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Irrational elements inside of structure become greater with the increase of size
so this results in higher probability of fatigue failure. Especially, cracks easily
occur in the sections with comparatively high stress. Since ordinary tensile and
compressive fatigue experiment can’t provide clear size effect for smooth
specimen, it can cause great error in correction of the fatigue strength of a
structural member. This paper analyzed size factors of geometrically similar
notched specimen based on finite element method and Theory of critical
distance (TCD). First, simple formula was presented to calculate size factor of
notched specimen by gradient effect, and introduced it to an example to get
size factor. Calculation results show it is reasonable to apply size factor to the
notched specimen and it is better to reflect size effect under tension and
compression. Under the assumption that the life of notched plane mainly
depend on the formation of cracks life span formula for steel materials was
prepared. And empirical formula for fatigue strength of notched specimen
with local feature variable is presented. These formulas and empirical
extrapolation were used as the base to determine the formula for size factor of
notched specimen. Fatigue simulation and law of approximation were applied
to produce a model of skip structure in mine and formula of size factor was
used to calculate size factor of member.

Keywords: factor, fatigue, effect, notched specimen

1 Introduction

Reference [5, 6, 15] clarified that size of a member or specimen directly influences on fatigue feature
through the fatigue experiment. With the increase of size fatigue features (fatigue strength and life) is
reduced and this is called size effect. The bigger the member is, the clearer the reduction occurs. As already
known, size of standard specimen, characterizing main fatigue feature curve, is 6-10mm. It is very small
compared with real specimen. If it is used directly, it can cause great error much different from real values.
This phenomenon is clearer under the tension cycle. Under the repeated tension notched speciemen has clear
size effect while standard specimen has no size effect at all.

In practice size effect occurs variously in standard specimen and notched specimen under tension. Therefore
it is essential to study on size effect of notched specimen to clarify theimportance of fatigue analysis on
structural members in practice. This study aims to determine fatigue properties of notched member and
clarify influence on notched specimen [16].
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Generally it is difficult to conduct real fatigue experiment for the structural member. So fatigue is usually
simulated by micro model or local stress field model. In a fatigue simulation local maximum stress and real
member are preserved but stress gradient and high stressed part differ from simulation member due to the
size error. Thus the result can’t show fatigue properties of structural member [14, 18].

Principles of crack initiation and its propagation in notched speciemen are same as the crack of bigger
structure. So size factor in notched specimen can substitute the one of specimen without damage in section
so that fatigue analysis become possible.

Creation of micro model of structural member for determination of size factor

Most of fatigue failures are caused by fatigue crack in locally stressed part. Fatigue failure has locality.
Accordingly, stress gradient effect by stress concentration in stage of crack initiation allows crack to enlarge
on the notches surface to a certain degree. Maximum stress and surrounding stress field regulates the forming
state of crack. Stress concentration factor KT equivalent to it is the main adjusting variable in stage of crack
initiation. Main adjustable variable in stage of crack propagation is stress strength factor [11]. Figure 1
shows main adjustable factors according to life span stage.

‘ Sliding defect ‘ ICrack initiation | I Mlcro-crflck | Macm-crlack | ‘ Failure
\ ' ) \ J \ propagation J | propagation )
Stage of crack initation Rj} == of C?aCk
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Figure 1 Correlation factor according to life span stage
The main problem is theoretical stress concentration factor KT in the stage of crack initiation. In the
structural member with obtuse notched specimen, life span by crack in notched part is dominating.

So Ky is a main adusting variable.

Generally stress distribution in notched part is approximate and it is usually determined by theoretical stress
concentration factor Kr and radius of the notched part R. Several experiments prove that in spite of different
shape S-N, curve is generally same in notched part with the same Kr. In other words, form of the notched
part is not so influential. It is feature value of specimen with Kr.

Fatigue life of obtuse notched member is also mainly determined by two variables [6, 7] those are K1 K, and
Ac.

Micro model proportional to the structural member can be designed based on the simulation principle, and
the stress concentration factors Ky are equal to each other.

