Lecture 12

Ductile Fracture Testing



Ductile fracture toughness

Ductile fracture is a mechanism of failure in a material
which occurs by the initiation, growth and coalescence
of voids

Ductile fracture is a process rather than an event;
therefore it is better characterized by a curve than a
single point

The curve is a plot of a fracture parameter versus crack
extension, called the crack growth resistance curve or
R curve

J or CTOD, 9, are the fracture parameters used



"Ductile Fracture Process

Load vs Displacement and J vs Aa

Load

Step 3

Step 4

Displacement

Crack Extension



Ductile Fracture Process

Step 1 x_ No Load:

Sharp Crack

Loading:
Step 2 Crack Blunting

More Loading:
Step 3 Ductile Initiation

Continued Loading:
Ductile Crack Growth

Step 4



Concept of crack initiation in ductile
fracture

1. Jic is the value of fracture toughness near the

initiation of slow, stable crack growth for
metallic materials

2. The concept of the first point of initiation
versus an engineering estimate, analogy to the
tensile test, o

3. Jis determined from a J-R curve using a set of
construction and analysis rules



Concept of ductile fracture initiation

Crack Tip

W

First Sharp Crack
Extension From
Blunted Crack Tip

Micro-mechanics View

Crack Tip

Coalescence of First
Void With Crack Tip




Goal of ductile fracture toughness test

Load

Displacement

1. Test fracture toughness specimen to
get load versus displacement data

2. Analyze data to get plot of fracture
pParameter versus crack extension

Fracture
Parameter

J or CTOD

Crack Extension



Basic need for a ductile fracture
toughness test

Load versus displacement data with a
measurement of crack extension

Formulas to calculate the fracture parameters;
Jor CTOD

Special plotting of construction if an initiation
point is desired

Qualification or validity requirements



Fracture Toughness Test Parameters

Load Measurement
with Load Cell

tr
Compact
Specimen
Load Line
Displacement "___3:)—
with Clip Gage

v P
Load Measurement foad Tine
a I
P Displacement
l Measurement
Bend SpecimEn/\ [
4

Crack Mouth
Displacement
Measurement




Fracture toughness test specimens

B=thickness l
W
S = 4W
Single Edge Notched Bend Specimen

with Three Point Lbading

W
- -
B=thickness
- E—
i a
v

Compact Specimen
with Pin and Clevis Loading



J Formulas for J,. test

1. ]=IEI +Ipl

_K*(1-v?) | NpArea
E Bb

J

Load | Plastic Area
i

Displacement

N,y =2.0 bend specimen

b
Ny =2.0+ [}.SZZE compact specimen



E 813 Jic multiple specimen test
1. Specimen type CT or Bend
2. Precrack

3. Load several specimen to a range of
displacements

4. Calculate J = Jo1 + Jp1
Ja1 = K2(1 - v2)/E
g
Mg [ P

where
Mpl =2, bend

Mpl=2+0.522b/W, CT

5. Hint tint and measure Aa with 9 point average

6. Plot and construct to measure Jic



Multiple Specimen J;. Test

O.
©,

1. Start with Precracked 2+  Cenerated Load
Test Specimen vs Displacement Plot

3. Heat tint to mark crack and break open

4. Calculate J from load and displacement

Aa -—

A a
Measure Crack
Extension Nine 6. Plot Single Point
Point Average on J vs A a Curve



Multiple Specimen J,. test (cont)

777

Displacement

7. Test four or more specimens
and analyze like the first one

Aa

8. Plot all J vs A a Points

and do Jic Construction



Jic construction

1. Consider only points falling between exclusion
lines, need four or more points

i) Blunting line is construction line,
J =2 ovAa

ii) Exclusion lines offset 0.15 and 1.5 mm
(0.006 and 0.06 in) , same slope as construction lines

