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of erack growth The greatest d1Ff1cult1es were:

a) Many cracks developed from the surface: in the. w1dth—-and thickness-direc-

" b) In various specimens of one type, cracks have deVeloped in dlffcrent ways ‘

”d) For the smaller specimens the data for relat1vely large crack lengths have

Section 1. Introduction.

- ! . N
This report serves two purposes.

First of all it makes availablie to the members of the committee "Fatigue

et Constructions Types" the more important.experimental data‘from the reports

of the Belgian and French participants. (See extracts - appendix'I and IT).

' The -second intention of this report is to give the \actual state of progress

of the work of analys1ng and synthes1s1ng of all experlmental results, which is

done in ‘the Delft Sh1p Structures Laboratory. This work is time-consuming be—

cause, as always, the results are sometimes incomplete and 1naccurate due .to

experimental difficulties. A large part of the work consists of careful studies

\

tion, while only the extension in the width- d1rectlon has been recorded

during the tests.

(See section u)., - o _ ' E ' o
c) Many cracks have not been detected in the 1n1t1al stage. but only after they
had developed to significant lengths. Th1s handlcaped greatly extrapolations' .

to zero~crack-length. ' : o

to be corrected.in_order to allow comparisons with the data of the large

spec1mens

‘e). Specimens of one type showed ‘appreciable dlfferences 1n_weld Fforms...

f) Some of the Delft specimens have heen tested at +20.C, while others at
<§7OC;'fhe-influence of this difference-had to be studied in orderltotbe
able to present’reliable data. (See also /2/). | '

Altogether the analysis of the experimental results as presented in this
report is thought to be sufficiently advanced to permlt the committee to make -
critical observations and_construct1Ve suggestlons. These will be of help for
the preparation of the forthcoming first overall synthetical.report, which will

be ready in August.

It is hoped that eventual observations will be given in a written form

to the.authors.




Section 2. Observations concerning the fatigue experiments with small

~ structural specimens carried-out in France.

» From the original French report the most characteristic and interesting
pages have. been copied. They can be found in the appendix I of this booklet -

‘under the name "Extrait du compte-rendu d'essais de fatigue .....".

_In;Delft the results of the French experiments are now plotted in\diagrams
for crack-growth as a‘functlon_of numbers of cycles. (Figsw 2-1.and 2-2 show
some exanples).-From the tables shown f.1i. onrpage 27 and 32 of appendix I it
will be understood that it was not easy to obtain reliable crack growth in-

formation,.

The next step be1ng plottlng the - crack growth data as a runctlon of the
local stresses (stra1ns) of tables I and II of the "Extrait", (see also flgs.
213 and 38),|has also been started. Similar.work is done for the test results
obtained from the full-scale experiments carrled out 4in Delft. _
Together with the results for the elementary speclmens tested in Belgium and'
Germany, ;all these results will allew a study of the influence of macro- .
§ ‘ . stress-concentration factor, local bending and weld shape (mlcro stress con-
centration) on fatigue-strength. (For information about the progress.of work

in° connection to the Belgian experiments, see section 3).

" In the Extralt some- resu]ts of_ thelexperlments have already been given

as numbers of cycles to %ncomplete fracture in function of anDlltude of nominal
tress They confirm the tendency of the German test results that there is

hardly any dlfference in fatigue- performance for St. 37 and St. 52- speclmens

- (Fig. 17 page 223 flg 26 page 31, fig. 51 page 57 fig. 61 page 67)..
"This becomes especlally clear from fig. 62 page 70, where all results have
- been'brought together. On the average St. 37 and St. 52 behaved similar.

-
~

In section 4 of th1s report it will.be Seen that for the full-scale
welded spec1mens a distinct advantage for St. 52 has been observed. It amounts

to some 10% on‘the average in terms of stresses.

It'hasibeen tried to present the French results. in the form of rate of
crack growth (da/dn) as' a function of stress’ intensity (AK), fig. 2-3. The |

main d1ff1culty was that the cracks start at points of structural (macro)
- N




stress concentrations of 1naccurately known magnitude. Therefore for the.

utress factor in AK the nominal stress has been taken. In the formula
da
,dn
1mportant m, (provided the cracks are relatively small) The result in fig.

