FATLURE ANALYSIS - THEORY AND PRACTICE - ECF7

RESULTS OF ROUND ROBIN TESTS OF FRACTURE MECHANICS
PARAMETERS WITHIN CMEA COUNTRIES

M. Brumovsky+

Results of the CMEA Round Robin Testing
Programme of Fracture Mechanics Parameters
is presented and discussed. Three phases
of this programme have been finished with
aim to the determination of static plain
fracture toughness Kpy., critical value of
J-integral Jre for mild and medium yield
strength steels and of fracture toughness
for dynamic initiation Krcd

Analysis of received results from 15 labo-
ratories from 6 CMEA countries shows that
all used recommendations are sufficient to
receive correct and comparable results of
measurements.

INTRODUCTION

Determination of correct fracture mechanics par-
ameters needs not only new testing methods and
evaluation of results but also strong requirements
on testing equipments and measuring technique.

Both part must be taken into account during prep-
aration of national/international standards- for
material testing.

Within the CMEA Working Group in Brittle Fracture
/22K.03/ during several last years a great effort has
been given to the preparation of international
recommendations for the determination of fracture
mechanics parameters by static /Kg., de and Jze/ as
well as dynamic /Kred/ loading and also to their
verification by round robin testing.

In this experimental programme 15 organizations
from 6 CMEA countries /as shown in Table I/ took part.

+ SKODA Concern Enterprise, Power Machinery Plant,
316 oo Plzen, Czechoslovakia
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TABLE I - Laboratories involved with the round robin

- ECF7

programme, listed in alphabetical order

Laboratory Chief Scientific Phase
Investigator

Centralny osrodok badad i Z. Gmur I,11

rozwoju techniki kolejnictwa,

04-275 WARSZAWA, Poland

Czech Technical University R.Stéarek I,II

Building Institute,

l6o oo PRAHA, CSSR

Institut de sudura si incer-T.Moise I,II,III

cari de materiale,

1900 TIMISOARA, Romania

Institut Mashinovedenia N.A.Makhutov I,II,III

AN SSR, MOSCOW, USSR P.F.Koshelev

Institute of Physical J.Mann I,II

Metallurgy CSAV, B.Vlach ITI

616 62 BRNO, CSSR

Nuclear Research Institute R.Havel IT

250 68 RE/, CSSR B.Stoces III

Research Institute of J.Podhora ITI

Chemical Apparatus

602 oo BRNO, CSSR

Research Institute of J.Kucera IT

Iron Metallurgy

739 51 DOBRA, CSSR

SKODA k.p., R.Janda I,I1,1II1

Central Research Institute

316 oo PLZEN, CSSR

§KODA k.p. M.Brumovsky I,1I

Power Machinery Plant

316 oo PLZEN, CSSR

State Research Institute V.Koula I,II

of Materials F.Hajsky

113 12 PRAHA, CSSR

Technische Universitat E.Schick I,IT,I11

"Otto von Guericke"
3012 MAGDEBURG, GDR
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Laboratory Chief Scientific Phase
Investigator

Vasipari Kutatdé Intézet A.Fehérvéri I,IT, 111

1116 BUDAPEST, Hungary

VITKOVICE k.p. M.Tvrdy I,LL

Research Institutes
706 02 OSTRAVA, CSSR

Welding Research Institute P.Poléak I
894 23 BRATISLAVA, CSSR

Main effort of this programme have been given to:
Phase I - Determination of Kr¢

- comparison of accuracy of fracture mechanics parame-
ters received from standard hydraulic and well equip-
ed mechanical or servohydraulic machines and in dif-
ferent laboratories;

Phase II - Determination of Jrc

- comparison of Jrc values for steels with different
dJ/da values with/without experimental determination
of blunting line;

- comparison of different methods for evaluation of sub-
critical crack growth initiation;

Phase III - Determination of Kred

- elaboration and verification of standard force cali-
bration and measuring methods; comparison of results
from different laboratories received by standard
specimens;

- comparison of accuracy in dynamic fracture toughness
determination in different laboratories.

EXPERIMENTAL PROCEDURE

Materials used within this round robin programme were
delivered by Czechoslovak /CSN/, German /TGL/ and Poland
/90 P/ members; main characteristics are summarized in
TABLE IT.

