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Abstract

A strain-life fatigue database for cast irons was developed 
utilizing American Foundry Society (AFS) and the United 
States Department of Energy (DOE) funding. The database 
contains monotonic and cyclic property data, as well as the 
associated chemical analysis and microstructural data for 
a variety of cast irons, including gray, ductile, compacted 
graphite, and white cast irons.

This paper first reviews the contents and format of the da-
tabase. The database and its associated report contain no 
comparative analysis of any of the cast iron grades. The 
fresh approach of this paper is to analyze and compare the 
data across each section size and strength-ductility combi-
nation for four ductile iron grades, i.e., ferritic 60-40-18, 
ferritic-pearlitic 65-45-12, pearlitic 100-70-03 and tem-
pered martensitic (Q&T) 120-90-02.

The ductile cast iron results in the database generally exhib-
ited the expected trends. Modulus and Poisson’s ratio were 
the same for all the conditions. Monotonic strength always 
decreased with increasing elongation and ferrite content. 

The higher strength grades and conditions exhibited greater 
high cycle fatigue resistance and decreased low cycle fa-
tigue resistance. 

Heat treatments had a mixed effect on monotonic properties. 
Annealing decreased the monotonic strength of 60-40-18 
whereas normalizing increased the strength and dramatically 
increased fatigue resistance of pearlitic 100-70-03. Monoton-
ic ductility was only slightly affected by heat treatment. 

However, in most conditions, the heat treatments produced 
greater low cycle fatigue lives for high ductility conditions. 
Although the high cycle fatigue resistance was affected less 
by heat treatment, slightly increased high cycle fatigue lives 
were obtained with higher strength conditions. The normal-
ized 25 mm samples of grade 100-70-03 exhibited signifi-
cantly greater monotonic strength as well as fatigue resis-
tance in both the low and high cycle regime.

Keywords: strain-life fatigue, low cycle fatigue, cast iron, 
ductile cast iron, microstructure, heat treatment

Introduction

Description of Fatigue

A standard definition1 of fatigue is that it is the process of 
progressive, localized, and permanent structural change oc-
curring in a material subjected to conditions 

• 	 that produce fluctuating stresses and strains at 
some point or points, and 

•	 that may culminate in cracks or complete fracture 
after a sufficient number of fluctuations. 

Another common definition2 introduces the concepts that

• 	 fatigue fractures occur at fluctuating stresses with 
a maximum value less than the ultimate tensile 
strength of the material, 

• 	 fatigue failure generally occurs at loads which ap-
plied statically would produce little perceptible ef-
fect, and 

• 	 fatigue fractures begin as minute cracks that grow 
under the action of fluctuating stress.

High versus Low Cycle Fatigue

For over hundred years, the stress-life or S-N method was 
the first approach used in an attempt to quantify and design 
by fatigue. Although the S-N approach can be used in design 
applications where the applied stress is primarily within the 
elastic range of material response, the strain-life approach 
is required for low cycle fatigue life predictions between 10 
and 100,000 cycles.3 

The low cycle or strain-life approach also offers the advan-
tage that both fatigue stress and strain are tested, analyzed, 
and modeled. Although high cycle fatigue only handles 
stress, low cycle or strain-life fatigue testing offers the op-
portunity for stress and strain to be calculated from each oth-
er. It is nearly impossible to measure stress with load cells in 
complex and moving structures, whereas strain can be read-
ily measured with optical or strain gauge methods. 
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Another key difference between high and low cycle fa-
tigue is that high cycle fatigue is strength and crack-ini-
tiation controlled where stronger materials exhibit greater 
fatigue lives in the high cycle range. High cycle fatigue 
testing commonly produces an endurance or fatigue limit 
(strength) at long lives (10 million cycles). The fatigue lim-
it for p %survival is defined as the limiting value of fatigue 
strength for p %survival as N becomes very large (like 
10 million cycles), where p may be any number, such as 
95, 90, and so forth.1 Low cycle fatigue on the other hand 
considers the regime where ductility and crack propaga-
tion dominate life such that more ductile materials exhibit 
greater fatigue lives in the low cycle range.

