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1. ABSTRACT:

The presence of notches in engineering components generally weakens
these components and leads to a reduction In thelr operational life. In order to
ensure safety and rellabllity, It 13 necessary to hbe abie to predict the role of the
notches in governing the strength and fracture characteristics .

In this research, specimens made of some structural alloys have been
tested to determine the fracture resistance of these alloys under static loading
and In the presence of sharp notches. Hotched and un-notched specimens were
made of ductle and grey cast Ilrons In addltlon to data taken previously on high
strength aluminum alloy of type 7075 and brass. Both ductlle and grey cast Irons
were manufactured in the foundary workshop of Mahalla Spinning and Weaving
Company.

Test results show that the reductlon In the fracture resistance for
the tested alloys depends on .whether the alloy Is ductlle or brittle. Ductle cast
lrgn which 13 known to exhlbit ductile behaviour showed low sensitivity to notching
where limlted reducton In the fracture strength occured due to the presence of
sharp notches. Grey cast Iron being a brittle materal, on the other hand, experdenced
severe reducton In the fracture strength, Experimental points for the four structural
alloys are seen generally to follow closely expected behaviour for ducHle and brittle
materials. This behavlour has been expressed mathematically by an empirical
formula.
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2- INTRODUCTION:

For technological reasons, mechanlcal components often have complex
shapes and may contaln geometric discoptnuldes and metallurgical defects.
These discontdnuitles, in addltlon to weakening the components by reducing the
cross-sectlonal area, tbey reduce the strength of the members by producing triaxial
stresses of high magnitudes In the viclnlty of the notch tip. In general, the determina-
Hon of the maximum stress that a glven component can wlthstand in the presence
of any of the feoreqolng stress concentrators 1s the whole problem of safety agalnst
fracture In the presence of statlc leadlng. Such stress conditlon can be easily
slmulated by means of notches made with varlous depth and sharpness. This subject
has been studled by many Investlgators and varlous methods of interpretadon of
test results for notched specimens have been presented [1-3].4 ’

This paper presents another method of treating the problem of the
fracture reslstance In the presence of sharp notches and static loadlng. It glves
an experlmental study on locally manufactured ductlle and grey cast Irons. The
test results are then joined with results previcusty obtalned on high streugth aluminum
alloy of type 7075 and brass. This wlll help to cover a sufficlent range of structural
alloys.*+

3. THEQRETICAL BACKGROUND:

The presence of sharp notches and flaws [n structural members affects
i{ts strength since they have the effects of reducing the cross-sectlonal area and
ralsing ihe stress and strain In the vicinity of the notch. If the materlal of the
member is highly ductlle, the effect of plasicization is to reduce, or even elliminate
entirely the Increase in stress. There Is an adaptation of the materlal and the
effect of overstressing due to the npotch Is replaced by a concentration of plastc
straln. This plastic straln may sufflclenty blunt the netch tlp so as te leave the
reduced cross-sectlonal area as the only reason for loss of strength. On the other
hand, If the material Is brittle or has a low level of ductillty, strcss rellef Is not
possible and strength drops-off faster than for ductlle materlals and fracture ls
caused by the oormal stress at the notch. A notch-lnsensitive material Is expected
to exhlbit a straight llne relatonship between Lhe sirength and the notch depth
as shown in Flg. {1). Point (1) represents the case of a notch-free specimen and
the strength 1s, therefore, a maximum. Polint (2}, on the cther hand, represents
an Imaginary case In which the notch Is made to occupy all of the specimen wldth
and the strength wll, therefore, be zero. A materlal which Is notch-insensitive
having a notch of depth a may be expected to have a strength equal, or close,
to 07. IF the material ls sensitlve to notching, lts strength may be expected to
be redueed to o%7 The same may be said ahout a specimen having a notch of
depth a,. That is to say that the strength-notch depth relationship will fall ofV
faster r}lan that for a notcl lnsensitive materfal. The abovementioned relationshlp
may be obtained by carrylng out tenslon tests on notched and un-notched specimens.

A EXPERIMENTAL PROCEDURE:
4 LNATERIAIS

Ouctile cast Iron Is known to combine the process advantages of cast
iron, namely fluldity and machinability, with mechanical propertes close to those
of steel, namely strength, ductility, and reslstance to impact, wear and coerrosion.
For this reason, 1t has replaced steel under many condldons of use lnsofar as
the mechanlcal properties and service requlrements are concerned {6).

* Numbers in brackets refer to references at end of paper.
*+ Tpst data for Aluminam Allay-7075 and brass have been taken from some unpubll-
shed work made by the author.
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Since the dlscovery of thls type of cast lron, it has attracted the atten-
tlon of numercus [nvestigators to evaluate 1ts physical and mechanical properties
as compared to those of steel [1,2]. There also exlst a number of speclfications
for ductile cast Irons which include those of the Soclety of Automotve Engineers,
the American Soclety for Testing Materlals, Army Ordance, the United States Navy
Department, and the British Standards. [2,7]. For these reasons, ductile cast Iron was

selected, with the other alloys, as a test material.
Test speclmens have been prepared from pearlitic structure ductile

and grey cast irons having chemlcal compositions as shown [n Table (1) and {2).

Table {1) Chemical Composition of Pearllde Structure Ductle Cast Iron.

c% S5i% Mn% P% 5%

.4 2.6 0.3 0.04 D.015

Table (2) Chemlcal Compositon of Pearlltc Structure Grey Cast Iron.

