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ABSTRACT

The results of determination of metal fracture to ess by
method of thermal impulse ( due to heat quantity bei
evolved because of plastic deformation in zone of yielding
are given in this paper.It is shown that the values

of stress intensity factor under plane deformation and
plane-intensified ocondition stated by methods of mechanical
fracture and by method of thermal impulBe are in linear
oconnections and differ within the errors of thermal impulse
measurement.
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THEORY

It is known that the work of plastic deformation in terms of
physical state characterizes the metal resistance to fracture
rather fully. However, the use of this ocharacteristics for the
analysis of fracture toughness is not provided by existing
methods of fracture mechanios but the known methods of
determination of plastic work by results of instumental
measurements of deformation in fracture 2zone ocan be
used only under the developed yielding. Therefore, the analysis
of fracture toughness with the help of thermal impulse
according to the quantity of heat being evolved in zone of
yielding (Wells, 1953) 1is of interest. It is shown (Taylor
and Quemnney, 1934) that +the work of plastioc deformation
in metals ochanges into heal by more than 90%, but the
rest part of it is fixed as a potential energy of a
orystalline lattice. Under a fracture the layer of plastiocally
deformed metal appears on the surface of oraock. Heat
accumilated in this layer is being diffused through the metal
into the sides from orack, i.e. the thermal impulse ocours
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In fracture mechanics. Tn this investigation the method of

thermal impulse was used 2
Fapi for determinati
Qharaoterlstlos of fracture toughness ason ogf s orgs
intensity factor. K according to BXPPesBion:n ress
K,. = ' 1/2
11 = (BB ,) T, (4)

where E'=E in a plane-strained i
2 E condition, E'= E/(1-1°
Plane deformation; ¢ is the coefficient of units oérrel;tigg.a

EXPERIMENTS

Measurement of Thermal Im ing ma
ent pulse. For measuri t

éggglse it is advised o use the thermocouple (Wellge t?353)l

ver, at a brittle fracture when the temperature ;alues T.

m

are especially small, the thermooou
. ple appears
available. Therefore, the specialized sggtem ﬁgs bebggﬁ

*) Index "ti" Thers and furthe
] r shows that t i
obtained by method of thermal impulse. e Sen, Walue s
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developed: temperature transducer and measuring amplifier of
direct ourrent. Unlike the thermoocouple, the used transducer
has a higher sensitivity, the 1low 1level of noise and a
nigh-stable temperature characteristioc. The developed sysfem
allows to change the small values of temperature (up to 10 K)
with an error being not more than 5% at a quiock action of 0.1 s

and gensitivity up to 10 °K/mm cn a soale of oscillograph
H117/1. For measurement, one thermosensitive element of
transducer is placed at a distance of X from expected line of
fracture but the other is arranged in a point of oconstant
temperature out of a loading object.The signal from transducer
iz sent to an amplifier and then to a high-frequency
galvanometer of oscillograph H117/1.

Steels and Specimens. The chemical composition and mechaniocal

properties of Investigated steels and also the mark, the
thickness of section and number of specimens for tests are

ziven in Table 1.

Table 1. Steels and specimens.

Steel Specimen Propeties,H/mm2 Composition,%
Mark Thiok-
(num- ness, a a C Mn Si S P
vy u
ber) mm
M 76 A1(15) 18.0 530 941 0.76 0.86 0.21 0.030 0.025

) 12.0 530 941 0.76 0.86 0.21 0.030 0.025
0) 3.0 363 510 0.15 1.31 G.51 0.016 0.017
17G15 C (10) 10.0 402 549 0.16 1.39 0.51 0.015 0.018
09G25 D (15) 11.0 343 490 0.12 1.30 0.50 0.016 0.017
18Gps E (15) 11.0 235 372 0.18 1.50 0.65 0.015 0.017

The rectangular specimens A1 with a margin and the oylindriocal
specimens A2 with an annular orack were made of steel with an
average strength and were tested for tension aoccording to
GOST 25.506-85. The specimens B, ¢, D, E of 150 x 75 mm in size
#ith V-shapped marginal notch were made of different steels of
low strength and were tested at a loading according to the
soheme of bend with a tension. The test was being made at a
normal temperature with a veloocity of loading as 0.25 mm/s.

