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FUNDAMENTALS OF CONCRETE

This dintroduction will provide
an overview of the fundamentals
of concrete and act as a frame
of reference for the remainder
‘of the course. To begin we ask
the question, What is,concrete?
In response concreten can be
defined as a mixture Bf two
ingredients: aggregates » and
paste. .The paste diinds ‘the
‘aggregate into a rogk-like mass
as a result of (& chemical
reaction called hydeation.

The paste  pértion  of the
concrpéte, | bhat i3, water,
cement \and“air, makés up about
25 to 40 percentpof the volume.
The aggregate both coarse and
fine, makes up the remaining 60
€0 75 percent. Bars 1 and 3
are considered to be rich mixes
noand bars. 2 and 4 are lean

nixes. Rich mixes are ones
_that have a high percentage of
paste. Note that the air

content ranges from 1/2 percent
in non-air entrained concrete
to 8 percent in air entrained.

Aggregates make up most of the
volume and, therefore, should
consist of particles with
adequate strength, - 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 with
particle sizes up to 1/4 inch.
Coarse aggregates can start
with particles retained on a
No. 4 sieve and range up from
there. A continuous gradation
of sizes provides for efficient
use of the cement and water

paste.




4, A number of problems
associated with concrete can
be traced to poor quality
aggregates. Here, soft
aggregates have caused pop
outs in the concrete surface.

“Another

that of
- problem
of the

ome aggregates will react with
the atkaTi content of - the
cement. When this happens the
concrete expands resulting in
this map cracking pattern.
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The quality of concrete also
depends upon the quality of the
paste. Each particle of

| aggregate should be coated with

paste and all spaces between
aggregate particles should be
completely filled. The cement
paste contains Portland
Cement, water, and entrapped or
purposely entrained air. As we
have all- heard" many times

" before, the strengthy of the
concrete is determined \by the

water/cement raties The
principle was undeystood as far
back as 1918. The

indiscriminate |addition Tof
water will dincrease the w/c
ratio and aduensely affects Lhe
concretd strength and
durabilify. Some of the
advantages off decfeasing the

‘water content are:

- Increased. confbressive and
Tlexural strength

o= Increased watertightheSs

- deer absorption

o Increased res1stance

. to weather1ng o

- Better bond between
successive layers

- Better bond between
concrete and
reinforcement

- Less volume change
- from wetting and
~drying

Factors of concern with fresh
concrete " .include ' uniformity,
workability, consolidation and
hydration. Fresh. concrete
should be plastic or.
semifluid, capable of being
molded by hand. A plastic mix
keeps the components in place
and does not allow segregation
during transport. - Plastic
concrete should not  crumble

but flow sluggishly.




9.

10.

11.

Plastic concrete should be
uniform from batch to batch.
In orden to have a finished
product that is of consistent
quality throughout, then each
batch of plastic concrete, that
goes into a structure, must be
the same. A commonly used
measure | of  uniformity or
consistency is slump. A number
of factors can influ€nee the
slump of concrete as ¢ap be
seen- from this chart. A change
in slump should not bed&imp by
compensated for by vafying the
water -content. Al thorough
understanding of the \factors
that can influence the, slump
is important.

Workability/refersdto the ease
of placing| and £consdlidating
concrete. Thedtoncrete should
not segregate or bleed while
being worked. “ Ibpis’ Tmportant
to transport and deposit each
1oad of fresh concrete as close
as. pessible to- its final
position. -

Concrete should never be moved
by use of a vibrator.
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12.

Consolidation is  another

“important consideration of

fresh concrete. Vibration sets
the particles 1in concrete into
motion, allowing the mix to
become mobile. This allows the
concrete to mo]d to forms and
around reinforcing. Vibration
permits  the use of . stiff
mixtures with  a Targer
proportion ‘of finel \aggregate.

| Also, vibration allows,the use

of = high coarse “aggregate
content concrete. The greater
the amount of .largé aggregate,

the less ‘volume [needs to ba
filled with pastel| {since there
is less surface ‘@rea to pbe
covered). _Thempless paste tHat
is. neededd Che mope econdmical
the mix/  Over 'vibration or

vibrating nofally \ workable
mixes call cadSe segregation.

Conversely, uUndersConsolidation
can ‘result “4A""honeycombing.
Here, '@kl of the entrapped air
has. not been driven off through
v1brat1on

The binding quality of Portland
Cement is due to the chemical
reaction between the cement and
water called hydration.
Portland Cement is a
complicated chemical made up of
many compounds.  The . chemical
composition of cement . is’
transformed during hydration to
form calcium hydroxide (1lime)

~and calcium silicate hydrate.

The = properties of concrete,

including setting time and

strength  depend upon . the
formation of this later
compound. Knowledge of the
heat released during hydration
and the rate of the reaction
are important  to  proper
construction planning.




Hardened | concrete should be
durable, | that 1is, it should
have the properties of
strength,| - abrasion resistance
and resistance to freezing and
thawing. ‘

Concrete | gains® ifs, stréngth
through the Aydration»process.
Concrete | will continue to
hydrate as | longd as there is
moisturgl avail@ble for the
reaction. If  we gdure the
concrete untder  moist
conditions, therefore, - the
goncrete wWill continue to gain

: . i e 7 -, strength. ° Here you can see
| Percentof ; Drying feidl | ¢ that at€em 7 days, concrete
T 00 - L Kept continuously moist will

ulBimately reach a strength
- greaber than concrete allowed
o to dry | It is important to

 pemember that concrete does not
fdeden by drying. . When
concrete | dries, it ceases to
gain strength, and because it
is dry, is no dndication that
it has hydrated enough.

17. Strength is normally considered
the primary property of

"~ concrete |quality. Compressive
strength |is needed for bridges
‘and - structures, flexural is

~needed | for pavements and
slabs. As a general rule of
thumb, flexural strength ~of
normal weight concrete is about
8 to 10 itimes the square root
of the compressive strength.
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20.

The princip]e.factors affecting

strength of concrete are its

water/cement ratio and its age.
This slide shows compness1ve
strengths for a range of
water/cement ratios and ages.
Note how strength increases
with a decrease in w/c ratio
and. an 1increase in_age. Air

~entrained concrete htends to

have - s1ightly Tower{ &trength.

This loss in strength, however,

is offset by the fact that a
lower w/c ratio can' be used for
air entrained concrete.

Concrete thabtmis novmally usged
in highwaly “work »has' aumt
weight (Or densdity) of 140 to
150 pcf. Thedunit@weight test
can e Wsed( Lo detérmine the
uniformity of concrete from:
batch to bateh. . Ffactors which

“determ1ne thetunit we1ght are

the density of the aggregate,

“ the amount of air, and the
~wateérp.and cement content as

influenced by the  maximum

e‘aggregate - size. Specialty.
concretes can provide a large

diversity - of unit we1ghts.
Lightweight concrete used
insulation can be as low as 15A
pcf and heavy we1ght concrete
can run as high as 375 pcf.

In order for concrete to have a
long life and low maintenance,
it must be durable. In
addition to high strength,
durable concrete.. must be
resistant to freezing and
thawing, be watertight,
gbras1on nes1stant and crack
ree. : : :

Nondurable concrete - suffers
from deterioration often caused
by the freez1ng of the water in
the paste. With air entrained

concrete, however, resistance

o freeze thaw is greatly
improved. During freezing, the

“air bubbles provide chambers

for the particles to expand
into.




21. Concrete made without air
entrainment are subject to
scaling. - Under  severe
conditions, however, even air
entrained concrete can exhibit
sca11ng

Concréte exposedd to wéather or
severe. caonditions. should be

wateybight. -Water can
penetiate " the concrete
depending ™ upon its

permeability. If the intruding
“Waker contains a high chloride
content. then the concrete could
deteriorate \ to the point of
failure. «

Watertightness of the concrete
dependsf on the water/cement
ratio and the Tlength of moist
curing. Here you can see the
apparatus for making
watert1ghtness test on cement
mortar disks. If the results
of there tests were to be
plotted, it would indicate that
the Tlower the water/cement
ratio the less leakage occurs.
Also, it can be shown that the
Tonger specimens are moist
cured the more watert1ght the
concrete.
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24.

25.

26.

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 become
slippery if the aggregates are
easily abraded.

This slide shows the  test
apparatus for measuring
abrasion ofd concretée used in
pavéments. * The stréngth of the
concrete, “@shwelld as the type
of aggregate  will influence
the results. ‘

One final consideration for
obtaining durable concrete is
the control of = cracking.
Cracking can be caused by
applied 1loads, expansion and
contraction or by 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.




27. Plastic shrinkage cracks result
when the water in the concrete
evaporates from the surface at
too flast a rate. These
problems are most common when
doing concrete in hot weather.

N

In this slide @le have
summarized thdse items that are
nece§sary ¥or durable concrete.

Adequate moist cu

The material presented on
concrete was taken from the
best available sources. These
Agg]ude AASHTO, ASTM, PCA, and,

]v10




30.

In conclusion, we will try to
emphasize, in this course, 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 1improve the
concrete uniformity and quality
so that the effofit  invested
will be rewarded by a Ssmoother
operation and a * higher
production rate.







PORTLAND CEMENT

Portland Cements by
definition, are hydrau11c
cements; that is, they set and
harden by reacting‘with,water.
The process _ is called
hydrat1on.

Port]and Cement .is credited to
an Eng11shman named » Joseph
Aspd1n. ‘

Aspdin, a masond obtained a
patent \for hi& product in 1824.

He named it Portland Cement
because \it produced a concrete
thathresembled a natural Time-

- stone quarr1ed on the Isle of

Portland in the Eng11sh
Channel. :

The first U.S. patent. on
Port]and Cement . was made
1872.

Portland Cement 1is 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 materia1s‘to clinker.

The clinker is then pu]ver1zed
to form the cement




The fdur major chemical
components that must be present
in the raw materials in order
to produce Portland Cement are
Lime, |Iron, Silica, and
~Alumina.| Sources for these raw
materials are illustrated here.
Note that some raw materials
- are avafilable from the same.
source. ' p

N

The -~ raw |matefials | €an be
combinéd in_ @ither a /dry or a
wet process. This slidle and the
next three depict the steps
~Zdnvolved \ in manufacturing
“Popbland | Cement by the dry
‘processe, ' The raw material is
o first pul ‘Ehrough a crusher to
break it down into 5-inch, or
smaller, size.

Raw materials are proportioned,
put through another grinding,
and then dry mixed. This
provides the proper chemical
composition for making the
clinker.

2-2




The raw materials are

‘preheated, then enter the kiln
‘where temperatures are between

2600 and 3000 degrees F and
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 ygreperties of
the cement.

The cement clinkew cohsists
essentially off Thydranlic
calcium silicates.

Thes clinker 1is cooled,
pulverized. and then stored or

‘shipped.

Note \the addition of gypsum
Which *is added to control

~setling time and helps in

obtaining optimum strength.

After the final grinding, the -
cement is a fine powder whose
particles are so small that
they could pass through a sieve
w1tﬂ 40,000 open1ngs per square
inc




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

- Type I is a general
purpose cement that is
used when there _are no
extenuating circufiStances.

- I%Ee II is wused “Where
; there is a need togprotect
against moderatd sulfate
attack. Naturally
occurring sulfates such as
sodium and magnesium are
sometimesqgfound 90 nsoils
or dissolwed in
groundWater wiiere concrete
is to be plated.

- T¥be 111 18 a
high—eariy strefigth cement
useg \ where “high strength
concrete is needed in a
shart . period, usually
about. one week. Uses
would Tnclude situations

;whﬁre 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
ﬁy%raf1on cement that is
used in large structures
such as dams where a heat
rise is a critical factor.
Excessive heat rise could
cause cracking due to
vollume change.

- ,11# V  is ~a  high
, sulfate- res1stant cement.
There |is also other less
common | types of hydraulic
cements. For example, there
- are Type IA, IIA and IIIA
-cements | that corresponds to
the Types I, II and III except
that a small amount of. air-

entraining agent is interground
with the clinker.
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It is possible to specify a
white Portland Cement;
however, this 1s used mostly
for architectural purposes or
for color contrast, such as in
curbs and median barriers.

Blended hydraulic cements (ASTM
C 595) consist of " Portland
Cement combined with some. other
ingredient.

There are several ‘thpes of

blended cements depemding, upon
what is added tof replace \the
cement in the clifker. Type IS
cements are ones |that have had

blast-furnace slag added. | AsS

much as _6B8mepercent, tol /5
percent slag may be
substituted -fa¥  the cement.
Type IP ceménts ¢have had a
pozzolan ‘adéled in) place of a
pofition Gf the cemént clinker.

A Pozzolan 98 @ siliceous or

silTiceéous and aluminous

. _material, which in  itself

13.

pos8esses -little or no
cementitious value but will
react chemically with water and
calcium = hydroxide to form

Campounds possessing
cementitious properties. The .
most. common Pozzolan is
Fly-Ash. Here again,

“intergrinding is the common

manufacturing - process and the
Pozzolan accounts for between
15 percent and 40 percent of
the weight of the cement.

Just briefly, some of the
advantages of using a Pozzolan
are: improved workability,
economy, “reduce
alkali-aggregate - reaction,
increase sulfate resistance,

‘and reduced heat generation,
- volume change and bleeding.




ASTHM
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14.

15.

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

Now

let'sd Took. Dat —what

distinguishgs oné =~ type of
cement from another. ‘When the
clinkepf is ' fefmed during the
manufactiring process, four
principal compounds are
created.| The figures shown in
the, chart kepresents a typical
composition.

-

.Ear

Tricaltetum silicate (C3S)
hardens rapidly and is
responsible for initial
set and early strength.
Not% that Type III (High -

y) is made up of 56
petcent tricalcium
silicate. C150 puts a
mathum of 35 percent on
on]& Type 1V.

D1ca1c1um s111cate (Ces)
hardens slowly, thus it is
responsible for Tow heat

~of hydration and ultimate

strength. Type IV (Low

- heat of hydration) cement

has the highest percentage
of  dicalcium . silicate.
C150 puts. a minimum on

“dicalcium silicate of 40
: pewcent for type IV

cems nts

Tr1ca1c1um aluminate (C3A)

i 11berates large -amounts of

2-6

hea¢ in the first days of
hardening and contributes
to‘ early strength
deve]opment High amounts
of;~ this material,
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16,

however, contribute
adversely to the
res1stance ~to. . sulfate
attack.'' = Consequently,
- Type’ III cement  (High
Early Strength) has a
higher percentage of -C3A
than Type V (Low Squate)

C. 150 has max1mums as
follows: :

8 percent’ for Type 11
15 percent for Type \LII
1 percent/for Type 1¥
5 percent| for Type V.

- Tetr.,aca e iwn
Alumidiofernite (C4AF)
redu€es the ™ clinkering
temperaturesl thus
assistdng in the
manutadturing process. It
acts * like @& flux in
QurningEhe Clinker. ~ A
maximum of 20 percent, on
Tgpe v onIy, appears in C
150

There are a "number 5 of
properties of the Portland
Cément  itself  that  are

important. Thesg are. . . .
Fineness - Compressive
‘ Strength
Soundness Heat of
Hydration
Consistency ‘Loss on Ignition

Setting time  Specific Gravity
False Set Weight

Let's look at some of these in
more detail.

You remember it was said that
the ground-up clinker is fine
enough to pass through a mesh
witn 40,000 openings per square
ncn.

This fineness.  of @ the cement
affects the rate of hydration.
Greater fineness increases the

surface available for hydration
causing greater early strength




and - more rapid generation of
heat. Type II1  cement,
therefore, has a high fineness.
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
s distribution.

The significant differénce
between AASHTO M 85 andgASTM \C
150 concerns the finéness af
the cement. - AASHIO M 85
requires a coarse cement which
will result in highertultimate
strengthf andgumlewer< early
strengthigain.

18. This apparatus i€ the Wagner
Turbidimeter. » AL is an oiaer
method “Far determining size of
cement papticles. 1€ operates
by shinigg a 17ght" through a
sispension of the cement. The
19ghty, passing  through is
gathered mon, a photoelectric
oell that  generates a
measurable amount of
electricity. Through
calibpation, the fineness can
be ' “determined from . the
electrigity generated. This
%igt is | AASHTO T 98 or ASTM C

The measures of fineness is
‘known as specific surface and
is the summation of the surface
area, in square centimeters, of
all particles in one gram of
cement. '

|
Another| accepted test for
fineness 1is the Blaine air

ermeabjlity test,
or AASHTO T 153.°

~.This test consists of a means

~of drawing a definite quantity
of air through a prepared bed
of cement. The fineness can be
calibrated to the air Tflow
through! the cement. :

Most modern cements have a
Blaine | fineness that ranges
from 2600 to 5000 sg cm/g.




ASTM classification of cements
requires a minimum of 2800 for
Type 1 cement

Cements with a fineness’ be]ow
2800 may produce concrete with
poor workability and excessive
bleeding. : :

There is an approximate
correlation between{ the Wagner
and Blaine methods. “The Blaine
method is equal to about 1.8
times the Wagner meth@d.

Soundness refers to the ability
of hardened cement paste to
retain its volume after
setting. \ :

Expansion  of dhe cement is
caused by excéssive amounts of
Timed or \gfidgnesia  in  the
cement.

The test for Cement soundness
is - the, Autoclave expansion
test, "This is ASTM C. 151 or
AASHIONE 107

One-inch by one-inch cross
section molds are used to form
cement paste specimens 11 and
1/4 1inches long. After curing
for 24 hours, the specimens are

“measured for length and then

placed into the autoclave.




22. The specimens will be subjected
to saturated steam at 295 PSI
for 3 hours. The specimens are
removed, cooled and remeasured.
The difference in {Tength of the
specimen before, and after
testing 1is reported as the
autoclave expansion and is
measured to the nearest 0.01
percent.

|
23. The cement shou]h not sek up
too soon nor shou1d itdoccur

too 1ate |

Setting tﬁme . tests are
perfiormed o, to  defermine if
normal fiydPation | is taking
place im the f1rst few hours.

Demonstrated here is “the Vicat
apparatus dmwhich a needTe is
aiiowea’to sektle into cement
‘paste | \lime 48" recorded until
the needle penetrates 25 mm.
This is the initial setting
Time. Final set is when the
needle stops sinking. This is
test )C 191 in ASTM or T 131 1in
AASHTO. |

The Vicat apparatus is also
used to determ1ne the
consistency. of cement
Consistency means the cement's
ability to flow. In this test,
the needle is replaced with a
10 cm diameter p}unger Normal
consistency is defined as a 10
mm drop of the |plunger in 30
seconds. The moisture content
used to obtained this
consistency 1is then used for
mixing the paste in the setting
time test. (ASTM C 187)

|
1
|
|
|
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24.

25.

26.

Another. test for. setting time
is the Gilmore test. The-
apparatus 1s shown here

In th1s test “two needles with
different we1ght are  used.

When the needles no longer make
an indentation into the paste,
it 1is defined as initial set
for the small weight. and final
set for,the‘1arge welght.

There is no correlation between

these tests and theWsething

time  ~of concréte. ASTM

?es12natwon is C 266, AASHTOs
15

ASTM C 150 andl AASHTO M 85
specify certaid minfmum cement
compiressive strength

requirements.  Thé test is

performed on ‘Bwer inch mortar
cubes produced i1 these molds.

For - a Type I cement, 7-day
strength of one " inch mortar
cubes should not be less than
2800 PSI. Using that as a
reference, this slide shows the
relative compressive strength
requirements for the various
cements at various ages.
Compressive strength testing is
described in AASHTO T 106 or
ASTM C 109. :




4 | , N
27. This slide shows a technician
' performing a loss on ignition
test. The cement sample is
heated to 1000 degrees C until
it reaches a constant mass.
The mass loss can then be
calculated. This is test ASTM
Cl14. ] ’
A high Jloss of 3 pepbent or
more is an indication,  of
prehydration and carbonation.
This may be caused by improper

or prolonged storage.

28. AASHTO M 85/and ASTM C 460 also
specify . the | ai® content of
mortar.{ \ The ‘purpose/ of the
test is' Lo detérmine whether or
not the JAydraulie cement meets
air-entrained requirements.

To perform' the test, a cement
mortar 18 placed in a flow
mold, on a flow table. The
mald. is removed and the table
dropped 1/2 inch, 10 times in 6

seconds. The flow is the
“_Increase in diameter ~of the
gpécimen. - Various = water

contents| are tried until a flow-
of 80  to 95 percent s
achieved. Through weighing a
predetermined volume and
knowing the percentage of
moisture, the air content can
be determined.

29. There garek‘ several  other
~physical properties of  cement
which we should mention.

First is False set. This is a
significant loss of plasticity
shortly ' after gixing. This
presents -~ no problem if the
concrete is remixed before it
is placed. False set 1is an
erratic condition that can be
blamed on the character of the
gypsum used.

Specifié gravity of cement is
about 3.15 and is used in the
mix design calculations.
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30.

Weight of cement in the United
States 1is usually measured by
the bag at 94 pounds. Density
of cement is not wusually
considered since it can be
fluffed up quite easily. For
this reason, cement is weighed
for each batch of concrete.

Hot or green cement is
sometimes:  ‘encéuntered.

~Sometimes during peak' periods
~cement plants will have

difficulty keeping & up  With

demand.  Consequently, cemenk

may be coming dipectly from
production - to  the . concrete
plant. Also, cement may becomé
hot due to &ilos heing hocatéd
in direct Sunlight.> When Tthis
happens, [ €ementl "at 4 elevated

- temperatures could be used in

concpéte. This could cause
stiffening ‘@f ‘the coficrete mix.
An upper 1imit wef 150 to 180
degrees F is recommended for
Cement.

One “final \item to cover on
cement i1s sStorage.

Cement is a moisture sensitive

‘material that will retain its

qualtity 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, with bags
stacked on pallets and not
against an ocutside wall.

When storing bagged = cement
outdoors, they should be
stacked on pallets and covered
all over with a waterproof
covering; they should not be
stored where they will get wet
from ponded or runoff . rain
water.




31. 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
watert1ght and properly sealed
lids. | Cement conveyance
systems, such as Sorew
conveyors or air slides, should

- provide for constant flow and
‘precise cutoff. Compréssed air
systems for moving cement
should have water traps.

The result ofdimproper stobage
and handling ‘s lumpy cement.
Loss on ignitiond or skrength
tests should . be’ perfarmed on
cements’ that Have been stored
for long periodsyof time.




MIXING WATER

1.

The next concrete ingredient
that we want to cons1der is
water. o

Wate¥ has' two main/ functions;
it reacts” with the cement
during hydration and it acts as
a lubricant, contributing to
the workab111ty of  the
concréke. | Because of this, it
is important that the water be
relatively pure. What is meant
by pure?

