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ABSTRACT ,

Substantial amounts of data concerning the—fatigue performance lests are presented, These data
contain the information about resulis”that are expressed by -micans of the fatigue cquation
parameters  Different fatigue tegeS are included using different types of” mixes. The collected
formation was not similapAn all aspects. Some studies included vartables. which were not
considered by others, TheAlifferent representations of the fatigue equation makes it necessary lo
find the relations betwe@n the parameters of these different equations in order 1o study all the data
together. The colleeted data were examined statistically to check its consistency; that is to say, they
belong to the same population. The Kolmogorov-Smirnov test for goodness of fit was adopted for

this purpose. :
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INTRODUCTION

According to the previous studies, there exist a variety of fatigue equations, which were used for the
prediction of fatigue performance of flexible pavements. For the controlled strain mode of loading
test, the general fatigue equation is (Pell S. F. 1973).

oy PRl

Nr= K. i) (1)

Where:

N;: the number of repetitions ol loading till tailure at a particutar ley el of initial straimn.
_: the strain that is repeatedly applied on the speeimen.

K. A: material coefficients.

For the controlled stre_s mode of loading test, the equation given below is used:
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Ne=k ([1v? (2)

Where:

Ny: the number of repetitions of loading till failure.

1+ the stress that is repeatedly applied on the specimen

k. a : the material coefficients.

The importance of the tensile strain in the fatigue cracking makes it necessary to express both the
strain and stress controlled tests in the log strain against log number of repetitions to failure
[Equation (1)]. Accordingly, the first equation was adopted by most fatigue studies for both
controlled strain and stress modes of loading. Noting that the strain (Jvalue for the case of the
controlled stress is the initial strain due to the repeatedly applied stress on the specimen.

It is worthwhile mentioning that the fatigue equations were also found in literature in an inverse
presentation (strain as a function of the number of load application) as follows:

L=Kl (N ‘ 3)

Furthermoie, they are found similar to Equation (1) but the strain value 1s measured in microns as
follows:

Ny=K2 (U_:}"ﬂ (4)

Fatigue equation parameters
The constants for all the mentioned above equations depend on the material properties. Since the

first equation is widely adopted in fatigue studies, it will be adopted for the study. Thus, the
constants for the Equations (3) and (4) are related to those of Equation (1) in order to use all the
available fatigue performance data in one form. The relations between constants are obtained as
follows:

From Equation (1): -

Log (Ny) = Log (K) - A Log (CI) : ; (5)
From Equation (3): §

Log( 11=Tlog (K1) -Al Log{Ny) (6)
Log (N)={1/Al) Log (K1y=(1/AT) Logt ) ¢ i)
Comparing Equation (3) with (7) indicates that:

A= 1/Al (8)
In a similar way, the value of (K) can be related to (K1) as shown below:

Log (K) = (1/Al) LGF, (K1) (9)
Log (K) = Log (K1) "™! (10)
K=K " or (1)
K=K1"* (12)
The variable reduction procedure described as above is used to find the relations between (A) and -
(A2) and (K) and (K2):

From Equation (4).

Log (Ni) = Log (K2) - A2 Log ({71} (13)

Log (Ny) = Log (K2) - A2 (Log(10%) + Log (. )) o (14)

Log (Ng) = fog (K2) - I,ngl[]{!“"“'}-ﬂ; log( ") {15)

Log (N = Log (K2/16"%) - A2 log( ) (16)
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Log (Nf) = Log (K2 *10°*) - A2 Log (™) (17)
Comparing Equation (5) with (17). .
A=A and , (18)
Log (K)= Log (ks lﬂ_mg} i _ “(19)
K =K2 #1082 or ; (20)
K=K, *#10% ; (21

Depending on the presented as above conversions, all the collected data are presented in a unified
mathematical form as given by Equation (1) in order to use the parameters of the equation as the
dependent variables in any regression analysis.

Collection of data

The available studies for the fatigue performance of flexible pavements were taken under
consideration. All the fatigue line equation parameters and test circumferences are considered input
for fatigue analysis. The collected data consisted of many types of asphalt mixes including regular
asphalt concrete (as the major part of the date), hot rolled asphalt, dense graded macadam and many
others. Many types of fatigue tests, depending on the type of loading, are included within the data
like normal bending. axial bending and wheel loading. The adopted data for the fatigue performance
analysis. presented in Table (1), include the fatigue equation parameters from the different types
mentioned earlicr. These parameters of the adopted fatigue equation are calculated when other
forms than the regular fatigue equation (N=K* "M is found depending on the conversion equations
that was obtained previously.