For several reasons, bending fatigue strength has been a 
property that was measured historically. Now, modern de-
signers require low cycle or strain-life fatigue properties 
of cast iron to populate their computer-aided design data-
bases so that cast iron can be compared to compendia4 of 
strain-life properties of steels and other competing materials. 
Strain-life fatigue properties can not be determined in bend-
ing and must be determined axially so that the cyclic stress 
and strain can be related.

Another important distinction is that mod-
ern fatigue databases do not contain fatigue 
limits, which are essentially the stresses be-
low which materials are expected to survive 
fatigue. Rather, finite element modeling 
programs must be able to predict lives and 
locations of fatigue fractures in the vicinity 
of holes, thickness changes, and other stress 
concentrators. The cast iron strain-life fa-
tigue database discussed in this paper offers 
designers the opportunity to perform such 
calculations with cast iron.

Motivation for the Database

Strain-life fatigue testing was conducted on 
a variety of cast irons for a variety of rea-
sons. Such fatigue data is intended for use in 
current endurance modeling methods. Thus, 
designers can select optimal materials and 
design geometries to foster 

(a) 	 lighter products, 
(b) 	 energy efficient operations, 
(c) 	 longer and more predictable product 

service life, and 
(d) 	 more energy efficient product man-

ufacture.

Database Description

Multiple grades of a variety of cast irons 
were subjected to a considerable variety of 

tests, and a database containing the strain-life fatigue prop-
erties of multiple grades of cast iron was developed and 
published5 in 2003. The work was originally funded by the 
U.S. Department of Energy/Cast Metals Coalition (DOE/
CMC)6 with guidance by the American Foundry Society 
(AFS). Since the publication of the original DOE report,7 
additional grades have been tested and the database con-
tents have been augmented on an ongoing basis with ad-
ditional AFS research funds. AFS has also developed an 
on-line materials database searching tool called CADS, 
which will eventually include this strain-life fatigue data-
base product. For information see: http://www.metalcast-
ingvirtuallibrary.com/cads/cads.aspx 

Table 1 shows the current contents of the database based 
on testing by the author.5 The database also contains con-
tributed datasets from other sources, but these results 
are not included in the analysis conducted for this paper. 
Test samples for most of the grades were obtained from 
Y-blocks in the as-cast condition, but a few grades were 
tested with heat treated Y-blocks or with specimens ma-
chined from cast parts.

Table 1. Materials Tested at Element (as of March 2012) 
The conditions marked in yellow were selected for analysis in this paper.
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Experimental Procedures

This section of this paper is highly abbreviated versus the 
original publication5 describing the database. The original 
database project utilized differing procedures for different 
types of cast iron. This paper only addresses ductile iron, 
so only the procedures used for ductile iron are contained 
herein. Furthermore, operative ASTM test methods are 
only contained in the original publication.

Chemical Analysis and Metallography

An analysis of alloy chemistry was conducted on each of 
two samples extracted from randomly selected castings from 
each group of test materials. The concentrations of most ele-
ments were determined using optical emission spectrometry 
(OES) except carbon, nitrogen, and sulfur, which were de-
termined using combustometric methods. Copper and mag-
nesium were determined by atomic absorption (AA) spec-
trophotometry.

Typically, three metallographic specimens were prepared 
and analyzed for each test material. Transverse cross-sec-
tions were extracted from the gage section of tensile bars, 
mounted and polished using standard metallographic 
techniques. The samples were final polished using colloi-
dal silica media with a 0.05 um particle size. The samples 
were photographed at two or three appropriate magnifica-
tions in the as-polished condition and after etching with 
2% Nital. Automated image analysis was performed to 
measure nodularity, nodule count, and ferrite/pearlite 
content. 

Hardness and Tensile Testing

Brinell hardness measurements were conducted on the shoul-
ders of fractured tensile bars using a 3000 kg load. Tensile spec-
imens were tested to determine standard tensile properties [i.e., 
0.2% offset yield strength (S

y
 or YS), ultimate tensile strength 

(S
u
 or UTS), total elongation (%El), and reduction in area 

(%RA)]. Additionally, the monotonic tensile stress-strain re-
sponse was characterized for a subset of the specimens in terms 
of elastic modulus and/or Poisson’s ratio as well as monotonic 
strength coefficient (K) and monotonic strain hardening expo-
nent (n). Figures 1 and 2 show the standard tensile properties 
and monotonic stress-strain constants, respectively.4

Room temperature tensile tests were conducted on standard 
round tensile specimens with 0.5 inch (13 mm) gauge diam-
eter and 2.0 inch (50 mm) gauge length. In isolated cases, 
proportional subsize tension specimens were used when ne-
cessitated by material size constraints. 

