September 16, 2024

NASGRO v11.0 Release Notes

New and Improved Stress Intensity Factor (SIF) Models

e New Bivariant Weight Function Model for a Curved Through Crack at the Edge of a
Plate (TC45):
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Crack case TC45 represents a part-elliptical through-crack in a finite width plate. The part-
elliptical crack front allows for two separate surface crack tips: “c” on the front face and “c2”
on the back face of the plate. Remote tension/bending stresses or user-defined bivariant
stresses are supported in the same configurations. The user can specify the remote ends to be
either unrestrained or restrained from in-plane bending. TC45 is the first bivariant weight
function solution in NASGRO for a part-elliptical through-crack geometry. It may be a
preferred solution for analysts investigating curved through cracks at the edge of a plate. Note

that TC47 is a univariant weight function solution for this geometry that was first introduced
in NASGRO v10.2.

Additional detail on the development of this new model is contained in Appendix C of the
Reference Manual.



e New Model for a Through Crack Growing Towards a Hole (TC48) — Replacing TC33

TC48 represents a straight through crack located in a ligament between an offset hole and a free
edge of a finite-width plate. The crack is oriented perpendicular to the applied remote load; it has
two tips, one of which approaches the hole, while the other propagates toward the plate’s free edge.
Although TC48 shares the same geometry as TC33, it offers more accurate results than TC33.
TC48 also supports two additional remote stress capabilities, S2 (remote in-plane bending) and S3
(pin loading), alongside the remote tension SO.

The solution limits of the crack geometry differ between TC33 and TC48. While TC33 covers a
slightly larger solution space than TC48, the TC33 model error can become significant in certain

parts of the space. The solution space of TC48 has been designed to encompass the majority of
practical problems while maintaining solution accuracy. The TC33 model is being retained in
NASGRO and will still be available for use for legacy purposes; however, this new TC48 model
is recommended for new analyses.

Additional detail on the development of this new model is contained in Appendix C of the
Reference Manual.
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e New Model for a Corner Crack in a T-Section Under Remote Loading (CC29)

Crack case CC29 is a solution for a corner crack in a structural member with a cross-section
idealized as a generic T-section as shown below. The crack is located at the flange-top corner of
the T-section. The a-tip of the crack propagates in the through-thickness direction (tr), while the
c-tip propagates across the flange width towards the web. The user has the option to transition this
crack into TC39, a through crack case in T-section, once the a-tip reaches the flange-bottom.

CC29 supports different combinations of remote loading depending on bending restraint
conditions. When the flange top surface is restrained (shown on the left, below), the available loads
include remote uniform tension SO and remote bending stress S2 about the y-axis. If the ends of
the flange are restrained (shown on the right, below), the supported loads are remote uniform
tension SO and remote bending stress S1 about the x-axis.

Additional detail on the development of this new model is contained in Appendix C of the
Reference Manual.
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e Expansion of TC44 for Two Through Cracks at a Single Hole in a Row of Holes:

Crack case TC44 is a solution representing curved through cracks in a row of holes similar to TC05
and CC24. This solution features remote tension loading (S0), remote out-of-plane bending (S1),
and pin loading (S3). TC44 was a new model first implemented in NASGRO v10.2. It has now
been expanded for v11.0 to handle two identical cracks at a single hole in a row of holes. The
TC44 GUI enables the user to choose between two equal cracks at one hole or two equal cracks at
every hole. Additional detail on the development of this model is contained in Appendix C of the
Reference Manual.

e Expansion of CC26 for a Corner Crack on the Long Ligament side of the Hole:

Crack case CC26 is a bivariant weight function solution for a corner crack at an offset hole in a
finite-width plate with a general bivariant stress distribution on the crack plane. This crack case
supports remote loading, an expanded range of geometries, and has improved accuracy relative to
the older solution CC10, especially for very small cracks, very large cracks, and more extreme
offsets. For NASGRO 11.0, the SIF solution for CC26 has been expanded to allow the crack to
be located in the long ligament side of the hole (previously the crack could only be on the short
ligament). The GUI provides radio buttons to choose between these two options. Additional detail
on the development of this model is contained in Appendix C of the Reference Manual.

e Expansion of SC39 for a Surface Crack at an Elliptical Notch in a Round Bar:

Crack case SC39 is a solution for a circumferential surface crack in a notched bar. SC39 supports
external surface cracks parameterized using a crack front that intersects the free surface at a normal
angle and that supports two degrees of freedom for the crack front. SC39 enables users to define
loading histories from remote tension (S0) and bending (S1). SC39 was originally developed for
an angled notch with a circular radius (v10.2). For v11.0, SC39 now supports a round notch
defined by an ellipse offset from the cylinder. Additional detail on the development of this model
is contained in Appendix C of the Reference Manual.

e Other SIF Model Improvements:
o Update CC24 to support transition for new TC44 capabilities

Crack case CC24 is a solution for corner cracks at holes in a plate with a row of holes.
New capabilities for transitions to TC44 have been implemented to take advantage of
recent enhancements to TC44. CC24 can now transition to TC44 for the following two
configurations:

» Two equal cracks at one hole
» Two equal cracks at every hole



o SIF models moved to the Superseded category

The following SIF models have been moved to the superseded category. Their
recommended replacement is listed below; however, the superseded models may still be
used if desired, and earlier analyses performed with these superseded models will still run
in v11.0. The GUI displays guidance on the new replacement model to choose if a
superseded model is chosen.