In general, potabTe water is
suitable for wuse as mixing
water for concrete. Water

" suitable for making concrete,
~however, may . not be suitable

for dr1nk1ng

Two ~criteria  should " be
considered when evaluating
water for concrete. : -

= Will the 1mpur1t1es affect
"~ the concrete qua11ty?

- ~What level of 1mpur1ty can
be tolerated?




4. 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
being qud to detect metallic
or chloride ions.

|
|
|
|

5. The water's affdet on the
physical| properfies |of the
concreté should be performed to
determine. if  the lévels of
impurities wiltl "Be harmful.
Strength and time of set tests
should be performed. Mortar
cubes 'made with the proposed
water should \have 7 and 28 day
strength at least equal to 90
pepcent | of the strength of
movtar cubes made with known
good water (distilled).

6. Impure water can shorten or
extend the setting time of
concrete as well as cause
efflorescence, staining, or
corrosian of reinforcing.
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Tannic acid
Fertilizer
Wood
Salts

. IMPURITIES
Paint
Sewage

Leaves
~ Rags
. ok

3.3

Water that is considered to be
harmful may contain excessive
amounts of the items indicated

~on the slide. 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. = been using “ the = same

~resources for a number of
.years. Nevertheless, " 1k is

possible for a watergBupplyto
become contaminated,
particularly well water.

The Timits for certain
chemigals fox mixing water are
shown  \here. Mixing water
should not cont@im’an excessive

~amount’ of silt or suspended

s0lids.\ \ This chart shows a

. maximum concentration of solids

of 50,080 \PPM..  PCA and the
Bureau of Reclamation recommend
that if the turbidity or
dissolved solids  exceed 2000
PPM. the water should be tested
for“its effect on strength and

time of set.

The chloride jon content of

mixing water is also of the

major concerns due to its
effect on reinforcing steel.
Chlorides can be introduced 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.




. doubt,
~ tested prior to use.

The requirements for curing and
washing Water are not as strict
as thos for mixing water
because | this water is in
contact with the concrete for
only a We1at1ve1y short time.
The permissible amounts of some
impurities, however, are still
restricted. If there is any

the water should be

The disposal ofdwashing water
may be & problém in a €oncrete
operatton. < This wafer may
contain \large “amounts of fines
and, therefore, has  the
pobential of polluting lakes or
sTreans,

One solution to the wash water
problem would be the use of
settling basins. Also the wash
water may be recycled for use
as mixing water as long as it

“meets minimum standards. If

used for mixing, the intake end
of the, supply 1line should be
covered with a wire mesh to
prevent foreign matter from
enter1ng the system.




12.

In conclusion, if the water is
drinkable, it is usable for all
aspects of a concrete
operation. If there 1is 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, sodor, or
color, and does n fizz or
foam when shaken, th i
reason to assume that
water will hurt the







AGGREGATES
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Aggregates constitute about 60
percent to 80 percent of the
volume of concrete and have a
strong influence on  the
concrete's properties.
Aggregates must canform to.
certain standards. * For best

'?,resu]ts, they should be clean,

hard, strong, durable particles
free of absorbed (Chewmicals,
clay or other matérials that
could affect hydration or bond.

Aggregates Ahat sShould hotabe
used are ghes that are Triable
{readily [erumbled), @nes that
contain Shalef or ‘ones that

contadfn othed soft and porous

materials. * . Aggrégate with
these ¢haracteristics can cause
surface . defects = such as

4 popouts.

' Natura11y occurring concrete

aggregates are a mixture of
minerals and rock. Minerals
are defined as naturally
occurring inorganic substances

~of a definite chemical

composition and a  ‘specific

-crystalline structure.  Rocks
~are generally 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 1is igneous, sedimentary
and metamorphic.

i
|

Igneous rocks are those that
have cooled £fom amoltennrock
mass. | Igpéocus rocks ‘can e
‘subdivided| into fintrusive or
coarse grained dnd extrusive or
fine d@rainedy Intpusive is
formed" during slow £o6ling of
the molten “mass and are
exemplified by granites.
ExXbrusive | are cooled more
quicklys. " Such as during a
volcanie @ruption, and includes
basalts. In general, ‘igneous
vocks jare hard, tough and
dense | and make  excellent
concret? aggregates.

SedimJntary rocks are
stratified rocks Taid down
under water and pressure. The
sediments are usually composed
of particles of pre-existing

rocks, | organic materials, or
the h%rdened skeletons or
~shells | of ancient - organisms.

Sedimentary rocks are divided
Jinto tw? groups based on- their
principle 'mineral component.
Calcareous rocks contain
compounds of 1lime or magnesium.
These are the  carbonates
- (1imestone and dolomite). The
other groups are made up
chiefly of silica. Sedimentary
rocks range from hard to soft.
. The softer ones should be
avoided.
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Metramorphic rocks start out as

~either ‘igneous or sedimentary

rocks. Through the

~application of heat, pressure,

water or any. comb1nat1on of
these, the rock is physically

5 a]tered or metamorphosed into a

new type of rock. Sedimentary

'ﬁ'rocks, " which undergo
“metamorphosis are . generally

harder, tougher € and more
durable ~ than = the parent

- material, while igneous yrocks
remain  relatively _difithanged.

S Marble is  metamorphosed

Timestone, and is an excellent,
concrete aggregate. . Quartzite
is metamorphosed sandstone and
is also a goedlaggregate,.

Concrete| dggre@ate Gources are
generally agr@vels and crushed
stone. Naturally occurring
aggregates arépcalled gravels.
Sometimes  gravels are put
through a crushing operation to
reduce their size or to improve
thete shape. Some artificial

aggregates are used but
generally for spec1f1c purpose

“concretes such as light weight

conerete made from expanded
clay. :

About half of the concrete

aggregates used in the United

-States come from gravels, the

other half come from a rock
source such as ‘a quarry where
the rock has been put through a
crusher.




11.

Natural fine aggregate is
simply the smaller fragments
that result when the edges of
rocks are worn away. Due to
the way it is formed, natural
sand is generally . qu1te round.
If. there 1is a shortage of
natural sand, a manufactured
sand may be used. These are

~generally much more angular,

however, and may cause
different work hng
characteristics in the
concrete. ' '

The most impopfant propertiypof
concrete adgregate >is “{he

~gradation. Thet " gradation

measures  the maximum particle
size, 4he vange of particle
sizes and the , amount of a
particular particlé@isize. The

gradation| s important because
of»; its | effect on mix
WOrkabiiity, economy and
strength, Concrete mixes which
contain Too much coarse
material become difficult to
finish. For a given W/C ratio,
,the “ampunt ‘of cement required
Wwill decrease as the maximum
§lze aggregate increases. On
the other hand, concrete mixes
which contain too much fine
,material will require more
cement in order to coat each
particle and make the mix
flowab]e.

Grading of aggregates is the
d1str1but1on of particles among
various sizes. The gradation
is determ1ned by doing an
ana1y51s with a set of sieves.
Sieves are stacked with larger
sizes  on top. ‘Gradation s

- usually expressed in terms of a

percentage passing or - a
percentage retained on the
various sieves. : -
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1 ’5!3 inch
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8/4 inch
‘SI& inch
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No. 00087 ind
Ho. 10 (00486 In)
Mo. 30 100234 in)
No. 80 (W07 in)
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200 {(0.0020in)

'w111

To make testing of aggregates
more manageable, the aggregates
are generally divided into two
classifications;  coarse

aggregate and fine aggregate.

The d1st1nct1on between these
two size classes 11§ based on
whether or not the aggregate
pass a partmu]ar sieve.

The most common siéve used for

~this purpose for conérete is

the 4.75 mm. (No. 29 ‘sieve.
This ~sieve has opendfigs Which

~are just slightly &maller than

a lead penc11 Ay aggregates
not passing this sieve ape
classified - as coarse
aggregates. ammmAny " aggregates
passing this sieve are
classifiéd as fihie. .This slide
depicts [typical sieves used in
a coarse\aggifegate analysis.

. There are manymsiele sizes that

could' Be used feor analysis of
fine Qggregates. This 1is 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.
Th¥s assures you  that there
will be no gaps in your
gradatTOn analysis.

The results of the sieve
analysis are sometimes plotted

on a gradation chart. An
experienced inspector can tell
a. great deal about the

character of a concrete mix by
examining the gradation chart.

Limits or ranges are usually
specified for the percentage of
material passing each sieve.
This is done since the
gradation and the maximum size
of aggregates will affect the
cement -and water requirements,

workability, economy and
durab111ty of the concrete. In




- 15.

general, aggregates that do not
‘have a | large deficiency . or

- excess of any size and give a

smooth grading curve will
produce |the most satisfactory
results.

Oné‘vimportant characteristic
that can be ‘determined from

_the fine| aggregate gradation is

the fineness modulus. < This is
simply the sum of the total
percentages retained on each, of
a specified series ofiSieves
divided by 100. THis value
represents an averagg particle

size. Aggregate 'gradations
having | the same ° fineness
modulu should reguire

approximately the  same “amount
of water and cement to_produce
concrete| of approkimatély equal
strength| and cofisistency. Note
that only certain sieves are

used or caleuwldting the
fineness \ modulus™ of the
dggregate. The fineness

modulus should not be less than
- 2.3 nor mere than 3.1. Also it

- should 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
adggregate should be rejected
uniess suitable adjustments are
made in proportions of fine and
coarse | aggregates. " The
desirablle fine aggregate
gradation depends upon the work
involved, the richness of the
mix, and the maximum size of

coarse aggregate. In general
the coarser the fine aggregate
the harsher the mix. The

higher the = fineness modulus
the coaﬁser the aggregate. The
cement | content will vary
1nverse1y with the fineness
modulus.] A very large amount
of very fine material, that is ¢
material| passing the number 200

sieve, will cause the FM to go
~ down. In addition, a low FM

will reduce the air content and
more air entrainment will be
required. ASTM C 33 or AASHTO
M 6 specifies the sieve sizes
to be used and recommends the
0.2 to1erance
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16.

17.

18.

There are a number of other
characteristics of the
aggregates that we need to be
concerned with. We will take
a look at some of the ones
listed here.

Abrasion resistance \is oftep

used as a general index of an
aggregates Zgual ity Abrasion

- resistance plays< an important

role in pavement sunface life.

As  the | coficrete's  mortar

surfdce 18 worn Joff, the
pavement willwreld upon the
abrasion, reststance of the
aggregate, to provide good skid

resistance. Aggregates that

tend o' polish under these
circumstances will result  in
unsafe or "slippery when wet"
conditions. Skid resistance is
also, dependent upon the fine

aggregate. To provide good

skid resistance, the PCA
pecommends that the siliceous
particle content of the fine

~aggregate should be at 1least

25 percent. Consideration
should be given, however, to
the possibility of alkali-
silica reactions when this is
done. In addition, some
manufactured sands can produce
sTippery surfaces and should be

: investigated‘ thaoroughly before

being used.

- The common test for abrasion

resistance is the L.A. abrasion

~test, ASTM C 131 or AS
- or AASHTO T96. In this test
- the percentage of material worn

away is measured.




19.

20.

21.

Anothen reason for performing
the L.A. abrasion test is to
determine the aggregates
suscept1b111ty to .introducing
add1t1qna1 fines into the con-
crete mix as a result of the
aggregate degrading during
hand11hg, stockpiling and
m1x1ngq

Approximatedy 90 pencent ofithe
United Stdtes isgclassified as
regions of sever® weather, thus
subjegting coicrete o freeze-
thaw damage. Thig kind  of
damage | is ' Pelated” to the
aggrqgate s porosity,
absorption, permeab111ty and
pofe, structure or in other
wordsy. the aggregates
sound*ess. An aggregate
particle may absorb so much
water that the expansion due to
freez1ng cannot be accommodated
in ‘€he| concrete. If this occurs
near | the surface of the
concrete, a popout or spall
will occur.

D—Cracking of concrete is a
familiar form of distress in
pavements. D-Cracking is

~associated with a coarse

aggregate that is non-durable
when it becomes saturated with
water and is subjected to
freeze-thaw cycles. It is a
function of the pore properties
of the aggregates. Water can

~become trapped in the pores.

When the concrete is exposed to
freezing temperatures, the
water in  these pores will
freeze and cause the aggregate
to crack. While the cracking
begins in the coarse aggregate,
it will propagate thru the
mortar mix. Aggregates that
can exhibit these properties
include some Timestones, some
dolomites, and cherts.
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22.

23,

The resulting distress in
concrete  pavement is  the
cracking pattern shown here.
An accumulation of water, under
the pavement, in the base and
subbase  will  saturate the
underside of the slab. With
freezing and thawing cycles,
the cracks start in  the
saturated aggregate in the
bottom of the concrete and work
their way up. As more cracks

develop, more avenues. are

available for  moisturen to
penetrate = deeper /£ ‘into " khe
concrete. The sollifion to this
kind of distress {8 to select
aggregates that pegform better
in freeze _thaw, cycles. 10
eliminate /£ sources, susceptibie
to D-cratking gould eliminate
many solrces Ain sdhe States.

As . a resul¥” several States

test each bed of material 1in
each' \sourceén, anfl " eliminate
portions of sources
accordingly.

Reducing ‘the maximum size of
the “Coarse aggregate has
improved = durability of some
aggregates and of course the
installation of drainage ‘to
cagry free water away from the
pavement 1is very helpful. - D-
cracked concrete  can "be
recycled provided freeze thaw
tests are performed on the new
mix.

Another problem related to
concrete durabi]ity 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
1nsuff1c1ent unfilled pore

- space to  accommodate the

expansion ~of = water during

freezing. These situations are

usually isolated within the
concrete matrix. As will be
discussed Tater, popouts can
result ‘from other aggregate
properties.




24. There are several ways to
evaluate, the performance of
aggregates under freeze- thaw
conditions; first and perhaps
most  useful is  the past
performance history of the
aggrega;&, Second, if an
aggregate has an  unknown
history, it can be subjected to
a freeze-thaw test in
accordance with ASTM Ce 666 or
AASHTO 'ﬁ 161. In this \test,
concrete| samples made with)the

- aggregates are subject o
alternating freezing and
thawing while being /Submersed

in water. This | is the
preferred method for
determining Deseérack

susceptibilityd AASHTO “ 1,103
provides a/Similar procedure
for subjeéctingd Just the
aggregates | to A freezing and
thawing  cycle.« A third method
of determining aggregate
durability is through a sodium
sulfate ‘or magnesium sulfate
€es, (ASTM \C 88 or AASHTO T
1047} In this method, salt

Acrystalsighow, in the pores when
the aggrbgate is immersed in a -
subfate solution thus
simulating the pressures
produced by freezing water.
Unfortunately, sulfate tests
are not §1ways repeatable.

25. Partic]ei 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 requfred to maintain the
same vater cement ratio.
Elongated or flat particles
tend to produce concrete which
is difficult to finish. :

| .
In a [like manner, surface
texture, will impact the
workability of fresh concrete.
Surface texture, however, has a
more significant bearing on the
!

|
|
|
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concrete's strength. The bond
between the cement paste and
the aggregate increases as the
aggregate surface texture
becomes rougher.  The rougher

surface  provides greater

surface area  for the
development of this bond, thus
higher strengths. Bond is also
influenced by the cleanliness
of the aggregate. Goatings on
Ehedaggregate will reduce the
on

Another important groperty af

aggregates is thg aggregate

specific gravity. Specifig

gravity is the ratie of the

weight of thes@@mregates, to the

weight of £an equal volume of

water. Most aggfegates have a

specific gravity of Between 2.4

and 2.9.0 g “genenal a Tlow

specific gravity indicates a’
porusy . weak mand’ absorptive

aggregate white a high

specifi¢ \  gravity represents

good, quality. The specific
gravitiyis used in certain mix
and conteol calculations.

Since the aggregate weight will

wvary with its moisture

condition, specific gravity is
determined at a fixed moisture
content. There are four
possible moisture conditions:

~a. - In. the damp. or  wet

“@cond1t1on the aggregate
pores are filled and free
water is present on the
aggregate surface.
Aggregates in this
condition wou]d.provide-‘
excess  water to a
“concrete m1x. : :

b.o Aggregates which have a

dry surface with var1ab1e
~amounts of water in the
‘pores are in -an air-dried
condition and would take
water from a concrete mix.




There

Aggregates with no water
in | the pores or on the
sunface are called oven-
dried and represent a
laboratory condition.

In the saturated, surface

“dry (SSD) condition, the

pores are filled but the
surface is dry.

Laboratory mix defigns are

normally made , with

saturated surface  dry
aggregates; therefoke,
the amount ‘of wafer added

during actual Jeb mixing

must be adjusted for the

moisture condition of the

agdregates.

are/ several =~ aggregate

qua11t1ds or impurities that

are

concret
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ﬂ?ent1a]1y harmful to

Organic mpurities may
deTay setting and
ardening of concrete and
§ also reduce strength
ga1n.‘ '

Material finer - than the
No. 200 sieve, such "as
si}ts ‘and  clays, can

auyse a thin dust-like

»,co ting of the aggregate,

thus weakening the bond
between the aggregate and
paste and resulting in 1ow
st ength concrete.

Coal and Tlignite can
affect the durability of
co‘crete.

Soft particles will cause
a loss in durability and
wear resistance. They
cod]d also cause popouts.

C]ay 1umps in concrete may

‘absorb  some of the mix

water and may break down
from freezing and thawing
or wetting and drying.
The results are reduced
durability, reduced wear
resistance, and popouts.




Handling/Stockpili

) Conicerns

* Segregation
* Degradation
. €§mﬁ&ugaﬁaaﬁﬁxa
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29.

30.

- Chert also affects the

durability of concrete and
due to its high
absorption, can cause
popouts. ~

Siliceous ,éggregates and

certain . limestones and
dolomites have the potential of
reacting with the alkali in the
cement. This £ can  cause

abnormal = expansion hor map

cracking in clnhecrete.

Deterioration can bemminimized

by limiting the alkali cantent

of the cement to 0.6 percent

when reactive aggregates ‘are

suspected or known, Also [Ehe

addition ofgan, adequate amgunt

of a sditable npozzoldd can

prevent/ this péaction. While

the problem g@n ogfur whenever.
reactiVe L aggregates are

enCountered, it is  more

prevalent™ ik thé western and

southern states. Probably the

best' \.determination of an

aggregate's applicability ~is

throwgh its service record.

If the aggregate source has

been producing ~ quality
concrete,. it can generally be

cancluded ' that it 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 done to ensure
suitability for making
concrete. ’ o

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. :
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32.

33.

The preferred method of
building stockpiles is to build
them up 'in layers of uniform
thickness. by depositing
material in tightly placed
loads. =~ This applies to
stockpiles built by clamshell

~or truck delivery. Stockpiles

that are spread by a dozer are
acceptable, = howeven, the
aggregate should be wateéhed for
degradation. Rubber = Bired
equipment is preferred to
metal tracked equipmenifi.

Even stockpileé properly
constrygcted’ Wy dozers can
result " in sedregatieh if the
materials  are pushed over the
edge. : ‘

|

s
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
can be accomplished through
underground feeds from
stockpiles, by clam shell"
buckets, or by charging hoppers
with front- end Toaders.

Slices frdm a  Shockpil@wmmade
with a ffont-end Toader should
be from bottonf Lo &0p so that
each,slice gontains a portion
of €ach Rerizontal/layer. Care
should\ alsa be, taken to avoid

taking ‘material from the very
_bottom of the stockpile where

éisting soils ~ could
contaminate the aggregates.

Conical stockp{Tes should be

avoided, because of

segregation, unless the
materials can be satisfactorily
remixed when it is reclaimed.
Concrete made from the Tower
portion of a segregated
stockpile will be harsh and
soupy while the concrete made
from the wupper part, with
excess fines, will be dry and
stiff. '




37. Bulkheads and dividers should
be used|to avoid contamination
of stockpiles.

In conclusiont aGgregates
shouldd\be \hard in prder to
resist \grinding, _tough to
withstagd impachye® strong - to
stand up under heavy loads and
sound to remain whole during
freezing and thawing.
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ADMIXTURES FOR CONCRETE

1.

An admixture is defined by ASTM
as: " A material other than
water s aggregates, and

“hydraulic cement that is used
~-as an ingredient of concrete or

mortar ‘and  is added to the
batch ~ immediatelyd hefore or
during mixing." . Admixkures can

be wused to modify “Bokh the

plastic and hardenedspropérties

of portland cemedt concréte.

It  should: be [ noted that
admixtures are not a substitute
for good concrete mix desian
but can be_used to“eénhance dhe
propertied oT a coOncrefe Wix.

We ‘can wsen..adnixtures to
enhance The " following
properties of plastic concrete:

ihcrease. workability at the
~same wmater content, change the
~rate of set, compensate for

shrinkage,...

reduce bleeding, reduce

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




4. Admixtures are also used to
enhance the following
properties of hardened
concrete: accelerate the rate

~of strength gain, increase
ultimate strength, increase
resistapce  to Ffreeze-thaw
damage, |increase the resistance
to alkali aggregate reactions,
increase the resistance to
sulfate |attack, ... :

reduce permeability, compensate
for shrinkage, andgf inhibit
corrosion of reinforcing steel.

5. Many admixfures “affect “more
than one property of concrete
and 1in| seme ghses ‘they may
affectdla desisable property in
an unravorable mafner. In
additian, when multiple
admixtuyes are used the

{combination can cancel out the

- effectiveness of any one or all
of the madmixtures. This is
another| reason for performing
thial batches with all of the
proposed ingredients.

6. There are three basic types of
admixtures which are used in
portland cement. concrete. They
are aifr entraining, chemical,

dmixilres and flinely divided mineral

admixtures.

Air entramment
Chem!cal : dmixtures

Fmely dmded mmerai |
admixtures

Miséellaneous admixtures
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Air entraining admixtures are the
most commonly used admixtures in

* the industry today and are used

in almost all concrete. These

. admixtures create and dintroduce
microscopic air bubbles into the
~ concrete.

The pr1mary reason for
air entrainment 15 for freeze-
thaw durab111ty :

‘specification requirements
for air entraining admixburesiare
in AASHTO M 154" and
ASTM C 260.

The dose of air entraifiing agents
are in the opdér 0F,0.05 perceht
of active ifgredient by weight of
cement. The agtual dtlose will
very with The part1cu1ar mix and
app11cat1on.

In  hapdened ““Coricrete  air-
entrainment, in addition to
providing resistance to freeze-
~can also increase
tightness, . improve

the water

“Sealing resistance to de-icing
salbs, and 1ncrease res1stance to
J su1fate 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-
mixes. Air
entrained mixes. will  also
typically require Tess sand and

“water because of the increase in
“workability of the mixes.

