INFORMATION
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Structural Lightweight Concrete

Structural lightweight concrete is defined as concrete with a
28-day compressive sirength in excess of 2,500 psi and an
air-dry unit weight of 115 1b. per cubic fool or less.
Structural lightweight is not the same as very lightweight
concrete, which has a unit weight range of 15 to 90 lb. per
cubic foot, a compressive sirength seldom in excess of
1,000 psi, and is used primarily for insulating purposes.*

Structural lightweight concrete became possible in 1917
when Stephen J. Hayde discovered a way to produce ex-
panded shale lightweight aggregate. He found that certain
types of shale, clay, and slate, when exposed to high tem-
peratures in a rotary kiln, expand and produce a sound,
hard, lightweight aggrepate.

Structural lightweight agpregates usually are classified
according to production process because the various proe-
esses produce aggregates with somewhat different physical
properties. Shale, clay, and slate are expanded in the rotary
kiln or on a sintering grate. Blast-furnace slag is expanded
by treating it with water while in a molten siate. Sintered
fly ash is produced by pelletizing fly ash and burning on a
sintering grate.

PRODUCTION PROCESSES

Rotary Kiln

Shales and slates are crushed and screened before feeding
into the upper end of an inclined rotary kiln, whereas clay
is usually extruded or pelletized before burning. The mate-
rial travels slowly to the hot zone where the temperature of
the material reaches 1,800 to 2,200 deg.F. At these temper-
atures the material is in a plastic state, and gases released
within the material cxpand it to form a lightweight cellular
structure. Following expansion, the material is discharged
and cooled at a controlled rate. [n some operations the
material then is crushed, screened, and stockpiled. It gener-
ally is stocked in three sizes: fine, smaller than No. 4 (3/16
in.); medium coarse, 3/8 in. to No. 8 (3/32 in.); and struc-
tural coarse, 3/4 in. to No. 4. The crushed product tends to
be sharp or angular in shape, with a porous surface texture.

*See Special Types of Concrete, [S183T, Portland Cement Assaciation.
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A variation of this method produces expanded shale
ageregales with relatively smooth surfaces, referred to as
“presized” or “coated” aggregates. Suitable raw material is
crushed and screened into separale sizes or pelletized by
extrusion. Ouly one size is fed into the kiln and expanded
at a time. The material then is cooled and stored. Crushing
these aggregates later usually is unnecessary as various sizes
arc comhined to praduce the required gradation.

Sintering

Suitable raw material is crushed and screened. [t then is
mixed with a small amount of fuel, such as finely ground
coal or coke, and spread evenly over a traveling grate. The
grate passes under an ignition hood where the fuel is ig-
nited. The fuel continues to burn as the grate moves over
blowers. As the material becomes plastic at these high tem-
peratures, gases forming within the mass are entrapped,
creating a cellular structure. The clinker formed is allowed
to cool; it then is crushed and screened for use. The ¢crushed
particles generally are sharp and angular in shape, with u
porous surface texture.

In a variation of this process, clay or pulverized shale is
mixed with finely ground fuel and moisture; or {ly ash,
which usually contains sufficient carbon for fuel, is mixed
with moisture. The material then is pelletized or extruded,
and sintered. The finished product tends to be round or
cvlindrical in shape.

Water Treatment

Expanded slag is produced by applying controlled amounts
of water to molten blast-furnace slag. This is done either by
the machine process, in which the molien slag is agitated in
a machine with a controlled amount of water, or by the
water jet process, in which jets of water under high pressure
are forced into the molten mass. In new processes now in
use, the slag may be expanded by steam penerated when a
thin layer of molten material is poured on a moist porous
base, or expanded and pelletized by throwing the molten
slag with a limited amount of water through the air from a
rapidly rotating ribbed drum. The pelletizing process results
in spherical-shaped particles of coarse aggregate, with some



crushing required to produce the finer sizes. The other ex-
panded slags are also crushed and screened to the required
aggregate sizes.

PROPERTIES OF
LIGHTWEIGHT AGGREGATES

In general, those aggregate characteristics that influence
properties of normal-weight concrete also influence proper-
ties of structural lightweight concrete. For lightweight
aggregates, more consideration is given to such factors as
the bulk unit weight, absorption, and particle shape, size,
and surface texture. These factors influence the strength,
durability, workability, finishability, control, and economy
of structural lightweight concrete.

Requirements for lightweight aggregates for use in struc-
tural concrete are outlined in ASTM C330, Specification
for Lightweight Aggregates for Structural Concrete. Al-
though hoth natural and processed aggregates are included
in" this specification, the follawing discussion is limited to
the types produced by rotary kiln, sintering, or water treat-
ment processes.

Unit Weight

Lightweight aggregates have unit weights significantly lower
than normal-weight aggregates. They range from 35 to 70
Ib. per cubic foot, depending on the type of aggregate and
its specific gravity, gradation, and particle shape. The unit
weight of normal-weight aggregatcs varies from 90 to 110
1b. per cubic foot. The unit weights of rounded and angular
aggregates with the same specific gravity may differ con-
siderably.

ASTM C330 limits the dry, loose unit weight of light-
weight aggregate for structural concrete to a maximum of
70 lb. per cubic foot for fine aggregate, 55 lb. per cubic
foot for coarse aggregate, and 65 Ib. per cubic foot for
combined fine and coarse aggregate. These low unit weights
account for the low unit weight of structural lightweight
concrete.

Variations in the unit weight of a lightweight aggregate
from a single source may affect the unit weight and
strength of the concrete. Successive shipments of the ag-
gregate should not differ by more than 10 percent from
that of the original sample submitted [or acceptance.

Absorption

Normal-weight aggregates usually absorb | to 2 percent
water by weight of dry aggregate. They usually contain
some interior moisture at the time of batching and absorb
very little additional water during the mixing operation.
The amount of mixing waier required can be adjusted read-
ily to compensate for absorption in normal-weight con-
crete.

In contrast, lightweight aggregates may absorb 5 to 20
percent water by weight of dry material, depending on the
pore structure of the aggregate, based on a 24-hour absorp-
tion test. This can amount to as much as 250 Ib. of water
per cubic yard of concrete if total absorption is reached.

However, total absorption normally does not occur during
mixing and before placement. During mixing, allowance
should be made for the aggregates’ water demand so that
the mixture does not stiffen and become unworkable dur-
ing the interval between mixing and placement. Prewetted
but not saturated aggregates are generaily used fo control
the uniformity of lightweight mixtures. The uniformity of
the concrete depends on the uniformity of the moisture
content of the aggregates. Prewetting, usually at the aggre-
gate supplier’s plant, should be done at least 24 hours be-
fore mixing to allow time for moisture to distribute itself
uniformly throughout the aggregate. During outdoor stor-
age in stock piles, the moisture content will rarely, if ever,
exceed two-thirds of the 24-hour absorption. Uniformity of
absorption is more important than the amount of absorp-
tion in batching lightweight aggregate concrete.

Whenever possible, prewetting, batching, and mixing
should be done in accordance with the lightweight aggre-
gate producer’s recommendations.

Particle Shape, Surface Texture, and Size

The shape, surface texture, and size of lightweight aggregate
particles can influence the cost, workability, finishability,
and density of the concrete. The maximum size of coarse
aggregate seldom exceeds % in. Most aggregates used for
structural lightweight concrete tend toward cubical or
rounded shapes. However, some lightweight aggregates are
angular and have rough-textured surfaces. Aggregates with
these characteristics require a greater percentage of fines to
provide additional mortar for proper workability.

