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THE NOTCHED BAR IMPACT TEST 

'The object of all tests of ~naterials is to determine whether the 
nlaterial wiIl satisfactorily withstand the stresscs to which it is 
subjected on service. Mrith this object in view it is customary to 
apply to representative sanlples certain tests of which tile principrzl 
ones are the tensile and thc bend tests. T11c tensile test gives a 
measure of the " strc-ngth " of the material as indicated hy the 
yield point and the ultitnate tensile strength and it further indicates 
its ductility as rneaiured by the percentage elongation and the 
reduction of area. Adequate strength is necessary to ensure that 
the part is not defvrnled or fr:~ctured by the forces to which it is 
normally subjected on service while a good degree of ductility is 
lookcd upon as an insurance against occasiorlal abnormal stresses, 
deformation taking place rather than fracture. It is found, how- 
ever, that materials even when actually possessing a quite adequate 
degree of strength and ductility, sometimes fail in a manner which 
appears to indicate almost complete absence of these properties, 
the fracture being crystalline and without deformation. In such 
cases the material is slid to be " brittle " and it has been found that 
this property of brittleness is best indicated by a machine which 
breaks a notcheti spccimetl and measures the work absorbed in so 
doing. Such a machine is the Izod notched bar impact testing 
machine and its value as an indicator of this property of brittleness 
is shown by the following examples. 

A crane hook which failed under a very low load, was found to 
have a tensile strength of 26 tons per sq. inch with an elongation 
of 40 per cent. and a reduction of area of 70 per cent., yet the Izod 
impact figlre was as low as 4 ft. lbs. The hook failed because it 
had been annealed and allowed to cool slowly, as much lifting tackle 
is, very much to its detriment. 

A piece of the hook reheated to 950" C. and allowed to cool 
freely in air showed similar results under tensile test, but its Lzod 
value had risen to 86 f t .  Ibs. 

In  another case, an aeroplane crank shaft fell accidentally out of 
the lifting tackle and broke. No clue to the mishap was given by 
the usual tensile test results which were as good as those obtained 
from an identical crank shaft which could not be broken under a 
steam hammer, Izod tests, however, immediately revealed, the 
difference in the materials, the full test results being as follows :- 

- I Tough 1 2 .  cranks,,. 

Yield point ( ton~/ in .~)  . . . . ..I 45 .O 
Maximum Stress (tons/in." . . . . . . 53.7 
Elongation (per cent.) . . . . 21 .O 
Reduction of area (per cent.) . . 1 1  55.8 
Izod test (ft. lbs.) . . . . . . . .  2 a n d 3  

45.6 
5% 4 
21 .U 
59.3 

76 anci '77 

(3 13/999) $2 A 4 



'The principal machines usecl for carrying out the notclied bar 
impact tests are the Izod and Charpy, ant1 both work on the same 
principle. A heavy weight is fixed to the end of :I long lever p i~~otcd  
at its other encl and swings as a pendulum. At a position at the 
bottom of the pendulum stroke a vice is fitted in which the specimen 
is gripped with the notch just showing above the jam. Tlie weight 
is released fro111 a certain fixed height, swings clown and delivers a 
blow to  the specimen, breaking or scverely deforming it, and then 
swings up the other side, an indicator being fitted which shows the 
height which the penclulum attains. 

The Izod machine is shown in Fig. 1. 
Neglecting friction, the work required to break or deform the 

specimen is the weight of the pendulum multiplied by the difference 
between its height at the beginning and end of the stroke, and 
may be measured in foot pounds. 

I n  the Izod test a Standard V-shaped notch is used. In the 
Charpy test a keyhole shaped notch is used, and the machine is 
on a larger scale. FrEmont and Amsler Machines which work on 
similar principles are also used. 

The depth and shape of the notch and the sizc of the specimen 
all have their influence on the test results and of course to obtain 
comparative figures similar machines and standard specimens 
must be used. 

Tlie notched bar test is essentially a practical one, designed to 
reproduce a condition which is very common on service, where a 
machine part in which a concentration of stress occurs due to a 
change in section is subjected to shock. The work required to 
break the specimen is made up of two parts, firstly that necessary to 
cause the deformation to take place before a crack is started, and 
secondly the work required to propagate the crack through the 
matcrial. The test is ,L combination of a true brittleness test 
(i.e., to propagate the crack) and a " bend " test. 

