: of the International Association of ENGINEERING GEOLOGY
' BULLETIN

|

. de I'Assocation Internationale de GEOLOGIE DE L'INGENIEUR

Ne 30 PARIS 1984 |

A SIMPLIFIED APPROACH FOR MIX DESIGN BASED ON SHAPE FACTORS OF COARSE AG-
GREGATES

CHOIX DE LA FORMULATION DES ENROBES FONDE SUR LA FORME DES GRAVILLONS

RAJAGOPAL AS. *, VEERARAGAVAN A. * JUSTO CEG. **

Abstract

The stability of granular materials and bituminous mixes increases with increase in dry density or decrease in voids in the mix.
Therefore the proportions of materials in the mix are designed to obtain a desired gradation which yields maximum density.

An investigation was carried out on gradation requirements of the mixes to obtain maximum density and stability values,
using coarse aggregates with different shape factors. It is found that there is an optimum value of gradation index n of the

d

gradation equation : p % = 100 - for an aggregate with a given value of angularity number. N. A correlation between

values of N and n has been obtained which can be used advantageously in mix design.

Résumé
La stabilité des matériaux granulaires et des mélanges bitumineux augmente avec la compacité ou avec la diminution des vides

dans le mélange. C’est pourquoi la granularité du mélange est déterminée pour obtenir la densité maximale.

Une recherche a ¢té faite sur 'optimisation de la granularité des mélanges pour obtenir des valeurs maximales de densité et
de stabilité en utilisant des gravillons avec différents facteurs de forme. Il se trouve qu’il existe une valeur optimale de I’indice

[TI 1]

n’’ donné par ’équation de la granularité p % = 100 4 n, pour un granulat ayant une angularité N donnée. Une relation entre N
D

et n est obtenue et peut étre utilisée pour déterminer la granularité du mélange.

1. Introduction

1.1. Density and Stability

The stability of granular pavement materials and bituminous
mixes increases with an increase in the density or a decrease
in the voids in the mix. Therefore it is a common practice
to choose the grain size distribution of the coarse and fine
aggregates in the mix so as to yield the maximum dry density
value. In the case of bituminous mixes, it is also essential to
ascertain the other requirements such as flexibility and
durability.

1.2. Gradation and Density

The gradation to be aimed at or the ‘““desired gradation™ for
different pavement works may be obtained from one of
the following three approaches :
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(i) Gradation tables standardised/recommended by different
organisations [1, 2, 4, 7] (ii) 1deal gradation concept [3, 6]

using the general equation, P% = 1004 »

= where P is to
percentage of materials finer than grain size d, D is the maxi-
mum size of the aggregate and n is the gradation index
(iii) Experimental results based on the aggregate — binder
concept [8, 9] giving the optimum proportion of fines corres-
ponding to maximum density or stability.

The gradation tables have specified the limits or particle
size distribution for granular base and surfacings of pave-
ments and for bituminous concrete mixes. Corresponding
to each grain size, the middle point of the range of percen-
tage fines given in the table is considered as the desired
gradation and the different aggregates are proportioned so
as to obtain this gradation.

1.3. Shape and Gradation Index

Fuller and Thompson [5] assumed that all particles are
spherical in shape and first, the largest particles are arranged
in the densest state and the next smaller size of particles



are chosen to just fit in the voids between the largest parti-
cles and this process is continued ; they theoretically deter-
mined the value of gradation index n = 0.50 in the ideal
gradation concept. In the case of soil-aggregate mixes the
particle shape is seldom spherical and for such materials.
Talbot and Richort [10] suggested the value of gradation
index n = 0.333 based on their test results.

The aggregate-binder concept was proposed by Miller and
Sowers [9] by experimentaly studying the effect of soil
binder or fines in soil-aggregate mixes.

1.4. Shape Factor and Stability

Investigators like Herrin and Goetz {6] and Campen and
Smith [3}] have studied the effect of aggregate shape on the
stability of bituminous mixes. Aggregates ranging from
rounded to angular shape were found to have significant
effects on the stability of bituminous mixes. But the shape
factors of the aggregates were expressed only in qualitative
terms and therefore definite conclusions shape factors of
coarse aggregates quantitatively in terms of the angularity
number N, flakiness index FI and elongation index EI.

2. Scope of the study

2.1. Various Shape Factors

The shape factors of aggregates used in pavement materials
depend on the source, properties of the rock and the type
and condition of the crushers. In India jaw crushers are
commonly used at the site of the stone quarry. As the
jaws of the crusher become worn, there is generally an
increase in the values of N and EI.

2.2. Shape Factor and Grain Size Distribution

Four typical shape factors of aggregates viz., rounded,
semi-rounded, angular and flaky are shown in Fig. 1. The
rounded aggregates have least void content and the lowest
N-value, when compared with angular and flaky particles.
Therefore in coarse aggregates with higher values of N, the
proportion of finer particles required to produce denser
mix are also higher. If the gradation index n of the ideal
gradation equation is decreased from 0.5 to a smaller value,
the proportion of finer materials in the mix increases, as
seen in Table 2. Therefore a correlation between the angu-
larity number N and the gradation index n is likely to exist ;
as the value of N increases, that of n should decrease. In
this case it is assumed that the angularity number N of the
coarse particles as well as other size ranges remain the same.
But in actual practice the N values of materials of various
size ranges are likely to slightly differ from each other ;
in such cases, the weighted average value of N in the mix
should be determined.