= (AK) this will Oﬂly influence the magnitude of C and not the more

2-3 of course is not very satlsfactory, but it may be used carefully

The 'value m for -the French specimens proved to be equal to 2,8 for St. 52
which cornesponded satlsfactorlly with the value 2,35 found for the same mate-

rial with axially loaded elementary.specimeps. (See section 3).

Flgures 2-4 and 2-5 give a presentatlon of the results in a final form.
The curves are Wohler curves for various crack lengths. The dotted curve "End

of test“‘has not any practlcal significance because after 500 mm?

crack area
the specimen. section had been reduced. too mﬁch, resulting in very high nominal
" stresses.. One of the actual tasks is to translate figures 2-U4 énd 2-5 intb.
diagrams valid for infinitely wide speciﬁens. Only these diégrams should.be

related to those obtained for labge'specimens}
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Section 3. The experiments carried out in Belgium.

In Belgium two kinds of experiments have been carried out.

a) Fatiguejexperiments,with elementary, axially loaded‘or,bent; specimens.
(Report Lab;vv; Weerstand van Materialen Ghent, no. 153/u585) . _
A few pages of this’ report -have been copied for- 1nformat10n (see ~appendix
I1). The results have been presented as on page 2. On . page 3 the method
of measuring crack length is demonstrated. Page H‘shows the specimens and
- gives a summary of - the test program. , . -
b) The second type of experiments carried out in Ghent consisted of fatigue- -
bending of full scale specimehs. (Report Lab. v. Weerstand van Materialen

no. 153/4706)

The results in the form of tables giving crack ‘lengths as furctlon of -
numbers of cycles are actually transformed to diagrams. Furthermore the

-specimens have all been broken ‘in order to make the fat1gue -cracks v1slble.

_ This makes it poss1ble to transform the beforementroned d1agrams for. cirack f

Zengths 1nto d1agrams for crack surf&ces. A p1cture of the test-set- up .
and of some character1st1c fractures are given in appendix II, (page 5,

.’7). . . o ‘

J _Returning to the fatigue-tests with elementary specimens under a), figures .
3- 1, 3-2, 3-3, 3-4 and 3-5 show the crack growth for f&tzgue—beﬂd%ﬂg

From these diagrams the rate of crack growth da/dn has been determ1ned as a

: functlon of crack length and th1s transFerred to da/dn -~ AK curves. The lattervj

-diagrams have not- been 1ncluded in ‘this report, but the next _table summarizes

the results. .

m C
| dasan = c(a)™ St. 52 - |st.u2 - st.s2 st u2
" bending . |2,2%-2,3"-2,0%]4,5-3,5{/9,3-5,4-7,2x20" ®|1,02x10 1%;3,ux10 1
“axial repeated. loading 2,35 -~ w3 | 9,9ux107° 1x10 12

* three plate thicknesses,tested,

Both LOP bending and ax1al load1ng a significant dlffcrence has been found

for m for St. 52 and St. 42, (2,3 <> 4,1 as an average).




Figures 3-6 to 3-1U4 are a complete"set Qf Wohler-curves for 0, 1 and 5 mm
crack-length for 19 mm plate thickness. They have been developed from figures
3-1 to Q—S‘and are for repéated bending. Figure 3-8 aliows a comparison for
both types of steel, (grade D = St. 42; grade DH 36 Nb = St. 52). Similar fig-

‘ures are given for axial alternating and repeated loading:

From figures 3-8, 3-11 and 3-14 it canm be concluded.that on the average,

and especially in the region of lower stresses, St. 52 did not behave better

than' St. 42, But the higher the stresses, the more advantagéous'becomes St. 52.
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Section U. Analysis of the eXperimental results obtained"with the

26 -

’

full-scale specimens tested in Delft.

parts.

.Crack growth.