Gradation

Gradation of lightweight aggregates should conform to the
requirements of ASTM C330. Well-graded aggregates have a
minimum void content and require a minimum of cement
paste to fill the voids.

Bulk Specific Gravity

Bulk specific gravity for lightweight aggregales is generally
between 1.0 and 2.4. The bulk specific pravity for any
particular aggregate will usually increase as the maximum
particle size decreases. However, with present ASTM test
methods, it may be difficult to determine accurately the
bulk specific gravity of many lightweight aggregates. The
mix design method for structural lightweight concrete does
not utilize the bulk specific gravity, but is based on an
approach involving the concept of “specific gravity fac-
tors,” which takes into account the actual moisture condi-
tion of the aggregate at the time of mixing.

PLASTIC STATE OF
LIGHTWEIGHT CONCRETE

Unit Weight

Unit weight of structural lightweight concrete in the plastic
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state may range from 95 to 120 Ib. per cubic foot. Varia-
tions in unit weight are due to differences in composition,
absorption, air content, natural sand content, and bulk
specific gravity of the aggregates. Concrete made with dry
lightweight aggregates will have lower fresh unit weight
than concrete made with initially damp aggregates, but
weighls at later ages after normal drying tend to equalize.

Workahility and Finishability

Lightweight concrete mixtures can be proportioned to have
the same workability, finishability, and general appearance
as a properly proportioned normal-weight concrete mix-
ture. Sufficient cement paste must be present to coat each
particle, and coarse aggregate particles should not separate
from the mortar. Enough finc aggregate is needed to keep
the fresh concrete cohesive. If aggrepate is deficient in mi-
nus No. 30 sieve material, finishability may be improved by
using a portion of natural sand, by increasing cement con-
tent, or by using satisfactory mineral fines. Since entrained
air improves the workability of lightweight concrete, it
should be used regardless of exposure.

Slumpg

Due to lighter aggregate weight, lightweight concrete does
not slump as much as normal-weight concrete with the
same workability. Airentrained lightweight concrete with a
stump of 2 to 3 in. can be placed under conditions that
would require a slump of 3 to 5 in. for normal-weight con-
crete. It is seldom necessary to exceed slumps of 4 in. for
normal placement of lightweight concrete. With higher
slumps, the large aggregate particles tend to float to the
top, making finishing difticult.

Entrained Air

Entrained air ensures resistance to freezing and thawing
cycles and de-icer applications. It also improves worka-
bility, reduces the amount of bleeding and scgregation, and
may compensate for minor grading deficiencies in the aggre-
gates. Thus entrained air is recommended in all lightweight
concrete, whether or not freeze-thaw resistance is a factor.

The amount of entrained air in structural lightweight

.concrete should be sufficient to provide good workability

of the plastic concrete and adequate freeze-thaw resistance
of the hardened concrete. Air content is generally between
4% and 9 percent, depending on maximum size of aggre-
gate.

Vibration

Vibration can be used effectively to consolidate either light-
weight or normal-weight conerete. Frequencies in excess of
7,000 vpm, about the same as those commonly used for
normal-weight concrete, are recommended. The length of
time for proper consolidation varies, depending on the mix
characteristics. Excessive vibration causes segregation by
forcing large aggregate particles to the surface.

Internal vibration is recommended for all slabs thicker

than & in. and for thinner slabs that contain reinforcing
steel or conduit. The vibrator head should be completely
immersed during vibration; for thick slabs it will be possible
to insert the vibrator vertically, while for thinner slabs it
should be dragged through the concrete at an angle or even
horizontally, and at a constant velocity.

Placing, Finishing, and Curing

Lightweight concrete is generally easier to handle and place
than normal-weight concrete. A slump of 2 to 4 in. pro-
duces best results in finishing lightweight concrete. Greater
slumps may cause segregation, delay finishing operations,
and result in rough, uneven surfaces.

On flat surfaces, a high-frequency vibrating screed is ef-
fective for finishing. Finishing operations should be started
earlier than for comparable normal-weight concrete, but
finishing too early may be harmful. A minimum amount of
floating and troweling should be done; aluminum or mag-
nesium finishing tools are preferred.

The same curing practices should be used for lightweight
concrete as for normal-weight concrete.

HARDENED STATE OF
LIGHTWEIGHT CONCRETE

Compressive Strength

Lightweight concrete with 28-day compressive strengths of
3,000 to 5,000 psi generally can be produced with cement
contents of 400 to 750 Ib. per cubic yard, depending on the
particular lightweight aggregate being used. Certain light-
weight aggregates can be used to make concretes with
strengths in excess of 7,000 psi, with cement contents up to
940 Ib. per cubic yard. The rate of strength development
for lightweight concrete is approximately the same as for
normal-weight concrete.

Sometimes concrctes made with certain types of light-
weight aggregates show a strength ceiling beyond which an
increase in cement will produce no noticeable increase in
strength. Strength ceiling is mainly influenced by the coarse
aggregate, and may be increased by reducing the maximum
size of aggregate.

Tensile and Flexural Strength

Moist-cured specimens of lightweight and normal-weight
concretes of equal compressive strength have approximatcly
equal tensile and {lexural sirengths.

A convenient relative measure of the lensile strength is

- the splitting tensile strength determined by ASTM (496,

Method of Test for Splitting Tensile Strength of Cylindrical
Concrete Specimens. The splitting tensile strength of air-
dried lightweight concrete generally is less than that of
moist-cured lightweight concrete and varies from about 70
to 100 percent of that of normal-weight concrete of equal
compressive strength. Replacement of lightweight fines by
natural sand usually increases tensile strength. The resulls
of splitting tensile strength tests on air-dried lightweight



concrete may be used as a reliable measure of the unit shear
capacity of lightweight concrete beams and slabs.

Flexural strength is determined by ASTM C78, Method
of Test for Flexural Strength of Concrete (Using Simple
Beam with Third-Peint Loading). Most authoritics do not
consider the modulus of rupture of lightweight concrete
undergoing drying a reliable measure of its flexural strength
because of the sensifivity of the test to the moisture condi-
tion of the specimen.

Modulus of Elasticity

Structural lightweight concrete has a modulus of elasticity
between 1,400,000 and 3,000,000 psi, depending on the
compressive strength, type of lightweight aggregate, and
sand content. Normal-weight sand often is used with light-
weight aggregate to increasc the modulus of elasticity.
Gencrally, the niodulus of clasticity of lightweight concrete
is 20 to 50 percent lawer than thaf of normal-weight con-
crele of equal strength.

An approximate relationship that can be used to esti-
mate the modulus of elasticity of structural lightweight
concrete, E ., in pounds per square inch, 1§

E. = Cwl-S\/fz psi

in which w is the air-dry unit weight of the concrete in
pounds per cubic foot, f; is the compressive strength in
pounds per square inch as determined [rom 6x12-in. cylin
ders, and C is a factor dependent upon the value of f..
Values of C corresponding to different values of f, are given
in Fig. 1. This empirical formula is remonably rel1able for
structural lightweight concretes with compressive strengths
of 2,500 to 7,000 psi. For important work where the
modulus of elasticity is a critical factor, it should be deter-
mined by tests of the concrete in question.