. For each 1 percent increase in
Cair
- strength w111 be reduced by 2 to
) percent

-content, ' the  compressive




10. The reason for freeze-thaw
damage (s centered around the
@expansiJ; nature of freezing
“water. The principal behind
kentrainjd air is to allow room.
~for the expansion of the
water/ice so the expansive
pressure will ~not damage the
concrete. oo

When we meadure the air content
in concretg bothgertrapped air,
and entraipned afy is measured.
Entrapped ainddoes not help in
freezesthaw durability. Freeze-
thaw dupability 18 achieved by
proper [§ize air bubbles and
spacing. | \ Ninety percent of
the aip. entrained bubbles are
]es§ tham 4 millionths of an
inch. :

As a |rule of . thumb, there
should | be . approximately 9
percent total air in the mortar
fraction of the mix.

The measured aijr content and
recommendations for air content
includes 2 to 3 percent
entrapped air which does not
provide any - benefit to the
~concrete. , :
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13.

The gradation of the fine
aggregate will affect the
ability of the concrete to

- _entrain air.

An increase in the amount of

J‘mater1a1 passing the No. 100

- sieve  will - result in a

14.

15,

reduction of a1r content..

An increase in the €alount of

material between the  Ne. 30

‘sjeve and the No. 100% will

result in an increas€ in air

content.

The fineness modulus can be
used to indicate that a change

-~ has occurreddin "khe ‘gradation

of the finef aggregate.
The properties of the portland

-cement’ can \@lso affect the

ability, of “the mix /Lo entrain
air. VAm- inceedase’ In fineness
or lowalkalies will result in
anreduction of air content.

A chang® inh source of cement

may alse affect the air
éntraining capab111ty of the
concrete.

oo o
As the temperature increases
the air content will decrease.
As a result 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 a1r content




16. Other items may also affect the

17-
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n reduce the amount  of
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concrete will
uce thewain, content in
confrete.  This will be
cussed furtherq in the
ipter on conveying,

acing afd finishing.

ixtures stored  for
nger than 6 months should
tested.

The specifigation ~requirements

for
containe

chemical

admixtures are
d din AASHTO M 194 and

ASTM L£»494. Al1l admixtures have

addition

‘set requirements. In
, ‘the Type A,D,E,F,and G

admixtures ‘have water reducing

requirem
also all
mixtures

onts. The specifications
ow lower durability than
without these admixtures

We will discuss the properties of

the admi
categori
reducers
range

(superpl
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xtures 'in the following
es: retarders, water
, accelerators, and high
water reducers
asticizers).




19, "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.

. Most  retarders  are water
~ reducers. o

Set rétarding admixtures are used
primarily “ to dfTset the
accelerating and damaging effect
@of high' temperature and to keep
“canérete’ workable - during the
entire placing operation. This
will help“avoid the formation of
feld joints. In addition, .it
‘will prevent damage to bridge
decks which would occur due to
dead load deflection during a
_Placement.

‘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)
: drv1ng shrinkage. Bleeding may
~increase with some admixtures.
- The specifications allow . an
increase in shrinkage. Different
 chemicals which can qualify as
retarders will affect the above
properties differently. This is
another reason for making trial
batches with the materials wh1ch
will be used in the mix.

(8]
1
~!




22. The specific effects of set

24,

many add

~content,

- cement co

_reducing

retarding

admixtures vary with

cement, water content of the mix,

concrete

temperatuy

temperatures, ambient
es, and the presence of

other admixtures.

[
f watef reducers by the

The use o

highway | ageficies _have Deen
increasing over fhe ldast few
years. Jhey \halie’ beén used
primariTy\ in “bridge detks, Tow
slump canerete’ owerlays, and
patching concrete. :

At first, water reducing
admixtures were used just for
what thelir name 1implies - to
reduce the amount of water needed

to achiev

reducing
far beyo

rate = of
flowable

caution

e a given slump. Water
admixtures can provide
itional benefits going
nd reducing the water
including control of

set and providing
concrete. Reduction in
ntents must be made with
to insure that

durability will not be :

decreased.

water red

The majority of th
ucers are set retarders.

Water reducers are capable of

percent.

water contents up to 12

|
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25: Water vreducers are dispersion
agents. Cement particles have a
tendency to clump together. This
‘reduces the efficiency of the

P

 hydration  process. Water
“reducing  admixtures give
~electrical charges to cement

particles. This  .causes ‘the

particles to repe1 one ancther
and: reduces the size and number
~of clumps that form. Whemwater
~reducers are used the,cement is
 dispersed ~and as 4 hydratien
" proceeds, water- can/ react much
“more fully with each of the
cement particles so. that the
concrete  realizes, Tts, full

" potential strength.

Water reduceérs hdve several other
benefifs. ‘Infaddition to being
a  workability.  ageht, water
- reducers | improve  Finishability
~ 4nd enfiances many  hardened
. cancpete | properties,. 'such.  as
_ water "hightness,  durability,
. permeabi¥Ey,and both ear]y and
*ju1t1mate 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.
- The specifications allow an
“increase in shrinkage. Different
chemicals which can qualify as
“water reducers will affect the
above properties differently.
This is another reason for making
‘trial batches with the materials
~which will be used in the mix.
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28. Another class of admixture that
is being used more frequently in
construction work is the high-

_range water reducer (HRWR). They
are also known as. a
superplasticizers. HRWR  may
permit water reductions of 12 to
25 percent while maintaining the
‘desired workability. JMost State
highway agencies allow Eheir use
in prestressed concrete. Several
State highway agencies also ahlow
their 'use in  bridge deek
concrete.

HRWR have sevebal gpotential
advantages! They will allow
reducéd . water coptents to
maintaip workabihity or increase
workabillity at "the same water
contents' \which will  reduce
requibed placement effort. They
may alserallow a reduction of
cement | and” retain strength by
“geducing the water content.
Redugtions in cement contents
must’ be made with caution to
insure |that durability will not
be decrieased.

Six-inch slumps can be obtained
with normal water cementitious
ratios lor the water cementitious
ratio can be dropped below 0.35
with the same workability.

In addition, HRWR will increase
the sitrength gain, increase
ultimate strength, and reduce
~permeability due to Tower water
cementitious ratios. ‘




31.

32.

The accompanying graph reflects
the strength gain that is
attainable with HRWR.

HRWR also have several
Timitations. Thesconcreétes whigh
contain HRWR “will »lose  Slump
between 30/minutes and, an hour.
Redosing. i$ not x&comménded since
it may increaSe slump but not
increase, workahilityd =~ In order
to get the admixtu¥e dispersed in

f'a truck {mixer at full capacity,
@& 93-inch A slump is  required.
 Reducing, the size of the load to

1/2 to “2/3 the capacity of a

“bruck  mixer will allow
“dispersement of the admixture in
- Tow »slump concretes. ~ The

‘admixture significantly affects

the air void system ‘in the
concrete. In order to compensate

~for disruption of the air void
system and maintain freeze-thaw

durability it 1is necessary to
increase the typical air content
from 6.5 percent to 8 percent.

~In addition, the admixtures are
~ fairly expensive.

.  Accelerators have been slowly

~gaining acceptance with State
~ highway departments. They are
~.most commonly used in concrete
~that is used in repair work where
~traffic considerations do not
allow long closures.




|
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.

AcceleratopS  also have Ssome
disadvantages. The dultimate
strength of thefconcrete may be
reduce@, the $ulfate resistance
of the conerete £ will be
“reduced, and  Since most
accelenators are salts the
pobential \ for corrosion is
incredsed. :

Calcium chloride 1is the most
commonly used accelerator.

Other |soluble salts such as
chlorides, bromides, fluorides,
carboiﬁtes, nitrates, and
silicates have been used along
with Isome organic compounds
such as triethanolamine. ’

The amount of calcium chloride
should| be 1limited to 2 percent
by weight of cement to assure
no affect on reinforcing steel.




SETTING TIME AFFECTE

37,';

This table shows the effect of
~calcium chloride on compressive
‘strength Note the dramatic

increase in compressive
strength at the ear1y ages of
the concrete ‘ : ,

Accelerators will nalse réduce
the setting timg of _concrete.

The accompanyifig tédble shows

the test ¥esulfs on J0 degree F
conckete that is -placed at 70
degree F. “The.dinitial set of
this p1a1n concrete was 5 hours
and 5 mihutes. With 1 percent
caleium &hloride. initial set
was péduced to 3 1/2 hours. By
increasing the calcium chloride

?fcontent to 2 percent the time

th initial set was 2 1/2 hours.
Similar percentage ‘reductions
occurred in the f1na1 set of
the concrete

When US1ng ca]c1um ch]or1de
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.




R
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42.

i

i
|

Care must be taken when
accelerators are used in hot
weather,. Detrimental effects
such as rapid setting and
shrinkage cracks may develop.

Calcium chdoride. acceleratbrs
should nEver be used in
prestressed conafete or
concrete thatd{will be steamed
cured. \ Both of these types of
structilbes arépmore prone to
corrosion. The use of calcium
chloride in recommended amounts
wibh, not. cause progressive
corresien of conventional steel
reinforcement under  normal

~conditions when adequate cover

18 provided..
1

The |requirements for air
entraining agents and chemical
admixtures are based on their
effect on the set times,
bleeding, strength and
resistance to freezing and
thawing.

The basic method for acceptance
is approved list and
certification by the
manufacturer. .

Many . States perform
“identification tests “on
samples of the admixtures taken
at the concrete plants to
assure the material is the same
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43.

44,

as that evaluated to place the
admixture on the approved list.
The identification tests
include: solids = content,

density, infrare d
spectrophotometry, pH,  and
chloride content.

A11 admixtures should be stored
according to the manufactures
recommendations. I€ Bhould be
noted that some admixtures
become more viscous as they get
colder. Adm1xtures may » be
damaged or require m1x1ng atter -
freezing.

We will discuss three,types of
finely diifilded “Chinerdl

admixturesé Tly ashy granulated

blast furhace sl@g, and silica
fume. These Ahree | admixtures
can bé used £0: reduce alkali-

siltea “eeactiond improve
su]fate'resistance and reduce
permeabiiity. F]y ash and

/ granulated blast furnace slag

nave, been shown to increase
workabihity and reduce heat of

g hydrat1on

Fly ash and silica fume are
pozzolanic in nature i.e., they
form cementing agents by
combining with the calcium

~ hydroxide that is produced from
~ the hydrat10n of the cement.

~ Granulated b1ast furnace slag
 is a cementitious material.




45. The most commonly used of these

47.

Fly ash
~affects ¢

“spherical
improve the workability of
s

“formation

admixture
a waste

chamber b
the
powdered

generatio
divided i

F and class C.
two types of Tly ash

in  the
center on
fly. ash
reactive
is specif
ASTM C 61

Fly ash
replacemé
State
specifica

transporé;d from the combustion

result

s is fly ash. Fly ash is
product which s

exhausted gases and is
of  burning of
coal at electric power

plants. Fly ash is
nto two classes, class
The differences

the reactivity of Bhe
class C beifig  more
than class F.. Fly ash
ied in AASHTOI M 295 and
3.

is [usedgas af partial
nt fondortiand cement.
highway agency
tions will allow between

15 and 28 percent of the cement .

to bénrep
1 -T2 1
weight on
ashweigh
ash ShG.=
S.G.= 3,1

laced with fly ash on a
0.1 ratio based on the
the material. Since fly
s less than cement (fly
2.65 compared to cement
5) the mix proportions

need to be changed accordingly.

Typically
aggregate

concrete!
will
the mix,
strength

pozzolani

the amount of fine

is reduced.

has = several - positive
n the properties of the

- The fineness “and
shape of the material

the fineness will also

reduce blleeding, the permeability
reduced

and the ultimate
is increased due to the
of the products of the
¢ reaction,.... '
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48. The heat of hydrat1on is reduced
“due to less cement, alkali
reactivity can be reduced due to
less cement and alkali reaction

. with the fly ash, and sulfate
. resistance can be 1mproved Some
fly ashes, particularly Class C
fly ash, may adversely affect the
 sulfate  resistance . of  the
© concrete. ' 8

. Fly ash/ also4 has. several
~ disadvantages: &£ The({ rate of
~strength gain® will be reduced,
the "pozzolanic redction will
cease ‘ab 40 degPEEs F so cutoff
dates should be used, and the use
“of, fly \ ash w111 requ1re
addifienal . amounts of air-
). entraining admixtures.

. The fineness and the carbon
-~ content of the fly ash will

affect the air content of the
- mix. However, the uniformity of

these properties is more

important than the actual values.
. The operation of the power plant
affects the variability of - the
- fly ash.  Therefore, source
- approvals and certifications
~.should be based on individual
‘jpower plant productTOn

~TAny tlme air entra1ned concrete

~is  specified, the fly ash
~specification should include the
‘optional " uniformity
- specifications.




An easy way of determining if
the fly ash is uniform is to
take air content tests on each
load of concrete until it is
determined ‘that the source of
fly ash| is uniform.

'~ 51. Granulated blast furnace slag

~is the glassy granular material

- formed, when . molten blast

- furnace slag  isd yrapidly

chilled. - “Granulated » blast

furnace, slag is specitied in
AASHTO M 302. -~

|

.Granulated blast furnace slag
hashbeen' substituted for up to
. 70 “peteent. of the portland
_ncement.. > The typical
bheplacement rate 1is in . the
“gange of 50 percent.

,53;,iGranu1'ted blast furnace slag
can benefit a concrete mix by
“reducing permeability, possibly
~improving the sulfate

resistance, and possibly
~-reducing the alkali aggregate
. reactions. :

!




54. The primary disadvantage to using
' granulated blast furnace s]ag is
1ower early strength.

Silica fume is a<new admixture.

There currentlydis noff a standard
~ specifiication{for the material.
Silica fume 15 the b#-product of
- the peoductionef silicon and
_specialty steels. It is almost
a pure s111ceous mater1a1

‘},As w1th f]y ash silica fume
relies on the pozzolanic reaction
ahd fine particle effect for
i strength gain.

S1l1ca fume has been used by some
States as a replacement for
cement in bridge deck concrete.
Replacement rates are 1in the
range of ‘5 to 15 percent.

- Silica fume has several
- advantages: as most pozzolans the
- concrete which ‘contains silica
. fume has a vreduction in the
. permeability due to the products
of pozzolanic reactivity; Early
' strength due to the Tower water
. cementitious  ratios; Higher
~ ultimate " strengths due to the
- pozzolanic react1on5“~ and
Reduction = = in a1ka]1 -silica
reaction. '




57.

58.

59.

Silica fume also has several
disadvantages: 1) high water
demand requires water reducers
with 5 percent replacements and
high range water reducers with
higher substitution rates; and 2)
the material has not been used
long enough to get a history on
the performance of concrete which
contains the admixture

Currently, sd)ica fume s bB&ing
used as an/additiye to.concrete
mixes in order£to olitain very

high stkength cbncrete and not as

a subsbitute .for _cement. It

- should "also be Wofed that the

controve¥sy surrounding the need
foMmair-egtraining admixtures in
hight mstrength concrete
{compressive  strength >12,000

PSI) also extends to concrete

consaining silica fume.

In general it is necessary to use
a high range water reducer (HRWR)
when silica fume 1is used since
the material is very fine which
significantly increases the water

-~ demand. The  admixture s

commercially available in  two

~forms: dry without a HRWR and in

a s1urry which contains a HRUR.
|
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60.

Latex, corrosion inhibitors,

~shrink compensating admixtures

and coloring agents are not

currently the subject of an ASTM

or AASHTO specification. -

- Latex modified concrete has been
~used by ‘many State highway
" agencies as the wearing course
~and protection systes for bridge

decks. It is important to use an

~ acceptable Tatex modifier. Some
- of the latex modifigks™on ‘the
" market are not suitable for use

in bridge decks. | The lTatex

‘'solids to cement rabio. should
- 0.15 to 1. _Lbeshould bhe notéd

that - curihg is extremely
important /for degks constructed
of this materiad.

Shrinkage compensating admixtures
which T€entain. dranulated iron
will cause the concrete to expand
andy. compensate for drying
shrinkage. . The control of the

» expansion 18 critical in avoiding

damage to the concrete.

Corrbsion inhibitors are still

under study. There =~ is
sontroversy about  the
effectiveness of these

admixtures.

Additions of Coloring agents
should be Timited to no more than
10 percent by weight of cement.

- However, it should be noted that

additions in excess of 6 percent
by weight of cement can affect
the properties of the concrete.:

" The most common effect is to

~increase the  water demand

therefore reducing strength.
Carbon black will also
significantly reduce the
effectiveness of the air

‘entraining admixture and will

require a significant increase in
the —amount - of required air
entraining admixture.







PROPORTIONING NORMAL CONCRETE MIXES

1.

NORKABILIFY

6-1

This section Wi11 discuss the
factors that are considered in
proportioning concrete mixes.

This section will also go
through an example of the
procedures used in

proportioning concreféymixes.

/

The following & factors and

associated  crdterid will be
discassed:d workability,
‘durability, ‘sffrength,

‘appealrance, andupeetnomy.

The term workability in
concrete construction 1is used
to . indicate how well the

concrete finishes or how easily
the concrete closes up when a
hand trowel is used on it. It

~is 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 but can

indicate a change in

workability of mixes with the

same proportions but can not be
used to compare the workabiTity
of mixes with different
proportions. ’




4.

A harsh mix is one that does

not clo

se well under a trowel.

The trowel may tear the surface
when it is used on  the

concrete.

A workable MiX is one in‘which

the pas
concret
cement

te,/that pdrtion of the
g which 48 made of the
, . \Water and fine

aggregate, can be wopked up to
the surface verymedsily. The

surface
dhoses

of a “workable mix
guite readily without

excéssive bleeding or
segregatini. -

There are several factors that

affect
concret

the workability of
e. The one having the

most effect and the easiest to
understand is the . water

content
mix act

. Water in a concrete
s as a dispersing agent,

that pﬁ?s more space between

‘aggrega
a lubri

6-2

e particles and acts as
cant.




The shape and angularity of
aggregate particles will also
affect the amount of water
required to produce a ‘given
slump. Round stone and smooth
gravel require less water than
angular crushed stones, all
other factors being equal.

However, concrete made with
rounded - aggregate €will have
lower strength than' @oncrete
made with angular aggregakes.

J

Gradation particularly of the
fine aggregatess. can hhave L4
significant nTltuence on sTump.
Aggregatef that 4re relatively
fine have moredsurfafe area to
be coated by the cement paste.
This{ results in Jdeéss space
between parbicles and an
increase in - the ‘particle
friction ~and interaction,
resulting \in a lower sltump.

The ratie of the amount of the
fine aggregate to coarse
aggregate in a concrete mix
alse has an affect on slump.

However, if this ratio is
thanged, the results are not
guite 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
workability 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 point may be reached

- where more cement is needed in
~ the  mix = to maintain  the

concrete strength.

' If workability problems occur

the total gradation should be
examined. The workability
problem may be due to a gap
gradation.
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11. It should be readily apparent
that the properties of plastic
- concrete are not independent. In
~addition to  the properties
~already - discussed temperature
~will also affect the workability
~of the mix. Any change in one
property of the mix will affect
the other R
properties. .  This® »s the
"~ balancing act that takeéshplace
when a  concrete _mix » is
~proportioned. Ny

. For concrete tombendurable, it hds"
- to be resistant “ to potential

- damage caused A by o weather,

chemical |[reac#ions | such as

aggreg@te péactions), and/or

" chemical\ attack, suchf as sulfate

cor deicing salts.

;‘Durabi1ity is'affected bykseveral
factors: EES R ,

~ The cement content affects the
strength and permeability of the
concrete. Excessive amounts of
~cement can cause problems since
‘additional water is needed for
‘workability.' Only about 1/2 of
‘the water is used for hydration
when the remaining water leaves
~the concrete it causes shrinkage
which results in cracking. Even
if shrinkage cracks do not occur
‘the - voids left by the excess
N , . - water will vresult in a more
permeable concrete. ’

As the water content increases
the strength decreases and the
permeability and shrinkage of the
concrete increases.




'16.

The quality of the cement will

affect

the resistance‘»of the

concrete to chemical

attack

and the quality of the

aggregate will affect the
resistance to aggregate
durability problems.

Air entra1nment wh1ch prov1des

term i

protection against freeze-thaw,
~deicing|salt attack and su]fate
' res1stance.‘-

- Thevwat r—cement1t1ous rat10 1s
~ the ratjo by weight of water t&
~ cementitious materfial. This

s| the equivalent to the

term water-cement ratie except

the

cementiiious “material

includes Eement Hand.  any

As the

1s 1

pozzolanic/materiad.

water-cement1t1ous rat1o
owered the strength

Tncreases providing the same
matepials are used..u

DurabTTity goes up with air-
entrainment and = lower water
cement1tious.ratios. ‘

6~6
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17. There are several ways to

proportion concrete. A1l methods

~in one way or another eventually

require making adjustments to the
proportions based on  the
materials weight volume
relationships since concrete is
batched by weights.

The follodwing ~ discussiom™ and
example Mil11 génter on the
absolute Volumedmethell since most
statesd highwag departments will
perfarm praoportioning based on a

- modification ofuthiis method.

. 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. :




20.

21.

In thef case of highway
construction the maximum slumps

“for the various types of

construction is spelled out in
the specifications.

Second, thé max imum size

-aggregate i§ thend choséh. This
should be ch@sendccording to the
type of constructign,  the
'c1earance around the re1nf0rc1ng

stee] and the cleardnce between

“the rebar and the forms. The

. typiealy maximum aggregate size

w111 be 1 to 3/4 inches.

As the maximum aggregate size
increases the more economical the

i X becomes do to lower

22,

chushing costs. However, as the
maximum aggregate size increases
the potential for aggregate
segregation problems 1increase.
Aggregate segregation will result
in variability in the workability

of the mix.

Third, tﬁe air content is chosen

based on  the maximum size

aggregate and the exposure.‘
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For severe exposure and a maximum
aggregate size of 1.1/2 inches
the recommended air content would
be 5.5 percent. ‘ '

Fourth, th& “waterscementiticus
(w/c) ratio isd picked. The
selection of the w/c ratio is
baseddion "the' desired strength,
durabjlity,  and ecahiomy of the
mix. ’

25. In order to maintain workability
it usually costs more to obtain
- lower w/c ratios. A 0.44 w/c
~ ratio is attainable with greater
~attention to aggregate gradations
- -and proportioning.  While w/c
-~ ratios in the range of 0.28 will
-~ require the use of a high range
- water reducer. Any water in
excess of that needed for
_hydration of the cement will
‘result - in a more permeable
concrete. Theoretically, the
“water needed to completely
~ hydrate cement if the cement was
~properly dispersed is in the
range ‘of a water-cementitious
ratio of 0.24.
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Fifth, the cement content is
" selected based on the desired
~strength, exposure, and
expected construction
variability.

