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1.5 MECHANICAL PROPERTIES AND TESTS AS PER BIS

Mechanical properties of aggregate

The mechanical properties of aggregate can be determined by using following test

1

Test for determination of aggregate crushing value
Test for determination of ten per cent fines value
Test for determination of aggregate impact value
Test for determination of aggregate abrasion value

Test for Determination of Aggregate Crushing Value:

» Strength of rock is found out by making a test specimen of cylindrical shape of

size 25 mm diameter and 25 mm height. This cylinder is subjected to compressive
stress. Different rock samples are found to give different compressive strength

varying from a minimum of about 45 MPa t 0 a maximum of 545 MPa.

> As said earlier, the compressive strength of parent rock does not exactly indicate

the strength of aggregate in concrete. For this reason assessment of strength of the
aggregate is made by using a sample of bulk aggregate in a standardized manner.
This test is known as aggregate crushing value test. Aggregate crushing value gives
a relative measure of the resistance of an aggregate sample to crushing under
gradually applied compressive load. Generally, this test is made on single sized
aggregate passing 12.5 mm and retained on 10 mm sieve.

The aggregate is placed in a cylindrical mould and a load of 40 ton is applied
through a plunger. The material crushed to finer than 2.36 mm is separated and
expressed as a percentage of the original weight taken in the mould. This
percentage is referred as aggregate crushing value. The crushing value of aggregate
Is restricted to 30 per cent for concrete used for roads and pavements and 45 per
cent may be permitted for other structures.

The crushing value of aggregate is rather insensitive to the variation in strength of
weaker aggregate. This is so because having been crushed before the application
of the full load of 40 tons, the weaker materials become compacted, so that the
amount of crushing during later stages of the test is reduced. For this reason a

simple test known as -10 per cent fines value is introduced. When the aggregate
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crushing value become 30 or higher, the result is likely to be inaccurate, in which
case the aggregate should be subjected to 10 per cent fines value test which gives
a better picture about the strength of such aggregates.

This test is also done on a single sized aggregate as mentioned above. Load
required to produce 10 per cent fines (particles finer than 2.36 mm) is found out
by observing the penetration of plunger. The 10 per cent fines value test shows a
good correlation with the standard crushing value test for strong aggregates while
for weaker aggregates this test is more sensitive and gives a truer picture of the
differences between more or less weak samples.

It should be noted that in the 10 per cent fines value test unlike the crushing value
test, a higher numerical result denotes a higher strength of the aggregate. The detail
of this test is given at the end of this chapter under testing of aggregate.

. Test for determination of ‘ten per cent fines value’ :

The sample of aggregate for this test is the same as that of the sample used for
aggregate crushing value test. The test sample is prepared in the same way as
described earlier. The cylinder of the test apparatus is placed in position on the
base plate and the test sample added in thirds, each third being subjected to 25
strokes by tamping rod. The surface of the aggregate is carefully levelled and the
plunger inserted so that it rests horizontally on this surface.

The apparatus, with the test sample and plunger in position is placed in the
compression testing machine. The load is applied at a uniform rate so as to cause
a total penetration of the plunger in 10 minutes of about: 15.00 mm for rounded or
partially rounded aggregates (for example uncrushed gravels) 20.0 mm for normal
crushed aggregates, and 24.0 mm for honeycombed aggregates (for example,
expanded shales and slags).

After reaching the required maximum penetration, the load is released and the
whole of the material removed from the cylinder and sieved on a 2.36 mm I.S.
Sieve. The fines passing the sieve is weighed and the weight is expressed as a
percentage of the weight of the test sample. This percentage would fall within the
range 7.5 to 12.6, but if it does not, a further test shall be made at a load adjusted

as seems appropriate to bring the percentage fines with the range of 7.5 to 12.5 per
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cent. Repeat test is made and the load is found out which gives a percentage of

fines within the range of 7.5 to 12.5.

14 x X

Load required f or 10 per cent fines = r+4
Where, X = load in tons, causing 7. 5t 0 12.5 percent fines.
Y = mean percentage fines from two tests at X tons load.
3. Test for determination of Aggregate Impact Value
» With respect to concrete aggregates, toughness is usually considered the resistance
of the material to failure by impact. Several attempts to develop a method of test
for aggregates impact value have been made. The most successful is the one in
which a sample of standard aggregate kept in a mould is subjected to fifteen blows

of a metal hammer of weight 14 Kgs. falling from a height of 38 cms.