2. Top limit is Jmax = (b, B)oy/15
3.  Fit points with a power law
J=C1(Aa )G
can use,
In]J=InC1 + C2In( Aa)

with a least square fit

4. Jo is at the intercept of the fitted line and
a 0.2 mm (.008 in) offset to the blunting line

5. Jois Jicif B, b=25]Jg/oY
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Elastic Unloading Compliance

Load

D PPl

Elastic Slopes

Displacement

1. Elastic Slope is a measure of crack length
2. At each unload J and Aa can be determined
3. J versus  Aa points are plotted and analyzed

for J;. like the multiple specimen test



J, kd/mr2

400

100 4

T v T
1 2

Crack Extension, Aa, mm

Fig. 4b - Typical J-R Curve




q'l.m" Designation: E 1820 — 99

Standard Test Method for

Measurement of Fracture Toughness'

E 1B, (he

| Hinsely following the designation idieaies the yesr of

Thiz standard |s bsued under the flxed d Ig
original adogeion o, In the case of revision, the yer

o last revidion. & mamber i parendieses indicoes. the year ol last reappeoval, A

superseripl egsilon (6} lsdleates an ediorin]l change slice the tsar pevdsion ne reapproval

1. Scope

I.1 This test method covers procedures and ghidelines for
the determination of fracture toughness of metallic malerials
using the following parameters: X, J, and CTOD (&), Tough-
nesx oan be meantred in the Rocarve fonnet oras a paint value.
The fracture toughoess determiued in accordance with this test
method is for e opening mode (Mode [) of londing,

1.2 The recommended specimens are single-edge bend,
[SE(B)}, compact, [(C{T)], and digk-shaped compact, [DC{TH],
All specimens contain notches that are sharpened with fatigue
cracks,

1.2.] Specimen dimensional (size) requirements Vary ac-
cording to the fracture toughness analysis applied. The guide-
lines are established through consideration of material tough-
ness, malerin] flow strengih, and the individual qualification
requirements of the loughness value per values sought,

L3 The valees stated in ST units are 1o he regarded as the
slandard. The values given in parentheses ave for information
only,
L4 This standard does nar purport to address aff af the
safety concerns, if any, associated with ity use. N ir ihe
responsibility of the wser of this standard 1o establish appro-
prriate safely and health practices and determine the applica-
bilicy of regulatory limitations prior 1o use.

Note 1—Other stendord methiods for the detenination of fracire
Ioughness using (he pammelers X, J, nod CTOD wrs contalned bn Tess
Methods. B 359, E 813, E 1152, B 1290, aix) B 1737, 'This teat Inethod wes
developed to provide & comman melbhed for delesmining nll applicahle
lougheess parmmeciers from a single test

1. Referenced Documents

2.1 ASTM Standards:

E 4 Praclices for Farce Verification of Testing Mathines?

E 8 Test Methods for Tension Testing of Metnllic Materinls®

E 21 Test Methods for Elevated Temperature Tenision Tests
of Metallic Malerials®

B399 Test Method for Plane-Sirain Fracture Toughness of
Metallic Materjals®

" Tis test method b under the jurisdsetan of ASTH Comnslites E-3 on Parigus
endl Fraciure and is the direes responsibility uf Subcommsliies 1908 08 on Flastle-
Pactic Freciure Mechanics Technology,

Cumrenl edaion opproved Januasy 10 1599, Pubdishiod Tuly 1999, Origlnally
published s B. 1320 - 56, Lot pravicas sdizlon B 150 - 55

? Aunual Book of ASTM Stawdsrds, Yol 9.0

E E]f'l-= Test Method for Jf,, A Measure of Fracture Tough.
ness

E 1152 Test Method for Determining J-R Curves?

B 1290 Test Methed for Crack-Tip Opening Displaremen
LETO0) Fracture Toughness Measurement®

E 1737 Test Method for I-Integral Characterization of Frae
ture Toughness?

E 1823 ‘“Terminology Relating 1o Faligue and Fracture
Testing®

A Terminology

3.1 Terininology E 1823 is applicable to this test methes,

3.2 Definitions;

QL] compliznce fLF™'], n— the ratio of displacemen
incremest Lo load Inerement,

1232 crack displacement [L], n—the sepuration vecior be-
iween two points (on the surfaces of r deformed crack) thar
were coincident on the surfaces of an ideal erack in the
undeformed condition,

3.2.2.1 Discusston—In s practice, displacemeny. v, is the
tolal displacesent measured by clip gages or other devices
spanning the crack faces,

33 crack extension, Ax [Lf, n—an increase in erack size.