Static fracture toughness testing were carried out
according to the INTERATOMENERGO standard /1/ elabor-
ated on the bases of Recommendations from the CMEA
Working Groups 22K.03 and 06.S-12.
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TABLE II - Characteristics of experimental materials

Steel /mass %/ C Mn Si P S Ni Cr Mo

€SN 11503.10 .16 1.17 .33 .o0lé6 .0l5 .05 0.1l
€SN 11149 .15 1.15 .34 .0l8 .o0l7 .05
€SN 15313.5 .13 o0.60 .19 .009 .o007 .09 2.29 0.98
TGL 15198
16CrMo4 . 4V .19 o0.70 .33 .023 .o0l7 1.10 0.43
90 P .68 1.16 .25 .025 .olo
(6]

Steel R,0.2 R Ag KCV/+20°C

/MPa/  /MPa/ /%/ /3.cm~2/
€SN 11503.1l0 395 526 26.3 1lo
€SN 11149 365 516 29.0 loo
¢SN 15313.5 391 552 290
16CrMo4 . 4V 447 586 24 .8 230
90 P 518 990 13.6

Dynamic fracture toughness testing were carried out
with respect to the Recommendatijbns of the CMEA Groups
22K.03 and 06.5-12 /2/. Both recommendations are in
main requirements very close to the ASTM ones.

EXPERIMENTAL RESULTS AND DISCUSSION

Phase 1

The main purpose of testing within this phase was to
compare testing procedures in different laboratories
equipped by different testing techniques. Tests were
carried out within plain strain loading conditions.

Three point bend /TPB/ testing specimens of 25 mm
thickness were tested at these conditions:

- steel €SN 115.03 : betweeg -196°C agd -80°C ;)
- steel 90 P : at +20 C and -40 C.

Main results are shown in TABLE III.
Analysis of these results shows that:

- there is a very small difference between mean values,
determined for Gauss or Weibull t%pe of distribution
/38.5 for Gaussian and 41.0 MPa.m’2 for Weibull
type for SN 11503 type steel at -196 C/;

- mean square error of results in individual laborato-
ries depends on experimental equipment: for hydraulic
machines it represents about lo% for mechanical and
servohydraulic machines only 5% of mean value,
in absolute values it represents 4, resp. 2 MPa.m
all these values are valid for the area of lower
shelf of fracture toughness;

2
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- for higher temperatures /i.e.. in transition region/
it was also obtained that relative mean square error
in determination of K, or K values are similar to
those ones obtained fgr lowB®*shelt /i.e. lo,resp.5%/;
thus, there is no difference in accuracy in determina-
tion of KIC and KC values.

TABLE III - Results of Phase I testing /in MPa.ml/z/

Steel CSN II503.10 90 P Machine

Laboratory Kr./-196°C Krc/Z0°C  Kie/-40°C
1 40.0%0.9 SH
2 34.324 .6 H
3A 38.1%1.7 . . M
3B 45.132.4 39.7%3.0 M
4 . 38.652, 1 SH
5 33.722.0 M
6 36.323.7 H
7A 43.9%4 1 . . M
8A 34.5 44.632.8 35.811.7 H
8B . 39.9%2.7 38.8%3.8 H
9 45.8%1.0 M
1o 45.4%2 .7 40.131.2 34.1%1.8 H

mean 38.5%6.0 41.4%3.5 37 2%

H - hydraulic SH - servohydraulic M - mechanical

Phase II

The main purpose of testing within this phase was to
compare testing procedures for determination J g
values using method of several specimens in different
laboratories and also with other methods using only one
specimen. Moreover, two steels with quite different
dJ/da values were used.

For all specimens of TPB type with 25 mm thick-
nNess were again used. Main results are summarized in
TABLE IV.

Analysis of received results show that:

- more consistent results are received using mean value
of subcritical crack growth &3, in comparison with its
maximum value, Aam : scatter of JIc values are smaller
for the first one /between 175 and 253 kJ.m-2, i.e.
50% / in comparison with the latter one /between 126
and 212 kJ.m"2, i.e. 70% /;
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TABLE IV - Results of phase II testing /in kJ.m_z/

Steel €SN 11503.10 16CrMo4 . 4V
0 /2/ /3.5/
Laboratory JIC +20 C Ji JIC JIC 30.2
Aa da Aa Aa i}

1 242 153 lo2 UA

2 21o

3A 233 170 410

3B lo2 lo2 “A 184 lo4 195

4 238 212 1037x 879x 790x

5 172 155 UD

6 186 134

7A 175 167

7B 253 126

8A 38 AE 293 187 240

8B 332 257 240

lo 450 175 336

11 765x 662x 615x

12 292 190 241

13 469 287 309
mean from 221 157 +308 goo 260
Al drg I29 I34 Zi1p Isg tus
mean from 212 178 519 380 373