27. These are typical cement
contents used  by' »highway
agencies to@btain, the nabowe
desired praberties. » They fali
in.  lipe With  the
recommendationsd “in TACI - for
severg expasure. :

- 280 8ixth, -at this point the
maximum allowable water is
calculated by multiplying the
maximum water-cementitious
ratio and the minimum cement
content. The maximum water

" should not have to be used for
paving and structural
concrete. - : :
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| 29. 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.

30. Finally, the est1mate of the. f1ne'
aggregate is_the. volume, that As
left over after the vollimes’ of
“cement, water, adr, -and- coarse
aggregate are accounted for.

4. At ‘this point an example of
proportioning will be presented.

| 32. The following is specified
i criteria for the mix.




-33. The physical properties of the
aggregate is provided in this
slide. . ’ : ‘ '

¢

34. At this time the volume &f coarse
aggregate is determined fhom this
chart. A coarsé'aggregate velume
of-0.77 is fdund by entering the
chart  with a 4fiaximumn size
aggregate of a 1 1/2 inch and a
finenes§& modulus of 2.80.

350 The wedght of the cement, water
and - coarse aggregate s
defermined. : :

- The weight of the cement is
- determined by multiplying the
-weight of a bag of cement (94
pounds) and the required number
of bags.

The maximum water content is
found by multiplying the weight
~of cement and the maximum water
" cement ratio.

The weight of the coarse
- ‘aggregate is  determined by
“multiplying the dry rodded unit.
~weight of the coarse aggregate
(100 pounds per cubic foot), the
~volume of a cubic yard of
~concrete . in foot, - and the
previously determined volume of
coarse aggregate to be included
in the concrete mix.




At  this po1nt the absolute.

_volumes of the mix are determined
and the weight of the f1ne 
A*aggregate 1s determ1ned

The vo]umes of the cement water"

]‘f;and - coarse aggregate . are
~ determined d1rect]y from  the
“previously. determ1ned4we1ghts and

';?]the1r spec1f1c grav

’ ies ~

;L'The air content voTume Mind
‘directly by percent air content

of the mix.

- The volume of the . f1ne ‘aggregate

is the volume FEii@ining after the

volumes off the othér materials

are calculated. . The weight of
the fine| aggregate. is then
deterdiined" fifom the voTume and

~jf~1ts spec1f1c grav1ty

7,¢The aggregate batch we1ghts need

%o bBe.adjusted to account for the

[ weight "of water due to their
_moisture contents. The resu1t1ng
“Meights are used in the’ batch1ng
© Tthenconcrete. :

7§At this po1nt correctlons 1n the
- amount of water to be added to
" the mix needs to be made for the
- moisture content of the aggregate
~and the ‘capability of the
;aggregate to absorb water.  The
maximum water-cementitious ratio
~is based on the total free water
~_not the total water in the mix.

. The free water 1is the water
~ content above -that required to.

obtain a saturated  surface dry
condition 1n the aggregate.




39. The amount of free moisture in
‘the aggregate is determined by
multiplying the adjusted
aggregate  weight by the

- difference in the moisture
. content and the absorption of the
- aggregate. :

- The  free  moisture fpém both
-aggregates 1is then subthacted
from. the theoretical ~ maximum
water content to obtain thewbateh
weight for the water

40. This slide Shows' the resu]ting.
~ batch wéightst

41. At this point a trial batch would

. be performed 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
achieved. :
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42.

43.

In our example the maximum water
content was used. It would not be
expected that the entire amount
of water would be required to
maintain the desired workability.

- If water is withheld from the mix

the aggregate proportions must be
adjusted to compensate for the
volume of. water withheld. The

ratio of fine to coarge aggregate

may need to be changed' i, order
to obtain  the desired

- workability. It mag “also »be

necessary to adjugt the "aie
content.

The final Atem toddiscuss is the
strength reduirements of
concregte. ,

The minimum specified strengths
indicated\on the slide are based
onmthe design of the structure

Cothats it incorporate the

concrete.

The.mix design strength needs to
refléct the required minimum
strength plus the anticipated
variability caused by the entire
concrete operation. The

- variability in compressive

strength for good construction

- can be expected to be 500 psi.

Therefore, the mix  design.

- strength would equal the minimum
- specified strength plus 900 psi

to compensate for this
variability. These numbers are
derived from ACI 318.

The specified w/c ratios and
cement contents reflect ‘:both
durability and the mix design
strength. ‘ ~







BATCHING

Batching is the first step in
the physical = production  of

“concrete. . It consists of the

accurate ‘measurement of the
ingredients to form a discrete’

~batch of concrete. Fo11ow1ng

batching the material- ,js

“thoroughly mixed untily it
‘uniform and all. mater1a1s are

even]y d1$tr1buted

Y

‘The aim df batching and mixing

is- - to [produce @ uniform
conciete . Lontaining the

requiked _ propoptions of
- materials. Ihespfoportions of

materials must be consistent in
arder \to assure this
uniformity. ~ Errors in the
measuréments of the ingredients
during “batching will cause
variation in the workability,

Sbrength and durability. There

aresix objectives to batching

and m1x1ng They are:

1) ,Mater1a1s must be

homogeneous ‘and
‘nonsegregated prior to and
during production.
- Aggregates can  become
undersized as a result of
“handling operations, thus
Aalter1ng the gradat1on.

2) The ,batch1ng and: m1x1ng

equipment must accurately
handle material -and must
~be ‘capable " of = easily
€hanging the quantities
whenfrequired‘" '

~3),A-The .proper proport1ons of

-mater1a1s;”must be
‘=:ma1nta1ned frcm batch to
batch.-

4) 'Mater1a1s mdst be
introduced to the mixer in
the proper sequence.




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

'6) The concrete discharged

from batch to batch will
be uniform  and
homogeneous. R

The batching operation begins
with the transportation @f) the
ingredients from their storage
or stockpile areas to the,

- weighing system.  There are

several items that Should be
considered with respect to the
transportation of ingredients.
First, with réspect to
aggregates, / Lhere = should be
adequate separatiofd between the
feeding bins. In arder to
achievel\the desired /concrete
quality the aggregateé must be
‘properly \ proporfioned. Any
spill over .of aggregates on the
feéding NDipns will vary the
aggregate "proportions in the
resulting eoncrete. Partitions
between the Uins should prevent
Spill  over. Crane buckets
shauld discharge only slightly
above »the bins in order to

avoid segregation. One way to

veéduce the possibility of
segregation is to ‘increase the
‘number  of size fractions and

 batch each one separately.

Conveyor belts should also be

positioned so that the
aggregates will drop into the
‘bins  without hitting the
sidewalls. As with stockpiles,;
aggregates supplied by conveyor

~belts  should not fall from

great heights because
degradation, segregation, and
loss of fines can occur. Bins
should be kept nearly full to
reduce breakage and
segregation.
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The cement storage system

should provide for dry storage.
The silos should be
weatherproof and vented to
prevent moisture from

accumulating. Interiors  of

bins should be smooth to allow
for the free removal of cement..
Each bin or silo is equipped
with a gate and, conveyor
system. The conveying system
should  provide consistent flow
of cement with precise ‘Cutoff.

In addition the syst@n showld

be isolated from the elements
since even the moisture in the
air can cause -the cement t@

partially hydrate..

‘Cement silés shoﬁ1d be emptﬁed

periodically andfan inspection
made to aSsuresthat there is no
builddup “offcement.  Drawing
the sila empty once & month can
prevent cement "making. Cement
build wps ‘could break off -and
produce' tcement Tumps 1in the
Tinished' concrete. Fly ash,
when 18y 18 used, 1is handled

‘; similarly=fo cement.

Batching can be done by one of
thrée 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

[Z;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.  iIn a

 §ffu11yn» automatic system all

- material flow is controlled

: ’ﬁffrom a single starting switch.

Once scales return to  Zzero,

_ recharging “of - the bins  can

begin. .




In most cases batching wili be
done by weight rather than
volume. This is done because
of the inaccuracies involved in
measuring aggregates and
cements by volume. Water and
admixtures can be added by
either volume or weight.

The tolerance requirements for
scales and _méters, usedy for
proportiondng adyregatesy
cements, water apd admixtures
are foundd " in the
specifdcations. It  is
important that these &¢ales or
meters | De testpgloaded and
checked | for compliiance with
Specificafions on a periodic
basigw,. Normal tolerance would
be 1in the, range of 1 percent
for cement,” 1 percent for
water, 2 percent for
aggregates, and 3 percent for
admixtures.

Fach concrete plant -should be

provided with a set of 50

pounds weights or calibrating
and testing weighing equipment.
The scales should be checked

~over the range of weights

expected. This is accomplished

by Toading the weights on the
~scale, checking the accuracy,
~removing the weights, loading

material onto the scale up to
the weight just checked, and
loading the test weights on
once again. In this way, the
scales are checked at the
higher loads.
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10.

During the progress of the
work, the scale read out system

‘ shou]d be visually monitored to

assure that it returns to zero

—after the. mater1a1 has been

)ﬁfdlscharged from it. If ‘it does

11.

~_not return to zero, this would
’»»1nd1cate that?some mater1a1 was

left ~in the batcher ‘and the
resu1t1ng batches are.11ght

Likewise, thesswater that 4§

used “in the “conerete should

have  it/§  mef@ping sSystem
calibrated. Moétf modérn plants
add water| thrdugh a flow meter,
which \must  be ~calibrated to
assure' ‘the accupdcy of the
measurement.. “The water system

.'fz,shquld, ‘not ‘have any = leaks
bBtween ‘the meter and ‘the

\ \Older “systems. that
jatep by we1ght or volume

,:fshou1d also have there systems
‘Afca11brated

The free ' water in the
aggregate must be - accounted

for proper control of mixing
water, =~ Sand moisture meters

are acceptable. When properly
maintained and calibrated they
will  satisfactorily indicate
the genera] magnitude of the

sand ~“moisture content.
» Moisture readings should be
. ~checked against regu]ar cantrol
i tests.




13.

15.

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 1is desirable that
the dispensing system - be

integrated with any batching

interliocking system. The
volumetric -container system is
considered the most reliable
and is the most commongmethod:

This type should have/ &ither &

sight glass or a transparent
container and be logated so
that the plant operator and
inspector can afisualbly check, to
see that thefcontainer fills to
the desired/ volumef and £otally
discharges for eaCh batch.

The dispensing \equipment must
be flushed " With water
occasionally to minimize the
possibility of material
accumulbation \which will impair
the equipment performance or
dispense erroneous quantities.

~In > addition, containers for

admiktures = should be plainly

. identifiied -and the solutions

protected from contamination,
dilution, evaporation, and
freezing. If need be, storage
tanks should be agitated during
batching to prevent settlement
of the solutions.

The introduction of admixtures
into a concrete batch involves
the rate of discharge, the
timing in the batching

- sequence, and the medium used.

Changing the time at which the
admixture is added during the
mixing cycle <can, in some
cases, vary the effectiveness.
Likewise, variations in the
application rates will

adversely effect the

performance of the admixture.
In general, liquid admixtures
should be added into the stream
of mixing water being added to
the batch. If different types
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16.

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 shou]d be
fo11owed ‘

Thorough m1x1ng is, essential
for: . the production <%, uniform

~concrete with all ingkedients

evenly d1str1buted . Ready-
mixed  concrete is .iked “for
highway purposes byfone of “four

methodS' :

1)  Truck m1xed (1nc1ud1ng at
site andfPansit m1xed)
2) - Central mixed

"13)~ Shrifk mixed

17. "

2) - Mobile mixed

:Regardless 6ff the type of

mixing plant, there are certain

ii,factors that _each have in

. common .

1) Capac1ty - Mixers' should
have a rating plate that
~shows the maximum
) capacity.' The batch size
“ should not exceed the
'.\manufacturers ~‘rated
 capacity shown ~on the

‘ p1ate ~

2) Speed - Likewise, the

- -mixer should be operated
-at  the optimum speed as
stated by the
manufacturer,

3) Maintenance - Mixers
should . ~be c¢lean ‘and in .
good condition. Materials
should not leak from the
mixer ~and mortar should

- not build up on the
‘ blades. A very important
consideration is blade
wear. Blades need 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.

-




18. 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 beginS when the
batching i1s __completed and
materials apé entéred “inte,the
drum. Char@ing continues until
all solid materidls awe in the
mixer and (it i& ready to start
the mi%ing cycle.

20. “The charging of materials into
the mixer 1is an important
‘consideration. Loading must be
done to prevent the packing of:
material 1in the head of the
drum. A blend of water, cement,
and aggregate  from start to
finish may cause problems such
as head pack (sand and cement)
and poor mixing. 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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21. The charging of = the mixer

K beg1ns by adding -water to the
mixer followed c1ose1y by the
aggregate. Water ~ should
continue to flow thraughout'the
“mixer  charging. During the
‘aggregate = flow the ° coarse.
aggregates should start first
then the sand. The sand flow
- should end just before the last
- of the coarse aggregate Cement
~should be added starting about
3 seconds after. the aggregates.
Cement should - end <abouty 10
seconds before‘the last of the
aggregates.

In general, admixtures should
be added witli the water. When
more - than “one admixture is
used, separate discharge pipes
shou]d be prov1ded for each.
Care ashould. dbe taken to keep
admixtures from coming together
as they enter the mixer.

‘M1x1ng Lime commences w1th the
fipst mixing revolution of the
drums in \a stationary type of
mixer €his begins when the
charging = ends. In a truck
mixer this may not begin until
after the truck arrives at the
project site. ~ Water may be
charged -for a period of up to
25 percent of the mixing time.
The m1x1ng time ends when the
first mixed concrete is
discharged from the mixer.

Discharge time is the time from
when the first particle of
concrete starts leaving the
mixer until the mixer is empty.
The slump of the concrete will
generally = determine the
discharge time of any mixer.
The discharge may be into
forms, conveying equipment or
agitating transportation
equipment.
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24. The return time is the time
' from the instant the mixer is
‘empty to when it is ready to be
charged again. In a central
mix operation this return time
could be only a matter of
seconds. For a truck mixer the
~return time could be a matter
of hours as the truck returns

~to the batching location.

25. Truck mixing i€ thé&ymost Common
type of mixdng. Common “sizes
range from// cubi€ yards to 10
cubic  yards, however  much
largerd mixersd are available.
They ‘are ‘classified as an
inclined \axis" miwer and come
with either “front or rear
discharge. . Truck mixing is a
process, by, which previously
proportiohed concrete materials
are transterred into the truck
mixer where all mixing occurs.
Several methods are available
for<ascomplishing 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. ‘ -
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26.

1,before the drum has

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. requ1red to be

delivered ~ and discharge

completed within 1 1/2\hours or
revolved
300 times after . the
introduction of, the waterr to
the cement. This Aimit is bho
prevent. the degradation ‘of
softer aggregates \, and to
prevent a ‘slump “lass that
occurs withgminGpeased nmixifg
revolutioné. Note also that
the mixing capagity is only 63
percent of theddrum Volume when
being! used .45 a mixer. The
large numbep shown ol 'the plate
is the m1x1ng gap@city. If a
truck Wixer 15 being used to
transport  previously - mixed
conerete the ag1tat1ng capacity
of ‘themdrum is 80 percent of

vthe drum»vo1ume

Thuck mixers are requ1red to

 have. a manufacturer's certified

rating plate. The rating plate
will indicate the use for which
the mixer is designated. It
will indicate the capacity for
mixing, the capac1ty for

~ agitating, and the mixing and
agitating speeds. Truck mixers

must not mix -and transport a

~ batch larger than the capacity

shown. If it s being used
only as an agitator, it can

~ hold a greater capacity. The

large number shown on the plate

~is the mixing capacity and is a

percentage of the drum volume.




A1l  truck mixers should be
equipped with a revolution
counter. Some counters are
readily resettable while others
must be reset at the plant.
Inspectors must observe that
mixing is done 1in compliance
with the revolutions reguired
by their ' specifications.

~Generally, the requirements for
mixing will be 1in <€he range
specified by AASHTO W=157 or
ASTM C94. '

29. The effect ofgsfoe, much mixind
is shown h€re Tn Bhischart
presented by PCA.£ Over mixing
is not deSirablé 'as (it causes
the aggregated to break down
into Tines ‘due to thé grinding
action. | These »finés act like
sand thus increasing the need
for watep \in order to maintain
them, same consistency.
Consequently over mixing
results 90 'a slump decrease.
Also, over mixing may drive out
entrained air.

30. A check on the thoroughness of
mixing can be made by
performing a uniformity test.
This involves test samples of
concrete from different places
in the load, performing normal
concrete tests, and comparing

“the results against
preestablished — tolerances.
For truck mixers, a uniformity
test is performed by comparing
results after 15 percent and
85 percent of the load has been
discharged. - A typical
tolerance would be within 1
inch for slumps under 4 inches.
ASTM Cco94 specifies the
procedures for conducting a
uniformity test.
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31.

320

- oall

~

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 significadtly change
the water-cement ratio. Under
normal-conditions, the addition
of 1 gallon of water.per subic
yard of concrete will resulfyin
a 1 inch increase in the sTump.

Slump loss can occur between
the time of mixing ‘and placing.
Rather than add watery actions
should be daken o, corrésbrthe
causes df thes slump Toss.
Slump 1oss cad begassociated
with highe#  temperatures,

absabptive faggregate, changes
in aggregaten.gradation, false
set, @ccuracy of water batch1ng
equ1pment or ' the inter-
dependence of slump and air
content © \(improper  admixture
usagej. o

‘Gentral mixers are stationary

mixers that are of four general
types: . Non-tilting, Tilting,

Vertical Shaft, and Horizontal

Shaft. The tilting type is
shown here and is the most
common. It has a capacity of
from 2 to 15 cubic yards. While

- the _other types are not as
*‘common the vertical shaft mixer
is . often used when high

strength ‘concrete is required.
These are often referred to as
"pan" mixers and do a better
job of mixing very dry
concretes “than  drum type
mixers. In a central mix plant
,of ‘the mixing is done in
the plant and the concrete is
delivered to the placing site

~in an agitating truck, a truck

' ‘mixer operating at agitating

speed, or a special non-
agitating truck.




Some central mix plants have a
slump meter on the control
panel. The slump meter is
nothing more than an
electrical meter which measures
the effort or the current
necessary to drive the mixing
drum. The stiffer the mix, the
more resistance is offered and
consequently, the more energy
it takes to drive &he drum.
This instrument can prowide a
good indication of the
consistency of the mixe '

\

34. AASHTO M157 &uggestsnthat where
no performance te§t have been
made on a central mixer, the
following miximg times apply:

- Forhmixeeshwitha capacity
of L cubicyard or Tless,
mix for at least 1 minute.

- Fom. mixers of greater
- capacity, ‘increase mixing
time by 15 seconds for
each cubic yard, or
fraction  thereof, of
additional capacity.

Ftnal 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 of all mixers.

35. 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.
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36.

Shrink mixed'concrete is first .

“partially mixed in a stationary

or central mixer and then mixed

completely in a truck ‘or
subsequent mixer. The first

part of the mixing is performed
in the central mixer for .15 to
30 seconds and is only. long
enough to - intermingle - the
ingredients.  This method i

sometimes wused in{ arder " to
increase the eff1c1ency of the

;;central mix plant.- .The amount
. of mixing in the tru@k mixer

would be determined{ by doingha

‘uniformity test. Ofher aspects

of mixing with this method are
the same as the other, methods.
Shrink mixing@i@nsometimes uséd
for lightw€ight Cohcrete where
absorptiye ag@iregates. - are
included.l . A

Mobile, batcher pmiXers are
special\ trucksyethat batch by
volume. \ They ¢continuously mix

eoncrete as the dry ingredients
“andwmwater are fed into the

mixer, m Mixing time is only
about 7 €econds. Mobile mixers
are used for small quantities -

“Wwhen on site mixing & is
-advantageous. This  would

include pavement repairs, and
bridge decks: when special
concrete,such as latex or Tow
slump 1is requ1red The
advantage of the mobile mixer
is that it produces fresh
concrete thus improving its
strength. ‘

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 have belts
at the below a calibrated gate.




. from 4 to 12 cubic yards.

" The "aggregate belt is

interconnected to the cement
feed. Water and admixtures are
proportioned with flow meters.
The inspector should witness
the introduction of
‘admixtures. Mixer sizes range
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CONVEYING, PLACING, AND FINISHING
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1.

This part of the course will
center on conveying, placing
and finishing. The section
will cover the construction
procedures for both structural
concrete and paving cancrete.

The first litem’ that we will

‘discuss are \the hauling units.

There' are" sSeveral / Lypes of
hauling \units ‘amd® several of
these have special uses.

The truck mixer is used as a
hauling unit. It is typically
used for .structural concrete

~and will sometimes be used for
small paving - projects.
- Caution needs to be used when
~truck mixed concrete is used
- for any type of slip form
- operation due to uniformity

considerations. The = trucks
should be inspected prior to

"use to insure that the blade
- configuration is correct, blade
‘wear is not excessive, water
~meter is calibrated and the
‘revolution counter works. With
~all hauling units care must be

taken to insure that the trucks
are cleaned. Care must also be
taken to remove or account for
all the wash water.




Agitator truck can only haul
concrete. These types of
trucks are used for all types
of construction but typically
would be wused 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_gcentral
mixer. - This results %n a more
“uniform concrete. .

J

End dumps Ave only> used in
paving coficrete 4 Operations.
They should bedused (only on
short Mauls sdnce segregation
of the mix may .occuron longer
hauls due to ®h& “lack of
-agitation. The truck beds
themselves should be clean and
tighty N ' S

Side dumps also do not have
agitation. The same statements
about the end dumps apply to
the side dumps.
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Bottom dumps are also used in

‘paving concrete operations.
~Their use should be Timited due

to the possibility =~ of
contaminating the concrete with

- dirt  from the trucks tires.
~The vehicles should also be

limited to short hau]s.

The last type of hau]ingidevice

is the mobil mixer. These are
typically  used( Ton® patching
concrete |andd deck | overlays.
The mixing Section of this
course goes ‘inboe.mafe detail on
the proper operation of this

apiece of equipment.

A11 concrete that is shipped to

the job should have a concrete

:i ticket. The ticket. 'needs: to

contain the batch weights for
all the materials, the amount
of concrete delivered, and the
time that mixing started. In
addition, the ticket which
accompanies concrete that is
delivered in  truck = mixers
should also indicate the number

. of mixing revolutions that were

performed at the plant, the
starting - revolution = on the
counter before it leaves the
plant, and the allowable water
that can be added to the mix at
the site.




- 10.

