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CHAPTER 3 - PHYSICAL PROPERTIES OF STRUCTURAL 

LIGHTWEIGHT AGGREGATE 
 

3.0  Introduction 
 

This chapter provides definitions, basic physical properties, ASTM Standards and 

Specifications.  The methodology for determining the fractional parts of an aggregate 

particle, pores versus solids and interstitial voids in the bulk volume are shown.  How 

these individual parts influence concrete moisture dynamics and aggregate absorption 

characteristics are analyzed. 

 

This chapter provides specific terminology that is essential for a physical 

understanding and methodical calculation of various degrees of saturation.  Information 

is also provided on alkali-aggregate reaction test methods and available data on the 

results of testing programs. 

 

3.1 Definition of Lightweight Aggregates 
 

Lightweight aggregate is the generic name of a group of aggregates having a relative 

density lower than normal density aggregates (natural sand, gravel, and crushed stone), 

sometimes and is referred to as low density aggregate. 

 

Structural lightweight aggregate-Structural aggregate meeting the requirements of 

ASTM C 330 with bulk density less than 70 lb/ft³ (1120 kg/m³) for fine aggregate and 

less than 55 lb/ft³ (880 kg/m³) for coarse aggregate.  This includes aggregates prepared 

by expanding, pelletizing, or sintering products such as blast-furnace slag, clay, fly ash, 

shale, or slate, and aggregates prepared by processing natural materials such as pumice, 

scoria or tuff. 

 

Masonry-lightweight aggregate-Aggregate meeting the requirements of ASTM C 331 

with bulk density less than 70 lb/ft³ (1120 kg/m³) for fine aggregate and less than 55 

lb/ft³ (880 kg/m³) for coarse aggregate.  This includes aggregates prepared by 

expanding, pelletizing, or sintering products such as blast-furnace slag, clay, diatomite, 

fly ash, shale, or slate; aggregates prepared by processing natural materials such as 

pumice, scoria, or tuff; and aggregates derived from and products of coal or coke 

combustion. 

 

Insulating aggregate – Nonstructural aggregate meeting the requirements of ASTM C 

332.  This includes Perlite with a bulk density between 7.5 and 12 lb/ft³ (120 and 192 

kg/m³), and Vermiculite with a bulk density between 5.5 and 10 lb/ft³ (88 and 160 

kg/m³), as well as aggregate that meets the requirements of ASTM C 330 and ASTM C 

331. 

 

This chapter primarily addresses structural lightweight aggregates and does not include 

cellular or foam concrete, where lighter weight is developed primarily by inclusion of 

large amounts of air or gas through foaming-type agents.  Requirements for structural 
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lightweight aggregates are covered in ASTM C 330 ―Standard Specification for 

Lightweight Aggregates for Structural Concrete”, C 331 ―Standard Specification for 

Lightweight Aggregates for Concrete Masonry Units”, and C 332 ―Standard 

Specification for Lightweight Aggregate for Insulating Concrete”. 

 

3.2 Particle Shape and Surface Texture 
 

Depending on the source and the method of production, lightweight aggregates exhibit 

considerable differences in particle shape and texture. Shapes may be cubical, rounded, 

angular, or irregular (Fig. 3.1 and 3.2). Textures may range from fine pore, relatively 

smooth skins to highly irregular surfaces with large exposed pores. 

 

Particle shape and surface texture can directly influence the finished products.  Shape 

and texture of aggregates influence workability, coarse-to-fine aggregate ratio, cement 

content requirements, and water demand in concrete mixtures, as well as other physical 

aspects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1  Lightweight Particle 
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Figure 3.2  Structural ESCS lightweight aggregate that is composed of a strong, 

ceramic, vitreous material encapsulating a system of general non-interconnected 

pores.  Although, the particle density is approximately 1/2 of natural aggregates this 

aggregate when used in concretes and geotechnical application provides the usual 

structural strengths, stability and durability. 