3.2.4 crack-extension force, G (FL™ or FLL7Y), p—the
elastic energy per unit of new separation arca that is made
available at the front of an ideal crack in an elustic solid tluring
a virtual increment of forward erack exiensicn,

3.2.5 crack size, a [L], n—a lineal measure of & privcipal
planar dimension of a crack, This measure is commcnly used
in the caleulation of quantities descriptive of the stress and
displacement fields, and is oflen also termed crack length or
depth.

3250 Discussion—In proctice, the value of o is obizined
from procedures for measurement of physical crack size, i
original crack size, a,, and efective crack size, a,, a8 appro-
Printe 1o the situation being considered,

1.2.6 crack-rip apening displacenent (CTOD), & fLI,
n—the crack displacement due 1o elastic and plastic deforma.
tion at variously defined locations near the originnl {prior o an
application of load) erack tip.

32.6.1 Direrssion—in this tess method, CTOD is the dis-
Macement of the crack surfaces normal 1o the original {un-
londed) crack plane at the tip of the fatigue precrack, a,, In this
test inethod, CTOD is caleulated at the ariginal erack length,



Latest Combined Standard

* ASTM E1820 - 08a Standard Test
Method for Measurement of Fracture
Toughness



CTOD TESTING (ASTM E 1290-89)

A. Specimen Configurations and
Dimensions

Three-point bend [SE(B)] specimen:

0.45<ao/W <£0.55
W/B=1or2

Compact [C(T)] specimen:




B. Instrumentation

Clip gage displacement measured at the
mouth of the crack:

Load is plotted versus clip gage
displacement:

}

LOAD

Fracture

i
CLIP GAGE DISPLACMENT



CTOD Equations

Load

_Kiavh) | rW-ayvy,
— 20y,E r,(W-a)+a +z




rp = 041 + o)
For a bend specimen:

o = 0.10

rp = 0.44

For a compact specimen:

o = 2[[%—2}3 + ﬁ—i-l- D.S]”2 . 2{%‘; + 0.5}

where bo = W - a0

rp = 0.47 for 0.45 < ao/W < 0.50

and

Ip = 0.46 for 0.50 < ao/W < 0.55



D. Notation for Critical CTOD Values

. - Critical CTOD at the onset of
unstable fracture without prior stable
crack growth.

O. - Critical CTOD at the onset of
unstable fracture which has been
preceded by stable crack growth.

O, - CTOD at the initiation of stable
crack growth.

O. - CTOD at the maximum load
plateau.

‘ Cleavage
+ ductile tearing

CRITICAL
CTOD

/ | ; \ plateau

Cleavage

(8w

— o wm mm—mm—

TEMPERATURE



qm}) Designation: E 1290 - 93

Standard Test Method for

Crack-Tip Opening Displacement (CTOD) Fracture Toughness

Measurement’

This

szamdand is s vieder the fived designation E 1290; the number immediately followlng the
reig e

dessgnaton indicares ke year ol

criginal sdoption or, in the case of revision, the year of et revisi m
supericrgn epsilon {4) indicat®s an editoris] chasge sincs the st revision or mesppioval,

. Scope

1.1 This test method covers the determination of entscal
crack-tip opening displzcement {CTOD) values al one or
more of several crack extension events. These CTOD values
can be used as measures of fracture toughness for metallic
mnterials, and are especially appropriate to materials that
exhibit @ change from ductile to brittle behavior with
decreasing temperature. This test method applies specificlly
in notched specimens sharpened by fatigue cracking. The
recommended specimens are thres-point bend [SE(B)] or
compact [C(T)] specimens. The loading rate is slow and
influences of environment {other than temperature) are not
covered. The specimens are tested under crosshead or clip
gaze displacement controlled loading.

1.1.1 The recommended specimen thickness, B, 15 that of
the material in thicknesses imtended for an application,
Superficial surface machining may be used when desired.

