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Abstract: Owing to the remarkable advantages in mechanical behavior, cast steel nodes have been widely used
in static structures. Nowadays, cast steel nodes also gain increasing popularity due to the superior fatigue per-
formance in dynamic structures, but they are not yet widely used because the fatigue properties of cast steel are
not well understood. In this paper, the fatigue test of cast steel GS20Mn5V commonly used in steel castings is
carried out. The strength of medium and low cycle fatigue and the fatigue limit are obtained. The feasibility
of the estimated S-N (fatigue stress versus life) curve is tested. The double logarithmic linear model (DLLM)
and the reversed generalized Pareto model (RGPM) are used to fit the experimental data, and the comparison
is made. The P -S-N (the relationship between fatigue stress and life at different survival rates) curve obtained
by the RGPM is proposed. The results show that the estimated S-N curve is not suitable for low cycle fatigue
life, fitting the experimental data with the RGPM is the best, and obtaining the P -S-N curve from the RGPM is
feasible.
Key words: cast steel GS20Mn5V, fatigue test, double logarithmic linear model (DLLM), reversed generalize
Pareto model (RGPM), S-N curve, P -S-N curve
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0 Introduction

Cast steel nodes have various types and stable me-
chanical behavior. In recent years, cast steel nodes
have been used widely in the junctions with large in-
ternal forces and complex geometry for the large struc-
tures under static load, such as stadiums, airport ter-
minals, and exhibition centers. Actually, owing to the
superior fatigue performance of cast steel, many struc-
tures under fatigue load are inclined to cast steel nodes,
from ocean engineering structures to bridges and high-
rise buildings, where the fatigue failure is the main
detriment.

The fatigue behavior of cast steel joints and their
weld properties are not adequately studied yet. Never-
theless, the main relevant researches have been done.
Haldimann-Sturn and Nussaumer[1] studied the fatigue
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properties of the cast steel joints and the traditional
welded joints, and investigated the allowable initial de-
fect sizes. Jin et al.[2-3] conducted the numerical cal-
culations to study the fatigue of cast steel nodes in a
tower steel structure. Guo et al.[4-7] studied the fatigue
performance and fatigue failure mechanism of cast steel
joints through a series of experiments. Jin[8] and Sun
et al.[9] optimized the original fatigue strength analysis
method, and applied different fatigue strength analy-
sis methods to the fatigue analysis of cast steel joints.
Gong[10] and Li et al.[11-12] studied the effect of cast-
ing defects on the fatigue properties of cast steel joints.
Zhu et al.[13-15] studied the effects of temperature, mi-
crostructure and other factors on the fatigue properties
of the cast steel joints.

The fatigue data of cast steels are still limited, which
cannot meet the fatigue design requirement of cast
steel joints. In civil engineering practices, cast steel
GS20Mn5V is a common casting material for cast steel
joints. In this study, the fatigue test is carried out
in order to research the fatigue performances of cast
steel GS20Mn5V. In the experiment, 44 samples are
cut from three casting nodes (I, II, III). Only the data
of Nodes II and III are concluded in the fatigue test, in
which the group method is used to investigate the fa-
tigue strength of medium and low cycle fatigue and the
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small subsample fluctuation method is used to investi-
gate the fatigue limit. Firstly, the double logarithmic
linear model (DLLM) is used to fit the test data, and
the fitting results are compared with the S-N curves
constructed by other simplified methods. Then, the re-
versed generalized Pareto model (RGPM) is proposed
to fit the test data, and the parameters in the RGPM
are obtained by two ways: order statistic, and regres-
sion method. The absolute fitting errors of the DLLM
and RGPM are compared. Lastly, the P -S-N curves
are obtained by the RGPM based on order statistic.

1 Experimental Procedure

1.1 Selection and Fabrication of the Test Spec-
imens

In China, casting components are divided by five
grades based on the amount and size of defects accord-
ing to nondestructive testing standard[16]: Grade 1 is
the best, and Grade 5 is the worst. In civil engineering
practices, Grades 1, 2 and 3 are commonly used.