Modulus of Elasticity, Eg,million psi
3.0
Eo=Cwld ST psi

1 ¢
2,500 26
3,000 35
4,000 33

2.0 w000 27

80 90 100 1o 120
Unit weight w, petf :

Fig. 1. Modulus of elasticity as a function of strength and mﬂlry
unit weight of concrete.

Poisson’s Ratio

Poisson’s ratio is approximately the same for lightweight
~and normal-weight concretes. This value is generally be-

tween 0.15 and 0.25, depending upon the aggregate, mois-
ture condition, and ape of the concrete. A value of 0.2 is
usualty ussumed for design purpases.

Bond to Reinforcing Steel

Strength of bond between conerete and deformed steel re-
inforcement is principally a {unction of the compressive
strength of concrete or of its splitting tensile strength. Bond
strength tests of some lightweight concretes yield bond
strength values ranging from equal to 20 percent less than
those of normal-weight concrete of equal compressive
strength. ACI 318, Building Code Requirements for
Reinforced Concrete, provides allowable design relation-
ships amongst hardened concrete properties.

DOrying Shrinkage

Drying shrinkage of lightweight concrete made and cured at
normal temperatures ranges from about slightly less to 30
percent more than that of some normal-weight concretes.
High-strength lightweight concrete (7,000 to 9,000 psi) has
about the same shrinkage as comparable normai-weight con-
crete. Atmospheric steam-cured lightweight concrete has a
lower drying shrinkage than normally cured lightweight
concrete. Drying shrinkage of concretes made with some
lightweight aggregates may be reduced by partial or full
replacement of lightweight fines with a good grade of nat-
ural sand.

Creep

Creep of lightweight concrete ranges from about the same
to 50 percent more than that of some normal-weight con-
cretes. Creep is dependent upon magnitude of siress,
strength of concrete, age at loading, time after loading,
method of curing, and moisture condition of the concrete.
Higher-strength lightweight concretes show 20 to 40 per-
cent less creep than lower-strength lightweight concretes
when loaded at the same age. Partial or full replacement of
lightweight fines with natural sand fines may effectively
reduce creep. Creep of atmospheric steam-cured lightweight
concrete is about 25 to 40 percent less than that of moist-
cured lightweight concrete. When precise knowledge of
creep is required and data are not available, tests should be
performed on the concrete in question.

Freeze-Thave Resistance

The resistance of lightweight concrete to the action of
freezing and thawing is dependent upon the same factors
that affect freeze-thaw resistance of normal-weight con-
crele—entrained air, cement content; total water content,
and moisture condition of the aggregate.

Use . of intentionally entrained air increases the freeze-
thaw resistance of concrete made with lightweight aggre-
gates, especially if the aggregates are in a soaked condition



at the time of mixing. Resistance to freezing and thawing of
many airentraincd lightweight concretes is equal to or
greater than that of many air-entrained normal-weight con-
cretes. The amount of intentionally entrained air required
for adequate durability of lightweight concrete is about the
same as that required for normal-weight concrete.

The effect of cement content and total water content on
durability of lightweight concrete is approximately the
same as for normal-weight conerete—increasing the cement
content and decreasing the total water content improve
durability.

Structural lightweight concrete to be subjected to a
severe environment involving freezing and thawing should
have a specified compressive strength of about 3,750 psi
and should contain an adequate amount of entrained air.
Tests have indicated that the freeze-thaw resistance of
structural lightweight concrete of compressive strengths less
than 5,000 psi may be increased by partial or full replace-
ment of fine apgregates with normal-weight sand.

Moisture condition of lightweight aggregates at the time
of mixing has a significant effect on freeze-thaw resistance
of concrete. Non-air-entrained concrete made with air-dried
aggregates usually is more resistant to freezing and thawing
than concrete made with soaked aggregates. Vacuum-
treated lightweight agpregates, when used in concrete
subject to a freezing covircnment, must be allowed an
extended ajr-drying period prior to freezing weather. The
influence of moisture condition of aggregate is not as pro-
nounced for air-entrained concretes.

To evaluate freeze-thaw resistance of lightweight aggre-
gates, laboratory freeze-thaw tests of concrete should be
used, supplemented by ficld performance records. This is
the same procedure as thal generally used for cvaluating
normal-weight aggregales.

Resistance to De-Icer Scafing

Concrete made with lightweight agaregates can be made
resistant to the effects of dec-icer chemicals by the usc of
entrained air, low watcr-cement ratio, and adequate curing
followed by scveral wecks of air drying prior to application
of de-icers.

Thermal Characteristics

Thermal expansion. The coefficient of thermal cxpan-
sion for structural lightweight concrete varies from 3.6 to 6
X 10% in/fin/F., depending on the apgregate Lype and
amount of natural sand. The ranges for normal-weight con-
cretes are 3.5 fo 7 X 10 in.fin./F., depending upon the
mineralogical type of aggregate (siliccous or calcareous).

Thermal conductivity. Since thermal conductivity varies
inverscly with unit weight, lightweight concrete has better
thermal jnsulation properties than normal-weight concrete.
The thermal canductivity, k, of structural lightweight con-
crete is usually between 2.3 to 4.3 Btufhr. (sq.ft.) (F.fin.
thickness) for oven-dry concretes weighing 80 to 110 pef.
For normally dry lightiwcight concrete, corresponding
values of &k range {rom 2.7 to 5.2. The normally dry unit
weight of concrete is attained after moisture equilibrium is

achieved with normal ambicnt weather conditions. The cor-
responding & value for oven-dry normal-weight concrete is
generally between 9 and 12 Btufhr. (sq.ft.} (F./in. thick-
ness), depending upon the unit weight of the concrete. The
lower thermal conductivity of structural lightweight con-
crete contributes to a somewhat higher fire endurance than
is obtained from normal-weight concrete.

Abrasion Resistance

The compressive strength of concrele is the most important
single factor related to abrasion resistance. However, be-
cause of the porous structure of lightweight aggrcgates, the
resistance of each thin wall or shell to load and/or impact
may be low compared to the point load and impact resist-
ance offered by concrete made with solid particles of simi-
lar composition. Therefore, the abrasion resistance of all-
lightweight-aggregate concretes may not be sufficient for
steel-wheeled or exceptionally heavy industrial traffic. As
the severity of wear becomes less, the abrasion resistance
should be as satisfactory as that of normal-weight concrete.
The use of natural sand in lightweight concrete improves
resistance to abrasion.

Use of Mormal-Weight Fine Aggregates

Principally for economy, normal-weight finc aggregates
often are used (o replace, partially or completely, the light-
weicht fine aggregates in lightweight concrete mixtures. As
previously discussed, partial or complete replacement ol
lightweight fines with a good normal-weight sand generally
improves such properties as strength, workability, finish-
ability, durability, and modulus of elasticity, and generally
decreases the water required for a given slump. However, it
also has a detrimental eflect on such properties as unit
weight {increases from 10 to 18 pef), thermal insulation,
and fire resistance. By the judicious use of a good natural
sand, these factors may be balanced to achieve the desired
performance and economy.

PROPORTIONING

The principles for proportioning normal-weight concrete
mixtures apply also to lightweight concrete mixtures, but
their application is generally different. Conventional pro-
cedures may be used with good results for those mixtures
containing lightweight aggregates characterized by rounded
particle shape, coated or sealed surfaces, and relatively tow
values of absorption.

