessive amounts of lime or
magnesia in the cement. The test for
cement soundness is the Autoclave
expansion test. This is ASTM C 151 or
AASHTO T 107.




s
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1

25 by 25 by 285 mm molds are used to
form cement paste specimens. After
curing for 24 hours, the specimens
dimensions are verified, and then placed
into the autoclave.

The specimens Afe subjected to saturated
steam at 2.0 Mpa for'S hours. They are
then removed, codled and remeasured.
The differénce ia length of the specimen
before and'after testiigis reported as the
auteclave expansion and is measured to
the nearest 0.01 percent.

Portland Cement
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The cement should not set up too soon nor
should it set up too late. Setting time tests
are performed to determine if normal
hydration is taking place in the first few
hours. Demonstrated here is the Vicat
apparatus in which a needle is allowed to
settle into cement paste. Time is recorded
until the needle penetratés 25 mm. This is
the initial setting time. Finalset is when
the needle stops sinkingss This test is
ASTM C 191 or AASHTO T 131. The
Vicat apparatus is also used to detérmine
the consistency of cement. Consistency
means the cement’s.ability to flow{ In this
test, the needié'is replaced with 2 10 mm
diameter plunger. Mormal consistency is
defined as a'10 i drop of the plunger in
30 secdnds. The moistuie content used to
obtained this consistency is then used for
mixing the paste in the setting time test.
{ASTM C 187)

Another testfor setting time is the Gilmore
test, The apparatus is shown here. In this
test, two needles of different weights are
used.” When the needles no longer make
anhindentation into the paste, it is defined
as initial set for the small weight and final
set for the large weight. There is no
correlation between these tests and the
setting time of concrete. This testis ASTM
C 266, or AASHTO T 154.

ASTM C 150 and AASHTO M 85 specify
certain minimum cement compressive
strength requirements. The test is
performed on 50 mm mortar cubes
produced in these molds.
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For a Type | cement, 7-day strength of 50
mm mortar cubes should not be less than
19.3 MPa. Using that as a reference, this
chart shows the relative percent
compressive strength requirements for the
various cements at various ages, compared
to that of the 7-day strength for the Type
| cement. Compressive strength testing is
described in AASHTO T 106°0nASTM C
109.

This picture shgWws a teghrician performing
a loss on ignition test{ The@ement sample
is heateddto 1000°C until it reaches a
constant mass. 1he massfloss can then be
calculated.| This ist@st"ASTM C 114. A
highploss of \3 percent or more is an
indicatiohef préhydration and carbonation.
This may ‘bé caused by improper or
prolenged storage.

AASHTO M 85 and ASTM C 150 also
specify the air content of mortar. The
purpose of the test is to determine whether
or not the hydraulic cement meets air-
entrained requirements. To perform the
test, a cement mortar is placed in a flow
mold, on a flow table. The mold is
removed and the table dropped 10 mm, 10
times in 6 seconds. The flow is the
increase in diameter of the specimen.
Various water contents are tried until a
flow of 80 to 95 percent is achieved.
Through weighing a predetermined volume
and knowing the percentage of moisture,
the air content can be determined.

Portland Cement
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There are several other physical properties
of cement which we should mention.

False set is a significant loss of plasticity
shortly after mixing. This presents no
problem if the concrete is remixed before it
is placed. False set is anerratic condition
that can be blamed on the ¢haracter of the
gypsum used.

Specific gravity of ceiment is about 3.15
and is used in the mix\design calculations.

Weight of ceniént can be measufed by the
bag at 50.0'kg. Density of cement is not
usually considered sinceé it can be fluffed
up quité easily For this reason, cement is
weighed for each, bateh of concrete.

Hot or "green cement is sometimes
encountered, Sometimes during peak
periods cement plants will have difficulty
kKeeping up with demand. Consequently,
cement: may be coming directly from
produétion to the concrete plant. Also,
eement may become hot due to silos being
located in direct sunlight. When this
happens, cement at elevated temperatures
could be used in concrete. This could
cause stiffening of the concrete mix. An
upper limit of 65°C to 80°C is
recommended for cement.

One final item to cover is cement storage.
Cement is a moisture sensitive material
that will retain its quality indefinitely if it is
kept dry. When storing bagged cement, a
shed or warehouse is preferred. Cracks
and openings in store houses should be
closed, humidity should be as low as
possible, and bags should be stacked on
pallets away from outside walls. Bagged
cement stored outdoors should be stacked
on pallets and covered with a waterproof
covering. Bags should not be stored near
ponded or runoff rain water.
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Most cements that arrive on a construction
project will be by bulk. Storage of bulk
cement should be in a watertight bin or
silo. Separate compartments or bins
should be provided for each type of
cement. Transportation should be in
vehicles with watertight,and properly
sealed lids. Cement conveyance systems,
such as screw conveyors of hair slides,
should provide for constafit flaw and
precise cutoff. Compregsed air systems
for moving cement should have ‘water
traps. Lumpy cement \results /from
improper storagegahdshandling, Ldss on
ignition or stfength _tests should be
performed on/ cemefits that have been
stored fordong periods of time.

Portland Cement







Chapter 3
MIXING WATER

1.

Water is the next concrete ingredient to
consider. ‘

Water hasatwo mdin functions; it reacts
with the ‘eement during{ hiydration and
lubricates the materials, eontributing to the
workability of\the concrete. Because of
this, it isyimpertant that the water be
relatively pure.

Pure, or potable water is suitable for use as
mixing water for concrete. Some water
suitable for making concrete, however,
may not be suitable for drinking. Two
questions should be considered when
evaluating water for concrete.

- Will the impurities affect the
concrete quality?

- What level of impurity can be
tolerated?

Mixing Water




Mixing Water

When the water is of questionable quality,
it should be tested to determine if there are
impurities in the water. Here an atomic
absorption spectrophotometer is used to
detect metallic or chloride ions.

The water’é affect on the  physical
properties ©f thel confrete should be
performéd to défermine If the levels of
impurities, will be_harmful. Strength and
time of §et tests should be performed.
Meortar cubes made with the proposed
water should have 7 and 28 day strength
at least equal to 90 percent of the strength
of, mortar cubes made with known good
water (distilled).

Impure water can shorten or extend the set
time of concrete, cause efflorescence, and
stain the concrete, as well as corrode the
concrete reinforcing steel.
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Water that is considered to be harmful may
contain excessive amounts of any item
indicated here. The source of the water
(municipal, well, stream) would dictate
which of the impurities would be
suspected of contaminating the supply. In
general, concrete plants are well
established and have beerfusing the same
resources for a number Jof vyears.
Nevertheless, it is possiblegforva water
supply, particularly shallof well water, to
become contaminated.

The AASHTO and ASIM limits for c@rtain
chemicals in mixing watenare shown here.
Mixing water should not contain an
excessive ,amountdof silt or suspended
solids. This ¢hart shows a maximum
concentration of ‘solids’ot 50,000 PPM.
PCA and ‘the Bureau of Reclamation
recomimend that if the turbidity exceeds
2000 PPM, the water should be tested for
Its effect on stréength and time of set. The
chiaride ion content of mixing water is also
of the major concerns due to its effect on
reinforcing steel. Chiorides can be
intrtoduced to the concrete mix through
admixtures, aggregates, or cement in
addition to the mixing water. Placing a
level on the chloride content of water
becomes difficult because of these various
sources. Generally, water containing less
than 500 PPM of chloride ion will produce
acceptable concrete.

The requirements for concrete curing and
washing water are not as strict as those
for mixing water because this water is in
contact with the concrete for only a
relatively short time. The permissible
amounts of some impurities, however, are
still restricted. If there is any doubt, the
water should be tested prior to use.

Mixing Water




Mixing Water

The disposal of washing water may be a
problem in a concrete operation. This
water may contain large amounts of fines
and, therefore, has the potential of
polluting lakes or streams.

One solution t0 the washing water problem
would be thg use of settling basins. Also
the wash watér niay be recycled for use as
mixing water as long asdt meets minimum
standards. \If used f8F mixing, the intake
end of the supply line should be covered
with @wire ' mesh to prevent foreign matter
from entefing the system.

In conclusion, if the water is drinkable, it is
usable for all aspects of a concrete
operation. If there is any question about
the concrete-making quality of the water,
a sample should be submitted for
evaluation. If the water does not have any
particular taste, odor, or color, and does
not fizz or foam when shaken, there is no
reason to assume that such a water will
hurt the concrete.




Chapter 4

AGGREGATES

1.

