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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard is closely related to ISO 14556 and was derived from a draft procedure
prepared by the Working Party “European Standards on Instrumented Precracked Charpy Testing”
of the European Structural Integrity Society (ESIS) Technical Subcommittee on Dynamic Testing at
Intermediate Strain Rates (TC5).
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INTERNATIONAL STANDARD

ISO 26843:2015(E)

Metallic materials — Measurement of fracture toughness
at impact loading rates using precracked Charpy-type test
pieces
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Normative references

International Standard specifies requirements for performing and evaluatingdin
racked Charpy impact tests on metallic materials using a fracture mechanics approad
rements are given for measurement and recording equipment such that similar ser

mic fracture mechanics properties determined using this International'Standard are
conventional large-scale fracture mechanics results when the corresponding validity
Because of the small absolute size of the Charpy specimen, this is 6ftenh not the case. N

ure toughness properties determined through the use©f‘this International Standar
values measured at quasistatic loading rates. Indeed, an increase in loading rate cause
lcture toughness when tests are performed in the brittle or ductile-to-brittle regimes;
served (i.e. increase in fracture toughness) in théfully ductile regime. More inform
ndence of fracture toughness on loading (or strain) rate is given in Reference [1]. In g
Fally acknowledged that fracture toughness-also depends on test temperature. For th
ser is required to report the actual test temperature and loading rate for each test per

se of cleavage fracture of ferritic steels in the ductile-to-brittle transition region, va
ry large and cannot be adequately.described by simple statistics. In this case, additio
red and the analysis is to be perfformed using a statistical procedure applicable to this
br example Reference [2].

e effect of elevated (impact) loading rates.

following decuments, in whole or in part, are normatively referenced in this documnj
pensablé. for its application. For dated references, only the edition cited applies. |
ences,.the latest edition of the referenced document (including any amendments) appl

strumented
h. Minimum
sitivity and

comparable
criteria are
evertheless,

alues obtained can be used in research and development of materials, in quality cofptrol, and to
establish the variation of properties with test temperature under.impact loading rates.
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s a decrease
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ese reasons,
formed.
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type of test,

Modifications to the-analytical procedures prescribed in Reference [2] might be necessary to account

ent and are
For undated
es.

ISO 1

4841, Metallic materials — Charpy pendulum impact test — Part 1: Test method

[SO 148-2, Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines

SO 12135, Metallic materials — Unified method of test for the determination of quasistatic fracture toughness

ISO 14556, Steel — Charpy V-notch pendulum impact test — Instrumented test method

ISO 26203-2, Metallic materials — Tensile testing at high strain rates — Part 2: Servo-hydraulic and
other test systems

3 Symbols

For the purposes of this International Standard, the following symbols given in Table 1 apply.
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Table 1 — Symbols and definitions used in this International Standard

Symbol Definition Unit
a Nominal crack length (for the purposes of fatigue precracking, an assigned value less mm
than ap)
ar Final crack length (ag + Aa) mm
am Length of machined notch mm
ao Initial crack length mm
Aa Crack extension (a - ag) mm
Aamax |Crack extension limit for J-controlled crack extension mm
Aag Crjack extension corresponding to displacement s mm
B Sgecimen thickness mim
Be Spgecimen effective thickness as defined in Formula (E.7) mm
BN Sfecimen net thickness after side-grooving mim
CMm Cqmpliance of the test machine m/N
Co Specimen elastic compliance m/N
Cs Sgecimen theoretical compliance m/N
E Ydung’s modulus of elasticity GPa
de/dt |Stfain rate s71
fe Output frequency limit Hz
F Applied force N
Feq Applied force at onset of unstable crack extensiondn Figure 1 N
Ff Mpximum fatigue precracking force during the final precracking stage N
Fgy | Applied force at onset of general yielding as defined in ISO 14556 N
Fm Maximum applied force as defined in 1S0O~14556 N
Fs Applied force corresponding to a displacement s N
Ja Dynamic J-integral M]/m?2
Jed Dynamic equivalent of Jo(g) in1SO 12135 (with B = 10 mm) MJ/m?2
Jg J 4t upper limit of J-controHed crack extension MJ/m?2
Jdmax |Limit of J4-R material’béhaviour defined by this test method M]/m?2
Jud Dynamic equivalent of Jy(g) in ISO 12135 (with B = 10 mm) M]/m?2
Jo,2Bd |Dynamic equiyvalent of Jo 2p1,(B) in ISO 12135 (with B = 10 mm) M]/m?2
djq/dt |Rate of ¢hange of dynamic J-integral M]J/m?2|s-1
Kq Dynamic stress intensity factor MPa 0,5
Kjd Dynamic stress intensity factor calculated from J-integral MPamo,5
Kidyn(t) |Stress intensity factor - time history from the impact response curve method MPa m0.,5
Kiq Dynamic plane strain fracture toughness MPa m0,5
Kjca  |Dynamic stress intensity factor calculated from J-integral at the onset of cleavage MPa m0.,5
dKq/dt |Rate of change of dynamic stress intensity factor MPa m0,5 s-1
KV  |Absorbed energy as defined in ISO 148-1 ]
KVp |Available potential energy corresponding to a reduced pendulum impact velocity vg |
M Total mass of the moving striker of the pendulum kg
n Strain hardening exponent of the Ramberg-Osgood material law —
N Number of available test specimens —

