COMPARATIVE INVESTIGATIONS OF INTERNATIONAL TEST
METHODS FOR SMALL-SIZED COARSE AGGREGATES
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Not enough detailed knowledge exists about loads and stresses in road
pavements. Consequently, based on certain models, there are many dif-
ferent test procedures for coarse aggregates that strain the materials by
compression, impact, and abrasion or by a combination of these stresses.
A comparison of test values that are obtained with the different test meth-
ods has not been possible, and experiences with various qualified aggre-
gates cannot be transmitted from one country to another. Comparative
tests were conducted by using different aggregates with the most important
test methods: Los Angeles, Deval, German impact, British impact, and
modified Marshall impact in standardized and modified form. The calcu-
lated linear regressions showed that, although the strains of the aggre-
gates are very different, the tests characterize the same or at least simi-
lar properties of aggregates. In a comparison of different laboratories,
we obtained a relative reproducibility of about 20 to 30 percent for the Los
Angeles and the German impact tests. This means that further strict stan-
dardization of testing machinery and procedure is necessary if values ob-
tained at different laboratories are to be compared. The calculated linear
regressions that were found for the different test procedures will allow the
comparison of specifications for small-sized coarse aggregates tested
with different international test methods. International experiences and
literature on the question of requirements for use of aggregates can now
be exploited.

eNOT enough detailed knowledge exists on the loads and stresses in road surfaces re-
sulting from traffic. Consequently, no exact values are known about the nature and the
quantity of stress that highway materials are undergoing. Based on certain models,
many different test procedures have been developed for coarse aggregates used in road
surfaces. The specifications for their use in different countries are largely based on
subjective experiences and differ greatly. The test procedures developed for testing
coarse aggregates stress the materials by compression, impact, and abrasion or by a
combination of these stresses. In no case, however, can a detailed analysis of stresses
be performed, and thus an exact and objective evaluation of test results is not possible.
A comparison of test values obtained with the different test methods has also not been
possible. Because test methods are different, the experiences with various satisfactory
aggregates cannot be transferred from one country to another. A meaningful comparison
of national requirements for special use of aggregates has also been impossible.

In West Germany the standardized impact test is strongly questioned, especially be-
cause of the great variation in test results obtained when identical materials are tested
in different laboratories. Comparative tests have shown relative deviations of +20 per-
cent. We believed we could find better methods that we could standardize in the future.
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INTERNATIONAL TEST METHODS FOR COARSE AGGREGATES

A detailed study of the international literature on test methods for small-sized
cvarse aggregates shows that special test procedures are used that stress the material
by compression, impact, and abrasion or by a combination of these stresses. A pro-
cedure with compressive load for small-sized coarse aggregate is only standardized in
the British Standard 812 (28) and for large-sized coarse aggregate in the German DIN
52 109 (29).

Test procedures with abrasive strain include the Deval test (22, 25, 26, 37), which
is of French origin (3, 4). The most popular abrasive method is the American Los
Angeles test that is used in its original or modified form in many countries around the
world, for example, in the United States (23, 24), France (36), Sweden (11), Hungary
(18, 20) and the Soviet Union (5). Impact crash is used for testing coarse aggregate
in Norway (8), sweden (11), Great Britain (28), Switzerland (10, 21), and Germany (29,
30, 33) The German impact test had its origin in testing methods for large-sized
‘coarse aggregate (29) and was later modified for small-sized coarse aggregate (30, 33)
in a size of 8 to 12.5 mm (~*/16 to ¥/, in.). This test method has long been questioned.
The test machine for impact crash is very complex, and as a result only a small num-
ber of testing laboratories are equipped with it. For many years, we have tried to use
equipment that is simpler and more often available such as the Marshall compaction
hammer (27). The research of Pds (17) and Gragger (7) has shown that such a modified
test method will bring sufficient correlation with the usual German impact test so that
its use for quality control in quarries or at hot-mix plants is possible.

For testing small- and large-sized coarse aggregates, we believe that 5 testing
methods are of special interest from an international point of view: the American Los
Angeles test, the French Deval test, the British impact test, the German impact test,
and the modified Marshall impact test.