The Kolmogorov-Smirnoyv test for data

In order to examine the similarity between the collected data, the Kolmogorov-Smirnov (K-S) test
(Lindgren 1968, Gibbons 1971, Willemsen 1974 and Harnett 1975) is adopted which involved a
comparison between cumulative relative frequency distributions of two samples. To make this
comparison, the data is put into classes, which have been arrayed from the lowest class to the
highest class. If the cumulative relative frequency for each category of sample (1) data distribution
is (F)) and (f) to denote the comparable value for the sample (2) frequency, then the (K-S) test is
based on the maximum value of the absolute deference between (F)) and (f;). Accordingly:

D = Max; ([F, - i) (22)

Where:

D : the statistic of the Kolmogorov-Smirnov test.

[, - the cumulative relative frequency of the ith class in sample (1)
f; : the cumulative relaiive frequency of the ith class in smnple (2)

The decision to reject the null hypotheses H, (that the samples come from the same population) is
based on the value of (D). The larger (D) is, the more confidence we have that H, is false. The
general procedure for the (K-S) test is to calculate the (D) values for cach class and these values are
compared with the appropriate critical values of (D). The critical values of (D) are obtained from
the available tables in many statistical resources (Gibbons 1971 and Harnett 1975). If the maximum
value of (D) is less than the critical value, then H, is not rejected. In other words, the agreement
between the data of the two samples is sufficiently close enough to believe that they come from the
same distribution. It is worthwhile mentioning that the (K-8) test was adopted instead of the Chi-
Square test because of many reasons.

The class width and number of classes have an effect on chi-square statistics (Gibbons 1971).
Furthermore. (K-S) test can be applied for any sample size, while the chi-square statistic should be
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used only for large sample size and each expected cell frequency not too small. Figures | and 2
presents graphical presentation for the cumulative relative frequencies of the examined data and
Table (2) shows the Kolmogorov-Smirnov test results. These results indicate that, the collected data
are sufficiently close enough to believe that they come from the same distribution.

CONCLUSIONS

It is essential to convert the fatigue equations in the collected data to one type before the analysis
process since many forms of fatigue equations are used for the presentation of the fatigue
performance of flexible pavements. Although the required data for analysis are collected from
different fatipue rests using different tvpes of mixes, the results of the statistical test shows that the
collected data are sulficiently close enough to believe that they come from the same distribution.
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Figure 1, Comparison of observed cumulative relative frequencies of examined data.
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Table (1) The collected data from previous fatigue performance studies.

Epps et al
1971 - |.TOE-03

‘ 3 0E-03

7.90E-03 |

kallas L. F-ln::;;
etal. 1971

= 1.37E-06
ek 1.66E-05
6.52E-05
2.32E-09
4. 00E-06
1. 40E-06
8. 19E-07
e 2.52E-09
Pell et al =, Str 3 20E-15
1975 == 1.30E-13
1.30E-10
2.50E-13
4.00E-17 |
1.30E-13
TO0F-12 |
160114

1.00E-07
1.00E-15
2.50E-12
1.50E-10
1.00E-09
T.90E-13
2.00E-10
1.00E-09
5.00E-20
2.50E-14
2.50E-14
1.30E-14
1.00E-15
5.00E-13 .1 -
5.00E-10
| 100107
1 310609 |
Jo o

1. 300E-110
2.00E-11
5.00E-07

Ref.: Data reference.

Mode: Loading mode (controlled strain or controlled stress).

K. A: Parameters of the general fatigue equation form (N=K* ey,
K1, Al: Parameters of the fatigue equation form (LJ=K1* N_M},
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Table | Cnntmued