2 © IS0 2015 - All rights reserved
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Table 1 (continued)
Symbol Definition Unit
Dynamic flow stress, defined as the average of dynamic yield strength and dynamic
Req . MPa
tensile strength
Rmd |Dynamic tensile strength determined at the strain rate of the fracture toughness test MPa
Dynamic yield (proof) strength determined at the strain rate of the fracture tough-
Rpd MPa
ness test
Rp Yield (proof) strength measured at quasistatic strain rate MPa
< Qppr‘impn dicp]:\r‘pmpnf (r‘:\]r‘nlafpd nrr‘nrding ta ISQ 14':';6) mm
Spl Plastic component of specimen displacement mm
N Span between outer loading points mm
T Temperature °C
Time S
t Time to fracture S
i Time at the onset of crack propagation S
t Signal rise time S
th Time at striker impact S
T Period of force oscillation S
Vo Initial striker impact velocity ms-1
Vs Striker impact velocity corresponding to the maximum available energy of the pendu- ms-1
lum
/4 Specimen effective width mm
Wm  |Energy at maximum force as defined,ify[SO 14556 J
Wp Plastic component of the area under-the force-displacement test record up to displace- ]
ments
W Total fracture energy under the force-displacement test record up to displacement s |
Wt Calculated energy fronrarea under complete force-displacement test record up to ]
F=0,02 Fy, as defined inf ISO 14556
Wo Available impactienergy ]
| Poisson’s ratio —
4 Principle
This [nternational Standard prescribes impactbend tests which may be performed on fatigu¢ precracked
Charpy-type specimens to obtain dynamic fracture mechanics properties of metallic materials. This
Internati - i i dance with

[SO 148-1, and may be used for the evaluation of the master curve reference temperature in accordance
with Reference [2] provided that the corresponding validity requirements are met. Instrumented
testing machines are required together with ancillary instrumentation and recording equipment in
accordance with ISO 14556.

Fracture toughness properties depend on material response reflected in the force-time diagrams
described in Table 2 and Figure 1. The logical structure for fracture property determination and
validation is shown in the flow chart of Figure 2.

© ISO 2015 - All rights reserved
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Table 2 — Fracture toughness properties to be determined

Material response/fracture behaviour | Corresponding diagram type | R-curve Characteristic pa-
(see Figure 1) rameters
. : . . Jeds Kjed, Kid (B, dKq/
Linear-elastic I dt, dJy/do)
Elastic-plastic, unstable fracture with
D o <0.2 mm Il — Jed, Kjed (B,dJa/dt)
Elastic-plastic, unstable fracture with
0,2mm < Aa < 0,15 (W - ag) o - Jud (B,Aa,dja/de)
Elastic-plaftic, unstable Tracture with ]
Aa> 0,15 (W - a) 1 Ja-Ba Jo,2Bd (dJg /@]
Elastic-plastic; no unstable fracture v Ja-Aa Jo,2Bd (dfa/dt]
Force Force
e | Type ] Type I
Force tf Timg
T Vaadie Type IV
Feq] N yp
' 'vf\/\/v Test
terminatign
7

Figure 1 — Typical force-time diagrams (schematic)
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Fracture toughness test
at impact loading rates

Unstable Fracture Stable
Fi 1 lorll behavi
igure 1 types I or e av10ur/ Figure 1 types Il or IV
Test method
[ 1] v ¥ v Y
ULe lower Quasistatic U.se lower Quasistatic Multi-specimen Sirfgle-specimen
'mpa_ct elastic-plastic impact elastic-plastic evaluation nérmalization
belocity fracture velocit fracture method method
dy arr(l)irc eval mechanics mechanics
thethods (Annex H) (Annex H) (Annex D) (Annex E)
(Annex C)
repeat test with|
differentlAa
\ l } Y
| K, L Joo Ky oo Koo Joa J-R curve
1]
Ye % Aa<
= @ O'ZTVAV‘ji]O'ls Annex F
Y Yes *
Validity (Annex G)J r Jew K | Ja Validity (Annex G) |
(]

¥ [
| Validity (Annex G) | Qalidity (Annex G) o280 ©T Jo28a010) J

Figure 2 — Flow chartfor the application of the test method

5 Test specimens

5.1 | Specimens shall be(prepared in accordance with the standard specimens of ISO 14{8-1, with or
withput the 2,0 mm V:-notch, followed by fatigue precracking.

5.2 | Specimeng‘shall be fatigue precracked in bending to produce an initial crack length, ag,|in the range
0,30k ap/W <0,70.

If the res{iits in terms of J are to be directly comparable with full-size standard fracturge toughness
valugssueh as Jo,2pL (as defined in ISO 12135), then ao/W shall be in the range 0,45 < qo/W < 0,70.

ShOI' ar’cracly lnngthc vy ha maarn aduantagnanie Ac o cbiffays thct inecn tneornacng +tha nae bablllt Of a
e eratke RSt Hay-benereaavanttageodsasaSthter e st pieceereaseStaePpr y

successful test.

5.3 To initiate fatigue precracking, machine or spark erode a slot into the specimen. For specimens
with an existing V-notch, fatigue precracking may initiate at the bottom of the notch. The length of the
machined notch, ap, shall be at least 1,0 mm shorter than the desired initial crack length, ay.

5.4 During the final 1,3 mm or 50 % of precrack extension, whichever is less, the maximum fatigue
precracking force shall be the lower of:

© IS0 2015 - All rights reserved 5
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w
b x 10-4 m1/2 and the function f{%J is given in Formula (H.2).

minimum-to-maximum fatigue precracking force shall be in the range 0 to 0,1 exceptf
crack initiation one or more cycles of —1,0 may be first applied.

r plain-sided specimens, By = B.

fatigue precracking is performed at temperature Tq and testing is pérformed at temper
ula (2) shall be factored by the ratio Rp [T1] / Rpd [T2], where Ry fT1] is the quasistatic
mperature T1 and Rpq [T2] is the dynamic yield strength attemperature T>. In additi
from Formula (1) shall be evaluated using the smaller valug.of Ry [T1] and Rpq [T2].

hens may be side grooved, preferably after fatigue ‘precracking, using a V-notch cutf]
vith ISO 148-1 to a depth of 1,0 mm on each side, Side grooving is recommended for all
5. For details of crack length measurement, see 9:4:2.

g machines

sts may be carried out using testing:machines of the general types specified in Annex A
can perform all types of test (see-Annex A for more details). In all cases, the striker and
shall conform to ISO 148-2.