Figure 1 shows the fabrication of the test specimens.
When the nodes are cast (Fig. 1(a)), the same pour-
ing material is used to cast thick plates separately
(Fig. 1(b)). The thick plate is cut into small cylinder
specimens (Fig. 1(c)) which are then processed into the
test specimen like (Fig. 1(d)). Totally, there are three
groups of specimens. The defects inside the test piece
are examined by industrial X-ray, and no obvious macro
defects are found. The size of final test specimen is
shown in Fig. 2.

(d) Specimens

(a) Cast steel nodes (b) Casting thick plates

(c) Cutting

Fig. 1 Cast steel nodes and preparation of specimens

1.2 Test Instrumentation and Loading
PLG-100 high-frequency fatigue testing machine is

shown in Fig. 3. The specimens are placed symmet-
rically in the fixture, and the bolts are tightened to

prevent the specimens from moving. The specimens
are under axial tension-compression with constant am-
plitude at different stress levels. The test is stopped
when the area of the fatigue crack exceeds 50% of the
specimen section.
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Fig. 2 Specimen size (mm)

Fig. 3 High-frequency fatigue testing machine and its
clamping method

1.3 Group Method to Test the Medium and
Low Cycle Fatigue Life Ranges

The group method is used to test the fatigue life
ranges of the medium and low cycles. The fatigue life
range corresponds to the oblique line section of the S-
N curve. The minimum sample number nmin in each
group is determined by the life variation coefficient v at
the test level[17-18]:

v =
σx

x̄
, (1)

where σx is the standard deviation of fatigue life, and x̄
is the average logarithm value of fatigue life. When the
confidence level γ is fixed, the bigger the life variation
coefficient is, the larger the minimum sample number
is (Fig. 4)[17].

The number of stress levels is determined by[17-18]

r =
LSN√

LSSLNN

, (2)

where

LSS =
l∑

j=1

(lg Sj)2 − 1
l

( l∑

j=1

lg Sj

)2

,

LNN =
l∑

j=1

(lg Nj)2 − 1
l

( l∑

j=1

lg Nj

)2

,
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Fig. 4 Line graphs of determining the minimum sample
number

LSN =
l∑

j=1

lg Sj lg Nj − 1
l

( l∑

j=1

lg Sj

)( l∑

j=1

lg Nj

)
,

lg N = a + b lg S,

a =
1
l

l∑

j=1

lg Nj − b

l

l∑

j=1

lg Sj,

b =

l∑

j=1

lg Sj lg Nj − 1
l

( l∑

j=1

lg Sj

)( l∑

j=1

lg Nj

)

l∑

j=1

(lg Sj)2 − 1
l

( l∑

j=1

lg Sj

)2
,

r is the linear correlation of the stress and life, Sj de-
notes the stress value at the jth stress level, lg Nj de-
notes the logarithm average life at Sj , and l denotes the
total number of stress levels. As the absolute value of r
comes to l, the relationship between lg S and lg N be-
comes linear. The linear fitting of lg S and lg N needs
enough linear correlation with r. When the number
of stress levels is 3, the minimum value of r for linear
fit should be bigger than 0.997. When the number of
stress levels is 4, the minimum value of r should be
bigger than 0.95[17].
1.4 Up-and-Down Method to Test the Fatigue

Limit
In consideration of the test specimen number and the

test time, the up-and-down method is used to measure
the fatigue limit of cast steel GS20Mn5V. The test is
started at the roughly estimated fatigue limit S−1, and
the fatigue life limit is set to 2 × 106. If the first test
specimen fails before 2 × 106 cycles, the next speci-
men will be tested with a decrease of 4%—6% for the
stress level. If the first test specimen does not fail above
2×106 cycles, the next specimen will be tested with an
increase of 4%—6% for the stress level. The same pro-
cess is taken for the rest specimens. Figure 5 shows the
up-and-down method.