Because of the variations in total absorption and rate of
absorption of most lightweight aggregates, the water-
cement ratio cannot be established accurately enough to be
used as a basis for mix proportioning. Thus, lightweight
aggregate mixtures are best established by a series of trial
mixcs proportioned on a cement-content basis for the
requircd degrec of workability. Specimens from each trial
batch are tested at desircd ages to establish relationships
between strength and cement content. From these rclation-
ships, the cement content for the required strength cun be
determined.



Lightweight structural concrete for use in a watertight
structure should be designed for a specified compressive
strength of at least 3,750 psi for {resh water exposure or
4,250 psi for sea water exposure. When the concrete will be
exposed to soils and groundwaters containing injurious sul-
fate concentrations, the concrete should be designed for a
specified strength of at least 4,000 psi.

Estimating Mix Proportions

The best approach to making a first trial mix is to use
proportions previously established for similar concrete
made with aggregates from the same source. Such propor-
tions may be obtained either from laboratory mixes or
from actual mixes supplied to jobs. Producers furnishing
lightweight aggregates for structural concrete can supply
data on mix proportions for various strength and exposure
conditions. Their estimates of cement content and other
mix proportions for given conditions are very useful as a
starting point in making trial mixes.

Water content. The maximum size of lightweight aggre-
gate used in concrete is usually % in. or smaller. Typical
normal-weight concrete mixes with %-in. maximum-size
aggregate require total water contents of about 310 to 360
Ib. per cubic yard. Because of the higher absorption of
lightweight aggregates, between 290 and 500 1b. of water
may be required for making a cubic yard of lightweight
concrete. Replacement of lightweight fines with normal-
weight sand reduces the water requirement to a narrower
range. For air-entrained lightweight concrete, the amount
of water required is usually less by 2 to 3 percent for each 1
percent of entrained air.

Cement content. The wide range in lightweight aggregate
characteristics is reflected in a wide range in cement con-
tents to produce a given strength. Table 1 gives an approxi-
mation of the cement contents for establishing trial mix
proportions to obtain a given strength.

Table 1. Appraximate Relationship Between Strength
and Cement Content*

Compressive strength, Cement content,
psi Ib. per cu.yd.
2,500 425 1o 700
3,000 475 to 750
4,000 550 to 850
5,000 650 to 950

*Adapted from ACt 211.2-69, Recommended Practice for Se-
fecting Proportions for Structural Lightweight Concrete.

Proportion of fine to coarse aggregate. Lightweight con-
crete mixes require higher percentages of fines than normal-
weight concrete because of differences hetween the bulk
specific gravities of finc and coarse lightweight aggregate
particles, and also because most liphtweight agpregates are
angular in shape and have rough surface textures. Workable
mixes of lightweight concrete require 40 to 60 percent of

fines by bulk volume. Mixes with coated lightweight aggre-
gates require less fines since these aggregates are more near-
ly similar to normal-weight aggregates in shape and surface
texturc. With natural sand replacement of lightweight fines,
the proportion of fine to coarse aggregate is reduced and
rarely exceeds 40 percent of the total bulk volume of aggre-
ates.

® Experience has shown that generally between 28 and 32
cu.ft. of dry, loose lightweight aggregates (fine and coarse
measured separately) is required to produce a cubic yard of
concrete. The total volume of aggregates and the propor-
tion of fine io coarse aggregate, which depend on gradation,
shape, size, and surface texture of the aggregate particles,
have a great influence on the workability and finishability
of fresh concrete. In general, a smaller total volume of
aggregates and a lower percentage of fine aggregate will be
required if the aggregates are well graded, ranging from
rounded to cubical in shape and with a smooth surface
texture than if they are poorly graded, angular in shape,
and porous.

Entrained air. Most lightweight concretes contain 2 to 4
percent entrapped air, but since this has negligible effect on
workability and durability, additional cntrained air is desir-
able. Lightweight concrele subject to freezing and thawing
or de-icer applications should contain no less than 6 £1%
percent total (entrapped plus enirained) air when maximum
aggregate size is % in. and 7% £1% percent when maximum
aggregate size is 3/8 in. Even when freeze-thaw resistance is
not required, entrained air is recommended to provide
workability. Optimum air content for workability is gener-
ally between 4 and 8 percent for lightweight concrete. The
volumetric method of measuring air, as described in Method
of Test for Air Content of Freshly Mixed Concrete by the
Volumetric Method {(ASTM €173, CSA A23.2.18), is
recommended.

Trial Mixes

Unless reliable data are available, based on experience with
the same proportions and materials as will be used on the
job, use trial mixes to determine the relationship of
strength to cement content. Trial mixes should be made
with at least three different cement contents. Each mix
should have the desired degree of workability and sufficient
entrained air to ensure durability and workability.

Each trial batch should produce at least 1% cu.ft. of
concrete. This amount will allow determinations of air con-
tent and unit weight and the molding of at least four or five
6x12-in. compression test specimens. After strength tests
have been made, results are plotted to relate strength and
cement content, and the cement content that produces the
required strength is determined. Based on the mix propor-
tions of the trial mixes, the mix proportions for the
selected cement content can be estimated accurately.

Small trial batches of 1% cu.ft. that are made and ad-
justed in the laboratory may require some further adjust-
ments when extrapolated to field mixes.

The design and adjustment procedure for an all-light-
weight concrete mixture is shown in the following example.
If part or all of the lightweight fine aggregate is replaced by
normal-weight sand, it is recommended that the adjust-
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ments be based on an original mix that incorporates nor-

mal-weight sand, with adjustments to the natural sand frac-

tion being based either (1) on saturated-susface-dry weight
and bulk specific gravity, saturated-surfacc-dry basis (ASTM

C128), or (2) on aggregale in moisture condition as used

and a corresponding specific gravity factor. It should be

noted that full replacement of lightweight {ines will reduce
the water demand by 10 to 15 percent. It will also improve
workability and permit a reduction in volume percentage of
fines of up to 10 pereent of the total volume of aggregates.

Example. The problem is to design an alldightweight-

aggregate concrete mix for 4,000 psi strength at 28 days.
The congrete should be air entrained and have a slump of
about 4 in, Use Type 1 or Normal portland cement with an
air-entraining admixture. Dry, loose unit weights of coarse
and fine aggregates are 45 and 60 1b. per cubic foot, respec-
tively. The moisture contents of the aggregates at time of
mixing are S and 8 percent for coarse and fine aggregate,
respectively.

Step 1. Determine the specific gravities of the coarse and
the fine aggregate according to the pycnometer method
(see Appendix) for different moisture conditions ranging
from O (oven dry) to the maximum expected moisture
contenl. For lightweight aggregates, the relationship of
agpregate weight to displaced volume as determined by
pycnometer is termed a “specific gravity factor.” It isa
function of the moisture content of the aggregates.
Specific gravity factors are used in a variation of the
absolute volume method of mix proportioning to calcu-
late the effective volumes displaced by the lightweight
aggregates in concrete.

Step 2. Estimatc quantities. From Table I, the cement con-
tent may be expected to range from 550 to 850 1b. per
cubic yard. Accordingly, trial mixes with approximate
cement contents of 600, 700, and 800 Ib. per cubic yard
will be made. Since the total dry-loose volume of aggre-
gate required per cubic yard of concrete averages about
30 cu.ft., this value is used for estimating purposes. For

the first trial, equal volumes of fine and coarse aggregate
are used. The amount of air-entraining admixture to be
used to entrain about 6 percent air should be bascd on
the admixture producer’s recommendations.

