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Fractographlc observatlons made in an exploratory test program on
steel specnmens loaded under constant-amphtude loadmg -

' wnth mtermedlate batches of overload cycles i ;

8 ' J Schl_]ve '

R "Abstract '

Patxgue crack growth tests were camed out on low carbon steel speclmens, thxckness '4 Sy i

4 mm. Load histories were used with periodic batches of OL cycles. The number of O
~ cycles in a batch as well as the number of base line cycles between the OL batches were’
.. varied. Fractographic observatlons in the SEM gave useful information on crack growth. -
- retardation,  which can not be derived from ordinary crack growth records. The . .“
- observations were base on the bands produced by the OL cycles Striations were', ¢ gy
. - observed occasionally, but not as abundant as m Al-alloys On a mtcro level the fatxgue
: ,','fracturesurfacetsrathertortuous e e e S

g 5 Introductlon

. The F aculty of Mechamcal Engmeenng and Robotlcs of the Umvers1ty of Mlmng and Metallurgy ;
- inKrakow is starting a research program on fatigue crack growth in structural carbon steel under . .~
- Variable-Amplitude (VA) loading. It includes both fatigue crack growth tests and a predlctlon' VIR
~ . model for crack growth. Assistance for planmng the research program and for testing procedures o
- is given by the Structures and Materials Laboratory of the Faculty of Aerospace Engineering of i
. the Delft Umvers1ty of Technology In view of the cooperatlon some crack growth expenments RN
' on steel specimens were carried out in Delft. The main purpose of these tests was to see whether
s fractographxc information of steel specimens can be instructive to study mteractlon effects s
g occurrmg during fatigue crack growth under VA load histories. -

~ Crack growth tests were carried out on four CCT spccnnens The results are presented and e

e dlscussed in this Memorandum. It is completed with a number of s summanzmg concluswns ‘The -~
~+ Memorandum was primarily written for documentatlon of the expenmental expenence and more,
E vm partlcular the fractographlc ev1dence ~ . , .

' ',v-""AcknowIedgment Jan Snyder, Bertzl Grashof and Frans 00sterom have taken care of preparmg
'~ specimens, programming the load histories, canymg out the fatlgue tests, and makmgSEM pzctwes The
cooperatzon zs greatly appreczated : , , , :




Laboratory for Structures and Materials, Faculty of Aerospace Engineering,, Delft University of Technology . J‘&/
~“'Survey of the experiments =~
- Low carbon steel was used because a plate was available in stock of the laboratory. The thickness -

~ ofthe plate was 4.0 mm. A chemical analysis indicated 0.7 % Mn and 1. 1 % Si. The carbon'_.?l{; L
content was estimated from the amount of pearlite. The estimate is 0.1 %. : S

" Mechanical properties obtained in tensile tests were: lower 0y;qq = 292 MPa, du,t ‘ 43.> MPa, :
- elongation = 32 % (gage length 10 equivalent dxameters 80 mm) The tensﬂe curve clearly Teriy L
U _",‘mdrcatedthe typlcal lowcarbonyleldbehavmur : G B T e

e Smcture gf the matenal

o chroscoprc samples were produced to reveal the matenal structure as seen on the L-LT plane S S

* the L-ST plane and the LT-ST planc (L=longitudinal, LT=long transverse direction, ST=short .

- transverse d1rect10n, see Fig.1). The samples were polished (ﬁnal polish with 1um diamond REE

Fy , powder) and etched with Nital (Ethyl alcohol + nitric acrd) Typical cross sections are shown in - 3
. Figure 1. It shows a structure with fine equi-axed grains, and not a typical rolled pan cake .-~ .~

. structure. The grain drameter is m the order of 10 um Around mldﬂuckness slag streaks were f_
observed see Frgure2 N r . , . o

o g:rack gzowth §pec1men§

The specrmens w1dth is W = 100 mm and the spec1men thrckness ist= 4 mm. The specrmen G

o - dimensions are shown in Figure 3. The specimens were simply cut from an available plate, 5
S without any sheet surface machrmng or surface treatment. Because the quality of the sheet . -