Strain gauges were employed for precision modulus and 
Poisson’s ratio determinations and an extensometer was em-
ployed for determining K and n. For standard tension tests, 
an initial strain-rate of 0.3% per minute was imposed until 
the yield strength was exceeded; after yield, the strain-rate 
was increased to 10% per minute. The total elongation was 
measured by reassembly of the samples and physical mea-
surement of the final gauge length. For elastic modulus or 
Poisson’s ratio determination, a smaller initial strain rate of 
0.2% per minute was used.

Fatigue Testing

All fatigue test specimens were machined with low stress 
procedures and longitudinally polished. The specimens had 
a 0.314 inch (8 mm) gage diameter, 0.628 inch (16 mm) 
gage length, 2.51 inch (64 mm) blending radius, and 0.590 
inch (15 mm) diameter grip ends. 

Figure 1. Engineering and true stress-strain plots and 
properties from Reference 4.

Figure 2. Logarithmic true stress-plastic strain plot with 
monotonic stress-strain constants from Reference 4.
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Strain-controlled fatigue tests were conducted at room tem-
perature over the range from about 100 cycles to 1,000,000 
cycles. Generally, three specimens were tested at each of six 
to seven strain levels, and all tests were performed using a tri-
angular waveform at a constant strain rate of 2% per second.

Specimens with anticipated fatigue lives in excess of 
500,000 cycles were switched to stress-controlled testing 
after 100,000 cycles and thereafter were tested at a con-
stant frequency of 15 cycles/second. Tests were continued 
until a 20% drop in stress range (~ 50% load drop in cast 
iron) occurred, or until 5,000,000 cycles were reached 
without failure. Strain and load data were recorded dur-
ing the tests.

Fatigue Data Analysis

This section of the paper summarizes the strain-life fatigue 
data analysis that was conducted in the database develop-
ment effort.7 The reader is directed to other references for 
further details.3,4,7,8

A fundamental step in the strain-life analysis of cyclic 
property data is the decomposition of the total cyclic strain 
amplitude (Δε

t
/2) or (Δε/2) into its component strains, i.e., 

plastic strain amplitude (Δε
p
/2) and elastic strain amplitude 

(Δε
e
/2) according to the equation: 

(Δε/2) = (Δε
e
/2) + (Δε

p
/2)			   Eqn. 1

In practice, the elastic component of strain is determined by 
dividing the stress amplitude (Δσ/2) at specimen half-life 
(0.5N

f
) by the elastic modulus (E). The plastic strain ampli-

tude is then given as the difference between the total strain 
amplitude and the elastic strain amplitude. Figure 3 shows 
the definition of the stress and strain ranges, which are twice 
their amplitude counterparts. The plastic strain data deter-
mined by this method are used in the calculation of both the 
strain/stress-life and cyclic stress-strain constants.

Using data obtained from each fatigue specimen at half-life, 
the cyclic stress-strain constants n’ (cyclic strain harden-
ing exponent) and K’ (cyclic strength coefficient) were de-
termined by regressing the stress amplitude (Δσ/2) versus 
plastic strain amplitude (Δε

p
/2) in logarithmic coordinates. 

Figure 4 shows the cyclic stress-strain constants, which are 
related as follows: 

Δσ/2 =Κ’(Δε
p
/2)n’				   Eqn. 2

The cyclic stress-strain constants K’ and n’ were also calcu-
lated directly from the strain-life constants. 