The d1fflcult1es mentioned in the 1ntroductlon concernlng ‘the analys1s
of the experrmental data have also been met when studylng the’ behav1our of
the full—scale specimens. The greatest problem was that in speolmens-ol one

type the cracks could propagate ih essentially different ways. This especiaiiy

“applied to the bottom details. The influence of this complication on theé pre-

sentation of the results is still studied. But. it may-be taken that eventual’
corrections‘will not c¢hange the figures in this'report significantly.

Therefore they have been 1ncluded in the present report. They rep‘ace flgurcq

1 to & of /2/ on account -of ‘new test data and 1mproved analy51s of results.

_Figures 4-1 a, b, c show the results for.the bracketparts of the spec- -

imens for-+200C; —37OC-and combinedl'Figures y-2 a,‘b;‘c apply-to5the bottom-

" From figures #4-1-c and 4-2-c it remains clear that the fatigue-strength

is better the lower the'temperature, as already observed in /2/,

In figures u-l—a and 4-2-a the dotted lines indicate the fatiguelives of

1

_the formerly tested specimens made of St 42, /3/ A d1st1nct advartage. for

St, 52 can be observed for 100 and 500 mm2 crack area. (The dotted. lines for

0 mm2,crack_area should not be compared with the full ones - (St. 52) because

it is certain that the first have not. been determined as carefully as the

second ).
. _ S
In fig. 4=1-b ‘is demonstrated how a minor weld detail may influence the
results.- The points on the line 703-03 are’ sltuated more - favourable +han the
'other'ones.'This:may be attributed to the fact that in the specimen concerned
the cohnecting weld‘between bracket and. longitudinal frame had been interrupt-

ed (did'not‘exist) at‘the‘end‘of theilongitudinal frame.

In' the: brackets. the cracks‘geherallv propagated in.the direction showh‘
in fig. 4-3-b-c. Only in one case the crack propagated parallel to the fusion

line, (see fig..a;ﬂbc). In the bottom 3 types of crack.propagation have been -




YT

observed: see fig. T

. crack o crack

(O, AT

a. (See fig. u-u-a). b. (See fig. ‘u-u-d). ¢. (See fig. u-5-d).

‘FIG. U-6.

‘Mixed forms of fig, n-6-a and b were quite common, (fig. u-u-a).
The peculiarities in crack path are often reflected in curves, represéﬁting
Co crack growth as function of numbers of éycles. Figures 4-7, 4-8.and Y-S may

give some idea of this:

In order to make possible comparlsons between the behaviour of the present'
spec1mens -and those of St. y2 formerly tested the numbers of cycles connected

.to the horlzontal part of the ‘erack paths may be ellmlnated As said before,

this point is Still under consideration.
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Section 5. Final observations.’

It is hoped that the committee has obtained a satisfactory idea &bout
the'experimental‘wdrk-carried out in the various countries, the scope and
I ' ;progress of the analyzing and-synthesizing work,; and the form which‘the.final_

- report will get.

One 1ntr1gu1ng problem, whlch emerged from the German part /6/ of the_‘
’1nVest1gatlons is worth mentioning in view of p0331ble extra work. A 31gn1F—'n
icant difference has been observed between the results of theeppognammed .
fatigue tests with elementary specimens for St. 42 and St 52. It would be
interesting to know whether that tendency also will apDear fO“ wetded struo—
tural specimens. A number of these specimens are Stlll avallable in France
They w1ll be transported to Delft. It would be welcome when some. financial .
jsupport»fop_prognem_testlng with these‘spec1mens could be obtalned,lpnefep—

. ~ ably from the CECA.