 

 

3.3  Grading Lightweight Aggregate for Concrete 
 

Grading requirements are generally similar to those provided for normalweight 

aggregate with the exception that lightweight aggregate particle size distribution permits 

a higher weight through smaller sieves. This modification recognizes the increase in 

relative density typical for the smaller particles of most lightweight aggregates, and that 

while standards are established by weights passing each sieve size, ideal formulations 

are developed through volumetric considerations. 

 

For normalweight aggregates, the relative density of fractions retained on the different 

sieve sizes are nearly equal.  Percentages retained on each size indicated by weight give 

a true indication of percentages by volume.  However, the relative density of the various 

size fractions of lightweight aggregate usually increases as the particle size decreases.  

Some coarse aggregate particles may float on water, whereas material passing a No. 100 

sieve (0.015 mm) may have a relative density approaching that of normalweight sand.  It 

is the volume occupied by each fraction, and not the weight of material retained on each 

sieve that determines the void content and influences the workability of the concrete.  

Percentages retained on each sieve and fineness modulus, by weight and by volume, are 

computed for comparison in the example illustrated in Table 3.1. 
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Table 3.1  Comparison of fineness modulus by weight and volume for typical 

lightweight aggregate. 
Sieve 

Size 

No. 

Opening 

in. (mm) 

Percent 

Retained 

By 

weight 

Cumulative 

Percent 

Retained by 

weight 

Relative 

Density 

SSD 

Basis 

Percent 

Retained 

By  

Volume 

Cumulative 

Percent 

Retained by 

volume 

4 0.187 (4.75) 0 0 ---- 0 0 

8 0.0937 (2.38) 22 22 1.55 26 26 

16 0.0469 (1.19) 24 46 1.78 25 51 

30 0.0234 (0.59) 19 65 1.90 19 70 

50 0.0117 (0.30) 14 79 2.01 13 83 

100 0.0059 (0.15) 12 91 2.16 10 93 

Pan ---- 9 100 2.40 7 100 

Fineness modulus (by weight) 3.03 fineness modulus (by volume) = 3.23 

 

A fineness modulus of 3.23 by volume as shown in Table 3.1 indicates a considerably 

coarse grading than that normally associated with the fineness modulus of 3.03 by 

weight.  Therefore, lightweight aggregates require a larger percentage of material 

retained on the finer sieve sizes on a weight basis than do normalweight aggregates to 

provide an equal size distribution by volume. 

 

The use of normalweight sand usually results in some increased in strength and modulus 

of elasticity.  These increases, however, are made at the sacrifice of increased density.  

The mixture proportions selected, therefore, should consider these properties in 

conjunction with the corresponding effects on the overall economy of the structure. 

 

 

Structural lightweight aggregate producers normally stock materials in several standard 

sizes that include coarse, intermediate, and fine gradings. 

 

By combining size fractions or by replacing some or the entire fine fraction with 

normalweight sand, a wide range of concrete densities may be obtained.  Aggregates for 

structural lightweight concrete usually have a top size of minus 3/4 in. or minus 1/2 in.  

Most lightweight concretes use a lightweight coarse aggregate 3/4 in. to #4 mesh (1/2 - 

#8) with ordinary sand, minus #4 mesh (minus 4.8 mm), however other combinations of 

LWA and natural aggregate are used. 

 

Aggregate for lightweight concrete masonry units are normally sized minus 3/8 in. (9.5 

mm).  This aggregate is usually the crushed variety because of improved machining 

characteristics and the zero slump concrete mix is drier than that for fresh structural 

concrete. 

 

 

The aggregate producer is the best source of information for the proper aggregate 

combinations to meet fresh concrete density specifications and equilibrium density for 

dead load design considerations. 
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3.4 Relative Density of Aggregate Particles 
 

Structural Lightweight Aggregate has a low particle density due to the internal cellular 

pore system.  The cellular structure within the particles is developed by heating certain 

raw materials to high temperatures to the point of incipient fusion, at which time gases 

are evolved within the pyroplastic mass, causing expansion that is retained upon 

cooling.  Strong, durable, ceramic lightweight aggregates contain a relatively uniform 

system of pores that have a size range of approximately 5 to 300 μm enveloped in a 

high-strength vitreous phase.  Pores close to the surface are readily permeable and fill 

within the first few hours of exposure to moisture.  Interior pores, however, fill 

extremely slowly.  A fraction of the interior pores are essentially non interconnected and 

may remain unfilled after years of immersion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Scanning Electron Microscopy of Mature  

Lightweight Concrete showing the lightweight aggregate particle. 