The cyclic stress-life and strain-life constants σ’
f, 
b, ε’

f, 
and c 

were calculated as follows: 

Δσ/2 = σ’
f 
(2N

f
)b			   Eqn. 3

Where: 
Δσ/2 	 = true stress amplitude 
2N

f 		
= reversals to failure (1 reversal = ½ cycle) 

σ’
f 		

= fatigue strength coefficient 
b 		  = fatigue strength exponent

as shown in Figure 5; and 

Δε
p
/2 = ε’

f 
(2N

f
)c			   Eqn. 4

Where: 
Δε

p
/2 = plastic strain amplitude 

2N
f 	

= reversals to failure 
ε’

f 	
= fatigue ductility coefficient 

c 	 = fatigue ductility exponent 

as shown in Figure 6. 

Figure 3. Stable hysteresis loop at half-life, showing 
the definitions of stress, total strain, elastic strain, and 
plastic strain ranges from Reference 4.

Figure 4. Logarithmic cyclic stress-plastic strain plot 
with cyclic stress-strain constants from Reference 4.
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As discussed previously, the total strain is the sum of the 
elastic and plastic strains. In terms of strain amplitude, 

Δε/2 = Δε
e
/2 + Δε

p
/2			   Eqn. 5

The elastic term can be written as: 

Δε
e
/2 = Δσ/2E	 Eqn. 6

We can now state this in terms of reversals to failure: 

Δε
e
/2 = (σ’

f 
/ E) x (2N

f
)b		  Eqn. 7

The plastic term is:

Δε
p
/2 = ε’

f 
(2N

f
)c	 Eqn. 8

The total strain can now be rewritten: 

Δε/2 = (σ’
f 
/ E) x (2N

f
)b + ε’

f 
(2N

f
)c	 Eqn. 9

This last equation is the basis of the strain-life method and is 
termed the strain-life relation, as shown in Figure 7. 

Figure 5. Logarithmic stress amplitude versus reversals 
plot from Reference 4.

Figure 7. Logarithmic total strain amplitude versus 
reversals plot from Reference 4, showing the addition 
of the logarithmic elastic strain and plastic strain versus 
reversals lines.

Figure 6. Logarithmic plastic strain amplitude versus 
reversals plot from Reference 4.

is shown in Figure 9. These database pages show average 
values, but the raw fatigue data and micrographs are also 
contained in the database. The turquoise-shaded regions 
are contributed datasets.

It is sometimes useful to calculate the transition fa-
tigue life (N

t
), which is one definition for the fatigue 

life that is the boundary between low and high cycle 
fatigue. By replacing N

t
 for N

f
 in the above equations 

for elastic strain amplitude and plastic strain ampli-
tude, the following equation is obtained:

N
t
 = ½ (e’

f 
E / s’

f
) 1/(b-c)		  Eqn. 10

 
The cyclic stress-strain constants K’ and n’ were also 
calculated directly from the strain-life and stress-life 
constants as follows: 

K’ 	 = σ’
f
/(ε’

f
)n’

n’ 	 = b/c

Thus, the database contains K’ and n’ constants that 
were calculated by two methods, i.e., direct log-lin-
ear regression of the stress and plastic strain ampli-
tudes and simple manipulation with the above two 
equations. Only the K’ and n’ data obtained from the 
regression analyses will be discussed in this paper.

Results and Discussion

Database Contents

The database has a directory structure that is sum-
marized in the report, and other computer files. A 
typical database page for the composition and mi-
crostructure austempered ductile iron is shown in 
Figure 8. A typical database page with monotonic 
properties, strain-life fatigue constants and curves 
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Figure 8. Typical database page w
ith com

position and quantitative m
icrostructural results. This figure show

s results for four tested grades and the contributed 
dataset shaded in turquoise and the literature dataset shaded in gray.
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(b)
Figure 9. Typical database page with average monotonic properties and fatigue information. (a) This portion of 
the figure contains the average monotonic properties and fatigue constants for the four ADI grades tested for the 
database, and the two contributed datasets shaded in turquoise. (b) This portion of the figure shows the individual 
strain-life plots and regression results for one of the ADI grades.

Fatigue Cycles (Nf)
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Data Selected for Analysis in this Paper

Some of the elemental contents and quantitative microstruc-
tural constituents are summarized in Table 2 for the eight se-
lected conditions from Table 1. All subsequent figure num-
bers and legends in this paper are ordered with respect to 
the particular column that the condition occupies in Table 2.

