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This paper describes physical properties of lightweight aggre
gates, basic design criteria for the inclusion of lightweight 
aggregates in bituminous mixes, and laboratory test data re
flecting indices of strength and performance of bituminous 
mixes containing lightweight aggregates. 

Photographs show the bleb structure (macroscopic and mi
cropscopic) of the lightweight aggregate particles. Physical 
properties of lightweight aggregates a.i·e described with test 
data (ranges) regarding unit weight, specific gravity, percent 
absorption, percent abrasion, and degradation under cycles of 
freezing and thawing. 

Basic concepts for bituminous mix design are reviewed and 
revisions are suggested for the design of bituminous mixes 
containing blends of lightweight aggregates. The primary re
vision consists of modifying the design criteria based on weight 
measurements so as to accurately reflect units of volume for 
the mix constituents. A simplified procedure is included for 
the blending of lightweight aggregates with natural aggregates 
to satisfy a given gradation specification. 

The laboratory test data reported consist of Marshall sta
bility values, stabilometer and cohesiometer values, effects of 
water on cohesion, and air permeability of the compacted mix. 
The rane;e of values obtained from these tests indicate/a a. high 
level of performance. 

•THE SEARCH for aggregates suitable for the production of bituminous paving mixtures 
has been greatly intensified by the increase in aggregate consumption and the current 
requirements for friction-textured aggregates. The increasing demand for coarse ag
gregates has stimulated research and development relating to production and use of 
light·w·eight agg:regates. This research has revealed that high-quality lightweight aggre
gates have proven merit for bituminous pavement construction. However, the use of 
lightweight aggregate for the design of bituminous mixtures necessitates a departure 
from the criteria established for the use of aggregates from natural sources. 

This paper contains a brief description of research for a further and more effective 
use of lightweight aggregate for the production of bituminous concrete. The research 
consisted of a theoretical analysis of basic design criteria and a program of laboratory 
testing of bituminous mixes containing lightweight aggregates. Test data are discussed 
and a volume design technique is described. 
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Figure l. Shell effect a_nd cellular structure of lightweight aggregate in bituminous concrete. 

LIGHTWEIGHT AGGREGATES AND PHYSICAL PROPERTIES 

The lightweight aggregates referred to are produced by subjecting raw clay or shale 
to elevated temperatures in a rotary kiln. During the kiln firing operation, the parent 
material is expanded (bloated) and hardened. The cellular structure of this bloated ma
terial is similar to that found in blast furnace slag. As the particles of raw material 
reach pyroplastic conditions in the kiln, a shell is formed on the surface and the interior 
is bloated by the release of gases. Since the cellular air spaces are enclosed in a shell 
and are not interconnected, the asphalt absorptive chax:acterist'ics of this type of aggre
gate are low in view of the total volume of air voids that are within the aggregate parti
cles. The cellular structure alao gives the aggregate particles a friction-textured 
structure that consistently yields a high coefficient of friction under normal abrasive 
action of automobile traffic. Figur·e 1 shows the shell effect and the cellular structure 
of lightweight aggregate particles in a mixture of bituminous concrete. Figure 2 
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Figure 2. Surface texture of particles of lightweight gate passing the No. 4 sieve. 
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shows the surface texture of particles of lightweight aggregates passing the No. 4 
sieve. 

Physical properties of lightweight aggregates that are of primary concern for the 
design of bituminous mixes are unit weight, specific gravity, percent absorption, per
cent abrasion, and degradation under cycles of freezing and thawing. To minimize the 
number of variables, the lightweight aggregate for laboratory testing was limited to one 
source. Typical ranges in the test data relating to the significant properties of aggre
gates from this source are as follows: 

Unit weight 
Specific gravity 
Percent absorption 

Percent abrasion 
Degradation under 

cycles of freezing 

ASTM C-29-67T 
Bryant method (1) 
Bryant method {TI 

(14 days) -
ASTM C-131-66 
Ga I laway test {~ 

33-43 lb/cu ft 
0.9-1.2 
17-20 percent 

26-31 percent 
3-8 percent after 50 

cycles 

Indices of the physical properties of several other lightweight aggregate sources are 
reflected in these test data. 