It is an unfortunate feature of the impact test that the scale 
of the test has a marked effect upon the results. The work required 
to " deform " a specimen, within or outside the elastic limit conforms 
to the usual laws of similarity of structures, but the work required 
to propagate a crack is relatively less as the size of the specimen 
increases. I t  follows therefore that the test cannot be used to 
discriminate between different materials, as the scale effect is 
unknown. The value of the test lies in the detection of undue 
brittleness which may be due either to improper heat treatment or 
segregation of inclusions, and it is a very valuable aid to the adjust- 
ment of a proper heat treatment, the effect of heat treatment on 
impact strength being very great. 

It may be noted that the difference in structure between a 
material of high impact strength and a similar material of very low 
impact strength is not always observable under the microscope. 
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Enough has been said to t:rnphasize the point that impact test 
re,ults have no relation to yield point, ultimate tensile strength, 
elongation or reduction of area or other physical properties indicated 
by any other test. 

The depth of the notch has an important bearing on thc test 
results, since, particularly in tough materials, if the notch 1s not 
sufficiently deep, a shearing fracture may be obtained instead of 
the typical transverse crystalline fracture and this alters the 
character of the test and vitiates the results obtained. Without a 
notch a t  all, tough and not cl^ brittle steels may give similar te3t 
results. 

Thc sharper the radius at  the root of the notch, the less energy is 
required to break the specimen, as the stress concentration is greater 
and the crack starts earlier, and since the test becomes nearer a 
true brittleness test, a greater contrast between tough and brittle 
materials is obtained. 

The errors introduced by inaccuracies in the manufacture of the 
test pieces and the variability of the results obtained increase as 
the notch is made sharper, and this sets a limit to the sharpness 
which can be adopted. The standard root radius adopted for the 
Izod test is 0.35 millimetrc~s. 

I t  is important that the milling cutter used to produce the notch 
should be maintained a t  standard dimensions and not allowed to  
wear and prod~~ce a notch of larger radius than the standard which 
will result in Izod test values being " high." A formula given by 
Dr. Unwin to enable a comparison to be made between Izod test 
figures for specimens made of the same material but of different 
sectional area is W = Can where W == work done, C and n are 
constants and a = area of cross section of bar. The value of n for 
carbon steels varies between 1 . l 6  and 1 -45 increasing as the carbon 
content increases, but great caution should be observed in using this 
formula which may not be generally applicable. 

In general the velocity with which the blow is struck has little 
effect on the Izod value in the case of ductile materials, but the 
energy absorbed tends to increase with the speed of the test. In 
the case of harder ~naterials the energy absorbed either falls con- 
tinuously as speed of test increases, or rises to a maximum a t  some 
intermediate speed and falls thereafter until the maximuni test 
speed is attained. 

In the case of these hard materials, as the speed of the test 
increases, the cracking takes place earlier and the crack is propagated 
with greater rapidity, that is to say, the materials are " impact 
brittle " to a greater or less degree. 

The temperature of the test piece has a marked effect on the 
results of the test. In any given steel there is a small critical range 
of temperature below which the Izod value is low and the fracture 
is brittle and above which the Izod value is high and the fracture 
tough. Within this critical range it is doubtful which type of 



fractl~re will occur slid in general either higl1 or low Izod values are 
obtained though in some rare cnieq intermediate values have 
hecn obtained. The limits of the critical langc for wrought iron and 
mild steels is froln -- 80" C. to 100" C. ,  though in any individual 
specimen the actual I-'inge is of course bery much smaller than this. 

In individual cases, the critical range covers :I few degrees on the 
temperature scale, but it is often referred to for cons.enicncc. as the 
" temperature of inflexion." 

71ie tcniperature of inflexion is affectcd by thr condition of the 
material, ant1 in hot rolled carbon steels it is somctirnes about the 
atmospheric temperature, hence wllen I ~ o d  testing such material 
a few degrees of i ~ r n p ~ r a t u r e  diftcrcnce in the test shop nlay decide 
whether the result will be a sheaiing f~acture and high Izod Impact 
figure or a trC~nsverse crystcilline fracture and cmnparatively lou 
I7od valuc. 

Cold work increases the temperature of inflexion progress~vely, 
also if high tensile stresses are applied to wrought iron , ~ n d  ~nild 
steels whilst they are hot and they are then cooled and the stress 
relieved, it is found that the temperatme of inflexion is raised. 

