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ABSTRACT

ECCC Recommendations Volume 2 Part IV gives the terms and terminology to be used for
the generation, collation and assessment of creep crack initiation data within ECCC.

ECCC Recommendations Volume 2 Part IV user feedback is encouraged and should be sent
to:

Dr S R Holdsworth [Document Controller]
ALSTOM Power

Willans Works

Newbold Road

Rugby, CV21 2NH, UK

Tel: +44 1788 531138

Fax: +44 1788 531469

E-mail: stuart.holdsworth@power.alstom.com

ECCC may from time to time re-issue this document in response to new developments. The
user is advised to consult the Document Controller for confirmation that reference is being
made to the latest issue.

This document shall not be published without the written permission of
the ECCC Management Committee



1. FOREWORD
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ECCC Volume 2 Part IV covers the terms and terminology relating to the generation,
assessment and application of creep crack initiation (CCl) data. The document specifically
supports the CCI testing guidance Volume 3 Part IV [1] and, in future, Volume 7 providing

guidance for the assessment of creep crack initiation data.

Following a general introduction, nomenclature is listed in sections relating to material
details, testing details, test results and assessed results. Finally, a list of load functions are

defined.

2. GENERAL

Creep crack growth (CCG) testing methods are now relatively well established, at least for
parent steels, e.g. [2]. For ductile steels in particular (typically A, >5%), creep cracking does
not develop immediately from the start of test [3] (Fig. 1). Ignoring the practical implications
of this incubation period can lead to overly conservative predictions of high temperature
defect tolerance. Creep crack initiation (CClI) tests are performed specifically to determine
the parameters required to characterise the onset of creep cracking from a pre-existing
defect. These enable component lifetimes to be based on i) a no-crack-extension criterion or

ii) total creep crack development time, i.e. fix + ;.

There is currently no Standard for CCI testing, but guidance is given in ECCC Volume 3
Part IV [1]. There are now several approaches by which CCIl data can be used to assess
defect acceptability in high temperature components (e.g. [4-7]). Of particular interest to
ECCC are the two-criteria approaches [4,7] and this is reflected by the focus of the

terminology listed in Section 6.

Some general terms are defined in the following listing,

NAME UNIT(S) SYMBOL

Creep crack growth CCG
Creep crack initiation CClI
Time, time to creep crack initiation’, creep crack growth time h £ fix ty
Temperature °C T
Strain % £
Strain rate %/h &
Stress, initial stress MPa o, G,

3. MATERIAL DETAILS

For this issue of Part IV, the reader is referred to Volume 2 Part | for more comprehensive
guidance on the ECCC recommended terms and terminology for material pedigree data.
However, the symbols needed to characterise the uniaxial material properties necessary for

the assessment of CCl data are listed in the following section.

' See also Sects. 5, 6.2



3.1 Material Properties

3.1.1 Tensile
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NAME UNIT(S) SYMBOL
Tensile fracture elongation % A
Elastic modulus, elastic modulus at temperature GPa E, Er
E ' equals E for plane stress, and E/(1-1#) for plane strain GPa E'
0.2% proof strength MPa Rpo2
Tensile strength MPa Rn
Tensile fracture reduction of area % Z
Poissons ratio v

(a) LOW CREEP DUCTILITY

(b) HIGH CREEP DUCTILITY
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Fig. 1 Variation of load line (crack tip) displacement and creep crack extension with time, at
constant load and temperature (diagrams showing the effect of creep ductility) [3]

3.1.2 Creep
NAME UNIT(S) SYMBOL

Constant in Norton or Norton-Bailey creep equations D
Creep damage fraction D,
Stress exponent in Norton or Norton-Bailey creep equations n
Time exponent in Norton-Bailey creep equation p
0.2% creep (plastic strain) strength at time, ¢, and MPa Rpo.2i1
temperature, T
1% creep (plastic strain) strength at time, t, and temperature, MPa Rotr
T
2% creep (plastic strain) strength at time, t, and temperature, MPa Rozir
T
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NAME UNIT(S) SYMBOL
Elastic strain % &
Creep strain % &
Instantaneous plastic strain % &
Plastic strain % &
Permanent strain % Eper

3.1.3 Rupture

NAME UNIT(S) SYMBOL
Creep rupture elongation for time, t, and temperature, T % Aunt
Time to rupture h t,
Rupture strength for time, t, and temperature, T MPa Ruwt
Creep rupture reduction of area for time, t, and temperature, % Zoyt
T

4. TESTING DETAILS
4.1 Overview

A creep crack initiation test is performed in a similar way to a creep crack growth test [2]. A
constant load, P, is applied to a fracture mechanics testpiece soaking at a constant
temperature, T (Fig. 1). The load is applied as quickly as possible.

Where feasible (e.g. in continuous measurement tests), the load and load line displacement
should be recorded during loading to enable total energy to crack initiation to be determined.