Only a few mathematical relations among these 5 procedures can be found in the lit-
erature. Hobeda (11) reported on relations among the Swedish impact test, the German
impact test, and a modified Los Angeles test. Nagel (14) found linear regressions
among the German impact test, a modified Los Angeles test, and a compression test
for coarse aggregate of size / 16 to /2 in. and found linear correlation coefficients in
the range of 0.89 to 0.96. Brand and Dinkgraeve (1) conducted comparative researches
with the Los Angeles test (23, 24) and the German impact test (30, 33) for large- and
small-sized coarse aggregates and found linear correlation coefficients of 0.90 and
more. In Gragger's work (7), a correlation coefficient of 0.98 between results of the
German impact test and the modified Marshall impact test was found.

The relations given above show that even test methods with very different loads and
procedures will identify similar properties of aggregates. It was the main task of this
research program to analyze experimentally such relations among the most important
test methods, to point out the value of the test results, and to calculate the variations
among the different methods.

TEST PROCEDURES

Initially using the 5 basic test methods in 23 standardized and modified procedures,
we made 10 tests of each with 2 aggregates—limestone and basalt. The tests were only
performed with methods that are used for small-sized coarse aggregates, 1 in. to No. 8,
inasmuch as larger sizes usually are not used in the surface and base course in road
construction. After calculating the dispersions (standard deviations), we eliminated
12 modified procedures that showed large standard deviations under identical conditions.

A full test program was then conducted with the remaining 11 test procedures. The
test conditions are given in Table 1.

Test method 1 represents the German impact test (30 33) with aggregate of size 8
to 12.5 mm (%16 to Yz in.) in a modified form. We took the percentage passing the
3.15-mm (~'/s in.) sieve for calculating the impact value, SDs;s (14, 15), instead of
using the 5 sieves (8, 5, 2, 0.63, and 0.2 mm) for analyzing an impact crash value,

SZs, (33). Nagel (15) found a high correlation coefficient for a linear regression between
SDs,s and SZs, as shown in Figure 1. The test apparatus is shown in Figure 2. The
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weight of the sample was 0.5 x pr, where pz = bulk specific gravity of aggregate in
g/cm®. The material was planed in a cylindrical steel cup and received 10 blows with
a 110-1b hammer dropping from a 19.7-in. height.

For calculating the abrasion with the Los Angeles machine, the gradings B, C, and
D of test samples as given in ASTM Designation C 131-69 (23) were used. In addition
to these standardized methods, the gradings were varied corresponding to the German
test materials of size 8 to 12.5 mm (%/1s to /2 in.). The test value LD%s is obtained
by using a weight of 5,000 g and analyzing the abrasion value as the percentage passing
the 3.15-mm (~'/s in.) sieve. The test value LDs;s is based on a sample with a weight
of 2,500 g.

From the Deval test, the gradings D and E of ASTM Designation D289-63 (g@) were
selected. Aside from these standard methods, no modified procedures were tested.

We had learned from our first test program that with the Deval test procedure sufficient
spreading cannot be achieved to differentiate "abrasive' from '""nonabrasive' aggregates.
The modification of the British impact test had shown high dispersions in the first
program so that only the standard material (% to %%s in.), according to British Standard

812 (28), was tested. The quantity of test material is determined by a "measure
shell" and, depending on the bulk specific gravity of aggregate, amounts to 340 to 400 g.
The test sample is subjected to 15 blows by a hammer of 30 to 31 1b falling freely from
15( in.) (Fig. 3). The test value IDgs is calculated as the percentage passing sieve No.

7 (BS).

For the modified Marshall impact test, the Marshall compaction hammer (27) is
used. The test value MD%e is obtained when coarse aggregate of size /i to 2 in. with
a weight of 260 x pg (in g) is compacted by 200 blows. How the material is put into the
4-in. mold cylinders between 2 metal plates is shown in Figure 4. A second Marshall
value, MDg;s, is obtained by the use of a sample weight of 400 g. Both values are cal-
culated as the percentage passing a 3.15-mm (/s in.) sieve.

The method of sampling, preparing, and grading guaranteed that all samples were
members of one population, thus permitting a statistical evaluation.

For all test procedures, materials of a shape with a breadth-thickness ratio of
b:d < 2 were prepared by a second sieve analysis with so-called slit sieves (E, 18)
after narrow ranges were graded with usual sieves. -

With each of these 11 procedures, 15 different aggregates that are used in road con-
struction were tested. The program included 11 igneous rocks (granites, diabases, and
basalt), a metamorphic rock (quartzite), and 3 sedimentary rocks (2 different lime-
stones and a quartzitic sandstone).