~_surface has a negligible effect on fatlgue crack growth of through cracks, the most simple 30y

i ;t?.;specrmen productlon was supposed to be sufﬁcrent in view of the exploratory nature of the -

L ,expenments

..o The crack starter notch ccnsmts of a 3 mm hole wuh two hand made saw cuts at the two Bt
i hole edges leadmg to a crack starter notch, trp to t1p about 10 mm (ao 5 mm) ' L

- Q@ck length measurement

.stual crack length measurements -
w70 Inview of the exploratory nature of the tests a srmple crack length measurement techmque was
SR adopted A paper millimeter scale was attached to the specimen (Frg 3). The crack tip was =~ - -
" observed through a bmocular m1croscope wrth a low magmﬁcatron (l6x) at somewhat arbltranly o .

' ‘selected mtervals L

o Fractographzc crack length measurements

1 © Fracture surfaces of the three specimens tested under VA loadmg showed growth bands if the Shent =
- crack length was relatively large, in general exceedmg 25 mm. In view of the correlation of these ~ =
. bands with the load spectrum, it allowed addxtlonal crack length measurements for large crack

o 'length, where the normal vrsual observatlons were rmssmg




1 Fat1 e load hlstone

]’,

N The three load hlstones of the three vanable-amplltude expenments are shown in Frgure 4 Each {jf e
- load spectrum is repeated until specimen failure. A spectrum consists of some sub-blocks with

' ']:’ ~ base line cycles and intermediate batches of overload (OL) cycles They are programmed with . @ i
- the TestSTAR system. Unfortunately, in the second test an error was made whichledtothean - =

incorrect load history of little interest. The error was detected when the crack length was already : e
- a = 10 mm. The correct load hrstory was then programmed to complete the test overmght S /
- unattended. In the fourth experiment the specrmen was tested under constant-amphtude loadmg‘ R

,,,(s --IZOMPa,Smm-75MPa)

o : erack growth results

St :Vrsually obtamed crack growth results are comprled in Tables 1 to 4 Graphs of the data are‘i' f‘, o "
presentederguresSto9 . , ; BT S e T

S eclmen teel-l SN

- This specrmen was tested under spectrum 1. Frg 5a shows the crack growth curve.. Some | ._
. irregularities can be observed. Unfortunately no crack length measurements were made for oo

ey 'a>16 mm. The crack growth rates (da/dN) in Fig.5¢ calculated from the visual crack growth : o

records clearly confirm the irregularities of Fig.5a. The first and the last data points in Fig.5¢ are . i o
* considered to be unreliable. It should be mentioned that it was not easy to accurately deterrmne Gl
v the location of the crack tip because of the unprepared specrmen surface (as rolled somewhat G

. rusty scaling). -

" In order to ehrnmate the rrregulantres the crack growth records were “streamhned” by s

,, drawmg (by hand) a smooth curve through the data and subsequently reading crack growth data =

© «from this curve,’ see Table 1b. As illustrated by Fig.5b and 5d the irregularities are then - f'
"+ eliminated. Of course streamlining could also be done by a regression analysrs of the data, orby - -
" . omitting irregular /N results of the records. It always should be questroned whether all data are

'V sufﬁcrently reliable for further analysis, which ‘quite often is a matter of personal judgement. R R
.. Apparently the very first a,N data of this test were not reliable (see Frgs 5aand 5¢c). Thiscould -~ .~~~ .

o be due to the fact that the test was started with a lower stress level (S Of OL—IOO MPA). Crack
nucleatlon d1d not occur, The stress Ievel was then mcreased twrce ﬁrst to S —125 MPa and '

fﬁnallytoS =150MPa. . e
L - The fractographic growth results denved from Frgures 12 and 13 (see Table lc) are
ST ,mcluded in Fig.5e. Although there is a large gap between the vrsual results and the ﬁactographrc o A

B ’results they could be very well in the same scatter band ‘ ‘ i

L Spec1men Steel ,

i Due to the 1mt1ally mcorrectly prograrnmed load hrstory the ﬁrst part of the crack growth record '
' is invalid and can not be used. This was discovered when the crack length was about 10 mm.

