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ABSTRACT

Based on the still increasing problems concerning fatigue failures in civil engineering structures, the
fatigue properties of mild steel are determined in this paper. Three test series have been performed,
one with static load and two with deterministic, constant-amplitude load. Hereby, the SN-curve

and the statistical properties of the fatigue crack growth data are found.
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1. INTRODUCTION

Since many civil engineering structures are influenced by time-varying load and since
the structures are increased in size and slenderness, more and more structures are
becoming sensitive to fatigue. Thus, it is important to obtain knowledge on the
properties of fatigue in materials used for civil engineering structures and take this
knowledge into account in the design of structures.

The present paper describes three series of tests performed on mild steel. The chem-
ical composition is given in table 1.1.

Ec C Si Mn P S N Cr Ni Cu Al
0.14 | 0.07 | 0.01 | 0.33 | 0.012 | 0.009 | 0.004 | 0.04 | 0.03 | 0.01 | 0.038

Table 1.1: Chemical composition of the STW22 DIN 1614 steel used in experimental
tests. In percentage by weight.

The first test series has been performed with static load in order to determine the
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material parameters, i.e. the modulus of elasticity E, the Poisson ratio v, the yield
stress f, the ultimate stess f, and the ultimate strain e, of mild steel. The static
tests are described in chapter 2.

The second and third series of tests have been performed with time-varying load with
constant amplitude (CA-load) in order to establish the fatigue properties of mild steel
given in table 1.1. The series described in section 3.1 includes different stress ranges,
whereas the series described in section 3.2 only includes one stress range chosen on
the basis of the results in section 3.1.

Besides determination of the properties of fatigue the tests serve as reference data in
the test of the FMF-model described in [Gansted, L., R. Brincker and L. Pilegaard
Hansen; 1991] and [Gansted, L., R. Brincker and L. Pilegaard Hansen; 1994].

Finally, the statistical properties of the fatigue data from the third test series are
given in section 3.3.

2. STATIC TESTS

The purpose of the static tests described in this chapter is to determine the modulus
of elasticity F, the Poisson ratio v, the yield stress f, the ultimate stress f, and the
ultimate strain ¢,.

Two test specimens, shown in figure 2.1, are carved from the same steel cast as
the one used in the fatigue tests described in chapter 3. One rosette strain gauge
(3 measuring grids) and two single strain gauges (1 measuring grid), all with the
resistance 120 {2, are stuck on each side of the specimens, see figure 2.1.

‘

o
= rosette
2 ? strain gauge\ single x
® ’ strain gauge
® s
o
B t=3
225
4[' 414 ,{’
r 450 )
o
= —
rosette ) o
F—— strain gauge\@> ;1;552 gauge 2 S
™
o

Figure 2.1: Dimensions of the test specimen, position of the strain gauges and state-
ment of the coordinate system.
All measurements in mm.
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The test specimen are placed in a tension/compression test machine of the type
”Mohr-Federhaff” and the strain measurements are performed with a ”Briiel & Kjeer
Strain Indicator Type 1526”. The strain gauges are coherent in a Wheatstone bridge
with one active gauge (quarter bridge).

Assuming uniaxial stress field, the Poisson ratio is given as

y=—L (2.1)

and the modulus of elasticity as

R

= 2.2
€g bteg (2:2)

where

= strain in the z-direction

I

strain in the y-direction

normal stress in the z-direction [MPa]
applied load in the z-direction [MPa]
width of the test specimen [mm)]

= thickness of the test specimen [mm)]

Il

o~
T NaL
Il

Compensation for the possible skewness in the load and in the position of the strain
gauges is sought by using the mean values of the strain in symmetrically placed
gauges.

The Poisson ratio and the modulus of elasticity are found by linear regression analysis
of €, as a function of €, and o, as a function of ¢, respectively. The results are given

in table 2.3.

The stress-strain relation is determined by using a test specimen with width w and
thickness ¢, w -t = 99.9 - 2.8 mm?, and with the length [, = 450 mm.