Appearance of the member can be also simplified, which is shown in Figure 2.
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Figure 2 Proportional micro model for simulation

Proportional micro model can be defined as a standard notched specimen during the determination of fatigue
life. Structure and experiment condition should satisfy the following conditions to reflect the main
characteristics of structural member and preserve the simulation level of small notched specimen.

Quality, texture, process technique and surface of the mode must be same with the original member.
Cross section type of model and original member must be same.

Form and direction of load must be same.

Theoretical stress concentration factor must be same. Notched shape in specimen and original member
must be same or similar.

5.  Stress ratio and working condition of model and original member should be same.

o pnpE

Local proportional micro model is reasonable for high frequency fatigue mainly for crack initiation life. This
model has same theoretical stress concentration factor, quality, texture, load bearing type and environment
condition with the original member, but the specimen has smaller size and relative big size error with the
original member.

Relative size error results in different local size and stress gradient in critical region of specimen. Big
specimen also has many cracks in it so its fatigue strength becomes less than of small one. Correction of the
size factor can ensure the reflection of practical condition in local micro model.

This paper aims to take size factor on notched specimen to determine formula for size factor by experimental
study.

Determination of size factors for notched specimens using gradient effect

As we can see from above, gradient effect is one of the main factors to determine the size effect of notched
specimen.

To clarify that the size effect of notched specimen is distinct, finite element method and TCD theory were
used to determine the calculation method of size effect for a notched plane specimen in the session of this

paper.
1. Approximate calculation of size factor for notched specimens

To identify the size factor from the one mentioned in the references, ¢, was used to describe the size

factor of notched specimen. As we can see from the research results about TCD theory stress curve in
notches and length parameters are essential data. Linear or point method could be used to determine the
stress curves [19, 20]. Distribution characteristics in notches are displayed in figure 3.
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Figure 3 Notch model and stress field

Finite element method is one of the most effective ways and has a relatively high accuracy. In reference
[8, 9, 10], approximate expression of stress field in notches using equation 1, 2 and 3 was mentioned.
But the results from these equations don’t coincide with calculation results from finite elemet method.

o, = G“;‘X {1+ %(1+ %jz + §(1+ %j? 1)
Oy = Opmax {(LL 2—;)1/2 + (l+ 2_;]3/2} ()
Oy = T {1— 2.33[%) + 2.59(%)1'5 - 0.907(%)2 + 0.037(%3} 3)

To obtain more accurate equation about stress field in notches, relatively rational function was gained
by combining point method and equation 1.

2 3 4
oy ~oma a0 { B re( B o BV e 22) ] @
R+ x R+ x R+ x R+ x

In equation 4
R- radius of notches, m
x- distance from notch, m

o, - y-dimensional stress, MPa

a",b",c",d",e" are simulation factors which are determined from the curve shape of stress changes for
stress fields of notches.

Equation 4 is modified into equation 5 by point method based on the TCD theory.

oo R [ RV R V. [ R Y
o, =ozK;|a"+0"| ——— |+¢'| ——| +d"|——— | +&"| ——— ()
R+L,/2 R+L,/2 R+L,/2 R+L,/2
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oo, N eqauation 5 are fatigue limit of material and notched specimen with the same values of stress
ratios.

So equation for fatigue limit of notched specimen can be regarded as equation 6.

R R R Y RV
o Sl P, U A N Y, A N (O T LA UYL S (6)
K, R+L,/2 R+L,/2 R+L,/2 R+L,/2

Since equation 6 contains only one parameter R (change of proportion model) its calculation is
comparably simple. Fatigue limit of specimens with different stress concentration factors Kt can be
calculated as following. If we name the fatigue limit of a specimen with standard notches o, , equation

6 can be described as equation 7.

Oy = I‘Z—T[f (R,)"] @

In equation 7, Ro is a notch radius of the specimen with standard notches.

From the definition of size factor [6, 17], equation 6 and 7, size factor of notched specimens can be
determined as equation 8.

2 3 4
ag byl e | g | e
B o+ Lo/2 Ry +Ly/2 Ry +Ly/2 Ry +Ly/2 (8)

, . R L R Y R Y L rR Y
a"+b +c +d"| ———— | +e"| ——
R+L,/2 R+L,/2 R+L,/2 R+L,/2

n
a;,a”,b",bg,c”,cy,d”,dg,e”,e; inequation 8 are calculated from stress curve.