Rather than throwrng the specimen away the operator decided to continue the test with the correct,‘ S
‘load history, i.e. spectrum 2 (Fig 4). This occurred during the night with no personal attendance =~

. and thus no v1sua1 crack growth observatlons However, the fracture surface showed growth I |



full spectrum can be observed “The intervals betweeri the OL cycle bands were measured from

PR

the fractographs wrth the SemAfore system Because the crack extensron durxng the‘(‘)L cyCIe

mclude the Crack extensmn dunng the OL cycles It was then assumed that 'the crack rate'durmg

Lre

the 20 OL cycles was unaffected by the precedmg baselme cycles, and could thus be deduced.

g

from the Paris relatlon obtalned m, the CA test (Speclmen Steel-4) as given in Eq(l) ﬂThe crack

it

cxtensxon 'of the base lﬂme cycle ‘sub-blockz is corrected to Aa - 20%(da ’Crack rates"for the

RN

rather sinall “in the order of a few to some 12%:

tip ,‘Crack’ growth'recordsﬂare presented m Table 3. The crack growth curve m Flg 7a's shows

ol

faarly smooth cur\;e but the ¢ crack rate in Frg 7b' stlll,s'hows
da/dN: \-a relatxon xs ohtarned, see Fxg 7¢ fllus is Just, aﬁhth%r way of streamlmmg"ﬂle
crack growth records 'l‘he ﬁ'actograpluc results denved from F1

P

crack growth curves (Frg'8a) suggest a contmuous crack growth”'lhe crack rate in F1g 8bir tially
gshows small megularmes which are’cons1dered to be due to maccuracres of the‘crack length
measurements and small Aa values between successwe crack length obserVatlons "Leavmg ou

g E R RETES)




Fractography :

., Macroscoplc fractography

Laboratory for Structures and Materials, Faculty of Aerospace Enmleermg Delft Universit'Lof Technology"‘k'

S

The fatlgue crack surfaces as exammed by the naked eye show a relatlvely ﬂat fracture surface " '}5 -

- which is a characteristic feature for a fatxgue crack. Initially the fracture surface s was perpendicular - o

to the loading direction, see Fig.10. There was a tendency to develop shear 11ps but not as clear

L as usually observed for Al-alloys. At larger crack lengths shear lips became more evxdent Itcould . ‘_ |
" lead to a single shear fracture surface, but a double shear fracture was also observed ‘The final ERUEe
A fallure was a typical ductile failure with clear shear lips and necking. | it

.- Specimens 1, 2 and 3, loaded with the spectra with OL cycles, show macroscoplc growth : o i

bands when the crack length was about 25 mm and larger, see Figure 10b. At those larger crack - -
i lengths the unbroken ligaments show indications of net section yielding and rumpling of the’,_'}:f " '
. specimen surface. The surface of specimens Steel-3 and Steel-4 were hand pohshed Inthenet = = .
- section yield part the surface shows lines which are believed to be Liiderbands, see Fig.1 1 for a"__»r{; e
' schematic picture. The bands are not easily documented with photos. The Liiderbands occurin
. the typical triangle also observed in the final failure area of Al-alloy sheet specimens tested for
-© . residual strength. The length of the triangle, { in Fig.11, was about about 24 mm for specimen .

~ - Steel-3 and about 21 mm for specimen Steel-4. At those values the net section stress at Sy of
. . the expenment (150 and 120 MPA respectxvely) is 312 MPA and 286 MPA for the two: .0
" 'specimens respectively. Both stress levels are close to the lower y1eld stress of 292 MPA. Anotherf e
o noteworthy observation then i is that the bands of the OL cycles were only visible for crack length oAt

- values above some 25 mm, ie. when the speclmen hgaments came mto net sectxon y1eld RN