DESIGN CRITERIA FOR BITUMINOUS MIXES CONTAINING 
LIGHTWEIGHT AGGREGATES 

Bituminous mix design consists of a rational determination of the optimum gradation 
of aggregates and the optimum percentage of asphalt for the production of bituminous 
concrete with a level of stability and durability commensurate with the needs for per
formance. The guidelines and design criteria established for the determination of the 
optimum gradation of aggregates and optimum percentage of asphalt reflect many years 
of coordinated laboratory and field research work by highway departments and other 
organizations concerned with the design of bituminous concrete mixes. These design 
criteria and empirical guidelines are based on the unit weights (weight per unit volume) 
of typical or natural aggregates. These established weight-volume relationships are 
distorted when lighlweighl aggregates are substituted for natural aggregates. There -
fore, the established design guidelines must be revised to reflect units of volume when 
lightweight aggregates are blended with natural aggregates in preparing bituminous 
mixes. Other considerations relating to the use of lightweight aggregates for hot-mix 
asphalt pavements were reported by Gallaway and Harper ~). 

Volumetric Analysis 

The design criteria for bituminous mixes containing lightweight aggregates must 
simultaneously reflect an accurate account of the units of volume and the units of weight 
for each of the materials included m the mixture. A simiiar anaiysis uf l:uuve::utioua.1 
asphaltic concrete mixes is necessary for an accurate account of voids in the asphaltic 
matrix (4). 

The following two formulas are used for simultaneous analyses of the units of vol
ume and units of weight when bituminous mixtures contain aggregates having significant 
differences in specific gravities: 

ymx 

where 

Vmx = Vb + Vna + Via + Vv 

(yb) (Vb) + (yna) (Vna) + (yla) (Vla) 
Vmx 

Vmx = Volume of bituminous mix, 
Vb = Volume of bituminous material (asphalt), 

(1) 

(2) 



Vna = Volume of natural aggregate, 
Vla = Volume of lightweight aggregate, 
Vv = Volume of voids, 

ymx = Unit weight of bituminous mix, 
vb = Unit weight of bituminous material (asphalt), 

yna = Unit weight of natural aggregate, and 
yla = Unit weight of lightweight aggregate. 

Gradation 
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The optimum gradation of aggregates for a bituminous mixture is normally deter
mined from a series of laboratory tests conducted on mixes prepared from aggregate 
blends or combinations that hold promise for an economical production of high-quality 
mixes. A gradation curve is prepared for a graphical analysis of the relative percen
tages of the aggregate volumes within the various grade fractions. The established 
methodology for gradation analyses and the blending operation is based on weight mea
surements of the grade fractions of natural aggregates. The conventional weight mea
surements of the various grade fractions may be expressed as relative percentages of 
a total aggregate volume when the aggregates have a common specific gravity (5). How
ever, the weights of grade fractions having different specific gravities must be con
verted to equivalent volumes in order to make a realistic analysis of the gradation of 
the aggregate combination or blend. 

A simplified procedure is included for blending synthetic aggregates with natural 
aggregates to obtain a desired gradation. This procedure is for the preparation of a 
"paper blend" or combination of aggregates by volume and by weight to satisfy a given 
gradation specification. This volume analysis is also expressed in terms of weight for 
batching purposes. 

Volumetric Blending to Satisfy Gradation Specification 

The procedure described was prepared for the blending of aggregates having dif
ferent specific gravities. In brief, the procedure consists of a paper analysis of the 
grade fractions resulting from a trial or assumed paper blend of the aggregates under 
consideration. The trial blend ratios reflect units of volume. The procedure for blend
ing lightweight aggregates with natural aggregates is as follows: 

1. Examine the grade fractions reflected in the available aggregate sources. Ma
terials or material combinations that reflect the desired grade fractions are selected 
for trial blending analyses. 

2. Tabulate gradation data for the aggregates selected on an analysis sheet as 
shown in Figures 3 and 4 (analysis sheet must reflect percentages passing a specified 
sieve size and retained on the next smaller sieve size). 

3. Select trial blend ratios after making a careful study of gradation specifications 
and the grade fractions available in the materials selected for blending (computations 
are simplified by using a total of 10 blend parts). 

4. Multiply the grade fraction percentages by the blend ratios selected (Figs. 3, 4). 
5. Total the grade fraction percentages in each column and divide by the total 

number of blend parts. 
6. Compare the gradation of the blended aggregate combination with specifications. 
7. Repeat steps 3, 4, and 5 until a material combination is obtained to meet speci

fications. Materials reflecting other grade fractions may be included if necessary. 