.” ‘ ' i The main cenclusion from all results remains. that for constant amplitude.
loading, as well in axial repeated and alternating.ldading,'aé in repeated
" . bending, the adventage of St. 52 over St. 42 is small. In the high&cycle_negion
" there is virtualiy no advantage. In the low-cycle region a fair diffefencefbe—*F

tWeen St. 52 and 42 is'obvions.
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I. - OBJET DE L'ETUDE

1,1, - Dans le cadre d'un programme général d'essais réalisé en coopération
avec 1l'Jtalie, la Belgique, la Hollande, 1l'Allemagre, sous l'égide de 1!'Insiitut
de Recherches de la Construction Navale, cet organisme a demandé, par letire
EC/ER N° 19832 du 12/10/70, ‘au Groupe MATERIAUX et STRUCTURES MAVALS du Service

o Technique des Constructions et Armes Navales, d!'effectuer des essais de fatigue
sur deux types d!'éléments soudés, confectionnés a partir de tBles d'acier de deux
nuances différentes, afin de comparer les comportements en fatique de ces assembleace

1,2, - Le présent compte-rendu relaté ces essais et en présentz les
résultats.

2,1. - Eléments d'essais @

2,11 .- Les éléments dlessai ont été réaliséslen t8&les d'acier ST37 (acier
ordinaire) et ST52 (acier HR).

2,12 - Deux types d'éprouvettes ont £té testées :-type A (figure 1), type B
- (figure 2) -. Elles sont au nombre de 13 par type et par nuance d'acier.

2,2. -~ Définition des essais

2,21 - Les éléments d'essais étaient soumis & un essai de fatigue suivant
deux modes de sollicitation (traction ondulée : _P min _
: P max
ou
traction-compression : P min __1 )
P max 2

pouf deux niveaux d'endurance (environ 50 000 cycles et 1 million de cycles), suivi
pour la presque totalité, d'un essai de rupture statique & température ambiante et
a 0°C pour une éprouvette de chaque tyvpe.

! 2,22 -~ Le critére de fin d'essai était ltepparition d'une figsure de fatigue
de l'ordre de 25 mm de longueur, le contrBle de la propagation de cette fissure
se faisant visuellement.

2,23 - Les essais de fatigue ont éi8 effectués sur la machine verticale Amsle
de 100 tonnes, les essais de rupture statique sur la machine MAN de 500-1 030 tornes

2,24 - Pour chaque type d!'éprouvette, la répartition des contraintes a-été
déterminée & l'aide de jauges de déformation. Le nombre, le type et la position
des jauges sont définis sur les figures 13 et 38, les résultats obtenus sont
consignés dans les-tableeux I et II.
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3,1 - - Les tableaux III'et IV récepitulent les résultats obtenus sur les
éprouvettes testées. : '

3,2 - . La figure 62 montre les positions relatives des courbes de Woechler
pour chaque type d'éprouvette, par nuance d'acier et suivant le mode de socllicitaiic

Y 49
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© pour etteindre 30 mm de longucur et 7w de proiciesu
et on cbserve 1l'ezistence dlune scconde fissurs fponi,
tion 1-figurei}), 2e 20 o dz longucur et 5 ma de
profondeur. '
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‘Fissure 3.

Mositinns des {issures., -  x0,4

_Suxface de carsure x 1.

hspect de la.cassure chtenue #ny s rupture
statique.d partir de la fissuie 1. stalique a pzrtir de la Tissure 2.

hspect de 1o cassure obtenue aprés rusture
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~ Récapitulatif des résultats obtenus sur -des éprouvettes sollicitées

en ‘traction ondulée -
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: Type de Taux de travail

‘l'éproUvette' de ' de
o ,1tacier ;l'éprOUVBttéfl Mini © Maxi
' . ]

~~

1 1 1 )

, Nuance !Repe:e MSN ; - ka/mm2 !Nombre ?e ?yClES\
' ' ” supportés jusqula
obtention de la-
fissure. I

: N° -5 16

11 400

N° 26 10

72 80O

N° 36

1
1
1
1
!
!
!
!
10 ;