The Table 2 results were chosen to display the most sig-
nificant data for each of the selected conditions. Figures 
10 to 17 each contain one example micrograph in the 
etched condition to illustrate each of the eight selected 
conditions.

Table 2. Abbreviated Elemental Contents and Microstructural Results for Selected Database Conditions

Figure 10. This optical micrograph corresponds to 
grade 60-40-18 in the as-cast condition. The original 
magnification is 200X.

Figure 11. This optical micrograph corresponds to grade 
60-40-18 in the subcritically annealed condition. The 
original magnification is 250X.



	16 International Journal of Metalcasting/Spring 2012

Figure 12. This optical micrograph corresponds to grade 
60-40-18 in the fully annealed condition. The original 
magnification is 250X.

Figure 13. This optical micrograph corresponds to 
grade 65-45-12 in the as-cast condition. The original 
magnification is 250X.

Figure 14. This optical micrograph corresponds to 
grade 100-70-13 in the as-cast condition. The original 
magnification is 250X.

Figure 15. This optical micrograph corresponds to the 
25 mm section size of grade 100-70-13 in the normalized 
condition. The original magnification is 250X.

Figure 16. This optical micrograph corresponds to the 
76 mm section size of grade 100-70-13 in the normalized 
condition. The original magnification is 250X.

Figure 17. This optical micrograph corresponds to grade 
120-90-02 in the quenched and tempered condition. The 
original magnification is 500X.
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Compositions and Microstructures

Table 2 shows that all the as-cast and heat treated ductile 
cast irons have typical compositions for their corresponding 
ASTM9 or SAE10 grades, all have high nodularity (greater 
than 90%), and almost all have standard nodule counts be-
tween 100 to 300 mm-2. Due to its heavier section size, the 
76 mm section size for the 100-70-03 grade has lower nod-
ule count than the other seven conditions.

The Table 2 results were chosen to display the most signifi-
cant data for each of the selected conditions. Figures 10 to 
17 each contain one example micrograph selected for each 
of the eight conditions. 

The microstructures in the grades obeyed expectations as 
follows:

1. 	 The ferrite content in the as-cast grades decreased 
with increasing strength and decreasing ductility 
in the first three grades listed in Table 2, as also 
shown in Figures 10, 13 and 14. 

2. 	 The ferrite contents in Table 2 and the micrographs 
in Figures 10 to 12 show that the annealing treat-
ments converted the as-cast 60-40-18 grade to all 
ferrite, as expected. 

3. 	 For as-cast 100-70-03, Figure 14 shows that the 
ferrite surrounded nodules, and this is commonly 
called bulls-eye ferrite. After normalizing, Figures 
15 and 16 show that the ferrite is more randomly 
distributed throughout the matrix.

4. 	 For grade 120-90-02, Figure 17 shows that the fer-
rite-pearlite microstructure converted to tempered 
martensite after quenching and tempering (Q&T).

Table 3. Monotonic Properties and Coefficients for Selected Database Conditions

Figure 18. The yield strength and elongation of 
the ferrite and pearlite microstructures obeyed 
a quadratic relationship. The open points 
represent the heat treatment conditions and the 
closed points represent the as-cast condition. 
The tempered martensite microstructure had 
greater strength than the locus of points for 
the ferrite and pearlite grades.
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Monotonic Mechanical Properties

Table 3 shows the monotonic mechanical properties that 
were obtained for the selected grades. Figure 18 shows a 
plot of yield strength versus elongation for all eight selected 
conditions. Selected mechanical properties are also plotted 
versus ferrite content in Figures 19 and 20 for the three as-
cast conditions. 

The monotonic mechanical properties in the as-cast condi-
tion obeyed expectations as follows:

1. 	 Figure 18 shows that the yield strengths of the fer-
ritic, ferritic-pearlitic, and pearlitic irons decreased 
with increasing elongation.

2. 	 Figure 19 shows that the hardness, 
yield strength and tensile strength 
increased with decreasing ferrite 
content in the as-cast conditions.

3. 	 Figure 19 shows that the ductility, 
as measured by both elongation and 
reduction in area, increased with 
increasing ferrite content in the as-
cast conditions.