1.1.2 For the recommended three-point bend specimens
[SE(B)], width, ¥, is either equal 1o, or twice, the specimen
thickness, &, depending upon the application of the test, (See
4.3 for applications of the recommended specimens.) For
SE(R) specimens the recommended initial normalized crack
sioe s 0,45 3 4,/ H = 0.55. The span—lo—widlh ratio {5/ W) is
specified as 4,

1.1.3 For the recommended compact specimen [CUT)] the
initial pormalized crack size iz 0435 = oW 5 055, The
halF-height-to-widlh ratio (H7 B equals 0.6 and the width to
thickness ratio is within the range 2 = W/ = 4,

1.2 This srandard does mot purport fo address all of the
sfety problemms, IF any, associafed with iy wse. It i3 the
responsihility of the user of this standard to establish appro-
prigre safety and health practices and determine the applica-
hility af regrdatory Hmitaiions prier to wse.

I Referenced Documents

2.1 ASTM Srandards:

E 4 Practices for Force Verification of Testing Machines?

EE& T;sl Methods for Tension Testing of Metallic Mate-
Fial

E 399 Test Method for Plane-Strain Fracture Toughmness
of Metallic Materials®

E 616 Terminalogy Relating to Fracture Testing”

' This te=3 melhod 5 wnder the jurisdiction of ASTM Commilses E-B on
Fallgze mnd Frecture ond iz Use difgel respomsibility of Swbcomanicies FOAOR
OF Elastic-Masibe: Practure Mechanics Techmology.

Cwres edition approved March 15, 1983, Publibed May 1993, Originally
Publisher] my B 1230 - B2, Lest previoys edizion B 250 - 3542

A nniril Book of ASTM Srardavds, Vol 03,01,

=1

. A

Ak year af las reappraval. A

E 813 Test Method for Ji. A Measure of Fracture
Toughness®
E 1152 Test Method for Determining I-B. Curves®

A Terminology

3.1 Terminology B 616 is applicable to this test method.

3.2 Definitiors:

3.2.1 crack tip opening displacement, (CTOD), §[L}—the
crack displacement due to elastic and plastic deformation at
variously defined locations near the ofiginal {prior to an
application of load) erack tip.

fall i In this tess L, CTOD is the displacement of the
crack surfoces neemal o the origing] (unleaded) crack planc st the iip of

the fatigue precrack, a,.

In CTOD desting, §, [L] is the value of CTOD at the onset of unstable
brittle crack extension {see 3.2.13) or pop-in (see 3.2.7) when da, < 0.2
mim (0.008 in.). The boad P and the clip g2ee displacement v, for &, are
Enalicated in Fig. 1.

In CTOD testing, &, [L] is the valse of CTOD at the onset of unstable
briltle crack exlension (see 3,2, 1 3) or pop-in (see 3.2.7) when the event is
preceded by Ady, > 0.2 mm {0,008 in) The kad P, and the chip gnge
displapsment v,, for 8, ane indicated in Fig 1.

In CTOD testing, &, [1.] & the value of CTOD al the first aliainment
of & maximum load platean for fally plastic behavior, The load £, and
ihe clip gxge displacement v, for &, are indicated in Fp. [

1.2.2 effective yield sirength, oy [FL™}—an assumed
value of uniaxial yield strength that represents the influence
of plastic yielding upon fracture lest parameters,

Discusrion—The caleulation of oy & the averags of the 0.2 % offset
wicld strength (), and the ultinsate tensle stirength (oeg), that is (o +
ryglf2. Both oyy and oy ate dotermined in sccordance with Test
Methinds E &,

1.2.3 original crack size, o, [L]—see Términology E 616,

3.2.4 original wuncracked ligament, b, [L}—the distance
from the original crack front 1o the beck surface of the
specimen at the start of testing, b, = B — a,.

3.2.5 physical crack extension, &g, [L]—an increass in
physical crack size, An, = g, = a4,

126 physieal cvack size, a, [L]—see Terminology E 016,

Discwssion—In CTOD testing, g, = @, + Ag,.

3.2.7 pop-in—a discontinnity in the load versus clip gage
displacement recard, The record of a pop-in shows a sudden
increase in displacement and, generally, a deerease in load.
Subsequently, the displacement and load increase to above
their respective values at pop-in.