Step 3. Calculate the loose weights of the damp coarse and
fine aggregate required per cubic yard. These will be: 15
X 45 X 1.05 = 709 lb. of coarse aggregate and 15 X 60
X 1.08 =972 Ib. of finc aggrepate.

Step 4. Calculate the displaced volumes of the damp aggre-
pates, using the specific gravity factors corresponding to
the actual moisture condition. Assume that the specific
gravity [actors have been determined as 1.37 and 1.95
for coarse and fine aggicgates, respectively. (Steps 4
through 6 are shown in Columns | and 2 of Table 2)
Pvcnometer specific gravity factors oblained afrer 10-
rminute immersion of aggregates are normally used for
mix proportioning and adjustment procedures. Where
some loss of slump is anticipated in long-haul ready
mixed concreie operations due to continued absorption
of water into the aggregales, additional water is required
to offset the resultant loss of yield. The mix proportions
should be determined on the basis of the 10-minute
specific gravity factor. However, in order to provide
guidance in determining the additional amount of water
required to compensate for the anticipated loss of yield,
the mix proportions should be recalculated using specific
gravity faclors corresponding to a longer immersion
time.

Step 5. Calculate the displaced volumes of cement and air.

Step 6. The required volume of water is calculated as the
difference between 27 cu.ft. and the total of the dis-
placed volumes of cement, air, and aggrepates. The
weight of water required is the required volume of water
multiplied by 62.4 1b. per cubic foot.

Step 7. Calculate the weights of materials required for the
1%-cu.ft. trial batch, by dividing the weights from Col-

umn 1 by % = 18 (Column 3).

Table 2. Initial Batch Proportions and Trial Batch Adjustments

I,
i
1 2 3 4 5 6 7 8 jli
- - A
Estimated batch proportions ,_ E_ 2 o L 5 Corrected batch proportions Adjusted batch proportions
{damp aggregates) e .51l §:18= {damp aggregates) {damp aggregates)
258 55 (8¢
Weight, Displaced vol., & 3 = 2 3 £ ; Weight, Displaced vol., Weight, Displaced vol.,
Ib. cu.ft. 2221839158 "J (. eu ft, ib. cu ft.
- Jdq4 o | =T H M (M . I
Cement 60| - 990 _ _305 | 333 600 3.05/ 0.92 X 600 ~ 552|0.92 X 3.065 = 2.81
62.4 X 3.15
Air 27 X 0.06 = 1,62 1.62 162
Coarse aggregate 708 —JQQ—=829 39.4 +38 1 +70 | 708 +70=779 4779—=9'H 092X 779=17171092X8.11=8.38 -'
gorese 624X 137 ° : . 624% 137 Y : : : r
— —
Fine aggregate 972 4‘§L“799 540 972 7091092X972=894{092 X 7.99=7.35
ggrega 624%195 7 : A919- : : '

Water 6.06 X 624 =378(2700—20985=605 | 21.0 +48 | +86 | 378 + 86 = 464 ggi: =7.44,092 X 464 =427 |0.92 X 7.44 =6.84 1‘
' g

Total 27 .00 29.21 27.00




Step 8. Mix the materials and examine the mixture for
workability, slump, air content, and unit weight. If the
mixture is satisfactory, no correction will be necessary,
and cylinders for compression tests may be cast. If a
correction in the amount of aggregate or of added water
is required, the mix proportions will have to be adjusted
as listed in Steps 9 through 12

Step 9. Assume that more coarse aggregate may be used
without harming workability or linishability, and that
more water is required to obtain the desired stump. The
amounts of coarse apgregate and water added to the
a-cu.ft. trial batch were 3.9 and 4.8, respectively (Col-
umn 4).

Step 10. The total correction per cubic yard will be 3.9 X
18 = 70 1b. coarse aggregate and 4.8 X 18 = 86 1b. water
(Column 5).

Step 17. Calculate the corrected batch proportions (Col-
umns 6 and 7).

Step 72 Multiply the weights and displaced volumes of

H%;g? = (.92 to adjust the
quantities to a yield of 27 cu.ft.

The adjusted quantities are for damp aggregates (Col-
umns & and 9). For future adjustments of batch propor-
tions, it is necessary to convert the batch weights of mate-
rials to dry weights. The dry weights will serve as basis for
the calculation of adjustments for change in aggregate mois-
ture conditions, cement cantent, proportions of aggregates,
slump, ar air content, in order to maintain a yield of 27
cu.ft.

The procedure to convert batch weights for damp aggre-
gates to batch weights for dry aggregates is detailed in the
following steps and shown in Table 3.

Adjustments for dry state (Table 3)

Step 13. From the batch proportions for damp aggregates
(Column 1), calculate the dry weights of coarse and fine
aggrepates (Column 3). Maintain constant the weight of

materials from Step 11 by

Step 14. Calculate the displaced volumes of dry aggregates
{Column 4), using the specific gravity lactors for the dry
state. Assume that the specific gravity factors for the dry
state have been determined as 1.34 and 1.99 for coarse
and fine aggregates, respectively.

Step 15. Maintaining constant the displaced valumes of
cement and air, calculate the required displaced volume
of added water (Column 4). From this, calculate the
required weight of added water (Column 3).

Subsequent shipments of aggregates may have different
moisture contents. It will be nccessary, therefore, to adjust
the batch weights of materials to maintain a yield of -27
cu.ft. This is done by adjusting the weights of aggregates
from the dry condition to the new moisture conditions.

Assume thal the new moisturc conditions are 2 and 4
percent for coarse and fine apgregates, respectively. To cal-
culate the adjusted weights, the specific gravity factors for
the dry state and the new maisture conditions will be re-
quired. Assume that the specific gravity factors have been
determined as 1.35 and 1.97 for the new moisture condi-
tion, for coarse and fine aggregates, respectively.

Adjustments for new moisture conditions {Table 3}

Step 76. Maintain constant the weight of cement and the
displaced volumes of cement and air.

Step 17. Calculate the weights of aggregates for the new
moisture cenditions (Column 5).

Step 78. Calculate the displaced volumes of aggregates (Col-
umn 6}, using the specific gravity factors of 1.35 and
1.97 for the new moisture conditions.

Step 19. Calculate the required displaced volume of added
water (Column 6). From this, calculate the required
weight of added water (Column 5).

Adjustment for change in cement content. Two more
trial mixes should be made with approximate cement con-
tents of 700 and 800 1b. per cubic yard. Much of the trial-
and-error work can be simplified by using the proportions

cement. obtained from the first trial mix. The mix proportions will
Table 3. Adjustments for Changes in Aggregate Moisture Conditions
1 2 3 4 5 . 6
Batch progortions Converted batch proportions Adjusted batch proportions
{damp aggregates) (dry aggregates) {aggregates in new moisture condition}
Weight, Displaced vol., Weight, Displaced val., Weight, Displaced vol.,
Ih. cu.ft. Ib. cu.ft. Ib. cu .ft.
Cement 552 2.81 281 552 2.81
Air 1.62 1.62 1.62
717 683 _ _ 897 _
Coarse aggregate 717 8.38 105 EFax 13" 8.17 683 X 1.02 =697 574X 1.35 8.27
Lo 894 _ B28 _ _ _8&1 _
Fine aggregate 894 7.35 108" 828 BaX 195" 6.67 B28 X 1.04 = 861 524X 197 7.00
Water 427 6.84 7.73X 624 =482 27.00 - 19.27=171.73 7.30 X 62.4 = 456 27.00—19.70=7.30
Total 27.00 27.00 27.00



have to be adjusted to compensate for the increase in ce-

ment content by a corrcsponding decrease in fine aggregate

content. The procedurc is ¢xplained in the following steps

and shown in Table 4.

