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2.1 HARDNESS TEST OF METALS 

This test is performed to determine the hardness of metals which is an important property 
in the strength of materials. Hardness is the property of substances determined by their 
ability to abrade or indent one another. Different materials have different methods of 
testing and different scales of hardness. For metals, the diameter of the indentation made 
by a hardened steel sphere serves to measure hardness. 

Most hardness tests for metals yield a numerical value and are based on their resistance to 
permanent indentation under the conditions imposed by the particular test. 

Objective 
To determine the hardness number of various metals, viz., mild steel, cast iron, brass and 
aluminium specimens. 
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2.1.1 Theory 
The test consists in forcing a steel ball of diameter, D, under a load, F, into the specimen 
and measuring diameter, d, of the impression Left in the surface after removal of the load as 
shown in Figure 2.1. 
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Figure 2.1 : BrineU Hardnes Test 

Brinell Hardness, HB = 
Test load -- F - 

Surface area of indentation R D h 
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where, 

D = diameter of ball (mrn), 
F = test load (kg), 

d = mean diameter of indentation (mm). and 

h = depth of indentation (rnrn) 

- - (D - 4XF) 
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2.1.2 Apparatus 
For conducting the experiments, the apparatus include 

1) Brinell hardness testing machine. 

2) Microscope. 

2.1.3 Testing Ball 
Usually a ball of 2.5 mrn diameter should be used. However, balls of 1.2 and 5 mrn are 
also used. In no case balls less than 1 mm diameter should be used. The balls are of 
hardened and tempered steel with a hardness of least 850 HB. It should be polished and 
free from surface defects. Any ball with surface defects is to be rejected. 

2.1.4 Test Specimens 
The contact surfaces of test piece should be free from all foreign matter like dirt, oil, 
grease. etc. The specimen is placed on a rigid support and held fumly on the support so 
that no displacement occurs during the test. The surface of the test piece is to be smooth to 
measure the diameter of indentation, accurately. The specimen should be prepared so as to 
avoid any change in condition due to heating and cold working. 



2.1.5 Procedure Hardness and Impact Tese 

a) The thickness of the specimen should not be less than 8 times h. Table 2.1 shows 
the minimum thickness for various ball diameters, loads and hardness values. 

Table 2.1 

b) The test is carried out at the ambient temperature. 

Ball 
Dlameter 
(mm) 

1 

2 

2.5 

5 

10 

c) The specimen is to be placed in the machine such that the distance of the centre of 
indentation from the edge of the specimen is at least 2.5 times the diameter of 
indentation and the distance of centre of two adjacent indentations should be at least 
4 times the diameter of indentation. 

d) The ball is placed against the surface of the specimen and the pressure is gradually 
applied until the test load of F = 30 $ is attained. The load is to be maintained for a 
minimum of 10 seconds. 

Load 
(Nf) 

300 

1 200 

1875 

7500 

30000 

e) The diameter of each indentation is to be measured in two perpendicular directions 
and the mean value of the two readings should be taken for the purpose of 
determining the hardness number. The measuring rakxoscope should be capable of 
measuring the diameter of the indentations with an accuracy o f f  0.25 % of the 
diameter of the ball. 

f) The Brinell Hardness for different ball diameters and loads is determined from 
Table 2.2. 

Brinell Hardness Value (HB) 

100 200 300 400 450 
(Mlnimum Thickness, mm) 

Table 2.2 : Brinell Hardness Charts 

0.76 

1.52 

1.91 

3.81 

7.64 

Ball Dlameter = 2.5 mm, Load = 1875 N (187.5 kg) 

0.38 

0.76 

0.95 

1.90 

3.81 

Dlameter of Ball 
Impression (mm) 

0.41 
0.42 
0.43 
0.44 

0.45 
0.46 
0.47 
0.48 

0.49 
0.50 
0.5 1 
0.52 

0.53 
0.54 
0.55 
0.56 

0.25 

0.5 1 

0.64 

1.27 

2.54 

Brinell Hardness 
Number 

141 1 
1344 
1283 
1223 

1169 
1119 
1071 
1027 

985 
945 
908 
873 

840 
809 
780 
752 

0.19 

0.38 

0.48 

0.97 

1.90 

0.17 

0.23 

0.42 

0.84 

1.70 

Dlameter of Ball 
Impression (mm) 