ST 37

-89 700

N® 16

182 600

N° 15

790 200

Ne 25

14 700 -

N° 8

58 500

ST 52“ N° 42

. 266800 -

395 406 -

N° 13

1 515 000

: ;. N 14

Ne. 2 20

42 ooo

N° 3 16

82 200

ST 37

Ne 4 16

© 103 000

N° 7 12,5

200 GO0

N° .11

ST - = 1069000

Ne 1 20

41 80O

N® 6 18

54" 000

N° 9 11

305 100

271 900

.889 500



TABLEAU IV

- Récapitulatif des résultats obtenus sur les éprouvettes sollicitées
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Eprouvettes sollicitées en traction-compression

en traction-compression -

Taux de travail

T

!
! ! ! ] ! !
: Type de ; Nuance  Repére MSN ' o /im? NHombre de cycles :
!1'épruuvettci de ; de e . - T ) isupportés jusqu'a :
: !l'acier !1'éprouvett?. -~ Mini g Maxi !oPtcntion d= la :
\ ; | . “y ! !flssure. !
1 ) i ! T : 1 T
i i i Ne 20 5 ! + 10 ! 24 000 :
: : Yoo 23 ! 3 = + 6 ! 91 500 !
! ' - ! ! : ! !
: ! P.oone 28 ! 2 : + 4 ' 463 000 :
! ! ! : ! ] ! !
1 1 1 ! 1 ‘1 1
; ; . Ne 29 1,8 ; + 3,6 ; 350 00O ;
[ Jype A i ; . ; :
. T L L A 5 o+ 10 | 27 300 i
! ! oo 27 ! 3. : + 6 : 83 D00 ;
! Der gp | ! ] ! !
: : Pone 2 b 2 : + 4 ' 210 poo -
! ! ! ! ! ! : !
: : bone 3 ! 1,5 ! + 3 : 600 00D !
! ! ! ! ’ ! t : !
: ! oo 33 ! 6 P : 48 000 !
! ! ! ! ! ! t
' : Poge 35 ! 5 ! + 10 .. ' 109 goo :
! ! ! ! ! ‘ ! . !
: : Y one gy 5 : + 10 : 110 500 :
! 1 ST 37 1 ! ! ! . !
: : Pone 22 ! 3 : + 6 ' 583 200 .
! ! 1 ! ! ! !
: ! oo 32 ! 2.5 ! +5 Y B4t 600 :
! Type B ! P - ! ’ ] ! !
! : e o3g 6 : + 12 : 81 000 !
! ! ! ! ] ] !
! : P'one g ! 5 : + 10 : 69 600 :
! ! 5T 52 ! ] ] ! !
: ! Yoo o2 ! 3 ! + 6 ' 530 000 :
! ! ! ! . ! ! ]
: : oo 3 ! 2,5 ! + 5 ' { 077 400 -
! ! ! ! ’ ! oo ! ' !




Anplitade ou gau; de travail

k@/mmz 19
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ST 52.T0

18 ~ 5T 37,70
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ST 52.TC
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Fif.62 ~ Courbes de Wochlor pour les dprouvetiss type A et type B collicitdes’

en traction ondulée et tracticn~compression -»



IV. - -CONCLUSIONS -~

Au vu des résultats obtenus au cours des essais précédemment exposés,
il apparait : '
4,1 - que les éprouvettes type B donnent de bien meilleurs résultats que les
éprouvettes type A, ce qui’était prévisible eu égard & la conception méme des
éprouvettes. o '

4,2 - que 1tutilisation d'un acier HR ST 52 en fcmplacement de ltacier
ordinaire ST 37 n'améliore pas sensiblement l'endurance (elle est m&me parfois
inférieure) . ' ’

4,3 - que le mode de sollicitation est sans grande irfluence sur le comporiem
4 la fatigue de 1'élément soudé.

Paris, le 30 Mars 1973, .

L*Ingénieur Principal des Etudes et Techniques d!'Armement LOPARD,-
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APPENDIX I

Laborat.crnum voor VYWeerstand van Materizien

St.-Pzetersmeuwstraat 4] - 8000 Gent. \

S . Directeur: Tel. 28.78,71
. Prof. ir. V/. SOETE . P.C. 4594.81
VERSLAG Nr 153/5:555 - WS/WDL/HR
Aangevraagd door: C.32.R.H. = De heer ir. J.J.L. VA: MAANEN, Direkteur
Lalenveversstraat 21, 1650 FIH A
Ten koste van: iden.
Betreft: . N.7.S. Investigation

Deel C : Veriroeiingsproeven op sroefstaven.