5 of machine instrumentation and calibration procedures are specified in ISO 14556.

rery test in which.the entire force signal has been recorded (i.e. the force returns t
e difference between KV and W; shall be within 15 % of KV or 1 ], whichever is larg
nent is not.unet but the difference does not exceed +25 % of KV or +2 ], whichever is 14
may be adjtisted until KV = W¢.[3] If the difference exceeds +25 % of KV or 2 ], whiche}
st shall-be discarded and the calibration of the instrumented striker user shall be che

that

hture
yield
bn, Ff

er in
{d-Aa

. Not
anvil

b the
rer. If
\rger,
yer is
cked
o the

sary repeated. If recording of the entire force signal is not possible (for example due t

specimen b

ents

ingyejected from the machine without being fully broken), conformance to the require
stated earlie_ﬂﬂ—rﬁl_l)_rﬁfh—ﬁ—hﬂ#r Shall be demonstrated Dy testing, using the same experimental apparatus, at least five
Charpy specimens (precracked, non-precracked, or a mix of precracked and non-precracked) of similar

absorbed energy level, for which the entire force signal is recorded. In all cases, the difference between
KV and W; shall be within #15 % of KV or +1 ], whichever is larger.

7 Test procedures and measurements

7.1 General

Tests are performed in general accordance with the standard Charpy impact test of ISO 148-1, with
allowance for other types of machines, as specified in Annex A.

© ISO 2015 - All rights reserved
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The force-displacement diagram is recorded according to ISO 14556, from which the key data values
Fm, Fcd, Wi, and Wy are determined. In addition to the procedures of ISO 14556, specific procedures for
determining striking velocity, available energy, and crack lengths are given below. These data form the

basis for evaluation of toughness parameters according to Annexes D to F.

NOTE

ISO 14556.

7.2

Impact velocity

The force F¢q in this International Standard corresponds to the force Fj, (crack initiation force) in

This International Standard applies to any impact velocity, vg, in excess of those corresponding to

the t
1 ms|

NOTH
relea

NOTH

appr
point

=

whel
(mag
300
to 2
oscil
fract]

7.3

Whe
fract
case,
the f
this

orde

NOTH
meas

strain gauge method described in Annex C.

7.4

esting rates prescribed by ISU 12135. Commonly used 1mpact Velocities are 1n the
~1to 5,5 ms-1.

1 Impact velocities for pendulum or falling weight testing machines can vary by*adjustiy
Ge height.

2 The reduced impact velocity, vog, can be determined as follows: reléase the pendul
priately reduced height, without a specimen on the supports. Read the errergy KV (in ]) in
er on the analogue scale. From this, the reduced impact velocity is calculated for a 300 ] pend

_y 300-KV,
0~ "0s 300
e vos is the impact velocity corresponding to the makimum potential energy of th
hine capacity), in this case 300 ]. If the pendulum maximum available energy is di
, replace 300 in Formula (3) with the actual maxintim available energy. A reduced vell
m/s) can be advantageous, particularly in case of brittle behaviour, as it reduces {
ations by lowering their relative amplitude’and by increasing their number within
ure tr (see 8.2).

Time to fracture

h the time tf to initiate unstable fracture is less than 37, with 7 being the period of forc

range from

g the striker

hm from the
icated by the
lum as:

3)

e pendulum
'ferent from
ocity (1 m/s
he effect of
the time to

b oscillation,
cord. In this

ure occurs after less than three oscillations in the force-time or force-displacement re
the instant of crack initiation is not detectable in the force signal with adequate acc
brece oscillations[41[5][6] (see Figure 1, type I) and the test cannot be evaluated in acco
nternational Standard. Reducing the test impact velocity is recommended for furth
- to increase thenumber of oscillations preceding fracture.

urements, wihen time to fracture tf < 37. Examples are the impact response curve method and

Multiple specimen tests

racy due to
dance with
br testing in

Dynamic.evaluation methods have been proposed for determining tr independenmtly of force

the crack tip

To determine dynamic J4-R curves by multi-specimen techniques, the fracture process is interrupted at
a certain stable crack extension Aa and the process is repeated until an adequate number of data points
are available to define the J4-R curve. This procedure is described in Annex D.

7.5

Single-specimen tests

Several single-specimen techniques have been proposed in the literature to estimate dynamic
Ja-R curves. However, only the normalization method described in Annex E is supported by this
International Standard.
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7.6 Post-test crack length measurements

After a test has been performed, the specimen shall be broken open, if necessary, and the fracture
surfaces shall be examined to determine the initial crack length ag and the amount of stable crack
extension Aa (if applicable). The measurement of initial crack length and stable or unstable crack
extension (if applicable) shall be performed in accordance with ISO 12135 (nine-point average method).

NOTE1 For some tests, it may be necessary to mark the extent of stable crack extension before opening the
specimen. Stable crack extension may be marked by heat tinting or by post-test fatiguing. Care is to be taken
to minimize post-test deformation. Cooling materials which exhibit a ductile-to-brittle transition may help to

ensure brittle behaviour during specimen opening.

NOTE2 In
when using 3
be beneficial
software may

The occurrd

8 Evalud

8.1 Thee
specimen as
force-displa

8.2 In the
depends on

8.2.1 Iffr

employed for further testing in order to obtain a force signal with reduced oscillations. Alternativel

dynamic evg

8.2.2 Ifth
Jud) shall be
be qualified

8.3 Inthe
or the nornj

the case of poor contrast between fatigue crack, stable crack, and brittle crack after heat/ti
microscope for crack length measurement, the use of dark field illumination and/or filters
Digitizing the fracture surface and subsequently evaluating the digital image by intage an
 be advantageous.

nce of irregular crack fronts shall in all cases be reported.

ition of fracture mechanics parameters

Valuation of fracture toughness parameters depends on thédfracture behaviour of thg
reflected in the force-displacement diagrams described inTable 2. Therefore, the meas

case of unstable fracture as in Figure 1, typesdi@r II, the applicable evaluation me
the oscillations superimposed on the force signal:

hcture occurs after less than 3 oscillations;i.e. tf < 37, a reduced impact velocity shou

luation methods described in the informative Annex C may be used.