0.57 
0.58 
0.59 
0.60 

0.6 1 
0.62 
0.63 
0.64 

0.65 
0.66 
0.67 
0.68 

0.69 
0.70 
0.7 1 
0.72 

BrineU Hardness 
Number 

725 
700 
676 
653 

632 
611 
592 
573 

555 
538 
522 
507 

492 . 
477 
464 
45 1 
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2.1.6 Observations and Calculations Hardness and Impact Tests 

2.1.7 Results 
1) Yardness value of mild steel: Specimen No. 1 

No. 2 

No. 3 

2) Hardness value of cast iron: Specimen No. 1 

No. 2 

No. 3 

3) Hardness value of brass: Specimen No. 1 

No. 2 

No. 3 - - 
4) Hardness value of aluminium: Specimen No. 1 - - 

No. 2 - - 

Brinell 
Hardness 
Number 

No. 3 - - 
SAQ 1 

i) How is the hardness of a material defined? 

ii) Why is the above test performed? 

Specimen 

1 

Mild Steel 
1 
2 
3 

Cast Iron 
1 
2 
3 

Brass 
1 
2 
3 

Aluminium 
1 
2 
3 

2.1.8 Comments 
Give comments on the Brinell hardness of the different metals tested. 

Test 
Load 
mf) 

4 

2.1.9 Precautions 

Thickness 
(mm) 

2 

a) The diameter of each indentation should be measured in two perpendicular 
directions and the mean should be taken. 

Ball Dia 
(mm) 

3 

Diameter of Indentation (mm) 

b) The pressure on the specimen should be applied gradually. 

X -axis 

5 

Y-axis 

6 

Average 

7 
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Toughness is the property of a material to resist impact. Due to traffic loads or flowing 
water on the spillway or in the tunnel structure, the stones of the road or the concrete are 
subjected to the pounding action or impact with the likelihood of the stones or aggregates 
breaking into smaller pieces. The stones or aggregates should be, therefore, sufficiently 
tough to resist fracture under impact. A test designed to determine the toughness of the 
aggregates, that is, the resistance of the stones, or the resistance of the stones to fracture 
under repeated impact may be called an impact test for aggregates. 

Impact test may be carried out by the Aggregate Impact Test which has been standardized 
by the British Standards and Bureau of Indian Standards. 

The aggregate impact value indicates a measure of the resistance of an aggregate to a 
sudden shock or an impact, which in some aggregates differs from its resistance to a slow 
compressive load. The method of test covers the procedure for determining the aggregate 
impact value for coarse aggregates. 

Objective 
To determine the impact value of aggregates. 

2.2.1 Applications of Aggregate Impact Value 
The aggregate impact value is considered to be an important test to assess the suitability or 
otherwise of aggregates as regards the toughness for use in pavement and spillway 
construction. It has been found that for majority of aggregates, the aggregate crushing and 
aggregate impact values are numerically similar within close limits. But in the case of frne 
grained highly siliceous aggregate that are less resistant to impact than to crushing, the 
aggregate impact values are higher than the aggregate impact values. 

Table 2.4 : Aggregate Impact Values for Different Conditions 

Various agencies have specified the maximum permissible aggregate impact values for the 
different types of pavements. Those recommended by the Indian Roads Congress are given 
in Table 2.3. 

.Table 2 3  : Maximum Allowable Impact Values of Aggregates 

S1. No 

1) 

2) 

3) 

4) 

For deciding the suitability of soft aggregates in base course construction, this test has 
commonly been used. The recommendations given in Table 2.3 based on work reported by 
various agencies; have been made to assess the suitability of soft aggregates for road 
construction. A modified impact test is also often carried out in the case of soft aggregates 
to find the wet impact value after soaking the test specimen. The allowable impact values 
in the dry'and wet conditions are given in Table 2.4. 

SI. No. 

1 

2 

2.2.2 Apparatus 
The apparatus for the test comprises an impact testing machine, cylindrical measure, 
tamping rod, IS sieves, physical balance and oven. 