I. Proefztaven.

De ver oelwnbsmrocven werden ultbevoerd op 5 reeksen proefstaven.
De 1nae11ng is als volgt : _

Stazl Gieting Plaat Dikte Jummering Tekering
nr nm proefstaven
Gr.D{ 36 Bb B 9062 , 96 . 25 Al tot A12 72/1
£ 6002 597 + liﬂp 16 1 tot ©il12 12/2
Y, 9744 ¢ 107 F 13 Bi tot 512 1275
Gr.D £ 9556 . 109 , 19 Cl1 tot Ciz 7274
E 9556 .98 i3 D1 tot ©12 72/

Tekening 72/6 duldt vorm en afmetinpgen van Ge vermoeiingspreefstaven

aan

voor preeven
voor proeven
voor proaven

in
in
in

trel @ TGO x 100 mm (2 &lJOGl’P? e lkerven) -
trex/daruk 700 X 100 (’ ziidelinpse kerven)
buiging : 350 x 7% nmm (1 zijdclingse kerfl).

De totale kerfdiepte is 10 mm waarvan & mm et een dikte van 1 mm en
2 mn ret een dilkte van 0,25 . C




II. Vermoeiingsproeven.

@ : De belastingen Fmax. en Pmin. werden op de netto sektie berekend.
g 1. Vermoeiingsperoeven in_trek.
Proefmachine : fAmsler 1CO ton
g‘ Frekwentie : 250/rin.
Proefst. OLaX. . Priax. Pmin. aantal scheurlengte (mr)
% rglent  Ke Kg puls%ties links rechts
) 10 .
g oAl . %25 kB.BOO 1000 .5 0 0
i . . . 17 20 12 :
19,6 breuk
£ A2 +20 39,040 1000 5 0 0
10 o 0.
) 15 2 0]
20 5 1
25 10 3
30 16 ]
- , 35 29 5
37,5 breuk
A3 +15 29.280 1000 5 0 0
10 0 0]
15 0 0
20 0] 0]
25 0 0
\ z0 4] 0]
35 0,5 o
40 1 0
45 2 0
50 5 2
55 6 2,5
60 i 5
65 8,5 4
70 10 L5
75 - 13 5
&0 7 6
85 21 ; 6,5
90 30 &
a5 38 %
7.4 breuk

at

bl
&~
W
L

% Opmerking : wanneer op een bepaald ogenblik &&n scheur zeer lang wo
is de lengte ven de korte scheur soms niet meer meetbesa
onmdat deze laatste dicht gedrukt vwordt.
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G Steel Gr.D | Steel Gr. DH 36 Nb,

(kg/mm2) | t=13|t=19 | t=13]t=19]t=25

0 / +13 D4 [ c4 (B4 |E4 | A4

Repeated 0 /[ +15 D1 | c1 | BT |E1 | A3
Loading 0 /+20 | D2 |Cc2 |B2 |E2 |A2
0 /[ +25 D3 | C3 | B3 |E3 | A1
~10 [ +10 - - B8 - -
-125 [/ +125 | D6 | C6 | B5 | E®6 -
« |- [+ | D5 |cs |B7 |EY | -
Alfoea';itg;“g ~16,25/ +16,25| - |c8 | - - | -
-17 [ A7 - - - E7 -
-5/ +1m5 | B% |c7 | - - | -
-20 [ +20 - - B6 - -
0 [/ +125 | - Cc9 - - -

. 0 /[ +20 D10 | C10 | BS |E10 | A10
?::j;“gg 0o /+5 | b9 [cn [ B0 |E9 | A9
0 /[ 430 D | C12 | BT |EN | AN

0 / +35 D12 | - B12 | E12 | A12

t is plate thickness{mm)

TABLE.OIT TEST PROGRAM OF STA

NDARD FATIGUE TESTS.

P LIS | P
2 1 2
4:’1 ‘ £ oy
2 325 2
360
350 el 350
{ A
- af I\
b= — | \Notch
- =
Pavay
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