Material factor L, is gained from design rule or reference [1].

With this equation we can get size factors of notched specimen easily and simplify many experimental
stages. As a result this can be regarded as a relatively rational method to determine the size factor
affecting the evaluation of fatigue life.

Cases for the calculation of size factors

To explain the determination method of size factors for notched specimen by equation 8 in detail,
calculation was done for simple cases. Model for the specimen with used standard notches is
represented in figure 4.

,

* Y

: /)

W

Figure 4 Model of notched specimen
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Specimen was plane and there were semicircular notches at two edges. Radii of the notches were 1mm,
width and height of a plane was 10mm, 100mm respectively, and had a thickness of 1mm and tensile
stress was 10N/mm?. Material for the specimen was Q235. So we can notice that theoretical stress
concentration factor is Kr=2.28 [1, 2]

Main properties of the material are monitored in table 1.

Table 1 Properties of the material

Material o, MPa o,,MPa o, MPa R AK,, MPa-m"? L,, mm
Q235 235 441 190 -1 6.36 0.08

As the specimen was symmetric we performed finite element analysis by selecting additional a quarter.
Under the tensile stress, y-axis stress is regarded as a maximum main stress. In other words stress was
calculated along y axis. Analysis on the linear elastic stress was performed prior to the decision of
characteristics of stress field and stress distribution.

Changing status of stress field and stress distribution for the specimen with a width of w=300mm,
height of h=30mm and diameter of notch R=3mm are represented in figure 5.

ANSYS [ ANSYS

R16.0 R16.0

a)-stress distribution b)-curve for changes of stress field

Figure 5 Changing of stress field and stress distribution for notched specimen(R=3mm)

We can get factors a”,b”,c",d",e" in equation 4 to 5 by the curve fitting of the calculation results of

stresses as displayed in figure 5. It can be regarded as a solution of monomial equation with five
variables so the variables were calculated as 0.372, -0.455, 1.405, -1.731 and 1.408 in MATLAB.

From the geometrical similarity we could get corresponding factors a”,b”,c”,d",e” by applying finite
element method and fitting of stress curve to the geometrically similar specimen again. The results of

size factors, calculated from equation 8, are represented in table 2.
Table 2 Size factor (K1=2.28)

Proportion factor 1:1 2:1 3:1 4:1 5:1 6:1 10:1
Radius of notch R Imm 2mm 3mm 4mm 5mm 6mm  10mm

Size factor &, 1 0.955 094 0932 0928 0.926 0.92

In the analysis progresses described above, analysis on plane stress was done without considering the
influence of the thickness of plane on stress. So previous progress was repeatedly calculated changing
the radii of notches of standard specimens.
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In the case of stress concentration factor of Ky=2.28, Kr=1.75, Kr=2.64, the changing trend of size
factors are represented in figure 6.
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Figure 6 Size factors for different stress concentration factors

As represented in figure 6, the size factor of a notched specimen depends on the changing status of the
proportion factor and stress concentration factor.

If the stress concentration factors do not correspond to each other the difference in size factors is huge.

In case of low stress concentration factor the minor change occurs in size factor. This means that it is
less affected by size factors and it almost agrees with the size factor of the standard specimen. In other
words, it is almost similar to 1.

However, size factor rapidly decreases with the increase of stress concentration factor showing that the
influence of size factor is big. As we can see in figure 6 the larger the dimensions of a specimen the slower
the gradient of size factor curve. These results agree well with the changes of a size factor of standard
cyclider.

These results show that we can accept size factors of a notched specimen calculated with equation 9.
Size factors calculated with equation 9 only covers the elastic limit so size curve for entire range of
stress concentration factor Ky can be obtained by using interpolate method. We can use equation 10 in
case of using interpolate method.

&n = &m + (€n2 — &) (K = K71) (K7, — Kpp) )

£,,€m, &y, 1N €Quation 9 are size factors corresponding to Kr, Kri, Krz.