The monotonic mechanical properties were 
altered with heat treatment for the two 
grades that were evaluated, but less predict-
ably. The following heat treatment trends 
were observed:

1. 	 Table 3 shows that the tensile 
strength of as-cast grade 60-40-18 
decreased slightly with subcritical 
annealing and decreased signifi-
cantly with full annealing.

2. 	 Table 3 shows that the yield 
strength of as-cast grade 60-40-18 
decreased slightly with subcritical 
annealing and decreased signifi-
cantly with full annealing.

3. 	 Table 3 shows that the ductility 
of as-cast grade 60-40-18 hardly 
changed with subcritical anneal-
ing; however, significant increas-
es in ductility were obtained with 
full annealing.

4. 	 Table 3 shows that the yield and 
tensile strengths of the normal-
ized 100-70-03 grade increased 
significantly with respect to the 
as-cast 100-70-03 grade in both 
the 25 mm and 76 mm section 
sizes. (In fact, the 100-70-03 
properties are not generally ob-
tainable in a heavy section size 
without normalizing.)

Figure 19. The hardness and strength decreased with increasing 
ferrite content for the as-cast conditions.

Figure 20. The ductility increased with increasing ferrite content 
for the as-cast conditions.

5. 	 Table 3 shows that ductility of the 25 mm as-cast 
samples of the 100-70-03 grade did not change 
when they were normalized.

6. 	 Table 3 shows that the ductility of the normalized 
76 mm samples was significantly lower than the 25 
mm samples of the 100-70-03.

7. 	 Figure 18 shows that quenched and tempered 
(Q&T) grade 120-90-02 had a significantly higher 
yield strength at the same ductility of the pearlitic 
100-70-03 grade.

No significant change in the elastic properties (modu-
lus and Poisson’s ratio) were observed for any of the 
conditions.
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Strain-Life Fatigue Properties

Table 4 shows the cyclic fatigue constants that were obtained 
for the selected grades. Note that it is both difficult and not 
recommended to directly compare materials based on the con-
stants alone. Similarities and differences among materials are 
best compared by strain-life plots, as discussed below.

Figure 21 shows a plot of the total strain versus fatigue 
cycles for four selected grades. In the plot legend, the 
grade is identified with the ASTM designation, but the 
actual UTS-YS-El values from Table 3 and ferrite con-
tents from Table 2 are shown parenthetically. The plot-
ted curves in Figure 21 are the total strain-life hyperbo-
las predicted from the results in Table 4. Actual fatigue 
data points are shown for three grades. Predicted fatigue 
lives are shown in Table 5.

The cyclic properties of the grades obeyed expectations as 
follows:

1. 	 Figure 21 and Table 5 show that the higher 
strength grades had lower fatigue lives in the low 
cycle regime and higher fatigue lives in the high 
cycle regime.

2. 	 Figure 21 and Table 5 show that the higher duc-
tility grades had higher fatigue lives in the low 
cycle regime and lower fatigue lives in the high 
cycle regime.

3. 	 These predicted trends were observable, but 
only showed significance for the extremes, i.e., 
the differences in fatigue lives were only signifi-
cantly greater than the range of the data for the 
two extreme conditions (the 60-40-18 and 120-
90-02 grades).

Table 4. Low Cycle Fatigue Constants for Selected Database Conditions

Figure 21. Total strain-life fatigue curves are 
shown as a function of grade and display the 
expected trends. The points are actual data 
for three selected grades and the curves 
are the predicted lives from constants. 
The higher strength grades exhibit greater 
lives at high cycles and the higher ductility 
(and lower strength) grades exhibit greater 
lives in the low cycle regime. The values in 
parentheses in the legend are the measured 
monotonic properties and ferrite contents.
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Table 5 contains predictions and Figure 22 shows a plot of 
the total strain versus predicted fatigue cycles for the two 
heat treated ferritic-pearlitic grades (60-40-18 and 100-70-
03), which had corresponding as-cast conditions. The cyclic 
properties of the heat treated grades generally obeyed expec-
tations as follows:

1. 	 In most conditions, the heat treatments produced 
greater low cycle fatigue lives for high ductility 
conditions

2. 	 Although the high cycle fatigue resistance was af-
fected less by heat treatment, slightly increased 
high cycle fatigue lives were obtained with higher 
strength conditions.