B -Fractogmphlc Qbservatlons mthe SEM;' s B e o j"‘“}i‘ 3

Sty The observatlons in the electron mxcroscOpe mdlcate that the fracture surfaces ona nncro level‘
G jare not flat at all. Typlcal illustrations at small to moderate magmﬁcatlons are shown i in Fxgures U
.12 to 14. At larger magmﬁcatlons the fracture surfaces are quite rough with a tortuous -
; ',,';l,'topography, see Figures 15-17, 19 and 22-24. 1t may be that the tortuous crack growth s
o - associated w1th the presence of pearhte 1sles wh1ch can be local barners to cychc shp and crack AT R
*»‘*;:extensmn o RSN SRR el

o ~The bands of the OL cycles already v151ble w1th the naked eye (F ig. 10b) are clearly v1sxble in-
.+ the SEM. Similarly to the macroscopic experience, these bands could not be observed i intheSEM ... -
PR for crack length values up to a = 25 mm. At larger crack lengths the SEM clearly showed suach
.. bands on all three specimens tested under vanable-amphtude loading (Figs 12-14,18,20,20,21). . = RS
. Specimen Steel-1 was alternately loaded with a single OL cycle and a batch of 10 OL cycles w1thl e
- 100 smaller base line cycles in between. The bands of a batch of 10 OL cycles is broader and -~

- more easrly observed than a band of a single OL-cycle, see Fig.12. In Figure 13 the single OL
- " cycle bands can not be observed any more. Increasing the magnification was of little help. Larger -
R magmﬁcatlons of the OL cycle bands are shown in Figs 14 and 15. They illustrate again the
' tortuous appearance. At still larger magnifications striations could occasionally be observed, see
" Fig.16. The crack length for this figure (2 =27.2 mm) corresponds to an average crack rate of

0.8 um/cycle (see Fig.5c). This value agrees more or less with the striation spacing in Fig.16. For

. that reason the lines in Fig.16 are believed to be striations of individual load cycles. Unfortunately o
~_they could not be observed at many places A plcture hke F xg 16 was more an exceptlon than a
. typlcal observat1on a* _ : e o g
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probably shows striations of a rbatch of 20 OL cycles (spectrum 2),

NEEE AT R T JRRE: ¢ et * IR

althoughv not ery mce striations! Recently well deﬁriedfsgtrratron"s of batches of OL cycles and

PR R S T R £ R TN Ly

smgle 0 ,cycles have been observed on fracture surfaces,of Al-alloy specrmens tested | under

Foisii e AT e e A e O W R T R 2 R s

tra,; >~The results of ‘that parallel test program will be publrshed shortly

4 ¥ zsr b
cycles were observed on specimen Steel

g » L g

> line cycles. In the adjacent area'of the OL )

R R it TR ) I R g

see ”Frg 23! could be striations of the base line cycles. The spacing of these ‘i

e ik RER Y T T v ‘,m L7 S e E ‘Hn,’ldh Y SRR 7 T TL AL Uh VR S VLT L L AR R Y A TR 47

: lmes appears to be f the same magmtude as the average 0. 5 um/cycle crack growth rate

i

¥ SR

d 20, the v1s1b111ty\of the OL cycle bands decreases for smaller

bl :
LR e S T2 e .‘4"‘ P, A 5 ) R R R R S Sy A

ler cracks it was still explored whether's striations could be observed at large

R AR R e T e e S T e s

Examples are given in Figures 17 an Flgure 17 shows lines whrch are niot

Ce S RN ol e SO et A T T e % L A U RN R

éﬂqu S arply deﬁned spacing is in the &order of 0. 3 MO 4, pg}l as the crack rate at that

R G

17 ;are not. stnatrons,
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a verage crack rate of 0 06 p.m/cy

v»,n S e

aI!d, anothsf gt

R S T P UG XLk 2 vw,:uy, i g WP S

mall to obtam a notrceable crack growth retardatron Th

Rt e T N e A e A bR i R D
& 2 foi "

'that interaction eﬂ‘ects drd not occur It 1s possrble that accelerated crack growth dunng the OL

ey AT 75 b R i eih s A Y & 3

cycles is compensated‘ by retarded crack growth dunng the base hne cycles /

S

,. 0T roughly a>25" mm

R e P s e
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td
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;retardatron was recentl shown by Dougherty etal [l] in expenments ‘with'a smgle oL on CT.

it £ 2 e R

pgcunens of steel 1070M:a carbon steel W with 0. 68%,C

gy i 5 S S -, # Gk

As pornted out before, mm region is also assocrated w1th net section yield during