The data before the first adverse results (one point
is ×, and the adjacent one is ◦) should be discarded,
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Fig. 5 Up-and-down method

such as Points 1 and 2 in Fig. 5; the corresponding test
specimens are invalid. Points 3 and 4 are two adverse
points, and they can be matched into one couple. The
average value (S3 + S4)/2 is regarded as one of the es-
timated fatigue limits. The 8th specimen (Point 8 in
Fig. 5) is the same as Point 2 (invalid), and because the
test value of Point 2 is not used, the data point 2 can
replace the 8th point. The same process can be applied
to the other invalid specimens, but each data point can
only be used once. Using the matched couples of all
effective points, the average value of the fatigue limit is
calculated as

S−1 =
1
k

k∑

i=1

S−1i, (3)

where k is the number of the matched couples, and S−1i

is the fatigue limit of the ith couple. Here, S−11 = (S3+
S4)/2, S−12 = (S5 + S6)/2. The standard deviation of
the fatigue limit is calculated as

σS−1 =

[
1

k − 1

k∑

i=1

S2
−1i−

1
k(k − 1)

( k∑

i=1

S−1i

)2
] 1

2

. (4)

2 Fitting Results of the DLLM

2.1 Medium and Low Cycle Fatigue Life Values
The specimens of three groups can be treated as an

integral sample. All the test data distribute in a certain
range, as shown in Fig. 6. An average curve is fitted
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Fig. 6 Distribution range of casting fatigue life values
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with all the valid data, and the boundary curves are
fitted with the boundary data.

The average value equation (S in unit MPa) of S-N
curve for the integral sample is

lg N = 36.693 3− 13.070 4 lgS. (5)

If the logarithmic fatigue life lg N obtained by Eq. (5)
is considered as the average value at a certain ampli-
tude stress level, the life distribution is analyzed. The
difference of the logarithmic fatigue life values is de-
noted as X̄ = lg N − lg N̄ (valid test data). According
to the test data calculation, the average value of X̄ is
0.000 26, and the standard deviation of X̄ is 0.192 6.
An increment ΔX̄ is set as 0.1. Here, the number of
test specimens is denoted as n. The distribution of n
corresponding with lg N−lg N̄ is shown in Fig. 7, which
matches the normal distribution curve with an average
value of 0.000 26 and a standard deviation of 0.192 6.
The life distribution can be considered as a logarithm
normal distribution.
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Fig. 7 Distribution of fatigue life values

The amplitude stress levels are divided into three
ranges (270.4MPa, 270.4MPa), (245MPa, 260MPa)
and (210MPa, 235MPa), with 6, 16 and 12 test
datasets respectively; the corresponding standard de-
viations of the logarithmic fatigue life difference X̄ are
0.141 4, 0.182 7 and 0.245 2, respectively.
2.2 Fatigue Limit

At the beginning of the experiment, owing to the
failure of accurately estimating the required number of
the samples of Node I, the material fatigue test data of
Node I are not complete. Therefore, only the test data
of Nodes II and III are listed, as shown in Figs. 8 and
9, respectively.

As seen from Fig. 8, the first adverse results occur
on Specimens 3 and 4, so Specimens 1 and 2 are in-
valid and should be neglected. However, the amplitude
stress value of the one following Specimen 7 is the same
as that of Specimen 2, so the unused data of Specimen
2 can be used as the 8th data point. In the same way,
the data of Specimen 1 can be used as the 11th data
point. According to Eqs. (3) and (4), the average value

210.6

218.4

11

12

109

8

1

2

3

4

5

6

7

(2)

(1)

202.8

195.0

187.2

179.4

S/
M

P
a

Fig. 8 Fatigue limit of Node II
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Fig. 9 Fatigue limit of Node III

of fatigue limit S−1 is 202.1MPa, and the standard de-
viation σS−1 is 7.012MPa.