An example of volumetric blending by trial and error is included for a further ex
planation of this procedure: 

Problem-Determine the blend ratios to satisfy the Asphalt Institute specifications for 
a Type !Va mix. Volume measurements are required for an accurate analysis of 
the specified grade fractions, whereas weight measurements are required for accu
rate batching procedures. 
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SPECIFICATIONS BLEND bi' GRADE FRACTIONS j AND MATERIALS PARTS llz' • 
318

., • -:;-i -;i -;-1 ~~ 200 • PAN • 7 
~ - - - - - ,-.- . - r--

ASPHALT INSTITUTE 
TYPE IVa MIX 20-0 25 20 -25 17-21 5-6 5-7 4 ~ 4 -10 TOTAL 
SYNTHETIC AGGREGATE 
MATERIAL - A 10 40 40 7 3 - - - 100 

LIMESTONE CHIPS 
MATERIAL- B 10 15 15 50 5 5 - - 100 
FIELD SAND 
MATERIAL- C - - - - 15 25 35 25 100 

TRIAL NO, I TRY 3 PARTS OF A, I PART OF B, AND I PART OF C 

A 3 30 120 120 21 9 - - - 300 

B I 10 15 15 ' 50 5 5 - - 100 

C I - - - - 15 25 35 25 100 

TOTALS 5 40 135 135 71 29 30 35 25 500 

DIVIDE BY 5 I 8 27 27 14 6 6 7 5 100 

NOTE THE DIFFERENCES BETWEEN ABOVE PERCENTAGES AND SPECIFIED PERCENTAGES 

lit PERCENT PASSING 1/2" AND RETAINED ON 3/B" 

Figure 3. Tabular sheet for aggregate blending. 

Given:....(a) Gradation specifications (limits for Asphalt Institute Type IVa mix (Figs. 
3, 4)), (b) grade fractions for one synthetic aggregate and two natural aggregates 
(Figs. 3, 4), and {c) specific gravities for the three aggregates: aggregate A (light
weight), specific gravity = 1.05; aggregate B (limestone chips), specific gravity = 
2. 71; and aggregate C (field sand), specific gravity = 2.63. 

Figures 3 and 4 show an example of trial analyses and the aggregate blending in 
order to satisfy gradation specifications. The procedure just outlined was used for 
the solution of the problem (steps 2 through 6). 

The theoretical blending of 3 parts lightweight aggregate with 2 parts limestone 
chips and one part field sand satisfied the gradation specifications for a Type IVa mix. 
The blend ratios for volume blending are as follows: {a) lightweight aggregate, 50 per
cent; (b) limestone chips, 33 percent; and (c) field sand, 17 percent. 

SPECIFICATIONS BLEN~b GRADE FRACTIONS j ANO MATERIALS 
PARTS 112'' ~ 0 • -;;-1 • 30 f • 50 + • 100 + • 200 f 1 PAN fl__ f 

TRIAL NO. 2 TRY 3 PARTS OF A, 2 PARTS OF B, AND I PART OF C 

A 3 30 120 120 21 9 - - - 300 

B 2 20 30 30 100 10 10 - - 200 

C I - - - - 15 25 3 5 25 100 

TOTALS 6 50 150 150 121 34 35 35 25 600 

DIVIDE BY 6 I B 25 25 20 6 6 6 4 100 

NOTE THE ABOVE PERCENTAGES SATISFY ASPHALT INSTITUTE SPECIFICATIONS FOR A TYPE IVa MIX . 

Figure 4. Tabular sheet for aggregate blending. 
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Since the aggregates for bituminous mixes are frequently batched by weight, the 
ratios for weight blending are determined as follows : 

1. Lightweight aggregate, 
2. Limestone chips, 
3. Field sand, 

1. Lightweight aggregate, 
2. Limestone chips, 
3. Field sand, 

0.50 X 62.4 x 1.05 = 32.8 lb 
0.33 x 62.4 X 2.71 = 55.6 lb 
0.17 x 62.4 X 2.63 = 27.9 lb 

Total 116. 3 lb 

32.8 + 116.3 = 28 percent 
55.6 + 116.3 = 48 percent 
27.9 + 116.9 = 24 percent 

Typical sieve analyses of actual blends of lightweight aggregates and natural aggre
gates are not suitable for field tests or control of the specified grade fractions. Typi
cal gradation analyses are distorted by the weight measurements of the grade fractions 
of materials having different specific gravities. A volumetric analysis of the various 
grade lfractions may be used for an approximate control test. 