| Ref, Mode Kl Al K A
i Pell et al. C.Stress | === | === 1.30E-09 3.20
B e, T . 1.60E-15 4.40
| e T 5.00E-08 2.80
. e B T 5.00E-18 5.80
i B A | 60E-15 5.30
=== e Tl 2 50E-17 5.80
=== | e 1.60E-12 4.50
' s | e [ e 137E-12 | 4.10
L : Sl BB ke SO ] s _4.26E-09 3.40 |
— 2.260-11 390 |
- e 1.94E-07 2.90
' e 2.38E-05 250 |
Van Dijk C.Stress | - | e 5.75E-05 - T
1975 s 6.92E-05 266 |
‘ e N e 5.49E-04 253 1
Bonnaure C. Stress 1.24E-03 0.19 5.04E-16 5.26
| et al. 1980 == 1.65E-03 0.20 1.22E-14 5.00
[ CRGC === 1. 24E-02 0.32 1.10E-06 13 4
—== 1.75E-03 0.23 1.03E-12 435 |
=== 1.14E-03 0.18 4.46E-17 5.56
=== 3.09E-03 0.29 2.21E-09 3.45 |
3 — 7.70E-04 0.12 I.13E-26 833 |
== 5.90E-03 0.24 5.15E-10 4.17
TR 5.60F-04 0.10 3.03E-33 10.00
| 19E-03 0.13 3.19E-23 7.69
=== | 3.60E-03 0.23 237E-11 | 435
== | 730604 | 0.4 | 478E-23 | 7.14
=== TA0E04" | 008 | 404E-18 | 556
== 570004 0.11 3.22E-30 9.09
=== 6.00E-04 0.13 I.65E-25 7.69
=== 3.10E-04 0.08 1.39E-44 12.50
CRGC C. Strain 1.31E-03 0.18 9.66E-17 5.56
: === 4.75E-03 0.23 7.92E-11 435 |
=== 8.63E-03 0.23 1.06E-09 435 |
=== 2.33E-03 0.22 1.08E-12 4.55 |
== 1.38E-03 0.18 1.29E-16 5.56
| — 1.68E03 | 020 | 1.34E-14 | 500 |
=== 2.07E-02 0.26 3.33E-07 3.85 |
ana 3.50E-03 0.19 1.19E-13 526 |
=== 6.30E-04 0.12 2.13E-27 833 |
— T.08E-03 0.20 L47E-15 500 |
=== . | 4.40E-04 0.13 |.51E-26 7.69
. === 5. 10E-04 0.11 1.17E-30 9.09

Rel.: Data reference, :

Moie: Loading mode (controlled strain or controlled stress).

K, A: Parameters of the general fatigue equation form (N=K* ™),
K1, Al: Parameters of the fatigue equation form (0=K1* N,
CRGC: Grand-Couronne Shell Research Center
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K

Bonnaure E 4.34E-23

etal. 1980 = 1.38E-03 i 1.33E-18

1.04E-03 : 4.93E-22

8.00E-04 : 7.57E-23

7.90E-04 ; 2.08E-2]

1.26E-03 . 7.78E-17

9.50E-04 : 1.29E-19

0. 80E-04 . 4.02E-27

9.50E-04 : 6.52E-26

7.50E-04 ; 4.78E-23

[ 3.63E-03 : 2.43E-11

[ 1.42F-03 : |.O3E-15

40103 | L6317

Bonnaure G, Steain | A ETEAUS : EERIEC

Eli LR i

| ¢t al. 1980 - 3191-03 19 | 7.2BE-14

3.96E-03 i 4.51E-14

3. 11E-03 ; 1.23E-18

2.54E-03 : I.06E-13

2.06E-03 ; 1.58E-16

7.04E-03 : 4.69E-12

2,.14E-03 ; |.48E-15

1.26E-03 3 7.54E-19

9.09E-03 Z 3.12E-09

5.62E-03 ; 4.63E-09

3.35E-03 . 4.22E-13

4.37E-03 . 1.59E-12

I.73E-03

2.85E-03

6.61E-03

2.09E-03

3 JTE-03.

| 3.850A)3,

“5.02E-03

|.43E-03 . 1.85E-17

3.63E-02 : 1.OTE-04

2.81E-03 f 1.73E-14

9.60E-03 : 3.92E-09

3.64E-03 i 6.39E-13

3.61E-03 ; 7.90E-12

1.58E-03 : 9.85E-15

2.08E-03 ; 6.45E-13

1.10E-03 ; 2.68E-16

202E03 | 0. 5.64E-13

Ref.: Data reference.

Mode: Loading mode (controlled stramn or controlled stress).

&

K. A: Parameters of the general fatigue equation form (N=K* ™.

ks Y e i ¥ R - Kl
K1, Al Paramcters ol the uigoe equation o ( =K1Y N ¥,

KSLA: Koninklijle Shekk Laboratorium Amsterdam
CRR: Road Research Center of Belgium
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Table (1) Continued.