As we can notice from the calculation results of cases for the determination of size factors, this method can
result correct values in case of thin planes. This method is relatively simple but we must determine its
material factor as well as analyzing linear elasticity.

Comparison analysis and determination of size factors of notched specimens by experimental method.

Size factor of a notched specimen, which was determined with the finite element method, explains that
the size effect of a notched specimen obviously exists. This method can be suitable to apply to thin
planes and relatively big error occurs in case of thick planes because it only considers the effect of stress
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gradienté- In reference [12, 13], influence of changing status of a specimen on the fatigue life of a
specimen, during the fatigue experiment on notched specimens, was analyzed.

So this paper aimed to perform a comparison analysis between the results from experimental method
and analytic method, which was already mentioned, so that we can identify the validity of the
determination method, suggested in this paper, and to propose a new determination method of the size
factors. Moreover this paper covers the changing status of the size factors affecting the fatigue characters
of notched specimen with a function displayed asL/G .

a. Experimental data for the determination of size factors
Experimental situations are following.
The number of vibration was 50Hz, stress ratio was r=0.1, the temperature was 20°C, and the load
used was tensile load. Since the influence of a stress concentration factor on the size factor is
divergent, Q235 was selected as a material and fatigue experiments were done for cases of stress
concentration factors of Kr=2, Ky=3. Chemical composition and mechanical properties of the
material are represented in table 3.

Table 3 Chemical composition and mechanical properties [4]

chemical composition, % mechanical properties
Material .
Si Mn S P o,/ MPa o,/ MPa &,(%)
Q235 <022 <035 <14 <05 <0.045 441 235 16

Model of the notched specimen used in experiment is represented in figure 7.

4
4
— |

R%
q <
i
£y .
- Semicirclar notch
VR I i
x T»;i Kr =3
H

U-shaped notch

Figure 7 Model of notched specimen

Main dimensions of a specimen with semicircular notches, used in the experiments, are following.
R=1.43mm, B=8.4mm, b=6mm, t =1.5mm

Main dimensions of a specimen with U-shaped notches, used in the experiments, are following.
R=0.5mm, B=8.4mm, b=6mm, t =1.5mm

All the lengthes of both specimens were 120mm [4].



International Journal of Architecture and Urbanism Vol. Vol. 07, No. 02 (2023) 262 — 278 270
These two specimens described above were prepared as proportional medel specimens having the
proportions of 2:1, 3:1, 4:1, 5:1, 8:1, 10:1. In other words all the lengths of specimens were 120mm
and the surfaces were smooth.

Specimens used in experiments are represented in figure 8.

Figure 8 Specimens used in experiments

b. Comparison analysis between the experimental results and the results from the practical formula for
calculation of size factors and from equation 9

Prediction results of a fatigue life from the experiments are represented in table 4 and 5.

Table 4 Average life (K1=2.0) of notched specimen (Q235)

Fatigue life N, cycle

L/G

380MPa 340MPa 300MPa 280MPa
2.15(1:1) 60 500 102 000 205 000 308 000
8.58(2:1) 52 500 87 800 175 000 260 000
19.31(3:1) 46 500 77 000 150 000 225000
34.32(4:1) 44 000 72 000 135000 195 000
53.63(5:1) 41500 68 000 125 000 180 000
137.28(8:1) 40 000 66 000 120 000 172 000
214.5(10:1) 38500 63 500 115 000 166 000
Table 5 Average life (Kr=3.0) of notched specimen (Q235)
LG Fatigue life N, cycle
380MPa 340MPa 300MPa 280MPa
0.75(1:1) 26 100 53 000 121 550 203 600
3.00(2:1) 18 650 36 000 84 800 132 500
6.75(3:1) 15500 28 500 63 500 95 500
12.00(4:1) 13500 25 800 55 800 84 800
18.75(5:1) 12 500 23800 51 500 77 000
48.00(8:1) 11 800 22 500 47 600 72 500
75.00(10:1) 11 200 21 200 45 000 69 100

As represented in table 4 and 5, the bigger the proportion factor of notched specimens, the smaller
the changing level of prediction results for fatigue life. This is mainly because the bigger notches
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raised susceptibily level resulting in the approach of fatigue notch factor to theoretical stress
concentration factor.