In structural concrete it is
important that the forms be tight
to prevent mortar from coming out
of the forms. It is also
necessary that the forms be rigid

and well braced to insure that
the forms will not bulge or

collapse.

11. The forms also have to fbe cleaned

to insure that the contrete will
not be contaminated. Tt\is also
necessary that gbthe Torms be
coated with adform velease agent
to insure /that &hey .can be
removed without A damading the
concreted unlesé  stay-in-place
forms are \being used.

The peinforcing steel needs to be
free of scale, placed 1in the
broper- position, and tied
properly. A sufficient number of
chairs need to be used to avoid
movement of the reinforcing
steel.  Proper clearances must
also be maintained. Rebar
splices should also be performed
properly. The lap should be at
least 30 bar diameters. The
coating on epoxy coated rebars
should be repaired when nicks and
holidays are present. At least
every other joint should be tied.
When epoxy coated rebar is used
coated tie wire and chairs should
be used. Reinforcing steel
should be stored properly at the
project site. 'In all cases the
steel should not come in contact
with the "ground. Epoxy coat
steel should be stored so the
coating will not be damaged in
handling.
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13.

14.

.sect1on.
2%4. is ‘tied to the bottom of

On brﬁdge deck constructidn,

the screed rail . must be
properly positioned. The rail
must be set to compensate for
the dead load deflection which
will occur during placement.

Particular attent1on needs to
be placed reviewing the
adequacy of the support of the

ivra1]. Some forms whigh overhang
may not provided " adequate
‘support to insure proper grade

and cross sect10n.

A dry runf should: afso be made

with the 'scréed @rior to

beginning| a coficrete 'placement.

This@rovides an oppartunity to

check' the ‘¢over on' the rebar
and to check £he depth of the
Typically a piece of

the screed to perform the
check ' ; TR

If proper cover on the rebar is
not maintained cracks such as
these  can occur - abhove . the
rebar. This condition will
lead to qu1ck deterioration of
the deck 1n this 1ocat1on.




Immediately prior to placement
the forms and the steel should
be wet down. This insures that
water will not be absorbed by
wood forms and also cools down
the reinforcing steel and metal
forms so a flash set will not
occur at the point where the
concrete touches the metal.

Concrete needs to be placed as
close as possiblénto 1ts,final
lTocation. Ane method of doing
this is to/use the chuke on the
delivery truck. Thel chute is
capable ‘of < swiveling and
extensions “¢an be put on the
chute. o gy -

18. “Buckets are often used in
structural work to convey the
concrete from the trucks to the
forms. In order to prevent
segregation of the mix the
concrete should not free fall
more than 4 feet. The capacity
and the number of buckets
should match the capacity of
the rest of the operation.
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'Drop chutes should be used when

placing concrete in tall forms.
This will prevent segregation
and honeycombing from occurring

due to Tong drops and material

bouncing off the rebar.

Concrete buggies 4are uéua]1y

not used in highway
constructiGn becabse “of ‘the
time and/labor ifivolved.

L

.Conveyors have been used often
“for bridge deck placement where:

the placement is a considerable
length away from the end of the

bridge. Attention needs to be
placed at the discharge end of
the conveyor to insure that
segregation  will not occur.
During hot windy days it may
also be necessary to shield the
conveyor to prevent the
concrete from losing

~ workability. .

As a rule of thumb conveyors
with a smooth belt should be
restricted to an angle of 20 to
25 degrees. -Conveyors with
corrugations should  be
restricted to an angle of 30 to
35 degrees. This is to insure
that the concrete will not flow
on the belt.




22. Pumping operations can
seriously affect the plastic
... properties of the concrete. The
. temperature of the concrete
~ will rise, the air content will
- fall, and there will be a drop
~in workability. The longer and
higher the pumping operations
the more severe the affect will
be. It should also ¢b& noted
that aluminum pipe should not
~be used in the equipmenti \The
aluminum will abrade amd will
react with the congdrete and
- form expansive gases/ which are
detrimental to concrete. ‘

23. In order ta knowgthe effect the
pumpings operation will have on
the coucrete 1t is negéssary to
perform \ air. slump, and
temperature tTesls on the
@oncrete’ before and after it
Teaves,  the pump. It will be
necessafy, to do this testing
every. ¢time there is a

“&ignificant change in the
temperature of the concrete.

24. - As with all placing operations

"~ the concrete should be placed

as close to its final location

as possible. The acceptance

tests should be performed on

samples taken at the point of
discharge.
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25.
© i Aecessary  to insure that voids

264
~accompliished by the use of a
bridge deck finishing machine.

Proper consolidation is

or segregation will not occur.
The vibrator should be -held
vertical and moved every 5 to
15 seconds. Longer vibration
time will tend to segregate the

mix.

The recommended frequency‘ for

vibrators varies <“with the
diameter of the vibraters They

range from 10,000 to 15,000 VPM:
for 3/4 to 1.5 inch d1ameter
vibrators to 8,000 to 12,080
VPM for 2 to 3. 5 inch d1ameter
vibrators. The effective range
of a 2 to 3.5 ingh)diameter
vibrator isa "he 14 vinche&.
Vibrators @&hould néver be used
to move clhcreted The vibrator

"should not 'com& in contact with
~ ~eithef the refnforcing steel or
- the Torms." Lf this occurs the

e

e

m:xrcou]d segregate.

Finishing of a bridge deck is

The machines are self

oropelled. The machines screed
and finish the concrete to the
‘desired cross section. - If

additional finishing = 1is

. hnecessary - due to imperfections
it should be done with a float

1mmed1ate1y after the bridge
deck machine passes or after
the bleed water evaporates. No

finishing should be performed

when bleed water 1is present
since this will work the water
into. the surface raising the
w/c ratio and cause
deterioration of the surface.
Water should never be added to

the surface to aid finishing.




Micro-texture in the deck can
be obtained with an artificial
turf drag or a burlap drag.

The burlap drag should be kept
moist. Water should not be
added to the burlap while it is
on the deck. The burlap also
should not have a ‘large build
up of concrete on it. A burlap
drag alone is not sufficient
texturing for traffi€ wver 40
‘miles per. hour.

28. The final texturing eperation
consists of tining the surface
to obtain a gedd Macro-textured
A one footd drea next ta the
barrier should no# be fined in
order to facilitate (drainage.
The tines, Should [ be 0.08
inches wide“and spaced 3/4-1inch
apart and 4 €0 WHwihches long.
This should result in grooves
that are' spaced 1/2 to 3/4-inch
apartp.and \a depth of 1/8 to
3/16-%uchy Overlapping of the
texturing needs to be avoided
to, insure that the resulting
thin fins will not break off.

- O FHWAY Technical = Advisory T
- 5140.10 "Texturing and Skid
Resistance of Concrete
pavements and Bridge Decks"
contains further guidance on

this subject. S

AT

%

s

Some * States will also use a
float with grooves to obtain
the same type of texture or
will saw grooves 1into the
surface.

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 reinforced
jointed pavements or continuous
reinforced pavements. These
details will affect the
construction operations for
concrete paving. There are
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~many types of concrete placing

equipment. This course will

“discuss the = specific
~construction operations  for
- 'several paving trains but not
“the capability of specific

J‘atypes of equipment which may be

30.

31«:-;

32.

Yerticalh alignment is checked
By husing  a. rolling straight
‘edge. The \ grade of the forms

capable of perform1ng several

of the operat1ons.

Grade control is 1mportant to

‘all  types of consthuction.

Forms provide this control when
they are used. For tha@f reason
it is necessary to/have a {lat

well compacted area for tThe

forms to sit on. Forms need to
be - check for “harizontal
alignment by Bsing . an.strifg

line. Forms shou]d be
/mechan1ca11y cTeaned pr1or to
' br1ng used : :

{

itself 48 "set from a string
line. .

The forms shoqu be sitting on

a solid ‘subbase with no shims.

";The forms should have stakes in

each of the three pockets of a
10 foot form and two keys to

-1ock each of the stakes.




33.

34.

35.

e

Fine grading is performed at
this point in a slip form
paving operation if a non

stabilized based is used. In

the <case of a slip form

operation the grade control is

taken off of the string line.
In the case of form paving a
template will ride on the forms

to mark high pointson the

subbase.

Once the /fine “grading 18
completed moisturel s added to
the subbase to #he matérial up
to  the ‘optimum moisture

content.\ Then the slibbase is
recompacted o wnihe  proper

density.

When a cement treated subbase
is used it is very important to
have a proper bond breaker
between the subbase and the
concrete pavement. This will
help. to prevent the random
transverse cracks = in_  the
subbase from reflecting wup
through the concrete pavement.
The typical bond breaker is a

~double coat of curing compound,




36.

37.

38.

‘surface.

In the case of slip form paving
the grade control is
accomplished with a string
line. It should also be noted
that the subbase should extend
at least 2 feet on each side of
the pavement in. " order to
accommodate ‘the tracks -of the

: ent.  This will
L smodkh r1d1ng

Dowels must bel Tubificated in
order.to \allo®w them | to move as
the ¢ pavemént expands . and
contracts. * In_this case the

. dowels \ are d1pped in a

ubr1cat1ng ﬁgent

In this case the dowel bars
have been greased. Care needs
to be taken so that only a thin.
film of Tlubricating agent is

- applied to the bars. If to
much  lubricating agent is
~allowed to remain on the bars a
-void will be formed around the

bar and the dowels will not
perform properly.




Dowels may be placed in steel
supporting baskets which are
secured to the subbase ahead of
paving operation. The baskets
must be in proper alignment and

"securely fastened to the
subgrade so that they will not
move during construction. It
is also necessary to cut the
tie wires once the baskets have
been secured to the subbase.

40. Dowel bars|€andaiso be placed
with implanters. In £his case
the ‘dowel bars,.are’ vibrated
into thein final poesition.

41. Since alignment is critical the
final Tlocation of the dowel
bars should be checked. In this
case the concrete is carefully
removed so the location of the
dowel bar can be determined.
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Just in front of the paving
operation the subbase should be
wet. down. This cools off the

-subbase and also insures that
water from the concrete will
"not be absorbed into the

subbase.

Concrete- dan be spread 10 a
number of ways./The .method of
concrete [placeient @ill depend
to a4 de@reel on the type of

“reintorcing sSteel that is used

and the way that.it is placed.
In this, case "a side dump is
placing \the concrete into a
meehanical spreader. which will
distribube the  concrete
uniformiy across the pavement.

Here an end dump is placing the
concrete on a conveyor which
will take the concrete to a
mechanical spreader. ’

Both this method and the

previous method will insure

that the haul vehicles will not
contaminate the base material

. or the concrete.




Concrete can also be placed by
chutes. This operation is not
uniformly spreading the
concrete across the pavement.

This will cause problems in the
operation of the paver. Also
~note the lack of uniformity in
the concrete.

Bottom dump& Can“albso be used
to place céoncreted This type of
operation| shofild ¢also be
avoided since dirt] on the
wheels | of  the tradler will '
contaminate thénsencrete. :

47. End dumps with spreader boxes
can also be used to place
concrete. »
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49.

50.

Reinforcing steel can be placed
in concrete in several ways.
Placing the steel on the
subbase prior to placement of
the concrete is the best way to

insure that the steel will be

in the proper location. If the
chairs are placed on a
bituminous subbase, plates must
be used under the ,chairs to
insure-that the chaivswill not

sink into the subbase.

The placement oT the
reinforcing sieel 4 on  the
chairs. It shodld be noted that
the &teel should be free of
0il, Wirt, "and scalg.

Reinforcihg steel can‘ also be
placed by tube feeds.




51.

52.

53.

The tube feed holds the steel
in the proper Tlocation while
the concrete is being placed
and consolidated. It should be
noted that the steel will not
be placed as accurately with
this method as the method where

vcha1rs are in used

The rebar splices should bepdl
Teast 30 bar diameters and the
splices should bé staggered to
insure_ that \a weak plane will
not deévelop.

ReTnforCTng mats should be free
of 0il, dirt, and scale.

Reinforcing mats can be placed
between two layers of concrete.
This type of construction can
be accomplished by using two
course construction as shown
here or by wusing a mesh
depressor. '
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~The mats need to be overlapped

according to the dimension of

the mats - to insure bond
-development.: They need to be
~securely tied ‘to insure that
“they will not move. In jointed

pavements, the edge of the mats
should be at least 3 inches

~ away from the center of the
~_contraction joints.

A mesh depré€ssor ncan alsesbe

~used  ‘to £ place. ‘reinforcing

steel. In this Mperation, the

reinforcement 45 placed on top

of thé struek-off concrete and
then ‘dépressed.  THis machine
moves ‘Quer a“ concrete mat and

with its 1arge grid, depresses
Bhe . mesh. into the ‘pavement

ThyQligh. pre ﬁure and vibration.
Adjustable \stops are set to

hautomatically stop the grids at
any desired depth. It is
Ympertant to note that the

vibration on the grids be shut

.of f “when the grid reaches the

desired depth 1in order to
prevent excessive vibration.

Depth checks for mat placement

should be performed
periodically.

j;Tranéversé ”tieq bars can‘¢be
« placed by two methods. In this

case the tie bars are being

:‘placed by a wheel. They should

be placed at approximately 1/2

i.the depth of the pavement.




57. The tie bars can also be placed
with a hydraulic inserter with
‘the aid of a vibrator. )

58. However, carg needs torbe taken
that the ingerter #ill not drip
hydraulic fluid. The hydraulic
fluid Mill gontaminate the
concrete \and " increasel the air
content Which will"f@rm an area
of weakness.

59. Form paving can be placed in
two course or 1in one course.
The two course operation will
be discussed in detail.
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. 60. The first operation is to

: ~uniformly distribute the

concrete  to insure uniform
loading of the screed.

‘The first _sereed Will tHen
strike offf the Pirst  layef to
approximdtely 2/3 "the depth of

_the payementd It is also

important A fto  note that

~vib¥ators afe used /at the edge
of “the “fomms. « The screed

“consolidates “and” strikes off.

o the conerete as oscillates back

" and forth across the pavement.
o I dowel \baskets are used the
~concreté in this area must be

. vibrated “with spud vibrators
“prior  to the screeding

Operation.” The screed should
have a uniform 4 to 6 inch roll
of ~concrete in front of the
~screed. In-a form operation it
~is necessary to have scrapers

. on  the equipment to keep

concrete off the forms directly
in front of the wheels. This
will ‘insure a smooth riding
pavement.

62, The reinforcing steel is then
~~ placed as discussed earlier and
~ the second 1ift of concrete is
 spread. B R
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Then the second course of
concrete. is placed and
screeded. It should be noted
that it 1i1s  important to place
the second 1ift of concrete
“within 30 minutes of the first
19ft to avoid a cold joint.
There should alse be a uniform
4 idnch roll of concrete 1in
front ~of the seconds screed.
This screed also consolidates
by its oscillating movement.

A third sgfeed leavesythe |
surface off the concrete"1/4 .
inch high[ and shouldd have a
uniform 2 fnch 4011 of goncrete
ahead¢af 1€ The pan float: |
which 18 tapered todforce the
concrete \into “the proper cross
section | follows. With the
eXeeption of correcting
finieling " érrors by hand the

» pavement is ready for
Gexturing.

65. A single pass operation will
consist of the following
operations: the concrete will
be spread, .the concrete will be
screeded with spud vibrators at
the edge of the forms, steel
will be implanted if called
for, a vibrating screed will be
used . to consolidate the
concrete, and a pan float will
finish the operation.
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66.

67.

S]lp' form pav1ng can a]so be

placed in one or two courses.

Contractors use slip form
pav1ng on most 1arge pPOJeCtS.

‘The first operation) is to

uniformly _distribute, thé
concrete acioss the pavement.

VivThe ent1re concept of slipform
‘naving depends upon the pavers

ability to consolidate Tow

 slump  concrete into a dense
- plastic mix that will maintain

its shape after passing through
the paver. In a slip form
paver the consolidation is

performed by spud vibrators.
Vibrators are generally spaced

not to exceed 24 inches. ‘They

~are used with a concrete slump
- of from one to three 1nches and

can accommodate paving speeds
up to 20 feet per  minute.

ﬁ;S11pform pavers should = be

equipped with automatic cutoff
sw1tches so that if the ‘machine
stops, ~the ~ vibrators  will
automatically .shut off.
Vibrators should be checked
periodically with a tachometer

~ to make sure that their
frequency is within the
- specified range.  Replacement

‘vibrators should always be
~available..




A concrete head or surcharge
should be maintained over the
vibrators during - placing

operations. - This surcharge
head should be approximately 4
to 8 inches. . However, too

"~ large of a surcharge may cause
r1pp1e§ behind the screed or
extrus1on plate.

With a two course operat1on the
first course will be struck off
to approximately 2/3 the depth
of the pavement

At this point the steel will be
placed and the second 1ift of
concrete will be spread.

The second screed will then
f1n1sH the second course. This
piece of equipment contains the
gang \v1brators, strike off,
vibrating screed, and pan
float,

The tie bars are inserted
manually as shown on this
~picture. '

8-24




8-25

it

72.

74

The one course operation is
depicted by the cross section of
the Rex paver. If the pavement
was to be reinforced the steel
would be placed prior to the
paver. ‘ :

If the pavemefif mis jointed nbn
reinforced £oncrete pavement the

;'ehtire‘opératicn;can be'perfofmed,
by one_piegé off Equipment. .

The goal of a good slipform

~ operation 1is. to have no edge
- slump.  This will insure a good

riding project. It 1is wvery

‘i'impof'taht to have a consistent
- i slump concrete in order to obtain
~the desired results.

} A uniform head of materia1» in
. front of the paver along with

' maintaining a

continuous
operation is important to a good

. product. This will maintain a

 constant.  pressure  behind ' the’
- slipform paver .and result in a
- smoother surface. Too large a

_roll will tend to raise the
~ paving'machine and leave a ripple

' caused by the excessive surge.
If the concrete roll Tooks watery

and does not roll, just slides,
check the slump - it = is

"probab]yk too high. If the




appears to be just about right
but does not roll smoothly, the
air content may be too high.
Proper consolidation is
achieved when the surface of
the concrete is smooth and the
submerged coarse aggregate is
barely visible on the concrete
surface | or immediately under
the surface. , :

At this point the depth @f the
pavement should be checked.
The check 1is made by &tabbing
the pavement. With gome types
of -subbase it may be necessary
to put plates on the ‘Subbase at
predetermined locationsyso the
pavement can’ "he “checked
accurately at Those lbcations.

Once nthe \paver has completed
the “Timishing the pavement
should be  checked with a
Straight edge. The straight
- edges are 10 feet 1long and
should, never be used to correct
surface imperfections. The
cross scope should also be
checked. : :

If surface imperfections -are
found they should be corrected
with a bull float. However, it
should be noted that .no.
finishing should occur . when
bleed water 'is present.  If
finishing is performed - when
bleed water s present the
water will be worked into the
surface raising the = water
cement ratio and cause future
surface deterioration.
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78.

79.

80.

Some contractors will elect to

use a tube Tfinisher. This
equipment uses a magnesium tube
float which operates 1in a
diagonal direction to the
centerline of the pavement.

Quite often this equipment will
~also include a burlap drag.

This ~equipment 1is designed to
correct minor variatiens and to
seal the surface. 1D is not
intended to move ‘Concrete.

- This —equipment = is " easily

misused by the contractor:
Excessive water muSt . not “ be
used with this equipment. Any
residue collected by the tube
should be wasted over ithe edge
of the slab"Cape needsyto be
taken to ifisure that the tube
finisher [does nOL alter the
cross cope of the pavement.

Proper texturing is #equired to
provide & glood , safe
skid-resistant surface. A
Proper - Céxture is obtained by
T9esty, using a burlap drag
followednby a tining machine.

The burlap drag should be kept
wet at all times. If the drag
starts to pull aggregate to the
surface, it can indicate that
the concrete . is not
consolidated properly or that
there is not enough sand in the
mixture to provide for a good

] tight surface.




81. The final texturing operation
consists of tining the surface
to obtain a good macro-texture.
The - tines should be 0.08
“inches wide and spaced 3/4-inch .
apart and 4 to 6 inches long
This should result in grooves
that are spaced 1/2 to 3/4-inch
apart and a depth of 1/8 to
3/16-inch.

82. The surfate at. the Joints
should not be tided tel\insure a
vertical | surface Tor good
adhesdon of @the joipt sea]ang
mater1a1

83. Overlapping of the texturing
' needs to be avoided to insure
that the resulting thin fins

will not break off.
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Timing is critical to produce a
proper texture. The texturing.
should begin when the concrete

~is plastic enough to allow for
at least a 1/8 inch deep groove
but dry enough to prevent the

concrete from flowing. back into

.the grooves. = As the tine

approaches the very edge of the
slab, it should be lifted off
the pavement to preVent damage
to the edge of  the" pavement
slab. With very harsh mixes
containing Tlow perceftages, of
sand or manufactured sands wWith
Tow slumps, it | is  very
difficult to achieve the
desired texture.

Transverse coitraction joints
are Aused \(to control .the
shrinkage ‘Erackings that will

occur| \in. jointed pavements.

The cracking generally occurs
within @ \to 24 hours after the

‘ “Coflerete has been placed.

Contraction joints are made by
sawing with a diamond blade.
Sawing 1is a critical operation
which must be done at the
proper time and in the proper
location. It 1is necessary
that diamond blades be cooled
with the application of water.
Standby saws should be
available at all times in case
of breakdowns.




87.

88.

89.

The depth of the sawcut should be
at Teast 1/3 the slab thickness
plus 1/4 inch in order to prevent
random cracking.

If sawed at the proper time, the
transverse contraction. oints

will have a glight ravelingwat

the top edge. If Mo raveling
occurs, it 18 prdbably’ because
the sawglit 18 \b&€ing made a too
late. © A Slight afount - of
raveling' is desirable. Sudden
drops in teémperature or cooling
fromprainstorms on particularly
hot daysuncalls for quick action
by the “cantractor to prevent
vandom cracking. Sawing should
begin as soon as the concrete has
hardened enough to permit sawing
without causing excessive
raveling. Sawing should be
continued through night and day
regardless of weather conditions.
It is sometimes necessary to saw
every third or fourth joint to
relieve initial stresses and then
the contractor will have to come
back and saw the intermediate
Jjoints at a later point in time.

If sawing operation 1is being
performed late, the concrete may
crack ahead of the saw before a
joint is completed. When this
happens, the operator should stop
immediately and move to the next
joint. The crack will then act
as a joint and should be routed
and sealed properly. If the
operation was allowed to be
continued, the concrete between
the crack and the sawcut would
eventually spall out.
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91.

The-  concrete must be marked
appropriately so that sawing is
done  directly above the
center]1ne of.  the  dowel
baskets. '

The 1ath‘indicates the location
of the nail which locates the'
center of the basket.