During test, i) the load line and (ideally) crack tip displacements and /i) crack length are
monitored to enable the determination of:

- time to crack initiation (for a given crack initiation criterion), and

- appropriate crack tip characterising parameters, e.g. dx, C*ox-

4.2 Testpiece
4.2.1 Types

The most commonly used specimen geometries used for CCl testing are the compact
tension testpiece and double edge notched tension testpiece (Fig. 2). Other high
temperature fracture mechanics testpiece geometries are acknowledged in the following
table.

NAME UNIT(S) SYMBOL
Centre cracked tension testpiece CCT, MT
C-ring testpiece CS(T)
Compact tension testpiece, (with side grooves) CT, (Cs)
Double edge notched tension testpiece, (with side grooves) DENT, (Ds)
Round notched bar tensile testpiece RNB(T)
Single edge notched bend testpiece SENB
Single edge notched tensile testpiece SENT




CT

DENT

2w

Fig. 2 Compact tension and double edge notched tension testpieces

4.2.2 Dimensions
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NAME UNIT(S) SYMBOL
Crack depth mm a
Initial crack depth mm ao
Thickness mm B
Net section thickness mm Bn
Side-groove depths mm ny, No
Width mm w

4.2.3 Test Types

NAME UNIT(S) SYMBOL
Continuous test method CT™M
Interrupted test method IT™
Multi-specimen method MSM
Single specimen method SSM

4.3 Test Parameters

NAME UNIT(S) SYMBOL
Alternating current potential drop crack monitoring ACPD
Direct current potential drop crack monitoring DCPD
Applied load N P
Time h t
Temperature °C T
Load line displacement (total) mm 4
Crack tip opening displacement mm o




5. TEST RESULTS
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Testpiece dimensions may also classed as test results if actual values have to be confirmed

by post-test inspection, e.g. By (or n1+ny), a,

NAME UNIT(S) SYMBOL
Initial crack depth mm ao
Final crack length mm ar
Crack extension mm Aa
Crack initiation criterion (e.g. Aa = 0.5mm) mm X
Crack growth rate (per unit time) mm/h da/dt, a
Time to creep crack initiation h tix
Load line displacement mm "4
Total load line displacement mm Viot
Elastic load line displacement mm Ve
Instantaneous plastic load line displacement mm Vo
Load line displacement due to creep mm Ve
Load line displacement due to creep at initiation mm Vex
Load line displacement rate due to creep mm/h dVy/dt, V,
Crack tip opening displacement mm o

6. ASSESSED RESULTS

6.1 Overview

Initially, and consistent with the description of other sub-critical crack growth mechanisms,
creep crack development was characterised in terms of stress intensity factor, K, until it was
recognised that this linear elastic parameter was only applicable to those circumstances
where creep ductility is very low and/or geometrical constraint is very high. Focus then
switched to the use of C* as a means of characterising the local stress-strain rate fields at
any instant around the crack tip but this parameter also proved to have its limitations, only
providing geometry independent descriptions of creep crack development under conditions of
large-scale steady-state creep deformation. For the small scale creep and/or transient creep
regimes, C(f) and C; are more appropriate parameters [8,9]. Relationships between C(t)/C*,
C/C* and the non-dimesional time ratio t/t; are given for a CT testpiece deforming in plane

strain with n = 5 are shown in Fig. 3, where
K2

RER=Yory )

6.2 Parameters

NAME

UNIT(S)

SYMBOL

A line or surface integral based parameter used to
characterise the local stress-strain rate fields at any instant
around the crack front in a body deforming due to creep. The
parameter characterises crack-tip stress-strain rate fields
under conditions of steady-state large-scale creep.

MPa.m/h

C*
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NAME UNIT(S) SYMBOL
Short time creep characterising parameter MPa.m/h Ci
Primary creep characterising parameter MPa.m/h Ch
Values of C* at crack initiation MPa.m/h C*ox, C(t)ox
Crack tip opening displacement pUm CTOD, o
Deformation state (e.g. plofor plane stress deformation or ple ds
for plane strain deformation)
Elastic-plastic crack tip characterising parameter N/mm J
Stress intensity factor MPavm Ki
Critical stress intensity factor MPavm Kic
Stress intensity factor at initial crack length MPavm Kii
Stress intensity ratio in TDFAD K;
Stress ratio in TDFAD L
Limit- load yield ratio m, My gs
Limit length in specimen with dominant ligament damage mm Tl
(ductility) dependent depth of stress redistribution zones
behind crack tip
Stress intensity ratio in two-criteria diagram Rk
Stress ratio in two-criteria diagram R,
Time to creep crack initiation h fix
Creep redistribution time h fred
Transition time - the time when the small-scale-creep stress h tr
fields equal the extensive steady-state creep fields
characterised by C*
Tresca yield criterion T
Time dependent failure assessment diagram TDFAD
Yield criterion (e.g. T for Tresca or VM for von Mises yc
Elastic energy on loading Nmm Ue
Plastic energy on loading Nmm Up
Energy accumulated due to creep deformation, to crack Nmm Ucx
initiation
Crack initiation criterion (e.g. Aa = 0.5mm) mm X
Two criteria diagram 2CD
CTOD at creep crack initiation pm A x
Equivalent limit-load reference stress MPa Ocquivs Oy ds
Nominal stress, according to ASTM MPa O
Nominal stress according to Siebel MPa Oh pl
Reference stress MPa O
von Mises yield criterion VM
Sigma-d, stress at characteristic distance, x MPa Ob x
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Fig. 3 Variation of C(f) and C; with time for a CT testpiece deforming in plane strain with