Aggregates constitute about 60 percent to
80 percent of the volume of concrete and
have a strong influence on the concrete’s
properties. For this reason, aggregates
must conform to certain €tandards. For
best results, they should be glean, hard,
strong, durable particles freesof absorbed
chemicals, clay or othel material§, that
could affect hydrationh or Bond.
Aggregates that should Rot be used are
those that are friablenireadilya.crumbled),
those that contain shale; or those that
contain other Soft an@l porbus materials.
Aggregateswith thése characteristics can
cause surtace defects such as popouts.

Naturally o€eurring aggregates used in
concretepare @ mixture of minerals and
rock. Minerals are defined as naturally
occurring inorganic substances of a
definite chemical composition and a
specifi¢ grystalline structure. Rocks are
génerally composed of one or more
minerals. Rocks compose most of the
coarse aggregates and minerals compose
most of the fine aggregates.

Rocks are classified in accordance with
their origin; that is igneous, sedimentary
and metamorphic.

Aggregates




4. Igneous rocks are those that have cooled
from a molten rock mass. Igneous rocks .
can be subdivided into intrusive or coarse =~
grained and extrusive or fine grained.
Intrusive rocks are formed during slow
cooling of the molten mass and are
exemplified by granites. Extrusive rocks

Granite Anyolte are cooled more quicklyf’such as during a
Diorite Andesite volcanic eruption, and include basalts. In
Gabbro Basalt Agglomerate general, igneous rocks are hard, tough and
dense and make excellent ‘concrete

aggregates.
5. Sedimentary j0cks arestratifiéd rocks laid

down under watef and pressure. The
sediments |are fusually composed of
particlés, of "pfé-existing rocks, organic
material§,, or the sharfiened skeletons or

CONSOLIDATED: CALCAREOUS: shells of @ncient organisms. Sedimentary
Shale Limestone rocks are divided into two groups based on
Sitsone s:uc?:c‘:;‘:? their “‘grinciple mineral component.
Sandstone Chert CalcareQus tocks contain compounds of
Conglomerats Opal e or. magnesium. These are the

carbonajies (limestone and dolomite). The
other'groups are made up chiefly of silica.
Sedimerﬁ:tary rocks range from hard to soft.
The softer ones should be avoided.

6. Metamorphic rocks start out as either
igneous or sedimentary rocks. Through
the application of heat, pressure, water or
any combination of these, the rock is

ey ik hanged by physically altered or metamorphosed into a

N new type of rock. Sedimentary rocks,

GNEISS (metamorphBied granite) which undergo metamorphosis are
SLATE fmetafiorphosed shale) generally harder, tougher and more durable
MARBLE (¢tamorphosed limestone) than the parent material, while igneous
QUARTZITE (metamorphosed sandstone) rocks re@hain relatively unchanged. Marble
is metamorphosed limestone, and is an
excellent concrete aggregate. Quartzite is

metamorphosed sandstone and is also a

good aggregate.
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Concrete aggregates are generally gravels
and crushed stone. Naturally occurring
aggregates are called gravels. Sometimes
gravels are put through a crushing
operation to reduce their size or to improve
their shape. Some artificial

aggregates are used for special purpose
concretes such as light w@ight concrete
made from expanded clay.

About half of the€oncretéaggredatés used
in the United States g@rne _from gravels,
the other half come from'a rock source
such as aquarry Where the rock has been
put through, a ctushers® A very small
amount come from recycled concretes.

Natural fine aggregate is simply the smalier
fragments that result when the edges of
rocks are worn away. Due to the way itis
formed, natural sand is generally quite
round. If there is a shortage of natural
sand, a manufactured sand may be used.
These are generally much more angular,
however, and may cause different working
characteristics in the concrete.

Aggregates
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AGGREGATES
'PLACED IN 3
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COARSEST SIEVE |
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The most important property of concrete
aggregate is its gradation. The gradation
measures the maximum particle size, the
range of particle sizes, and the amount of
a particular particle size. The gradation is
important because of its effect on mix
workability, economy, and strength.
Concrete mixes which comitain too much
coarse material become difficult to finish.
For a given water-cement ratio, the amount
of cement required will décrease as the
maximum size aggregaté increases.» On
the other hand, concreté mixes whigh
contain too much fine material will require
more cement an@ water, in ‘ordensfo coat
each particle ahd make the mix flowable.

Grading of aggregates is the distribution of
particles "@among warious sizes. The
gradation i§ determined by performing an
anfllysis with a set of sieves. Sieves are
stacked With latger sizes on top. Gradation
15), usually “expressed in terms of a

peféentage passing or a percentage

retained on the various sieves.

To make: testing of aggregates more
manageable, the aggregates are classified
as either coarse aggregate or fine
aggregate. = The dividing line between
these two classes is the 4.75 mm sieve.
This sieve has openings which are just
slightly smaller than a lead pencil. Any
aggregates not passing this sieve are

classified as coarse aggregates. Any ’

aggregates passing this sieve are classified
as fine. This table depicts typical sieves
used in a coarse aggregate analysis.
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i FINE AGGREGATE SIEVES
. . No. 4 (0.187 in3 a
2.38 mun. No 8 (0.0937 in}
316806 mm. . 18 {0.0469 in}
o mm. v&ﬁ 30 (0.0234 in)
Q.ﬁﬂﬁ mm, No. 50 (0.0117 in}
0.150 mm, No. 100 (0.0059 in}
0.075 mm. No. 200 (0.0028 in)
STANDARD GRADATICN LIMITS
. ‘ igve sizes ~ nominci openings
_ Sieve Analysis and
Fineness Madulus of Sand
| Percentage i Cumulative | Cumulative
retained percentage | percentage
between passing, | retained,
Sieve size sieves” by mass |
“45% maximum,)ASTM C33.
otedting

There are many sieve sizes that could be
used for analysis of fine aggregates. This
is a listing of some of the most commonly
used sieves for fine aggregates associated
with highway work. Notice that each
sieve is about one half the size of the sieve
above it. This ensures that there will be no
gaps in the gradation analySis.

The results of the_sieveé ‘analysis are
sometimes plottéd on angradation’ chart.
An experienced inspegtor can tell a great
deal about the ¢haraéter of a concrete mix
by examining the gradation' chart. Limits or
ranges are \ usually, spécified for the
percentage 0f material'passing each sieve.
This is,done' since the gradation and the
maximum 8ize of aggregates will affect the
¢eément and ~water requirements,
workability, economy and durability of the
concrete. In general, aggregates that do
net have a large deficiency or excess of
anysize and give a smooth grading curve
will'produce the most satisfactory results.

One important characteristic that can be
determined from the fine aggregate
gradation is the fineness modulus (FM).
Developed in 1919 by Duff Abrams, the
FM is the sum of the total percentages
retained on each of a specified series of -
sieves divided by 100. This value
represents an average particle size.
Aggregate gradations having the same FM
should require approximately the same
amount of water and cement to produce
concrete of approximately equal strength
and consistency. Note that only certain
sieves are used for calculating the FM of
the aggregate. The FM should not be less
than 2.3 nor more than 3.1. Also it should

Aggregates
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Effect of Fineness Modulus on Cemfiént Content*
higher :
Cement 1
Content |
|
iower L_...#.
22 24
@iner) M {coarser)
*From Bureau df Reclamation Concrete Manual
Aggregates

not vary more than 0.2 from the value
assumed in selecting proportions of the
concrete mix design. If this value is
exceeded, the fine aggregate should be
rejected unless suitable adjustments are
made in proportions of fine and coarse
aggregates. The desirable fine aggregate
gradation depends upon tlie work involved,
the richness of the mix, and the maximum
size of coarse aggregate. I general the
coarser the fine aggregaté the hatsher the
mix. The higher the FIM the coarser the
aggregate. A very largé amount of Very
fine material, that is material passing the
75 um sieve,dAwill cause “thésFM to go
down. In addition, d Jow, FM will reduce
the air contént and mare air entraining
admixtufe will bé required. ASTM C 33 or
AASHTO M 6 spegifies' the sieve sizes to
be used and recommends the 0.2
tolérance.

The FM of the sand will also affect the
required cement content of the concrete
mix. As the FM gets lower, the sand gets
finer. This increases the surface area of
the sand, and will increase the required
amount of cement to insure that all
aggregate particles are completely coated
with paste.




There are a number of other aggregate
characteristics that should be considered,
and are listed here.