Sample taken from the Cossakie Bridge deck, New York thruway (Holm et. al. 1984). 
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The particle density of an aggregate is the ratio between the mass of the particle material 

and the volume occupied by the individual particles.  This volume includes the pores 

within the particle, but does not include voids between the particles (Fig. 3.4).  In 

general, the volume of the particles is determined from the volume displaced while 

submerged in water.  Penetration of water into the aggregate particles during the test is 

limited by the aggregate’s ceramic like matrix which inhibits water absorption 

particularly to the interior vesicles. 

 

The oven-dry density of an individual particle depends both on the density of the solid 

vitreous material and the pore volume within the particles, and generally increases when 

particle size decreases.  After pulverizing in a jar mill over an extended period, the 

relative density of the poreless, solid ceramic material was determined to be 2.60 by 

methods similar to those used in measuring the relative density of cement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Schematic of Dry Lightweight Aggregate 

 

 

 

3.5 Aggregate Bulk Density 
 

Aggregate bulk density is defined as the ratio of the mass of a given quantity of material 

and the total volume occupied by it. This volume includes the voids between, as well as 

the pores within the particles.  Bulk density is a function of particle shape, density, size, 

gradings, and moisture content, as well as the method of packing the material (loose, 

vibrated, rodded) and varies not only for different materials, but for different sizes and 

gradations of a particular material. Table 3.2 summarizes the maximum bulk density for 
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lightweight aggregates listed in ASTM C 330 and ASTM C 331.  ASTM C 332  

provides minimum density requirements for perlite and vermiculite to limit over-

expanded, weak particles that would break down in mixing. 

 

 
TABLE 3.2—Requirements of ASTM C 330, C 331, and C 332 for Dry Loose Bulk Density of 

Lightweight Aggregates. 

Aggregate Size and Group Maximum Dry Loose Bulk Density 

kg/m3 (lb/ft3) 

Minimum Dry Loose Bulk Density 

kg/m3 (lb/ft3) 

ASTM C 330 AND C 331 

fine aggregate 

 

  1120 (70) 

 

... 

coarse aggregate   880 (55) ... 

combined fine and coarse aggregate   1040 (65) ... 

ASTM C 332   

Group 1   

Perlite   196 (12)   120 (7.5) 

Vermiculite   160 (10)   88 (5.5) 

Group 2   

fine aggregate   1120 (70) ... 

coarse aggregate   880 (55) ... 

combined fine and coarse aggregate   1040 (65) ... 
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The relationship between the particle relative density and the bulk density of an 

aggregate sample is illustrated in Fig. 3.5 for a hypothetical lightweight aggregate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5.  Schematic Representation of Bulk Volume, Interparticle 

Voids and Internal Particle Pores Showing Fractional Volumes  

of the bulk density of lightweight aggregate 
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3.6 Moisture Dynamics 
 

The non-steady state exchanges of moisture in and out of particles of lightweight 

aggregate may be separated into two distinctly different processes.  The first is when 

LWA is immersed in water (or another fluid) and continuously absorbs water initially at 

a high rate, then at a significantly reduced rate that decreases with time to a rate so slow 

that it takes years to conclude. 

 

The second mechanism is characterized as ―sorption‖ in which the moisture exchange is 

between the surface of the lightweight aggregate particle and the surrounding medium 

(air at differing relative humidity or hydrating cement paste in concrete).  ACI 116 

defines surface moisture (or adsorbed moisture) as free water retained on the surfaces of 

aggregate particles and considered to be part of the mixing water in concrete, as 

distinguished from absorbed water. 

 

Adsorption – ―Adsorption is considered to occur when a relatively dry material retains 

or takes up water in a vapor form from a surrounding atmosphere‖. and; 

 

Desorbtion – ―Desorbtion is the loss of adsorbed water [surface water] to a drying 

atmosphere‖ (Landgren, 1964). 