The specimen is placed in the ”"Mohr-Federhafl” tension/compression test machine
so the specimen is loaded in the direction of the length. The distance between the
strengthening clamps is recorded before loading. The displacement transducer and
the load cell in the test machine are connected to a z-y-plotter ("Kipp & Zonen”) so
the coherent values of the displacement u between the strengthening clamps and the
applied load P are registered.

The load is increased from zero until fracture. Unloading and re-loading at initial
yielding may be performed. The ultimate load P, is read and the deformed length
[, of the specimen is measured.

From the stress-strain relation the yield stress is found as

by

= (2.3)

fy
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the ultimate stress as

Py
Y = 2.4
fo= 33 (2.4)
and the ultimate strain as
I, —1
€y = ‘ (2.5)

P,= load at which yielding takes place [N]
P,= load at which fracture takes place [N]
Ly deformed length [mm]

lo undeformed length [mm]

l initial length between the strengthening clamps [mm)

Il

Il

The parameters used to calculate the material parameters are given in table 2.2,
whereas all the material parameters are given in table 2.3.

w | ¢ o | L | L P, P,
[mrm] | [mm] | [mm] | [mm] | [mm] | (10° N] | [10° N]
99.9 2.8 450 275 527 74.4 92.4

Table 2.2: Parameters used to calculate the material properties for mild steel given
in table 1.1.

According to (2.1)-(2.5), the material parameters are

Modulus of elasticity E | 1.9 - 105 MPa
Poisson ratio v 0.28
Yield stress f, 266 MPa
Ultimate stress f, 330 MPa
Ultimate strain €, 0.28

Table 2.3: Material properties for mild steel given in table 1.1.

3. FATIGUE TESTS

As mentioned in chapter 1, two series of fatigue tests with CA-load have been per-
formed in order to establish the fatigue properties of mild steel given in table 1.1.
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The series described in section 3.1 includes different stress ranges, whereas the series
described in section 3.2 are performed under ”identical” conditions.

The specimens, which were carved from the same steel plate, were arbitrarily chosen
for the two test series. In all the fatigue tests, CCT-specimens (Centre Cracked
Tension Specimen) have been used, see figure 3.1.

T DETAIL 1 S
o o
\$\ | $\ -‘c l I %
k 4 v
I A A
I
Te)
D..
| PERFORMANCE PROCEDURE:
I 1) Laser cut of notch and grip holes
2) Laser cut of specimens
- 2) i’urfacjg grinding
o N . . -— ¥ ®© nnealing
-Tsee detail 1 i 5; High mirror finish
|
|
o)
l\
]
I
210
=
' ~ % Thickness 2.5
¥ ) " 15 ¥ 15 ¥ RS, All measurements in mm

x

Figure 3.1: CCT-specimen used in fatigue testing.

The test equipment shown in figure 3.2 consists of a servo-hydraulic fatigue testing
machine (+40 kN), a camera including a monitor and a PC used as controller. The PC
is equipped with image analysing hardware (cards) used in Digital Image Processing
(DIP). The software control program consists of two parts, one used to control the
fatigue testing machine, developed by [Brincker, R. and J.D. Sgrensen; 1990], and
one used to control the DIP, see [Lyngbye, J. and R. Brincker; 1990].

The main advantages of DIP are: A more precise measuring of the crack length;
short interruptions of the loading (5-10 seconds) during measuring and less resource
demanding since, nobody has to survey the test.
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3.1 SN-Curve

In order to get an idea of the fatigue properties of mild steel given in table 1.1, an
SN-curve is established in this section. Further, the SNN-curve serves as a basis for
the choice of stress range level in the fatigue crack growth tests described in section
3.2.

Determination of the structural resistance to fatigue can be obtained from an SN-
curve, established by a series of tests carried out at different stress ranges. In each
test, which is performed with CA-load, related values of the number of cycles to cause
fracture, N., and stress range Ao are registered. In this illustration it is traditional
to denote the number of cycles to cause fracture N and the stress range S. Minimum
8-12 corresponding S N-values are required for drawing an SN-curve.