ANALYSIS OF REGRESSION

With each of the 11 test methods and all 15 aggregates, 3 tests were made. The
mean value of the 3 single values was the input for the analysis of regression (3). By
the use of linear regression y = a + bx, the correlation coefficient for the relation be-
tween each two test procedures could be calculated (6, 9, 21).

The correlation coefficients r,, for the linear regressions between the different test
methods are given in Table 2. The calculated equations for the linear regressions are
given in Table 3. The equation given in Table 3 that shows the linear regression for
any correlation of 2 test methods is also given in Table 2.

A test developed by Fisher (6) can be conducted to test whether the correlations are

significantly greater than 0. With the value

t = (r,,//l - riy)' /n -2

or
Ty = t/ftz +n-2

the confidence belts for r,, can be calculated for given reliabilities. The t-statistic is
tabulated for several reliabilities and the number of degrees of freedom f. With the



Table 1. Test conditions.

Spheres
Test Weight of Hammer Free
Size Indicated Weight Fall Revolu- Weight
Method Value No. Fractions Slzes (Ib) Blows (in.) tions Number (g) Test Sieves
German SDsye 1 %eto % in, 0.5p5" 110 10 187 - - - DIN 3.15 mm
impact
Los Angeles LDensrs 2 Yato % in. 5,000 g = - = 500 11 4,584 ASTM No. 12
LDe/arw 3 Y%to No. 4 5,000 g - - - 500 8 3,330 ASTM No. 12
LDosstw 4  No. 4 to No. 8 5,000 g - - - 500 6 2,500 ASTM No. 12
LD%;s 5 “heto % in. 5,000 g - - - 500 12 5,000 DIN 3.15 mm
LDsjs 6  hsto ‘e in. 2,000 g - - = 500 6 2,500 DIN 3.15 mm
Deval VDo/sern 7 ato No. 4 (5,000 g) - - - 10,000 [ 2,500 ASTM No. 12
5,500 g
VDissorw 8 e to No. 4 5,000 g - - - 10,000 6 2,500 ASTM No. 12
(5,500 g)
British IDss 9 Y%to%in, 340 to 30 to 31 15 15 - - - BS No. 7
impact 400 g
Modified MD¥6 10 %hsto % in. 0.26p," 10 200 13 - - - DIN 3.15 mm
Marshall MDy;e 11 %heto % in. 400 g 10 200 18 - - - DIN 3.15 mm
impact

°Bulk specific gravity.
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sample size n = 15 and f =n - 2 = 13, the confidence belts for the significance of the
correlation are as follows:

Reliability Confidence Belt

(percent) for r,,
95 0.51
98 0.59
99 0.64
99.9 0.75

Data given in Table 2 show that only 2 of the 55 values of the correlation coefficient
r,, are less than 0.75 and both are greater than 0.64. That means that in all tested
cases the calculated linear regression exists with a reliability of more than 99 percent
and mostly with more than 99.9 percent. It is concluded that all correlations between
testing methods for coarse aggregates are significant. This would mean that with the
different test methods and values the same or at least similar properties of aggregates
are characterized.

With correlation coefficients close to 1, the correlations have increasing significance.
Thus, we can see several special results (Table 2). Relations between procedures with
similar loads show the highest correlation coefficients. This can be seen in a compari-
son of the German impact test, the British impact test, and the modified Marshall im-
pact test with one another and the Los Angeles test and the Deval test with each other.
As shown by the confidence belts, however, the correlations comparing the impact
methods with the abrasion methods are also highly significant. Representative of that
is the regression of test 1, the German impact test SDgs, and test 2, the Los Angeles
test grading B, as shown in Figure 5.

An interesting phenomenon that we observed is that the correlation coefficients de-
crease as differences of grading size of tested aggregates increase. This is very sig-
nificant with the relation of the German impact test to B, C, and D gradings of the Los
Angeles Test.

Grading B (%/s to ¥%s in.) has a size similar to the grading of the German impact test
(®/s to '/ in.) and thus rey, = 0.95. The relations of the C and D (with different sized
fractions of %/s to No. 4 and No. 4 to No. 8) to the German impact test are ry, = 0.87 and
0.75 respectively.