It may also be desirable to consider the effects of other
shape factors like the FI and EI.

2.3. Objects

The standard gradation tables do not consider the variation
in grain size distribution with change in any of the shape
factors of the coarse aggregates, except proposing a range of
values. For widely varying shape factors of aggregates avai-
lable from different sources or batches, it is necessary to
alter the grain size distribution suitably so as to obtain the
maximum density or stability. The authors have often found
that the middle point of the ranges suggested in the standard
tables give too low values of density/stability of bituminous
mixes in some cases, necessitating several trials by varying
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Fig. 1 : Typical shape factors of aggregates.

the grain size distribution within the given ranges till the
required stability is achieved. In order to minimise the
above trials, laboratory investigations were planned so as to
establish a correlation between the weighted average angu-
larity number N and the gradation index n of the ideal gra-
dation equation, so that by finding the N values of the
coarse fractions of the aggregate in the mix, it is possible to
arrive at the desired gradation for maximum density/stability.
By a suitable proportioning method, it is possible to obtain
a gradation in the field which is closest to the desired grada-
tion.

3. Laboratory experiments

3.1. Materials

Apggregates with different shape factors were collected from
various parts of the country and they were sorted out in
eleven different groups of aggregates mixes A, B, C, ... K,
based on the N values of different size ranges. The values of
shape factor of these aggregates are presented in Table 1.

Tab.1: Shape factors of materials used
Weighted Average Values of
Material Specific
Materl Gravity Angularity | Elongation | Flakiness
Number Index Index
A 2.68 2.23 0 0
B 2.69 5.06 0 3.66
C 2.69 5.21 22.52 1.83
D 2.69 5.26 50 3.0
E 2.68 7.31 0 0
F 2.64 7.82 37.77 0
G 2.64 8.03 0 0
H 2.72 8.87 0 0
I 2.72 9.18 19.38 2.08
J 2.72 12.35 55.97 15.10
K 2.66 13.17 71.65 12.33
3.2. Variation in Grain Size D istribution

By adopting different values of the gradation index n in
the gradation equation, the grain size distributions of each
material in the mixes were altered. Six values of n were



considered between 0.2 and 0.5 and the gradations adopted
in this investigation with each of the eleven materials are
given in Table 2.

Tab.2: Gradation chart for various values
of gradation index. n

Percentage passing for 'n’

Size,;n

!"‘10 ’1020 | 025 | 030 | 033 | 040 | 050
[ : t

20 1100 | 100 ' 100 § 100 | 100 | 100
| 16 [9s6 | 9457 | 935 | 929 | 915 | 89.4
1125|910 | 8891 | 8638 | 856 | 829 | 79.1

10 87.1 | 84.10 | 812 79.6 758 | 707
6.3 794 | 7492 | 707 68.3 ) 629 | 56.1
475 750 ! 69.85 | 649 62.2 563 | 487
236 | 652 | 5861 | 527 49.4 ‘ 425 | 344
1.18 | 568 ! 4921 | 428 39.3 322 | 243

33.9 31.4 246 | 173

030 |432 | 350
015 [376 | 2943
0.075"|32.7 | 24.75

284 25.0 18.6 12.

18.7 15.8 10.7

% \
|
| |
060 |496 | 4162 |
] ‘ 22
230 | 199 | 141 8.7
l 6.1

3.3. Density Studies

Detailed investigation were carried out on the density values
of dry mixes as per Table 2 and subjected to compaction
on a standard vibrating table (50 cycles per second) for a
period of 60 seconds. The tests were repeated till at least
three consistent density values were obtained with each
mix and the average density was then determined in each
case. Thus with eleven different materials, the average den-
sity values of sixty-six mixes were determined. Also density
tests were carried out on mixes obtained from the middle
points of the ranges given in the standard gradation table on
all the materials, for comparison.

3.4. Tests on Bituminous Mexes

The gradation of each mix which gave the highest density
was chosen for preparing bituminous mixes for further tests.
Marshall stability tests were carried out on each of those
mixes. In order to compare the resuits with the conven-
tional approach, bituminous mixes were prepared with
gradation obtained from the middle points of the standard
table and were tested.

4. Analysis of data and discussions

4.1. Relation between gradation index and density

The density values of the mixes obtained by varying the
gradation index n were plotted for each material. It is
interesting to note that there is an optirum value of n
which gives maximum density of the mix for each mate-
rial. These are shown in Fig, 2. It is also observed that as
the angularity number N increases, the optimum value of
gradation index n decreases.