Expansion joints are placed to
allow for the  éxpansiong’ of
concrete in hot weather. These
are generally dounddin areas

- such as br1dge approaches and
‘ramps..

The following “items need to be
looked T at to insure that a
LPansverse expans1on joint is
1nsta11ed properly

1) - The Jo1nt assemb1y shou]d

be securely fastened to
the subgrade;

2) The dowels must be in

_proper. alignment and the

~trailing edge of the dowel
must: be fu11y supported

3) The expans1on filler

 material must be

- perpendicular to the
pavement surface;

4) The filler material must

\ be continuous from edge-to
edge of the pavement and
f$rbthe full-depth of the
sla :

5) The top edge of the f¥ﬂ1er
material must be 1/2 inch
below the pavement
surface; i

6) The top edge. of ' the
filler should be protected
with ~a removable metal
~channel cap;




7)  The free end of the dowel

- bars must be equipped with
appropriate ~ expansion

joint metal .caps having

about a 1 inch clearance
provided in the metal cap

for expansion of the slab;

8) The concrete . must be

v placed carefully® around

the - expansion™ yoint
material; -

9) The paving equippént must,
not, come in confact with
the expansion material as
the concrete 98, being
struck off; (

10) Concrete should be placed
- simult@neously” ofh both
sides | of £ Phe eéxpansion
mdterial €0 provide equal
pressure.  Thed Concrete

~ should be hand vibrated;

“11) wilhe ‘expansion joint must

- “beworoperly edged and
finished and the metal cap
removed; ‘

12} No ' concrete must be. left
over the expansion
material. .

A continuously reinforced
pavement design requires
special attention at transverse
construction joints. Sheets of
plywood = or- steel should be
placed over the reinforcement
just outside the bulkhead or
headerboards. The trailing
edge of the reinforcing steel
should be completely supported.
 Special care must be taken to
provide additional hand
vibration at all header joints
in order to get good
consolidation of the concrete.
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93. Longitudinal Jjoints should be
sawed. The plastic ribbon method
for forming longitudinal joints
has not been shown effective in

~preventing random Tlongitudinal
cracks.

Experience hasgShown thab, it ié
better to s@w the longitudinal
joint at [the s@me 4time or
immediately following the
transvérse " Jolints. This s
‘particularly < feue 60 thinner
pavements  and “placements wider
shan 247 feet. It is also
necessary to saw as early as
possiblénuhen 1large drops in
temperature are expected. At no
“Eime  should construction
‘equipment be allowed on the
pavement prior to the sawing of
the Tongitudinal joint.

Longitudinal joints are generally
sawed 1/4 inch in width and to a
depth of at least 1/3 of the
pavement thickness.

Joints are sealed to prevent
incompressibles, from getting
into the joint which would cause
spalling or blow-ups when the
pavement expands  in hot weather.

8-33




The performance of liquid joint
seals is dependent upon the
shape factor of the reservoir
‘which 1is simply the depth to
width ratio of the reservoir.
The shape factor ‘insures that -
the joint material will perform
satisfactorily. The shape
factor will vary with the type
of- joint sealant .used. The
backer rod is used " @t the
bottom of the joint to“insure
the proper depth of the _sealant
and to act as a bond bfeaker to
prevent bottom side/ adhesion.
The backer rod should be
slightly larger than'the width.
of the joint. Yy

Following |the £ second sawing
operatdon, which will provide
the proper “Shape 4he newly
exposed' joint“ face must be
cleaned "with either a wire
“rsh Or sandblasting.
Sandhlasting is preferred and
should ““incorporate multiple
passes until the surfaces are
free of any traces of saw
cutting fines that might
prevent bonding of  joint
sealant material. 5

Immediately prior to installing
the backer rod, the joint
should be blown with compressed
air and be left completely free
of water and debris.
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99. Following cleaning and drying
of the joint faces, the backer
rod- ~is  installed to the
appropriate - depth with the
inserting tool. :

100. Regardless/ of the sealant type
used, alll  joifits should be
sealed (in £ & neat and
workn@n1ike « manner. The
surface of the. sealant should
be at ‘least 1/4 inch - beneath
the surface of the pavement.
Al excess materials should be
- remoyed, from the surface.
This 8. necessary to prevent
Mtraffic from p1ck1ng up ‘the
sealant. :

101. Some sealants such as silicon
require  that the surface be
tooled. '
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- 102.

103.

104.

There are a number of preformed
compression seals on the market
for sealing concrete pavement
joints.

Compression/ seals /re made of
tubular = [matepial With an
internal web., (The compression
seal ‘relies heavily/ on . the
joint and its Shape fTor good

 performance. They must be

groperly \positioned and remain
T Compression even when the
joint is mpened to its maximum
width forproper performance.
For this reason it is important
that, the width of the seal
corvespond. to the  amount of
movement expected (length of
panel) and the width of the
joint.

After the second sawing
operation a Tlubricant 1is used
to install the seal.
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The compression seal must be
installed with a  special

“machine_capable of placing the

'~mater1a1 in a compressed state

without cutting, twisting or

:4d1stort1ng the sealant material
~itself.  The seaTant material

“is  installed ‘a depth

approximately 1/8 inch below
edge of the joint. Splices in.

: ~the  sealant mater1a1 are not

'perm1tted/1n any 24 foot w1dth

“Jo1nt

106.

Many Statesdare now specifying
rideability.” The most common
method for 4 spegecifying
rideability & involves the
profidagraph:’ Seven inches per
mile ‘has = been foind to be
reasonably attainable.







CURING

Curing is the maintaining of a
satisfactory moisture content
and temperature in  concrete
during its early life in order

“to allow desired properties of

the concrete to be developed.

“When cement and awater are

combined, a chemical yreaction
called hydration takes,place.
The extent to which » this

reaction takes place will

determine the/ strength,
durability, wateértightness,

. wear resistance, and\resistance

to freezing and thawing of the
concrete. Most  concrete
contains fmore water <tThan is
necessary to complete the
hydration. 4rocess. Any
appréciabled "loss /of water,
however, due to evaporation, or
otherwise, “could” delay or
prevent \ hydration. Hydration
is_ rapid during - the early
stages. of concrete, therefore,
retaining \ water during the
first “several days is
important. The retention of
moisture for curing is
accomplished by applying water
or preventing - excess
evaporation. ' g

The curing of concrete is also
dependent upon  temperature
since the rate of  hydration
will vary with temperature.
Hydration proceeds very slowly
at low temperatures. At 50
degrees F conditions are

unfavorable for hydration, at’

40 degrees F early strength is
retarded and at 32 degrees F
1ittle or no strength occurs.
As a general rule of thumb,
curing temperatures above the
expected "in service
temperature" of the concrete
should also be avoided.

N




We are concerned about losing
too much moisture from the
concrete  through evaporation.
Air temperature, humidity, and
wind velocity effect the rate
of hydrat1on. This chart
provides a graphic method of
estimating  the evaporatTOn
under various . weather
conditions. As a general rule,
and as rqcommended by ACI, when
an evaporation rate of 2 1b/sq
ft/ hr are encountered steps
need too be taken to prevent

, excess1ve evaporat1on. Some

states have incorpordted this
chart 1nto their specifications
and will not allow a coutractor
to placel concpéfe When adverse
conditions apé present.

Curingd methdds can be
categorized into,threedgroups:

1)  Metheds that maintain the
presefice of mixing water
i the, concrete during
earlyn hardening. These
methods” include ponding,
spraying, fogging, and
saturating with wet
coverings. '

2)» Methods that prevent loss
of water by sealing the
surface. These include
impervious papers, plastic
she?ts or membranes.

3) Methods that accelerate
“strength gain by supplying
heat and moisture. This
‘would include steam curing

or eTectr1c forms.
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Perhaps the most effect?ve
method of curing concrete is by

‘ the moist or water method.

On small flat surfaces such as
pavements, s1dewa1ks and
floors, - this may be

-~ accomplished by flooding the

concrete with water, a method
referred to as ponding. This
method requires - ¢donsiderable
labor and supervision hand is
not a common method in  Righway
construction. (ConegFéte test
cylinders are curéd in “€his
manor since it is (an efficient
method of preventing loss of
water.)

Wet burlap and “other moisture
retaining fabrids are a more
viable means 4of kE€eping the
concpete | moist. In  most
circumstances the wet coverings
can b e - Pihaged almost
immediately without damaging
the Surface. If texture is an

dmpartant, : concern, however,

suchias, on pavements,,care must

be taken, when installing the

coverings.  Wet burlap is most
read11y available and can be

‘useéd .~ aon i most - concrete
<;operat1ons since it can conform
to the concrete shape ‘“and

remain in contact with the

surface. Burlap must be free

of ‘any substance that could be
harmful to the concrete such as
fertilizers or sugar. Also.the
burlap should be naonstaining to
the concrete surface. The

burlap must. be kept
continuously moist, therefore,
periodic  wetting will be
required. The covering shou]d
not be allowed to dry out since

: it could absorb moisture from

the concrete. At the end of
the curing period, however, the
covering should be allowed to
dry before it is removed.




An alternative to periodic
wettings 'would be to keep the
surface moist through constant
spraying lor fogging. In this
operation a fine mist s
applied through soaking hoses
or ord1nary lawn spr1nk1ers.

In summary, there are - several
precautions with moist scuring.
First, the quality of thewater
must be considered if staining
would be objectionable.
Second, consequences off runaff
must be considered. Third,
intermittent sprinkling is not

‘acceptable if the col€rete is

allowed to dry out™ Between
app11cat1ons. - And finally,

_care should && taken »to aveid
~ erosion of the congfete surface

due to a heavy water flow.

Other methods of moist chring,

include “earth,” samd, sawdust,
straw, or hay. These methods
éhowld be' looked at carefully
to be sure that they will not
react “with the concrete or
cause staining. Here hay is
‘Peing used to cure a concrete

~curba. The hay will have to be
, wet doln when they are finished
‘placing the concrete.

-gThé 'Secdnd mAjor method of

curing concrete includes those .
systems  that seal the surfacev

>',and prevent the loss of mix

water. These systems have the
advantage of not requiring
periodic wetting thus reducing
the likelihood of the concrete
drying out. Also, these
systems can be easier to handle
and less costly depending on
the situation.
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Impervious paper is usually
made up of two sheets of kraft
paper cemented together by a
bituminous material. Sheets
should be wide enough to
totally cover the work and
joints should be sealed with
tape or  bituminous material.
They can be applied as soon as
their application owill not
cause damage to the \surface.
Note here that the “paper is
white and reflects _heat., a
preferable s1tuat1on dur1ng hot
weather.

Plastic sheets are 'lightweight,
effective moisture barriers
that are edSy Lonapply ddike
the impervious . sSheets, " The
plastic [Shouldd be applied as
soon as possible as {long as the
surfdee 18 Mot damaged during
application. The * plastic

should be placed wrinkle free

if possible. Wr1nk1es can

¢ oause .\ discoloration in the
. conceste due to  differential
o hydration. -Clear polyethylene

), is commor and has Tittle effect
on heat absorption. Black film

can be used dur1ng cool weather

,'~;and white film can be used
‘, dur1ng hot weather.‘ LA

;A Somet1mes p1ast1c sheets are
used in conjunction with moist

curing methods. = This reduces
the need to per1od1ca11y wet
the coverings. As moisture
from the concrete condenses, it
is trapped by the plastic. The
covering material, in this case
burlap, absorbs "the moisture
and returns it to the surface.




10. A common form of sealing curing
is the white pigmented curing
compound.. This material is the

accepted method for curing .

-~ large areas such as-pavements.
Upon app]ication,~the material .
forms a membrane “that
effectively 'seals in the
moisture. Membranes also come
in clear 1liquid, howeyver, the
white is usually used Since it
has the advantage of visibhility
for coverage ‘and can _reduce
heat gain on sunny days.
Membrane | curing on [pavements
has the| added advantage of
preserving the macro| fexture.
Other forms of curing Shch as
burlap may caufe damage Lonthe
texture if fthey are  dragged
across Jthe pavefient 4 during
app]icatwon.

Curing (compounds should - be
applied @8\ soon as Finishing is
completed, \ The concrete should
flavep.no visible sheen but not
be sa dny that the compound is
absorbed  into the concrete.

“Application “before all free.
water has  evaporated will
prevent the = formation  of
cracks» It can be applied by
hand “but for large paving
projects power driven equipment
is more commen. Spray nozzles
on equipment should be arranged
to prevent wind blown Toss.

In this picture, either they

have waited to Tlong to apply
~ the curing compound, since it
.~ has set up enough for the man
"~ to stand on it, or the man is
"~ destroying the texture.
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Uniform coating with - the
compound is important. Skips,
insufficient coverage or even.
pinholes will allow evaporation
Iof moisture from the concrete.

Curing compounds | sShould bg
thoroughly mixed and agitated
during the application.
Coverage should be in
accordance withdspecifiications.
If there 18 exidence | of run off
. or the compdund accumulates in
_grooves. than the app11cat1on
" rate (Was .exceeded. - The
f%,app11cat1on equipment must be
Calibrated. “An  inspectors job
wouldnbe' to verify the rate of
application and the uniformity
of ~ the " application. = By
“Measuring the quantity used and
~measuring the area covered an
“application rate = can = be
determined. e

An important consideration for
membrane curing is to cover all
surfaces. Vertical faces, as
illustrated by the edge of this
pavement, must also be covered.
One - f1na1 ‘consideration with.
espect to, the use of membranes;
s that they should not be used
on surfaces that will receive
-+ additional’ concrete. The
. membrane acts as a bond
~ breaker. :
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18.

Prior to the start of a
concrete placement operation
that will use curing compound,
the inspector should verify
that the compound being used is
approved or meets the
specifications. A sufficient
quantity should be on hand to
complete the operation so as to
avoid any delay or disfuption.

Some states regwine thabyif a
contractor i€ "going nto use a
membrane ofi  a pévement, he
provide blanketsd £o ebyer the
pavement in cas€é of rain. Here
the cdntractor has provided a
roll of | paper wbacked burlap
directly behind“€the membrane
dpplicator. .- The  covering
should, be ‘0f sufficient length,
width and, thickness to protect
the pavement and edges
adequately. When ' the rain
stops, ' the covering should
immediately removed and repairs
made Lo the concrete and curing
compound applied where it was
washed off. Prior planning and
prompt action can minimize the
affects of rain.

.The third general méthod of

curing  involves the use of

‘steam. Steam curing is

advantageous where accelerated
strength gain is important or
where additional heat s
required in cold weather.
Steam curing, in order to be
effective, should enclose the
concrete. Steam curing,
therefore, does not lend itself
to most highway uses. It is a
common method, however, for
curing many highway products
such as pipes, manholes,. and
barriers. This chart shows the

st




9-9

19.

normal cycle followed in steam
curing. It has been found
effective to delay the start of

_curing by 2 to 5 hours since
~.this adds to the 24 ‘hour
.strength. The steam

temperature 1is then increased
to a maximum of 150 to 175
degrees F. The product is then
kept at that temperature until

the desired strength is\gained,

The . length of  time : tHat

concrete must be prot@cted, by
curing is ‘dependent upon ™ the

type of  cement, vrequired

strength, weather,| and future
exposure conditijons. This time
could vary fromwa, few days for
type III céments Lo, as much as
three weeks. Desfign properties
are improved =~ by  curing,
therefore| \the curing period

- should \be @8 iong as/ practical.

The “minimum weurfing period
should' éorrespond to the time
required \to develop 70 percent
of Wthe design strength.  When
strength. gain 1is critical to
the . structure or the progress

. of the work, cylinders can be

made and cured under the same
conditions, and then tested for
strength. ‘ .







" HOT WEATHER CONCRETING
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Hot weather can be defined as a

condition of high temperature,

low humidity and high winds
either  individually or in
combination. = Concrete mixed
and placed under hat weather
conditions  reqUikres an
understanding of the ‘@ffect of
these environmental conditions

~on the concrete prop€rtiesyand
operations. The effects of hat

weather occur 1in/ the summer
months. in the northern states
and can occur year round in the
more aridgfclimates. The
effects off hot weather are more
pronounced  durifig’ periods of
rising | temferatures and
Towerfing humidity. ‘

The undesirablemeffects of hot

weathep \on fresh concrete are
as folToms:. ‘

a. . lfhereased water demand.

b. Increased loss of slump

- (with: a- tendency to add
water at the job site).

c. Increased rate of setting

& resulting in difficulty
handling, - finishing, and
curing.

d. Critical need for prompt
_early curing.

e. Increased tendency for
plastic cracking.

f. Difficulty in controlling
air contents.




‘3. The effects of hot weather can
also influence the concrete in
the hardened state:

©oa. qecrease in strength due
an increase in water
ﬂat is adding water at

k'the Job site).

b. Decreased durabidity and
water tightness. L

C. Non uniform surface
’ appearance.

d. An increased tendency for
dry1ng shrinkage and|
differential " thermal
crackings

It has bgen shéwn, aby the
concrete lindustry, ‘(that an
increage 1in \femperature of a
- concrete. mix nresulds in a
decrease \in stumpy” 'As a rule
of thumb, \a 20 degree increase
in thew Wix temperature will
resuld in a one inch decrease
in the slump. In order to keep
the slump “constant, therefore,
water wn]l have to be added to
the immix.. This slide shows the
relabionship between mix
 »temperature and water. demand in
“opder to maintain a constant
Stump. A1l too often on a
construction project the crew
will be faced with this problem
with loss of slump. The
standard field fix is to
increase the water.
‘Unfortunately what is
-overlooked is the corresponding
impact = on . the - water/cement
ratio. A increase in the water
will raise . this ratio and
result in a decrease in
concrete strength and
durability.
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Another . 1nterest1ng study has

,shown that an increase in the

mix  temperature adversely
effects the ultimate strength

“even when the slump and
“water/cement ratio are held

constant. It s recommended
practice to prepare trial
batches: for a  concrete
operation. Trial batches done
in a laboratory would be mixed

. around 73 degrees. This may

not represent the “aeétual

't;cond1t1ons - that @11 be

encountered ‘at thel placement
site. Because of the effect of
temperature, trial . batches
should duplicate, \ to the

- maximum exten® pessible,.  the

actual - field oonditions
expected At thed Lime, of the
placement.

Anothef considleration is that
higher temperatures seduce the
setting time, Ethussteducing the
time for transport1ng, placing

and finishing the concrete.

Thiswm, should be taken  into
account nwhen preparing for a
concrete p]acement : «

In a normal concrete operat1on

wateh, from the mix will rise to
the “surface of the placement
and evaporate. This water is
known as bleed water. When the

 weather is such that the bleed

water evaporates faster than it

‘can rise to the surface, than

plastic shrinkage cracks will
occur."

~ There is no way to pred1ct with
~certainty when plastic cracking
- will occur. As a rule of
. thumb, however, when the
_environmental conditions are
such = that the rate of
Jevaporat1on from the surface ‘is

-2 1b per square foot per hour

“then . precautionary measures
“should be taken. High concrete

temperature, high air

temperature, high wind and Tow

humidity, could = result in




Moisten Subgrade and Forms |

Emﬁ: Sun Shades
* Reduce Time Batween Plaging and Cwm
® Protest Conorste immediately

conditions that would exceed
this 1imit. This chart can be
used tol estimate if the .2

 .1imit-is}being exceeded.

There ar@ some precautions that
should be taken when conditions
are favorable for evaporation.
These should be taken into
consideration when planning a
hot weaﬂher concrete operation:

a. Mo1sten the subgrade and
the forms.

b. P?ace concretel at the
Jowest possible
temperature by cooling the
aggregat@s  and/ov mthé
mixing Mater.

c. Erect| wind  breaks to
réduce’ the wind Melocity.

d. Erect sun shades to reduce

conegrete surface
temperatures.
e. Reduce \the time between

placing ~and curing by
eliminating delays.

f. Protect the concrete
immediately after placing
by a suitable means such
as with a fog spray.

Normal precaution for hot
weather concrete, above and
beyond the requirements for
reducing evaporation, is to

control the temperature of the
concrete ingredients. The
contribution of each material
in a concrete mixture to the
initial temperature of the
concrete is related to the
temperature, specific heat, and
quantity of each material.
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The relationship between the
temperature of fresh concrete
and 1its components is shown
here. For example, a mixture

"made with aggregates at 90

degrees and water at 50 degrees
will result in a mixture at 85
degrees. Ny ~

A formula has€ Been “developed
"~ that "takest "“into" aecount the

ceffect: that = eéch 4o0f  the
“ingrediept's< weight - and

tempepature \will have on the

overall, concrete temperature.
Various values meah be tried
until T&. desirable concrete

A Bemperatupe is achieved.

Mixing water, of all the
concrete ingredients, has the
largest effect per unit weight
because its specific heat is
four to five times that of the
other ‘ingredients. Water is

also the easiest to - cool.

Naturally cooled or
refrigerated water can be used.
When this isn't practical, ice
may be added to the mix as a
portion of the water.

~ The use of crushed, shaved or

chipped ice is acceptable

~provided it 1is added directly

to the mixer as part of the mix
water and totally melted by the
time the concrete is placed.

- Ice must be accurately weighed

and substituted for and equal
weight of water.




Liquid nitrogen has also been
used to reduce the concrete
temperature. The  liquid
nitrogen can be used to cool
the concrete by injecting it

into mix or to cool the mix

water or to  cool the
aggregates. '

'Aggregates can | have a

pronounced effect © an  the
temperature ofCOherete bDecausé
they represént about 60 percent
to 80 pergéent of 4the weight of
the mix. Jo Tower the
temperature of the mix by 10
degrees, only requires a 15
degree |\ reduction  in the

- aggregate. temperature. There

/

are several methods of cooling
the aggregates. The simplest
and mosty common would be to
build the stock pile in the
shade or to sprinkle the
stockpile with water.
Sprinkling  cools = through
evaporation. - Caution is
advised here, however, as
flaphazard sprinkling can Tlead
to variation in  surface
moisture on the aggregates.

Cement temperature has only a
minor . effect on the concrete
temperature because of its Tow
specific heat and relatively
'small quantity. In general, an
upper limit of 150 to 180
degrees is specified for cement
temperatures. ~ Cement
temperatures above this could
cause stiffening of the
.concrete. As a general rule of
thumb and an easy way to

remember the temperature impact

the following can be used:

For a 1 degree decline in
concrete temperature you
need a 2 degree decline in
aggregate temperature or a
4 degree decline in water
temperature or an 8 degree
decline in cement
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»temperatufe;\ (1:2:4:8
note  the doubling
pattern.) )

" There are a number of physical

precautions that can be taken
to alleviate the affect of hot
weather. One way  to cool
things down 1is to fog the
forms, reinforcing, and
subgrade just prior to the
placement. - In “addition,
fogging can be used to _ceool the
surroundings = andd “praovide
humidity. ‘during /£ finishiag,
Fogging nozzles shauld be used,

‘not regular garden hose
~nozzles.