3. 	 The normalized 25 mm samples of grade 100-
70-03 exhibited significantly greater monotonic 
strength as well as fatigue resistance in both the 
low and high cycle regime.

Table 5 contains predictions and Figures 23 and 24 respec-
tively show predicted stress-life and plastic strain-life fatigue 
curves as a function of grade. Table 4 shows no observable 
trends in transition fatigue life.

Summary and Conclusions

1. 	 This paper reviewed the contents and architecture 
of the AFS strain-life fatigue database for cast iron.

2. 	 As expected, the monotonic
	 a. 	 Yield strengths of the ferritic, ferritic-pearlitic,  

	 and pearlitic irons decreased with increasing  
	 elongation, 

	 b. 	 Hardness, yield strength and tensile strength  
	 increased with decreasing ferrite content.

	 c. 	 Ductility increased with increasing ferrite content.
	 d. 	 Elastic modulus and Poisson’s ratio were virtually  

	 identical for all the tested conditions.
3. 	 The monotonic mechanical properties were altered 

with heat treatment for the 60-40-18 and 100-70-03 
grades as follows:

	 a. 	 The yield and tensile strengths of as-cast grade  
	 60-40-18 decreased slightly with subcritical  
	 annealing and decreased significantly with full  
	 annealing.

	 b. 	 The ductility of as-cast grade 60-40-18 hardly  
	 changed with subcritical annealing; however,  
	 significant increases in ductility were obtained  
	 with full annealing.

Table 5. Predicted Fatigue Lives from DeT/2 = (s’f/E) (2Nf)b + (e’f) (2Nf)c  for Selected Database Conditions
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Figure 22. Total strain-life fatigue 
curves are shown for the two heat 
treated ferritic-pearlitic grades with 
corresponding as-cast conditions. 
The points are actual data for three 
selected grades and the curves are 
the predicted lives from constants. 
The values in parentheses in the 
legend are the measured monotonic 
properties and ferrite contents. In most 
conditions, the heat treatments did 
not significantly affect the predicted 
fatigue life for the as-cast condition, 
although similar strength and ductility 
trends to those shown in Figure 21 
were observed. It is noteworthy that 
the normalized 25 mm samples of 
grade 100-70-03 exhibited significantly 
greater monotonic strength and 
fatigue resistance in both the low and 
high cycle regime.

Figure 23. Predicted stress-life fatigue 
curves are shown as a function of 
grade and display the expected trends 
for all eight selected conditions. The 
higher strength grades exhibit greater 
lives at high cycles and decreased lives 
in the low cycle regime. The values 
in parentheses in the legend are the 
measured monotonic properties and 
ferrite contents.

	 c. 	 The yield and tensile strengths of the normalized  
	 100-70-03 grade increased significantly with  
	 respect to the as-cast 100-70-03 grade in both  
	 the 25 mm and 76 mm section sizes. 

	 d. 	 The ductility of 25 mm as-cast samples of the  
	 100-70-03 grade did not change when they  
	 were normalized.

	 e. 	 The ductility of the normalized 76 mm samples  
	 was significantly lower than the 25 mm samples  
	 of the 100-70-03.

	 f. 	 The quenched and tempered grade 120-90-02  
	 had a significantly higher yield strength at the  
	 same ductility of the pearlitic 100-70-03 grade.

4. 	 The cyclic properties of the grades obeyed expecta-
tions as follows:

	 a. 	 As compared to the lower strength grades, the  

	 higher strength grades had lower fatigue lives  
	 in the low cycle regime and higher fatigue  
	 lives in the high cycle regime.

	 b. 	 As compared to the lower ductility grades, the  
	 higher ductility grades had higher fatigue lives  
	 in the low cycle regime and lower fatigue lives  
	 in the high cycle regime.

	 c. 	 These predicted trends were observable, but  
	 only showed significance for the extremes, i.e.,  
	 the differences in fatigue lives were only  
	 significantly greater than the range of the data  
	 for the two extreme conditions (the 60-40-18  
	 and 120-90-02 grades).

5. 	 No observable difference in transition (between the 
low and high cycle or plastic and elastic) fatigue 
life was observed.
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