bre are at least three oscillatigns before fracture occurs, i.e. tf = 37, fracture toughness (|
evaluated using the formulasprovided in Annex H. Fracture toughness values obtained
in accordance with AnnexG.

case of stable crack-€xtension as in Figure 1, types Il or IV, either the multi-specimen me
alization method’(single-specimen technique) described in Annexes D and E, respect

shall be use

8.3.1 Mul

8.3.2 Sin

Several approaches,

as the basic

to determine the J4-R curve. Results obtained shall be qualified in accordance with Anr

i-specimen methods and the corresponding evaluation of /4-R curves are described in Anjj

é-specimen tests require numerical or analytical determinations of the Jq-Aa R-¢
esides the normatization method described i ANNEX E, have been proposed,
key curve method[Z][8][9] and the analytical three-parameter approach.[10][11] However,

the normalization method is supported by this International Standard.

nting,

may

hlysis

test
ured

fement or force-time diagram shall be assigned to one ofithe diagram types shown in Figlire 1.

thod

Id be

y, the

[cq Oor
shall

thod
ively,
ex G.

exD.

urve.
such
only

8.4 The determination of characteristic fracture toughness values (Jo,284 or Jo,2Bd(10)) from dynamic
crack resistance curves is described in Annex F. Values obtained have to be qualified in accordance
with Annex G.
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Crack-tip loading rate

Fracture toughness values shall be stated with the corresponding loading rate added in parentheses.
Loading rate may be estimated as follows

8.6

dKy Ky

Type I curves: —= " 4)

f
d d

Type Il curves: Azjﬂ or Aszd (5)
ts e t¢
d F

Type Il and IV curves: A=m—vonpl ] 6)
dt  By(W-ay) P\ W

The dynamic yield stress at the relevant strain rate may be required for certaip evaluation

procedures and validity checks, and may be determined using ISO 26203-2. Therelevant str]
be edtimated in accordance with Annex B.

9

9.1
The

Testreport

Organization

Lest report shall make reference to this International*Standard and shall be compy]

parts (see 9.2 to 9.5). Details regarding test materialytest specimen, and test conditior

test

environment, shall be reported as in 9.2. Fatigue ‘cracking is addressed in 9.3, whilg

straightness and crack length data shall confornito 9.4. Derived fracture parameters s

qua

9.2

See

9.2

9.2

9.2.

lified in accordance with 9.4.

Specimen, material, and test environment

1.

.1 Specimen description

identification;
¢rack-plane orientation;

location witHin-product form.

.2 Specimen dimensions

hin rate may

ised of four
s, including
crack front
hall also be

thicknhesses B and By, (mm);

width W, (mm);

initial relative crack length, ag/W.

3 Material description

composition and standardized designation code;

product form (plate, forging, casting, etc.) and condition;

tensile properties at precracking temperature, referenced or measured;

tensile properties at the test temperature, referenced or measured.
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9.2.4 Test environment
— temperature (°C);
— striker impact velocity (m/s);

— characteristics of test machine used.

9.3 Fatigue precracking conditions

— K (MPa m0.,5);

—  Fr(kN);

— precracking temperature (°C).
9.4 Test data qualification

9.4.1 Limitations

All data sha]l meet certain requirements in order to be qualified in accordance with this method.|Only
qualified data shall be used to define fracture resistance at impact loadingrates according to this method.
The data degcribed in 9.4.2 to 9.4.4 can be assembled in the suggestedfermat presented in Annex I.

9.4.2 Cra¢klength measurements

Measurements shall be made at nine evenly spaced locations across the specimen thicknesgs as
prescribed in 7.6. The following average values, calculated:from the measured data, shall be reported:

— the initjal machined notch length (ap);

— the initjal crack length to the fatigued notch'tip (ao);
— the fatigue precrack length (ag — am);

— the fina] crack length (ar);

— the averfage crack extension (Aa= ar - ap).

9.4.3 Fracture surface appearance
— arecord of unusual features on the fracture surface;

— arecord of the.oceurrence of unstable crack extension such as cleavage.

9.4.4 Resjstance curves

— include data for resistance curves from single-specimen tests in Table [.2.

9.4.5 ChecKlist for data qualification

The test results shall be considered qualified if they conform to the following criteria:

a) the specimen conforms to the dimensions and tolerances prescribed by ISO 148-1;

b) the test apparatus conforms to the requirements of ISO 148-1, ISO 14566, and Clause 6;
c) the average initial crack length ag is within the range 0,30 Wto 0,70 W;

d) all parts of the fatigue precrack have extended atleast 1,0 mm from the root of the machined notch;

10 © IS0 2015 - All rights reserved
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e) the maximum fatigue precracking force satisfies the requirements of 5.4;

f) none of the seven interior initial crack length measurements differs by more than 0,10 ag from the
nine-point average initial crack length;

g) none of the seven interior final crack length measurements differs by more than 0,10 (ag + Aa) from
the nine-point average initial crack length;

h) the data number and spacing requirements of Annex G are satisfied for J4-Aa curve and Jo,2d
determinations.

9.5 Testresults

The test report shall specify the following fracture parameters determined as:
a) the value of Kjq obtained, if applicable;

b) the value of dK4/dt obtained, if applicable;

c) the value of Jcq, Kjcd, Jud, OF Jo,2Bd obtained, if applicable;

d) the value of dJq/dt obtained, if applicable;

e) the type of force-time diagram, with reference to Figure 1,&ypes [ to IV;

f) 4 copy of the test record.

© IS0 2015 - All rights reserved 11
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Annex A
(normative)

Test machines suitable for each test procedure

A.1 This Annex gives guidance on the general types of testing machines used to perform the tests detailed

in this Interr

Atianal Crandard T challhn notnd that mat A1l s chin e ca aefas
SoRar>tahaara—rt St 8e-hHote t+HOotar et

The referen
to have ava

Other pendy
and fixed o

for such ma|
time or forc

A.2 Falling

velocity or

displacemer

A.3 High-1
the system i
displacemer]

striker impdcts the specimen. Striker, anvils, and supports’shall meet the requirements of ISO 148-2.