This phenomenon was also reported by Nagel (14), who showed that the behavior of
smaller sized fractions with the German impact fest depends on the different types of
aggregate, as Figure 6 shows.

If the value for fraction size 8 to 12.5 mm (%/1s to /2 in.) is set equal to 1.0, the rela-
tive value SDsy /SDs;s differs greatly, particularly for the smaller gradings (size i in
Fig. 6). Some aggregates (C and D in Fig. 6) show relatively smaller values (<1.0);
others (A and B) show relatively larger values (>1.0). That means that the smaller
sizes of several aggregates have an increasing tendency to be crushed by impact. Nagel
(14) called this a "selection," which means that in some aggregates one finds relatively
weak particles in the smaller sizes. So it is sometimes difficult to estimate the be-
havior of an aggregate in all sizes if values for only one size are obtained. This differ-
ent behavior of aggregates may be an explanation for the decreasing significance of cor-
relation in relating test procedures with different sizes of test materials.

ANALYSIS OF VARIANCE

With the single values of random samples, we could calculate the variance (9) of
each test procedure. With the different tested aggregates, we had k = 15 sets with
n = 3(si)ng1e values to conduct an analysis of variance for calculating variation within
sets (9).

The variations are given in Table 4. The standard deviations calculated from n =
10 single values for a basalt and a limestone are listed for comparison. With the Los
Angeles and Deval tests (No. 2 through No. 8), we generally found smaller deviations
than with the German test (No. 1). In most cases we found significantly larger devia-
tions with the British and the modified Marshall tests (No. 9, No. 10, and No. 11).
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Table 2. Correlation coefficients for linear regression.
Test
Test 1 2 ] 4 5 6 7 8 ] 10 11
1 1:2 1:3 1:4 1:5 1:6 127 1:8 1:9 1:10 1:11
2 0.95 2:3 2:4 2:5 2:6 2:7 2:8 2:9 2:10 2:11
3 0.87 0.96 3:4 3:5 3:6 37 3:8 3:9 3:10 3:11
4 0.75 0.87 0.96 4:5 4:6 4.7 4:8 4.9 4:10 4:11
5 0.93 0.99 0.98 0.91 5:6 5:7 5:8 5:9 5:10 5:11
6 0.95 0.99 0.96 0.88 0.99 6:7 6:8 6:9 6:10 6:11
7 0.83 0.93 0.98 0.96 0.95 0.92 7.8 7:9 7:10 711
8 0.81 0.92 0.98 0.94 0.94 0.90 0.98 8:9 8:10 8:11
9 0.96 0.96 0.92 0.80 0.95 0.85 0.89 0.89 9:10 9:11
10 0.94 0.92 0.82 0.68 0.88 0.91 0.76 0.75 0.92 10:11