4.2. Correlation between N and n

The weighted average of N of each mix corresponding to
the optimum value of n producing maximum density was
plotted against the optimum n value (Fig. 3). A linear
relation is observed with regression equation :

n=0378 - 0.0098 N,

with coefficient of correlation r = - 0.9293 ;
(r2 = 0.8636, number of points = 11, F = 56.96 significant
at one per cent level of significance).

This shows that there is a good correlation between the
angularity number and gradation index.
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Fig. 2 : Relation between gradation index and density.
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Fig.3: Correlation between angularity number and gradation
index.

4.3. Comparison of Density Values

The density values obtained by the present approach corres-
ponding to optimum gradation index were compared with
those obtained from the middle point of the standard table.
It was found that the density values by the present approach



were higher than the conventional approach in all the cases
and the percentage increase in density by this approach
varied from 4.23 to 13.28 percent and the average increase
in the density for all the eleven materials was 9.77 per cent.

4.4. Comparison of Stability Values of Bituminous Mixes

The maximum values of Marshall Stability obtained for the
mixes by the present approach at optimum n value were
consistently higher than those obtained by the conventional
.method, the increase in maximum stability values being
up to 90 per cent. The values of optimum bitumen content
and flow are found to be slightly different by the two
approaches due to variation in grain size distribution.

5. Conclusions

The present approach to decide the gradation based on the
angularity number of coarse aggregates in the mix gives a
grain size distribution corresponding to high values of
dry density and stability. There is considerable saving in
time and effort in order to obtain the maximum density by
the present approach as the number of trials using different
gradations within the ranges of standard tables could be
avoided. First the angularity number of the coarse fraction
of aggregates are determined and using the regression equa-
tion the optimum value of gradation index is found. Subse-
quently corrections are made for the weighted average value
of N in the mix. An example of present approach is worked
out and given in Appendix.

126

References

[1] AMERICAN SOCIETY FOR TESTING MATERIALS (1944) :
“Tentative Specification for Materials for Stabilised Base and
Surface Courses”, Designation D 556 — 40T and D 557<40T.
Book of A.S.T.M. Standards including Tentative Standards.

[2] BRITISH STANDARDS INSTITUTION (1943) : “Sampling
and Testing of Mineral Aggregates, Sands and Fillers”,
British Standard Specification No. 812 :1943.

[3] COMPEN W.H. and SMITH J.R. (1948) : “A Study of the Role
of Angular Aggregates in the Development of Stability in
Bituminous Mixtures”, Proceedings, Association of Asphalt
Paying Technologists, vol. 17.

[4] DSIR (1951) : “Soil Mechanics for Road Engineers”, Her
Majesty’s Stationery Office, London.

[5] FULLER W.B. and THOMPSON S.E. (1907) : “Law of Propor-
tioning Concrete”, Transactions American Societv of Civil
Engineers, Vol. 59.

[6] HERRIN M and GOETZ W.H. (1954) : “Effect of Aggregate
shape on Stability of Bituminous Mixes”, Proceedings High-
way Research Board (Washington), Vol. 33,

[71IRC (1977) : “Tentative Specification for 4 cm Asphaitic
Concrete Surface Course”’, Indian Roads Congress.

[8] KHANNAS.K.,JUSTOC.E.G.and SURENDRA Kumar (1971):
“Design of Soil Aggregate Mixtures for Base Courses”, Road
Research Bulletin No. 15, Indian Roads Congress.

[9] MILLER E.A. and SOWERS G.F. (1957) : “The Strength
Characteristics of Soil — Aggregate Mixtures” Highway
Research Board (Washington), Bulletin No. 183.

[IO]TALBOT AN. and RICHORT F.B. (1923) : “Strength of

Concrete”, Bulletin 137, University of Hlinois Engineering
Experiment Station”.

APPENDIX

Typical Example for Deciding Gradation Based on Angularity Number

Step (i) : Maximum size of aggregate (100 % passing),
D=20x103m

Size range in m Angularity
(x 10-3) Number (N)
20 -16 10.07
16 -12.5 349
12.5-10 9.35
10.0- 6.3 8.97
Mean N=9.22

Step (ii) : Determination of trial gradation :

From regression line or equation of n vs N, for mean
N =922, n =0.2876 =~ 0.288. Gradation obtained from

d

equation P/ =100 s ™ with n = 0.288 is given below :

Size, n Percent
(x 10-3) passing
20 100
16 93.78
12.5 87.34
10.0 81.90
63 71.70

Step (iii) : Determination of Weighted Averages N :

Size range, n
: l?:( rlO'%) Percent, p pxN
20 -16 6.22 62.64
16 -12.5 644 54.68
12.5-10 544 50.86
10.0- 6.3 10.20 91.49
28.30 259.67
ighted Average Value of N = P =227 _g 15
Weighted Average Value of I Tp 2830

Step (iv) : Corrected Gradation :

Corrected gradation index n (from regression line/equation)
=0.288.
As the n-value obtained from mean N-value does not signi-
ficantly differ from that obtained from the weighted
average value of N, the gradation obtained in step (ii) may
be used.

Note : If the revised value of n is different for the weighted
average value of N, a new gradation table should be pre-
pared with the revised value of n.