Type of Pavement MateriaVLayer 

Water bound macadatn, sub-base course 

Cement concrete, base course 
(as per BIS) 

Bituminous macadam, base course 

Cement concrete, surface course 

Max. Aggregate Impact Values 5% 

50 

45 

35 

30 

Condition of Sample 

Dry 

Wet 

Maximum Aggregate Impact Vdue, % 

Sub-base and Base 

50 

60 

Surface Course 

32 

39 



a) Impact Testing Machine 

The machine consists of a metal base with a plane lower surface supported well on a firm 
floor, without rocking. A detachable steel cup of internal diameter 10.2 cm and depth 5 cm 
is rigidly fastened centrally to the base plate. A metal hammer of weight between 13.5 and 
14.0 kg having the lower end cylindrical in shape, 10 cm in diameter and 5 cm long, with 
2 mm chamfer at the lower edge is capable of sliding freely between vertical guides, and 
fall concentric over the cup. There is an arrangement for raising the hammer and allowing 
it to fall freely between vertical guides from a height of 38 cm on the test sample in the 
cup, the height of fall being adjustable upto 0.5 cm. A key is provided for supporting the 
hammer while fastening or removing the cup (Figure 2.2.) 

Figure 2.2 : Aggregate Impact Testing Machine 

b) Measure 

A cylindrical metal measure having internal diameter 7.5 cm and depth 5 cm is used for 
measuring aggregates. 

c) Tamping Rod 

It is a straight metal tamping rod of circular cross-section, 1 cm in diameter and 23 cm 
long, rounded at one end. 

d) Sieve 

IS sieves of size 12.5 mm, 10 mm and 2.36 mm are used for sieving the aggregates. 

e) Balance 

A balance of capacity not less than 500 g to weigh ;tccurately upto 0.1 g is needed. 

f) Oven 

A thermostatically controlled drying oven capable of maintaining a constant temperature 
between 100°C and 1 10°C is required. 

2.2.3 Procedure 
The test sample consisting of aggregates passing 12.5 mm sieve but retained over the 

I 10 mm sieve is dried in an oven for 4 hours at a temperature of 100°C to 1 10°C and 
cooled. Test aggregates are filled upto about 113 full in the cylindrical measure and tamped 
25 times with the rounded end of the tamping rod. Further quantity of aggregates is then 
added upto about 213 full in the cylinder and 25 strokes of the tamping rod given. The 
measure is now filled with the aggregates to overflow the container, and tamped 25 times. 
The excess aggregates are struck off using the tamping rod as a straight edge. The net 
weight of the aggregates in the measure is determined to the nearest gram and this weight 
of the aggregates is used for carrying out duplicate test on the same material. The impact 
machine is placed with its bottom plate flat on the floor so that the hammer guide columns 
are vertical. The cup is fixed firmly in position on the base of the machine and the whole 
of the test sample from the cylindrical measure is transferred to the cup and compacted by 
tamping with 25 strokes. 

The hammer is raised until its lower face is 38 cm above the upper surface of the 
aggregates in the cup, and allowed to fall freely on the aggregates. The test sample is 

Hardness and lmpact Tests 



Strength of Materials and subjected to a total of 15 such blows, each being delivered at an interval of not less than 
Soil Mechanics 1 sec. The crushed aggregate is then removed from the cup and the whole of it sieved on . 

the 2.36 mm sieve until no further significant amount passes. The fraction passing the 
sieves is weighed accurately to the nearest 0.1 g. The fraction retained on the sieve is also 
weighed and if the total weight of the fractions passing and retained on the sieve is 
combined it should not be less than the original weight of the specimen by more than 1 g. 
If the toal weight is less than the original by over 1 g, the test result should be disregarded 
and a fresh test made. The test described above is repeated on the fresh sample. 

2.2.4 Observations and Calculations 
The aggregate impact value is expressed as a percentage of the fines formed to the total 
weight of the sample. 

Original weight of oven dry sample, Wl - .  - g 

Weight of fraction passing IS sieve of 2.36 mm, W2 = g 

Aggregate impact value (%) 
w2 = -x100 = 
w1 

2.2.5 Results 
The mean of the two tests is the aggregate impact value of the specimen to the nearest 
integer. 

The aggregate impact value is to classify the aggregates in respect of their toughness 
property as indicated in Table 2.5. 

Table 2.5 : Aggregate Impact Values 

2.2.6 Comments 

Aggregate Impact Values (96 ) 

< 10 

10-20 

20 - 30 

> 35 

The main advantage of the aggregate impact test is that the test equipment and the test 
procedure are quite simple and it determines the resistance to impact of aggregates 
simulating field conditions. The test may be performed in a short time even at the site of 
construction or at the quany, because the apparatus is simple and portable. 