If the number of stress cycles at a certain point of the structure is known, the maxi-
mum permissible stress range for that point, Ao, can be obtained from the SN-curve.
On the other hand, if the actual stress range is known then the maximum permissible
number of cycles, N, can be found.

On the basis of the SN-curve, it is possible to estimate the damage accumulation
e.g. by use of the Palmgren-Miner rule in which it is assumed that the damage
accumulation depends solely on the stress variation, see e.g. [Leve, H.L.; 1969].

The tests used for establishing the SN-curve are outlined in table 3.3. The test
frequency was 30 Hz.

TEST | AP | P | Puin | Pmax
SPECIMEN | [kN] | [kN] | [kN] | [kN]

36,64,99 | 35 | 18 | 0.5 | 35.5
2,26,61 | 30 | 155| 0.5 | 30.5
19,31,49 | 25 | 13 | 0.5 | 25.5
13,82,93 | 20 |10.5| 0.5 | 20.5
743,75 | 15 | 8 | 0.5 | 15.5

Table 3.3: Review of constant-amplitude load fatigue tests, used to establish the
SN-curve.
Load range AP = Ppax — Pmin, mean load P, = %(Pmax + Puin), Pmax

= maximum load and Pgijx = minimum load.

In each test, coherent values of the number of cycles to fracture N, and the stress
range Ao were registered, see table 3.4. Further, the fracture crack length was
measured using a slide gauge.
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TEST Ao N, G

SPECIMEN | [MPa] [mm]
36 175 85004 | 12.35
64 175 87133 | 13.15
99 175 95493 | 11.85

2 150 165869 | 16.35

61 150 169409 | 17.40
26 150 173926 | 16.75
31 125 341537 | 21.40
19 125 365854 | 20.95
49 125 366508 | 20.70
13 100 745761 | 24.85
82 100 785261 | 24.75
93 100 787116 | 24.65
43 75 2329197 | 29.10
5 75 4756346 | 29.20

7 75 5325000 | 28.70

Table 3.4: Results of the fatigue tests in table 3.3.
Ao = stress range. N. = number of cycles to fracture. a, = fracture
crack length.

On the basis of these values the SN-curve shown in figure 3.5 is drawn.
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Figure 3.5: SN-curve for CCT-specimens of mild steel.
N. = number of load cycles to cause fracture. Ao = stress range.

From table 3.4 and figure 3.5 it is seen that a small stress range results in a large
critical crack length, which leaves the possibility of a large number of measurements,
but on the other hand a long time of testing. In contrast, a large stress range
gives a smaller critical crack length and thus the possibility of a fewer number of
measurements, but a short time of testing.

According to figure 3.5, a threshold value of the stress range seems to appear so that
stress ranges below this value do not cause fatigue. This corresponds to the loads
applied to the structure being insufficient to create the necessary plastic deformation
to advance the crack. Even though the threshold value is not well defined it can, as a
general rule, be assumed that the value has not been reached if the stress range does
not cause fracture after 2-5 million cycles or even more, [Gurney, T.R.; 1979, p.14].
The uncertainty of the threshold value is due to the extensive time consumption
which is necessary for its determination.

The stress range used in the fatigue crack growth tests is chosen as Ao = 125 MPa
at the mean stress level 0, = 65 MPa (AP = 25 kN and P,, = 13 kN). This stress
range allows a reasonable number of crack length measurements and a reasonable
time of testing (/= 4 hours at a frequency of 30 Hz). The fatigue crack growth tests
are described in section 3.2.
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3.2 Fatigue Crack Growth Curves

The fatigue crack growth tests described in theis section were performed with con-
stant-amplitude load (CA-load). As mentioned in section 3.1, the stress range Ao =
125 MPa with mean stress o,, = 65 MPa.

In each test the number of load cycles and the crack length (N, a) were recorded for
fixed values of 6N by use of the DIP technique (Digital Image Processing).

It would be more convenient to measure for fixed values of éa and not 6N, but
so far this is not possible with the DIP technique and thus, measurements with
fixed da values would have required manual performance of the tests. The latter
solution includes several disadvantages e.g. less accuracy and larger resources in the
form of working hours. The problem was solved by interpolating the (NV,a)-values
corresponding to fixed values of éa.