This variation of the Izod test values with tcrnperaturc aihrds 
an explanation of the failures of machine parts which sornetinles 
take place in very cold weather, and the rise of temperature o f  
inflexion when rilaterial is heated under stress provides an explanation 
of the phenomcna of ~mpact  brittleness often obserl-ed in nlild 
steel steam pipe bolts after senice, although in the lattcl case, it 
is not the full story. 

Mild steel frequently suffers from age ernbriitlemcnt , if the 
~naterial is subjected first to a stress which is locally 11is11 enoug11 
to cause it to yield, arid then to a temperature of about 400" P. for a 
short tirne or a lower temperature for n longer tirne, it frequently 
becomes notch brittlc, its impact value falling to as low as 2 nr 
3 ft. lbs. at  atlnospheric temperature, although it is not so brittle 
at  the high temperature. 

Wlth average and brittle materials the type of fracture obtairiecl 
is a transverse crystalline one as shown in Fig. 2. 

The surface of fracture is approximately a plane inclined a t  an 
angle (90"--<l,) to the axis of the speci~nen. The angle a is 
a n~easure of the deformation of tile specimen before cracking and is 
somewhat analogous to  the elongation in a tensile test and gives 





mail ureful compleinentary information as to thc nature of the 
rn&tterial 

All metals have a crystalline structure, but if distortion and 
elongation of the crystals take place before the metal is fractured, 
tlic fracture hc15 an appearance which is called " fibroui " whilst if 
fracture takes place without appreciable distortion of  the crystals 
tht. fracture is termed crystalline. 

Failure by shear always gives a " fibrous " .ippear,ince to  the 
fracture. 

Under the impact test, very tough ~n'lterials fail with a so- 
r ~ l l r d  fibrous fr~cturc,  ivhil-t at  the sides of the t e ~ t  piece are 
" horns " wltich indicate failure by shear. 1;igs. 3 and 4 show 
brittle and tough test pieces respectively after test. 

The angle a ill brittle materials is negligible, but may be con- 
siderable in the case of tough materials. 

A material may become ernbrittled through use or age, and 
thus the nature of its fracture will be altered, but the structure of the 
material (which is always crystalline) will not alter, except that 
under certain circumsta~lces the crystals may grow in size. 

Sir Robert Hadfield gives the following figures for impact test 
results which should he obtained with correctly heat treated speci- 
rnerls of different co~npositioris, altllough it must be remembered 
that individual tests often vary considerably from the average. 

The results quoted are for test pieces cut longitudinally, i.e., 
parallel to the axis of the original ingot ; in general it will be found 
that test pieces cut transversely will have a lower Izod figure in 
some cases as low 3s one-fifth or even one-tcnth of the figure 
given. The explanation of this is that the original ingot has a 
number of globular non-metallic inclusions or impurities in it ; 
during the forging, rolling or drawing operations required to produce 
the finished article, the defonnation of the metal draws out these 
inclusions into long very thin " pencils " or lines, running parallel 
to the original avis of the ingot. If these numerous lines of inclu- 
sions run transversely across the specimen te be tested, they very 
consicierably weaken its resistance to impact ; similarly in tensile 
or bend tests transverse specimens show lower ductility although 
the tensile strength is not much affected. 

Comparison between the Izod values of longitudinal and trans- 
verse specimens gives a good indication of the amount and dis- 
tribution of slag inclusions in the material. 

Austenitic steels in general show high Izod values, about 80 or 
90 ft. lbs. indicating that the material is tough. 

A fully hardened steel will have a very low Izod value, but if 
the material is subsequently tempered the i~upact value wiU increase 
with the tempering temperature and will eventually reach a figure 
higher than that of the material in a normalised or annealed 
condition. 
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61 
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Steel 

In the case of tempered steels, the rapidity of quenching is greater 
for small articles than for large ones, and consequently the hardness 
obtained at  any particular quenching temperature, and the Izod 
value of a specimen of the material will depend on the size of the 
original forging. 

High sulphur or phosphorus co~lterlt will produce brittle steels 
and such brittleness cannot be cured by any treatment. 

The form of the British Standard notch bar test piece (K.E.S.A. 
Spec. 131) is shown in Fig. 5. Three notches are made so that the 
specimen may be struck three times and the mean of the three 
readings taken. 

60 to 70 ton alloy 
steel for crank- 
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