We can get the fatigue strength &, of a specimen with the corresponding geometrical similarity by
inserting results from table 4 and 5 into equation 11. The results are represented in table 6.

S-N curve equation, mainly used to evaluate the medium or long life, is following.
(6a—0o,)"N=C Or IgN:C—mIg(aa—a,) (10)

Fatigue limit of a notched specimen &, with a proportional relation can be optained by equation 10.

However, as we already got the results of fatigue life at four stress levels, we can use equation 11 for
the calculation.

N o, —C
lg—2 Ig—t——

D 2
|gi4 |g 3 r

N, 0,— 0,

Table 6 Calculation results of fatigue strength [, ] of notched specimens (Q235)

L/IG oy (Kr=2.0) LIG o, (K=3.0)

2.15 195.13 0.75 155.38

8.58 187.93 3.00 142.00
19.31 181.13 6.75 131.30
34.32 172.91 12.00 128.24
53.63 169.25 18.75) 125.67
137.28 167.85 48.00 122.40
214.5 164.72 75.00 121.20

o, —L/G curve drawn out from the fatigue strength results in table 6 is represented in figure 9.

240
230
220
210
200

190 ] %
180 -
170 7 ¥og

160 -
150
140 -
130 4 % A 035K, =3)
120 ] v 0235(K; =2)
110 —T———T——T——T—— T T
0 25 50 75 100 125 150 175 200

Figure 9  Simulation curve for o, —L/G
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In this paper, square function simulation for the curve in figure 9 was performed and the result is
equation 12. The simulation results were relatively good and the correlation factor was 0.996.

From the results, we can calculate the fatigue strength of specimens with geometrical similarity from
equation 12.

oo =199.72(L/G ) ¥

oo =15054(L/G )

(Q 235, K, =2.0)
(Q 235, K, =3.0)

(12)

0.052

As we can notice from different factors in right side of equation 12, these factors are divergent with
the change of a material of specimen and stress concentration factor for notches.

This shows that we can obtain general determination equation for fatigue strength according to the
changing status of stress concentration factors in notches as a shape of equation 13.

o =Aola,LIG)" (13)
In equation 13

o, - fatigue limit of the specimens with geometrical similarity
A, A - parameter depending on the type of a material and stress concentration factor
a, - calculation factor

In the case of standard notched specimens (1:1 model), as represented in figure 7, size factor for big
specimen g, can be got by equation 13.

(14)

In equation 14

&, - size factor of big specimen

L., G, - specific length and relative gradient of a small specimen and standard specimen
L, , G, - specific length and relative gradient of a long specimen or member.

In this paper, size factor of specimen with a geometrical similarity mentioned in reference [4] was
calculated by equation 14.

Comparison results between the analysis results and prediction results are represented in table 7.

Table 7 Comparison results between calculation results by equation 14 and measurement results

_ ¢, (K1=2.0) _ ¢, (K1=3.0)
He Equation  Measurement  Error LG Equation  Measurement Error(%6)
2.15 1.000 1.000 0 0.75 1.000 1.000 0
8.58 0.948 0.963 1.56 3.00 0.931 0.914 1.86
19.31 0.918 0.928 1.08 6.75 0.89 0.848 4.97

34.32 0.898 0.887 1.25 12.00 0.866 0.826 4.85




International Journal of Architecture and Urbanism Vol. Vol. 07, No. 02 (2023) 262 — 278 273

= &, (Kr=2.0) _ &, (Kr=3.0)
L/G - L/G -
Equation  Measurement ~ Error Equation  Measurement Error(%)
53.63 0.883 0.868 1.73 18.75 0.846 0.809 4.58
137.28 0.851 0.861 0.6 48.00 0.81 0.788 2.8
214.50 0.836 0.845 1.07  75.00 0.79 0.781 1.16

As we can see in table 7, difference between measurement result and values from equation 14 is less
than 5% so they are very close. Size factor decreased with the increase of dimensions of specimens
and the decrease rate became lower with the increase of dimensions. These results almost agree with
the results of undamaged specimens, which are usually used in fatigue design recently, displaying
that the reliability of a calculation formula proposed in the thesis is relatively high.