Abrasion resistance i often used as a
general index of andaggregates quality.
Abrasion resistance plays animportant role
in pavement * surface Jife. As the
concrete’s mortar surface is worn off, the
pavement ‘Wwill rely upon the abrasion
resistince of \the aggregate to provide
good skid esistance. Aggregates that
tend to polisiitunder these circumstances
willresult in unsafe or "slippery when wet"
conditions. Skid resistance is also
dependent upon the fine aggregate. To
provide good skid resistance, the PCA
recommends that the siliceous particle
content of the fine aggregate should be at
least 25 percent. Consideration should be
given, however, to the possibility of alkali-
silica reactions when this is done. In
addition, some manufactured sands can
préduc‘e slippery surfaces and should be
investigated thoroughly before being used.

Aggregates
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Another problem related to concrete
durability is the occurrence of popouts or
spalling. Popouts occur from freezing and
thawing of saturated porous aggregate
particles near the surface of the concrete.
When the concrete becomes critically
saturated, there will be insufficient unfilled
pore space to accommodate the expansion
of water during freezing. “These situations
are usually isolated within'the concrete
matrix. As will be discuss@d later, popouts
can result from other ag@iregate properties.

There are sgveral ways to evaluate the
performance oft "agdregates under
freeze—thaw con@ditions; first and perhaps
most useful is thepast pérformance history
of the aggregate Second, if an aggregate
has an - Unknown history, it can be
to a freeze-thaw test in
accordarice with ASTM C 666 or AASHTO

In this test, concrete samples
magde with the aggregates are subjected to
alternat;)g freezing and thawing while

submerged in water. This is the preferred
method for determining D-crack
susceptfﬂ%lhty AASHTO T 103 provides a
similar girocedure for subjecting just the
aggregates to freezing and thawing cycle.
A third method of determining aggregate
durablhty is through a sodium sulfate or
magnesurlm sulfate test (ASTM C 88 or
AASHTQ T 104). In this method, salt
crystals' ‘grow in the pores when the
aggrega{;‘e is immersed in a sulfate solution
thus smﬁjlatmg the pressures produced by
freezing _rwater Unfortunately, while they
are quid;i;(er to perform, sulfate tests are
not always repeatable.




i

Smooth, Bounded

4-11

Particle shape influences the properties of
fresh concrete more than the properties of
hardened concrete. Rough angular
aggregates require more water to produce
workable concrete then smooth, rounded
aggregates. If more water is required, then
more cement will be required to maintain
the same water cement ratigh Elongated or
flat particles tend to produce, concrete
which is difficult to finish. " In, a like
manner, surface texture wfill impaet the
workability of fresh contrete. Surface
texture, however, has a maore significans
bearing on the concrete’s ‘§teength. /The
bond between th€& cement pastémand the
aggregate incréases @S the aggregate
surface texturé becémes tougher. The
rougher sdrface prfovides greater surface
area for the development@! this bond, thus
higher strengths. Bond is also influenced
by< the, cleanliness of the aggregate.
Coatings omthe aggregate will reduce the
bond.

Another impértant property of aggregates
is the aggregate specific gravity. Specific
gravity is the ratio of the weight of the
aggregates to the weight of an equal
volume of water. Most aggregates have a
specific gravity of between 2.4 and 2.9. In
general a low specific gravity indicates a
porus, weak and absorptive aggregate
while a high specific gravity represents
goad quality. The specific gravity is used in
certain mix and control calculations.

Aggregates




There are four possible moisture conditions
for an aggregate:

a. Aggregates with no water in the
pores or on the surface are called
oven-dry and represent a laboratory
condition.

b. Aggregates with a dry surface and
variable amounts_ofi water in the
pores are air-driéd and will absorb
water from a concrete mix.

c. In the saturated, surface dfy (SSD)
conditibn, the pores are filled but
the surface i€ dry . #Since the weight
of waterdiven in a mix design is
based on SSD/{ aggregates, the
amount of Water added during job
mixing must be adjusted for the
abgregate's moisture condition.

d. In the " damp or wet condition, the
aggregate pores are filled and free
water is present on the surface.
Aggregates in this condition ;
e%bntribute water to a concrete mix. :

Since the aggregate weight will vary
dependmg on the moisture condition,
specific gravities are determined at a fixed
moisturfe content, either oven dry or SSD.

There are several aggregate qualities or
I'MAL HARMFUL lmpurlties that are potentially harmful to

u&REGATE UALITIES Concmﬁe

ORJAMPURITIES i
Otgarfic Impurities - Qrganic impurities may delay setting
Silts and Clays and hardening of concrete and may

Sofft, lightweight materials also reduce strength gain.
Clay lumps and friable particles "‘

Chert of less than 2.40 specific i . -
gravity P - Material finer than the 75 ym sieve,

Alkali-reactivity such as silts and clays, can cause a
thin dust-like coating on the
aggregate, thus weakening the bond
between the aggregate and paste
and resulting in low strength.

Aggregates 4-12
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- Coal, lignite, and other soft particles
- will cause popouts and a loss in
durability and wear resistance.

- Clay lumps in concrete may absorb
mix water and may break down
from freezing and thawing or
wetting and drying. They can cause
popouts and reduce théconcrete’s
durability and wear resistance.

- Chert also affects fthe durability, of
concrete and, duge  to its high
absorption, can_cause popouts.

Alkali-Aggregate reagtions Known as Alkali-
Silica Re@&tivityy {ASR),, and  Alkali-
Carbonate | Reactivity, (ACR) can cause
abnormal expansion or map cracking in
coficrete. It is caused by a reaction
between sBme siliceous and carbonaceous
aggregates and alkali from the cement.
During this reaction, a highly absorptive
materiahis formed on the surface of the
agaregate. When this material absorbs
water, it will expand and cause cracking.
The reactions only occur when alkali, silica
or carbon, and moisture are combined in
the concrete. Limiting any of the three
reduces the reaction. Deterioration can be
minimized by limiting the alkali content of
the cement to 0.6 percent when reactive
aggregates are suspected or known. The
addition of an adequate amount of a
suitable pozzolan can also limit this
reaction. Reactive aggregates can be
found anywhere, but are most prevalent in
the western and southern states. The best
indicator of an aggregate’s suitability is its
service record. If the aggregate has been
producing quality concrete, it generally will
continue to do so. Should there be any
doubt or problem with an aggregate,
testing, such as petrographic examination
or mortar bar tests should be performed to
ensure suitability for making concrete.

Aggregates
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The objectives of a well designed
aggregate storage and handling system are
to provide an adequate supply of
aggregates and to prevent segregation,
breakage and contamination.

The preferredinethod of building stockpiles
is to build themn layers of uniform
thickness by dep@siting material in tightly
placed joads. This applies to stockpiles
built by clamshells®or truck delivery.
Stockpigles that are spread by a dozer are
accepta}ble, however, the aggregate should
be watghed for degradation. Rubber tired
equipmﬁ@ént 15 preferred to metal tracked
eguipment.

Segregﬁtion can result if the material is
bulldozed over the edge of the stockpile,
even though the rest of the stockpile has
been properly constructed.




Aggregate stockpiles should also be
constructed on smooth, hard surfaces in
order to prevent contamination from
underlying soils.

Removing aggregates from stockpiles and
feeding hoppers car begaccomplished
through gundékgiound | feeds from
stockpiles; by clam shell&uckets, or by
charging hoppers with front-end loaders.

Slices from a stockpile made with a
front-end loader should be from bottom to
top so that each slice contains a portion of
each horizontal layer. Care should also be
taken to avoid taking material from the
very bottom of the stockpile where existing
soils could contaminate the aggregates.

4-15 Aggregates




Conical stockpiles promote aggregate
segregation and should be avoided, unless
the materials can be satisfactorily remixed
before it is used. Concrete made from the
lower portion of a segregated stockpile will
be harsh and soupy while the concrete
made from the upper part, with excess
fines, will be dry and stiff.

Bulkhea@s and dividers should be used to
avoid contaminatién of Stockpiles.

)

In conclusion, aggregates should be clean
and well graded, properly stockpiled, hard
to resist grinding, tough to withstand
impact, Ftrong to stand up under heavy

loads, a;r:d sound to remain whole during
freezing and thawing.
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Chapter 5
ADMIXTURES

1.

3.

An admixture is defined by ASTM as: "A
material other than water, aggregates,
hydraulic cement, and fiber reinforcement
used as an ingredient of goncrete or
mortar, and added to “the batch
immediately before or duringlits mixing."
Admixtures are used to iniprove both, the
plastic and hardened propérties of portiand
cement concrete. It should be noted that
admixtures are noif@ Substitute, fordgood
concrete mix désign but ¢an be used to
enhance the propertieé of aftoncrete mix.