C% S1% Mn% P% 5%

3.3 2 0.6 0.5 0.05

the ductile and grey cast lrons used In the study have been manufactured In the
foundary workshop of El-Mahalla Spinning and Weaving Co. Using the Vortex method
outlined In Rcference [8] )

4.2. TEST SPECIMENS:

Test specimens have been prepared accordlng to ASTH Standard-as
shown In Flg. (2). Clrcular "and rectangular cross-section speclmens have been prepared
wlth V- groove or slde sharp notches. The following Table sum marizes the data
of the specimens tested. :

It 1s known that the notch angle and Up radlus Influence the Ffracture
characteristics. In order to isolate such effects, the notches have been made wlth
the same angle and Hp radius Thls was achleved by using a fresh V-shaped formling
milllng cutter of 55 degrees for each group of tests, The notches were observed
In a Vicker's hardness mlcroscope, and the tp radll were found to have an average
value of 0.2mm. The notch depth varled from O to 6§ mm while the width of the
specimens have a nominal value of 20 mm.

Tahle {3) Data for the test specimens.

No. of Specimens Cross-section Type of Notch Material
4 rectangular 45-y ductle cast iron
4 rectangular 45-y grey cast iron
& circular 45-¥Y Ductle cast iron

4.3. TEST EQUIPMENT:

Tension tests have been carrled out on un-notched and notched specimens
on a German made hydraulically operated unlversal testing machine Model ZID 20.
The chart speed of the x-y recorder was adjusted at 2 In. (31mm) per minute and
the head speed was adjusted at 0.5 In, {12.75 mm) per minute.
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S.TEST RESULTS AND DISCUSSION:

Fig. {3) glves a graphical representation of the experimental data and
the results obtained for the test materdais. Best fIt lines are drawn to conpect
experimental polnts . 1In Flg. (3), the ratlo of the fracture stress of the notched
to that of the un-notched speclmens, the fracture strength ratlo FSR, is plotted
as a function of the ratio of notch depth to specimen wldth, a/w. The varlation
of the work of fracture and the percentage elongatdon of both ductile and grey
cast fron are shown in Fig. (&), Test results indlcate that the strength of notched
specimens generailly decreases as the notch depth increases. FExperlmental points
of the metals tested In the study are seen to follow closely the expected behaviour.
For ductlle cast iron, for example, the experimental points fall approximately
on the Imaginary lower seusltivity llne. This observation Indicates that ductile
cast Iron behaves as a typlcal ductile material regarding various mechanical properties
including resistance to statlc fracture. A similar behaviour Is observed Ffor the
alumlnum alloy. On the other hand, grey cast lron and brass exhiblted qulte severe
diviation from the lmaginary lower seusitivity Hne. Thelr strength dropped sharply
due to the presence of sharp notches; and the drop increases rapidly as the notch
depth increases. At a notch depth to specimen wldth ratlo, a/w, of 0.32, for example,
the strength of grey cast Iron decreased by abut 86% while for ductle cast Iron,
the decrease was only about 38%.

Such a behaviour may be described mathematically by anm emplrical
formula of the form:

O
eee = 1- () fa)

Fracture Strength Ratlo = FSR =
u]unnol:ched

where f (d) Is an assumed ductllity function'which should be approximately unity
for ductlle materiais; and is higher than unity for brittle materlais.

Based on experimental results of Flg. (i), the ductility function, F {d}), is evaluated
as shown In Table (a). )

Table {#) Experimental values of f (d)

Haterfal | Ductlle CL Grey CL Alum.Aloy Brass

f{d) 1.1 2.875 1.4 2.1

Other properties which are relevant to the fracture process and were
determined from the test data were the work of fracture, which Is the work explred
during the fracture process and is measured from the area under the load-deformation
curve, and the percent elongation of the fractured specimens. The two guantitles
were plotted as functlons of the notch depth. As shown in Fig. (8), both the work
of fracture and the percent elongaton represent decaylng functlons with the rato
alw for both materlals. Horeover, the ratlo of the work of fracture for ductile
and grey cast irons s about 3 and as the notch depth innreases, the work of fracture
decreases and thls ratio Increases rapidly reachlng a value of about B8 as the notch
depth occuples about one-third of the specimen width. Similar behavipur can be
observed for the percent elongation. This indlcates that however ductile cast iron
acts as a ductile material, the presence of sharp notches decreases Its ductility
and enhances the brittleness of the materfal causing the fracture strength to decrease.
This explaing the experimental curve of ductile cast iron being very close to the
Imaginary lower sensitivity lmit in Flg.(3). For brittle materlals, on the other
hand, the sensitdvity to notches IS qulte high and the reduction in the fracture strength
is severe. In highly ductile materials, plastic constraints are developed at the notch
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tp causing rellef of the effect of the stress concentration.

CONCLUSIONS:

It may be concluded from the ahovementloned results that the strength
of ductlle cast lron is Insensitive to notches. Expected severe reductdons In strength
due to the presence of notches appeared In brittle materlals such as grey cast iron
where the tenslle strength was reduced by more than B0%. The behaviour of ductile
cast fron, on the other hand, resembled that of a ductile material In that no severe
reduction Ln strength occured. The blunting process at the root of the notch relleves
the stress concentratlon caused by the notch at lts Hp.
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