Wy LS T pu ¥ R Rl AT "o P R i e

of the OL' cycles. It unphes that the‘l OL cycle ofa batch of OL cycles cauSes srgmﬁcant

LSRR i *’ PSR N R e PR R RES P 5¥

crack trp plastrc defonnatxon That may explam wh the'fractographrc bands of the OL' cycles are

Ay kR ﬁn. DT R R s Y 7 Fie g q SRR S AT itk e P

the a>25 mm reglon Ttis expected that th1s occurs especrall

Ml A l“ 4 R C 0 ORI g L

15 ( OL‘_ cycle, ‘of each b L' cycles in agreement wi

e A.

R o

Theeffect of the OL cycles on the crack growth durm‘ base line cycles is illustrated

" A S TN 224 ! PR M TR e g ek S

dfors ecrrnens Steel-2 and Steel-3 respectr\}'ely ﬂAs a reference the crack rate




ccn31st1ng of ”constantﬂidmphtude base lme cycles and penodlc overload cycles. The penodl

AR T

QL cycles Were apphed as smgle OL cycles and as batches of OL cycles (10 20 and 50) Th




I.aboratoifor Structures and Materials, Faculty of Aerospace Engineering,, Delft University of Technology =~ W L

after more base hne cycles, but a retardation was not yet obtamed i
6.  Further experiments are necessary for a more complete picture of the delayed retardatlon ‘
~ phenomenon in this steel. A larger difference between S,,, of the OL cycles and S, of

. the base line cycles and larger batches of the base line cycles should be recommended. .
7. - Striations of the OL cycles and the base line cycles were occasionally obtained. However;

striations in this low carbon steel are by far much less abundant and less clearly deﬁned .
as they are for Al alloys. - : : ,
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" Specimen Steel-1 - - B | ¢ o crackratesderived from: . |
SR R ~~ﬁ'actographicbands‘['."-',-':i (IR
_ (mm) - (mm) - (mm) a0 aav. - daldN - AK |
— , mm) »(mm) (mm/kc) (MPafm)
R AP K AN AR L ot B Y T ik
| w012 68 70 69 | | 25797 2572 ,065,1»_3847'; ”
| 1s100 68 72 70 | oo ['2591 2585 058 3865 | .
20037 69 78 735 | o |2605 2598 o065 3sss |
] 2609 26120 069 3903 | e
, . RE Co o[ 2633 2626 065 3923 |
30016 ., 7.8 8.0 oIS 26450, 26390 054 3941 |
35041 80 .. 81 . 805 | .. 172660 2652 071 3960 | -
40015 . 80 . 83  .g1s |0 . | 2677 2668 082 398 [
50004 88 90 .89 | ..o 2691 2684 069 4006 f
T e 2707 2699 075 4028 |
65047 90 100 79S| 2726 2707 091 4054 |
Dol o7s20 98 100 99| liojas 2735 081 4081
|38 102 w02 w02 [ (2762 2153 087 aro7 |
10020 L0 . 110 om0 || 2780 2771 o8 ez |
_ ; IR o 2802 2791 . 103 4165 |
, S CET e | 28090 2810 082 4195 |
343 B BS .  BB3 [ o 2839 2820 098 - 4224
139504 - 134 135 1345 | . | 2861 | 2850 ' 101 4257
| 1s3216 1500 150 uso | o | 2883 2872 105 4292
| 163346 150 ¢ 155 1525 | .. 2007, 02895 113 ;7 4329
, — o 2931 2909 0 115 4368
244385 | specimenfailre . | v | a96 2046 146 . 4414
- Tablela:Crack growthrecords -~~~ | 2090 2976 134 4.4
T A e e coo [ 3021 3006 148 4515
' Steamlineddata [ " | 3060 3040 .1.81 4575
a@mm)  N(o) saverage dadN. AR | | 3102 3081 200 4647
L e ' mm/ke MPA\rm 31 56&’,",3'1,29' 259 47’37 :
ST B 1 (3230 3193 348 agso |
8 350005 0.046' ‘v"‘17.,513 N (*)cracklengthvaluesofﬁactographlcba.ndsof S
9 .57 85 . 0046 1872 batchesoflOOLcycles , IR
10 79 95 0046 1988 | - oy
11100 105 0.048 - 21.01. Table lc Results denved from fractographlc '
‘2w us o o0 21| ~ measurements inthe SEM B
13 132 1250 0067 2319 . . ool
14 145 135 0077 2427
150157 145 0083 2534
16167 155 0.100° 2641
Table 1b: Streamlmed records