TC13 superseded by TC43
TC28 superseded by TC47
CC10 superseded by CC26
SC18 superseded by SC37
SC29 superseded by SC38

Elastic-Plastic Fracture Mechanics (EPFM) Module Improvements

The elastic-plastic fracture mechanics (EPFM) module in NASFLA was originally developed more
than twenty years ago and has been essentially unchanged since its introduction. Several
enhancements are introduced in v11.0, and other improvements are planned for future NASGRO
versions. In v11.0, crack case SC30 is added to the EPFM module in NASFLA. Many, but not all,
of the conventional linear-elastic fracture mechanics (LEFM) NASFLA capabilities have now
been included in EPFM NASFLA. Users can define crack plane stress gradient inputs for SC30 as
well as combined remote tension and bending, although multiple loading sources must remain
proportional. Loading can be characterized as primary or secondary. Multiple load blocks can be
defined using either manual or file (Single Block file format) input protocols. Schedules can be
defined from these multiple blocks. Output intervals can be defined in terms of crack growth or
load history (end of schedule, end of block, every n steps). Results are written to the OUT1 and
OUT?2 files and can be displayed or graphed on the Computations tab using many of the same
parameter options available in LEFM NASFLA, plus some additional EPFM parameters. EPFM
material parameter options remain unchanged in this version. The original five crack cases in the
EPFM NASFLA remain available, but only some of their supporting capabilities were enhanced,
including multiple load blocks, output intervals, creation of an OUT?2 file, and graphing of OUT2
file results.

Plans are to introduce additional new crack cases in EPFM NASFLA in future NASGRO versions,
eventually replacing all the original EPFM crack cases (some of which have already been

superseded in LEFM NASFLA), as well as introducing new geometries not available in the legacy
EPFM module.



New Options to Facilitate Analyses Consistent with API 579 Requirements

e Capability to Use API 579 Fracture Toughness Values

NASGRO v11.0 provides the capability for a user to calculate fracture toughness (Kic) values using
the methodology listed in the 2021 edition of API 579 and the ASME B&PV Code. This new
feature is implemented as an option on the NASGRO material screens for NASFLA and NASFAD.
To activate this capability, a check box is provided on the material screen of the GUI, just below
the user-defined toughness box, as shown below.

Kc values at tips used in analysis
[v Defaults [~ User-defined by tip class
[~ Constant Kc [~ User-defined by tip location
Interior tip Surface Tip Through tip Circumferential tip

[K1e [1.1°Kle  [Ket)  [Kic

[~ API 579 fracture toughness

API 579 Fracture Toughness Checkbox in Material GUI

Use of this feature presumes that the analyst is familiar with the relevant sections of API 579 and
the ASME code in order to make appropriate choices in the GUI as described in the following.
Checking the box to activate this feature displays a number of options for computing a fracture
toughness as shown in the figure below.

[v API 579 fracture toughness

Select ASME exemption curve: (A I
Specified minimum yield strength (SMYS): |90.

Operating temperature (F):
API| 579 fracture toughness definition:
[~ Section 9F.3.5, Section VIlI fracture toughness
[V Section 9F.4.2, lower bound fracture toughness:
Material type for reference temperature in Level 1 assessment:
[v Carbon steels
[~ Low alloy steels
Material type for cutoff in K1c curve:
[V Low sulfur carbon steels
[~ Unknown chemistry or high sulfur carbon steels

Klc (computed):

API 579 Fracture Toughness Options in Material GUI (Default)

The user first needs to specify the ASME Exemption Curve designation (A, B, C, or D) according
to Table 3.2 and Figure 3.5 of API 579 using the pull-down menu. Next, the Minimum Specified
Yield Strength (MYS), and the operating temperature need to be specified. By default, the MY'S
value is the yield strength from the NASGRO or user material database, which can be edited if



desired. Once this choice and these values are specified, there are two options available for
computing a lower bound fracture toughness. The first option is to use the ASME B&PV Code,
Section VIIIL, Div 1 & 2 fracture toughness approach listed as Equation 9F.43 in API 579. The
second (default) option is the approach from Section XI of the ASME B&PV Code that applies to
ferritic materials and uses the reference temperature, Equation 9F.45 in API 579. The reference
temperature is determined using API 579 Table 9.2, the exemption curve designation, and the
MYS. Note that use of this latter approach is restricted to two generic types of steels, and a material
cutoff of the toughness curve can be chosen.

Once the above choices are completed, the fracture toughness is computed and displayed in the
GUI. This toughness value will then be used as the critical fracture toughness to determine the
critical crack size in NASFLA as well as in determining the toughness ratio when using the FAD
failure criteria in NASFLA and NASFAD.

This new feature is documented in Section 4 of Appendix U.
e Option to select API 579 EC and SC transiton (recharacterization) criteria

The crack transition criteria in NASGRO differ from those contained in the API 579
“recategorization” guidelines. For example, the API 579 guidelines require transition to a through
crack at an a/t of 0.80 whereas the NASGRO weight function surface crack models transition to a
through crack at an a/t of 0.95 (e.g., SC30 & SC31). An option within NASGRO to allow the user
to choose crack transition criteria based on the API flaw recategorization guidelines for surface
and embedded cracks in Section 9.3.6.6 of API 579 (2021) has been implemented in NASFLA for
v11.0. This new transition criteria option is implemented in NASFLA via a check box on the
geometry page for applicable crack cases. The transition criteria that already exist in NASGRO
remain the defaults.

The figure below shows a NASFLA crack case geometry screen containing the check box for
selecting the use of the API 579 transition criteria. The default is to use the existing NASGRO
transitions. The API 579 transition criteria are only available for the following surface crack and
embedded crack cases: SCO01, SC02, SC03, SC04, SC05, SC30, SC31, EC04 and ECO05.
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Note that the user must specify the use of the API 579 transition criteria for each individual crack
case on the Geometry page. Also note that these new criteria apply only to the list of surface and
embedded crack cases listed above. The API 579 transition criteria do not apply to any other
NASGRO crack cases, e.g., corner cracks.