As seen from Fig. 9, Specimen 5 has no matched
points, so the test data of Specimen 5 are neglected.
According to the four matched couple data points, the
average value of the fatigue limit S−1 is 200.2MPa and
the standard deviation σS−1 is 4.503MPa. The aver-
age values of the fatigue limits of Nodes II and III are
201MPa.
2.3 Integral S-N Curve

The integral S-N curve of cast steel GS20Mn5V
is drawn with the maximum fatigue limit test value
208.0MPa as the upper limit and the minimum fatigue
limit test value 191.1MPa as the lower limit, as shown
in Fig. 10.

Before this fatigue test study of cast steel
GS20Mn5V, the engineers approximately estimate its

180

200

220

240

260

280 Original data
Median
Lower limit
Uppper limit

S/
M

P
a

N
105 106 107 108

Fig. 10 Distribution range of the integral S-N curve
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fatigue strength with the yield limit when there is not
available fatigue data. Reference [19] presented the de-
tails of approximate evaluation method, in which the
estimated result is lg N = 25.9535 − 8.5183 lgS (S in
unit MPa) with a fatigue limit of 220MPa.

In this study, all the integral S-N curves are plotted
in Fig. 11 to discuss the precision of approximate evalu-
ation method, in which the cross point between theoret-
ical curve and upper limit curve is (18 462, 268MPa),
and the cross point between theoretical curve and me-
dian curve is (717 960, 228MPa). As seen from Fig. 11,
when the stress amplitude is bigger than 268MPa, it is
very risky to apply the estimated S-N curve to lower-
cycle fatigue, because it exceeds the upper limit of the
test data. When the stress amplitude is lower than
268MPa, the estimated S-N curve is more conserva-
tive than the upper limit, but it is a little complicated
than the median S-N curve and should be treated with
caution. The estimated fatigue limit 220MPa is 5.7%
bigger than the maximum test value 208.0MPa. As a
result, the estimated S-N should be treated carefully
in engineering application.
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Fig. 11 Comparison of the integral S-N curves

The integral S-N curve based on test data and the
comparison result with the estimated S-N curve can
offer an important reference for the fatigue strength as-
sessment of similar material in engineering application.

Now the S-N curve has been obtained, while the P -
S-N curve has not been obtained because of lack of
available data.

3 Fitting Results of the RGPM

RGPM is based on physical and statistical
considerations[20]. These considerations require that fa-
tigue models should satisfy the following conditions. ①
Models should take into account the fact that fatigue
life is governed by the weakest link principle, and the
weakness of a sub-piece is determined by the size of
its largest crack and the stress it is subjected to. ②

Models must be stable with respect to minimum oper-
ations. ③ Models must take into account the positive
characters of fatigue life and stress level. ④ The distri-
butions of fatigue life given stress level should be com-
patible with the distribution of the stress level given
life. If FX(x, y) is the cumulative distribution function
of X given y, and FY (y, x) is the cumulative distribu-
tion function of Y given x, then FX(x, y) = FY (y, x).
A reasonable model (here, H represents the failure per-
cent, x is taken as the fatigue life, and y is taken as the
stress level) based on the reversed generalized Pareto
distribution is

H(x, y) = [β + σ′(x − δ)(y − ρ)]1/α, (6)

where ρ is the endurance limit (i.e., fatigue failure does
not occur below ρ), δ is a minimum life that can be
guaranteed for all the specimens, σ′ is a combined scale
factor for fatigue life and stress level, β is associated
with the zero percentile (if β is zero, the zero-percentile
curve degenerates to two straight lines parallel to the x
and the y axes), and 1/α is the shape parameter.

Let A, B, C and D be the parameters derived from
σ′ = A, δ = −C/A, ρ = −B/A, β = D − BC/A.
Define P as the survival rate, and the fatigue failure as
p = 1 − P . When the failure rate is p = H , the S-N
curve equation is obtained as

Xp =
pα − D − Cy

Ay + B
. (7)

From Eq. (7), it is can be seen that the smaller the
absolute value of A is, the more linear the curve is.
When A = 0, the S-N curve equation becomes linear.
It is similar to the convention method.