12

mall fvnnc Afnctc
O oty pPeSo0++tests:

a
T orcricr Tt oot o

Fiable pendulum release position and therefore a variable striking velocity.

ilum machines may be used, with fixed anvil/moving striker or fixed striker/moving
moving test specimen. The pendulum release position and therefore théstriking vel

b-displacement records.

t records.

ate servo-hydraulic test machines may be used toapply force to the specimen, proy
s in open-loop mode, optimized by simulation ot evaluation of pre-tests, to obtain con
trate. Care must be taken to ensure that the actuator has reached the desired rate befor

Ce testing machine is the instrumented Charpy pendulum according to ISO 14556;nmod

chines are normally variable and the striker or anvils are instrumented to provide fi

ified

anvil
pcity
brce-

b weight testing machines, which may be spring assisted, liave no restrictions on inppact
mass of falling weight. The striker shall be instrumented to provide force-time or f|

prce-

rided
stant
e the

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=4f45e637390c185a7061b2bd28e5c142

ISO 26843:2015(E)

Annex B
(informative)

Estimation of strain rate

The loading rate in fracture mechanics tests is characterized in terms of the rate of change of a fracture
mechanics quantity with time; e.g. dJq/dt. Usually, the strain rate at the crack tip is not known. The

requ
inaf
fract|

q

q

whel
quas|
inter|
mateg

Forn
spec

red strength value Rpq at the temperature of the fracture mechanics test has to be
ensile test at a strain rate that is representative of the fracture mechanics test, reco
an differ significantly from the quasistatic value Rp. An approximate equivalent)strain
ure mechanics test may be calculated according to Formula (B.1):[12][13]

¢ 2R

=—F
It tE

e Rp and E are values at the temperature of the fracture mechanics test and corre
istatic loading rates, and t is the time to fracture in the case of small scale yielding
val of the initial linear part of the force-time record{in“the case of distinct el
rial behaviour.

ula (B.1) provides a general estimate of strain rate'values associated with fracturg
men.

determined
onizing that
rate for the

(B.1)

sponding to
or the time
hstic-plastic

b in the test
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Annex C
(normative)
Dynamic evaluation of fracture toughness
C.1 General

The evaluat

test perforr:ted. However, all the tests have certain common characteristics involving time/te-frag

force-time,
procedures

ion of test records and calculation of results varies in detail depending on the parti

r force-displacement responses. The impact response curve and the crack tip-strain g
provide accurate and repeatable results.

rular
ture,
auge

C.2 Imp3actresponse curve method
C.2.1 The|impact response curve method is a fully dynamic measuririg) technique.[141[15][16]| ]t is
applicable to any test condition, particularly higher impact velocities<or low temperatures, and is
applicable t¢ steels only. The procedure is illustrated in Figure C.1. Thé méthod is applicable for tf= 45 ps.
1%
M Vo Impact response
curve
| 9o
f s
r~ -1
= L
Impact fracture
E : ——————————
'?G toughness K|
= |
= i
-
=
N I
l
i
|
: !
Time to |  measuredina
fracture te | test experiment
0 ] 1 ] ﬁ/ ] 1
0

14

Figure C.1 — Schematic illustration of the impact response curve method
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The leading edge of the force signal marks the beginning of the impact event, t,. The time at the onset
of crack propagation, tj, is determined as described in C.2.2. The time to fracture, t;, is the interval
between the two times t; and t,, see Figure C.2.

C.2.2 A strain gauge is bonded on the specimen, with its centre 1 mm to 2 mm from the fatigue crack
tip and its grid direction perpendicular to the crack as shown in Figure C.2. This strain gauge does not
require calibration.

C.2.3 Thestrain gauge shall have a grid size of not more than 1,5 mm x 1,5 mm and be bonded preferably
usmg hot cured solvent thlnned epoxy adheswe to obtaln the th1nnest p0551b1e glue 11ne The gauge is

y 1S : tguration; the
mended frequency response is greater than or equal to1 MHZ Typical gauge energlzc tion voltage
is1Vto4V.

14
| Strikerforeé ,’
= /
)
[<Ty]
s K
B -
|
I
0 )—— T T
>
0 50 100
/L\-' """" i 5 | Crack tip strain gauge
> F |
7 o) |
g |
8
s r | N
|
0

Figufe C.2 — Typical striKer force and crack tip strain gauge signals during impact. The onset of
crackéextension is defined as a sudden drop in the gauge signal

C.2.4 Whenthere is a sufficiently long time to fracture, tr > 37,[41[3][6] crack initiation is |[defined as a
sudden drop-of at least 5 % of the force registered at the instrumented striker, for which a quasistatic
evalyatiegnymay be performed in accordance with Annex H. If ¢f < 37, then crack initiation {s defined as
a sudden drop of at least 20 % in the crack tip strain gauge signal and dynamic toughness|is evaluated
using The {mpact Tesponse curve method.

C.2.5 The stress intensity factor - time history, Kjdyn(¢), constitutes the impact response curve.[14]
Using the measured t, the impact fracture toughness Kiq is determined as:

Kig=KP" (¢=t;) €1

Impact response curves for three particular impact velocities vo = 2,0 ms-1, 3,8 ms-1, and 5,0 ms-1 and
a/W = 0,5 are shown in Figure C.3. The curves scale with velocity.

© IS0 2015 - All rights reserved 15


https://standardsiso.com/api/?name=4f45e637390c185a7061b2bd28e5c142

ISO 26843:2015(E)

3,8m/s
150} jj/
1004

£
~>
T
[a®
=
-
5
83
50 Impact response curves
Precracked Charpy.specimen
i Relative crack length a/W = 0,5
) ] !
0 100 200

Time ¢, us

300

Figure C.3 [— Impact response curves, Kjdyn(t), at velacities v = 2,0 ms-1, 3,8 ms-1, and 5,0 ms-1

for a/W.=0,5

For practicall applications use the expression:

KM =Rvof(¢)

where the cpnstant R = 301 GN/m5/27and the correction factor f(t") is found in Table C.1, with

2
t=t 1—0,62(1—0,5j+4,8[£—0,5J
w w

where t is tHe measured physical time and t' is a modified time which compensates for variations (
initial crack]lengthin the range 0,45 < ag/W < 0,55. The correction factor is less than 5 % for ¢t > 11

and thus th¢ f{£")-correction is limited to t' < 110 ps (~27). f(t") = t' for ' > 110 ps.