When the API 579 transition criteria option is selected, a statement in the output (outl file) will be
printed as follows:

API 579 (2021) transition criteria are being used instead of NASGRO defaults

The newly implemented crack shape transitions for embedded cracks and surface cracks using the
API 579 criteria are documented with additional detail in Section 9 of Appendix D. This includes
a listing of the API 579 transition equations, flaw dimensions before and after transition, and a
table comparing the API 579 transition criteria to the default NASGRO transition criteria.

e Option to select API 579 weld residual stress (WRS) polynomial equations

Previously (NASGRO v9.1, 2019) the capability to specify a residual stress distribution in
polynomial form was implemented in NASGRO. This enabled easier use of commonly used
equations for weld residual stresses (e.g., API 579 equations) without having to program them into
a spreadsheet and then cut and paste the stresses into the NASGRO GUIs. For NASGRO v11.0,
a new capability further simplifies this process by providing the user the capability to choose from
a menu of API 579 WRS equations (from Annex 9D) and not have to manually enter polynomial
coefficients into the GUI. The existing general capability first introduced in v9.1 has been retained
and is briefly summarized below for reference.

The API 579 WRS polynomial equations are univariant and this option should only be used for
NASGRO univariant WF solutions. An example of the GUI screen is given below for a univariant
WEF case showing the checked box for including RS input in the form of a sixth order polynomial.
Note the function is in terms of normalized distance (X = x/¢) given by:



o(X) =Co+ C1X + CoX? + O3 X% + Oy X* + O5X° + O X6

This new option provides a button below the input grid for the polynomial coefficients for
activating the option to select the API 579 WRS polynomial equations. It is available in the
NASFLA, NASSIF, NASCCS and NASFAD modules of NASGRO.

Crack plane stress definition from
(¢ Tension,bend ¢~ Polynomial " Tabular input

Shakedown choice
C 16 2C 3C 4||( None " Automatic

v I~ Include residual stress table
[V Include residual stress polynomial
[~ Input stresses from file

Plot stresses |

Coef0 | Coef1 | Coef2 | Coef3 | Coefd4 | Coef5 | Coefb
RS

Select WRS API 579 polynomial equation | (not selected)

Clicking on the button to select the API 579 WRS polynomial equations activates a menu for the
user to choose the desired equation. The table below lists the section numbers, equation numbers
and figure numbers from API 579 Annex 9D (2021 edition) along with specific details about the
weld, crack location, heat input and material. The user must be familiar with Annex 9D to be able
to choose the appropriate WRS equation for their application. Note that these WRS equations
pertain only to ferritic steel and austenitic stainless steel welds. The equation selection is made
by clicking on the row in the table and the row is then turned blue as shown. Only one equation is
allowed to be selected.



AP 579 WRS Equations Menu

Post weld heat treatment :
API 579 section | API 579 egn num [ API 579 fig num | Weld info | Crack location | Weld heat input | Materials |
9041 503 none PWHT Perpendicular to weld
9041 SD.4 none PWHT Parallel to weld

Cylindrical shells:

AP| 579 section | AP1579 egn num | API 579 fig num | Weld info

Crack location

Weld heat input | Materials

9051 [907  [9D1 | Fullpen circumferential | Circumferential flaw, WRS perpendicular to weld Fenitic and austenitic stainless steel welds
9051 5D.8 501 Full pen circurferential ~ Circumferential flaw, WRS perpendicularto weld ~ Medium Fentic steel welds
9051 50.9 501 Full pen circumferential ~ Circumferential flaw, WRS perpendicularto weld — Low Feritic and medium/ow heat austenitic stainless steel welds
‘9pies |
9061 50.22 501 Full pen longitudinal Longitudinal flaw, WRS pependicularto weld
9062 50.25 501 Full pen longitudinal Longitudinal flaw, WRS parallel to weld
Spheres and heads
API 579 section | API 579 eqn num | API 579 fig num | Weld info | Crack location | Weld heat input | Materials |
9071 50.7 506 Full pen circurferential ~ Circumferential flaw, WRS perpendicularto weld — High Fenttic and austenitic stainless steel welds
9071 50.8 506 Full pen circumferential ~ Circumferential flaw, WRS perpendicularto weld =~ Medium Fermitic steel welds
5071 509 506 Full pen circumferential ~ Circumferential flaw, WRS parallel to weld Low Femitic and medium/low heat austenitic stainless steel welds
sbie1E L
90.81 50.22 506 Full pen meridional Meridional flaw, WRS perpendicular to weld
sD82 50.25 506 Full pen meridional Circumferential flaw, WRS parallel to weld

Comer joints (nozzles).

API 579 section | API 579 egn num | API 579 fig num | Weld info

| Crack location

| Weld heat input | Materials |

90101 59028 90.7.8 Full pen
30.10.2 30.36 30.78 Full pen

Piping branch connections:

WRS perpendicular to weld
WRS parallel to weld

(Mote: Green highlighting indicates thickness-dependent polynomial equations.)

AP| 579 section | API 579 eqn num | API 579 fig num | Weld info | Crack location | Weld heat input | Materials |
90.10.41 50 .45 none Full pen WRS perpendicular to weld Fenttic steel welds

901041 9D .46 none Full pen WRS perpendicular to weld Austenitic stainless steel welds

901042 S0 47 none Full pen WRS parallel to weld Fertic steel welds

90.104.2 50.48 none Full pen WRS parallel to weld Austenitic stainless steel welds

Clear equation selection

Use selected WRS equation | Cancel |

Once the desired equation has been selected, the user needs to click on the “Use selected WRS
equation” button at the bottom of the table. The GUI then returns to the NASFLA geometry screen
as shown below, displaying the polynomial coefficients and a description of the equation that has
been selected as shown below. A plot of the chosen WRS distribution can then be made using the
Plot Stresses button. A scale factor can then be applied to the RS polynomial curve on the Load
Blocks page. This scaling factor is frequently the yield stress.