Admixtures' can be“used to enhance the
follawing properties of plastic concrete:
increase nworkability at the same water
content, change the rate of set,
compensate for shrinkage,...

reduce bleeding, reduce segregation,
improve pumpability, and reduce the rate
of slump loss.

Admixtures




Miscéllaneous admixtures

Admixtures

Admixtures are also used to enhance the
following properties of hardened concrete:
accelerate the rate of strength gain,
increase ultimate strength, increase
resistance to freeze-thaw damage, increase
theresistance to alkali aggregate reactions,
increase the resistance td'sulfate attack,
reduce . permeability, compénsate for
shrinkage, and inhibit _gerfosion of
reinforcing steel.

Many admixturés afféet more than one
property of conerefé and lin some cases
they may @affect'a desirablé property in an
unfavorableé mannet, Fefinstance, multiple
admixtures used in combination can cancel
out thépeffectiveness of any one or all of
xtukes. This is another reason for
performing trial” batches with all of the
proposed%ﬁingredients.

There are four types of admixtures used in
Portland Cement concrete. They are air
entraining, chemical, finely divided mineral,
and miscellaneous admixtures.




ADVANTAGES OF
AIR-ENTRAINED CONCRETE

FRESH CONCRETE

DISADVANTAGE

REDUCTIION IN STRENGTH

Air entraining admixtures are the most
commonly used admixtures in the industry
today and are used in almost all concrete.
These admixtures act by stabilizing
microscopic air bubbles created during
mixing. These bubbles result in increased
freeze-thaw durability of the oncrete. The
specificationrequirements forairentraining
admixtures are contained ingAASHTO M
154 and ASTM C 260. /While particular
mixes may vary, typically 0.05 percent by
weight of air entraining agent is added per
weight of cementanSoame agents aré fluid
and can be measured Oy volume.

In hardened cencréte, airientrainment, in
addition 10 providing resigtance to freeze-
thaw cycles, can“als@iincrease the water
tightness, inprove resistance to scaling
causednby de-icing salts, and increase
fesistance to sulfate attack. In plastic
concrete the” use of air-entraining
admixtures can improve workability, help
reduce segregation, and cut down on
bleeding when compared to non-air-
entrained mixes. Air entrained mixes
typically require less sand and water
because of the increase in workability of
the mixes. ‘

For each 1 percent increase in air content,
the compressive strength will be reduced

by 2 to 6 percent.

Admixtures
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Freeze-thaw damage is due to water which
expands up to 9% on freezing. Entrained
air creates pockets in the hardened
concrete to allow room for the expansion
of the freezing water so the expansive
pressures do not damage the concrete.

The measured/ air cofitent. in concrete
records bbth entrapped air and entrained
air. Entraged air does not help in freeze-
thaw durabmty due <10 its coarse
dlstrlbutlon Entrained air provides the
freeze- thaw durability by its proper size air
bubbles and fine spacing. There can be
900 to 8@0 billion air bubbles in a cubic
metehof concrete.

As a rule of thumb, there should be
approximately 9 percent total air in the
mortar fraction of the mix. The measured
air conteni and recommendations for air
content mclude 2 to 3 percent entrapped
air which does not provide any benefit to
the concre?;e.




An increase in minus 150 mm
material reduces air content.

An increase in No. 600 mm -
150 mm material increases
air content.

TEMPERATURE, SLUMP AND AIR |RELATIONSHIP

The gradation of the fine aggregate will
affect the ability of the concrete to entrain
air. An increase in the amount of material
passing the 150 ym sieve will result in a
reduction of air content. An increase in
the amount of material between the 600
um and the 150 uym sievesfwill result in an
increase in air content. * The fineness
modulus can be used to indicate that a
change has occurred in ghe gradation of
the fine aggregate.

The properties of the giortland cement can
also affect the ability of the mix to entrain
air. An ificrease ifi finenegs or low alkalies
will result in a reduetion/of air content. A
change in' Source of cement may also
affeén the air .entraining capability of the
concrete.

As the temperature increases the air
content will decrease. As aresult it may be
necessary to adjust the amount of air
entraining admixture during the course of
a placement. An increase in slump may
result in an increase in air content.

Admixtures




OTHER ITEMS AFFECTING
AIR CONTENT

s USE OF FLY ASH
o MIXING

¢ PUMPING

* STORAGE

A Water ?educmg admixiures
B Retarding admixturés
C Accelerating admixtures

D Water reducing and
retarding admixtures

E Water reducing and
accelerating admixtures

F High range water reducing
normal

G High range water reducing
retarding

Admixtures
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Other items may also affect the ability of
the concrete to entrain air.

- The use of a non uniform fly ash
may result in a large variability in
the air content, and is discussed
later in this chapter.

- While adequate mixingi$necessary
for the formation offf@ir bubbles,
excessive amounté of mixing, can
reduce the amoupt of air in the
concrete.

- Pumping concrete will reduce the air
content/in the goncrgte. This will be
disgussed fufther in the chapter on
corﬁveying, placingdand finishing.

- Admlxtures stored for longer than 6
menths should be tested.

Thespecification requirements for chemical
admixtures are contained in AASHTO M
194 and ASTM C 494. All admixtures have
specific se“t requirements. In addition, the
Type'A,D, E F,and G admixtures have water
reducing requxrements The specifications
also allow lower durability than mixtures
without these admixtures.

Properties: will be discussed of the
following = categories of admixtures:
retarders, |water reducers, accelerators,
and hlgh range water reducers
(superplastlmzers)




SET RETARDING %@%XT&&RES
- Maintain workability in
hot conditions

- Maintain workability longer
to eliminate cold joints

RETARDERS CAN AFFECT

WATER REQUIREMENT
AR CONTENT
SLURP

e 9 o

BLELD WATER
> RATE OF SET
o STRENGTH
o RESISTANCE TO FREEZE/THAW
o DRYING/ SHRINKING CRACKS

21.

Retarders are the second most commonly
used admixture in the highway industry.
Most retarders are also water reducers.
The most common use is in the
construction of bridge decks.

Set retarding admiXtures | function by
temporarily. \encapsulating/ the cement
particles and \prevenfing® fiydration from
taking place.| They are used primarily to
offsettheaccelerating and damaging effect
ohhigh tempeérature and to keep concrete
workable during the entire placing
operation.  This will help avoid the
farmatiomof cold joints. In addition, it will
prevent ‘damage due to dead load
deflegsion of the bridge deck, since the
concrete remains plastic during the placing
operation.

The retarder can affect, 1) water demand,
2) air content, 3) slump, 4) bleed water, 5)
rate of set, 6) strength, 7) resistance to
freezing and thawing, and 8) drying
shrinkage. Bleeding may increase with
some admixtures. If retarders are used, an
increase in shrinkage is allowed. Different
chemicals which can qualify as retarders
will affect these properties differently.
This is another reason for making trial
batches with the materials which will be
used in the mix.

Admixtures




RETARDERS ARE AFFECTED BY :

- Cement type

- w/c

- Temperature

- Qther admixtures

USES OF WATER REDUCERS

- Decreases valer content at
a given shimp

- Increase workability at 2
fined water content

~ Reduce cément content at
a fixed strength

= Conirol rate of set

Admixtures

The specific effects of set retarding
admixtures vary with cement, water
content of the mix, concrete temperatures,
ambient temperatures, and the presence of
other admixtures.

The use of Jvater reducers by the highway
agencié‘s has beef incréasing over the last
few yefrs. The¥ have been used primarily
in bridge decks, lo#w slump concrete
overlaygsy, and conerete patching.

Initially, water reducing admixtures were
used ju”s’t for what their name implies - to
reduce the amount of water needed to
achlevé a given slump. Now, water
reducnfﬁg admixtures provide many
addltlo;@al benefits which included
control!ung the rate of set and providing
flowable concrete. Reduction in cement
contenizs must be made with caution to
insure that durability will not be decreased.
The magorlty of the water reducers are set
retarders. Water content can be reduced
by as much as 12 percent when water
reducers are used.




BENEFITS OF WATER REDUCERS

- Improved finishability
- improved durability

- Increased strengths
{early and ultimate)

Increased water tightness

WATER REDUCERS CAN AFFECT

WATER REQUIREMENT

AIR CONTENT

SLUMP

BLEED WATER

RATE OF CEV

STRENGTH

RESISTANCE TO FRECZE/THAW
DRYING/SHRINKING CRACKS

® & © ® & o ¢ o

26.

