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Introduction

da/dN (mm/Cycle)

* PRCI Project IM-3-2 Results — begs the question....
Why not all individual stress ratios — ala aerospace?
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Review of Growth Models
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Harter T-Method (Applies the Walker Equation on a Point-by-Point Basis)

1
aq _ o

N (AK (1 —R )' m=4) ) log(da/dN)
dN '

The m-value [0 — 1] controls the data shifting.
As m increases, shifting decreases

For a given crack growth rate:

log(AK)
AKl(l — Rl)(m—l) = AK2(1 — Rz)(m_l) , for R, &R,>=0 If R <0, Kmax is used instead of AK,
and the exponent is reversed (1 —m)
AKy (1= R)™ ™ = K, (1= R)U™™  fOr R, >=0 & R, <0 o~
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Harter T-Method (Calculating m-values)
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AK 1-R
m=1 +{loglo(ﬁlJ/logw[il_};;H if R, and R, =0

K
m :1+{logw( A”;;Xl J/logm((l—Rl)(l—Rz))} ifRy,<0andR,>0

2

m=1 —{logw(?ﬂa” J/logw(g:%))ﬂ ifR;and R, <0

max?2
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EEEEEEEEEEEEEEEE ~Tabular = True Data Fit with Walker-based Curve Family

« Accommodates shape
» Self-consistent trends
* Infinite stress ratio solutions

m-values for R=0.02 and R=0.5
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* Developed by Dr. Wolf Elber
(1970's) =£0)
« Crack opening stress is a
function of applied maximum \ )} Gopen “
stress and stress ratio >{ —
* Crack growth rate data shifting ' f
as a function of stress ratio may Gosen -
be explained by the difference Ct= a,:, F— =
between applied and effective
Delta K AKAppIied = Kmax — Kwin AKggrective = Kmax - Kopen
« Basis of many crack retardation
models
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« Growth rate curves must be monotonically increasing

« There is a unigue relationship between Kmax, Kmin, and
growth rate for a given material/environment

« Growth rate curves for positive R-values shift to the left of the
curve for R = 0 when plotted as da/dN vs. AK

« Growth rate curves for negative R-values shift to the left of the
curve for R = 0 when plotted as da/dN vs. Kmax

« For a given absolute R-value, growth rate curves for a positive
R-value will be left of the curve for the negative R-value P
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- Longitudinal Through Crack In Cylinder (9B.5.1)

CorLAS 0. o -
Qa = =+ API579SIF |-

. B.5.4)
Solutions

Circumferential Crack In Cylinder (External) (9B.5.7)

Delta K* vs da/dN: APl X46-X60 Pipeline Steel

Growth J
Test Data

=" Longitudinal Surface Crack In Cylinder (Internal) (9B.5.10)
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AFGROW | AFMAT

 AFMAT Database
Home | Product | Reference | Specimen | TestProfile | Tabular Lookup da/dN Data

° Traceab | e AF Mat > Tabular Lookup da/dN Data > View Tabular_Lookup da/dN Data
Tabular Lookup da/dN Data - APl X46-X60 Pipeline Steel

° Ve rlfl ab I e Materials T Delta K* vs da/dN: API X46-X60 Pipeline Steel
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Notional NASGRO Fit, X46-X60 — Not 1st Choice.....

Material- NASGRO Equation

Material Properties | NASGRO Equation Constants ‘

"B The NASGRO equation was developed by Forman and Newman at NASA., de Koning at NLR and
| Henriksen at ESA. Itis an attemptto use a closed-form equation to model the da/dM vs. Stress
Intensity behavior of engineering materials

Enter

[EICHEINET CRX52 BMT Fleet Visual Fi

Coefficient of Thermal Expansion:
Young's Modulus:

Poisson's Ratio:

Ultimate Strength. UTS :

Yield Strength. YLD :

Material- NASGRO Equation

Material Properties  NASGRO Equation Constants
The parameters required for the NASGRO equation are given below. AFGROW requires additonal
Q parameters (Rhi and Rlo) to provide limits for the curve shifting. It has been demonstrated that these
limits may be necessary for the NASGRO equation.
Enter
Paris crack growth rate constant. C:  |6e-10
Paris exponentin NASGRO Equation. n:
Exponentin NASGRO Equation, p:
Exponentin NASGRO Equation, q:
Threshold stress intensity factor range at R = 0, DKO:
Threshold coefficient. Cth:

Plane stress/strain constraint factor , Alpha:

TS

=
©

Ratio ofthe maximum applied stress to the flow stress. Smax/S0:

:

Upper limit on R shift, RHI (Max: 1.0):

S
@

Lower limit on R shift, RLO (0...-2.0):

0K I Cancel Apply Save Read...

Plane Strain Fracture Toughness. KIC:

Plane Stress Fracture Toughness. KC: 176

re Toughness for part-through-the-thickness cracks, KIE:  |100
Fitparameter in KC versus Thickness Equation . Ak W
Fitparameter in KC versus Thickness Equation , Bk: ’[!57

033

T

Growth Rate in/cycle

K Cancel Apply ] Save
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Material- NASGRO Equation X
Material Properties | NASGRO Equation Constants | !
The NASGRO equaltion was developed by Forman and Newman at NASA , de Koning at NLR
and Hennksen al ESA_ ILis an altempt lo use a dosed-form equation 1o model the daldN vs
Stress Intensity behavior of engineenng materals.
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——— Validations, Operating Liquid-Transport Pipelines
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Incident & | OD, _ o mplied
Grade o WT, in | Defect Size, in Annual L

30 0254  0.136 x 8.0 898 4.5 3.2 <1.0
24 0328  0.144x 4.7 2684 14 7.9 <1.0
24 0328  0180x4.0 2300 9 2.2 <1.0
34 0280  0.112x5.0 2732 5 2.0 <1.0
26 0281  0.080x31 2200 50 49 <1.0
26 0281  0.090 x 5.0 2200 50 24 <1.0
34 0344  0.090x 13 1253 50 76 15
30 0386  0.096x 12 3506 10 24 2.4

o~

SS1= N, — Z?=1Afl)i"Ni <1 year) March 7-8, 2023 | PRCI Research EXZTO?:pgf REX2023
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— Sample Gas and Liquid Operating Pipelines, Air vs H,
17
Wall thickness, in 0.25 0.312 0.281
SSI, Cycles @ 13 ksi 58 83 940
Life, Years, 50%wt x 5" Crack
Baseline (Air) 231 148 14.5
35% SMYS Residual Stress 204 122 11.8
Time Dep: 0.003”/yr 29 31 9.9
Res. Stress + 0.003/yr 28 28 8.4
Dual Range H, gaceline 210 5 4 0.4 P
Tabular H, sasciine 8 T 09 exchange REX2023
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Conclusions

» There is life beyond the Paris Law
» Currently deployed in AFGROW environment
 Utility in:

 Forensics

 Leak-break analysis

« Growth sensitivity studies

* Negligible growth verifications
» Non-standard geometries (facilities)

« Validation in Air satisfactory — Life Reduction of 2.0 rule of thumb
« Tabular H, agrees (almost perfectly with LRF of 2) with dual-range H,
* Fertile ground for future H, work

« Batch processing potential iy
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