In order to reducek501ar heat
gain, it is recommended ' that
mixers, \belts, chutes and

© hoppers be shaded. Where this

is not pessible, less heat will
be absorbed if they are painted

" Wwhite. Studies have shown that

@ white drum exposed to the sun

“for »1 hour will keep  the

concrete 2.5 degrees cooler
than a red or other dark

T'cp1ored drum.

Scheduling, so that concrete is

placed promptly upon arrival at
the job site 'is also effective
in hot -weather. If delays
occur, the adverse affect of
prolonged mixing  can be
minimized by stopping the mixer
and then agitating

‘intermittently.  During hot

weather the  time 1imit for

‘discharge can be reduced from 1

1/2 hours to 1 hour or even 45
minutes. ' ‘







COLD WEATHER CONCRETING

Concrete placed in cold weather
must have the same
characteristics as concrete
placed under normal weather
conditions, that 1is, strong,
durable concrete that satisfies
the intended service
requirements. Concrete, placed
during cold weather “must be
properly manufacturedys placed
and protected. Thé amoun®t wef
special precautions will
increase as the | temperature
decreases. Cold "weather 1is
defined as _awperiod when the
mean daily temperature, for
three cofsecutiye days falls
below 40 degreés F.¢ When the
temperature, Arises | above 50
degrées F, for more than half
of any 24 hoursperdiod, then the
concrete 18 no longer
considered winter concrete.

As “théyptemperature of concrete
goes down, the - rate of
hydration goes down. As was
Stated previously, very little
hydration occurs below freezing
and no hydration occurs below
14 degrees F. At  cold
temperatures strength gain is
slowed because of the slowing
of hydration. This effect is
illustrated 1in this slide.
Note that when normal curing is
applied, in this case at 28
days, the ultimate strength is
the same or greater than
concrete placed at normal
temperatures.

The American Concrete Institute
has developed this guideline
for the mixing and placing
temperatures of cold weather
concrete. Naturally the
thicker the concrete placement
the lower the temperature since
a thicker section will generate
more heat through hydration.
The mixing temperatures are
slightly above the placing
temperature in order to allow
for heat loss during
transportation.




The temperature of the concrete
as mixed should be maintained
at not more than 10 degrees
above those minimums
recommended in this table. At
higher temperatures the heat
loss will be greater, thus
offsetting the advantage of
higher mixing temperatures. In
addition, more water will be
required for the salme, slump
resulting in the possibility of
plastic shrinkage cracking.

4. Once the temperature of the
concrete mix has been
established, then consideration
must be given to the
temperature 47 the ingredients.
You will rgcall t#Hat for hot-
weather coxcrete the
ingredients had to be cooled,
for cald-weather contrete the
ingredients willy,hdve to be
heated. | The principlies are the
&ame only keversed. Also as in
hot-weather concrete, the
ingredieént' that is easiest to
heat 1is the water. In this
chart you can estimate the
reguired increase in water
temperature based on the
combined temperature of the
aggregates and cement.

Because of the specific heat of
water, its impact per unit
weight on the temperature of
the mix is greater than an
equal weight of aggregates. It
may be necessary to heat the
aggregates, however, since they
may be frozen. Frozen lumps of
aggregates could survive the
mixing process and remain as
unmixed Tumps in the concrete.
In addition, frozen aggregates
could thaw during mixing and
contribute unaccounted for
water.  The recommended method
of treating aggregates is to
circulate steam through pipes
in the stockpile.
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Plans to protect fresh concrete
from freezing and to maintain
desired temperatures during
curing should be made well in
advance. Equipment = and
materials should be at the site
before frosts are expected, not
after the concrete has been
placed and freezing begins.
A1l surfaces that will come in
contact with the fregh, concrete
should at least be na few
degrees above freezing.

Subgrades, fofme  rand

reinforcement should also he
free of snow and ige to prevent
concrete freezing. Frozen
subgrades  can be" bhawed by
insulating gfhemn, several _days
prior to £he concrete placement
and hot-air jetd cangbe used to
remove frostgd 'snow and ice.
Thawéd subgr@des may have to be
recompacted. -

For cold-weather concrete, the
tenmperature of the freshly
placed » concrete should be
maintained as close as possible
to the placing temperatures
peeviously shown. The duration
ofy maintaining these
temperatures is shown here.
The =~ columns  headed "for
durability" 1list the length of
time required to provide
adequate durability against
exposure to freezing and
thawing. The column marked
"for adequate stripping
strength" 1ist the temperature
at which bottom forms can be
removed. You should keep in
mind that below 32 degrees F
hydration significantly slows
and that below 14 degrees F
hydration ceases. Also note
that for the worst case an
additional table is referred
to. That table is depicted in
the next slide.




7. As you would expect the
duration of the temperature
must be significantly increased
if significant strength gain is
desired. | These two charts are
predicated on the basis that

“following these short periods
sufficient curing occurs and
that the concrete is not
subject @ to freezingdhin a
saturated condition.

8. In order tomatntain desiped
temperaturest advantage shoutd
be taken [of +t#ie héat of
hydration 'generated By the
concreté \itself. This /heat may
be retained 0y wsomed Lype of
~insulation. Typieal “nsulating
materials| are polystyrene foam
sheebs, foamed vinyl blankets,
and stram.. ' When straw is used,
some type of covering, such as
polyethylene” plastic film, is
needed in order to keep the
strawn.in place. Corners and
edges of concrete are the most
vulnerable and need to be
checked for freezing. Charts

~and graphs are available to
provide information on
insulating values of various
materials. ’

9. Forms built for repeated use
can be permanently insulated.
Insulating materials should be
protected from the weather.
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10.

11.

12.

Heated enclosures can be used
to protect concrete during cold
weather.. Enc]osures can be
made - of wood,  .canvas, or
po1yethy1ene. L P1ast1c
enclosures that admit daylight
are preferred.  .The. enclosure
needs to be able to withstand
wind and  snow . loads.
Sufficient = space’. ‘shou1d be
provided above and@&hound the
concrete to allow the free f1ow
of warmed a1r.k

Heat may be supplied to

enclosures by 1ive. ‘steam,

forced hot g@ir mor “Stationdry
heaters. /Caution #s necessary
with heatérs. Fresh concrete
exposed £o carbon dioxide from

" the dieaterscor their exhausts

wiltll \cause . a sOft chalky
surface in thewhardened state.
The carbon dioxide will react
with calcium hydroxide on the
conerete surface to form a weak
layer of calcium carbonate. An
indirect #ired heater ‘as shown
here is the preferred method.

You will reca11 the prev1ous]y
shown =~ .chart with  the
recommended  periods for
continuing to heat concrete
before stripping forms.  This
assumes that construction loads
on the structure will be less
than. those expected when the
structure: is put in service.
The concrete at that time would

‘have reached curing conditions.

But what about the situation
where - higher loads' may be
applied to the concrete before
it has vreached its ultimate
strength?  The industry has
developed a system that
utilizes maturity factor. The
formulas are shown here where F




and C are temperatures and
delta T is the duration of
- curing in hours for any given
temperature. What this method
says is |that since strength
gain is a function of time and
temperature, estimates  of
strength can be made 1in the
field if we know the time-
temperature versus maturity
relationship =~ of  thel \same
concrete under  laboratery
condition$ p

13. The strength-matur1ty factor
- curve is established by
performing compressive \fests at
various ages on_a series of
cylinders of a foncréte similar
to that wh1ch will be 'used in
the field. Thesé = cylinders
would Ue curéd in the
Taboratofy at /3 degrees F. In
the matunity " eguatiofs just
shown there would BE "no need
for a summabion since there was
ol mene ¢ur1ng temperature

Equ1pped W1th this relationship
im, the field, it would be
poss1b1e‘ to estimate the
concrete's strength if the
degree-hours are known.  If
records are kept of the
temperature that the concrete
is"subjected to and the time it
is subjected at that
temperature, the equations can
be used to sum the degree-hours
and est1mate the strength.

14. ,H1gh strdngth at an early age
o is des1rab1e in winter
constructmon in order to reduce
the 1ength of time temporary
protection 1is required. The
added «cast of these extra
efforts ~may be offset by
- earlier reuse of forms or
reduced heat?ng costs during.
the protect1on period. Type
111, “high-early- strength
' cement may be used thus taking
advantage of the increased heat
of hydration. The cement
content can be increased by up 4
to 1/3 for the same reasons. Y
Finally, some type of
accelerator could be used.




PRECAUTIONS WITH CALCIUM CHLORIDE

15,

16.

Some water-reducing
accelerators have been found to
accelerate strength gain. More
common, however, is the
addi®ion of calcium chloride.

Some precautions are necessary
with calcium chloride:

a. Do not use with
prestressed copnfrete.

b. Do not use with galwanized
steel.

c. Do not use whén the
' concrete willlbe exposed
to sulfates.

d. - Do noiffuse when alkabis
sili€a reactions are
posgible.

The Cuse “of so called anti-
freeze\  compoundsd or other
materials to Jlower the freezing
point @f concrete should not be
Used. I8 is a]ways recommended
that prion testing be performed
to evaluate any acceleration
plan. In such testing similar
materials and similar field
conditions should utilized.

Inspecting personnel should
keep a record of the weather
conditions and the temperature
of the concrete. Thermometers
are needed to record the
temperature of the concrete at
delivery, at placing, and as
maintained during the
protection period. ~After the
concrete has  hardened the
temperature can be recorded
with special surface
thermometers, measuring devices
embedded in the concrete or by
thermistors or thermocouples.




17. Concrete test cylinders must be
ma1nta1ned at a temperature
between 60 degrees F and 80
degrees‘F at the job site for

~ 24 hours| and then taken to the
‘1aboratory At the job. s1te,
it :is recommended .that the
cy]1nder ‘be keptv1n ‘a-curing
box ~with an - accurate_
temperature = controlgy ~ In
addition| .to the 1aboratory
cured ‘specimens it is " @ften
useful to -field cure cyhindérs
to get a more accuraté reading
of vt;} structures true
strength. S P

18. In conclusion, cehcreté can be
placed safely throughout winter
month€ . proevided / €ertain
precautions areéy. takén. ‘The
concrete \ mixture " and  its
temperature should be adapted
te Bhe construction procedure
and ambient weather conditions.
Plans should be made to protect
the concrete with enclosures
andh,  windbreaks. - Portable

heatérs, insulated forms, and
blankets should be ready to

_maintain the concrete
4Lemperature during the
protection period. Forms,
reinforcing steel, and
subgrades should be unfrozen
and clear of snow and ice at
the time concrete is placed.
Thermometers and adequate
storage facilities for the test
cylinders should be available
to verify the work.
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CONCRETE TESTING

1.
’2.
SAMPLING FRESH CONCRETE
AASHTO T 141
53

R P

Testing of the concrete is

important to ensure that the

quality of the concrete is

- equal to- -or exceeds the

. specifications. If  the

- concrete does not ameet the

specifications at the ktime of

. testing corrections - must  be

- made or the-load rejected. . If

transit mixers are uged 7T may
be possible to conkect a Tow

- slump in the field. Otherwise
- corrections will be ¥required at

~_the plant.

To insuré properdtestihg at the

paving, site, AL is| important
that the samples be
represgntativenof the concrete
mix. “AASHTO1 141 gives the
procedure, for sampling fresh
concrete, ‘

The frequency for sampling and

testing coricrete will appear in

“Ethe State's = sampling and
- tesking program. . ‘

A In general concrete which is

U Mixed in truck mixers should be

tested more frequently than
concrete mixed in central mix

-plants due to the 1increased

- variability in  truck mixed

- concrete.

Also, sampling and testing
frequencies = should 1increase
when variability in the test
results are noted.

When sampling concrete from a
" ready mix or transit mixer: or
~an agitator truck the concrete
- should be sampled at two or
- more regularly spaced intervals
~during the discharge of the
- middle portion of the batch.
~The sample should be taken by

. repeatedly passing the sampling
. device through ~the entire

~discharge .stream or by
~diverting the flow into the




sampling device. In no case.
should the time elapsed between
obta1n1ng the first and final
port1ons of the samp1e exceed
15 m1nutes.

“Once the samples are obta1ned

they must be combined and
‘remixed. prior to ,perform]ng
the tesﬁs :

"The sample size shou]d be. 1arge
enough - to perform all ‘of wthe
‘tests. ; - Air,  slumpy’  and
“strength tests should be
performed ~on thel  concrete
obtain from the same sample.
However, no concrete wsed 1n
one tesﬁ shouldinhe reused
another | test

5. Tests for.slump and air content
- 4hust  begin within 5 minutes
~after samp11ng 1s comp]eted

Spec1me s uhich are being cast

for strength tests must be
“started within 15 minutes
-~ aftenm,taking the sample.

6. There are two tests which can
be used to determine the
cons1stency of the concrete
mix, the slump test and the
Kelly Ball Penetration Test.
of these the slump test is the
most n1versa1]y recognized.
If the! test results are not
uniform it indicates that
something has changed -and not

" necessarily the water content.




Many ‘items can affect the

consistency of the concrete.

An increase in the amount of

water will increase the slump.

An increase in the air content

will increase the slump.

A decrease in concrete and
ambient = temperadires  will
increase sltump. e

An increase in haulg@imenwill
decrease slump. '

The aggregate gradation, and a
change 1in source' aof cement,
aggregate, qandm admixbures dnay
affect thé siump of a“concrete
mix.

The afirst, &fep 1in the slump
test \is ©0 make silire that the
equipment " dsgawetted down
adequately.. “The cone must be
filled \with = three Tlayers of
approximate equal volume. Then
each haver is rodded 25 times.

For the first layer, the rod

)\ should be slightly inclined and
approximately half the strokes

should be made near  the
perimeter and half of the

"strokes near the middle of the

cone. When the subsequent
layers are  added, it is
important to slightly penetrate
the layer below. When rodding
the top layer, it is important
to try to keep an excess of
concrete above the top of the
mold at all times.

Next the last Tayer is screeded-
with a rolling motion of the
tamping rod. During the entire
test it is important to have

~the base of the cone secured so

the contents will not be
disturbed. :




10.

11.

12.

After the cone has been struck
off, the cone must be cleaned
and any - overflow must be
removed from the base of the
cone. The cone is then released
from its mountings, if so
equipped, and slowly lifted
without twisting. The lifting
motion should be completely
vertical and should take from
three to seven seconds. \From
filling the cone to 1ifting %he
cone should be completed in the
time limit of 2 1/2 mindtes.

After the cone.. has »been
removed, it ig placed, inverbed
next to th& cone ‘and the
tamping rod/ 1s pdaceddacross
the base of .thé cone. The
differedce 10 (height /Detween
the cone \and “the._  conCrete is
the sTump. \ The Slump should be
measured at\ the center of the
displaced concrete. This value
shoutd be measured and
recarded t6 the nearest 1/4
aneh.

Running of the Kelly Ball test
is  a fairly simple operation.
First the apparatus is zeroed
and the surface of the concrete
to be tested is ‘leveled and
smoothed by using a small wood
float. The Tlocation. of the
test should be a minimum of 9
inches from any concrete edge.
The Kelly Ball should not be
used on .concrete less than 8
inches in depth. The apparatus
is set on the level surface.
The handle is held vertical and
the ball is allowed to
penetrate the concrete on its
own weight. In no case should
the ball be dropped into the
concrete' as this will cause
false readings. When the ball
comes td rest, the handle is
released and the penetration is
read to the nearest 1/4 inch.
A minimum of three readings
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- from a batch is needed. These
readings should not be taken at
any location where there is not
at least 6 ‘inches between the
stirrup of a previous test and
the point that is to be tested.
The difference between the
highest and Tlowest readings
§h0ﬁ1d not be more than one
inch.

13. There are  sevep@) methods
‘currently used fof determifiing
the air content of the plastic
concrete.

One method Cthath, is " sSometfimes
used for determining a rough
approximation 4% airfcontent is
by .using « the |Chace Air
Inddeator. ¢ Another’ type is the
RolT=a-metery, Thesé two methods
determine the volume of air in
o the concrete mix. by
displacement of air with water.

The “other two types of air
meter 1in use are the Type A
pressure meter and the Type B
phessure meter. These.  two
pressure meters use pressure
and volume vrelationships of
gasses to determine the total
air content. The total volume
of air is indicated simply by
reading a pressure  gauge
mounted on the meter.

14. The roll-a-meter determinesyair
content of .a concrete mix by

volumetric methods. The
procedure for performing the
test is

contained in AASHTO T 196.
This method must be used
whenever porous aggregates are
used in a concrete mix.
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15. The first step in determining
the air content using a roll-a-
meter is wet down the apparatus
and fill the base with
concrete. This should be done
in three equal Tayers.

16. After the concrete has, been
placed in the' base »the  layer
should be tafiped 25~times.

17. After the layer of concrete is
put into the base and the
concrete has been tamped with
the tamping rod, it  is
necessary to remove voids from
the rodding. This is done by
tapping the base with a rubber
mallet ten to fifteen times or
until the holes are closed. As
each layer is added, the
tamping rod should penetrate
the preceding layer
approximately one inch. The
process is repeated until the
base of the container s
completely filled.
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18.

19.

‘The base of the roll-a-meter is

struck off with a smooth. back
and forth sawing motion of the
strike-off bar. The surface
should be smooth and flat.

After the top is struck off,

~the T1ip of the roll-a-meter

should be wiped clean and the
top firmly attached to the
base. :

The meter is now filled, to the
zero mark with “water usinggthe
special funanel which 1insures
that the surface gof the
concrete | is A riot |disturbed
during \the' filling opération.

20.% The gauge is topped off with a

small squeeze bulb.




The screw cap 1is attached and
tightened. Then the meter is
inverted and agitated until the
concrete is released from the
base. ~If all of the concrete
is not released from the bottom
-of the base, the resulting air
“-content reading will be Tow.

The meter showld bBey rocked, and
rolled on ifs flange» with The
neck elevated until iteappears
that all [the @&7r has been
removed \from the concrete. If
all of' the concrete iS not put
into suspension Thé resulting
air content will be low.

Set the meter upright, jar it
Tightly and allow it to stand
until all the air rises to the
top of the meter. Repeat this
process until no further drop
in the water column is-
observed. S
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After rolling 1is completed,
measured quantities of alcohol
are placed into the meter. The
number of wunits of alcohol
which are placed into the air

‘meter must be recorded.” = The

purpose of the alcohol is to
disperse any foam which forms

as a vresult of the mixing
action. R

The air conpfent s determined
by taking/a diregt reading at
the bottom of the curve formed
by the watér id the neck of the
roll-@=metery For each cup of
alcohgl placed,in the meter one
percent is added £o the reading.
shown an\ the air meter.  The
air_content is recorded to the
nearest 0.1 percent.

Pressure meters determine the
volume of air in a concrete mix
using pressure-volume
relationships. ~These
pressure-volume  relationships
are reduced to such a form that
the air content can be read
directly from a gauge mounted
on the top of the meter. These
gauges must be recalibrated

- when they are used at different

altitudes. The test procedure
is contained in AASHTO T 152.




28.

29.

For both pressure meters, the
apparatus is wet down and the
base is filled in the same
manner as was done with the
volumetric meter. It is very
important ta clean the surface
of the flange in order to get a
good seal. The rubber gasket in
the top of the meter should
also be dampened. 4Then the
cover is clamped on.

For the typsdA alpymeter pwatér
is  then /4 added. ‘above " Lhe
concrete By pourdng it into the
top of the fild tube!

Water is added until the Tevel:
rises to about the four percent
mark on the glass standpipe
gauge. : ~
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31.

32.

The entire meter is tilted and
the cover is rapped with the
rubber mallet to release any
air entrapped above the
concrete. . -

The meter _dsmmeturned, to dhe
upright pésition and the water
column jis filléd until water
discharges frdm theé top valve,
shown iR \the upper left-hand
corher of this slide. Tap the
sides of the metef Tightly with
the mallet To insure that no
air 18, trapped within - the
meter. : S

The water level is brought down
to the initial fill line which
is slightly above zero, by
using the lower drain valve on
the meter.




33. The vents at the top of the
water column and the top valve
on the fill tube are closed.
The air meter is pumped until
the pressure is slightly above
the desired test pressure as
shown on the gauge.

34. The sides of gbhe metér are
tapped with dhe mallet in opdér
to free an¥ air bubbles which
might be in the méter,

35. The air content is determined
by reading the level on the
water column. The air content
is recorded to the nearest 0.1
percent.

After the air content has been
determined, the air pressure
must be gradually released
through the vent at the top of
the water column and the sides
of the meter should be tapped
lightly for one minute. The
water level on the column gauge
should be at zero when this
step is completed.
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36.

37.

38.

The type B pressure meter is
filled in the same way as the
volumetric meter and the type A

';pressure meter. Both petcocks

on the meter are opened and the
cover is clamped on the meter.

Water AS injécted 1into one
petcock withda ruybber syringe
until 1t gbmes out the other
peteock.” The procedure s
repeated ™ With the - other
petcock. This" procedure is
alterpated between the petcocks
until ne air bubbles appear in
the mwater being ejected from
either petcock. The meter
should be jarred gently to help
release any air bubbles that
may be trapped in the top of
the meter. ‘ .

.

The petcocks and the air
bleeder valve located at the
top of the pressure meter are
closed.




39. Air is pumped dinto the air
chamber until the gauge hand is
on the initial pressure line.
This is usually between the two ‘
and three percent mark on the
pressure gauge, depending upon
the calibration.

The meter isg@djusted aty thié
time by pufiping or >using the
bleeder vdlve and tapping the
gauge Tlightly.

The main air valve is opened by
pushing down on the release
lTever. The sides of the base
rapped sharply and the gauge is
tapped. The tapping of the
gauge  is continued until the
needie comes to rest. If the
needle does not come to rest,
it indicates there 1is an
improper seal between the top
and bottom of the meter. - The
contact surface should be
cleaned and the previous steps
repeated. . ;
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42.

The air  content is  read
directly from the gauge in
terms of a percentage and
recorded to the nearest 0.1
percent. ‘ ’

On paving projects air content
tests are ~run on concrete
samples taken from in front of
the paver. It is also
recommended that od€casional
tests be run from immediately
behind the  paver. This
information can -be us@ful in
making sure that the proper aty
content is being attained in
the mix. Typically, the
concrete will loose from 1 - 1
1/2 percent ai¥ theough normal
placing, £ Vvibrathon and

finishing methods,

When concrete pumps are used

 the acceptance point{ for air

content is at  thew@nd of the
d1scharge to 1nsure that the
PPoper air content is obtained.