Step 20. Maintain constant the weights and volumes dis-
placed by dry coarse aggregate, air, and water, shown in
Columns 3 and 4 of Table 3. Transfer these values to
Columns 1 and 2 of Table 4.

Step 27. Calculate the volume dispiaced by new cement
content (Column 4).

Step 22, Calculate the required displaced volume of dry
fine aggregate as the dilference between 27 cu.ft. and
the total of the displaced volumes of cement, air, coarse
aggregate, and water (Column 4)}.

Step 23. Calculate the required weight of dry fine aggregate
from the displaced volume determined in Step 22, using
the value of its specific gravity factor for the dry state
(Column 3).

Step 24. Convert the weight of dry fine aggregate to the
weighi at the original moisture condition {Column 5).
Calculate the displaced volume of damp fine aggrepate
(Column 6).

Step 25. Calculate the required volume of added water
(Column 6). From this, calculate the required weight of
added water (Column 5).

Adjustments for changes in proportion of fine aggregate,
slump, ar air content. Minor changes in proportion of fine
to total aggregate, in slump, or in air content sometimes
may be desired. These changes will necessitate correspond-
ing adjustments in mix proportions to maintain yield and
other characteristics constant. The following rules of thumb
may be used as a guide:

1. For cach 1 percent increase (or decrease) in the
percentage of fine aggregate to total aggregate, increase (or
decrease) water by approximaltely 3 Ib. and cement content
by 1 percent per cubic yard.

2. For each 1 in. increase (ur decrease) in slump,

increase (or decrease) water by approximately 10 1b. and
cement content hy 3 percent per cubic vard. Somewhat
more water and correspondingly more cement will be re-
quired when the initial slump is less than 3 in.

3. For cach 1 percent increasc (or decrease) in air
content, decrease (or increase) water by approximately 5
1b. per cubic yard and increase (or decrcase) cement con-
tent by 2 percent per cubic yard. The adjustment in ccment
content may be smaller in lean mixes.

To calculate the adjustments, use the mix proportions
that are based on dry aggregates. Maintaining the coarse
agpregate constant, the quantitics of cement, air, or water
are increased or decreased according to the rules of thumb
given above. These adjustments may result in an increase or
a decrease in the tolal displaced volume. To maintain the
origina! volume, the proportion of fine aggregate should be
decreased or increased accordingly.

Example. Assume that the proportions given in Columns
3 and 4 of Table 4 should be adjusted to decrease the slump
by 2 in. and increase air content by 2 percent.

From rule of thumb 2:

Decrease in slump of 2 in. will requirc 2 X 10 = 20 ib.
decrease in water, and 2 X0.03 X 700 = 42 |b. decrease in
cement per cubic yard.

From rule of thumb 3:

Two percent increase in air content will require 2 X 5 =
10 Ib. decrease in water and 2 X 0.02 X 700 = 28 |b.
increase in cement per.cubic yard.

The total decrease in water will be 20+ 10 = 301b., and
the total decrease in cement will be 42 — 28 = 14 Ib.; the
increase in air content will be 0.02 X 27.00= 0.54 cu.ft.

Calculation of the adjustments is shown in Table 5. Col-
umns 1 and 2 are the proportions given in Columns 3 and 4
of Table 4.

Adjustment of fine aggregate in Columns 3 and 4 is
according ta Steps 22, 23, and 24, and adjustment of fine
aggregate and water in Columns 5 and ¢ is according to
Siep 25.

Table 4. Adjustment of Proportions for Change in Cement Content

1 2 3 4 5 [}
Values from Col. 3 and 4 Adjusted proportions Converted proportions
of Table 3 {dry aggregates) {damp aggregates)
Weight, Displaced vol., Weight, Displaced vol., Weight, Displaced vol .,
Ib. cu.ft. k. cu fr. Ib. cu.ft.
C t 552 2.81 700 790 _ 356 700 36
emen . 624X 315 7 80
Air 1.62 162 162
Co. t 683 8.17 683 8.17 683 X 1.06 =717 Jl—*Bag
arse aggregate . ’ : 624X 137
Fine aggregate 828 667 | 592X 624X 1.09=735 | 2700 —21.08=592 | 735X 1.08 = 794 62—47251—9? =653
Water 482 7.73 482 773 690X 624=431 ] 22.00—20.10= 690
Total 27.00 27.00 27.00




Table 5. Adjustment of Proportions for Change in Air Content and Slump

1 2 3 4 5 6
Values from Col. 3 and 4 Adjusted proportions Converted proportions
of Table 4 {dry aggregates) {damp aggregates)
Weight, Displaced vol., Weight, Displaced vol., Weight, Displaced vol.,
Ib. cu.ft. Ib. cu ft. Ib. cu.ft.
7 356 700 — 14 = 686 i‘=349 686 349
Cement 0o : 824X 3156 :
Air l 1.62 162 +054=2.16 2.16
o 717
Coarse aggregate 683 B8.17 683 8.17 | 8B3X 1.06=717 PYVEE 8.39
o 797
Fine aggregate 736 502 |594X 624X 199=738 | 27.00—21.06=5.94 | 738X 1.08=1797 74X 195 = 6.56
462 _ B
Water 482 1.73 482 — 30 = 452 624 =7.24 | 6.41 X 62.4 =400 | 27.00 —20.59 = 6.4}
Total 27.00 27 .00 27.00
FIELD OPERATIONS AND CONTROL Mixing
A universally applicable mixing procedure cannot be estab-
Stockpiling lished because of differences in aggregate characieristics.

Lightweight aggregates require the same care in stockpiling
as do normal-weight agpregates. If clamshell buckets are
used in stockpiling, they should not discharge tightweight
aggregates from substantial heights. Prewetting limits or
prevents loss of fine aggregates and minimizes segregation.

Maisture Control

The uniformity and quality of lightweight concrete are
dependent on the uniformity of moisture content of aggre-
gates. If moisture varies in aggregates at the time of batch-
ing, slump, yield, and uniformity may be difficult to con-
trol. The absorptive properties of some lightweight aggre-
gates may require prewetling to as uniform a moisture con-
tent as possible or premixing of the aggrepates with water.
Prewetted aggregates should remain in the stockpiles for a
minimum of [2 hours before use to prevent excessive varia-
tions in moisture content. The moisture content of aggre-
gates should be known and aggregate batch weights should
be adjusted to compensate for changes in absorbed water.

To compensate for water absorption by the aggregate,
sufficient water should be added to the mix at the batch
plant ta produce the required slump at the jobsite. If the
quantity of water added to the mix produces less than the
required slump, additional water may be added at the job-
site to satisfy slump requirements.

Properly prewetted aggregates absorb less mixing water
and reduce the possibility of loss in slump during mixing,
transporting, and placing. Because absorption character-
istics of lightweight aggregates differ, the aggregate pro-
ducer’s recommendations concerning the method and ex-
tent of prewetting should be followed. '
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Recommended mixing procedures of aggregate producers
should be followed, if available. It may be necessary to
make trials using different procedures to determine the best
method for any given set of conditions.

Lightweight concrete may be batched and mixed in the
same way as normal-weight concrete when the aggregates
have less than 10 percent total absorption by weight (as
determined by ASTM C127) or absorb less than 2 percent
by weight in the first hour after immersion in water, based
on aggregates tested at the minimum moisture content
likely to occur at the batch plant. Apgregates usually are
prewetted to obtain this minimum moisture condition.