2%

Water reducers are dispersion agents.
Cement particles tend to clump together,
and reduce the efficiency of the hydration
process. Water reducing admixtures give
electrical charges to cement particles. This
causes the particles to repel one another
and reduces the size and number of
clumps. Hydration then ‘praceeds more
efficiently since the water can feact much
more fully with each ofatheé \cement
particles. This ensures that the concrete
reaches its full potential Strength. ‘

Water reducefs have =~ several™ other
benefits. In addition 40 bein§ a workability
agent, water reducérs improve finishability
and enhance many hardened concrete
properties,| such “a@s water tightness,
durability, permeability,and both early and
ultimate strengths.

The water reducer can affect, 1) water
demand, 2) air content, 3) slump, 4) bleed
water, 5) rate of set, 6) strength, 7)
resistance to freezing and thawing, and 8)
drying shrinkage. Bleeding may increase
with some admixtures. If water reducers
are used, an increase in shrinkage is
allowed. Different chemicals which can
qualify as water reducers will affect these
properties differently. This is another
reason for making trial batches with the
materials which will be used in the mix.

Admixtures




Accelerators offer a number of advantages
for concrete construction. In concrete’s
plastic state they can allow earlier
finishing. In hardened concrete,
accelerators will reduce curing and
protection time and increase early strength
development.

Acceleratgrs also have some
disadvantagés. ThE ultifhate strength of
the conc;rete ma¥ De reduced, the sulfate
reS|stanee of the concrete will be reduced,
and since most acéélerators are salts the
potential TOR corrosion is increased.

Calcium chlorlde is the most commonly
used accelerator Other soluble salts such
as chIerdes, bromides, fluorides,
carbonaﬁes, nitrates, and silicates have
been uaed along with some organic
compounds such as triethanolamine. The
amount of calcium chloride should be
limited te 2 percent maximum by weight of
cement to prevent corrosion of reinforcing
steel. |

Admixtures 5-12




Effect of Calcium Chloride
On Setting Time

Concrete and Air Temperature: 20°c

Set Times in Hours and Minutes for percent of
Calcium Chioride per total weight

Initial Set
Final Set

5-13

37.

This table shows the effect of calcium
chloride on compressive strength. Note
the dramatic increase in compressive
strength at the early ages of the concrete.

Accelerators will alsofreduce the setting
time of concrete. THe accompanying table
shows the test résults on 20°C concrete
that is placed at 202G« The initial set of
this plain ¢oncrete was 5 hours and 5
miinutes. With 1 percent calcium chloride
initial set Was reduced to 3-1/2 hours. By
inéreasing the ealcium chloride content to’
2 pereent, the time to initial set was 2-1/2
hours, Similar percentage reductions
oecurred in the final set of the concrete.

When using calcium chloride, the setting
time will also be affected by other
conditions such as type or brand of
cement, concrete temperature, admixture
dosage, water, and other admixtures.

Admixtures



FLY ASH IS

USED AS A PARTIAL
CEMENT REPLACEMENT

Fly Ash Advantag

Improve workability
Reduce permeability
Reduce bleeding

Increase ultimate strength

Reduce heat of hydration

Possible reduction in alkali
silica reaction

Possible increase, in suifate
attack redistance

Admixtures
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Fly ash is used as a partial replacement for
Portland Cement. State highway agency
specifications will allow between 15 and
25 percent of the cement to be replaced
with fly ash ona 1 - 1.2 to 1 ratio based
on the weight on the material. Since fly
ash weighs less than cement (fly ash
S.G.= 2.65 compared tahcement S.G.=
3.15) the mix proportionsyneed to be
changed f@ccordingly. Typically the amount
of fine aggregate is redugéd.

Fly ash has seyéral positive affeets on the
propertles offthe contrete. The fineness
and sphemcal shapgof thelmaterial i improve
the worlggblllty gl the mix., The fineness
also redé}ces bleeding4and permeability,
and the lzl tilmate strength is increased due
16 Nthe f@rmatibn of the products of the
pozzolanis? reaction.

i
il

i

The heat of hydration is reduced due to
less cement Alkali reactivity can also be
reduced ;Iue to a lower cement content
and the iconsumption of alkalies in the
pozzoloni&: reaction, and sulfate resistance
can be | improved. Some fly ashes
however, class C for instance, may
adversely ‘affect the sulfate resistance of
the concr‘*" te.

o




Disadvantages

¢ Slower strength gains
e Seasonal limitations

¢ Increase In air entraining
admixture

UNIFORMITY

49.
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Fly ash also has several disadvantages:
The rate of strength gain will be reduced,
the pozzolanic reaction will cease at 4°C,
so temperature restrictions should be used,
and the use of fly ash will require
additional amounts of air-entraining
admixtures.

The fineness anddhe carbon content of the
fly ash affect/fhe air gontent of the mix.
However, the udiforniity of these
propertieg\ is \mefe important than the
actual values. Theoperation of the power
plant burning the coalaffects the variability
of the fly ash. \Therefore, source approvals
and certifications should be based on
inﬁividual power plant production. When
ait éntrained concrete is specified, the fly
ash " 8pecification should include the
optional uniformity specifications. An easy
way of determining if the fly ash is uniform
is 10 test the air content of each load of
concrete until it is determined that the
source of fly ash is uniform. ‘

Granulated blast furnace slag is the glassy
granular material formed when molten blast
furnace slag is rapidly chilled. Granulated
blast furnace slag is specified in AASHTO
M 302. ‘

Admixtures




sadvantages

Lower eatly strengih

Admixtures

Granulated blast furnace slag has been
substituted for up to 70 percent of the
portland cement. The typical replacement
rate is in the range of 50 percent.

Granulated blastfurfiace slageandienefit a
concrete. mix Dy reducing permeability,
possibly improvingdhe sglfate resistance,
and posséibly redueing the alkali aggregate
reactions.

54. The primary disadvantage to using
granulated blast furnace slag is lower early
strength.

5-18




MICROSILICA

Byproduct of Silicon
and Ferrosilicon Alloys

Production

MICROSILICA

Advantages

© Reduces permeability
+ Early strength

+ Higher ultimate strength
> Reduces alkali silica reaction

Disadvantages

IC

» Anereases watendemand

»\Incredses shrinkage
cracking potential

5-19

Microsilica is a relatively new admixture,
and is specified in AASHTO M 307.
Microsilica is the by-product of the
production of silicon and specialty steels.
It is almost a pure siliceous material. As
with fly ash, microsilica relies on the
pozzolanic reaction and fine particle effect
forf; strength gain. Microgilica has been
used by some States as anhadditive in
bridge deck concrete. Addition rates arein
the range of 5 to 15 percent by weight of
cement.

Microsilica has géveral ‘advantages. As
with most pozzolans the concrete which
contains mictosilicd " ha§ | a reduced
permeabilify due o the pfoducts of the
pozzolanic' reactiony, Eérly strength is
obtained due to the lower water
cefaentitious' ratios. Higher ultimate
strengthe are \ reached due to the
po2zolanic reactions, and alkali-silica
reactions are reduced.

Microsilica also has some disadvantages.
The higher water demand requires water
reducers with 5 percent additions, and high
range water reducers with higher addition
rates. There is also an increased potential
for shrinkage cracking with the use of
microsilica.

Admixtures






Chapter 6
~ PROPORTIONING NORMAL CONCRETE MIXES

1.

FACTORS

i

» Appearance

s Economy

This section will discuss the factors that
are considered in proportioning concrete
mixes, and an example of the procedures
used will be provided.

The following “faetors« and associated
criteria will\ be discussed: workability,
ddrability, ‘strength, appearance, and
econcimyl

The term workability in concrete
construction is used to indicate how well
the concrete finishes or how easily the
concrete closes up when a hand trowel is
used on it. Itis also necessary for the mix
to be tight enough so that excessive
bleeding will not occur. Evaluation of
workability in a concrete mix is somewhat
subjective and depends upon the person
doing the evaluating. Slump is a measure
of consistency and can indicate a change
in workability of mixes with the same
proportions but can not be used to
compare the workability of mixes with
different proportions.

Proportioning




Proportioning

A workable mix is one in which the paste,
that portion of the concrete which is made
of the cement, water and fine aggregate,
can be worked up to the surface very
easily. The surface of a workable mix
closes quite readily without excessive
bleeding or segregation.

A harsh mix isdone thabidoes ngfclose up
well under a frowel.£ The_trowel may tear
the surface| whefi it I8 used on the
concreté.