 

If desorbtion is taking place then the internal (absorbed) moisture will gradually move 

to the surface and behave like surface moisture to further exchange with the surrounding 

medium. 

 

The mechanism of the absorbtion of water into immersed or continuously prewet 

lightweight aggregate is widely understood and accounted for.  The loss of moisture 

from LWA with an extremely high degree of saturation, when laid on the floor of a 

laboratory will lose all but a small percentage of its absorbed water within two days, is 

not equally well known or appreciated.  Lightweight aggregate is not significantly 

hydrophilic (having a strong affinity for water).  Water is moved relatively slowly in 

and out of the aggregate by capillary pores. 

 

When surrounded by a fine pore matrix (hydrating cement paste – smaller pores less 

than one micron) the large sized pores of a structural lightweight aggregate (typically 

from 5 to 300 microns) will have their moisture content lowered due to the ―wicking‖ 

action of the fine capillary pore system because of the hydrophilic action of the 

hydrating cement paste.  The rate of wicking slows as the cement hydrates and the 

capillaries close off.  See appendices F (Valore, 1988) and G (Landgren, 1964) for 

sorption curves of lightweight aggregate, hydrated cement paste and bricks. 

 

However, soon after set, when the microporous structure of the hydrated cement paste 

develops, the moisture in the lightweight aggregate will serve as a reservoir for 

supplying the moisture necessary for providing the curing conditions essential for full 
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hydration of the cement, this is commonly referred to as internal curing.  As shown in 

Landgren’s paper this emptying of water from the LWA will start as soon as the cement 

paste requires extra water to continue the hydration process.  Because the water is in 

relatively coarse pores it is readily available to be drawn into the significantly finer 

pores in the cement paste.  Capillary forces increase as capillary size decrease, 

essentially the water inside the lightweight aggregate acts as a readily available source 

of moisture to extend moist curing.  In part or in whole it compensates for moisture lost 

from the concrete during exposure to air drying.  It is extremely beneficial in 

maintaining longer periods of hydration (Internal Curing) essential to improvements in 

the aggregate/matrix contact zone.  Internal curing will also bring about a significant 

reduction of permeability by extending the period in which additional products of 

hydration are formed in the pores and capillaries of the binder. 

 

Absorption Characteristics 

 

Due to their cellular structure, lightweight aggregates absorb more water than their 

ordinary aggregate counterparts.  Based upon a 24-hour absorption test conducted in 

accordance with the procedures of ASTM C 127 and ASTM C 128, structural-grade 

lightweight aggregates will absorb from 5 to more than 25 percent moisture by mass of 

dry aggregate.  By contrast, ordinary aggregates generally absorb less than 2 percent of 

moisture.  The important distinction in stockpile moisture content is that with 

lightweight aggregates the moisture is largely absorbed into the interior of the particles, 

whereas with ordinary aggregates it is primarily surface moisture.  Recognition of this 

difference is essential in mixture proportioning, batching, and control.  Rate of 

absorption is unique to each lightweight aggregate, and is dependent on the 

characteristics of pore size, continuity, and distribution, particularly for those pores 

close to the surface.   

 

When the lightweight aggregate is used in a concrete mixture the internally absorbed 

water within the particle is not immediately available for chemical interaction with 

cement as mixing water, and as such, does not enter into water-cement ratio (W/Cm) 

calculations.   

 

As can be seen in Fig. 3.6 the rate of absorption can be divided into four regimes. 
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Figure 3.6 Absorption vs. Time for typical structural grade 

ESCS lightweight aggregate 

 

Region A.  Rapid entry of water by capillary absorption by close to surface 

pores within the first few hours. 

Region B.  Very slow diffusion into interior pores. 

Region C.  When the moisture content is approximately equal to that obtained 

by ASTM procedure (24 hour immersion), then the slope of the line reflecting 

further absorption represents the very slow process of diffusion.  This is the basis 

for providing accurate relative density values during the relatively short time 

used to conduct pycnomter tests at 24 hours. 

