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THE RELATIONSHIP BETWEEN NOTCH AND
FRACTURE TOUGHNESS IN STEELS AND
WELD METALS
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ABSTRACT

Fracture toughness KIC and/or JIC characterizes material
resistance to brittle fracture initiation. Steel or welded
joint toughness is tested using KCV notch toughness test.

It is useful to know KIC - KCV relationship or the relation-
ship of transition temperatures, for fabrication of struc-
tures resistant to brittle failure.

184 couples of data of TKC100-T28J and/or TKC150-T40J tran-
sition temperatures for various steels and weld metals were
analysed. The relationships are only a little "tight", great
scatter can be observed. Another relationship is valid for
welded joints and another one for a steel. It is shifted appro-
ximately by 40 96 . More precise relationships can be determi-
ned for one type of steel or welded joint.

KEYWORDS

Fracture toughness, notch toughness, transition temperture,
brittle failure.

INTRODUCTION

The static fracture toughness KIC or JIC represents the cha-
racteristic of material resistance against brittle fracture
initiation. In design of structures resistant to brittle frac-
ture the required fracture toughness of materials KIP is calcu-
lated according to load level (sum of stresses Sr) and hypothe-
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tic crack size ag employing the following equations (Begley
et al., 1973).

Kip = St V- a; for S;/R_ < 1

Kep = Re]/sr.aF<2e/ee- 1)

for e/ee =1

where e = ST/E - relative total strain,

&, RE/E - relative yield point strain

The KCV notch toughness tests are used for checking of tough-
ness of materials including their welded joints in the plants.
There is no direct correlation between notch and fracture
toughness of materials. The KIC test is static; the specimen
is usually thick and it has a fatigue crack. The impact notch
toughness test is employed; the test bar is 10 mm thick and

1t has a shallow notch with the acuity radius r = 0.25 mm. For
a long time it is known that the steels are differently sus-
ceptible to loading rate and notch acuity. Therefore the frac-
ture toughness KCJ and notch toughness KCV characteristics

of steels will be different.

Figs. la - 1b show temperature dependences KCV and KCJ in

four structural steels with different yield strength Re =

= (180 - 500) MPa. They depict transition temperatures accord-
ing to notch toughness tests KCV - T28J, T40J and T50% as well
as those according to fracture toughness tests K[:J - TKC100

and TKC150. The definition of transition temperatures is evident

from figures.

The difference between transition temperatures is as follows:
AT(28 - 100) = T28J - TKC100 = -15 + 87 = 72 9¢

For MnVN steels according to Fig. 1b it will be:
FeE4200D ... AT(40 - 150) = -29 + 42 = +13 °¢

FeE5000D . AT(40 - 150) = -53 + 45 = -8 ¢

It can be presumed, that the higher is yield strength of steel
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the smaller is difference between transition temperatures

1403 - TKC150. Unfortunately, the problem is more complicated.

The fracture and notch toughness values were analysed according
to catalogues of welded joint mechanical properties at WRI
Bratislava. Totally 184 data, i.e. 33 data for steels, 60
data for MMA welded joints, 68 data for SA and 23 data for MAG
welded joints were evaluated. The regression dependences TKC
100 - T28J and TKC150 - T40J or dependences of TKC100 and
TKE150 on T50% were searched for whereas the following signi-
ficant physical parameters, namely material yield strength -

- Re and specimen thickness - h as well as as-welded condition
or relaxation annealing of welded joints were concerned. The
material structure, no doubt, belongs among significant para-
meters. However, the quantified data on structure are not gi-
ven. It has been proved that the sufficient model for the stu-

died regression is the quadratic equation:

i 2

Y = By + byxy + By + Bgkg # by ¥y ¥ Byox;xy w
+ b' X . X + b x2 + b,yX,Xx, + b x2
13%1%3 22%2 23%2%3 33%3