The (N, a)-curves are shown in figure 3.6 where (Ng, ag) = (0, 3.0 mm) for all curves.

a
[ mm]

20

20 —

O|||-|||1|||1||||1|1||||1||N
0 50000 100000 150000 200000 250000

Figure 3.6: (N, a)-curves for CA-load tests performed in the spring of 1990. All 34
tests were performed with AP = 25 kN. Material parameters are given
in table 1.1.
N = number of load cycles, a = crack length.

From figure 3.6 it is seen that the curves have the same form and that they are
characterized by a smooth progress. The approach to a vertical line for large a-
values would have been more significant if the failure crack length ay was obtained
for larger crack lengths, i.e. for a > 0.5 amax, Where amax = 0.56 = 40 mm (see
figure 3.1). But, the measuring method is very sensitive to changes in the surface of
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the specimen which makes its impossible to measure when the plastic deformations
become too large.

Further, it is seen that a large initial crack growth rate results in a small number
of cycles to failure, N¢, and vice versa, and that there is a small tendency towards
getting larger values of ay for increasing Ny.

The material parameters C' and m are determined on the basis of the (N, a)-data
by calculating the crack growth rate (da/dN) and the stress intensity factor range
(AK).

The stress intensity factor range for a finite CCT-specimen is given as, [ASTM E647-
83].

AK = Aoy /masec (—7Tb—a) (3.1)

where the applied stress range Ao = 125 MPa, the width of the specimen b = 80 mm
and a = the crack length.

The crack growth rate (da/dN) is found as the secant between two adjacent (N, a)-
values, i.e.

da Giy1 — G
(W) = N - (3:2)
a=3(aitait1) 1+1 t

The CCT-specimen shown in figure 3.1 is designed so plane stress state occurs during
the entire experiment. Evaluation of the extent of the plastic zone (ry) in front of
the crack tip is based on Irwin’s second approximation, see e.g. [Hellan, K.; 1985,
p-18],

1 (A})Z (amax>2 ec (22) (3.3)
fp=—1—==] = asec | — ;
e\ K Ty b
where (3.1) is used for the maximum stress intensity factor for K.

Insertion of f, = 266 MPa (see table 2.3), oyax = 127.5 MPa, w = 80 mm and the
initial crack length ag = 3.0 mm and the failure length a; = 17.5 mm results in

0.69mm for ag = 3.0 mm
Ty =
4.02mm for ay = 17.5 mm

Since the extent of the plastic zone is &~ 20% of the crack length it might be necessary
to replace the crack length a by an effective crack length. According to [Gurney, T.R.;
1979, pp.44-47] the correction for crack tip plasticity should be a fraction of the plastic
zone ry, e.g. half the value of r,. Thus, the effective crack length is given as
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Geff = G+ 3Ty (3.4)
Introducing (3.4) into (3.1), the stress intensity factor range becomes
AR = Aa\/w eff SEC <7r C;eﬁ) (3.5)
and in (3.2), the crack growth rate is
_ Qeffi+1 — Qeff,d (3.6)

()

o “:%(aeff,i_l'“eﬂ',iﬂ) Nig1 — N

On the basis of (3.1)-(3.2) or (3.5)-(3.6), the material parameters C' and m can be
found by linear regression analysis bearing in mind that if (AKX, da/dN ) is represented
in a double logarithmic scale, see figure 3.5, C' and m can be found as the intersection
with the ordinate axis and as the slope of the straight line, respectively. Thus,

d
log(——) = log C + mlog(AK)

dN (3.7)

Both the results from (3.1)-(3.2) and (3.5)-(3.6) are used.

The linear regression analysis gives the results in table 3.7.