Remarks 

Exceptionally strong 

Strong 

Satisfactory for road surfacing 

Weak for road surfacing 

Well shaped cubical aggregates provide greater resistance to impact when compared with 
flaky and elongated aggregates. 

It is necessary that the first specimen to be tested from each sample of aggregate is equal 
in volume. This is ensured by taking the specimen in the measuring cylinder in the 
specified manner by tamping in three layers. If all the test specimens to be tested in the 
impact testing mould are of equal volume, the height of these specimens will also be equal 
and hence the height of fall of the impact rarnrner on the specimen will be equal. On the 
other hand, if equal weight of different aggregate samples are taken, their volume and 
height may vary depending upon the specific gravity of the aggregates and their shape 
factors. 

There is no defrnite reason why the specified rate of application of the blows of the impact 
rammer should be maintained. 

2.2.7 Precautions 
1) The hammer should be raised to the full height of its lift and allowed to fall freely. 

2) The interval between blows should not be less than 1 sec. 

18 



2.3 IMPACT TEST ON STEEL 

Impact testing compares the brittleness and notch sensitivity of materials. The tests are 
based on the assumption that resistance to shock and notch effects depends upon the ability 
of materials to equalize dangerously concentrated stresses by plastic deformation without 
sudden failure. The comparative brittleness of materials appears to depend upon the ratio 
of their shear and cohesive strengths. 

The object of an impact test is to determine whether a machine or smcture of paiticular 
materials would be in danger of failure from brittleness under service conditions. 

Objective 
To determine the impact strength of a notched mild steel test piece using 

a) Charpy Test, and 

b) Izod Test. 

2.4 CHARPY TEST 

2.4.1 Theory 
The test consists of breaking by one blow from a swinging hammer under prescribed 
conditions, a test piece U notched in the middle and supported at either end. The energy 
absorbed is determined from which the impact value is computed. 

Energy absorbed (kgf m) Impact strength of U notched specimen = ... (2.2) 
so 

where, 
So = cross-sectional area of test piece Mow the notch, mm2 (cm2) before the test. 

2.4.2 Apparatus 
Impact testing machine and test piece notched in the middle. 

2.4.3 Testing Machine 
The testing machine shall comply with the following requirements: 

Distance between supports = 40+0.5mm 

Radius of curvature of the support = 1 mm. 

Tapers of support = 1:5 

Angle at the tip of the hammer = 30°f lo 

Radius of curvature of the tip of the hammer = 2to 2.5 mm 

Speed of the hammer at the instant of striking = 4.5 to 7 mls 

For a standard test the striking energy of the 
testing machine = 30klkgfm. 

2.4.4 Test Specimen 
The test specimen (Figure 2.3) shall be 55 mm long and 10 mm x 10 mm in 
cross-section. In the centre of the length, there shall be a U notch 5 mm deep (unless 
otherwise specified) rounded off atthe base with a radius of 1 mm. The notch shall be 
carefully prepared so that no groovesappear at the base of the notch. The following 
dimensions are accepted: 

Length = 55 f 0.6 mm 

Thickness = 10 f 0.11 mm 
Depth below notch 

Radius of root of notch 

Distance of notch from 
ends of the test piece = 27.5 +- 0.42 mm 

Hard- ; and Impact Tests 
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Angle between plane of symmetry of 
notch and longitudinal axis of test piece = 90" + 2O 

F i r e  23 : Test Piece for Charpy Test 

2.4.5 Procedure 
a) The specimen is to be laid squarely against the supports with the plane of symmetry 

of the notch within 0.5 mm of the plate midway between them. 

b) The specimen should be struck by the hammer in the plane of symmetry of the 
notch and on the side opposite the notch. 

c) The temperature of the specimen should be taken as 27 + 2OC. 

d) If during the test, the specimen is not completely broken, then the impact value 
obtained is infmite. 

e) The energy of the free hammer should be calculated before the striking energy of 
the specimen is obtained from the test. 

2.4.6 Observations and Calculations 

where, 

Specimen No. 1 Speclmen No. 2 Speclmen No. 3 

(A) = energy of hammer without the specimen, 

(A) (B) (C) So (A) (B) (C) So (A) (B) (C) 

(B) = energy of the hammer after breaking the specimen, 

So 

(C) = energy absorbed = lA)  - (B l  
, kgfm, and 

so 

So = cross-sectional area of test piece below the notch, mm2 (cm2) before the 
test. 