It is generally recommended that mixing be done in two
stages if the aggregates do not meet the above limits. In the
first mixing stage, the mixer should be charged with about
two-thirds of the total mixing water and all of the aggre-
gates. The air-entraining or other admixture, if any, cement,
and remaining water to bring the mix to the desired slump
arc added in the second mixing stage.

For truck mixers, the first stage should continue for %
minute (5 to 10 revolutions) to 1% minutes (15 to 30 revo-
lutions) at top mixing speed, depending on the initial mois-
ture content of the aggregates, or until the initial water
demand of the aggregates is satisfied. The ingredients
should be mixed for an additional 60 to 70 revolutions in
the second stage. Immediately prior to discharge, the truck
mixer should be rotated at top mixing speed for a minimum
of 1 minute in order to minimize segregation.

For stationary mixers, initial mixing should continue for
30 seconds or until the initial water demand of the aggre-
gates ‘s satisfied. Then, after the remaining ingredients are
added, mixing should continue for at least I minute in
mixers with a capacity of 1 cu.yd. or less. Mixing time for
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larger mixers should be increased 15 seconds for each addi-
tional cubic yard of capacity or fraction thereof. Mixing
time may be reduced if mixer performance tests conducted
in accordance with ASTM C94 or CSA A23.1, Clause 12,
show that the concrete as discharged is adequately uniform
with the shorter mixing time.

Joi Contral

To ensure the uniformity ol lighiweight concrete, the
cement content, slump, and volume of dry aggregate per
cubic yard of concrete should be kept constant. Fresh unit
weight, air content, and slump tests should be made fre-
quently. The unit weight of freshly mixed lightweight con-
crete is correlated with the 28-day (design) air-dry unit
weight and used as a basis for placement control and
acceptance during construction.

A change in unit weight will reveal a discrepancy in
yield. It will also indicate an error in batching, a change in
air content, or a change in aggregate volume. A change in
aggregate volume may be caused by a change in the specific
gravity factor, which is a function of gradation, moisture
content, and density of the aggregate.

A change in slump may be indicative of a change in air
content, in moisture content of the aggregates, or in grada-
tion or density.

Results of tests for unit weight, gradation, and moisture
content generally reveal the cause of the change and indi-
cate corrective measures. Variations in excess of *2 percent
in fresh unit weight generally will necessitate an adjustment
in batch weights. Variations in air content should not
exceed *1.5 percent of a specified value to avoid adverse
effects on compressive strength, workability, or durability.

Sampling and testing should be performed in accordance
with the following ASTM or CSA standard methods:

a. ASTM C172 (CSA A23.2.21), Method of Sampling
Fresh Concrete.

b. ASTM C143 (CSA A23.2.20), Test for Slump of
Portland Cement Concrete.

c. ASTM C567, Test for Unit Weight of Structural
Lightweight Concrete.

d. ASTM C173 (CSA A23.2.18), Test for Air Content
of Freshly Mixed Conerete by the Volumetric Method.

¢. ASTM C31 (CSA A23.2.14), Meihod of Making
and Curing Concrete Compressive and Flexural Strength
Test Specimens in the Field.

f. ASTM C39 (CSA A23.2.13), Test for Compressive
Strength of Molded Concrete Cylinders.

Placing, Finfshing, and Curing

The basic principles and techniques required to secure a
satisfactory lightweight concrete job are similar to those
applicable to normal-weight concrete:

1. The mix should be workable and utilize a mini-
mum amount of water.

2. The equipment to place and consolidate the con-
crete should be adequate and properly used to ensure good
quality workmanship.

Placing well-proportioned lightweight concrete generally

requires less effort than normal-weight concrete. The con-
crete should generally be deposited in layers of [0 to 16 in.
because of greater difficulty in eliminating entrapped air
buhbles in lightweight concrete. Overvibration and over-
working of the surface should be avoided, as they will tend
to bring the lighter coarse aggrepate to the surface and drive
the heavier mortar away from the surface. Proper finishing
of lightweight concrete floors can be obtained as follows:

1. Prevent scgregation by providing a well-propor-
tioned, cohesive mix, by keeping the slump as low as pos-
sible, limiting it to a maximum of 4 in., and by avoiding
overvibration.

2. Use magnesium, aluminum, or other satisfactory
tools that minimize surface tearing and pullouts. Vibrating
screeds and jitterbugs may be used to advantage in depress-
ing coarse particles and developing a good mortar surface
for floating and trowelling.

3. Perform all finishing operations after free bleeding
water has disappeared from the surface.

Ultimate performance of the conerete will be in propor-
tion to the adequacy of curing. Curing should begin as
quickly as possible after completion of the final finishing
operation. The two methods commonly used in the field
are water curing (ponding, sprinkling, or using wet cover-
ings), and preventing loss of moisture from the exposed
surfaces (covering with waterproof paper, plastic sheets, or
sealing with liquid membrane-forming compounds). Gener-
ally, 7 days of curing are adequate for ambient air tempera-
tures {rom S0 to 70 deg.F.; and 5 days for temperatures
over 70 deg.F.

APPENDIX
DETERMINATION OF
SPECIFIC GRAVITY FACTORS
OF STRUCTURAL LIGHTWEIGHT CONCRETE

Methods presented here describe procedures for determin-
ing the specific gravity factors of lightweight aggregates,
either dry or moist:

Pycnometer Method for Fine and Coarse
Lightweight Aggregates

Apparatus.

(a) A pycnometer consisting of a narrow-mouth 2-qt.
Mason jar with a spun-brass pycnometer top (Soiltest
G-335, Humboldt H-3380, or equivalent).

{b) A balance or scale having a capacity of at least 5 kg.
and a sensitivity of 1 g.

(c) A water storage jar of about 5 gal. capacity, for
maintaining water at room temperature.

{d) Isopropy! (rubbing) alcohol and a medicine dropper.

Calibration of the pycnometer. The pycnometer is filled
with water and agitated to remove any cntrapped air. The
filled pycnometer is then weighed and the weight (weight B

_in grams) is recorded.

1



Sampling procedure. Representativé samples of about 2
to 3 cu.ft. of each size of aggregate should be obtained
from the stockpile and put through a sample splitter or
quartered until the correct size of sample desired has been
obtained. During this operation with damp aggregates, cx-
treme care is necessary (o prevent the aggregales from dry-
ing. The apgregate sample should occupy 1/2 te 2/3 of the
volume of the 2-gt. pycnometer.

Test procedure. Two representative samples should be
obtained of each size of lightweight aggregate to be tested.

The first is weighed, placed in an oven at 103 to 110
deg.C. (221 to 230 deg.F.), and dried to constant weight.
“Frying pan drying” to constant weight is an acceptable
field expedient. The dry aggregate weight is recorded and
the agpregate moisture content (percent of aggregate dry
weight, 100 m.) is calculated.

The second aggregate sample is weighed (weight C in
grams). The sample is then placed in the empty pycnometer
and water is added until the jar is 3/4 Iull. The time of
water addition should be noted.