EXPERIMENTAL RESULTS AND DISCUSSION
It 1is stated that <fracture of specimens A1 and A2 is

characterized by P-V I type dlagram. With acocount of it, the
design values of stresses intensity factor as KQ were

letermined according to GOST 25.506-85.
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Measurement of thermal impulse on speocimens A1, A2 was oarried
cut at a distance or 5 mm from a noton axis. From osoillogram,
Fig.1, it is seen that under linearly inoreasing load P to Pa

—CZine
Fig.1. Typiocal osBoillogram of foroe p and
temperature T fop Specimens A1 and Ap.

the temperature in a point of measurement decreases from
initial size T to T2. The origin of yielding in a
weakened seoction isg accompanied by non-lineap growth of foree
and velooity deorease of temperature ohange on area 2 - 3. In
time of fraoture at a foroe P, the elastio unloading of

sSpecimen takes place and the temperature Jump increases from

temperature inoreases to size of Tm. The maximum size of
temperature Tm is defined due to the distance sige T4—Tm. The
average sizes of T, constituted 0.347 and 0.153°K, but the
average values of arti obﬁained by expression (2)

-
constituted 1.52 and 0.67 J/cm< respectively fop specimens
A1 and A2. The obtained values or q were applied for

determination of design values of stresses intensity
coeffioient Kti by expressicn (4) at E'=E, i.=. there is the

commonest case of fracture under plane-stress condition.

rti

The design values of KQ and Kti are presented 1in Fig. 2 and

their average values obtained with trusting probability of 0.95
at a quadratic mean decline Y1 and a relative error v2 ape
given in Table 2. It is B8éen that a difference between average
values of KQ and Kti is not high than 8% for specimens A1 and

3% for specimens A2. The analysis showed that there was 2
linear connection with coefficient of correlation of 0.956
between KQ and Kti’ i.e. 91% or distribution is explained by

sorrelation of KQ to Kti' The connection between K and K

Q ti
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Table 2. Average values of KQ and K, .

Speoimen KQ,MPa{ﬁ Y1 Y2,% Kti,MPa{ﬁ Y1 Y2,%
' - 2.5
A1 52.0x1.6 9.706 2.8 56.0%1.5 9.083
A2 36.0¢1.3 6.110 3T 37 .01 .7 2.350 4.5

#ith probability of 0.95 oan be presented by equation of
regression mode:

= (5)

KQ— 075 Kti + 9.93
The results of po-
ints estimations sho- P
wed that the values o— 44 o 3 9'
KQ. obtained acoording Y —~ W L
to GOST 25.506-85 and s
by expression (4) were ] 4 p

in coinocidence w?th Y

2ach other having [g
an error not more than

13%.1t was shown above c§

=

<

<

that the determination
of Kti was based on

principlee of fracture
mechanios.From this it
follows that the known
conditions of ocorreo-
tion determination of

| A@=075K4;+9.93

fraoture to ess ) w0 50 60 70
foroce oharacteristios
according  to GOST ﬂ%f’ MBaviz

25.506-85 can be used
and also for checking
the correction deter—

Fig.2. Correlation field and straigt
line regression of KQ to Kti

mination of Kti‘ The for specimens A1, A2.

results of checking showed that the obtained values of KQ and
Kti for the investigated steel at .a tesf of 53?01men5 A1 we;s
the oritical conditional stress intensity fédtor of o
and K*t. according to GOST 25.506-85 but at a test of specimen
cti ‘
A2 the values of oritiocal ractor of KIc and KIOti were
obtained.With acocount of oheoking results, the average value of
K . by expression (4) at E'=E/(1—v2) and v=0.25 will be equal
. i t K and K . will
to 39.5 MPal{m and the difference between To Toti

constitute 9.7%.
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Megsurements of thermal impulse on specimens B, C, D, E, were
being made at X=14 mm simultaneously in three sections, Fig. 3,

| b
Zirte
Fig.3. Typioal oscillogram  of fopoe P and
temperatures T1-T3 for speocimens B - E.