Ref, Mode P B K ]
CRR™ C.Swress | 151003 | * 020 | 785E-15 | 3500 |
: | 1HLE-03 0.20) 2.29E-15 5.00
= 128L-03 0.19 5.95E-16 5.26
=== 2.29E-03 0.27 1.67E-10 3.70 |
=== |.63E-03 0.23 7.98E-13 435 |
| -— 1.87E-03 0.25 1.22E-11 4,00
| — 2.13E-03 0.22 7.18E-13 455 |
| === 1.21E-03 0.22 5.49E-14 455 4 1
| == 1.31E-03 0.19 6.73E-16 526 |
=== 1.47E-03 0.20 6.86E-15 5.00 |
o 1.30E-03 0.19 6.46E-16 526 |
=== 1.69E-03 021 6.30E-14 476 |
o 2.36E-03 0.21 3.09E-13 4.76 |
=== 2.28E-03 0.24 9.80F-12 417 |
CRR C. Strain |.35E-03 0.20 4.48E-15 5.00
5 I.O6E-03 0.19 2.21E-16 5.26
=== 200E-03 | 024 5.68E-12 4.17
RO T R T
=" TR ORI -l oaisE s T S0 |
—= | 9.80C-04 | 0.19 | 146E-16 | 326 |
=== 1.19E-03 0.19 4.06E- 16 5.26
— 1.10E-03 0.19 2.68E-16 5.26
=== 1.63E-03 0.21 5.31E-14 4.76
=== 1.02E-03 021 5.69E-15 4.76
=== 1.56E-03 021 430E-14 4.76
S — 1.14E-03 0.19 3.24E-16 5.26
=== 1.94E-03 0.23 1.61E-12 4.35
- 1.38E-03 0.22 9.99E-14 4.55
=== 1.36E-03 0.20 4.65E-15 500 |
=== 1.63E-03 0.22 2.13E-13 455 |
: === I.84E-03 0.22 3.69E-13 4.55
| e 1.82E-03 0.19 1.80E-15 5.26
Leec” C. Strain 1.75E-03 0.19 3.09E-15 | 526
== | I.I17E-03 0.16 4.74E-19 |  6.25
— L3003 | 019 6.46E-16 5.26
1 7.400-04 | 0,13 836E23 | 7.69
s RAOC-04. | 0.15 3.38E21 | 6.67
=== .5TE-03 | 0.20 9.54E-15 | 5.00
p— 8.20E-04 0.16 5.14E-20 6.25
=== 8.40E-04 0.15 3.13E-21 6.67
=== 8.70E-04 0.16 7.45E-20 6.25
=== 1.21E-03 0.20 2.59E-15 5.00 |
RN T R 1.19E-03 |  0.14 1.29E-21 7.14

IRef.: Data reference.

Mode: Loading mode (controlled strain or controlled stress).

K. A: Parameters of the general fatigue equation form (N=K*1™).
K1. Al: Parameters of the fatigue equation form (1 1=K1¥* N '),

LCPC: Laboratoire Central des Ponts et Chaussees-Franée
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Mode_

T KI

|.77E-03

3.28E-15

C. Sprain

| 09F-03

2.56E-16

A41T-03

1.32E-18

178103

3.38E-15

| 409F-03

| 1.06E-U3

| . TOE-04

231E-13

2.81E-03

2.34E-11

2.97E-03

7.78E-11

1.B0E-16

Bonnaure

C. Strain

1. 10E-06

[ ctal. 1982

4.24E-07

1.36E-08

2.48E-05

3. 40E-05

1.94E-09

1.82E-09

1 .89E-07

1.62E-13

1.86E-13

6.76E-03

1.62E-12

— | T87E-03

1 5.02E-11

S

9.17E-13

1.13E-13

C. Stress

2.77E-11

7.11E-11

| Tayaballi
| etal 1995

C. Strain

8.96E-08

Hsu et al.

C. Stress

6.11E-10

8.84E-11

1.35E-12

J.67E-13

1.55E-12

2.94E-06

5.39E-07

|.69E-07

| 5.61E-07

AS0E-08 T
IIC08 |

|.OSE-08

7.40E-11

el Lo =

Ref. - Data reference .
Mode : Loading mode (controlled strain or controlled siress).
K, A : Parameters of the general fatigue equation form (N=K*0O™).