n=5

6.3 Material Characterising Parameters

NAME UNIT(S) SYMBOL
Material fracture toughness value in terms of J Nm Jo
Material creep toughness at time, t, and temperature, T MPavm K at xitiT
Stress intensity factor at initiation of engineering size crack MPavm Kii ot
Exponent in da/df(C*) creep crack growth law q
Constant in da/dt(C*) creep crack growth law y

7. DATA ASSESSMENT

7.1 General

Section 5 defines g, K, J and C* expressions for compact tension and double edge notched
tension testpieces, these being the most commonly adopted CCI specimen geometries [1],
and the testpieces for which acceptable size criteria are defined. The expressions for other
geometries will be included in later issues as their g, K and C* capacities become more

completely characterised in terms of their geometry dependence.

7.2 Load Functions

7.2.1 Nominal Stresses

7.2.1.1 Compact Tension Testpiece (Fig. 2a)
7.2.1.1.1 ASTM

o, = P (1+3 W+a°j
" (BB W-a,) ~W-a,
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7.2.1.1.2 Siebel

O = P (1+2W+3°J
n,pl (B.BN)O'E.(W—GO)' ‘W -a,

7.2.1.2 Double Edge Notched Tension Testpiece (Fig. 2b)
P

om0 BB W -a,)

n,pl

7.2.2 Equivalent Limit-Load Reference Stresses
The listed limit-load yield ratios originate from reference 10. This reference provides a
comprehensive source of m values for a range of testpiece and component geometries.

7.2.2.1 Compact Tension Testpiece (Fig. 2a)

P 1
=g =

g _
eds T B W 'm

equiv
yc,ds

7.2.2.1.1 Plane Stress Tresca

Mrgo = R+ 2@ WP - (142, /W)

7.2.2.1.2 Plane Strain Tresca
my . =[2.702 +4.599.(a,/W)?1°° - (1+1.702.a, /W)

7.2.2.1.3 Plane Stress Mises
My oo =[2.155.(1.155.(a,/W)? +1)]°° - (1.155.a, /W +1)

7.2.2.1.4 Plane Strain Mises
My =1.155{2.702 +4.599.(a,IW)2]°5 - (1+1.702.a, W}

7.2.2.2 Double Edge Notched Tension Testpiece (Fig. 2b)
P 1
=g =

¢ ed 2B W-a,) m

equiv

yc,ds

7.2.2.2.1 Plane Stress Tresca

My, =1

7.2.2.2.2 Plane Strain Tresca
My e =1+ In(MJ 0 < ay/W < 0.442
my e =2.57 0.442 < a,/W<0.5

7.2.2.2.3 Plane Stress Mises
Mympis = 1 +0.54.aO/W 0<a,/W<0.143
Mympic = 1.155 0.143 < a,/W<0.5
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7.2.2.2.4 Plane Strain Mises

1-a, /W
mVM,pIE = 1 1 55{1 + |n(m

My pie = 2.968 0.442 < a/W<0.5

J} 0<a/W<0.442

7.2.3 Stress Intensity Factors

K, = W.f(a/W)

7.2.3.1 Compact Tension Testpiece (Fig. 2a)

fla/w)=29.6.(a/W)°° -185.5.(a/W)"° +655.7.(a/W)** =1017.(a/W)>* +638.9.(a/W)*°
7.2.3.2 Double Edge Notched Tension Testpiece (Fig. 2b)

fla/w)=1.4(a, /W)*° +0.2556.(a, /W)"° -1.5(a, /W)*° +2.42.(a, /W)>*

7.2.4 C* Solutions
7.2.4.1 Compact Tension Testpiece (Fig. 2a)

cr=_ Ve n .(2+o.522.MJ
By.W-a) n+1 w

7.2.4.2 Double Edge Notched Tension Testpiece (Fig. 2b)

PV, h
C*= c —1£ for plane stress
. PV h, 2.(W -a)

for plane strain

" 2B, W-a) h, 0.72W +1.82.(W -a)

where h; and h; are constants given in reference 8

®
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