. Comparison analysis on the results calculated by equation 8 and 14 and from the measurement.

In this paper, finite element method was applied to specimens used in experiment and equation 8 was
used to determine the size factor, and then compared it with the results by equation 14.

Semicircular notched specimen with a dimension of R=143mm B=84mm b=6mm
t=1.5mm gpq R=05mm B=84mm b=6mm t=1.5MM \yere ysed as standard specimen and

the size factor was determined by appling finite element method to models with proportions of 2:1,
3:1,4:1,5:1, 8:1, and 10:1. Here the stress concentration factors were Ky=2.0, K=3.0 respectively.

Finite element analysis results for 1/4 model of semicircular notched standard specimens used in the
experiment are represented in figure 10.

ANSYS

R16.0

1018.511

.319e+07 " Lo5ips07 " isgew0s T .227me03 T L235Ee08

a- distribution of stress b- curve for changes of stress field

Figure 10 Results of finite element method for the standard semicircular notched specimen
(1:1) used in the experiment

a”,b",c",d",e" for the semicircular notched specimens were determined by b) of figure 10 and
equation 5, the results are 0.2737, -0.0000, 1.0911, -2.0631, 1.6983 respectively. Next size factors of
proportional specimens were calculated by equation 8. Size factor in case of proportion factor of 2 is
following.

a”'i‘b” RO +C” RO ’ +d// RO 3+e/r RO )
O R 4L /2] U\ Ry+Ly/2 N Ry+L/2)  \Ry+Ly/2 0964

, o R (R Y. R Y [ rRY
a"+b +C +d"| ——— | +e'| —
R+Ly/2 R+Ly/2 R+Ly/2 R+Ly/2

&y =
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Size factors for other proportional specimens were determined as described above.

Results of finite element method for 1/4 model with U-shaped notches used in the experiment are
represented in figure 11.

ANSYS [ ANSYS

R16.0
5 16 2021

Z8dEe08 .3
.331e203

Figure 11 Results of finite element method for 1/4 model of standard specimen (1:1) with U-
shaped notches used in the experiment

a”,b",c",d",e" for semicircular notched specimens were determined by b) of figure 11 and

equation 4, the results are 0.2151, -0.0479, 0.8379, -1.0861, 1.0811 respectively. Next size factors of
proportional specimens were calculated by equation 8. Size factor in case of proportion factor of 3 is
following.

2 3 4
R R R R
ag +b{)’(° J+cg(° ) +dg£° ] +eg(° j
Ro+Ly,/2 Ry +Ly/2 Ro+Ly/2 Ry +Ly/2 _ 0.8808

" " R " R ’ " R ? I R !
a"+b"| — || | ||+
R+Lgy/2 R+Lgy/2 R+L,/2 R+L,/2

Size factors for other proportional specimens were determined as described above.

0 =

Comparison results for the size factors determined by equation 8 and 14 are represented in table 8.

Table 8 Comparison results between size factors

g, (Kt=1.65) &, (K1=2.15)
L/IG _ ] L/IG _ ]
Equation 14  Equation 8 Error(%) Equation 14  Equation 8 Error(%)

2.15 1.000 1.000 0 0.75 1.000 1.000 0
8.58 0.948 0.964 1.65 3.00 0.931 0.9105 2.25
19.31 0.918 0.952 3.5 6.75 0.893 0.8808 1.38
34.32 0.898 0.946 5.07 12.00 0.866 0.8659 0.01
53.63 0.883 0.943 6.26 18.75 0.846 0.857 1.28
137.28 0.851 0.937 9.17  48.00 0.81 0.8437 3.99

214.50 0.836 0.935 10 75.00 0.79 0.839 5.85
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As we can see in table 8, difference between measurement result and values from equation 8 and 14
are less than 10% so they are very close. This means that the accuracy of equation 8, which was
determined in the previous part of the paper, is relatively high and that it can be applied to practice.
Changing status of size factors by the changes of L/G is getting slower with the increase of
proportion of a specimen as monitored before.