K1, Al: Parameters of the fatigue equation form ([1=K1* N™"),
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Ref. | Mode Kl Al K A |
Hsu et al. C.Stress |  -=--- | o-ee- 1.09E-05 3.10
1996 NG TR g 7.31E-07 3.80

— L TIas R 1.17E-07 | 380 |

— it e 1.76E-08 |  3.80 [

g IS Tare ) e S1E-08 | 420 |

Read C. Stress o -- 1.11E-09 3.79 |

ctal. 1997 === PO e 3.89E-11 403 |
i PR IR TIRE-11 3.92

co B i 1.65E-10 #1548 3
= 136E-03 | 024 | 1I5E-12 | 4.17
== | 153E-03 | 025 | 545E-12 | 4.0
- 1. 14E-03 0.24 5.54E-13 4.17
— 552E-04 | 0.18 7.94E-19 5.56
| = 509E-04 | 0.17 | 4.24E-20 5.88
| e 552E-04 | 0.17 | 6.84E-20 | 5.88
| — 6.24E-03 0.31 8.12E-08 | 3.22
= 6.01E-03 0.31 5.83E-08 | 3.26

e 4.06E-03 032 [3.18E08 | 3.13 |

— 3.78E-03 0.31 1.63E-08 | 322 |
m— |.60E-03 0.26 1.77E-11 3.85

e |.39E-03 0.22 1.02E-13 455 |
— |.S0E-03 0.23 5.32E-13 4.35

=== | 350E03 | 036 | I53E07] 278 |

* = 1.936-03 | 027 | 8.79E-11 3.70 !
— | 330-03 024 | 1.04E-12 4.17

Rowe CRirese | o= - o o] 0T | A

[ ctal 1997 e 3.U3E-06 | 265 |
i o SN BT 6.57E-05 2.23
e D 2.85E-07 2.75

— cece . |- 2.51E0T 573,168 |

o TSR T 2.18E-07 | 338 |

| e T 1.58E-07 | 339 |
| — E 3.06E-09 3.78
" i T 3.33E-10 4.30

e TR 3.36E-09 |  4.04 |

‘ e BT 5.98E-10 3.89 |
=== e | 27E-09 3.67

— = 1. 10E-11 427 ‘
Eos M S e 1.20E-07 3.12

Van Dijk | C. Strain - - 3.25E-14 538 |
et al. 1977 el 5 3 A - 1 1.17E-13 5.16

et NS S P o i

. ERa, e 3 -~ | 330E-19 [ 737 |

Ref.: Data reference.

Mode: Loading mode (controlled strain or controlled stress).

K, A: Parameters of the general fatigue equation form (N=K*(1™").

K1, Al: Parameters of the fatigue equation form (0=K1* N "),

612



Ret.: Data reference.
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KL Al Parameters of the Katicue equation form

Maode: Loading mode'(controlled strain or controlied stress).

Number 3 Volume 11 September 2005
lable (1) Continued.

Ref. Mode K1 Al K A
Van Dijk C. Strain ———— — 1.63E-13 4.93
etal. 1977 === e ] e 6.03E-17 6.02

e RTINS | S 4.27E-12 3.26
.......... 2.63E-15 541
e SRR e TR T T, |.84E-18 6.12
J— e e 1.59E-09 4.14
— i [ 2.64E-06 2.96
p— P 1.56E-08 3.97
e ——— 345E-14 3.07
e el | e e s I LR 9.52E-11 4.07
= - - 1.65E-22 1.59
. - 1 1.30E-16 6.34
o 3 3.86E-09 3.74
— 6.36F-13 4.03
- - | 1.35E-12 5.03
= . LAERL]
] NSRS 1.73E-17 6.07
e R I e 2.65E-12 4.55
i 3.83E-10 4.38
o g TR TTHNER ea 1.03E-15 5.52
= e 1.35E-14 5.38
e R [ g TS 5.77E-13 5.07
o e s — 1.45E-12 5.13
——— g e 3.05E-12 4.57
o R R 1.46E-17 5.92
TR T | e 9.70E-05 2.79
b TR LT R I 2.10E-14 5.38
i ELRERETY e s 5.02E-09 4.1
= AR i 2.64E-01 2.02
R T 8.05E-13 4.94
- i == 9.20E-12 4.62
lewin 1977 | C.Stress | | | BS6E-07 | 280
T, R e AEe [ 200
4 SO0E07 T 500
“Yuce et al. C. Stress 6.61E-07 3.6
1974 === s - 2. 19E-07 3.23
e T e e 2.70E-07 2.96
=== | . -—- 1.72E-05 2.62
mise T o (e 9.33E-07 3.08
= T o 8. 73E-08 3.75
== e 1.20E-08 3.75
~er TG T S WA 1.35E-06 3.05
=== | el — 3.79E-06 2.89
S R e e e 6.32E-08 3.40