11 0.94 0.95 0.86 0.74 0,92 0.94 0.79 0.80 0.92 0.97
Table 3. Equations for linear regressions and correlation coefficients.
Regression Equation b Regression  Equation Txy
1:2 SDspe = 1.78 + 0.77 LDg/astu 0.95 4:6 LDo/ssru = 7.22 + 1,00 LDayge 0.88
1:3 SDsps = 2.00 + 0.65 LDc/asrn 0.87 4.7 LDosastu = 7.79 + 1,76 VDo/astu 0.96
1:4 SDspo = 2,14 + 0.52 LDo/asrn 0.75 4:8 LDo/asrn = 8.45 + 1.97 VDe/asrn 0.94
1:5 SDspo = 2.43 + 0.45 LD:‘,; 0.93 4:9 LDo/asrw = 13,18 + 1,04 IDgs 0.80
1:6 SDspe = 2.00 + 0.75 LDgye 0.95 4:10 LDoasru = 16.60 + 0.91 MD,e 0.68
1.7 SDspe = 4.83 + 1.08 VDo /asrn 0.83 4:11 LDy/asru = 14,96 + 0.62 MDgye 0.74
1:8 SDspa = 5.26 + 1.19 VDe/asra 0.81 5:6 o = 0.06 + 1.60 LDge 0.99
1:9 SDsga = 5.57 + 0.87 IDys 0.96 5:7 LD¥e = 3.91 + 2,49 VDo/astu 0.95
1:10 SDups = 7.48 + 0.87 MD¥,e 0.94 5:8 LD.,s =4.52 + 2.83 VDe/aarn 0.94
1:11 SDsge = 6.66 + 0.55 MDyye 0.94 5:9 LD,,B = 8.05 + 1.75 IDsgs 0.95
2:3 LDg/sstn = =0.59 + 0.88 LDc/asrn 0.96 5:10 LD¥s = 13.16 + 1.67 MD%s 0.88
2:4 LDg/astu = -1.44 + 0.75 LDo/asru 0.87 5:11 LDgs = 10.87 + 1.09 MDse 0.92
2:5 LDe/asrn = 0.51 + 0.59 LD%s 0.99 6:7 LDaye = 2.98 + 1.49 VDo/asru 0.92
2:6 LDg/asts = 0.30 + 0.97 LDygpe 0.99 6:8 LDgps = 3.53 + 1.68 VDe/astn 0.90
2:7 LDs/astu = 3.10 + 1,46 VDo/reru 0.93 6:9 LDypp = 5.49 + 1.08 IDgs 0.95
2:8 LDa/astn = 3.45 + 1.67 VDe/asru 0.92 6:10 LDys = 7.97 + 1.07 MD%e 0.91
2:9 LDa/astu = 5.43 + 1,07 IDsgs 0.96 6:11 LDsye = 6.62 + 0.70 MDy;e 0.94
2:10 LDsg/astu = 7.96 + 1.05 MD:,s 0.92 7:8 VDo/asru = 0.36 + 1.12 VDg/asru 0.98
2:11 LDg/ssru = 6.67 + 0.68 MDgps 0.95 7.9 VDo/astn = 2.67 + 0.63 IDay 0.89
3:4 LDc/asra = -2.15 + 0.91 LDo/asrn 0.96 7:10 VDb/astn = 4.6T + 0.55 MD%e 0.76
3:5 LDc/asru = 2.12 + 0.65 LD%e 0.98 711 VDo/asrn = 3.95 + 0.36 MDge 0.79
3:6 LDc/astn = 2.32 + 1,03 LDge 0.96 8:9 VDe/porn = 2.20 + 0.55 IDgy 0.89
317 LDc/asta = 3.88 + 1.70 VDo psrn 0.98 8:10 VD /astn = 3.96 + 0.48 MD36 0.75
3:8 LDc/asts = 4.21 + 1.95 VDg/porn 0.98 8:11 VDk/asrw = 3.25 + 0.32 MDype 0.80
3:9 LDc/ssrn = 7.87 + 1.13 IDgq 0.92 9:10 IDgy = 2.60+ 0.95 MD%s 0.92
3:10 LDc/asrn = 11.10 + 1,03 MD¥s 0.82 9:11 IDps = 1.75 + 0.59 MDs;e 0.92
311 LDc/astu = 9.65 + 0,68 MDspe 0.86 10:11 MD#%e = 0.69 + 0.61 MDy,e 0.97
4:5 LDo/asrn = 6.74 + 0.64 LD3;s 0.91
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Table 5. Standard deviation and reproducibility under identical and
comparative conditions.