3.2.8 slow siable erack extermion [L]—a displacement
controlled crack extension beyond the stretch sone width
{see 3.2.12). The exteasion stops when the applied displace-
meut is held constant,

3.2.9 specimen span, 8§ [L]—ihe distance between spec-




Latest CTOD Standard

* ASTM E1290 - 08 Standard Test Method
for Crack-Tip Opening Displacement
(CTOD) Fracture Toughness
Measurement



Choices in fracture characterization

1 Deformation behavior
* Linear-elastic versus elastic plastic
* Determines fracture parameter

2 Fracture behavior
* Ductile versus brittle
* Determines type of fracture

3 Constraint
* Plane strain versus plane stress
* Determines fracture toughness values



Matrix of Deformation versus

Fracture Behavior

Fracture Behavior
Deforma_tmn Brittle Ductile
Behavior

KIcf KIC-F

Linear Elastic K-R curve
J Icr

Elastic-Plastic J., O. J-R curve

O




Common Test Methods

A. ASTM has 5 major test methods

E 399 - ch

E 561 - K - R curve
E813'II|:

E 1152 -] - R curve
E 1290 - CTOD

Other special interest ones, not mentioned here
B. Problem with 5 Similar Specimens and Goals
Different details that make them exclusive

Examples: K| test
Jic test

C. Common Test Method Test Philosophy
1. Run single specimen type, single procedure
2. Let material choose type of result

3. Allow measurement of toughness in terms of K, ]
or d, whichever is appropriate



D. Test Details
1. Specimens: C(T), SEN(B), DC(T)

2. Fracture type: Fracture instability or stable
tearing

3. Approach:
a) Run test to get P, v, a pairs
(Compliance or electrical potential)

b) Continue test until there is a fracture
instability or enough Aa to analyze

c) Evaluate all possible fracture parameters

4. Examples
a) Instability before Aa, Jc or 8¢
b) Instability after Aa, Ju of 8y

¢) No instability ] or d vs Aa R curve, can
evaluate J1c or ¢

5. Validity now called qualified or size insensitive



qHI Designation: E 1820 — 99

Standard Test Method for

Measurement of Fracture Toughness'

This stancand ks ixsued under e foed designation B [530; the numbss Immedialely folloming e desipeation indicnies the your of
ruiher

catgingl adoption or, In the ease of revizkn, the wear of hig revision, A

m parentheses indicotes the year af last reapproval. A

superacTipd epailon e indicaies s eclitorial chige siace the [nsl movision or reapproval.

1. Scope

L1 This test methiod covers procedures and guidelines for
the delermination of fracture loeghness of metallic materials
using the fellowing parametess: &, J, and CTOD (At Tough-
ness ean be measured in the R-curve format or as a point value,
The fracture toughness determined in accordance with this fest
methed is for the opening mode (Mode T) of loading,

1.2 The recommended specimens are single-edge bend,
[SE{B}], compact, [C(T}], and disk-shaped compact, [DC(T)).
Al specimens contain notches that are sharpened with fatigue
cracks.

LT Specimen dimensional (size) requirements vary ac-
cosding (o the fracture wughness analysis applied. The guide-
lines are established through consideration of material tough-
ness, mmerial flow strength, and the individual qualification
requirements of the toughness value per values sought,

1.3 The values stated in S1 units a1e 1o be regarded as the
standard. The values given in parentheses are for information
only,

1.4 This siandard does not purport to address olf af the
safery concerns, if any, associated with ifs use. It is the
responsibility of the user of this stenderd 1o extablich appra-
prigie safety and health praciices and determine the applica-
bility ef regulaiory lmllations prior io use.

Noe |—fHher atandard methods for (he ddesermination of fracoure
toughness using the prramesers K, J, and CTOD are coptined in Test
Methods B 399, E 813, B 1152, B 1290, and B 1737, Thiis teet tmethod was
developed 1o provide 8 commoen method Tor delermining ell applicable
tomghvess parsapeiers fiom a single jest,

1. Referenced Documents

2.1 ASTM Standards:

E 4 Practices for Force Verification of Testing Machines®

E# Test Methods for Tension Testing of Metallic Materjals®

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials®

L399 Test Method for Plane-Sirain Fracture Toughness of
Metallic Materials®

" This iest mechod I under the jarisdicton of ASTM Commities B0 on Fatigun
anl Frecluee and s the disect responsibility of Subcorsmittes F0G 08 on Blasiic-
Plagle Frnciim Mechanics Technolagy,

Cuzrent edition approved January 10, 1999, Published July 1999, Originslly
pebillshed as B 1520 - %6 Last previous edition E 1820 - 08,

® A Book of ASTM Standeeds, Yl 0301,

E 3]31 Test Method for Ji., A Measure of Fracture Tough-

ness

E 1152 Test Method for Determining J-R Curves?