lable 1: Qrack g;owvth'davtavcf specimen S _tcell-"li SR

Cycles  leftcrack .~ right crack = average

26519 1S 19 11

120698 122 123 1225 |1




. Specimen Steel-2, results of fractographic
- measurements (picture Steel-2-5) -

‘ ’a‘,‘m Aav" “da/dN - '?a-aver‘age MK
(mm) - (mm) (mm/kc) (mm) ~ (MPAVm) |

2700

2186 086 054 243 a9 |
2887 1ol o0& “‘28.35“' aa |
_‘~.3'o"13"77‘f*f"l‘l.zé_'," C080 2950 ; 442&_7;
3170 1s7 099 3092 467 e
(*) crack length value of fmctographrc ba.nds of the ﬁrst batch of 20 OL cycles

' | ,Table 2a Crack growth data of specunen Steel-2 obtamed from fractographs for ﬁll] spectrurn blocks at large
fcracklength , _ , e 2

*. Specimen Steel-2, results of fractographic measurements (picture Steel-2-5) o

- block o sub-block - cyclesin_ Aa (mm) . da/dN. a-average_'_ . AK
- L sub-block - " (mm/kc) - (mm) (MPAJ' m)

00 - 0088 079 2684 . 4006 |
200 0129 06l 2695 am |
400 0226 054 ;.:.,527 13 a4 |
800 . 0419 051 2745 4096 |
100 0088 078 2761 . 4120
C 200 0138 064 ;o 4
400 0276 . 067 2795 - 4L7l..

o 's00 0507 061 - 2834 . 423
1000 o115 104 2865 . 4281 |
20000170 079 2879 . 4303
400 0318 077 2004 4344
800 0659 080 . 2953 . 4425
100 0120 107 2991 4489
C200 0 023511l 36.99 4520
400 0419 n02 3042 - as7s |
?'_soo B 0.793. = 095;,3'[]7'3103.7,*'" '4688";,';‘ e

W
E N N S I T I Iy PR PIOY RFGRTETC oy B

Table 2b Crack growth data of specrmen Steel-2 obtamed from fractographs for sub-blocks at large crack
length :

3 L .'Table 2: Crackkgrthvh ilata of s'p: ecirrieﬁ Steel-2 o -
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-3 'same data as in 'Table 3a, but some data palrs Jeft out.

: Spec1men Steel-3 averages of full blocks
AK (MPAf m) da/dN (mm/kc)

o

Specxmen Steel-3 average results‘ obtamed from fractographlc plcm;es for full spectrum‘blocks




it i
e

Table 3d: Crack growth data of specnmeny Steel-3

O S

obtamed "from ﬁactographs for sub-blocks at large crack length
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Fig.5a: Record of visual observations.
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Fig.5b: Record of streamlined data.
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- Fig.5d: Crack growth rates of streamlined data.

Fig.5e: Crack growth rates of visual and -

fractographic observations.
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Flgure 6: Specimen Steel-2. Crack growth rates in the four sub-blocks of spectrum 2
Results obtamed from measurements on fractographs
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Fig.7a: Specimen Steel-3. Crack growth curve from records.
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da/dN (mm/ke)
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Fig.7b:

Specimen Steel-3.

Crack growth rates from
records. : :

da/dN (mm/ke)
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Fig.7c: Crack growth rates |
after omitting some data

o .
-

pairs (a,N). Fractographic

results added.
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Figure 7d: Specimen Steel-3. Crack
growth rates in the three sub-blocks
of spectrum 3. Results obtained
from measurements on fractographs.
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ﬁ‘\

gth i,(mm)
o

crack len

i
i

Fig.8a: Crack growth curve for left
and right hand crack.