plaoced at a distance or 10,30,50 mm from a notioed edge for one
SToup  of Bpeocimens and 20,40,60 mm for the other. From
0501llogam it is seen that in time of development of elastio
zlongations under linearly inoreasing foroce P the temperature
in €xpanded part or Epecimen deoreases (area 1-2 on ourves T1,
T2), but in compressed part as a result of elastioc shortenings
the temperaﬁure inoreases (area 1-2'cn a ourve T3). Yield
deve%opment 1n a notoh is acocompanied by non-linear wth of
ioadlng force and by temperature inorease in the first seoction
1 from notoh and then in the seoction T2 (area 2-3 on ourves
T1, T2). In this oase the velooity of temperature inorease
bfoomes gragua;ly high, then deoreases (area 3-4 on ourves 7%
T2) and 8galn inoreases (area 4—Tm on ourves T1, T2). By means

at P2 with the beginning of apea 3-4 on ourves T1 ang T2
respeotively. Sohdnert and Weichert (1969) also observed the
deorease and further temperature inorease of specimens befopre
fraoture_and eXxplain the temperature deorease by aococeleration
of elastlg deformations and tensions, but the further inorease
by plastio flow in the top of orack. From mentioned above it
follows that the appearance of area 3-4 on ourves T1 and T2 is

: f i i but the
temperature ilnorease in ares 4-Tm is ocaused by heat liberation

as a result_of plastio deformation in the top of orack orossing
the appropriate section. With account of this, the maximum value
of temperature T, was being defined aocoording to segment sige

T4—Tm1 for seotion T1 and a segment T4—Tm2 for seotion T2. In

Fime of fracture of the expanded part of Bpecimen the tensions
in oompressed part decrease and this in its turn ocauses the
lowering or temperature in section T3 (area 2'-2 on curve T3).
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A further change of temperature in seotion T3 ocoours so as in
section T1 and T2. And with this the area 3-4 appears under the
load '3 and the temperature value Tm is defined by Bize of
segment T4—Tm3. It is stated that the average values of Tm

range at 1.7...4.8°K  but less than the values obtained near
the notech and larger in the farest sections.The values of L

obtained by expression (2) near by the notoh at a distanoce of
10 and 20 mm are the oonstants and oonstituting 40,48 and 55

J/om for specimens B, C, D but on specimens E they increase
from 67 to 82 J/ome. In a middle part by height at a distance

from 30 to 50 mm for specimens B, C and from 30 to 40 mm for
specimens D, E the constant values of ALti being equal to 56,

67, 81 and 89 J/cm° respectively are also obtained. In the
farest Bsections at a distance of 60 mm the values of e ——
sharply increases to 67-82 J/cm2 for specimens B, C and to 107
- 127 J/cm for specimens D, E.

According to values of On.ti» using the expression (4) at E'=E,

the values Koti have been defined in different sections by

height of specimens. For the comparison in the same sections
the values of k_  have been determinated by known expression of

fracture meohanios:
K, = (6M_/BW?) 1'/2y, (6)

#here B, W are the
thickness and height
of specimens. The len-—
gth of orack L was
taken as being equal
to a distance from
notched edge up to
the discussed seotion 3
T1,T2 or T3.The values
of bending moment M,

were being defined by

S
P X900 —
[ ]
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30 499 L,mm

!

252  L/wW

foroce P1,P2 or P3 for
appropriate seotion.

for dctermining M, 7L*

and values of oorreo—

tion function Y the

expressions recommen-—

ded for the oconditions o 10 20
L/W>0.3 (Ostsemin and = 555 239
et al.,1983,1984) have

been used. In a result Fig.4. Changes of Koti/Kc depending

0f ocomparison it is on L and L/W.
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stated that at L/W>0.3 the relations of Kcti/xc are near a one,
Fig.4, and range between 1.12...0.89, 0.99...0.77, 1.11...1.06
and 1.15...1.09 for specimens B, C, D and E respectively.

CONCLUSION

Therefore, in time of thermal impulse application there is an
opportunity to estimate fracture toughness ascording to the
work of plastic deformation at a different level of yield in
the fracture zone. With this the values of force fracture
toughness characteristics obtained for steels being investiga-
ted by methods of fracture mechanics and by method of thermal
impulse are satisfactorily in acocordance with each other.

According to data by author of this paper the method of thermal
impulse ocan be used for estimating the fracture toughness of
metals on specimens and construoction elements of different
sizes, shapes and thiockness under normal and lower temperatu-
res, statioc and dynamio loading, that underlines the reliabili-
ty and perspective of advised approach to the analysis of
fracture toughness.
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