Suppose that there are L stress levels y1 < y2 < · · · <
yL, and for each stress level yj, there are nj values of X ,
which are denote by x1j , x2j , · · · , xnjj . Thus, xij is the
ith observed life for the stress level yj . Without loss of
generality, assume that x1j < x2j < · · · < xnjj ; xij is
the ith order statistic of the life associated with the jth
stress level yj . From Eq. (7), xij can be approximated:

xij =
pα

ij − D − Cyi

Ayj + B
, (8)

with pij = (i − 0.5)/nj.
Elemental percentile method is used to estimate the

parameters[20]. The elemental percentile method is a
two-stage procedure. In the first stage, α is estimated.
The estimate of α does not computationally depend on
the values of the other parameters. In the second stage,
the other four parameters are estimated.
3.1 Estimation of α

According to the existing data, the statistics are con-
sidered as

Zj(i, r, s, t) =
xij − xrj

xsj − xtj
, (9)
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with

j ∈ Z; i, r, s, t ∈ {1, 2, · · · , nj}; xsj �= xtj .

Substituting Eq. (8) into Eq. (9) can yield

Zj(i, r, s, t) =
pα

ij − pα
rj

pα
sj − pα

ij

. (10)

The value of α can be estimated by Eq. (10). Note
that Eq. (10) is for any stress level and any points i, r,
s, t associated with and satisfying Eq. (9). Owing to
setting r = s, Eq. (9) can still be satisfied, so the value
of α can be estimated by only three distinct points. It is
different from the linear method which requires at least
6 data points for each stress level. Castillo and Hadi[20]

have proved that the fitting result is better when

i = 1, r = [(nj + 1)/2], t = n,

and there is one α for one stress level. Let
�

αj be an esti-
mate of αj at the jth stress level, and

�

α be an estimate
of α. We take the weighted mean as

�

α =
L∑

j=1

nj
�

αj

/
L∑

j=1

nj . (11)

All of the available test data are shown in Fig. 12.
From Eq. (11), the estimate of α can be got:

�

α =
62.991 4

35
≈ 1.8.

3.2 Estimation of the Parameters
3.2.1 Estimation by Order Statistics

As shown in Fig. 12, there are 8 stress levels in the
experiment (the number of valid test data points for
each stress level is 10, 3, 4, 6, 3, 3, 3, 3). Firstly, two
stress levels yj and yk, and two test data for each stress
level xij , xrj , xik or xrk are chosen. From Eq. (8), an
equation group is obtained as

xij =
pα

ij − D − Cyj

Ayj + B
, xrj =

pα
rj − D − Cyj

Ayj + B
, (12)

xik =
pα

ik − D − Cyk

Ayk + B
, xrk =

pα
rk − D − Cyk

Ayk + B
. (13)
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Fig. 12 Valid fatigue test data

The parameters A, B, C and D are obtained by solv-
ing Eqs. (12) and (13). It has been proved that the best
estimators are obtained from the furthest apart stress
levels[20], so j = 1 and k = 8 are set in the existing
data.

In order to reduce the workload without loss of gen-
erality, several representative test data points in the 1st
and 8th stress levels are chosen (the numbers in the fol-
lowing parentheses successively represent the values of
j and i). ① Two median life of the 1st and 8th stress
levels: (1, 5), (1, 6), (8, 1), (8, 2) (see the red and yellow
points in Fig. 12);② The maximum and minimum life
of the 1st and 8th stress levels: (1, 1), (1, 10), (8, 1),
(8, 3); ③ Two minimum life of the 1st and 8th stress
levels: (1, 1), (1, 2), (8, 1), (8, 2); ④ Two maximum
life of the 1st and 8th stress levels: (1, 9), (1, 10), (8,
2), (8, 3).