(€.2)

(C.3)

fthe
0 us,

16
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Table C.1 — Functions for the determination of Kydyn for 0,45 < ag/W < 0,55[14][15][16]

NOTH

machlfine compliance, Cp, = 8,1 x 10-9m/N. If the actual compliance of the test device differs from t

resul
facto
testd

C3

C.3.1
both
grid
is 51

t t" =f(t") t t" = f(t') t t" =f(t')
(ns) (ps) (ms) (ns) (ps) (ns)
0 0 40 45 80 69
2 0 42 46 82 70
4 2 44 47 84 75
6 4 46 46 86 81
8 6 48 45 88 88
10 9 ol 45 90 94
12 13 52 46 92 100
14 17 54 49 94 106
16 20 56 53 96 111
18 24 58 57 98 116
20 28 60 61 100 118
22 30 62 65 102 119
24 33 64 69 104 118
26 35 66 72 106 117
28 36 68 73 108 115
30 38 70 73 110 115
32 39 72 72
34 40 74 70
36 42 76 69
38 43 78 68

This value of the constant R applies for stiff pendulum test devices according to ISO

fing influence can be taken ifite account by multiplying the given value of R by the first-ord
, 1,276/(1 + 0,276 x Cyy x,8;1.%x 10-9 m/N). Procedures for determining the machine complia
evices are described in References [4] and [14].

Crack tip strain gauge method

The crack tip strain gauge method uses the output of a small strain gauge mounte
sides of\the test specimen close to, and with its centre aligned with, the fatigue crack
Hirection perpendicular to the crack as shown in Figure C.4. The ideal position for the

148-2 with a
his value, the
er correction
hce of impact

d on one or
tip, with its
strain gauge

Jd 101

hm-away from the crack tip and aligned with it, when a/W = 0,5. The background to th[is method is

giver
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C.3.2 The
using hot-cy
connected t
recommend
low enough

C.3.3 The
gauge amplj
up to the m3
the same tes

C.3.4 The
test record i

C.3.5 Wh¢g
sudden droy

is performed in accordance with Annex H.

C3.6 Iftr
then calcula
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:2015(E)

5 mm typlcal__! o

F )
A T
.:al'--—
Strain gauge Tip of
fatigue crack
N
-V
An OO0 t
t A i
to f t

Figure C.4 — Typical force-time crack tip strain gauge record
strain gauge shall have a grid size of not more than 1,5 11 x 1,5 mm and be bonded prefe
red solvent-thinned epoxy adhesive to obtain the thinnest possible glue line. The gay

ed frequency response is greater than or equalito 1 MHz. Gauge energization voltage sh
to minimize thermal drift; 1 V to 4 V is usual

specimen is first loaded statically in_bending to obtain a calibration record of the 3
ffier output against applied force. Atleast six values of output voltage and force are reqy

ting machine as the impact test.

impact test is performed and the strain gauge output signal is recorded. A typical force
5 shown in Figure C.4.

n there is a sufficiently long time to fracture, tf > 37,[4][3][6] crack initiation is defined
of at least 5%-0f the force registered at the instrumented striker and a quasistatic evalu

< 3%, the time at fracture tf is evaluated from the strain gauge force-time record and |
Led from impact response curve method according to C.2.

rably
ge is

a high frequency response amplifier using the three-wire quarter bridge configuration; the

hll be

train
ired,

ximum precracking stress intensity factor, Kgmax. This calibration is preferably performled in

time

as a
htion

1q is
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Annex D
(normative)

Determination of resistance curves at impact loading rates by

D.1

multiple specimen methods

General

Thesge methods make it possible to determine fracture toughness parameters in thosé ¢ases ywhere stable
crack extension occurs, Figure 1, types Il and IV. The multi-specimen procedure involves loading a series

stab]

favo

crack extension. Each specimen tested provides one point on the reSistance curve.|Six or more
rably positioned data points are required to generate one resistance curve in accordance with

of ncl:\inally identical specimens to selected displacement levels, resulting in coérresponding amounts of

ISO 12135, making it possible to determine fracture toughness near the.ofiset of physical cragk initiation.

NOTH Loading the first specimen to a point just beyond maximum force will help to determine the energy
levelg needed to position the points in subsequent tests. The choice of a test temperature sufficiently far above
the tfansition from cleavage to ductile fracture will avoid brittle fracture and thus the loss of some specimens.

D.2

Low-blow test

D.2.1 This test procedure is intended to limit theavailable impact energy Wy of a pendulum hammer

ora

Arop weight such that it is sufficient to produce a certain stable crack extension, but not sufficient

to fully break the specimen. By selecting different energy levels Wy; in a series of tests gn nominally
identical specimens, a series of different'drack extensions Aaj are obtained. From the corr¢sponding /4

valugs, /q-Aa resistance curves are constructed.

NOTH Stop blocks can also be used to limit specimen deflection and avoid complete specimen ffacture.

D.2.2 The following procedure shall be applied.

a)
b)

f)
g)

h)

Precrack 7 to 10 specimens to nominally the same initial crack length ayg.

Perform a fullblow instrumented impact test on one of the specimens. Evaluate tHe energy at
maximum force and the total fracture energy, Wi, and W4, in accordance with 1SO 14556.

Determine’the energy spacing as AWy = 2Wp, /N, where N is the number of available spgcimens.

Perform an impact test by setting height of the
N na /] = A o 3

Repeat the test on the remaining specimens, increasing the available fracture energy Wy by the
amount AWy = 2W, /N at each test.