(3.1)-(3.2) | (3.5)-(3.6)
logC |[mm/(MPay/m)™] -8.60076 -8.53291
& [mm/(MPay/m)™] | 2.5075 - 10~° | 2.9315-10°
Sigc |mm/(MPay/m)™] 0.019 0.018
m 3.436 3.400
S 0.014 0.013

Table 3.7: Values of the material parameters C' and m found from experimental
data by the linear regression analysis. Further, the standard deviations
of log C' and m are given.

It 1s seen that almost the same results for C' and m are obtained no matter which of
a or aef is used. Further, only small deviations are found, which means that (3.7)
gives a good description of the data. The following calculations are therefore based
on the crack length a, which is simpler than using the effective crack length.

In order to calculate the statistical properties of the (N,a)-curves, the data are
transformed into (IV, a)-data for fixed values of a, a = ag + da, where ag = 3.0 mm,
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da = 0.1 mm and a € [3.0 ; 17.5|mm. The transformation is performed by linear
interpolation between the two adjacent values of a, one smaller and one greater than
the desired a value. The corresponding N value is found in a similar manner.

All the following analyses are based on these (N, a)-data.

3.3 Statistical Analysis of the Fatigue Crack Growth Data

The statistical properties of the fatigue crack growth data from the CA-load tests in
section 3.2 are given in the present section.

The statistical values, i.e. the mean value, the standard deviation and the probability
density of the number of cycles applied in each crack state to reach the successive
crack state and of the total number of cycles applied to reach a crack state, are
determined as

BN, = - 3 (5 (3.5)
Sony = | D (6N, — 3, (3.9)
QéNj = zn:((SleéNj €]k - 250; (k + 1) - 250]) (3.10)

N;= lzn:(Nj)i | (3.11)

n
=1

SN; = {n i 7 D o ((N5)i — Nj)z} (3.12)

Qn, = > (N;|N; €]k - 100005 (k + 1) - 10000]) (3.13)

=1
Further, the autocovariance of the crack growth rate (da/dN) is determined as

n

Cas), (t1,ts) = %Z [c(g_ﬁ)j(tl,m} (3.14)

i=1 1
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| (4ew) | 2| () |} 319

and where

? = 1 Zswnsg

] 0,1,2,...,nn

k 1,2, 555 ;39

n = number of crack growth tests

nn = number of crack states

ON; = number of load cycles applied at the crack state j

Wj = mean value of the number of load cycles applied at the crack state j

SsN; = standard deviation of the number of load cycles applied at crack
state 7

Qsn; = histogram of the number of load cycles applied at crack state j

N; = total number of load cycles applied to reach the crack state

N]- = mean value of the total number of load cycles applied to reach the
crack state 7

SN; = standard deviation of the total number of load cycles applied to
reach the crack state 7

Qn; = histogram of total number of load cycles applied to reach the crack
state 7 '

C(%) = autocovariance of crack growth rate in state j

5 ‘
t1,t = time instants 1 and 2, e.g. crack state 1 and 2

The results are shown in figures 3.8-3.16 for n = 34 and nn = 145.

The histograms in figure 3.10 are shown for the crack lengths ay = 3.0 mm, a7, =
10.2 mm and aj4q = 17.4 mm, corresponding to the first, middle and final crack
states for which the number of load cycles applied at a crack state is measured. The
corresponding crack lengths for which the total number of cycles is measured are
a1 = 3.1 mm, ar3 = 10.3 mm and aj45 = 17.5 mm. The histograms for these crack
lengths are illustrated in figure 3.13.

Each interval Ij in the histograms consists of a number of load cycles - 250 for 0N;
and 10000 for N; - distributed as Iy = ]k-250 ; (k +1)-250] cycles and I = ]k-10000
: (k4 1)-10000] cycles, respectively. k =0,1,2,...,39.
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The autocovariane of da/dN is shown for the same crack lengths as in figure 3.10,
i.e. ap = 3.0 mm, a7, = 10.2 mm and a;44 = 17.4 mm, see figures 3.14-3.16.

SN
10000:
7500 —
5000 —
2500 —
_ -
0 |||||||||||||1||||||||1||1||||11|||||1||[m§n
0 5 10 15 20

Figure 3.8: Mean value of the number of load cycles (W]) applied at each crack
state (a;) for CA-load tests.
7 =0,1,2,...,144, ap = 3.0 mm and ay44 = 17.4 mm.