~Crack plane stress definition from -

(¢ Tension,bend ¢ Polynomial

b

# f AP
r # of stress distribution

[V Optimize po

(" Tabular input

(& None

nt spacing [~ Include residual stress table

=5 distilbutions | - Shakedown choice ————
G &2 €3 G4

" Automatic

[V Include residual stress polynomial

[~ Input stresses from file

Plotstressesl

[ [ Coef0 | Coef1| Coef2 | Coef3 | Coef4 | Coef5 | Coef6 |
|Rs/1.00 022 306 1.8 000

Select WRS API 579 polynomial equation | (selected)

Section (9D.5.1) Full penetration circumferential welds in cylindrical shells

Equation (9D.7) Circumferential flaw; WRS pemendicular to weld
High weld heat input; Fenitic and austenttic stainless steel welds

Clear selected WRS API 579 polynomial equation |
Polynomial gradient direction:  Forward |(cid(tod1ange)
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Documentation Improvements

The Reference Manual has undergone significant improvements in recent years, and those
improvements continue. The following changes were made for this release of v11.0
documentation:

Appendix A has been newly transferred to LaTeX doc system with some refinements.

Appendix B was expanded to include new sections for CC29, TC45, and TC48 and updated
sections for CC26, SC39, and TC44.

Appendix C was expanded to include sections for the new models. Also, Section 11.4 on
Optimum Point Spacing (OPS) has been expanded to include section 11.4.1, detailing the new
OPS treatment for limited input data.

Appendix D was updated to detail the new transition capabilities for TC48, CC24, CC26, and
CC29. Section 9 on the newly implemented API 579-based transition criteria has been updated
to reflect changes in how this alternative transition rule is activated for supported cases.

Appendix F has been newly transferred to LaTeX doc system with some refinements.

Appendix I was clarified regarding the need to copy NASGRO configuration files from an
administrator’s account to the end user account when NASGRO is installed under admin
rights.

Appendix O: The document has been converted to LaTeX format with updated content.
Additionally, a new section has been added at the end that describes the GUI access to residual
strength outputs in NASFLA.

Appendix U: The structure has been sectionized and a table of contents has been added. Also,
a new section (Section 4) at the end has been added, which explains the new capability to use
API 579-based toughness values. The appendix was also updated to include the fracture
toughness rules for the newly introduced cases (CC29 and TC48).

Appendix V was updated to include the constraint coefficients rules for the newly introduced
cases (CC29 and TC48).

11



Configuration Control Enhancements

A new Units section has been added to Configuration Control, allowing the Units types in the
NASFLA GUI Options menu to be controlled. One or more Units types may be grayed out (set to
be unselectable) and a default Units type can be assigned via the NASFLA GUI control file.

The following is an image of the new section in the Configuration Control GUI showing the control
options for the NASFLA GUI Units in the Options menu.

B MASGRO® v11.00 Configuration Control Profile -  [FOR EVALUATION PURPOSES OMLY]

File Settings Help

Units
Available Unavailable (grayed) Default units for analyses:

[US] in, in/hour, kips, ksi, ksi sgrifin} [US] in,inhour, kips, ksi, ksi sgrtiin) Change |
[M1] mm.mm  hour,M.MPa,MPa sqrt{mm)

[M2] m.mScycle, MN, MPa, MPa sgrtim)
[M3] mm, mmscycle, N, MPa, MPa sqritim)

For example, if units M2 and M3 are set to be grayed out / unselectable in the Configuration
Control GUI as shown below and a new control file is created and copied to the NASFLA GUI’s
parent directory, the NASFLA GUI will not allow these unavailable Units choices to be selected.

" MASGRO® v11.00 Configuration Control Profile -  [FOR EVALUATION PURPOSES ONLY)

File Settings Help

— Units
Available Unavailable (grayed) Default units for analyses:
[US] in, inhour, kips, ksi, ksi sgrtin) [M2] m.m/cycle. MN, MPa, MPa sqitim}  |[US] in, inshour, kips, ksi, ksi sgrtin) Change |
M1] mm.mm /hour,M,MPa,MPa sqtimm)  |[M3] mm, mm/cycle, N, MPa, MPa sqrit{m)

E‘:ﬂ MNASFLA v11.00 Crack Growth Analysis - [configuration controlled] [FOR EVALUATION PURPOSES ONLY]

File = Options  View Tools Help

@ Units * % [US] in, infoycle, kips, ksi, ksi sqrt(in] bptions | gCnmputatiDnS
E LEFM or EPFIM » [M1] mm, mm/cycle, N, MPa, MPa sqrt{mm)
— Analysis type » [M2] m, m/cycle, MN, MPa, MPa sqrt(m)

Data file reference » [M3] mm, mm/cycle, N, MPa, MPa sqrt(m)

Create batchfile only? > bl

Express mode? ’ » Structiiss r

Surface correction factor »

Allow external data »

Save options now

Save options on exit
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NASGRO v11.0a Additions, Changes. and Fixes by NASGRO Module

Applicable NASGRO Module

February 2, 2024

Category

NASGRO Main

Config Control

NASFLA

NASSIF
NASCCS

NASGLS

NASFAD

NASMAT

NASBEM
NASFORM

Users Manual

Description

Change

x

NASFORM: updated the algorithms for solving the nonlinear strain-life equations. If the fatigue life
under a specific load step cannot be found within the assumed bounds, i.e. [1.E-30, 1.E+30], the
original algorithms issued a message and terminated the computation. The updated algorithms set the
fatigue life to either a huge number (for small load steps) or a tiny number (for large load steps) if this
happens, and the compuation continues.

Fix

When saving input files with empty flaw size and/or crack ratio tables from the Output Options tab,
extraneous new lines were saved into the input file and inserted into the tables. This caused the
checks for whether those tables have values to pass, then trigger an error stating the seemingly empty
table had invalid numbers.

Fix

Certain NASFLA analyses with SC39 terminated from surface crack length exceeding the solution
limits. The iteration routine to look for adjusted crack depth for a given crack area was revised to
resolve an issue that a root cannot be found from the slight discrepancy after minor adjustment in
surface crack length such that the computation could proceed.