J-Aa pairs

x - values are not taken into account as they do not
fullfil all requirements of standard,;

UD— electrical potential drop method, direct current;

UA— electrical potential drop method, alternating
current;

AE- acoustic emmission method

mean square error of Jrr, for all laboratories is less
than 15%, which is close to errors in Kp. determina-
tions,

one specimen methods for crack growth initiation give
much smaller values of Ji in comparison with standard
multiple specimen method /Jz./;

determination of Jr. becomes problematic if dJ/da
value is smaller or close to GY as it is shown 1in
Fig.2 for 16CrMo4.4V type of steel,; for this case a
large scatter of results were received:

mean value of all Jrzc values is not consistent with
mean value of all J-pa pairs /Fig.2/;

609



FAILURE ANALYSIS - THEORY AND PRACTICE - ECF7

for this type of steel a blunting line is steeper
than with ol= 2 /experimentally was determined to be
equal to &« = 3.5/ : large differences between JI£2)

/according to standards/ and JIC(3:5) are seen.

value of Jpg.2 is close to the experimentally deter?
mined Jy, from stretch zone measurement: 255 MPa.m%?

Phase III

Mean aim of this phase was to compare calibration and
method of dynamic testing using pre-cracked Charpy
specimens from CSN 11149 /calibration/ and CSN 15313
/Kicd determination/. Main results are shown in Fig.3
and Fig.4, from which the following conclusions can be
made :

tests, made at -196°C have shown that not in all

laboratories the calibration /static/ of force was

made with appropriate accuracy: even though scatter

within one laboratory is relatively small /up to % lo%/

differences between laboratories have reaches even

50 %

similar results have been received er tests 08 Kch
c,

in temperature interval between -120 C and -4o0

where mean square errors of sets of results have been
between 6 and 8 MPa.m’2z for all testing temperatures

/similar errors have been reached by individual lab-
oratories/.

CONCLUSIONS

1/ Testing and determination of plain strain frac-

ture’ toughness KIC does not represent any seri-
ous problem: in all laboratories were received
very close results; accuracy in its determination
lies between 5 and lo% with respect to the type
of testing machine.

2./ Testing and determination of JIC values using

. 610

multiple specimens technique is more realistic
using mean values of subcritical crack growth;
accuracy in its determination is for normal struc-
tural steels close to accuracy in determination

of KIC, i.e. about 15%.

3/ Method for determination of JIC value for steel
with high resistance against crack growth /i.e.
with low value of dJ/da/ needs further vali-
dation and improvement.
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4/ Determination of Jj values using one specimen
techniques /potential drop or acoustic emmission
methods/ gives substantially lower values in
comparison with standard Jre method.

5/ Determination of Kgzcq4 depends in great portion
on the accuracy of force calibration which
reaches even 25% of measured values.

REFERENCES

/1/ "Determination of characteristic of base materials,
welding joints and melted metal of devices and
piping of nuclear power plants. Resistance
against brittle fracture".

Standard INTERATOMENERGO - 38.443.56-81.

/2/ "Testing and evaluation of dynamic fracture
toughness".
Recommendation 06.5-12-UFM-85 of CMEA Working
Groups 06.5-12 and 22K.o03.

611



FAILURE ANALYSIS - THEORY AND PRACTICE - ECF7
X
500 A
X
x
X
1 X
o~ ><)><< % x
IE X
3 7 XXX g
N~ X
-h x
. 2
B % JIC-2/2
J  =1646+2056x0a
00 T ; T T T T
aAa (mm) & 3
Figure 1 Results of Phase II testing: determination
of Jr. value for SN 11503 type of steel at +200(
3/
x /x //
’ / n
/ R =1
~ o
. /
/ /
. /
/7
/
/
/
’" Tye =519

. /=
é%// /) =802+ 4617 o
0 .ln|Al.1|11|J.A|/1|41l|141[.|LJ'~[
o 17 2 A& (mm) 3
Figure 2 Results of Phase II testing: determination

of Jr. value for 16CrMo4.4V type of steel at + 20cC
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Figure 3 Results of Phase III testing: dynamic cali-
bration at -196 OC using specimens from SN 11149 steel
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Figure 4 Results of Phase III testing: determination
of KICd temperature dependence for SN 15313 steel
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