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Abstract
Characteristics of fatigue crack growth for ferrite pearlite structured steel for four different conditions is studied using MATLAB
& to obtain the design curves for all four cases and then making a comparative study. Afterwards, parametric study is done by
varying one variable at a time and graphs are generated for each MATLAB program. A comparison of fatigue crack growth of all
four cases of ferrite-pearlite steel is done and results are compiled. The design curves obtained are in agreement with the literature.
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I. INTRODUCTION
Fatigue crack growth in a material is typically quantified
by the size of the crack “a”, the rate at which it propagates
da/dN, and the linear elastic fracture mechanics term ∆K,
the stress intensity factor range. The relation between crack
growth rate and stress intensity was originally shown to be
linear over a large range of da/dN on a log- log
scale[1].However this relation is non linear near
fracture[2,3].
The fatigue crack growth threshold is the theoretical
value of ∆K at which da/dN approaches zero [4]. It has
been shown that small cracks propagate at a ∆K below the
threshold value [5,6] determined with the ASTM constant
R load reduction test procedure[4]. The constant R load
reduction method reduces the maximum and minimum load
applied to a cracked specimen such that the load ratio, R,
remains constant. Experimental results suggest that the
constant R load reduction test procedure develops remote
crack closure [7, 8]. Remote closure is generated because
tests are initiated at high loads, and shedding load until
threshold is reached. Larger plastic strains are produced
along the crack wake at the high loads early in the test than
in subsequent lower loads near threshold. This plastic
wake, or history, can effect the crack driving mechanisms
by prematurely unloading the crack tip due to crack face
contact along the wake [9, 10].

The material ferrite-pearlite steel behaves as particulate
composites such that the path of least resistance to fatigue
crack growth is through the ferrite matrix and the pearlite
colonies tend to retard the crack growth. The steel with low
hardened ability such as A36, that are subjected to very low
cooling rate have ferrite-peralite microstructures. The
design of the structure is made on the basis of live load and
dead load. The fatigue translation (Kt) is dependent on the
yield stress and young modulus. The initial crack growth
(ao) is also been effected by the stress intensity (k) and
stress ratio (R). The design load is usually taken to be the
maximum stress that the structure has to sustain. The stress
intensity factor and stress ratio helps in calculating the
number of cycles, which in turn helps in finding the
summation of cycles in every increasing crack size. The
study of fatigue and corresponding fatigue life has become
a keen topic of research in recent times since it has
acquired a prominent role for controlling the fatigue
failures and its consequences.
II. PROBLEM DEFINITION
To develop a series of "Fatigue Propagation Curves" for
ferrite pearlite structural steels that can be heat treated to
following conditions:
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Condition
A
B
C
D

Yield Strength(MPa)
132
110
88
66

KIC ()
414
483
552
621

Page 74

International Journal of Emerging Technology and Advanced Engineering
Website: www.ijetae.com (ISSN 2250-2459 (Online), An ISO 9001:2008 Certified Journal, Volume 3, Special Issue 2, January 2013)

National conference on Machine Intelligence Research and Advancement (NCMIRA, 12), INDIA.
The steel is to be used in a structure that will be
subjected to a dead load stress 0.2σys and alive load stress
of 0.3σys. Assuming that the design curves for each
condition are for an infinitely wide plate with an edge
crack. Series of four design values are expected showing a
relationship between initial crack size and propagation life.
III. DEVELOPMENT O F AN ALGORITHM
1. Start
2. Take inputs of yield strength and stress intensity
factor for all conditions.
3. Take maximum load = dead load + live load,
minimum load = dead load.
4. calculate critical crack length
5. Take crack step of ∆a = 2.5mm.
6. Calculate a (average) = [a (initial) +a (final)] / 2.
7. Calculate ∆k.
8. Calculate R and then dN.
9. Calculate ƩN by adding the previous values of dN.
10. Repeat steps 2 to 9 for conditions B, C and D.
11. Plot the semilog graph between a (initial) and ƩN
with ƩN on the log scale for all conditions.
12. Compare the graphs and note the results and draw
conclusions.

Fig 1(b)

IV. RESULTS AND D ISCUSSIONS
Fig 1(c)

Fig 1(a)

Fig 1(d)
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Fig 1(a,b,c,d)Subplot showing the comparison of crack
size and propagation life for different conditions
1. It has been observed from the graph of crack size vs
propagation life for condition A that the crack
propagates up to 0.13 mm. Moreover the crack grows
slowly during initial stage but it propagates at the
faster rate later on.
2. Similarly for condition B crack propagates up to 0.07
mm and growth rate at initial stage is less in
comparison to the growth rate at later stage.
3. Similarly for condition B crack propagates up to 0.04
mm and growth rate at initial stage is less in
comparison to the growth rate at later stage.
4. Comparison of all the four stages is shown ie for
condition A, B, C and D. It has been concluded that
on increasing the value of yield strength failure takes
place much earlier and vice versa.

Fig 2(c)

V. P ARAMETRIC STUDIES

Fig 2(d)
Fig 2(a)

Fig 2(b)
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Fig 2(e)
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Fig 2(a,b,c,d,e) Subplot showing the comparison of
crack size and propagation life for different condition A by
varying the value of a/2c ratio.
VI. GRAPHS FOR CONDITION A B Y VARYING T HE
V ALUE O F KIC

Fig 3(c)

Fig 3(a)

Fig 3(d)

Fig 3(a,b,c,d) Subplot showing the comparison of crack
size and propagation life
VII. CONCLUSION
Fig 3(b)

Shri Mata Vaishno Devi University (SMVDU), Kakryal, Katra, INDIA.

1. On comparing the three conditions A, B, C and D it
has been concluded that the critical crack length for
condition A is larger, for condition B it is smaller than
A, for condition C it is smaller than B and for D it is
least.
2. It has also been concluded that the condition A is the
favorable condition among the given conditions from
fatigue point of view.
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