Figure 3.8 shows that the mean number of load cycles 6—]\—7j applied at the crack state
a; decreases with increasing crack length, which could be expected because the crack
growth rate increases during the lifetime.

Sen,

7500 —

5000 —

O 7 17 7 7 T 1 7 ||||||[${11]

Figure 3.9: Standard deviation of the number of load cycles (Ssn; ) applied at each
crack state (a;), for CA-load tests.
7=0,1,2,...,144, ap = 3.0 mm and ajqq = 17.4 mm.
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The standard deviation of the number of load cycles Ssy; applied at a crack state
a; decreases with increasing crack length, see figure 3.9. The scatter in the standard

deviation is seen to be large for small crack lengths (a < 5 mm), whereas it is small
for large crack lengths.

Qan,

30

0 10 <0 30 40

Figure 3.10: Histogram of the number of load cycles (Qsn,), (Qsny,) and (Qsn,,,)
applied at the crack state ay = 3.0 mm, a7, = 10.2 mm and a144 = 17.4
mm, respectively.

I = ]k-250 ; (k + 1)-250] cycles, k =0,1,2,...,39.

From figure 3.10 it is seen that the histogram Qsp, is uniformly distributed over all
intervals.

The decrease in the standard deviation of 6 N; is reflected in the probability density
QsNy,- Thus, only 4 intervals (I3 to Iy, i.e. 6 N2 € 1250 ; 1250] cycles) are included.

No matter how many cycles have been applied to reach crack state aj4q = 17.4 mm,
almost the same number of cycles is required to reach the failure state. This is seen
in figure 3.10 in which Qsn,,, is concentrated on 2 intervals. Thus, §N144 € ]0 ; 500]
cycles.
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Q;
[ mm]
20 —
15 —
10 —
5_
01[||||111|||||||||11|||||Nj
0 50000 100000 150000 200000 250000

Figure 3.11: Mean value of the number of load cycles (N]) applied to reach the crack

state (a;), for CA-load tests.
7 =0,1,2,...,145, ap = 3.0 mm and aj45 = 17.5 mm.

The mean number of load cycles N; applied to reach a crack state aj has a smooth,
non-decreasing progress, see figure 3.11, and the number of cycles to cause failure N

is 185353 cycles.

Sy,
20000 —
15000 —
10000 —
5000 —
i Gier
Olll||||l|||l|||ll|[1{am]
0 5 10 15 20

Figure 3.12: Standard deviation of the number of load cycles (Sy;) applied to reach

the crack state (aj), for CA-load tests.
7=0,1,2,...,145, ap = 3.0 mm and ay45 = 17.5 mm.

It is seen in figure 3.12 that the standard deviation of the number of load cycles Sy,
applied to reach the crack state a; increases with increasing crack length. The rate
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of increase is largest for small crack lengths (a < 7 mm) after which the standard
deviation slowly increases towards a constant value of & 17000. The relative deviation
is ~ 9%.

Q,
— (e == =a] a‘l
30 B85-80 Qg
20 —
10 —
O_ T - - T
0 10 20 30 40

Figure 3.13: Histogram of the number of load cycles (Qn; ), (Qn,s) and (Qn,,,) ap-
plied to reach the crack state a; = 3.1 mm, a7s = 10.3 mm and aj45 =
17.5 mm, respectively.

I, = ]k-10000 ; (k + 1)-10000] cycles, £ =0,1,2,...,39.

The distribution of the histogram Qp, in figure 3.13 shows that only one interval is
included, i.e. Ny € ]0; 10000] cycles.

Due to the larger scatter at crack state az3 = 10.3 mm more intervals are included.

The CA-load tests are distributed over I, to I1g, i.e. N7z € [120000 ; 190000] cycles.