2.4.7 Result 
The impact strength of U notched specimen by Charpy's test for 

Specimen No. 1 - - ~ r n l r n m ~  (kgmlcm2) 

No. 2 - = ~rn1rnn-t~ (kgmlcm2) 

No. 3 - - . ~ m l m m ~  (kgm/cm2) 

2.4.8 Comments 
The indications of the impact test are more significant in the comparison of generally 
similar materials such as different classes of steel or steel from different sources than in 
the comparison of materials of widely different types such as soft copper and hardened 



steel. Give comments on the results obtained and on the impact strength of the material in 
the light of these remarks. 

2.4.9 Precautions 
a) Measure the dimension of the cross-section of the specimen accurately. 

b) The hammer should strike the specimen on the side opposite the notch. 

2.5 IZOD TEST 

2.5.1 Theory 
The test consists of breaking up by one blow from a swinging hammer, under specified 
test conditions, a notched test piece gripped vertically with the bottom of the notch in the 
same plane as the upper face of the grips. The hammer is struck at a fixed position on the , 
face having the notch. ?he energy absorbed is determined as the difference of energy of 

I hammer before and after striking and is taken as the energy required to smash the 
specimen. 

2.5.2 Apparatus 
The apparatus is the same as for the Charpy test. 

2.5.3 Testing Machine 
The testing machine should comply with the following requirements : 

Distance between supports - = 40+- 0.5mm 

Radius of curvature of the support = 1 mm. 

Tapers of support = 1:5 

Angle at the tip of the hammer = 30°1t lo 

Radius of curvature of the tip of the hammer = 2 to2.5mm 

Speed of the hammer at the instant of striking = 4.5 to7 m/s 

For a standard test the striking energy of the 
testing machine = 302  1 kgfm 

2.5.4 Test Specimen 
The test specimen should have a length of 75 mm and a cross-section of square or circular 
section with 10 mm sides (Figure 2.4). At 25 mm from one of the ends, a V notch of 
2 rnm depth is to be cut for a square specimen. The notch should be carefully prepared so 
that no grooves appear at the base of the notch. 

4 5 O  Hammer strikes 
' - *  '?-d here 

\-striking distance 
I a )  SQUARE T E S T  PIECE of pendulum 

Hardness and Impact Tests 

( b )  ROUND TEST PIECE 

All dimensions are In mm 

Figure 2 4  : Test Piece for lzod Test 
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2.5.5 Procedure 
a) The specimen is to be laid squarely against the supports with the plane of symmetry 

of the notch within 0.5 mm of the plate midway between them. 

b) The specimen should be struck by the hammer in the plane of symmetry of the 
notch and on the side opposite the notch. 

c) me temperature of the specimen should be taken as 27 f 2OC. 

d) If during the test, the specimen is not completely broken, then the impact value 
obtained is infiite. 

e) The energy of the free hammer should be calculated before the striking energy of 
the specimen is obtained from the test. 

2.5.6 Observations and Calculations 

where, 

(A) = energy of hammer without the specimen, 

(B) = energy of the hammer after breaking the specimen, 

(C) = energy absorbed , kgfm, and 
so 

So = cross-sectional area of test piece below the notch, mm2 (cm2) before the 
2st. 

Specimen No. 1 Specimen No. 3 

2.5.7 Result 
The impact value of V notched specimen by Izod's test for 

Specimen No. 1 = Nm/mm2 (kgmlcm? 

No. 2 = Nm/mm2 (kgm/cm2) 

No. 3 = ~m/mm* (kgm/cm2) 

(A) 

Specimen No. 2 

(A) 

SAQ 2 
i )  What is meant by the impact strength of a specimen'? 

ii) What is the weight of the hammer striking the specimen? 

(A) 

SAQ 3 
i) Can this test be performed for materials other than steel? 

il) Differentiate between Charpy's and Izod's test for the Impact value of a 
material. 

(B) (B) (B) (C) Q So So (C) So 



2.5.8 Comments 
In order to establish the relative sensitivity of several materials to the different factors 
involved, it is desirable to compare them, using notches of different sharpness, different 
velocities of blow, or different temperatures. Give comments on the results obtained in this 
light. 

2.5.9 Precautions 
a) Measure the dimension of the cross-section of the specimen accurately. 

b) The hammer should strike the specimen on the side opposite the notch. 
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