Asphalt Content 

Blending lightweight aggregates with natural aggregates results in a significant re
duction in the total weight of the aggregate combination. Therefore, the established 
guidelines for asphalt (asphalt content based on weight of aggregate combination) are 
distorted by using lightweight aggregates. In view of this relationship, asphalt content 
for mixes containing lightweight aggregates should be based on aggregate volume in
stead of aggregate weight. When Jightweight aggregates are used, the relationship of 
the volume of voids to the total volume of mix is recognized as the only consistent in
dex of the needs for asphalt binder. 

LIGHTWEIGHT AGGREGATE MIXES AND VOLUMETRIC ANALYSES 

Blends of lightweight aggregate and natural aggregate offer definite promise for up
grading the quality and performance characteristics of bituminous concrete without a 
significant increase in the cost of the mix. One of the performance characteristics of 

primary concern is the dependable and 
high level of surface friction that is 
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Figure 5. First cost and freight on lightweight and nat
ural aggregates shipped from Dallas, Texas. 

obtained from well-designed blends of 
lightweight aggregate and natural ag
gregate (6) . Other factors relating to 
performance and cost are as follows: 

1. Lightweight aggregates possess 
a high angle of internal friction that 
may be used to improve the stability of 
a bituminous mixture. 

2. Freight or transportation charges 
(per unit volume) are reduced by the 
use of lightweight aggregate. 

3. Field sand or other locally avail
able materials may be used more ex
tensively for the production of high-sta
bility mixes if blended with lightweight 
aggregates. 

The high angle of internal friction 
of lightweight aggregate is reflected 
in the stability values reported in 
Table 2. The friction and interlocking 
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characteristics of lightweight aggregates are the properties that upgrade the stability 
of sand-asphalt mixes. Current costs of natural aggregate and lightweight aggregate 
(per 50 cu yd from Dallas) are shown in Figure 5. 

The bituminous mixtures tested in the laboratory consisted of blends of lightweight 
aggregate and field sand. The specific gravity of the lightweight aggregate was 1.06 
and the gradation consisted of material passing the ½-in. sieve and r etained on the No. 
30 sieve. The sand had a specific gravity of 2.64 and was graded between the No. 30 
and No. 200 sieves. Test data from six of the promising combinations of these two ag
gregates are included in this report. Blend ratios and asphalt contents for these six 
aggregate combinations are as follows: 

Lightweight Agg. Field Sand 
Percent Asphalt 

Mix No. 
(percent by vol.) (percent by vol.) 

{based on 
weight of agg. comb.) 

1 55 45 6.5, 7.5, 8.5 
2 60 40 7.0, 8.5, 9.0 
3 65 35 7.5, 8.5, 9.5 
4 60 30 8.0, 9.0, 10.0 
5 75 25 9.0, 10.0, 11.0 
6 80 20 10.0, 11.0, 12.0 

Gradation curves for mixes 1 through 6 are shown in Figure 6. These gradations 
satisfy the Texas Highway---Uepaitinent specifications for a· ype sur ace course mix. 
Data reflecting a volumetric analysis of the constituents of four of these six mixes are 
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TABLE 1 

VOLUMETRIC ANALYSIS OF BITUMINOUS MIXES 

Lightweight Sand Lightweight 
Mix Aggregate (percent of 

Percent Asphalt Aggregate Sand (percent Asphalt Content 

No, (percent of agg . comb. (based on weight (percent by by vol. of (percent by vol. 
agg, comb. by vol.) of agg. comb.) vol. of total mix) total mix) of total mix) 

by vol.) 

l 55 45 6.5 49.4 40.5 10.l 
l 55 45 7.5 48.7 39. 8 11.5 
1 55 45 8.5 47.9 39.2 12.9 
2 60 40 7.0 53.8 35.8 10.4 
2: 60 40 8.0 53.0 35.3 11.7 
2- 60 40 9.0 52.2 34.8 13.0 
3 65 35 7.5 58.1 31.3 10.6 
3 65 35 8.5 57.3 30.9 11.8 
3 65 35 9.5 56.5 30.4 ]3.1 
4 70 30 8.0 62. 5 27.8 10. 7 
4 70 30 9.0 61. 7 26.4 11.9 
4 70 30 10.0 60.8 26. 1 13.1 

included in Table 1. Particular attention is directed to the columns reporting asphalt 
content by weight and volume. 