The same tendency is found for Quy,,, in figure 3.13, but with the intervals I14 to I3,
i.e. Nig5 € ]140000 ; 230000] cycles. The overlap of intervals for N7g and Ny = Nyys
corresponds to N7z being larger than N for some tests.
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Figure 3.14: Autocovariance of the crack growth rate in crack state ag = 3.0 mm for
CA-load tests.
j=0,1,2,...,144.

As seen in figure 3.14 the autocovariance Cgq/an(0,7) is concentrated within the
interval [-0.25 ; 0.55] which indicates that the crack growth rate throughout the
lifetime is greatly dependent on the initial crack growth rate. Further, it seems that
the mean value is almost constantly (= 0.15).
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Figure 3.15: Autocovariance of the crack growth rate in crack state a7y = 10.2 mm
for CA-load tests.
7=0,1,2,...,144.

In figure 3.15 the same tendency as in figure 3.14 is seen. Thus, the autocovariance
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Caayan(72,7) is concentrated within the interval [-0.15 ; 0.50] with constant mean
value (=~ 0.20) meaning that the crack growth rate obtained before crack state a7y =
10.2 mm influences the crack growth rate in this crack state which again influences
the crack growth rate after crack state a7y = 10.2 mm.
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Figure 3.16: Autocovariance of the crack growth rate in crack state a144 = 17.4 mm

for CA-load tests.
j=0,1,2,...,144.

The autocovariance Cy,/qn(144, 7 ) shown in figure 3.16 differs from the ones in figures
3.14 and 3.15 since the mean value increases for increasing crack length. Thus,
Cgayan(144,7) starts with values in the interval [-0.20 : 0.25] ending with values in
the interval [0.15 ; 0.55].

The curves shown in figures 3.8-3.16 form the basis of comparison of the CA-load
tests and the test of the FMF-model, see [Gansted, L., R. Brincker and L. Pilegaard
Hansen; 1994].

4. CONCLUSIONS

The purpose of the present paper was to determine the fatigue properties of mild
steel.

Firstly, the traditional material parameters were determined in static tests, see chap-
ter 2.

Secondly, tests with time-varying load with constant-amplitude and different stress
ranges were performed in order to establish an SN-curve, see section 3.1.

Based on these results a series of fatigue crack growth curves was established experi-
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mentally in identical tests (same stress range), see section 3.2. The curves show great
similarity and form the basis for caluculating the Paris constants C and m. Further,
the (N, a)-data serve as reference data for a fatigue model described in [Gansted, L.,

R. Brincker and L.Pilegaard Hansen; 1994].

The statistical values of the data in the form of the mean value, the standard deviation
and the probability density of the number of cycles applied in each crack state to
reach the successive crack state and of the total number of cycles applied to reach
a crack state are given in section 3.3. Further, histograms and autocovariances are
given for three different crack lengths.
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SYMBOLS
a = crack length
ag = 1nitial crack length
Qe = critical crack length
aeg = effective crack length
ar = failure crack length
Gmax = maximum crack length
da = crack length increase
w = width
C = material constant
C[.] = autocovariance of random variable
da = crack length increase
dN = increase in number of cycles
E = Young’s modulus
£ = ultimate stress
T = yield stress
Iy, = interval of histogram
K; = stress intensity factor in mode I
AK = stress intensity factor range
lo = undeformed length
I = initial length between strengthen clamps
Iy = deformed length
m = material constant
N = number of cycles
N mean value of number of cycles
Ny = initial number of cycles
N, = number of cycles to cause fracture
Ny = number of cycles to cause failure
ON increase in number of cycles
6N = mean value of increase in number of cycles
P load
s mean load
B, load at which fracture takes place
P, force in direction z
B, = load at which yielding takes place
PL.x = maximum load
Poin = minimum load
AP = load range
Q[.] = histogram of random variable
ry = plastic zone size
S = stress range
S[] standard deviation of random variable
t thickness

o~
~-
|

time moment, ¢ = 1,2

23




24

Um ax

Ao
Ao,

I

I

strain component in Cartesian coordinate system (¢
ultimate strain

Poisson’s ratio

stress component in Cartesian coordinate system (%
mean stress

maximum stress

stress range

critical stress range
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