Fix

Different NASFLA results obtained from Debug and Release modes using TC28. The determination of
numerical quantities for TC28 NSS became unstable when c2/c value was very close. A revision to get
around c2/c=1 was implemented to ensure both results from Release and Debug modes are the same.

Fix

The NASFAD GUI crashed when attempting to save a NASFAD plot as a text file. This was due to the
GUI trying to access certain plot title fields not used for the plot in question.

Fix

Two pieces of redundant output appearing in the Final Results output section were removed for
clarity.

Fix

Redundant data line at the very top of NASFAD OUT1 files before NASGRO copyright banner. It echoed
the stress scale factor with polynomial residual stress. A similar data line can be found in the later
section of the OUT1 files.

Fix

An incorrect index value in the logic scheme for determining if all scale factor values were equal to
zero resulted in an incorrect error to be issued stating "At least one scale factor must be non-zero."
This occurrred whenever SO was zero regardless of the values of any other scale factors.

Fix

Changing the post-transition crack model from direct transition from SC30 to curved through crack.
The post-transition crack model to curved through crack when direct transition occurs is now TC47,
instead of TC28, such that the final crack case from either transition path: SC30->CC11 ->TC47,
or SC30 -> TC47, would be consistent.

Fix

Crack case CC24: FAD analysis features were improperly being shown on the Material tab when the
post-transition geometry option was changed from TC44 to TCO5.

Fix

Due to an incorrect internal GUI display rule for the material selection boxes for US and M1 units, after
changing the Units type and selecting a material, no parameter values were displayed.

Fix

Parameter VO was not converted correctly when changing the Units type. This was due to the
unhandled character "D" in the material file value. The material file has been changed to contain the
character "E" instead, for exponential expressions.

Fix

Extra non-significant digits in the material file for several parameters caused the conversion to contain
extra digits when changing the Units type. The material file has been changed to contain the proper
number of digits, agreeing with the user documentation.

Fix

Some crack cases were found to have a mislabeled display issue. Output label with stress quantities
from NASFAD missing "S" in OUT1 file.

Fix

NASGLS crashed from an uninitialized variable.

Fix

A typo in argument list to invoke TC25 SIF calculation was incorrectly specified. It was uncovered when
to resolve the discrepancy between results from API calls and NASGRO release. The argument passed
to the weight function routine was supposed to be the net section width. Instead, because of the typo,
the whole plate width was passed.

Fix

Manually entered Load Blocks data was not saved to the GUI's internal storage, preventing it from
being saved to input files or being written to batchfiles, even though it appeared on screen. This
prevented analyses from running.

Fix

TC43 NASFLA completed with error message displayed at the end of OUT1. The error message clearly
indicates the issue was from exceeding the solution limits. The report was logged to provide a better
exit message and description. The pitfall was found from a slightly larger tolerance for dimension
checks in the driver routine, resulting in TC43 fracture mechanics module with a small tolerance
issuing the error. The revision synchronizes both tolerances to ensure proper termination of
computation.

Fix

NASFLA run status bar not updating information after 2000 cycles. The algorithm to report the
progress in status bar was found not working consistently after crack transition when the thickness-to-
width aspect ratio was small.

Fix

Crack Cases CC13, SC26, TC17: When changing the notch shape in inverse calculation mode, the
geometry grid did not show the correct geometry information. When changing calculation mode to
inverse and back, the geometry grid showed incorrect geometric labels and inputs.
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Description

Change

x

x

Enhancing OPS treatment for gradients defined with very few data pairs. It will provide a more
consistent internal treatment to avoid too much deviation from curvilinear swing in the numerical fit
process. For more details, please refer to Section 11.4 in Appendix C.

Change

The previous GUI Options menu selection "Use API 579 transitions?" has now been removed and
recreated as a GUI checkbox on the Geometry tab. Previously, this Options menu choice always
existed in the NASFLA GUI, regardless of the crack case selected, and if "Use API 579 transitions" was
set, this option would apply only to those crack cases where API 579 transitions were possible.
Otherwise, "Use NASGRO transitions" would be used, even if the menu option had been set to "Use
API 579 transitions." This was confusing to some users, so the new checkbox was implemented
instead, and will only be shown for those crack cases to which it applies. If checked, that crack case
will use API 579 transitions; if unchecked, it will use NASGRO transitions.

Fix

TC25 with bend restraint not working from failure during license check. Duplicate license checks were
occuring with this specific usage scenario and had existed for several versions.

Fix

x

Crack cases ECO5, SC30: User-entered residual stress grid data was not being plotted.

Fix

Crack Case SC34: Some geometry checks were not correctly performed for internal cracks.

Fix

Temperature dependent analysis resulting in run-time error. The implicit gradients designated as
"user-specified" from remote or pressure loads were not defined when OPS was not enabled.

Fix

NASFLA analysis not complete with error shown in SCREEN.OUT indicating memory allocation issue.
An internally allocated array with the usage of multiple block cases was not unloaded properly, and
the erroneous scenario can be traced back to v10.2 when several enhanced multiple temperature
features were introduced.

Fix

The NASFLA GUI contained incorrect polynomial equation coefficients for the Corner joint (nozzle)
equation 9D.10.1: 9D.28.

Fix

Inconsistent polynomial coefficients in the DLL WRS equation for Eqn. 9D.28.

Fix

Crack cases SC34, SC35, SC36: Various issues arose when attempting to use the "Plot stresses" button
to plot the selected WRS API 579 residual stress polynomial equation. The equation would plot or not
plot and additional error messages would sometimes be received indicating data is missing for stress
quantity S4. This was due to an internal data validation routine being erroneously accessed for these
crack cases, which sometimes included regular user-entered stress data for stress quantity S3 and
other times did not.

Fix

The text control for "Default mode for analysis" was erroneously set to be editable.