Iti8nalse desirable to test
\ the concrete before . it

“ placed in the pump in order to

deétermine the ~amount. of air
- thathis Tost. dur1ng the pump1ng

“(operat1on.

3.

’The Chace Air Indicator is very
‘useful  Tor screening loads of

concrete. It can be used for

acceptance but not re3ect1on.

-The‘ procedure is run  on
~material - . passing the No. 10
“sieve. v-.The mortar is placed
~in the- thimble and rodded 25

times with a paper clip size

wire. Then the thimble . is
placed into the tester up to

the test mark and alcohol  is
added to the mark. The tester
is- shook until the mortar is

‘released from the th1mb1e and a

read1ng is taken.




In order to determine the air

content, it is necessary to go
into a chart with the reading,

the mortar content, and the

chace factor for the part1cular

indicator. . A s1ng1e test
result consists of an average

of two readings.

This = chart and the test
procedure ~ are conta1ned in
AASHTO T 199.

Many things affestmthe “@bility
of a concretedto entrain air.

An increase in Athe wMaterial
between 4the No.430 and/ No. 100
sieve Wil1 “increase /the air
content.. Howeverp.an' ‘increase
in the amount of “minus No. 100
material " will decrease air
content.

An increase ih.the fineness of
cement will decrease the air
content.

WAn  Tncrease in  slump will
increase the air content.

As the temperature of the
concrete and ambient air
increases the air content will
decrease.

Excessive amounts of mixing
will drive the air out of the
mixture.

Any change in ﬁhe sources of
the ingredient materials can
affect the a1r content of the
mix.
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46.

Concrete yield is the volume of
concrete produced per batch of
concrete. The yield s
calculated from the results of
the unit weight tests. = The

i yield is found by comparing the

theoretical unit weight to the.
unit  weight found in  the

field. A difference in the

unit weights indicates@that the
proportions of the ingrédients
in' the mix are not correct. A
high yield may indicatesthab a
correction for holding water
was not made, i.e./ replacing
the  heavier materials for

- water. A low yield may

indicate eitherotwo much, water
is ‘being addedor wot  enoudh
cement is béing added

The yield Buckét is ‘wet down

. and filled “in’ the samé manner
as - with the, ait tests.
‘xHowever a meta1 Or glass plate
. 4s used €0 strike off the unit
- “Weloht container. This is done
by “pressing the strike-off
_oplate ont@ about 2/3 of the

surface.  The ‘p1ate is

e thhdrawn with a sawing. motion

finish only the covered

_j(area.‘ Next, cover the original
. 2/3 again and advance: the whole

~“plate while applying vertical

pressure and a sawing motion
until the entire surface of the

~unit weight bucket has been

struck-off. Finally, screed
the entire surface with the

inclined edge of the plate.

' The sides and the bottom of the
‘bucket are cleaned and weighed.

~The unit weight 1is calculated
by subtracting the tare weight
from the gross weight and
divide by the container-volume.
Finally, calculate the yield by
dividing the total weight of
‘all the materials batched, (the

water, cement aggregates and

fadmixtures),by ‘the unit weight.
Also, " calculate the relative

yield by dividing the unit

weight as tested by the

theoretical unit weight
designed. The result. is the
refative yield.




49.

50.

51.

Some agencies will also require
a temperature test to be taken
during testing. - The
procedure for determining
temperature is contained  in

“ASTM C . 1064. The maximum

temperature in State
specifications runs between 85
and 90 degrees F.

Metal, candboardd or gplastic
containers may Al1 be| used as
concrete cylinder molds. Most
States Wse 6" inch di@meter by
12 inchThigh molds while some
States haue gone to 4 inch
diameter “molds which are 8
inches Bhighs The 4x8 molds
should only be used with mixes
where the maximum size
agdregate is equal to or less
than»l 1/4 inch.

The cylinders must not deform
during molding.
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Concrete cylinders are made by
the identical method that was
used in filling the base of the
air meters. Concrete placed in
three equal Tlayers ‘and rodded
25 t1mes a layer.

Flexural specimens are made in
a mold which wWill mesult wim’ a

specimen  /Awhich 4 Ts  6x6x20
inches. Once the cortrete is
placed, 1n. 4he mold the
periméter sholld be spaded with
a trowel. “Coneretel beams may
be either rodded or vibrated.

If the beams are to be rodded,

they., must. be rodded in two
equal Mavers, once for each 2
square inches of area (60 times
for a standard beam). If they
are to be vibrated, they will
be wibrated in one’ 1ayer at

k-three ‘points a1ong the

specimen.

It is also necessary to tap the
sides of +the beam using a

-mallet in order to properly

close any holes left in the

: beaﬁ by the ‘tamping rod. - With
e

‘either  procedure, the final
.step is str1k1ng ~off - the
ﬁsurface of the spec1men using a
wood f1oat or trowel.




If the specimens are going to
be used for form removal or
opening pavement to traffic the
specimens should be stored and
cured in the same manner as the
‘structure.

If the specimens are going to
be wused for detemmining the
quality of thedconceBte, the
initialy cure shéuid be at 60 to
. 80 degrees £ for 24 + or minus
8 hour§., The meld.ghould then
be removed and the specimen
should be\ cured in saturated
“Fmey water, moist sand - pits,
curing thox.\ or other suitable
means to. eentrol temperature
and moisture loss. If  the
‘epécimens are to be transported
prioh to 48 hours the molds can
stay oh the specimens until the
transportation is complete.

Testing hardened concrete. In
most States the concrete
quality - control tests are
“performed in . either  the
district or-.central materials
lab while ~the construction-
control = tests  (opening to
traffic - or form removal) is
handled on the project. :
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Prior to testing the concrete
cylinders need to be capped to
insure uniform distribution of
the loads. In this case the
cylinders are being capped with
a sulphur compound.. ‘The
sulphur caps need to cure prior
to breaking. The sulphur also

: should be tested periodically. .

Many States are "@ow using
neoprene matefial, fTor n.caps.
The specificationsy for  the
material /I8 confained in an
annex to AASHTQ4T 22 ( It should

- also be noted<that the neoprene
. can be used for 100 cy11nder
"breaksbv

. The " test specimens must be

tested in the moist condition.
Dry spec1mens will break higher
than moist specimens.

The testing device must be
capable of applying the 1load
continuously without shock.
This requirement is necessary
since concrete is. capable of
w1thstand1ng a higher impact

Yload then a continuous load.

The testing device should be
calibrated at least once a
year.

-,It is necessary to average the

compressive strength of two.
test specimens to obtain one

f‘test result.

~Failing cylinders should be
- broken completely since the

pattern of the break will help
determine ,the cause of the
failure. :




61.

62.

63.

Flexural strength can be
determined by center point or
third point Tloading. The
testing/ machines should be

~calibrated once a year.

The center point procedure is
shown here. The span is from
supporb to support. The edge
of the /specimen needsgyto be at
Jeast 1 inch from the‘cénter of
the support. Again they load
needs to be applied
continuously without “shock.
The teét procedure appears in
AASHTO‘T 177. :

|

| <
It is fimportant #0 measure the
specimen to insure the Flexural
strenpgth’ »ds deférmined
proper1y ~“Ihree me@surements
are taken and avefaged. The
center*po1nt flexural strength
18y, deteriine from the formula
shown 1n the photograph.

The third-point flexural test
device is shown here. The same
items | concerning Tloading . and
orientation of the specimen
are the same as those indicated
for center-point loading. The

test  procedure - appears in-

RASHTO T 97. It should be
noted that the  third-point
loading test is the most severe
strength test. The location of
the fracture will determine if
the test result will be used or
which of the two formulas will
be used for determining
flexural strength.
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The Rebound Hammer is used for
determining. the  approximate

strength of rock. It has also

been used as a crude device for

determining strength of

concrete. = The best way to
utilize the device is compare
results from the device on a

part of the structure.which-has

satisfactory strength) to -the

results . taken on a._ suspect

area.  The "strength ‘gesult"

should be based on 10 fests.

The read1ngs ‘are Aubject’ to
error depend1ng on [the  surface
that ~the device| hits and
whether it comes Tih  direct
contact  withwwma, pléce of
aggregate. 4 :

In this way thé device can be
used ko deterfine portions of
the T structire which need
furthep \investigation. ‘

The test procedUre.is,contained
in ASTM C807.

The first step 1in using the
Windsor Probe is to fire three

probes into the concrete. The

average penetration of ‘the

a probes is determined by using

triangle device. The strength
is then found by entering a
chart  with the ' depth = of
penetration. This is not a

“standard test ~ and  is not

typically ~ used in highway
construction.

The test procedure is contained

~in ASTM C803.




66. The first step in using the
LOK-test device 1is to cast
studs into the concrete. The
device is placed on a stud and
the strength of the concrete is
determined by the amount of
torque that is needed to pull
the stud out of the concrete.
The device is typically used
in ‘the construction ifidustry to
determine when the forms,can be
removed. However it 18, not
typically used in_gghighway
construction.

The test procedure §s contained
in ASTM C900. -

i
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1.

i

- SUMMARY

 This. sect1on of the course will

consist of a brief “summary of
. the major points that were
‘ﬁcovered 1n the course.4,~f

Portland cementsfare diydraulic
cements., Thesed cements combine
chemicdlly with water /£o form a
hard mags during,.the hydration
process.| The four main chemical
imgredients. of Portland cement

‘are mlime, \iron, silica, and
‘aluming s :

There are five principal types
of cement. Types I, II, and III
.also have air entrained forms

which are designated by an A
after the numeral. In highway
construction, types I, II, and
IIT are typically used. Type I

is specified for most uses.

Type II 1is specified by some
agencies for general use
because of the 1lower heat of
hydration and by all agencies
where sulfate attack may occur.

Type 111 is specified where high

early strength is desired.




4. There are also blended cements.
The blended cements can be made
by 1nter%y1nd1ng or an "intimate
blend" fly . ash or granulated
blast furnace slag with portland -
cement. [Type IP s Portland
Pozzalon . Cement which 1is made
with 15 to 40 percent fly ash.
Type 1 PM) is called Pozzalon-
Mod1f1ed‘Portland Cemenfhand has -
less than ,15 percent Tl ash.
Type IS i called Portland .
Blast- Fprnace Stag Cememt and
uconta1n5\ between 254 and. 65
percent slag. Type [I(SM) s
called S]ag-Mod1f1ed portland
cement and contains less than 25
percent 'slag. Types S yand P

~would not bef used in highWay
constructiont

LT

|
| .
| , :

5. Propertigs of“ Portlafid Cement.
The fineness of the cCement will
affect %he water demand, air
contént, and rate of strength.
gain. ﬁn increase in fineness
will increase both the water
demand nd the rate of strength -

~gaim, and will reduce the air
content of a mix. Soundness is
an 1nd1cator .of whether the
cement w111 create detrimental
expansion. Consistency, setting
time, and false set criteria are
spec1f1ed to insure that a
concrete mix will have good
working /properties. A high loss
of ignition will indicate that
“some hy@ration has occurred and
the cemgnt is not suitable for
use. Heat of hydrat1on is:
1mportant from the standpoint of
strength gain and  ultimate
strength. Typically h1gher heat
of hydrat1on will cause higher
~early strength gains and Tower
ultimate strengths.

e
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For the most part if the water
is potable it can be used for
making concrete. Water that is
not potable may also be
suitable for making concrete.

~In all cases, if there 1is any

~question - concerning the

suitability of the ‘water it

should be tested.

'Aggrégates' make up B0 to 80

_percent - of - _the volume i
~concrete and as. Such hawe’ a

significank = affeet on  the

~workability of  the fresh
concrete apnd the durability of

the hardened doncrete

'»;Thé’k pa?tic1e : shape, surface
“fexture, gradation, and moisture

~Content of the aggregate have a
,;s1gn1f1cant affect on the water

“demand . and workability of
~concrete mixture. The more

i»érounded ~and smoother - the

;part1c1es are the more workable
~the mix wil! be and the lower
- the water demand will be. = The
finer the mix is the more cement
is required’ to maintain a proper

matrix. Gap gradations also
increase the water demand and

.increase b1eed1ng to. maintain
;workab111ty.

?Abrasﬁon resiStance, freeze-thaw
‘durability, sulfate resistance,
and alkali resistance relate to
long term durability of the
‘concrete. Sulfate attack is due

to .sulfate - in -~ some = ground

waters. Alkali reaction occurs
between  siliceous and some
~carbonate - ‘aggregates . and the
‘a1ka11 in the cement




The unit weights and specific
gravites are important for
batching operations. In
proportioning mixes the volumes
of materials are . what s
.determined. Batching is done by
weights = so. the specific
gravities are used to change the
volumes determined in
proportioning to the weights for
batching operations.

9. By definition an admixture, is
any material other thah water,
aggregates and hydraulic cement
that is used as an ingredient. in
concrete. Admixtures\ are not to
be used as a substitute for good
concrete prop@rtiohing. Thei
can be jsed fto> enhance
properties f welll designed and
proportioned mixés.

i

S

Adnixtures often affect more
thany, one property of the
concréete. ‘

“Almixture compatibility must be
verified when multiple

éﬁaﬁ_ene‘§%@pe?%yv&§ admixtunes are used.

ixture compatibility mus
d when@ultipie
imixtures a ¢ used

4

~There are four basic types of
admixtures: air-entraining
admixtures, chemical
-~ admixtures, finely divided
materiafs, and miscellaneous

materials.
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12.

Air-entraining admixtures are
~used in most of the concrete

“mixes used in highway
construction. The major benefit
- of these admixtures is to insure
- freeze-thaw durability.  The
admixture also has several other
. benefits. It reduces b]eed1ng,
_increases workab111ty, improves
- water  tightness, <€ improves
sulfate resistance ~and
. increases the res1stance “to
iisca11ng by de- 1c1ng salts.\

13.

The properd air content  for

durability / requis®es _about 9
. percent air i~ thHe mortar
. portiont of "thel mix. | This will
iinclude both entra1ned air -and
~entrapped air.. Thesfequired air
' content Will thus vary with the
Alaximum " Size of the - coarse

;aggregate.

14.

There are seven types of
chemical ‘admixtures. However,
‘the admixtures can be placed in

four general categories; ' set

etarders, - water reducers,

, te]erators ~and high range
water reducers. It should " be
stated that most water reducers
are set retarders.  The most
‘common accelerator s calcium
ch10r1de.v ~ Caution should be
used when accelerators are used
1n “the hot weather




Min

. r-fty ash

s Gramﬁate ' biacst fumace alag " " ]

. 8:!3;:& fum

WORKABIMTY

< Finishability

15.

Fly ash and silica fume are
pozzo]an1c ‘materials, that s
they comb1ne ~with = calcium
hydroxide ' from the hydration
process and form cementitious
materialg Blast furnace slag is

‘a cementitous material. Blast

furnace slag and fly ash will
reduce |early strength gain
while 'increasing <ultimate

strength. Silica fume “has the

capab111ty of increasing éearly
and ultimate strength _but when
used w1thout a watef reducer
will 1ncrease water démand.

. When concyete mixes are

proportioned = the Aworkability,
durability, stféength,
appearance, | andd{ economy have to
be takén \inta €énsideration.

. The wovkability of the concrete

mixes are affected by the water
content; aggregate gradation,
shape, -and texture; admixtures;
and temperature.
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18.

‘The dUrabi]ity " of concrete

mixtures 1is affected by the
cement content, water content,
material quality, and air-
entrainment. A minimum amount
of  cement is required for

y'strength and  reduction  1in

permeability. - However, too

 much cement will lead to an

excessive . amount w@ker being

: added to the mix that'will cause

shrinkage problems. The, water

| content needs to be kept low to

insure proper strefigth. The

f aggregate, <cement, water “and
. admixtures must Be of  high

quality to avoid chemical attack

‘and freeze-thawsdamage.

When the [proporfionsfare chosen

it isy negcessdry to| perform a
trial batch €o insure that the

~concrete  mix nwild " have the

desirediproperties_

- The batch plants are lon]y

capable of weighing and

- measuring the proper amount of

material into a truck mixer.

‘The mixing itself occurs in a
~truck mixer. _ RV AR




21. The truck mixer should be
inspected annually to insure
proper operation. The drum

“should be checked for a build up
of concrete and blade wear. The
easiest |method for determining
the efficiency of mixing in the
truck is to perform -a
uniformity test on _the mix
produced. The trucks fieed to be
equipped with revolution
counters, and if water » is
allowed to be added atgfhe site
the truck should be equipped
with a water meter. ‘

In a cedtral mix- opepation both
batching and Amixing are
accomp1ished at the plant.

23. As with all aggregate mixtures,
aggregate stock piles need to be
built and maintained properly.
The bins in the plant need to be

“ properly separated to .avoid
intermingling of the aggregate.
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‘ -~ 24. In  most cases batching
: : : - operations will be performed by
weight and not volume. . The
scales need to calibrated once a
‘year_ and sensitivity checks
should be performed at Tleast

‘once a week.

The dials /hould be visible to
the operator i the control
room. This isd{necessary so the
operator and< inspector can see
that | the * proper ( amount of
‘material, is going’ into the mix
and ' that. the scales return to
e s, At ikt i

26. The admixture barrels should be
properly stored and labeled to
avoid contamination, dilution,
and/or freezing. ”

13-9




27. The admixture dispensers should
be -visible to the operator.
This is needed to insure that
the correct amount of admixture
is being dispensed into the mix.

28. The only exgeption ho batching
by weights/is thef mobil mixer
which relliégs &n #0lumetric
batching.

29. The first operation in finishing

“ and placement of concrete is to
wet down the forms/base material
to insure that the concrete will
not Tlose. water. This also
cools down the reinforcing steel
in order to insure that a flash
set will not occur at the point
where the concrete touches the

. steel. L
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30 The concrete shou]d be placed as
close to the final Tocation as
. possible.  Concrete should not
_be dropped more than 4 feet.

31. Vibratfirs shedld be moved every
5 to 15 seconds iA order to
avoid ' \segregation. The
_vibrators\ should be held in a
Verticall ‘position ~and ‘should

‘never pe used to move concrete.

32. A stra1ght edge should not be
~ used to move concrete.
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33.

34.

35.

If any additional finishing is
required it should be performed
immediately after the finishing
machine| prior  to bleed -water
appearing on the surface: or
after |the bleed water -has
evaporated. Under - no
circumstances should any
f1n1sh1ng occur when bleed water
is present. If the hileed water
is worked into the surface the
surface will deteriorate due to
the higher water cement rat1o.

Texturing must be performed at

‘the proper Afime." If performed

too early /the tiping operation
will pull upl  thé. coarse
aggregate. | \Ifd it is| performed
too 1@te the surface will not
rece1ve the “proper A£exture. A
proper ' texture should be 1/8
inch deep and should be spaced
between 1/2 and 3/4 1nch

The timing = of sawing of

transverse joints is critical.
It must be performed as soon as
the concrete has hardened enough
to prevent excessive raveling.
A slight amount of raveling is

~desired. = The sawing operation

should be continuous. It may be
necessary to saw every  third
joint to prevent random cracang
and return to saw the remaining
joints at a later time.
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36.

37

38.

Proper curing consists of
~maintaining a satisfactory
~moisture content and temperature
for. the hydration’ process to
“occur. The moisture content can
be maintained by app1y1ng water
or, prevent1ng excess1ve

‘,evaporat1on.‘

The most effect1ve method of
curing4is (fo dlse water. This
~can b€ accomplished by ponding,

fspray1ng, fogging,«0r using wet

. coverings, such“as wet burlap.

Alet burlap requires attention to
SaSipe  that the burlap does not
dry out

Moisture can be retaihed‘ by
'sealing the surface. This can
‘be performed by the use of

plastic - sheets, impervious
paper, or membranes. Curing
compounds must be agitated
during application and a
uniform coat must be applied to
all exposed surfaces. Curing

compounds must not be used on

surfaces that will receive
additional concrete since the

compounds act as a bond breaker.




39. Hot weather can have the
fo11ow1n3 undesirable effects on

concrete;
. O :
- a. Incréase water demand.
b. LosS!of slump. causing more
water to be added at the
site,

. |
c. Handping and  Timishing
problems due to faste® set.

d. Fastér drying whichi requires
prompt curing. .

e. Ten&enty” for | plastic
shrinkage cracks.

f. Difficulty in dontrolling
ajir contents.

40. The damaging “effects of hot
weather concreting can  be
‘diminished \ by the following
actions: ‘

an Coolfl aggregates by
sprinkling stockpiles.

b. Cobl water, use ice, or use
1iquid nitrogen. :

c. Water down the subgrade,
forms, and/or rebars in
order to cool them.

tor, aveid thermat shock d. Cool the surrounding area

. ¢ with a fog spray, set up
wind breaks, set wup sun’
shades; and place concrete
at the lowest temperatures
possible. ‘

e. Cure the concrete with tepid
water to avoid cracks due to
thermal shock.
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41.

Plastic shrinkage cracking can
occur when the evaporation rate
exceeds 0.2 1bs per square foot

per - hour. Precautionary
measures should be used. when
this rate is exceeded. . The

i%fo110wing chart ‘can be used. to

42.

estimate if the limit is being

. exceeded.

As  the temperature . of tﬁe

“ concrete gofs downdthe hydration

33,
- temperature of the = concrete
“insulation or artificial 'heat
‘can be used. The concrete can

of the concreké sléws down.

- This decreaséssthe stréngth gain

of the\. concrete. As - the

: temperature “of wuth®  concrete
- decreases \it wil¥“De necessary
B0, maintain protection Tonger
~so._that the concrete can obtain
_the desiped strength.

In order to . maintain‘vfthé"

" not be allowed to freeze.




44,

In controiling concrete mixes it
must be ' remembered that slump

can be affected by the
following items:

~ Amount of water.

45.

N S e
An increase in air content will
increase slump.

A change in the “Gdaregate

~gradation will affect the matrix
-of the concrete and theréfore

its.s]ump.

— .
An increase in - contrete or
ambient  temperature will
decrease stump.
e

" An increase Ain haul Dtime Wil

decrease thé slumpg

A chang in gkl 'source of any
ingredient in the coptrete may

affect the slump:

Many "things \may affect the air
content imptancrete:

“Anh. increase in  the material

passing | the No. 100 sieve will
decrgase the air  content,
however, an incredase “in the-

material between the No. 30 and

No. 100 sieves will fincrease
the air content.

An incréase in the slump will
1ncreasé the air content.

An 1ncﬁease' in the ambient or
concrete temperature will reduce
the air  content.

Excessive mixing and vibration
will decrease the air content.

Any cﬁange in any of the
ingredients in the concrete can
affect the air content.
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