: handle

< Hammer of weight
132—137 N

100 mm dia |{¢—Vertical quide
bar

Cup 102 mm Dia
and height 50 mm

/ Yoircular base

I ]

» The quantity of finer material (passing through 2.36 mm) resulting from pounding
will indicate the toughness of the sample of aggregate. The ratio of the weight of
the fines (finer than 2.36 mm size) formed, to the weight of the total sample taken
IS expressed as a percentage. This is known as aggregate impact value 1S 283-1970
specifies that aggregate impact value shall not exceed 45 per cent by weight for
aggregate used for concrete other than wearing surface and 30 per cent by weight,

for concrete for wearing surfaces, such as run ways, roads and pavements.
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4. Test for determination of Aggregate Abrasion Value
Apart from testing aggregate with respect to its crushing value, impact resistance,
testing the aggregate with respect to its resistance to wear is an important test for
aggregate to be used for road constructions, ware house floors and pavement
construction. Three tests are in common use to test aggregate for its abrasion resistance.
(i) Deval attrition test (if) Dorry abrasion test (iii) Los Angeles test.
Deval Attrition Test
In the Deval attrition test, particles of known weight are subjected to wear in an
iron cylinder rotated 10000 times at certain speed. The proportion of material crushed
finer than 1.7 mm size is expressed as a percentage of the original material taken. This
percentage is taken as the attrition value of the aggregate.
This test has been covered by IS 2386 (Part IV) — 1963. But it is pointed out that wherever
possible Los Angeles test should be used.
Dorry Abrasion Test
This test is not covered by Indian Standard Specification. The test involves in
subjecting a cylindrical specimen of 25 cm height and 25 cm diameter to the abrasion
against rotating metal disk sprinkled with quartz sand. The loss in weight of the cylinder
after 1000 revolutions of the table is determined
Tests on aggregates
The various test carried out in aggregate are
++ Sieve analysis test
¢ Test for determination of flakiness index
+» Test for determination of elongation index
+» Test for determination of clay, fine silt and fine dust
+» Test for determination of organic impurities
1. Sieve Analysis Test:
v" The sieve analysis is conducted to determine the particle size distribution in a
sample of aggregate, which we call gradation. A convenient system of expressing
the gradation of aggregate is one which the consecutive sieve openings are

constantly doubled, such as 10 mm, 20 mm, 40 mm etc. Under such a system,
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employing a logarithmic scale, lines can be spaced at equal intervals to represent
the successive sizes.

v" The aggregates used for making concrete are normally of the maximum size 80
mm, 40 mm, 20 mm, 10 mm, 4.75 mm, 2.36 mm, 600 micron, 300 micron and 150
micron. The aggregate fraction from 80 mm to 4.75 mm are termed as coarse
aggregate and those fraction from 4.75 mm to 150 micron are termed as fine
aggregate. The size 4.75 mm is a common fraction appearing both in coarse
aggregate and fine aggregate (C.A. and F.A.).

v' Grading pattern of a sample of C.A. or F.A. is assessed by sieving a sample
successively through all the sieves mounted one over the other in order of size,
with larger sieve on the top. The material retained on each sieve after shaking,
represents the fraction of aggregate course than the sieve in question and finer than
the sieve above.

v" Sieving can be done either manually or mechanically. In the manual operation the
sieve is shaken giving movements in all possible direction to give chance to all
particles for passing through the sieve. Operation should be continued till such
time that almost no particle is passing through. Mechanical devices are actually
designed to give motion in all possible direction, and as such, it is more systematic
and efficient than hand sieving.

v" Fineness modulus is an empirical factor obtained by adding the cumulative
percentages of aggregate retained on each of the standard sieves ranging from 80
mm to 150 micron and dividing this sum by an arbitrary number 100. The larger
the figure, the coarser is the material.

The following limits may be taken as guidance:
Fine sand: Fineness Modulus: 2.2 - 2.6
Medium sand: F.M.: 2.6 - 2.9
Coarse sand: F.M.: 2.9 - 3.2
A sand having a fineness modulus more than 3.2 will be unsuitable for making

satisfactory concrete.
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2. Test for Determination of Flakiness Index:

v" The flakiness index of aggregate is the percentage by weight of particles in it whose
least dimension (thickness) is less than three-fifths of their mean dimension. The
test is not applicable to sizes smaller than 6.3 mm.

v" This test is conducted by using a metal thickness gauge, of the description shown
in Fig. sufficient quantity of aggregate is taken such that a minimum number of
200 pieces of any fraction can be tested. Each fraction is gauged in turn for
thickness on the metal gauge. The total amount passing in the guage is weighed to
an accuracy of 0.1 per cent of the weight of the samples taken. The flakiness index
Is taken as the total weight of the material passing the various thickness gauges
expressed as a percentage of the total weight of the sample taken. Table shows the

standard dimensions of thickness and length gauges.