In order to mark the crack extension, fatigue cycling or heat tinting may be used.

Break the specimens open after testing. Care is to be taken to minimize post-test specimen
deformation. Cooling metallic materials which exhibit a ductile-to-brittle transition may help to
ensure brittle behaviour during specimen opening.

For each test, determine the final test force Fj and the corresponding absorbed energy Wj; measure
ap and Aa = Aaj (where “i” is the test index, with 1 <i < N-1) in accordance with 7.6.
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i) Calculate J; using Formulae (H.1) to (H.8) with Fj, Wj, aj, and Agj replacing Fs, Uiot, @, and Aas,
respectively.

j)  Plot the resulting N-1 pairs of values (Ji, Aaj) in a Jq-Aa diagram and determine the J-R curve
according to ISO 12135 and Jp,2Bq according to Annex F.

k) Qualify the J4-R curve and Jo,2pq according to the validity criteria of Annex G.
1) Report testresults in accordance with Clause 9.

NOTE The differences in terms of impact velocity and loading rate between the various tests are small
enough to have a negligible influence on the results and can be ignored.
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Annex E
(normative)

Estimation of J4-Aa R-curves using the normalization method

E.1 The normalization method (NM), which is documented in Reference [20] is derived from the basic
key-gurve-meth < < eser < i i eHee

E.2 | The first step for the Jg-Aa R-curve determination is the measurement of initiab andl final crack
lengths according to 7.6. Subsequently, each F(j) load value up to, but not including *y,, i normalized
using Formula (E.1):

F.
Aniy = W(l) 7 (E.1)
—a .
WB, {b“) }
w
The value of 1 for a three-point bend specimen is 1,9. The effective thickness Be is defined ds
2
B-By
E e = B —% (EZ)
whilg ap(j) is the blunting corrected crack length, calculated as follows:
Jaq
Anp) =dp + E.3
b() =90 Rey (E.3)
2 2
_Kd(i)(l_v ) E4
Jag) _T"']d,pl(i) (E.4)
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2(Wpiy ~ Wi 1)) {1_ ]
(W —ag_1))By

Rgq is the dynamic flow stress, i.e. the average between dynamic yield strength [measured or given by
Formula (G.2) or Formula (G.3)] and dynamic ultimate tensile strength (measured). Kq(j) is obtained from:

a6 —93-1)

W—ag;_y)

Japi) =Japiii-1) * (E.5)

FS ay(j)
Kd(l) \/ﬁwls f[ J (E6)
with:
ay (i)
Clb(i) 3 w ab(i) b(l) b(l) b(i) <
f W = 1,99—V W 2,15-3,93 W +2,7 Fr (E.7)

_9b()

e 1,5
2(1+2b(‘) )[1 J
w w

ized plastic displacement for each point is calculated from the,specimen displace
s:

The normal ment

s(i) as follow

o)
s

S~ FiCa
w

S'pl(i) = (E.8)

where C(j) i
by:

the elastic load-line compliance of the specimen based’on the crack length ap(j) and is

2
1,193-1,98] 220 |1 4 47g[Z00) | _4 443 T2 | 1 739[ I0Q
w w w w

manner, data points up to, but net’including, the maximum force Fy, are normalizgd. In
ain the final point, the same formulae are employed, but instead of the initial crack length,
Ck length is used. Normalizediplastic displacement values above 0,001 up to maximum force,
e Fy, value itself, and the point corresponding to the final crack length, shall be used fdr the
n function fit. The normalization function may be analytically expressed in the form:

riven

=

S

EBZL -

Criy=— (E.9)
® w ab(i)

E.3 In this

order to obt

the final cra

excluding t

normalizati

T '2
i—CZS pl+C3S pl

E.10)

C4_ + S'pl
(>, C3, and\Cy are fitting coefficients. After the fitting parameters are determine

where (1, 1, an

iterative pr
ac) values. 4

pcedurensfurther applied to force all Fy(j) data to lie on the fitted curve by adjustin
\fter the crack lengths are determined, the J4-Aa R-curve and the critical J-integral v
e evaluated.

o the
alue,

Jo,2Bd, can b

E.4 When the normalization method is applied, the following requirements, in addition to those of
G.3, shall be satisfied: evenly distributed data points shall be within the fitting range, a minimum of
10 data points shall be available, all fitted points shall be within 1 % deviation from measured data,
and the maximum permissible crack extension evaluated with the use of this procedure is 15 % of the
initial uncracked ligament. Should any of these requirements not be fulfilled, the test cannot be analysed
according to this International Standard.

E.5 In order to confirm the applicability of the normalization method for the material investigated, at
least one additional specimen shall be tested. Using the previously obtained J4-Aa R-curve, deflection of
the specimen corresponding to 0,5 mm crack extension shall be determined. The additional specimen
shall be loaded under identical conditions as previous specimens up to the calculated value of deflection
and the crack extension optically measured shall be 0,5 mm #* 0,25 mm
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E.6 Report the results in accordance with Clause 9.
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Annex F
(normative)

Determination of characteristic fracture toughness value Jo 254

F.1 General

From J4-Aa

values can e determined in accordance with ISO 12135. In particular, Jo,2B4 shall be obtained 3

intersection
spacing req
line shall be|

The calculat]

NOTE1 Jo

Jo,2Bd in safe
research and

properties w

NOTE2 In|
test is denotg
geometry of {
the stretch z
fracture surf
This Internat
the quasistat

F2 Dyng
Adapting th
]d (Aa)

where Rmg
tests perfor

R-curves determined according to Annex D or E, characteristic fracture tough

of the Jg-Aa R-curve with the 0,2 mm-offset construction line, following the data p
lirements and the curve fitting procedure of ISO 12135. The 0,2 mm-offset constru
adjusted to account for dynamic loading, as specified below.

ed value of Jp 24 must fulfil the validity requirements specified in Anniex G in order to qu

2Bd is regarded as an engineering estimate of the onset of stablelerack extension. The
y assessments may result in non-conservative results. Nevertheless;Jo,2gq values can be usg
development of materials, in quality control and service evaluation; and to establish the variat
th test temperature.