As represented in table, results from equation 14 were closer to the measurements in the previous
method. In other words, error between the results from equation 14 and the measurements was
smaller than the error between the result from equation 8 and the measurements. Moreover
calculation by equation 14 is simpler than the one by equation 8.

Therefore equation 14 is relatively practical calculation formula to get the size factor of notched
specimens. Nevertheless 1 in the equation is determined from the experiment or reference review,
otherwise, we should determine the power functions by using repeatedly eqgation 6 to get fatigue
limit of specimens.

So determination of size factors was achieved from equation 8 and 14.

2. Result and Discussion
In this paper size factors for structural member of skip in mine are determined.
2.1 Creation of simulation proportional miniatures

Geometrical dimensions of the standard specimen for bottom member are represented in figure 12.

Y R=1.0mm
£ )
= g
g £
= b N
Ly [
L Y

H=125mm

Figure 12 Dimensions and geometrical shape of standard specimen (bottom member, K1=2.3625)

Standard specimen represented in figure 12 is a geometrically similar specimen having dimensions of 1/40 of
bottom member. Calculation for models having the proportions of 1:2, 1:3, 1:4, 1:5, 1:8, 1:10, 1:12, 1:15,
1:20, 1:30, 1:40 are performed using this.

2.2 Determination of stress field using finite element method

Results of finite element method for the 1/4 model of standard bottom member specimen are represented in
figure 13.
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Figure 13 Results of finite element analysis for standard specimen (bottom member, K+=2.3625)

Specific parameters a”,b”,c”,d”e” determined by equation 4 and b of figure 13 were 0.4236, -0.0862,
0.4398, -1.2532, 1.4759 respectively.

2.3 Determination of fatigue limit of notched specimens

Fatigue limits determined for geometrically similar specimens by equation 6 are represented in table 9.

Table 9 Fatigue limits of geometrically similar specimens according to proportional factors
(bottom member)

L/G 05(1:1)  2(2:1)  4.5(3:1) 8(4:1)  125(:1)  32(8:1)
5. MPa _ 89.873  85.158 83.582 82.794 82.322 81.612

L/G 50(10:1) 72(12:1) 112.5(15:1) 200(20:1) 450(30:1)  800(40:1)
-.,MPa 81376 81219 81.061 80.903 80.746 80.667

2.4 Determination of size factors

Fatigue limits determined for geometrically similar specimens by equation 8 are represented in table 10.

Table 10 Determination of fatigue limits for geometrically similar specimens according to

proportional factors (bottom member)

L/G 0.5(1:1) 2(2:1) 4.5(3:1) 8(4:1) 12.5(5:1) 32(8:1)
€n 1 0.947 0.93 0.921 0.915 0.908
L/IG 50(10:1) 72(12:1) 112.5(15:1) 200(20:1) 450(30:1)  800(40:1)
£, 0.905 0.903 0.901 0.9 0.898 0.897

As a result a bottom member has a size factor of » —=0.897 in case of stress concentration factor of
Ky =2.3625

As we can notice from table 9 and 10 size factors are decreased with the increase of proportional factor and
the reduction level gets slower with the increase of proportional factor. In a case above, L/G and changing
status of size factor and fatigue limit are represented in figure 14.
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Figure 14 Curve for changes of size factor and fatigue limit according to L/G (bottom member)

As represented in figure above size factor and fatigue limit of notched specimens are decreased with the

increase of stress concentration factor.

Furthermore it slowly decreases rapidly and then slowly by the characteristic parameter. This shows that we

must consider the influence of size factor in assessing the fatigue life.

3. Conclusion

In this paper size factors of notched specimen and structural members were determined, then proposed the
formula used to calculate the size factor of present structural members followed by its accuracy check with
the treatment of experimental data and comparison analysis. From the progress we can notice that error
between experimental results and results from calculation equations of size factors suggested in this paper is
less than 5%, this means that the accuracy of the equation is guaranteed enough so we can use this equation

to get the size factor of structural skip members in mines.
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