K. A: Parameters of the general fatigue equation form (N=K*i ™),

KN M,

-+ Journal of Engincering



H. M. Al-Ani, A. H. Al-Neaime

b i FATIGUE EQUATION PARAMETERS RELATIONSHIPS

Table (2) The Kolmogorov-Smirnov (K-5) test resulls

- Variable: Parameter (A). D= 0.57
Sumples: (Kallas ctal, 1971 aed (Pell et al. 1975)

SAMPLE [1]: (Kallas etal. 1971) | SAMPLE [2]: (Pell et al. 1975)
Observed Observed Observed Observed Observed Observed
Frequency Relative Cumulative Frequency Relative Cumulative
Frequency Frequency Frequency Frequency
2.5—2.96 3 3 3 121 121
292

3—349 5 -

8
3.5—3.99 . 9 ; 463
9

4—4.49 585

4.5—4.99
5 -5.49

Sb=-590" §

o -0.-19

2- Variable: Parameter (A). Dmax=0.56
Samples: (Pell et al. 1975) and (CRGC)

Observed | Observed | Observed Observed | Observed | Observed
Frequency | Relative Cumulative | Frequency | Relative Cumulative
Frequency | Frequency Frequency | Frequency
A2} J2) 0 0
A7 292 048 048
AF 463 024 073
J21 385 .+ . 146 219
195 [ .02 243

3v
536
85
609
731
B804
902
902
951
951
£

014
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3- Variable: Parameter (A). Dina=0.41

Samples: (CRGC) and (KLSA)

''''' SAMPLE [1]: CRGC ]
Cl Observed | Observed | Observed Observed | Observed | Observed D
Frequency | Relative Cumulative | Frequency | Relative Camulative
L Frequency | Frequency | | Frequency | Frequency
25-2909] 0 0 | 0 | | 038 038 038
I—3.49 Wl YRR R e I 038 | ol
3.5—3.99 | 024 073 038 076 | 003
4—4.49 o 146 219 115 192 | 027}
4.5—4.9% | 024 243 2 076 269 025 |
5—5.49 6 146 39 11 423 692 302 §
5.5—5.99 6 146 536 5 192 B84 348
6—6.49 2 048 585 2 076 961 376
6.5—6.99 I 024 609 0 0 961 351
T—7.49 5 A21 131 | {38 | 268
7 .99 ¥ 3 073 K04 0 0 I 195
8-8 40 ] s T R | 097
$5-899| 0 R oL W 0 i PO et
e e | T ey i e ey

4- Variable: Parameter (A).
Samples: (KLLSA) and (CRR)

T SAMPLE [

P

Hal;h'::rve[t
Frequency

Observed
| Relative
| Frequerntcy

| Observed
| Cumulative
Frequency

Observed
Frequency

Observed
Relative
Freguency

Observed
Cumulative
Frequency

038

{138

0

0

(3K

— -}

A3

38
TG

192

1]

3

076

269

12

423

692

17

192

A84

076

61

0

038




H. M. Al-Ani. A, H. Al-Neaime

ATIGUE | . METE ELATIONSHIPS
l P e e FATIGUE EQUATION PARAMETERS RELATIONSHIP

5- . Vanable: Parameter (A). Dnax=0.45

Samples: (CRR) and (LCPC)

SAMPLE [1]: CRR

'SAMPLE [2]: LCPC

Observed
| Frequency

Observed
Relative
Frequency

Observed
Cumulative
Frequency

Observed
Frequency

Observed
Relative
Frequency

Observed
Cumulative
Frequency

!
!

027

05

138

A5

|.1. -

Variable: Parameter (A).