Region D.  Absorption developed over an extended period of time used to mix, 

transport, place, and prior to initial set (6-8 hours +) will be very small, and 

therefore the W/Cm ratio will be decreased by an equivalent small amount.  

Consequently there will be a negligible influence on slump loss if aggregates are 

batched at a moisture content close to the 24 hour submerged value. 

 

For illustrative purpose the water absorption with time and the resulting degree of 

saturation for a midrange, typical lightweight aggregate are shown in Figs. 3.7, 3.8 and 

Table 3.2. 
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Figure 3.7.  Schematic representation of volumes occupied 

By the ceramic matrix, the remaining pores and the degree 

of saturation of absorbed water. 
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    Log of time, days 

 

Figure 3.8. Water Absorption by Weight of Coarse Lightweight 

Aggregates during 2-years of Water Immersion 

 

 

 

Table 3.2. Aggregate Absorption and Degree of Saturation (Holm et. al. 2004) 

Immersion 

Time 

Water Absorption 

(% Mass) 

Degree of 

Saturation 

% of 24- 

Hour Soak 

Relative 

Density 

Factor 

0 mins 

2 mins 

5 mins 

15 mins 

60 mins 

2 hours 

1 day 

3 days 

28 days 

4 months 

1 year 

2 years 

0 

5.76 

6.15 

6.75 

7.74 

8.32 

10.5 

12.11 

18.4 

23.4 

30 

30 

0 

.17 

.18 

.20 

.23 

.24 

.31 

.35 

.54 

.69 

.88 

.88 

0 

55 

59 

64 

74 

79 

100 

115 

175 

223 

285 

285 

1.38 

1.46 

1.46 

1.47 

1.49 

1.49 

1.52 

1.55 

1.63 

1.70 

1.79 

1.79 
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Saturated Surface Dry 

 

ASTM C 127 and C 128 procedure prescribe measuring the ―saturated‖ (inaccurately 

named in the case of Lightweight Aggregates; partially saturated after a 24-hour soak is 

more accurate) particle density in a pycnometer and then determining the absorbed 

moisture content on the sample that had been immersed in water for 24 hours.  After a 

24-hour immersion in water, the rate of moisture absorption into the lightweight 

aggregate will be so low that the partially saturated particle density will be essentially 

unchanged during the time necessary to take weight measurements in the pycnometer.  

After the moisture content is known, the oven-dry particle density may be directly 

computed.  Fig. 3.9 illustrates typical ESCS lightweight aggregate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 Schematic of “Saturated” Surface Dry as defined by ASTM C 127 

and C 128 after 24-hour submersion 

 

Following ASTM procedures the measured physical properties of this particular 

lightweight aggregate are: 

 

Relative Density, RD24 = 1.52 

Moisture Absorption, M24 = 10.5% 

Relative density solid, RDSOLIDS = 2.6 

Bulk Density, BD = 44.6 pcf (714 kg/m³) 

 

That after 24-hour immersion in a pychometer, measurements result in a relative density 

of 1.52 with an ―absorption‖ of 10.5% by mass.  The oven-dry particle density (PDOD) 

may be back calculated to be as follows: 
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It follows then that the fractional volume of ceramic solids, 

 

 

Fraction Volume of pores, VP = 1.00 - .53 = .47 

 

 

 

The degree of saturation (DS: the extent to which the pores are filled) 

 

 

 

 

 

Following the prescribed ASTM procedures the DS for ESCS lightweight aggregate will 

generally be in the range of approximately 25 to 35% of the theoretical saturation.  The 

use of the ASTM expression ―saturated surface dry‖ is therefore, inappropriate for 

lightweight aggregate because it’s theoretically inaccurate and analytically misleading. 

 

 Stockpile Moisture Content 

 

From a practical perspective and considering the fact that most lightweight concrete is 

placed by pumping, the usual practice is to batch the lightweight aggregate at a moisture 

condition greater than the ―Absorption Value‖ defined by ASTM C 127 procedures (24-

hour immersion).  In this condition the absorbed (internal) moisture content will be in 

excess of the 24 hour absorption value defined by ASTM.  The degree of saturation 

(DS) necessary for adequate pumping characteristics, as determined by practical field 

experience, may be obtained from the ESCS supplier.   