Fix

The load interaction text control would erroneously disappear when all controls were set to
'unavailable' or 'hidden."

Fix

Implementation of warning message if CC16/CC17 long ligament solution limits were violated. The
message was specific for S3 (pin load) solution limits being exceeded.

Fix

Improved messages printed to the output files for CC17->HC01->TC23 transition.

Fix

When attempting to remove a data row from a Load Blocks grid using the right-click function "Erase
this row," the selected grid row data is correctly removed from the on-screen display, but erroneously
remained in internal GUI block data storage arrays, and would therefore still be used in the analysis.
This has been corrected so that the selected data is also correctly removed from internal GUI storage.

Fix

The NASFLA GUI would crash whenever attempting to plot a material ID directly from the "Search
material database" dialog window, using the "Plot selected entry" button, and no plots were created.

Fix

Custom 455 H1050 (G5BE26AB1) heat treat corrected from H1050 in material list.

Fix

Incorrect model code for SC30 subjected to crack plane stress gradients using EPFM. The model code
was revised to avoid confusion.

Fix

Crack case SC30: In elastic plastic mode, this crack case was erroneously displaying Residual Stress
options, which should only be available for linear elastic mode.

Fix

Typos found in equation to compute surface crack length with c1-tip of SC30 in EPFM analysis. The
error could lead to incorrect predicted surface crack length with c1-tip.

Fix

Enforcing load proportionality check among multiple distinct load blocks in EPFM. The load
proportionality check had been implemented and enforced in this version.

Fix

Correction factors for SC30 were quite different from those for SCO1 in EPFM. The discrepancy was
found from the approach to compute geometry correction factors for SC30 where stress scale factors
had already been included. The revision ensures the factors are in reference to the applied loads prior
to being scaled.

Fix

Crack case SC08: The pulldown selection box for "Bolt major and minor diameter" could appear
missing from the GUI screen. An internal refresh of the Geometry tab layout was implemented to
properly display all controls.

Fix

When t1/t2 was selected on the Geometry tab, the t1/t2 controls would not always be properly
displayed on the Load Blocks tab.

Fix

DTxx crack cases not working in NASGLS. The error was found from inconsistency in GLSBAT files.
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Description

Fix

After selecting crack case SC30 in elastic plastic mode, which correctly grays out the "Crack plane
stress definition" radiobox choice of "Polynomial," if a different crack case is selected in linear elastic
mode that also uses that same "Crack plane stress definition" radiobox, the "Polynomial" selection
would erroneously remain grayed out.

Fix

SC34, SC36: NaN (not a number) appearing in the iteration tables when NASFAD for CCS was invoked.
A typo was found in two statements used to define the minimum a/c ratio.

Fix

Revision on definition of maximum crack depth with internal SC34/SC36 during iterations for CCS. A
faulty algorithm to define the maximum crack depth in the iteration bracket was identified, resulting
in computation performed outside of the solution limits.

Fix

TC15 error reporting shakedown problem. The bug was from recent implementation for multiple
temperature application starting from v10.2.

Fix

Correction on the load description in OUT1 file from the usage of SC34. The description showing the
pin load usage was found inconsistent.

Fix

NASFLA generated an unhandled exception when attempting to use multi-temperature data in metric
units.

Fix

When plotting outputs, the resulting graph contained no Title line. This was due to previous internal
GUI code reorganization, wherein the function to set the title was moved to a different overall code

location, but the specific call to that function still referenced the previous code location, causing the
function to not be properly executed.

Fix

Large life differences between TC45 and TC47 for nominally identical input. The initial small crack size
with W/t=40 was outside the lowest ¢/W limit with the pre-integration tables and the implemented
treatment for small cracks was inadequate. A revised treatment that better tightened the gap between
the two different approaches was implemented.

Fix

CC26 life differences for cracks on short and long ligaments for hole at the center. The differences
could be from various sources during weight function integration based on interpolation among
bivariant stresses and reference solutions with dissimilar point spacing. To address such numerical
discrepancies, an interpolative treatment was implemented.

Fix

SC04 with internal pressure and using the stress file option not working. An internal flag was
mistakenly overwritten when external stress files were used with SC04 crack case.

Fix

Removing old column labels in EPFM OUT1 files. The column labels in OUT1 file were removed in
accordance with the recent update to relocate the column output from OUT1 to OUT2.

Fix

When entering new da/dn data with metric units, NASMAT would change the units to US when
selecting "Clear Data."

Fix

Different TC39 NASFLA results from usage of express mode. The crack tip assignment to store
normalized SIFs for express mode was found inconsistent.

Fix

Crack Case TC16: The upper boundary of 'c' was not being calculated properly.

Fix

When plotting material IDs with multiple temperatures, the Failure Crack Growth curve was not
generated for one or more temperatures. This was due to certain material parameter values stored in
the material file as integers, and written to the gnuplot scriptfile verbatim. This caused gnuplot to
calculate certain formula values erroneously as zero, preventing the plot. Each material parameter
value is still read from the material file/GUI screen as is, but is now written to the gnuplot scriptfile as
a real number instead, which enables the correct formula values and generates the correct curve
plots.

Fix

When trying to load selected materials, the NASMAT GUI would occasionally crash due to a memory
leak. In addition, a pop-up asking users if they wished to "append or replace" already selected data
was duplicative -- and working incorrectly-- so the append/replace option on the Data Indentification
tab and has been removed.

Fix

Crack case SC30: In elastic plastic mode, the batchfile contained incorrect data lines regarding the
crack size limit values, preventing the analysis from running.

Fix

After loading a WRS API 579 Residual Stress polynomial equation into the Geometry tab's RS
polynomial grid, this grid is correctly disabled from user editing. However, when a different crack case
is selected and the Geometry tab is reset, this polynomial grid erroneously remained as uneditable.