The coefficients negligible from the statistical viewpoint
(on 5% level of significance) were gradually left out from
the model. The results of analysis are shown in Tab. 1 whe-
re except for the coefficients bD, DZ"'
deviations of approximation "s" and correlation index "r"

are significant. The dependence of transition temperatures
TKC100 and TKC150 on specimen thickness - h has not been con-
firmed; which was curprising. However, majority of input da-
ta is for h = 30 mm, only exceptionally the 20 or 60 and

120 mm thicknesses were available. It could cause, that the
effect of specimen thickness was not pointed up sufficiently.
The transition temperatures TKC100 and TKC150 only slightly
depend on material yield strength - Re.

b2} also standard

When the parameters h and Re were left out simple equations
for the following steels were attained (Kdlna and Ving,1991)

TKC100 = -53.8 + 0.724 (728J3) ... s = 25.1 (Fig. 2)
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TKC100 =--78.6 + 0.727 (750%) s = 24.3
TKC150 = -38.5 + 0.743 (T403) ... s = 27.8 (Fig. 2)
TKC150 = -54.5 + 0.854 (750%) s = 24.3

Fig. 2 shows also the dependence of transition temperatures
according to Marandet and Sanz (1977) designated as MS. This

dependence is expressed by the equation:
TKC100 = 9 + 1.37 (T283)

In welded structure designing the designer often does not

know which welding method will be applied. Therefore from
practical aspect it is convenient to evaluate the welded joints
fabricated by different welding processes in common as far as
it does not lead to excessive inaccuracies. The common eva-
luation of TKC150 - T403 dependences of weld metals of joints
fabricated by three above-mentioned welding processes is shown
in Fig. 3 - WM straight line. The dependences for steel - de-
signated as St - are also plotted in diagrams. The’dependences
for weld metals WM of joints are shifted by about 35 °C in com-
parison to dependences for steel designated as St.

The dependences for weld metals are expressed in the following
equations (Kdlna and Ving, 1991)

22.4 (Fig. 3)

"

TKC150 = -4.63 + 0.697 (T403) ... s
TKC150

-17.4 + 0.882 (T50%) ... s = 22.7

The highest deviations fraom these dependences are found in
those materials which have the transition temperature
T50% >0 DC, i.e. brittle materials with low toughness.

More precise relationship between notch and fracture tough-
ness can be determined for concrete welded joints, made by
certain consumables and at given welding conditions.

Interaction of KCJ and KV of these welded joints is given

in Fig. 4. In general another relationships are valid for MMA
joints and another ones for SA and MAG joints. For criterion
value of notch toughness KCJ = 150 MPaVE.the required KV va-
lue varies within the range 28 - 66 J.
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Conclusions

Ihe relationship of transition temperatures was evaluated by
means of KCV notch toughness tests, namely T728J and T50% and
KFJ fracture toughness tests, namely TKC100 and TKC150.

Jased on the evaluation the following conclusions can be

drawn:

1/ the thickness, yield strength of materials and welded joint
annealing slightly affect the dependences of transition
temperatures TKC100 - T28J, TKC150 - T40J or the dependen-
ces of TKC100 and TKC150 on T50%,

b/ different equationsfor steels and different equations for
weld metals of joints should by used,

c/ the assessed relationships of transition temperatures are
relatively loose, the correlation index is r = 0.7,

d/ more accurate relationships can be determined for selected

steel grades or weld metals of joints.

REFERENCES

Begley J.A. et al. (1973) An estimation model for the applica-
tion of the J-integral, WRL Pitsburgh, ASTM STP S60

Kalna K., vinsg F. (1991) The relationship between notch and
fracture toughnmess in steels and weld metals, Welding News,
41, 2, 25-30

Marandet B., Sanz G. (1977) Evaluation of the thoughness
of thick medium-strength steels by using LEFM and correla-
tions between KIC and Charpy V-notch, Flaw Growth and Frac-
ture, ASTM STP 631, 72-95

397



Table 1. Regression function coefficients for data B)
of base metals and all weld metals (MMA,SA,MAG) 1=
=2
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Fig. 4. Relationship of the impact energy KV to fracture (éywr) A ( WpodiN) P -

toughness KrJ of weld metals in FeE 355 E steel
joints, designed for low temperature service
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