ISO 12135, the point of physical crack initiation at the ‘end of crack tip blunting for a quasi
d by J;, the crack initiation toughness. J; is regarded_asza material property, insensitive to siz
he test piece. The determination of J; requires the useof a scanning electron microscope to me
pbne width on the fracture surface. Dynamically tested specimens often exhibit a relatively 1
hce, where the stretch zone may be undistinguishable from other features or even become inv
ional Standard does not include a procedure to determine a dynamic value of J;, correspond
ic value of ISO 12135.

imic construction line for Jg,254 evaluation
e definition of the construction line of [SO 12135 to dynamic testing gives:

=3,75xR g xAa

s the dynami¢ultimate tensile strength of the material, measured from dynamic te
med in accordatice with ISO 26203-2.

ness
t the
pints
ction

alify.

se of
d for
on of

static
e and
Asure
ough
sible.
ng to

(F.1)

nsile

24
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Annex G
(normative)

Validity criteria

General

Fracf
valid

G.2

whe

equiyalent of the static flow stress used in ISO 12135. R¢q is"obtained by averaging the

dynd

valugs of Rpq and Ry are not available, Rpq can be estimated using Formulae (G.3) and (G.3

ure toughness values determined according to this International Standard are cens
if 0,30 W< ap < 0,70 W and the following criteria are met.

Qualification of J¢.q and Juq

Reg (W —ap)

<
cdrJud 100

e Rgq denotes the dynamic flow stress at the test strain rate and temperature, i.e. t

mic yield and ultimate tensile strengths, Rpq and Ry respectively. If experimentall

dered to be

G.1)

he dynamic
alues of the

y measured
):[22]

0,729 x ng xS
Rpq =————— fora 2 mmradius striker (G.2)
2
(W - aO ) BN
or
0,683xFy, xS
Rpg=——— for a 8 mm radius striker. (G.3)
2
(W—-ay)” By
whileé Ryyg shall be experimentally measured by performing dynamic tensile tests.
NOTH Jed and Jyq are size-sensitive parameters and as such characterize only the specimen thidkness tested.
G.3 | Qualificationof J4-Aa resistance curves
G.3.1 J4maxdS)calculated for each specimen tested as the smallest of:
R 4+R
pd md
=qy———— G.4
]d,max 0 20 ( )
R d +R d
—-p-pd ~md G.5
]d,max 20 ( )
Ryq4+Rng
J d,max :(W—ao) . - (G.6)
20
G.3.2 Aanay is calculated for each specimen tested as:
Ad oy =0,25(W—a0) (G.7)
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G.3.3 The value of J-integral at the intersection of the best-fit curve with either Jq max or Aamax defines
Jg, the upper limit to /-controlled crack extension behaviour.

G.3.4 A minimum of six data points shall be used to define the R-curve in the /4-Aa space defined by the
following exclusion lines:

- ]d:]g;

— minimum crack-extension exclusion line, drawn parallel to the construction line [Formula (F.1)] at
an offset equal to 0,10 mm;

— maximymrcrackextension exctusion e, draw parattet totheconstructiom time fFormuta )] at
an offset equal to Aamax [Formula (G.7)].

G.3.5 The [limit of applicability of the Jq-R curve is set by Jg as defined in G.3.3.

G.4 Qualffication of Jo,2Bd
G.4.1 Jo2{4 does not qualify if it exceeds /4 max-

G.4.2 Jo2Bld does not qualify if the slope of the J4-Aa curve at jt§ intersection with the 0,2 mm
construction line, (d/4/da)o,2B4, fails to meet the following criterion:

3,75xR |4 > 2(—} (G.8)
da ) g4

G.4.3 If Joppd qualifies, it is considered size insensitive:If it doesn’t, the value shall be reported as|size-
sensitive Jo 48d(10), where 10 mm is the nominal thickness of a precracked Charpy specimen.
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Annex H
(normative)
Determination of fracture toughness in terms of J-integral

H.1 1f 0,30 < ag/W < 0,45, the value of the dynamic J-integral, /4, at a point on the force/displacement

test recordcarracnaondina ta an annlind forsn B o Aicnlacarnnnt o and o cvacly lanagth o0 1o -~ lculated as:
Ireesra€oerrespenrahStoahappreatoree o aiSpracemeRtSaRaa eREKTe RS 40;15€ .

2
| EsS ap )| (1-v? 2w,
d _(—'—BBNWLS f(Wﬂ ( E }r By (W—ay) (H.1)

]
where
a 30 a a a ap )
J{E W 1,99- -0/ 120112 15-393°@31 7 7| 20 (H.2)
w wl w w w

a a 1
21420 |11-20

w w
and W), the plastic component of the area under the force-displacement test record, is given by:

COFS2

5 (H.3)

W, =W,

In Formula (H.3), Ws is the total area under the force-displacement test record up to displacement s, and
Co, the specimen elastic compliance, is calculated as:

where Cs, the specimen theoretical compliance, is given by:

2 2 3 4
S $,193-1,98 | 20 |1 4,478 | 20| _4443( 90| 1173990 (H.5)
EB, \ W—a, w w w w

and [v, the machine compliance, can be determined by performing an elastic low-blow test on an
unndtched Charpy-size test bar, and using:[4]

DN

W
— 2
(F)
[ Fen)

with W = energy applied during the low-blow test, Iz = maximum force recorded, and Cscg] is, from

Gv= ~Cscal (H.6)

standard beam theory:

c > s* +2(1+v) (H.7)
Scal — :
A 4x10%EBW | W2

In Formulae (H.6) and (H.7), Cm and Cs¢,) are in m/N, W in I, Iz inN, Ein GPa, S, B, and Win m.

H.2 If stable crack extension from ag to a = ag + Aas occurred during the loading up to s and
0,45 < ag/W < 0,70, Formula (H.1) shall be replaced by:
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