Fix

Crack cases TC44, TC45, TCA7: Incorrect data was being used, or not used at all, when attempting to
display the real-time crack tip-specific growth percentage values, displayed in the status bar at the
bottom of the NASFLA GUI during an analysis, causing incorrect or no values to be displayed.

Fix

Providing more information regarding an exit description from exceeding solution limits. The
description in the final result section from a CC26 NASFLA analysis was revised to include a note for
clarification.

Fix

Crack case SC39: The following geometric expression was not allowing the lower bound to be equal to
zero: “0 < (c-cmin) / (cmax — cmin) <= 0.9.” This has been changed to allow zero: “0 <= (c-cmin) /
(cmax — cmin) <= 0.9.”

Fix

Crack case SC35: The geometric expression “0 <= a/Dn <= 0.49” should not allow equal to zero as the
lower bound. This has been changed to: “0 < a/Dn <= 0.49.”
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Description

Addition

Including warning notes in OUTL file if service temperature exceeds material temperature range in
multiple-temperature application.

Addition

Addition of A-106 Gr B steel material data to NASA database as 1-D tabular da/dN data based on Paris
equation for R=0.1 at 75F and 550F. Material IDs are B1BB16AB01 and B1BB16AB13. Appendix G now
lists materials with 1-D tabular da/dN data.

Fix

Questionable behaviors in Kmax and converging a/c ratio appeared when running SC39. Two
anomalous solution behaviors were identified: (a) crack growth analyses did not converge to the
bounding a/c ratio 0.637, and (b) some SIF results were spurious when plotted against the fatigue
crack growth life. The error was from a bug in the iteration routine used to adjust the crack dimension
when the incremental crack size exceeded the solution limits, causing erroneous jumpy Kmax results
and inconsistent converging a/c ratio.

Fix

NASBEM encountered a crash conditon when loading certain input files and then attempting to run
calculations.

Fix

Material M7HB11ABO1L was missing a thickness value, and for certain fields when data was missing
NASMAT would erroneously duplicate a previous field.

Fix

Improved the net section stress calculation for SCO5 to handle nearly straight crack fronts.

Fix

Computed Sn values from net section stress (NSS) routine for SC39 at angular notch much smaller than
those from previous version. The revision for the new notch configuration changed the assignment of

allocated storage for geometric parameters. Inconsistencies were found that such a change was not in

effect for NSS routine.

Fix

Crack cases TC12, TC19, TC25: When selecting the "Bending restraint at remote ends" option of
"Restrained" and SIF Compouding, the "Do compounding for S2" checkbox was erroneously being
displayed on the GeomTables tab. When bending is restrained, the S2 option is now removed.

Fix

Confusion from warning in OUT1 file from the usage of user-specified toughness while API 579
fracture toughness was also used. The warning could be confusing since it seemed to imply the user-
specified fracture toughness was used. For clarification, the message was revised to reflect the usage
of API 579 fracture toughness even when the option for user-specified toughness was selected and
specified.

Fix

After an analysis using single temperature material data, when plotting FAD data, the resulting plot
legend would contain the incorrect label "FAL for temp" due to an incorrect usage of internal code
which extracts specific temperature values from the output file for use in this legend. For an analysis
using a single temperature material, the label has been corrected to read simply "FAL."

Fix

Crack case CC28: When selecting "Include residual stress" (via either the table or the polynomial
checkbox), "Optimize point spacing" is correctly automatically selected (the checkbox is checked) and
the option is disabled (the control is grayed out), since OPS is required when using residual stress.
However, if residual stress is then de-selected (unchecked), OPS erroneously remains selected and
disabled. This has been corrected so that when de-selecting residual stress, the OPS option is re-
enabled, allowing the user to de-select it if desired.

Fix

NASFAD was giving an error when temperature for APl 579 Kc was equal to 3 degrees. The Klc value in
batch files was after round-off, and the error indicates too large of a difference from comparison
between the value computed internally and the value in the batch file. The tolerance with this error
check was increased to avoid this issue.

Fix

Crack case SC15: A bad index in the code that tests crack size limit inputs resulted in an erroneously
issued error message, preventing the analysis.

Fix

Legacy models SC15 and CCO5 were no longer functioning. The new implementation for separate
license type "s" fixed this issue.

Fix

Iteration tables from NASFAD CCS showing NaN in Kr column with negative gradient at crack center.
The root cause was from the definition of X (in ref. to Paragraph (b) on Page X-10 in Appendix X) when
the K value from primary load was zero. A separate section of code was implemented to exclude a
scenario where primary K might be zero to avoid numerical overflow.

Fix

TCO2 analysis with user multi-temperature material file terminated with an error. The error indicated a
scenario with a FCG curve with large stress ratio where its Kmax from the DK/(1-R) ratio was larger
than Kc. The revision provided a more detailed description to indicate the computation was
terminated from such a scenario.

Fix

Crack case SC30: Some values from the Load Blocks grid were not being written correctly to the
batchfile for EPFM mode.

Fix

Analysis output not affected by the varying threshold Smax/flow ratio. An update was not being
included during software restructure from v8.2 to v9.0. The results from v9.0 show the same
erroneous behavior.

Fix

Crack case TC11: When the options: tabular crack plane stress and symmetric crack with symmetric
stressing are selected, the bitmap image displayed contained an incorrect lower bound value of "-1.0"
for the range of X for Si(X). This has been changed to the correct value of "0.0".
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Description

Fix

When loading an input file that was previously created using multi-temperature material data from an
external material database, and containing manual input Load Blocks grid data, that data would be
loaded incorrectly, with the grid's Temperature column being blank, and all Temperature and Stress
column data loaded offset by one column to the right.

Fix

On the NASFLA Material tab, when attempting to plot a material from the "Search materials database"
dialog, the data points for that material would be shown on the resulting plot, but the curve fits would
not. This was due to two undefined material parameters in the code that calculates the curvefit
function (dkO and alpha threshold). Additional code has been added to properly define these two
values for the calculation of the curve fits when plotting using this dialog, and the curves are now
properly displayed.