 

Example, assume for this hypothetical lightweight aggregate (Fig. 3.10) that experience 

has shown that the lightweight concrete will pump efficiently when the lightweight 

aggregate used has absorption of at least 17% by mass. 

 

At that condition the 

 

Due to the continuous pre-wetting, and because of the very slow further tendency to 

absorb water into the aggregate, there will invariably be a film of surface (adsorbed) 

water on the surface of the lightweight aggregate  It is essential to evaluate this quantity 

of surface water for an accurate determination of the ―net‖ mixing water that influences 

workability and determines the effective w/cm ratio. 
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Therefore, it is necessary to run the usual moisture test as follows.  Measure the weight 

of the as-received surface moist sample (WT).  After towel drying, measure the weight 

of the surface dry sample (WTD) and conduct the drying test. 

 

Sample calculations: 
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Figure 3.10 Schematic of “Partially Saturated” Surface Wet 

 (Moisture Condition of Stockpiled Lightweight  

Aggregate with Some Surface Water)  
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Full Saturation 

 

Lightweight aggregate exposed to moisture in production plants and/or stored in open 

stockpiles will contain certain moisture content.  Lightweight aggregates that are used 

alone in geotechnical, horticulture or asphalt applications are exposed to the weather, 

sprinkled or submerged, will continue to absorb water over time.   

 

In the following LWA investigation, the effective particle density of a submerged LWA 

sample was measured throughout a two-year period to demonstrate long-term weight 

gain.  Long-term absorption and relative density characteristics are also shown in Table 

3.2, and Fig. 3.11 and Fig. 3.12.  When moisture absorption-versus-time relationships 

are extrapolated or theoretical calculations used to estimate the total filling of all the 

lightweight aggregate pores, it can be shown that for this particular lightweight 

aggregate, the absorbed moisture content at total saturation (M@TS) after an infinite 

immersion will approach 34% by mass with a totally saturated particle density of 1.85 

as can be seen in the following calculations: 
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 3.11.  Moisture absorption (by weight) and relative density of 

lightweight aggregate versus time of submersion 
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Complete filling of pores in a structural grade LA is unlikely because the non-

interconnected pores are enveloped by a very dense ceramic matrix.  However, these 

calculations do reveal a conservative upper limit for the density in submerged design 

considerations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.12 Schematic of Total Saturation (TS) 

 Theoretically All Pores Filled 

 

 

3.7 Alkali-Silica Reaction in Lightweight Concrete 
 

Aggregates containing certain silica constituents can under certain conditions react with the 

alkali hydroxide developed during hydration of cement.  This reaction may cause a 

deleterious expansion and potential cracking in concrete members.  This mechanism is of 

great concern to Department of Transportations in states that have experienced shortened 

service lives in pavements and structures.  The issue of alkali silica reactivity has also 

surfaced when member companies have had a request to supply documentation relating to 

this mechanism for precast/prestressed manufacturing customers.  This need for 

documentation is generally instigated by a plant certification process initiated by the 

Prestressed Concrete Institute in Chicago.  A number of our member companies have 

responded to this request with laboratory test programs and references to a historical record 

of no evidence of deleterious expansion. 

 

Assessing aggregate reactivity by accelerated methods is increasingly common.  ASTM C 

1260 ―Test Method for Potential Alkali Reactivity of Aggregates (Mortar Bar Method)” 

(Appendix I) offers a relatively rapid procedure to supplement other lengthier test methods.  

This test involves measuring the length change of small mortar bars made with the sample 
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aggregate when stored in very strong alkali at a high temperature.  The total time for 

conducting the test is 16 days. 

 

The sampling and testing procedures of ASTM C 1260 are inappropriate for measuring the 

performance of lightweight aggregate concrete and need to be modified.. 