LABORATORY TESTING OF BITUMINOUS MIXES 

Laboratory testing was conducted to determine the stability and performance char
acteristics of blends of lightweight aggregate and field sand. Standard test procedures 
were used to evaluate stability and the effects of water on the bituminous mixtures. 
The test procedures used for this laboratory investigation are as follows: 

1. Marshall stability-ASTM D 1559-65; 
2. Test for stabilometer value of bituminous mixtures-Texas Highway Department 

Test Method Tex-208F (7); 
3. Cohesiometer value-Test Method Tex-214:F {7); and 
4. Effect of water on cohesion of compacted bituminous mixtures-ASTM D 1075-54. 

The other supplementary and control test procedures used for the program of lab-
oratory testing are as follows: 

1. Theoretical maximum specific gravity; 
2. Specific gravity by the Rice method @); 

TABLE 2 

MARSHALL STABILITY-LIGHTWEIGHT AGGREGATE MIXES 

Lightweight Specific 
Mix Aggregate Percent Asphalt Percent Gravity of Plastic Flow Marshall 

No. (percent of (based on weight Voids (from Compacted (0.01 in.) Stability 
agg. comb. of agg. comb.) Rice Sp. Gr .) (lb) 

by vol.) Mix 

I 55 6.5 11. 7 1.51 9 1825 
I 55 7.5 7.3 1.53 8 1283 
l 55 8.5 7.3 1.53 8 1219 
2 60 7.0 11.0 1.45 6 1411 
2 60 8.0 8.1 1.48 8 1132 
2 60 9.0 5. 7 1.50 5 948 
3 65 7.5 12. 7 1.38 9 2295 
3 65 8.5 9.0 1.42 9 2529 
3 65 9,5 7.7 1.44 10 2704 
4 70 8.0 10.0 1.36 8 2788 
4 70 9.0 6.2 1.37 7 1587 
4 70 10.0 5.5 1.38 8 1729 
5 75 9.0 2,2 1.40 8 3307 
6 75 10.0 3.5 1.41 13 3466 
5 75 11.0 0.6 1.45 14 4055 
6 80 9.5 6.6 1.30 12 2216 
6 80 10.5 4.9 1.34 13 3027 
6 80 11.5 4.9 1.34 14 3118 
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Figure 7. Texas gyratory-sheor molding press. 

3. Percent voids in the compacted mix (8); and 
- - - - 4.- Air-pcrmcability-of-the-compacted ·mix-{Q)-. - -

Mixes 1 through 6 were lested fur Marshall stability. The test specimens were 
compacted with 50 blows on each face. The Marshall stability values and other control 
test data obtained from the testing are included in Table 2. 

Mixes 1 through 4 were tested for stabilometer and cohesiometer values, air per
meability, and efiects of water on cohesion. Test specimens for these tests were com
pacted with the Texas gyratory-shear molding press (Fig. 7) . Specimens were com
pacted according to the procedure outlined in test method Tex-206 F (7). Figure 8 
shows the testing for stabilometer value according to the prescribed test procedure ('I). 
Table 3 contains the stabilometer values, air permeability, and other control data ob:
tained from the laboratory testing of mixes 1 through 4. The unconfined compression 
test data reflecting the effects of water on cohesion are summarized in Table 4. 

Figure 8. Laboratory testing for stabi lometer value. 



'I 

51 

TABLE 3 

STABILOMETER AND SUPPLEMENTARY TEST DATA FOR LIGHTWEIGHT AGGREGATE MIXES 

Lightweight Air 
Mix Aggregate Percent Asphalt Bulk Specific 

Percent Permeability Stabllometer 
No. (percent of (based on weight Specific Gravity Voids (ml/sq in./ Value 

agg. comb. of agg. comb.) Gravity (Rice method) 
in. H,,O) 

by vol.) 