Fix

When plotting FAD data in NASFLA, if there is no crack growth in the analysis, no crack-tip specific data
is plotted on the FAD diagram in NASFLA (as there is in the NASFAD GUI FAD plotting), only the FAL
line. This was due to the FAD plotting scriptfiles being created differently. In NASFLA, the crack
growth data is plotted in the FAD diagram as lines. In NASFAD, that data is plotted as points. For
NASFLA, when there is no crack growth, there is only one line of data in the output file, corresponding
to one point. When plotted as lines, there can be no plot, since the plotting program needs two points
to generate a connecting line. This was updated to show the single data point in the plot, for each
crack tip, when plotting FAD data in NASFLA.

Fix

TPFC analysis OUT2 file header misspelling of Phi as Fi.

Fix

NASGRO did not install supporting DLL "vcruntime140.dll," which is required but not always found in a
default Windows installation.

Fix

Crack case SC14: The reference in the pop-up message issued when selecting “Perform bolted joint
analysis” was changed from “Appendix N” to “Appendix C Section 16.”

Fix

Inconsistent description on bend restraint at remote ends for TC47 crack case. The original description
was found inadequate in view of x-direction being along the thickness.

Fix

TC38 analysis showing different results from usage of Express and non-Express modes. The express
mode cannot be supported due to the nonlinear behavior of SIFs as a function of applied stress scale
factors. The revision has enforced this requirement by internally disabling the flag for express mode. If
this flag was enabled by the user through GUI, the OUT1 files would indicate its overwritten status.

Fix

On the NASFLA GUI material tab, after selecting Strip Yield for the load interaction model, if Variable is
selected for Constraint Model, the Similitude model radiobox is properly defaulted to Legacy and
disabled, but when Constraint model was reset to Constant, the Similitude model radiobox
erroneously remained disabled.

Fix

CC10 analysis terminated abnormally from an error caused by an uninitiated variable.

Fix

When running multiple batchfiles via the File menu: "Select multiple input files and run them..." with
the Option menu "Create batchfile only" also set, immediately after doing a full analysis, the overall
processing would hang, and no results would be generated. This was due to an internal processing ID
being undefined for this combination of actions.

Fix

Crack Case CC18: When loading 9.2f and previous input files, the "input stresses from file" checkbox
was erroneously shown, causing issues when resaving the input file and then reloading.

Fix

Geometry checks failed when trying to run a KT or DT crack case after selecting or loading a PS01 crack
case.

Fix

When attempting to run "Stress Analysis," the computation would fail due to a missing dependency
for DLL responsible for stress analysis.

Fix

When running DT and KT cases in inverse mode, some correct geometry grids would erroneously fail.

Fix

The following fields, as noted for each GUI, when changed, were not prompting the user to resave the
input file (ie, not changing the Run button label to "Save + Run"): NASFLA: Load Blocks tab: Scale
factor on residual stress "RS"; Output Options tab: Problem title; Problem description. NASSIF: Output
Options tab: Problem title; Problem description. NASCCS: Load Blocks tab (active when "Fatigue crack
growth threshold" is selected for "Basis for calculating critical crack size" on Output Options tab): Scale
factor on residual stress "RS"; Output Options tab: "RS" under "Applied stresses" (for any other
selection of "Basis for calculating critical crack size" on Output Options tab). NASFAD: FAD Options
tab: Problem title; Problem description; Stress scale factor on residual stress "RS". NASGLS: Output
Options tab: Session title. All have been corrected to now indicate they have been changed.
"Modified" will now be shown in the GUI's lower status bar, and the user will be prompted to resave
the input file with the Run button's relabeling to "Save + Run" on all of these fields' changes.

Fix

Crack case TC44: The "Number of flaws" radiobox was being saved to input file correctly and was also
correctly written to the batchfile, creating correct analysis results, but was not being reloaded from
input file correctly.
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Fix

Crack cases CC01, CC08, CC09, CC11, SC17, SC19, SC30, SC31: All of these crack cases use the same
control "Post transition geometry option" radiobox. If crack case CC24 is selected, which also uses this
radiobox, and the "Number of flaws" choice is set to "1 crack at one hole" for CC24, the "Post
transition geometry option" radiobox is correctly grayed out. If any of the above crack cases is then
selected, this radiobox would incorrectly remain grayed out for the newly selected crack case, and no
changes could be made.

Fix

Due to an array indexing error, crack case SC31 was inadvertently removed from the selection of
available Surface Crack cases in the NASFAD GUI.

Fix

After loading an input file that contained a WRS polynomial equation that is thickness-dependent,
clicking on the Forward/Reverse button to reverse the gradient would not generate the gradient
coeffients in the oppoisite direction; instead, they were blank.
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Crack cases CC01, CC08, CC09, CC11, SC17, SC19, SC30, SC31: All of these crack cases use the same
control "Post transition geometry option" radiobox. If crack case CC24 is selected, which also uses this
radiobox, and the "Number of flaws" choice is set to "1 crack at one hole" for CC24, the "Post
transition geometry option" radiobox is correctly grayed out. If any of the above crack cases is then
selected, this radiobox would incorrectly remain grayed out for the newly selected crack case, and no
changes could be made.

Fix X

Due to an array indexing error, crack case SC31 was inadvertently removed from the selection of
available Surface Crack cases in the NASFAD GUI.

After loading an input file that contained a WRS polynomial equation that is thickness-dependent,
Fix X[ X]|X|[X clicking on the Forward/Reverse button to reverse the gradient would not generate the gradient
coeffients in the opposite direction; instead, they were blank.

Fix X

TC44 analysis that ended at geometry boundary led to an error rather than providing a description of
Fix X how the analysis ended. The program now outputs that the final exit was from the growing flaw size
exceeding the solution limits, not from an error encountered during FCG computation.
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