Standard Deviation Reproducibility
Identical Comparative Identical Comparative
Aggregate Test Conditions Conditions Conditions Conditions
Basalt 5 0.468 1.242 0.756 3.52
6 0.415 1.037 0.66 2.95
Limestone 5 0.973 2.754 1.56 7.79
6

0.454 2.180 0.73 6.08

Table 6. Requirements for small-sized coarse aggregates.

United
Courses States France Germany
Surface courses 19.2
Binder courses 40 20
With high content of voids 19.2
With low content of voids 25.1
Bituminous mix base courses 45 25 29.5

Aggregate base courses 50 25(35) 25.1

47
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The test values of the Deval test tend to be low, and the relative standard deviations
are large. Therefore, no significant differentiation of abrasive and nonabrasive aggre-
gates was achieved.

The Los Angeles test showed small standard deviations under identical conditions,
and an international comparative test was performed to calculate standard deviations
under comparative conditions (between laboratories).

The following 16 laboratories in 8 countries participated in this comparative test:

1. Tie-Ja Vesirakennushallitus, TVHin Laboratorio, Helsinki, Finland;
2. Valtion Teknillinen Tutkimuslaitos, Staatl. Techn. Forschungsanstalt, Helsinki,
Finland;

3. Statens Vegvesen, Vegdirektoratet, Oslo, Norway;

4, Statens Viginstitut, Stockholm, Sweden;

5. Department of Civil Engineering, University of Salford, Salford, Great Britain;
6. MAPAG, Materialprifungs-AG, Guntramsdorf, Austria;

7. Gumpoldskirchner Kalk- und Schotterwerke, Gumpoldskirchen, Austria;

8. Laboratoire Central des Ponts et Chaussées, Paris, France;

9. A branch laboratory of the preceding;
10, Evm. Szilikatipari Kozponti Kutato es Tervezo Intezet, Budapest, Hungary;
11. Bundesanstalt fiir Strassenwesen, K&ln-Raderthal, West Germany;
12. Institut fiir bit. Baustoffe, TU Miinchen, Miinchen, West Germany;
13. Forschungsgemeinschaft Eisenhiittenschlacke, Rheinhausen, West Germany;
14, Institut fiir Baumaschinen, TH Aachen, Aachen, West Germany;
15. Ingenieurbiiro Brand und Nies, Koln-Braunsfeld, West Germany; and
16. Institut fiir Strassenwesen, TH Aachen, Aachen, West Germany.

We used 2 different aggregates, basalt and limestone, and tested them with the 2 modi-
fied Los Angeles test methods, No. 5 and No. 6. The laboratories performed only the
stress test with the prepared sample. The sieve analysis for calculating the test values
was done in our laboratory. Thereby it was possible to find out the influence of the dif-
ferent Los Angeles machines on test results. Three samples were tested under the
same conditions, so that every laboratory received 12 samples (3 basalt for No. 5, 3
basalt for No. 6, 3 limestone for No. 5, and 3 limestone for No. 6). The mean values
of the 4 different tests obtained from the 16 laboratories are shown in Figure 7.

The values obtained at the different laboratories differ very much aithough their test
procedures were conducted according to the standardized methods. With an analysis
of variance (9) the variation within sets and between sets could be calculated (Table 5).

The standard deviations under identical conditions are within laboratories and those
under comparative conditions are between laboratories. Table 5 also gives the re-
producibility under identical conditions, w = 1.96 /2 (s,//n), and under comparative con-

ditions, v = 1.96/2/s% + (s2/n), for a probability of 95 percent.

The reproducibility under comparative conditions was obtained in a range of about
20 to 30 percent, relative (v/x), a range similar to the one we had found for the German
impact test (19). This means that the Los Angeles test shows about the same variances
under comparative conditions (comparing results of different laboratories) as the Ger-
man impact test. To reduce this variability will require further standardization of the
Los Angeles machine (length and diameter, slope, and steel) and the testing procedure.
In that way we are now improving our German impact machine in order to reduce the
variance of test values.

CONCLUSIONS AND APPLICATION

Linear regressions with high reliability among the Los Angeles, Deval, German
impact, British impact, and modified Marshall impact tests were found. This means
that, although the strains of the aggregates are very different with these test methods,
they characterize the same or at least similar properties of aggregates. We learned
that the magnitude of the test value is test specific but the quality of test results is ag-
gregate specific.
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In calculating the variances of the different test values, we found that the variation
under identical conditions was small, especially for the Los Angeles test. However,
comparing results under comparative conditions obtained in 16 different laboratories,
we found that the Los Angeles test showed a reproducibility of about 20 to 30 percent
relative, a range equal to or even larger than that found for the German impact test.
This means that further standardization of testing machinery and of procedure is neces-
sary if values of different laboratories are to be compared.

The calculated linear regressions found for the different test procedures will allow
the comparison of specifications for small-sized coarse aggregates tested with differ-
ent international test methods, It will now be possible to exploit international experi-
ences and literature on the question of requirements for use of aggregates in road con-
struction for different courses.

Table 6 gives a comparison of Los Angeles abrasion values that are required in the
United States (34), France (35), and Germany (31). The German values that are re-
quired with the impact test, SZs, (33), are transformed into Los Angeles values grading
B (23) with the regression equations given in Table 3 (2:6) and shown in Figure 2.

The comparison shows that the requirements in France and Germany are similar,
whereas the requirements of the United States are extremely broad. This may show
how subjective requirements are fixed in different countries.

The calculated regressions will allow further exploitation of international experiences
with aggregates of different qualities.
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