: Fig.8b: Crack growth rate from

records.

ol : : : .
’0 100000 200000 300000 400000 -
1
)
£
E0.1
L Z
-3
©
©
0.01
5 0 15 20 25 30

crack length a (mm)

da/dN gnm/kc)

5 10 15 - 20 25 30
crack length a (mm) ‘

Fig. 8¢: Crack growth rates from
streamlined data (leaving out some
aN data) ~ :

Fig. 8 : qu]mvgn Steel-4 tegted
under CA loading. -
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-da/dN (mm/kc)

0.01 )//}, ; | IR I B

10 | | ‘ 100
' ' deita K :

Figure 8d: CA crack growth rate results and the Paris relation,. Eq.(1).

10 ' S . _

daIdN (mm/kc)

0.1

0.01 L | L

detakK =~
O Steel1 o Steel2 , Steel3 __ Steel4 CA

Figure 9: Comparison of the crack growth vr’ates of the fbur specimens.

For specimens 1, 2 and 3 AK is calculated for the base line cycles.

.
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Flgure 10 Macro p1ctures of a falled fatlgue spec1men

fatlgue fracture surface , et " necking of
i specimen edge - .
i / crack starter notch . / R
I . . »
, - afew famt Luedérbands - /
‘area wnh systematlc v : ‘ h B
Luederbands ; 3
’ » . ’ i ‘
bomm T Tl SR T I i v ‘
' Fig.11: Liiderbands visible on polished surfaces of specimens Steel-3 and Steel-4

... Fig.10a: Fracture surface of specimen. - .. Fxg 10b Bands on fatlgue fracture surface at
}« B A SR S T ST largervaluesofthecracklength' i
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Flg 12: The last paxt of the fatlgue crack of speclmen Steel- & | = - o

*faaas ISKU “f?[

v

'F = final failure
- A=crack extenswn area of 100 base line cycles after the 10 OL’
B =crack extension area of 100 base line cycles after the smgle oL
- Arrows 10 and 1 mdlcate the bands of the 10 OL cycles and the smgle OL respectlvely

lom WOZ9

F1g l3 Bands of the 10 oL cycle batches of specxmen Steel—l from a~25 to a~29 mm. Bands of the AN
smgle OL cycles can not be seen. Crack growth from nght to left IR \ .

2




_, F1g 14 Magmficatlon of detall of Flg 13 Bands of 10 OL cycles are v151ble, 'f‘

but bands of smgle OL cycle can hardly be observed

' Fig.15: Detail of Fig.14 (white rectangular). .~




Laboratory for Structures and Materials, Faculty of Aerospace Engineeri

gt 180 £

T g iy
pecimen Stee

v g




R

Laboratory for Srrucﬁxres and Materials, Faculty‘ cf Aerospace Ehgilneeririg,’,‘ Del'ft‘ University of Teéhnclcgy' e J&(

5

v

F1g 19 Plcture made on band of a 20 OL cycles batchvr
between 800 and 400 small cycles. P0551bly
strxatxons of the OL cycles

Frg 20 Specunen Steel-3 A, B, C correspond to the sub-blocks of 250, 500 and 1000 small cycles
respectrvely S = shear hp, F = final faxlure. The arrows mdlcate slag streaks at mld thxckness.

Fig.21:Detail of Figure 20.
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U e Flg 22 Speclmen Steel-3 a= 27 4 mm ‘
SR Picture of OL cycle band with stnatlons of the o
B oL cycles. Average striation spacingis . |
Aa = 1.5 pm. The average crack growth rate at
;o thls crack length is about 0.5 pm/cycle (F ig. 7c)

DR 0002 15KY

€ Picture at right hand side of OL striations of |~
4 Fig.22. The two pictures are partly overlappmg
i (notxce different magmﬁcatlons) Strlatxons of

g683  15KN

ﬁ Fig. 24 Specxmen Steel-3 a=15.7mm. o
v — Faint striations are visible. Picture with mversed

4 colors to enhance the v1snb1]1ty of the striations. =
% The striation spacing is in the order of 0.5 pm,

L% much smaller than the average crack rate at this -
crack length of da/dN 0 07 pm/cycle (Fxg 7c)

oeetz sk T fomm MD3S
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