E 1290 Test Method for Crack-Tip Opening Displacemeny

(CTODY Fracture Toughness Measurement®
E 1737 Test Method for I-Integral Characterization of Erac.
e Toughness®
E 1823 Terminology Relating to Fatigue and Fractuge
Testing®
3. Terminology

3.1 Terminology E 1823 is applicable to this test methed.

3.2 Definitions:

321 complianee [LFY], n— the ratio of displacement
increment to load increment.

322 crack displacement [I.], n—the separation vector be-
tween two points (on the surfaces of & deformed crack) that
were coincident on the surfeces of an idcal crack in the
undeformed ¢ondition,

3221 Discussion—In this practice, displacement, v, is the
total displacement measured by clip gages or other devices
spanning the crack faces.

3.2.3 crack extension, Aa [I.], n—an increase in crack size,

324 erack-extension force, G [FL™ or FLL, n—ibe
elastic energy per unit of new separation arca thal is made
available at the front of an ideal erack in an elastic solid during
a virtual increment of forward crack extension.

3.5 crack size, a [L], n—a linenl measure of a principal
Planar dimension of a crack. This measure is commonly used
in the caleulation of quantities descriptive of the stress and
displacement fields, and is ofien also termed crack length or
depth.

32.3.1 Discussion—In practice, the value of a is oblained
from procedures for measurement of physical crack size, 8,
original cruck size, a,, and effective erack size, a,, as appro-
priate to the situation being considered.

3.25 crack-fip opening displacemen: (CTOD), B JLJ,
n—ihe crack displacement due to elastic and plastic deforma-
tion at variously defined locations near the original (prior io an
application of load) crack tip.

3261 Dircussion—In this test methed, CTOD is the dis-
placement of the crack surfaces normal 1o the originel (un:
Ioaded} crack plane al the tip of the fatigue precrack, . In this
&5t method, CTOD s calculated at the original erack length,



Toughness

Briltle Fraciuro
Single Point
Fraclure

from Inslability

N\

Duclile Fraciure,

R Curva Toughness

or Singla Polnt
Derived lrom A Curveo

\

Temperature

Fig. 1 - Schematic Showing
Region of Ductile Fracture
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Transition toughness with Master Curve

1. Determine K|, from ],

K)=~T.E

8

2. Adjust to unit size

|
B, 4
Kfm = KMM[EJ

@

4. Characterize scatter with Weibull statistics

4

K, —20

1-P, = Ap—a)
s ﬁxP[{KD—EDH

4. Determine the median value, Ky ypqq at Py =50 %

5. Plot the master curve of

K jetmeay =30+ 70exp[0.019(T-T7,)] (K in MPa\m)

6. Calculate T,

r :[_1 J : | K segmeay —30]
0.019 70
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standard Test Method for

Determination of Reference Temperature, T,, for Ferritic

Steels in the Transition Range’

This standend is issred under {he fined desipratbn B 1921, G number Saisly Fold

the infirnins the. yeur of

original adoption er, ln the case of pevision, t year of log) revision. A pumbes in puienihesss indieates i year of last reapprenval. A
mipeserint epsilon () indicaoes s editoiial change mince ez s peviion o reappionl,

1. Scope

1.1 This test method covers the determination ofa reference
temperature, T, which chpracterizes the fracture toughness of
ferritic steels that expetience onset of clenvage eracking at
elastic, oF clastic-piastic &, instabilities, or both, The specific
types of ferritic steels (32.1) covered are ihose with yicld
strength ranging from 275 to 825 MPa (40 to 120 ksi) and weld
metals, afier siress-relicf annealing that have 10% or less
strength mismatch relative to that of the base meai.

|7 The specimens covered are fatigue precracked single-
edge notched bend bars, SE(B), and standard or disk-shaped
compact tension specimens, C(Ty ar DO, A mange of
specimen sizes with proporticnal dimensions is recommended,
The dimension on which the proportionality is based iz
specimen thickness.