Set survival rate P = 0.5 (failure rate p = 0.5). In
order to obtain the estimated values of each parameter
(for the S-N curves y1, y2, y3 and y4 corresponding to
①, ②, ③ and④, see Table 1), the values of the above
data points are substituted into Eqs. (12) and (13).

For comparing with the mean S-N curve, the form
of Eq. (8) is changed into

y =
0.51.8 − D − Cx

Ax + B
. (14)

The curves y1, y2, y3 and y4 are shown in Fig. 13, where
y is taken as the curve of DLLM. Obviously, y1 and

Table 1 Estimated values of the parameters with four S-N curves

Method A B C D σ′ δ ρ β

y1 15.69 × 10−8 −27.66 × 10−6 14.97 × 10−2 −4 150.50 × 10−2 15.69 × 10−8 −954 110.90 176.29 −15.11

y2 20.21 × 10−8 −43.97 × 10−6 34.69 × 10−3 −991.13 × 10−2 20.21 × 10−8 −171 647.70 217.56 −2.36

y3 13.79 × 10−8 −89.10 × 10−7 44.63 × 10−2 −12 210.17 × 10−2 13.79 × 10−8 −3 236 403.19 64.61 −93.26

y4 89.11 × 10−9 −18.78 × 10−6 33.16 × 10−3 −877.25 × 10−2 89.11 × 10−9 −372 124.34 210.75 −1.78
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Fig. 13 Mean value S-N curves under different selecting
methods

y3 are further away from experimental data. In Table 1,
the fatigue limit values of y2 and y4 are close to the ex-
perimental value 201.3MPa, but the fatigue limit values
of y1 and y3 are too far away from experimental value.

For quantity analysis, the sum of the absolute pre-
diction errors is computed as

E =
L∑

j=1

nj∑

i=1

|xij − �

xij |, (15)

where xij is taken as the test data value, and
�

xij is
taken as the life estimated value by the curve equations.

The absolute errors of the curve equations are listed in
Table 2.

Table 2 Absolute errors of the fitting curves

Curve E × 10−6

y 3.1

y1 4.3

y2 3.0

y3 4.9

y4 3.4

The absolute errors of y1 and y3 are 37% bigger than
the absolute error of DLLM. Here note that during es-
timating the parameters, the life values of the two data
points selected in the 1st stress level of y1 are close
to each other: (84 700, 91 700). The life values of the
two data points selected respectively in y2 and y4 are
also close to each other: (49 900, 50 900) and (103 700,
134 800), but the difference between the two life values
in y4 is larger than the former.

According to the above results and the characters
of the selected data points, it is can be inferred that
for the same stress level, the larger the difference of
life values of the selected data points is, the better the
fitting results are. Considering the uncertainty of life
data, more groups of data points are used to calculate
the estimators, as shown in Table 3.

Table 3 Estimation of the parameters from different data points

Data points chosen
A B C D

1st stress level 8th stress level

(1, 1), (1, 10) (8, 1), (8, 3) 2.02 × 10−7 −4.40 × 10−5 34.69 × 10−3 −991.13 × 10−2

(1, 2), (1, 9) (8, 1), (8, 3) 2.86 × 10−7 −6.39 × 10−5 127.35 × 10−4 −409.85 × 10−2

(1, 3), (1, 8) (8, 1), (8, 3) 2.67 × 10−7 −5.96 × 10−5 111.42 × 10−4 −37.34 × 10−1

(1, 4), (1, 7) (8, 1), (8, 3) 2.66 × 10−7 −5.93 × 10−5 104.69 × 10−4 −3.58 × 100

(1, 1), (1, 9) (8, 1), (8, 3) 2.93 × 10−7 −6.54 × 10−5 12.05 × 10−3 −394.17 × 10−2

(1, 1), (1, 8) (8, 1), (8, 3) 2.27 × 10−7 −5.03 × 10−5 15.33 × 10−3 −469.31 × 10−2

(1, 1), (1, 10) (8, 1), (8, 3) 2.18 × 10−7 −4.83 × 10−5 15.76 × 10−3 −478.95 × 10−2