 

When preparing laboratory lightweight concrete in accordance with the procedures of 

ASTM Standard Method of Test for Alkali Silica Tests, it is essential to proportion and 

prepare the mixture to obtain the same procedures that are commonly used in the production 

of commercial lightweight concrete.  Reasonable correlation of the behavior of the 

laboratory concrete [Labcrete] with that of commercial concrete [Realcrete] requires: 

 

 Conditioning the lightweight aggregate to an absorbed [internal] moisture 

content equal to or greater than that achieved after a 24 hour soak [so-called 

―saturated surface dry‖]. 

 Measuring the moisture content [oven dry and towel dry] to accurately 

determine the values of the surface [adsorbed] moisture and the absorbed 

[internal] moisture contents. 

 Following the procedures requires computation of a lesser mass of lightweight 

aggregate that provides the SAME ABSOLUTE VOLUME as that occupied by 

normalweight aggregate is used in the standard testing procedures. 

 The mass of lightweight aggregate used to replace the specified normalweight 

aggregate is calculated as follows: 

 

Abs volume of LWA used in test = Abs volume of NWA specified for test 

 

VLWA = VNWA 

 

Mass LWA/ (Relative density @ test)LWA = (MassNWA/2.65) 

 

MassLWA used in test = 990g (ASTM C 1260) x RDLWA 

 2.65 

 

If for example the measured density factor of the LWA tested is 1.60 at the absorbed 

moisture content as tested,  then when following the requirements of section 7.4.3 of 

ASTM C 1260 ―Standard Test Method for Potential Alkali Reactivity [Mortar Bar 

method] then the mass of LWA used in the test should be: 

 

990 grams x 1.60/2.65 = 598 grams 

 

This approach would assure that the results of the tests on the labcrete specimens would 

more closely correlate with the performance of commercial concrete.  Additionally, this 

would result in a more realistic comparison between the behavior of LWC and NWC and a 

more realistic comparison between LWA’s of differing relative densities and differing 

moisture characteristics. 
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A non-mandatory appendix to C 1260 classifies an expansion of 0.10% or less at 14 days as 

innocuous behavior.  Expansions of more than 0.20% are indicative of potentially 

deleterious expansion.  Between 0.10 and 0.20% aggregates may exhibit either innocuous or 

deleterious behavior in field performance.  Several state DOT’s conduct or require this test 

to be conducted on lightweight aggregates used in bridge members.  In one state, an 

expansion above 0.10% but below 0.20% triggers a requirement (for all aggregates, natural 

and lightweight) for the concrete supplier to provide supplementary cementitious materials 

(fly ash, silica fume, natural pozzolons, slag cement) in the mixture submitted for approval 

by the DOT. 

 

The percent expansion results of tests conducted on various expanded shale, clay and slate 

in accordance with the principles if not the exact ASTM 1260 procedure are shown in Table 

3.3.  The tests samples A1-A2, B1-B3 and C1-C2 were conducted on ESCS aggregates 

from the same source but with separate samples submitted at different times.  These results 

show the repeatability of the test results. 

 

Table 3.3.  Percent Expansion Results of tests conducted according to the principles of 

ASTM C 1260. 

LWA Commercial 

Laboratory 

DOT 

State #1 

DOT 

State #2 

A1 

A2 

B1 

B2 

B3 

C1 

C2 

D 

E 

F 

G 

H 

I 

 

.06 

--- 

.07 

--- 

--- 

.05 

--- 

.04 

.04 

.04 

--- 

--- 

--- 

.08 

.12 

.11 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

.09 

.08 

.07 

--- 

--- 

.07 

.11 

.06 

.05 

.04 

--- 

--- 

--- 

.10 

--- 

--- 

Average of 18 tests .07 
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“Standard Specification for Lightweight Aggregate  
for Structural Concrete” 
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ASTM C 331-05 

“Standard Specification for Lightweight Aggregate  
for Concrete Masonry Units” 
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ASTM C 332-99 

“Standard Specification for Lightweight Aggregate  
for Insulating Concrete” 
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ASTM C 1260 “Test Method for Potential 

Alkali Reactivity of Aggregates  

(Mortar Bar Method)” 
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