1.3 Requirements are s6t o0 specimen size and the nomber
of replicate tests that are peeded to establish oceeptable
characterization of K, doa populations.

1.4 The statistical effects of spechmen size on £ in the
transition range are ireated using weakest-link theory (1F
applied to a three-parmneler Weibull distributivn of fracturs
toughness values, A limit on K, values, felative 1o the
specimen size, is specified lo ensure high constraint conditions
along the erack front at frachare. For some materials, paticu-
farly those with low strain hardening, {his limit may oot be
sufficient to ensure that a single-parameler (K ) adequately
deseribes the crack-froat deformation stats (2}

15 Statistical medhods are employed to pradict ile transi-
tion toughness curve ohd specified tolerance bounds for 1T
specimens of e mulerial tested. The standard deviation of the
data distcbution is a function of Weibull slope and median K.
The procedure for applying this informalion to the establish-
ment of transition temperature shifl determinations and the
establishment of tolerance limits iz presceibed.

1§ The fracture toughness evalealion of local brittde zones
that are located in heat-affected zomes of mulip=ss weldments
is not amenable to the statistical methods employed o e
present fest method.

T his et method i§ undsr e pusisdiclion ol ASTH Canmiles -8 on Frligue
and Fraciire amed i the darec respunsibilily of E04.08. on Elape-Plnstic Fincvane
Mmchanics Techralogy.

Currtsn editiom spprosnd Dec. 10, 1997, Published February (998,
¥ The boldfs I p sefier 10 the lint of refersnces ai the end of

thin sinmstard,

|7 This standard does not purport fo address all of the
safety comcerns, I any associated with (15 wse. &t 5 the
responsibility of the user of this stundard fa extablish appro-
prigte safety and health practices and determine the applica-
biliey of regulatory finitations prior o wse,

2, Referenced Docaments

2.1 ASTAS Stendards:

E 4 Practices for Force Verification of Testing Machines®

E &M Test Methods for Tension Testing of Metallic Mate-
rials (Metric)®

E74 Practice for Calibeation of Force Measuring Instre-
wents for Verifying the Force Indication of Testing Ma-
chines*

E 208 Test Method for Conducting Drop-Weight Test to
Detesmine Mil-Duetility Transition Temperaiure of Fesritiz
Stesls?

399 Test Method for Plane-Strain Fracture Toughness of
Metallic Materials®

E 436 Test Method for Drop-Weight Tear Tests of Perritic
Steels?

E 561 Practice for R-Curve Determination®

T 812 Test Method for Crack Strength of Slow-Bend, Pre-
cracked Charpy Specimens of High-Strength Metalfic
Materials’

E EH!T\‘,SE Method for J., A Measure of Fracture Tough-
ness’ -

E 1152 Test Method for Determining J-R Curves’

E 1873 Tenninology Relating to Fatigue and Fracture Test-

ing®

3, Terminofogy

1.0 Terminology given in Terminology E 1823 is applicable
1o this test method.

3.2 Definitions:

3.2.1 ferritic stegl— carbon and tav-alloy siccls, amd higher
alloy stesls, with the excepiion of austenitic stainless, marten-
sitic, and precipitation hardening steels. Al ferritic sieals have
body centered cubic crystal strictures that display ductile-to-
cleavape wansition fEmperiiure {see also Test Methods E 208
and E 436).

Hate l—This defniton ls nol fistonded 1o imply that afl of the many

# gumual Fook of ASTH Seamdands, Vol 0331



Latest Transition Toughness
Standard

* ASTM E1921 - 09a Standard Test
Method for Determination of Reference
Temperature, To, for Ferritic Steels in
the Transition Range



da/dN vs AJ

* For cyclic loading that occurs at load
levels above a LEFM limit, a da/dN vs AJ
characterization can be used

* There is no standard test method for this
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