(1, 2), (1, 9) (8, 1), (8, 3) 2.70 × 10−7 −5.95 × 10−5 316.65 × 10−4 −92.17 × 10−1

(1, 4), (1, 7) (8, 1), (8, 3) 2.50 × 10−7 −5.49 × 10−5 293.98 × 10−4 −869.85 × 10−2

Mean value 2.53 × 10−7 −5.61 × 10−5 1.92 × 10−2 −585.15 × 10−2

Standard deviation 3.13 × 10−8 7.27 × 10−6 0.97 × 10−2 261.60 × 10−2

Variation coefficient 12.36 × 10−2 −12.95 × 10−2 50.64 × 10−2 −44.71 × 10−2

From the estimation by order statistics, the S-N
curve equation with a failure rate of 0.5 by the mean
values of A, B, C and D is

yO =
p1.8 + 5.85 + 5.61 × 10−5x

2.53 × 10−7x + 0.019 2
. (16)

For getting the best fitting results, regression estimates
should be also used.
3.2.2 Estimation by Regression Estimates

For each data point, there is

yjA + xijB + yjC + D = pα
ij , j = 1, 2, · · · , nj . (17)
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It is can be seen from the above equation that the
parameters A, B, C and D are all linear. Then, the
method of least square linear regression can be used to
estimate the values of A, B, C and D. The difference
between this method and order statistics is that all the
data points are applied, so the deviation is smaller in
theory. The results of regression estimates are

A = 59.56× 10−9, B = −13.04× 10−6,

C = 60.81× 10−4, D = −158.39× 10−2.

From the estimation by regression estimates, the curve
equation is

yR =
p1.8 + 1.589 3 + 1.30 × 10−5x

5.96 × 10−8x + 6.08 × 10−3
. (18)

For getting better fitting results, the absolute errors
of the above fitting equations will be compared in next
section.

4 P -S-N Curve

Now, the above fitting curves and the original valid
data are drawn, as shown in Fig. 14. The curves y,
yO and yR represent Eqs. (14), (16) and (18), respec-
tively. As seen from Fig. 14, compared with general
linear fitting curves, the curves yO and yR are safer in
the fatigue life located between 2 × 105 and 8 × 105.
Then the absolute errors of y, yO and yR are listed in
Table 4, showing that the curve yO fits best.

y
Original data

yO
yR
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280

270

260
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240
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220
0 2 4 6 8

N×10−5
10 12

Fig. 14 Comparison of the estimation curves

Table 4 Absolute errors of the estimation curves

Curve E × 10−6

y 3.12

yO 2.89

yR 3.16

The RGPM based on order statistic is proposed to
obtain the P -S-N curves through changing the value
of P . The curves are shown in Fig. 15.
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Fig. 15 Comparison of the P -S-N curves

The fatigue data of the stress level 270.4MPa (the
largest sample size 10 in this study) are used for vali-
dation of the P -S-N curves. For different survival rates,
the relative error (denoted as e) between the experimen-
tal value and the calculated value according to Eq. (16)
is shown in Fig. 16. The biggest relative error is less
than 15%, so this method is recommended in absence
of test data to obtain P -S-N for fatigue reliability anal-
ysis.

0 0.2 0.4 0.6 0.8 1.0
P

e

−0.5

0

0.5

Fig. 16 Relative error of the P -S-N equation

5 Conclusion

The fatigue properties of cast steel GS20Mn5V are
studied by fatigue test, and the following conclusions
are got: the application of the estimated S-N curve in
low-cycle fatigue is very dangerous and should be han-
dled with caution in practical engineering; compared
with the DLLM, the RGPM based on the order statis-
tical method is more suitable for fitting test data; in
the absence of test data, it is recommended to use the
RGPM to obtain the P -S-N curve for fatigue reliability
analysis.

The above characteristics of cast steel GS20Mn5V
provide an important reference for its structural appli-
cation under cyclic loading.
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