There are several factors that affect the
workability of concrete. The one having
the most effect and the easiest to
understand is the water content. Water in
a concrete mix acts as a dispersing agent
that puts more space between aggregate
particles and acts as a lubricant.

et

e




| AGOREGATES/Shape, Texture

Smooih, Roundied

Rough, Angular

The shape and angularity of aggregate
pa ticles will also affect the amount of
water requ:red to produce a given slump.
Ro}und stone and smooth gravel require
Iess water than angular crushed stones, all
other factors being equal. However,
concrete made with rounded aggregate will
ha}ve lower strength thanesoncrete made
w:}h angular aggregates.

|
§
1
|
|

|

Gr?dation papticularly, of mthel) fine
aggregates, f£an have _a significant
inﬂuence on slump4 Aggfegates that are
relbtlvely fine havé more surface area to be
coated by the cement pdSte. This results
in ]less space between particles and an
mqrease in. the particle friction and
interactionpresulting in alower slump. The
ratio of the amount of the fine aggregate to
coarse aggregate in a concrete mix also
has anbaffect on slump. However, if this
fatio is'changed, the results are not quite
as obvious as some of the other factors. If
the percentage of fine aggregate in a mix is
increased, the slump will be less but the
w(lfrkab‘ility may actually be improved.
This better workability develops because
the fine aggregates reduces the coarse
aggregate interlock. If the percentage of
fine aggregate is increased too much, a
poﬁwt will be reached where more cement
is needed in the mix to maintain the
co’hcret’e strength. If workability problems
oc ur, the total gradation should be
examlned as it may be due to a gap
gradation.

Proportioning




The water-cementitious ratio is the ratio,
by weight, of water to cementitious

Water - cementitious ratio for

a given unit volume: material‘._ This term is the equivalent to the @

term water-cement ratio except the .

W/C = v cementitious material includes cement and -
C+FA+MS+P any pozzolanic material.

where: W = weight of water i
C = weight of cement
FA = weight of any fly ash
MS = weight of any microsilica
P = weight of any other pozzolans

0

As the water-cémentitibus ratigiglowered
the strength [ilicreasés pravided that the
other materials remiain the same.

{so long os

of aggregate.”

- Duff "A. Abroms
May, 818

16. Durability improves with air-entrainment
and lower water-cementitious ratios.

RELATICNSHIPS

|

!
|

Durability

N
N N

]

i A s e e

>

g
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N METHODS FOR PROPORTIONING
CONCRETE MIXTURES

Water — cement —ratio method

Weight method
Absolute — volume method
Others

Absolute Volume Method

Sum of the Solid Volumes of the
Ingredients Equals the Batch Volume

There are several ways to proportion
concrete. Since concrete is batched by
weights, all methods eventually. require
making adjustments to the proportions
based on the materials weight volume
relationships .

The following' 8-step ‘discussion and
example will cénter ofl the @bsolute volume
method sifce a madjority of State Highway
Departments proportion their mixes based
on this methed, oramodification of it.

The first step is to select a maximum
slump. The choice of a slump depends on
the type of construction which will be
performed and the desired workability.

Proportioning



26. Fifth, the cement content is selected based
on the desired strength, exposure, and
expected construction variability.

These are typical cement contehts used by
highway agéncies{fo qiitain the above
_ ] desired propertie6. They fall in line with
Typical Cement Content: the recommendations_ifi ACI for severe

exposure.

- Paving 310 kg
+ Structural 335 kg
Bridge decks 360 kg

Sixth, at this point the maximum allowable
water |$ calculated by multiplying the
maximum water-cementitious ratio and the
minimurj;%j cement content. The maximum
water should not have to be used for
paving and structural concrete.

Proportioning 6-10




imate the coarse

- Estimate the fine
aggregate content

3.

6-11

Seventh, the estimate of the volume of

- .-coarse aggregate in the mix is made based

on the maximum aggregate size and the
fineness modulus of the fine aggregate.

Finally, the esfithate of the fine aggregate
is the volume thatds leff over after the
volumes df cemert, water, air, and coarse
aggregate are accounted for.

At this point an example of proportioning
will be presented.

Proportioning




32.

Concrete Mixture Criteria
310 kg cement (min)

0.50 wic ratio (max)
37.5 mm coarse aggregate
size (max)
40 mm slump (max)
5.5 percent air content (target)

33.
Coarse Aggregate

S.G. {SSD) 2.60 absorption 0.5%

Dry rodded unit wt

1600 kg / m* total moisture 2%

Fine Aggregate

S.G. {SSD) 2.65 absorption 0.7%

FM 2.80 total moisture 6%
34.

OF COARSE AGGREGATE
Maximum
size of
aggregate, mm
Proportioning 6-12

The folloWing is specified criteria for the
mix. f‘

The physical fgroperties of the aggregate is
provided in this slide.

At this time the volume of coarse
aggregate is determined from this chart. A
coarse aggregate volume of 0.71 is found
by entering the chart with a maximum size
aggregate of a 37.5 mm and a fineness
modulus of 2.80.




CONCRETE MATERIAL MASS
CALCULATIONS

Cement - =

Water - 310 x 0.50 =

Coarse aggregate (dry) -
1600 x 0.71

Coarse aggregate (SSD) -
1136 x 1.005

310 kg
155 kg

1136 kg

1142 kg

UNUREL

Cement - 310/(3.15 x 1000)
Water - 155/(1.00 x 1000)

Coarse Aggregate -
1142/{2.60 x 1000}

Air Content - .055 x 1.000

Subtotal

Fine Aggregate Volume -
1.000 - 0.747
Fine Aggregate Mass (SSD) -
{0.253) x (1000) x (2.65) =

0.098 m3
0.155 m3

0.439 m3

0.747 m*

= Q253 m?

670 kg

GELRE CORRECTIONS

Adjust aggregate mass

Coaise aggregate (2% moisture)
1186 x 4.02 = 1159 kg

Fine Aggregate, Dry {0.7% absorption)
670/1.007 = 665 kg

Fine Aggregate, (6% moisture)
665 x 1.08 = 705 kg

= 0.055 m3

6-13

The weight of the cement, water and
coarse aggregate is determined for a cubic
meter. The weight of the cement is given
as 310 kg. The maximum water content is
found by multiplying the weight of cement
and the maximum water cement ratio. The
weight of the coarsed aggregate is
determined by multiplying the dry rodded
unit weight of the coarse aggregate of
1600 kg, and the previofisly determined
percent volume of coarsé aggregate to be
included in the concrete mix. A weightof
1136 kg is obtained.

At this point [the abiSoluté volumes of the
mix componentsiare detérmined and the
weight of the fine agaregate is determined.
The volumes of the cement, water and
cOdrse aggregate are determined directly
from théypreviously determined weights
and their specific gravities. The air volume
is found directly by percent air content of
the'mix. The volume of the fine aggregate
is the wolume remaining after the volumes
of the other materials are calculated. The
weight of the fine aggregate is then
determined from the volume and its
specific gravity.

The aggregate batch weights need to be
adjusted to account for the weight of
water due to their moisture contents. The
resulting weights are used in the batching
the concrete.

Proportioning




MOISTURE CONDITIONS

Moisture Corrections
g Adjust Water

Maximum Theoretical Water =
Less Coarse Aggregate Moisture
1136 {0.020 - 0.005)

Less Fine Aggregate Moisture
665 (0.060 - 0.007)

155 kg

= () 17kg

Maximum allowable mix water =

103 kg

PrgfPoreions

Cement 310%kE

Widter 103 kg

705 kg
1159 kg

Fine aggregate (6% moisture)

Coarse aggregaie (2% moistire)

Proportioning

= (-) 35 kg

6-14

At this point, the mix water needs to be
adjusted to account for the moisture
content of the aggregates. The maximum
w/c ratio is based on the total free water
not the total water in the mix. The free
water is the water content above that
required to obtain a satufated surface dry
condition in the aggregate.

The amount of frée moisture in the
aggregate is deterpiined by multiplying the
dry aggfégate weight by the difference in
the moisture contént anfl the absorption of
the aggregate. The free moisture from
Bothpaggregates is then subtracted from
the theoretical maximum water content to
obtain the batch weight for the water

This table shows the final batch weights.




TRIAL BATCH

: Check yield and workability

=+ Make strength specimens

Water content
¢ Fine aggregrate content

Air content

Minimum Recémmended
Strenigths
Pavements
(third pt)
Structural

6-15

At this point, a trial batch would be
performed in the laboratory with the
ingredients to be used in the mix. The
yield, workability, air content, and strength
should be checked. In addition, durability
tests such as freeze-thaw testing may be
required if an adverse aggregate reaction is
suspected. A trial batch should also be
performed at the plant to insure that the
desired properties are achieVéd.