Dmax=0.52

Samples: (LCPC) and (Bonnaure et al. 1982)

SAMPLE [1]: LCPC,

[2): Bonnaure et al. (1982)

Cl ‘

i 2-049 |

Observed
Frequency

[ Observed
Relalive

I reguenecy

Chserved
Cumulative
I reguieine

{1

Observed
Frequency

Observed
Rélative

IFrequency

s

Observed

Cumulative

Freguency |

2.5—2.99

105

3—3.49

157

35399

)

i 4"""‘4.49

157

105

21

0

0

=T =10 =T - .S RPN RPST RS N

616
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Variuble: Parameier (A}
Samples: (Bonnaure et al, 1982) and (Hsu et al. 1993)

SAMPLE

[1]

: Bonnaure et al (1 82

D= 0053

SAMPLE [2]: Hsu et al. (1995)

Journal of Engineering

Observed
Frequency

Observed
Relative
Frequency

Observed
Cumulative
Frequency

Observed
Frequency

Observed
Relative
Frequency

Observed
Cumulative

Frequency

105

105

0

2.5—2.99

105

g

1 3349 |

57

368

3.5—3.99 |

4449

JA57

l4.5—4.99

Variable: Parameter (A).

Dnax=0.52

Samples: (Hsu et al. 1995) and (Read et al. 1997)

[ SAMPLE [1]: Hsu et al. (1995)

'SAMPLE [2]: Read et al, (1997)

Cl Observed | Observed | Observed | Observed | Observed | Observed
Frequency | Relative Cumulative | Frequency | Relative Cumulative
Frequency | Frequency Frequency | Frequency

617
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FATIGUE EQUATION PARAMETERS RELATIONSHIPS

Variable: Parameter (A).
Samples: (Read et al. 1997) and (Rowe et al. 1997)

SAMPLE [1]: Read et al. 1'3Jp“

Dinax=0.57

SAMPLE [2]

=Rowe et al, -

Clbserved

: Observed

T
| Crbserved

Observed

Observed

Observed

Frequency | Relative | Comsbitive | Frequeney | Relative Cumulative

Frequency | Frequency Frequency | Frequency o7

0 0 0 | 071 071 071§

| 05 05 3 214 285 233}

- 23 4 285 571 321 |

4 : A5 3 214 785 335

7 35 799 3 214 I 2

| 0

0 0

3 0

10- Variable: Parameter (A). Dy=0.52
Samples: (Rowe el al, 1997) and {Van Dk clal, 1977)
] SAMPLE [1]: Rowe etal. (1997) | SAMPLE [2): Van Dijk etal. (1977) |
CI Observed | Observed | Observed | Observed | Observed | Observed D
Frequency | Relative | Cumulative | Frequency | Relative | Cumulative
: | Frequency | Frequency Frequency | Frequency
2—2.49 1 071 071 1 .028 .028 042 |
25—

5 99 3 214 285 2 057 .085 e
3--3.49 4 285 571 0 0 085 485
3.5— - 2

309 3 .Zlil 185 7 2 285 A ‘
- 44‘5" 3 214 | B { 228 ¥ S14 485
| 441;“' 0 0 | A SR e ook 30
5--5.49 0 0 ! 4 114 TR T
Ve 0 0 1 3 085 32:; 71
5.99 : ~ .1
| 6—6.49 0 0 ] 4 114 .942 057
6.5—
| 699 g 0 1 0 0 942 | .057]
7—7.49 0 0 | 1 028 571 028 |
7.5—
foss L T B A RN L 1 “

618
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11 Variable: Parameter (A). Dinax=0.58
Samples: (Van Dijk et al. 1977) and (Yuce et al. 1974)
" [ SAMPLE [1]: Van Dijk etal. (1977) | SAMPLE [2]: Yuce K B
e Observed | Observed | Observed | Observed | Observed | Observed D
Frequency | Relative | Cumulative | Frequency | Relative Cumulative
Frequency | Frequency IFrequency | Frequency r
L_; 249 l 028 A28 0 () 0 028
B 2 0s7 | o8 ; 3 3 213
3349 0 0 L RS A e 515
3.5—
3.99 7 2 285 1 A j 415 |
4-—4.49 8 228 514 2 s 9 386 i
45— - |
499 4 114 628 I o 1 372
5—5.49 - 114 742 0 0 I 257
| 55— < '
| 500 3 085 828 0 0 1 S by
| 6—6.49 4 114 942 0 0 1 057
L 6y — : g by 3
| 6.9 0 | ; 0 ,! L, R 0 Ve .{] I 057
| 7—7.49 I 028 971 0 0 | 028
Ji- - - - e ——— - - - —]
75— . ,
E 209 i ] 021 0 ( | 0 |
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