Size of Aggregate Thickness Length of
Passing through Retained on Gauge*® mm Gauget mm
5 Sieve IS Seve
63 mm 50 mm 33.80 -
50 mm 40 mm 27.00 81.0
40 mm 25 mm 19.50 58.5
31.5 mm 25 mm 16.95 -
25 mm 20 mm 13.50 40.5
20 mm 16 mm 10.80 32.4
16 mm 125 mm B8.55 25.6
12.5 mm 10.0 mm 6.75 20.2
10.0 mm 6.3 mm 4.89 14.7

* This dimension 15 equal to 0.6 times the mean Sieve size
{ This dimension is equal to 1.8 times the mean Sieve size.

These sizes marked on gauge
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Dimensions of Thickness and Length Gauges (I1S: 2386 (Part I) — 1963

3. Test for Determination of Elongation Index :

> The elongation index on an aggregate is the percentage by weight of particles
whose greatest dimension (length) is greater than 1.8 times their mean dimension.
The elongation index is not applicable to sizes smaller than 6.3 mm.

» This test is conducted by using metal length guage of the description shown in Fig.
sufficient quantity of aggregate is taken to provide a minimum number of 200
pieces of any fraction to be tested.

» Each fraction shall be gauged individually for length on the metal guage. The
guage length used shall be that specified in column of 4 of Table for the appropriate
size of material. The total amount retained by the guage length shall be weighed to
an accuracy of atleast 0.1 per cent of the weight of the test samples taken.

» The elongation index is the total weight of the material retained on the various
length gauges expressed as a percentage of the total weight of the sample gauged.
The presence of elongated particles in excess of 10 to 15 per cent is generally

considered undesirable, but no recognized limits are laid down.
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4. Test for Determination of clay, fine silt and fine dust :
This is a gravimetric method f or determining the clay, fine silt and fine dust which

includes particles upto 20 microns. The sample for test is prepared from the main sample
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taking particular care that the test sample contains a correct proportion of the finer
material. The amount of sample taken for the test is in accordance with Table.

Weight of Sample for Determination of Clay, Fine Silt and Fine Dust

Maximum size present in Approximate weight of
substantial proportions sample for Test
mim kg
63 to 25 6
20to 12.5 1
10 to 6.3 0.5
4.75 or smaller 0.3

e Sedimentation pipette of the description shown in Fig. is used for determination of
clay and silt content. In the case of fine aggregate, approximately 300 gm. of
samples in the air-dry condition, passing the 4.75 mm IS Sieve, is weighed and
placed in the screw topped glass jar, together with 300 ml of diluted sodium oxalate
solution. The rubber washer and cap are fixed. Care is taken to ensure water
tightness.

e The jar is then rotated about its long axis with this axis horizontal, at a speed of 80
+ 20 revolutions per minute for a period of 15 minutes. At the end of 15 minutes
the suspension is poured into 1000 ml measuring cylinder and the residue washed
by gentle swirling and decantation of successive 150 ml portions of sodium oxalate
solution, the washings being added to the cylinder until the volume is made upto
1000 ml.

¢ Inthe case of coarse aggregate the weighed sample is placed in a suitable container,
covered with a measured volume of sodium oxalate solution (0.8 gm per litre),
agitated vigorously to remove all fine material adhered and the liquid suspension
transferred to the 1000 ml measuring cylinder. This process is repeated till all clay
material has been transfered to the cylinder. The volume is made upto 1000 ml
with sodium oxalate solution.

e The suspension in the measuring cylinder is thoroughly mixed. The pipette A is
then gently lowered until the pipette touches the surface of the liquid, and then

lowered a further 10 cm into the liquid. Three minutes after placing the tube in
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position, the pipette A an dt he bore of tap B is filled by opening B and applying
gentle suction at C.A small surplus may be drawn up into the bulb between tap B
and tube C, but this is allowed to run away and any solid matter is washed out with
distilled water from E.The pipette is then removed from the measuring cylinder
and its contents run into a weighed container. The contents of the container is dried
at 100°C to 110°C to constant weight, cooled and weighed.

The percentage of the fine slit and clay or fine dust is calculated from the formula.

100 (1000 3
AN

03

Where W1 = weight in gm of the original sample.