In our example, the raximum water
content was| usedd It @uould not be
expected4that the' entire amount of water
would be required to maifitain the desired
workability. \If water is withheld from the
miky, the aggregate proportions must be
adjustefhito compensate for the volume of
water withfigld. The ratio of fine to coarse
aggregate may need to be changed in order
to obtain the desired workability. It may
also be necessary to adjust the air content.

The final item to discuss is the strength
requirements of concrete. The minimum
specified strengths indicated here are
based on the design of the structure that
will incorporate the concrete. The mix
design strength needs to reflect the
required minimum strength plus the
anticipated variability caused by the entire
concrete operation. For example, ACI 318
requires adding 6.2 MPa to the design
strength if the variability (standard
deviation) is between 3.4 MPa and 4.1
MPa. The specified w/c ratios and cement
contents reflect both durability and the mix
design strength. )

Proportioning




Batching, Mixing, and Hauling

5) Thorough mixing occurs with all
aggregate particles completely
coated with cement paste.

6) The concrete discharged from batch
to batch will be wuniform and
homogeneous.

The batching operation begins with the
transportation of the ingredients from their
storage @r stockpile areds to the weighing
system. There are Several itemis, that
should be considered with respect to)the
transportatlon of Jingredients. First, with
respect to aggregates, theré Should be
adequate separation between the feeding
bins. lh order 4to achieve the desired
concret@; quality the aggregates must be
properly’}proportmned Any spill over of
aggregates,on the feeding bins will vary
the aggre gate proportions in the resulting
concretén, Partitions between the bins
should m{event spill over. Crane buckets
should dlscharge only slightly above the
bing in e)rder to avoid segregation. One
way ta reduce the possibility of
segregaﬁlon is to increase the number of
size fractlons and batch each one
separately

Conveyer belts should also be positioned
so that the aggregates will drop into the
bins W|thout hitting the sidewalls. As with
stockplies aggregates supplied by
conveycrr belts should not fall from great
heights l;ecause degradation, segregation,
and Ioss” of fines can occur. Bins should
be kept ft‘.@early full to reduce breakage and
segregation.




The cement storage system should provide
for dry storage. The silos should be
weatherproof and vented to prevent
moisture accumulation. Interiors of bins
should be smooth to allow for the free
removal of cement. Each bin or silo is
equipped with a gate dand conveyor
system. The conveyor sy&tem should
provide consistent flow of cément with
precise cutoff. In addition the system
should be isolated from the elements since
even the moisture in the @i can cause the
cement to partially hydrate. \Cement silos
should be epiptied ‘periodiéally  and
inspected to efisure thiat there is no build
up of cement, Emptying'the silo once a
month ¢an prévent cement caking.
Cement build ups weouldl break off and
produce cement lumps in the finished
cénciete. Fly ash, should be handled
similarly tBheement.

Batching can be done by one of three
methods. Manual batching is done by
hand and is only recommended for small
jobs. In a semi-automatic system the
operator manually opens the aggregate bin
gates to begin the charging of the batcher.
The gates are then closed automatically
when the desired weight is achieved.
Interlocks prevent charging and discharging
from an aggregate bin at the same time. In
a fi;JIIy automatic system all material flow is
controlled from a single starting switch.
Once scales return to zero, recharging of
the bins can begin.

Batching, Mixing, and Hauling



Batching, Mixing, and Hauling

Admixtures are commonly provided in
liquid form and may be dispensed into the
mixer by weight or volume. Dispensers
should be large enough to measure a full
batch of admixture for each batch of
concrete. It is desirable that the dispensing
system be integrated with any batching
mterlockmg system. “The volumetric
container system is considered the most
reliable and is the most cemimon,method.
This type should have ¢ither a sight glass
or a transparent contaifér and be logated
so that the plant operator and inspector
can visually chegltto'see thatithe container
fils and totdlly discharges the desired
volume fnr each bateh.

The actrmxture dispefising equipment
should be flushed with water occasionally

- Eilow

t@pminimize, the possibility of material

accumulgatlon which will impair the
squipm 'nt performance or dispense
erroneoqs quantities. In addition,

contamérs for admixtures should be plainly
ldentlfleg | and the solutions protected from
gontamination, dilution, evaporation, and
freezing, If need be, storage tanks should
be agitg’j:ed during batching to prevent
settlement of the solutions.

Factors . to be considered in the
introduction of admixtures to the batch are
the rate of discharge, the timing in the
batching sequence, and the medium used.
Chang|n§ the time at which the admixture
is added during the mixing cycle may vary
the effectiveness. Likewise, variations in
the apphcatlon rates will effect the
performa‘nce of the admixture. In general,
liquid admixtures should be added into the
stream of mixing water being added to the
batch. If different types of admixtures are
being used, they should be added to the
batch separately unless it is known that
they can be mixed together satisfactorily.
In any event, the recommendations of the
manufacturer should be followed.




Thorough mixing is essential for the
production of uniform concrete with all
ingredients evenly distributed.  Ready
mixed concrete is mixed for highway
purposes by one of four methods:

1) Truck mixed (including at site and
transit mixed)

2) Central mixed

3) Shrink mixed

4) Mobile mixed

Truck mixing ig thednost common type of
mixing. Commaon sizes range from 5.5 to
7.5 cubic'meters, howéver much larger
mixers are'available.  Truck mixers are
classified as ineclined axis mixers and come
with eitherfront or rear discharge. Truck
mixing is a process by which previously
proportioned. concrete materials are
transférred into the truck mixer where all
mixing “occurs.  Several methods are
available for accomplishing mixing with a
truck mixer. Materials can be weighed into
the truck at the plant while the drum is
revolving, the drum is then stopped and
the truck proceeds to the job site. At the
jobsite, the mixer begins to revolve and the
mixing is started. Another procedure
would be to complete the mixing at the
producers yard and then transport the
concrete. Finally, ingredients may be dry
batched, delivered to the site, water added
and mixing commenced.

 Batching, Mixing, and Hauling




Batching, Mixing, and Hauling

18.

19.

20.

This chart summarizes the mixing
specifications. Mixing should be done
within 70 to 100 revolutions and at the
recommended drum rotation speed. After
mixing, the drum should revolve at the
recommended agitating speed. The
concrete is required to be delivered and
discharge completed within,1-1/2 hours or
before the drum has revolved 300 times
after the introduction of the Wwater to the
cement. This is to prevént degradation of
softer aggregates, slump loss that gecurs
with increased mixing revolutiong,  and
strength loss as_hydration begins.

Truck mixers are #fequired to have a
manufacturer's certified rating plate. The
rating plate will indicate ghe use for which
the mixer is designated. it will indicate the
mixing and agitating capacities, and the
mixihg and agitating speeds. Truck mixers
must ol mix and transport a batch larger
than the rated capacity. If it is being used
only as an agitator, it can hold a greater
The large number shown on the
he mixing capacity and is 63
f the total drum volume. If
concretég has previously been mixed, then
80 percent of the total drum volume can
be used for agitation and transport.

All truck mixers should be equipped with a
revolution counter. Some counters are
easily reset while others must be reset at
the plant. Inspectors must observe that
mixing is done in compliance with the
revolutions required by their specifications.
Generally, the requirements for mixing will
be in the range specified by AASHTO M
157 or ASTM C 94.
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EFFECT OF AGITATION TIME ON SLUMP

N B N
i Stump at 4 rpm

21.

22.

23.

The effect of mixing time on concrete
slump is shown in this chart presented by
PCA. Excessive mixing is undesirable as it
causes the aggregate to break down into
fines due to the grinding action. These
fines act like sand thus increasing the need
for water in order to maintain the same
consistency. Consequently,hover mixing
results in a slump decrease. Also, over
mixing may drive out entrained air,

A check on the thoroughhess of mixing
can be made by performing a uniformity
test. This involvesmebtainingysamples of
concrete from different places inthe load,
performing norinal gbricrete tests, and
comparing (thel Tresults against
preestablished “tolerances. For truck
mixers, a uniformity 88t is performed by
comparing results after 15 percent and 85
percentef the load has been discharged.
A typicaltalérance would be = 25 mm for
slumps under 100 mm. ASTM C 94
specifies the procedures for conducting a
uniformity test.