1 55 6.5 1.53 1.71 10.6 89.5 36.6 
1 55 7.5 1.54 1.65 6.8 33.1 36.5 
1 55 8.5 1.58 1.65 4.3 16.9 34.5 
2 60 7.0 1.42 1.63 12.9 68.4 40.3 
2 60 8.0 1.49 1.61 7.5 27.6 36. 7 
2 60 9.0 1.51 1.59 5.0 40. 7 
3 65 7.5 1.38 1.58 12. 7 65.1 43. 2 
3 65 8.5 1.41 1.56 9.6 31.2 36.2 
3 65 9.5 1.42 1.56 8.9 35 .5 
4 70 8.0 1.40 1.51 7.3 89.5 48.0 
4 70 9.0 1.43 1.46 2.1 67.6 48.0 
4 70 10.0 1.44 1.46 1.5 59.0 48.0 

TABLE 4 

UNCONFINED COMPRESSION TESTS FOR EFFECTS OF WATER ON COHESION 

Lightweight 
Unconfined Unconfined 

Mix 
Aggregate Percent Asphalt Bulk 

Compressive Compressive Strength 
(percent of (based on weight) Specific Index No. agg. comb. of agg. comb.) Gravity Strength Strength (percent) 

by vol.) (lb-dry) (lb-wet) 

1 55 6.5 1.48 2553 2340 92 
1 55 7.5 1.49 3232 2493 73 
1 55 8.5 1.51 3110 2333 75 
2 60 7.0 1.42 1746 1600 92 
2 60 8.0 1.45 1773 1900 107 
2 60 9.0 1.47 2230 2243 101 
3 65 7.5 1.38 3053 2706 89 
3 65 8.5 1.41 2834 2946 104 
3 65 9.5 1.42 2453 2290 107 
4 70 8.0 1.37 5293 4713 89 
4 70 9.0 1.36 4213 4847 112 
4 70 10.0 1.37 3647 4190 115 

Discussion of Test Data 

Mixes 3 through 6 yielded Marshall stability values within the range normally speci
fied for high-stability highway surfaces. All of the mixes yielded stabilometer values 
above the minimum value of 30 specified by the Texas Highway Department. However, 
mixes 1 and 4 were the only mixes to satisfy the specifications for a cohesiometer 
value of 100. The test specimens from mix 1 did show a significant loss in strength 
when tested for the effects of water on cohesion. This strength loss is attributed pri
marily to the low asphalt content. 

In general, the mixes of lightweight aggregate and sand yielded favorable indices of 
strength and performance. However, mixes containing more than 70 percent ligh.tweight 
aggregate reflected some evidence of deg1:adation during compaction. The sand-asphalt 
matrix (minimum of 30 percent) separates the large particles of lightweight aggregate 
and cushions the effects of impact compaction. 

SUMMARY 

Lightweight aggregates may tie blended with natural aggregates to satisfy strict 
gradation specifications and the current demands for friction-textured highway surfaces. 
Blending is accomplished by using a trial-and-error paper analysis of the grade frac
tions reflected in the trial blends or combinations. The blending procedure was pre-
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pared specifically for volumetric analyses of the grade fractions of a combination of 
two or more aggregates having widely different specific gravities. 

The use of mixtures of lightweight and normal weight aggregates for the design of 
bituminous mixes necessitates a departure from the empirical design criteria that have 
been established for the use of normal-weight aggregates from natural sources. Com
prehensive analyses of bituminous mixes containing lightweight aggregates must reflect 
an accurate account of units of volume and weight for each of the materials included in 
the mix. Guidelines for asphalt content should be based on voids and total aggregate 
volume instead of the established procedure that bases asphalt content on the weight of 
the aggregate combination. The empirical guidelines that have been established for 
asphalt content (percent by weight of aggregate combination) are distorted by the use 
of a lightweight aggregate in the mix. 

Six mixes or blends of lightweight aggregate and sand yielded promising test data 
when used for the preparation of bituminous concrete mixes. The test data obtained 
from Marshall tests, stabilometer tests, cohesiometer tests, and tests for the effects 
of water on cohesion furnish favorable indices of the structural performance for bitum
inous concrete mixtures consisting of blends of lightweight aggregate and natural sand. 
The favorable structural performance and skid resistance obtained from lightweight 
aggregate mixes point up the potential use of this lype of aggregate for the construction 
of highway surfaces that are in keeping with current needs. The blending procedure 
described will expedite a rational analysis of economical aggregate combinations that 
may be used to satisfy gradation specifications and to insure prolonged high skid re
sistance where lightweight aggregates of the proper quality and amounts are used. 
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