W2 = weight in gm of the dried residue

V =volume in ml of the pipette and

0.8 = weight in gm of sodium oxalate i n one litre of diluted solution
5. Test for Determination of Organic Impurities:

e This test is an approximate method for estimating whether organic compounds are
present in the natural sand in an objectionable quantity or with in the permissible
limit.

e The sand from the natural source is tested as delivered and without drying. A 350
ml graduated clear glass bottle is filled to the 75 ml mark with 3 per cent solution
of sodium hydroxide in water

e The sand is added gradually until the volume measured by the sand layer is 125
ml.

e The volume is then made up to 200 ml by adding more solution. The bottle is then
Stoppard and shaken vigorously. Roding also may be permitted to dislodge any
organic matter adhering to the natural sand by using glass rod. The liquid is then
allowed to stand for 24 hours. The colour of this liquid after 24 hours is compared
with a standard solution freshly prepared, as follows: Add 2.5 ml of 2 per cent
solution of tannic acid in 10 percent alcohol to 97.5 ml of a 3 per cent sodium
hydroxide solution.

e Place in a 350 ml. bottle, stopper, shake vigorously and allow to stand for 24 hours

before comparison with the solution above and described in the preceding
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paragraph. Alternatively, an instrument or coloured acetate sheets for making the
comparison can be obtained, but it is desirable that these should be verified on
receipt by comparison with the standard solution.
6. Test for Determination of Specific Gravity:
Indian Standard Specification IS: 238 6(Par It Il) of 1963 gives various procedures
to find out the specific gravity of different sizes of aggregates. The following procedure

Is applicable to aggregate size larger than 10 mm.

Bce

A sample of aggregate not less than 2 kg is taken. It is thoroughly washed to
remove the finer particles and dust adhering to the aggregate. It is then placed in a wire
basket and immersed in distilled water at a temperature between 22° to 32°C.

Immediately after immersion, the entrapped air is removed from the sample by
lifting the basket containing it 25 mm above the base of the tank and allowing it of drop
25 times a the rate of about one drop per sec. During the operation, care is taken that the
basket and aggregate remain completely immersed in water. They are kept in water for a
period of 24 + 1/2 hours afterwards.

The basket and aggregate are then jolted and weighed (weight A 1i) n water at a
temperature 22 ° to 32° C. The basket and the aggregate are then removed from water
and allowed to drain for a few minutes and then the aggregate is taken out from the basket
and placed on dry cloth and the surface is gently dried with the cloth. The aggregate is
transferred to the second dry cloth and further dried. The empty basket is again immersed
in water, jolted 25 times and weighed in water (weight A2). The aggregate is exposed to
atmosphere away from direct sunlight for not less than 10 minutes until it appears

completely surface dry. Then the aggregate is weighed in air (weight B).

[ S
C—4

Apparent Sp. Gravity =

Specific Gravity = de:

100 (B—O)

Water absorption = rad

CEB8404 CONCRETE TECHNOLOGY



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Then the aggregate is kept in the oven at a temperature of 100 to 110°C and maintained
at this temperature for 24 + 1/2 hours. It is then cooled in the air-tight container, and
weighed (weight C).

net weight of the aggregate m kg PercERtaGS GF VOIdS = G; - Yx 100
= T

Bulk dinsity =

capacity of the container in litre '
where, G, = specific gravity of aggregate and Y = bulk dinsity in kg/litre.

Where, A= the weight in gm of the saturated aggregate in water (Al — A2),

B = the weight in gm of the saturated surface-dry aggregate in air, and

C = the weight in gm of oven-dried aggregate in air.
Test for Determination of Bulk Density and Voids
Bulk density is the weight of material in a given volume I. it’s normally expressed in kg
per litre. A cylindrical measure preferably machine dot accurate internal dimensions is
used for measuring bulk density. The size of the container for measuring bulk density is

shown in Table

Size of Largest Nominal Inside Inside Thickness
Particles Capacity Diameter Height of Metal
litre cm cm mm
4.75 mm and under 3 15 17 3.15
Over 4.75 mm
to 40 mm 15 25 30 4.00
Over 40 mm 30 35 31 5.00

Size of Container for Bulk Density Test

The cylindrical measure is filled about 1/3 each time with thoroughly mixed aggregate
and tamped with 25 strokes by a bullet ended tamping rod, 16 mm diameter and 60 cm
long. The measure is carefully struck of level using tamping rod as a straight edge. The
net weight of the aggregate in the measure is determined and the bulk density is calculated

in kg/litre.
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