One »problem with truck mixers that
requires special consideration is the
uncontrolled addition of water. This can
result in a reduction of concrete quality.
The addition of water either undetected by
an inspector or unquantified, can alter the
slump and significantly change the
water-cement - ratio. Under normal
conditions, the addition of b liters of water
per cubic meter of concrete will result in a
25 mm increase in the slump. Slump loss
can occur between the time of mixing and
placing. Rather than add water, actions
should be taken to correct the causes of
the slump loss. Slump loss can be
associated with higher temperatures,
absorptive aggregate, changes in
aggregate gradation, false set, accuracy of
water batching equipment or the inter-
dependence of slump and air content
(improper admixture usage).
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24. Central mixers are stationary mixers that
are of four general types: Non-tilting,
Tilting, Vertical Shaft, and Horizontal
Shaft. The tilting type shown here is the
most common. It has a capacity of from
1.5 to 11.5 cubic meters. While the other
types are not as common, the vertical
shaft mixer is often Used when high
strength concrete is requitéth, These are
often referred to as "pan’mixers and do a
better job of mixing véry dry Goncretes
than drum type mixers. In a central mix
plant all of the mixing is done in the plant
and the concrete iSdeliveredito the placing
site in an agitting truck or aspecial non-
agitating trugk.

25. Some c“e:ntral mix plapts have a slump
meter on the control panel. The slump
meter is nothing more than an electrical
metePwhich measures the effort necessary
to drive the mixing drum. The stiffer the
mix, the more resistance is offered and ;
consequently, the more energy it takes to M
drive. the drum. This instrument can
provide a good indication of the
consistency of the mix.

26. AASHTQ M 157 suggests that where no
performance tests have been made on a
central I%i?‘nixer, the following mixing times
apply:

Stationary MiXing Time - For mixers with a capacity of 1
ibic meter or less, mix for at least
1 cubjc'meténor less: 1

mix at least 1 minute "f‘mante-

i
=
o
8
b
=
£
i

Over 1 cubi€ meter

mix 1idminute plus 20 seconds . . .
for éacn additional cubic meter increase mixing time by 20 seconds

for each additional cubic meter, or
fraction thereof.

e

- Fcr mixers of greater capacity,

G

Final mixing times may be based on the
results of mixer performance tests.
Interlocks that prevent discharge prior to |
completion of the mixing should be a part ’M?
of all mixers. sk
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27.

28.

29.

7-11

As was stated for truck mixers, central
mixers should have a uniformity test
performed periodically. Again, samples are
taken at the 15 percent and 85 percent
discharge stage and the results compared
to predetermined tolerances.

Shrink mixed concrete is first partially
mixed in a statiofary ot éentral miker and
then mixed cOrmpletely in, a truck or
subsequent mixer. £The fifst part of the
mixing is petformed in the céntral mixer for
15 to 30 seconds anthisOniy long enough
to intermingle the ingredients. This
methoth,is sormetimes used in order to
ihcrease thépefficiency of the central mix
plant. The amount of mixing in the truck
mixerf would be determined by doing a
uniformity test. Other aspects of mixing
with this'method are the same as the other
metheds. Shrink mixing is sometimes used
for lightweight concrete where absorptive
aggregates are included.

Mobile batcher mixers are special trucks
that batch by volume. They continuously
mix concrete as the dry ingredients and
water are fed into the mixer. Mixing time
is only about 7 seconds. Mobile mixers are
used for small quantities when on site
mixing is advantageous. This would
include pavement repairs, and bridge decks
when special concrete, such as latex or
low slump is required. The advantage of
the mobile mixer is that it produces fresh
concrete thus improving its strength.
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30. Mobile mixers need to be calibrated prior to
their use and should be recalibrated if there
is a change in material sources. Copies of
the calibration should be available for the
use of the inspector. The mobile mixer
consists of bins for sand, coarse
aggregate, cement and water. The
aggregate bins haved{ a belt below
calibrated gates. The aggregate belt is
interconnected to the cement féed. Water
and admixtures are propdrtioned With flow
meters. The inspector Should witngss the
introduction of admixtures. Mixer Sizes
range from 3 to Q.eubicmeters (4 to 12
cubic yards).

31. Regardless, of thehtypé of mixing plant,
there areé ¢ertain factors that each have in

MIXERS
e 1) (f%pacity - Mixers should have a ,
& Capac'ty v rating plate that shows the

maximum capacity. The batch size = |

Speed ' should not exceed the

manufacturersrated capacity shown

Maiﬂteﬂaﬂce on the plate.

i

S

2) Sﬁjj;)eed - Likewise, the mixer should
be operated at the optimum speed
as stated by the manufacturer.

il
-
at

|

3) I\éjﬁaintenance - Mixers should be

St

i

clean and in good condition.
Jaterials should not leak from the
nixer and mortar should not build
up on the blades. A very important
éf;insideration is blade wear. Blades
n! ed to be checked periodically and
a mark placed on them to gauge
wear. Plans showing blade design
and dimensions should be available
for all mixers.
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32.

33.

34.

A mixing cycle consists of these four steps
regardless of the type of mixer. Charging
time, mixing time, discharge time and
return time. ‘

Charging time bedins when the batehing is
completed and/materials are entered into
the drum. Chalging gontin@es until all solid
materials dte in the mixer and it is ready to
start the mixing cyele.

The charging of materials into the mixer is
an important consideration. Proper loading
must be done to prevent the packing of
material in the head of the drum. If water,
cement, and aggregate are blended from
start to finish it may cause problems such
as head pack {sand and cement) and poor
mixing. Instead, some water and coarse
aggregate should start ahead of the sand
and cement. Also about one quarter to
one third of the water should be added
after all other ingredients have been
charged. ‘
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41.

42.

43.
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Agitator' trucks can only haul concrete.
These types of trucks are used for all types
of construction but typically would be used
on structural concrete and small paving
projects. They have a distinct advantage
over transit mix trucks in that the concrete
must be mixed in a central mixer. This
results in a more uniforfi éoncrete.

End dumps dre only hused in concrete
paving operationss I'heysshould be used
only on_short hallls sincé segregation of
the mixX thay occur on lgnger hauls due to
the lack of agitation. The truck beds
themselves should be clean and tight.

Side durtjps also do not have agitation. The
same statements about the end dumps
apply to the side dumps.

16




Bottom dumps are also used in paving
concrete operations. Their use should be
limited due to the possibility of
contaminating the concrete with dirt from
the trucks tires. The vehicles should also
be limited to short hauls.

All concrete that is shipped 10 the job
should have a concréte ticket. The ticket
needs toontaindhe batch weights for all
the materials, the, amotnt of concrete
delivered, and the timethat mixing started.
Infaddition, the ticket which accompanies
concretethat Is delivered in truck mixers
should also'indicate the number of mixing
revolutions that were performed at the
plant, hthe starting revolution on the
eounter before it leaves the plant, and the
allowable water that can be added to the
miX at the site.
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22.

23.

24.

Texturing of a bridge deck is required to
obtain an adequate skid resistance. Micro-
texture is obtained with ap artificial turf or
burlap drag. The burlap should be kept
moist and free of a buildupyof excess
concrete.

For traffic speeds over 65 kilometers per
h©lir, a propér macro-texture must also be
provideds, This is accomplished by tining
the concrete surface. The tines should be
"2 mhm V\éide, spaced 20 mm apart, and be
100.t0, 150 mm long. To aid drainage, an
area 900 mm wide next to the barrier
sheuld not be tined. FHWA Technical
Advisory T 5140.10 "Texturing and Skid
Resistaré@ce of Concrete Pavements and
Bridge ecks" contains further guidance on
texturing.

Some states will use a "fin float" instead
of tines to obtain the macro-texture. The
grooves may also be sawn in the surface.

<
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25.

26.

27.

There are three basic designs for concrete
pavements; plain, reinforced, and
continuously reinforced. Plain concrete
pavements can be designed with or
without dowels.  Reinforced concrete
pavements can be designed as either
conventionally reinforc€#, jointed
pavements or continuously “ reinforced
pavements. These details will.afféct the
construction operations for congiete
paving. There are many types of concrete
placing equipment. The general
construction proceduresyfor both, form and
slip form paving will be discissed, but not
the capability [of spécifica types of
equipment which \ m@y be| capable of
performing several of the opérations.

Grade cohtrol is important to all types of
cQnstruction. Ferms provide this control
when they are used. For that reason it is
necessafy to have a flat, well compacted
areejg for theyforms to sit on. Forms need to
be thecked for horizontal alignment by
using. & string line.