The air entrapped between the aggregate particles is re-
moved by rolling and shaking the jar. During agitation, the
hole in the pycnometer top is covered with the operator’s
finger. The jar is then {illed and again agitated to climinate
any additional entrapped air. I’ foam appears during the
agitation and prevents the complete filling of the pycnom-
eter with water at this stage, a minimum amount of the
isopropyl alcchol should be added with the medicine drop-
per to eliminate the foam. The water level in the pycnom-
eter must be adjusted to full capacity and the exterior sur-
faces of the jar must be dricd before weighing.

The pycnometer, thus filled with sample and water, is
weighed (weight A in grams) after 5, 10, and 30 minutes of
sample immersion to obtain complete data, and the weights
at these times are recorded.

Calculation. The pycnemeter specific gravity factor, §,
after any particular immersion time, is calculated by the
following formula:

C
5= C¥B—4
where
A = weight of pycnometer charged with aggregate and
then fiiled with water, g.
B = weight of pycnometer filled with water, g.
C = weight of aggregate tested, moist or dry, g.

Buoyancy Methods far Coarse Aggregates

If larger test samples of coarse aggregate than can be evalu-
ated in the pycnometer are desired, coarse aggregale speci-
fic gravity factors may be determined by the wholly equiva-
lent weight-in-air-and-water procedures described in ASTM
C127. The top of the container used for weighing the aggre-
gates under water must be closed with a screen to prevent
light particles from floating away from the sample.

Specific gravity factors by this method are calculated by
the equation:

12

. . C
Specific gravity factor, § C—F
where ]
C = same as above (the weight in air)
E = weight of coarse agpregate sample under water, g.
S§ = specific gravity factor, equal (by the theory of the
method) to the pyenameter specific gravity factor

REFERENCES

Shideler, J. J., Lightweight aggregate Concrete for Struc-
turel Use, Bulletin D17, Research and Development Labora-
tories, Portland Cement Association, 1957.

Neison, G. H., and Frei, O. C., “Lightweight Structural
Concrete Proportioning and Control,” Proceedings, Ameri-
can Concrete Institute, Vol. 54, January 1958, pages
605-621.

Lewis, D. W., “Lightweight Concrete Made with Expanded
Blast Furnace Slag,” Proceedings, American Concrete Insti-
tute, Vol. 55, November 1958, pages 619-633.

Guide Specifications for Structural Lightweight Concrete,
Lightweight Concrele Information Sheet No. 11, Expanded
Shale, Clay and Slate Institute, 1961.

Shideler, J. J., Manufacture and Use of Lightweight Aggre-
gates for Structural Concrete, Bulletin D40, Research and
Development Laboratories, Portland Cement Association,
1961,

Hanson, J. A., Tensile Strength and Diagonal Tension Re-
sistance of Structural Lighrweight Concrete, Bulletin D50,
Research and Development Laboratories, Portland Cement
Association, 1961.

Klieger, Paul, and Hanson, J. A., Freezing and Thawing
Tests of Lightweight Aggregate Concrete, Bulletin 121,
Research and Development Laboratories, Portland Cement
Association, 1961.

Reichard, T. W., Creep and Drying Shrinkage of Light-
weight and Normal-Weight Concretes, Monograph 74,
National Bureau of Standards, 1964.

Hanson, J. A., Replacement of Lightweight Aggregate Fines
with Natural Sand in Structural Concrete, Bulletin D80,
Research and Development Laboratories, Portland Cement
Association, 1964.

Workability is Fasy, Lightweight Concrete Information
Sheet No. 1, Expanded Shale, Clay and Slate Institute,
1965.

Suggested Mix Design for Structural Lightweight Concrete,
Lightweight Concrete Informalion Sheet No. 3, Expanded
Shale, Clay and Slate Institute, 1965.

Eandgren, R.; Hanson, J. A.; Pfeifer, D. W., An Improved
Procedure for Proportioning Mixes of Structural Lighi-
weight Conerete, Bulletin 183, Research and Development
Laboratories, Portland Cement Association, 1965.



Lewis, D. W., “Lightweight Concrete and Aggregates,”
ASTM STP169-A, Significance of Tests and Properties of
Concrete and Concrete-Making Materials, American Society
for Testing and Materials, 1966, pages 359-375.

Floor Finishing, Lightweight Concrete Information Sheet
No. 7, Expanded Shale, Clay and Slate Institute, 1966.

“Guide for Structural Lightweight Aggrcgate Concrete,”
ACI Committee 213 Report, Proceedings, American Con-
crete Institute, Vol. 64, August 1967, pages 433-469.

Brewer, H. W., General Reletion of Heat Flow Factors to
the Unit Weight of Concrete, Bulletin D114, Research and
Development Laboratories, Portland Cement Association,

1967.

Pfeifer, D. W., and Hanson, J. A., Sand Replacement in
Structural Lightweight Concrete—Sintering Grate Aggre-
gates, Bulletin D115, Research and Development Labora-
tories, Portland Cement Association, 1967.

Pfeifer, D. W., Sand Replacement in Structural Lightweight
Concrete—Splitting Tensile Strength, Bulletin D120, Re-
secarch and Development Laboratorics, Portland Cement
Association, 1967.

Pfeifer, D. W., Sand Replacement in Structural Lightweight
Concrete—Freezing and Thawing Tests, Bulletin D126,

Research and Development Laboratories, Portland Cement
Association, 1967.

“Recommended Practice for Selecting Proportions for
Structural Lightweight Concrete,” (ACL 211.2-69), ACI
Committee 211 Report, Proceedings, American Concrete
Institute, Vol. 63, January 1968, pages 1-19.

Pfeifer, D. W., Sand Replacement in Structural Lightweight
Concrete—Creep and Shrinkage Studies, Bulletin D128,
Research and Development Laboratories, Portland Cement
Association, 1968,

Hanson, J. A., Effects of Curing and Drying Environments
on Splitting Tensile Strength of Concrete, Bulletin D141,
Research and Development Laboratories, Portland Cement
Association, 1968.

Thermal Insulation of Various Walls, Lightweight Concrete
Information Sheet No. 4, Expanded Shale, Clay and Slate
Institute, 1969.

Pteifer, D. W., Fly Ash Aggregate Lightweight Concrete,
Research and Development Bulletin RD003.01T, Portland
Cement Association, 1969.

Pfeifer, D. W., and Meinheit, D. F., “Structural Lightweight
Agpgregate Concrete—Modulus of Elasticity,” Portland
Cement Association (Unpublished).

13



This publication is based on the facts, tests, and authorities stated
herein. It is intended for the use of professional personne! compe-
tent to evaluate the significance and limitations of the reported
findings and who will accept responsibility for the application of the
material it contains. The Portland Cement Association disclaims any
and all responsibility for any other application of the stated prin-
ciples or for the accuracy of any of the sources on which this
publication is based.
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KEY WORDS: absorption, air entrainment, concrete, creep, density, ex-
panded clay agprepates, expanded shale aggregates, expanded slate aggregates,
expanded slag aggregates, lightweight concretes, mix proportioning, modulus
of elasticity, moisture, rotary kilns, shrinkage, sintering, thermal insulation.

ABSTRACT: Deals with concrete having 28-day compressive strength in ex-
cess of 2,500 psi and an air-dry unit weight of less than 115 Ib. per cubic
foot. Various methods of manufacturing lightweight aggregates are defined.
Properties of these aggregates are discussed. The sheet outlines the properties
of lightweight concrete in the plastic and hardened states. Procedures for mix
design are detailed. Field operations and control are briefly discussed.

REFERENCE: Structural Lighrweight Concrete (18032.05T), Portland
Cement Association, 1972. Reprinted in 1986.
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