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1 Getting Started

Welcome to the manual for SINTAP, a Windows-based fracture risk assessment software package. This
chapter, Getting Started, provides information about setting up and running SINTAP. Specifically, Getting
Sarted is divided into the following sections:

"Introduction” gives a brief introduction to SINTAP.
"Installation and Running” tells you where to get information on installing and running SINTAP.

"Manual Organisation” gives an overview of the chapters comprising this manual.

1.1 |Introduction

SINTAP, an acronym for Structural Integrity Assessment Procedures For European Industry, was a Brite-Euram
project undertaken with the objective of providing a unified structural integrity evaluation method for European
industry.

Structural integrity is the demonstration of the fitness-for-purpose of engineering components and structures
throughout their operational lifetime. It involves a wide range of disciplines and is applicable to a range of
industries such as power generation, transport, offshore construction and processing. Used correctly, such an
approach can provide a balance between economy and concern for safety and can prevent unnecessary repairs
during the structure's lifetime.

There have been significant improvements in recent years in the accuracy and scope of Structural Integrity
assessment methods. However, problems still exist and the absence of a single unified method in Europe which
can be used in industry is a barrier to a wider acceptance of such approaches. The Brite-Euram project SINTAP
therefore has addressed this problem.

The project has been completed by a consortium of members from wide ranging backgrounds, each with their
own specific interest in the area of fracture risk assessment. The consortium comprises a material supplier
(British Steel), an electricity generator (Nuclear Electric Ltd. with AEA), an oil and gas supplier (Shell), a
chemical processor (EXXON), safety assessors (Health and Safety Executive and SAQ Inspection Ltd.),
Research Institutes (GKSS, Fraunhoffer IWM, Insitut de Soudure, TWI, VTT, JRC (IAM)), two Universities
(Cantabria and Gent), a software developer (Marine Computation Services), and a consultancy (Integrity
Management Services).

The SINTAP software package produced as a result of the project is a powerful analytical tool capable of
complex fracture risk analysis, with awide range of applications in industry.

1.2 Installation and Running

1.2.1 Hardware & Software Requirements

The SINTAP software has the following hardware and software requirements

PC with 100 MHz Pentium CPU or better.

A 32-bit version of the Microsoft Windows operating system. Windows 95, Windows NT 4.0 and later
versions of these operating systems are supported.
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A minimum of 16 MB of memory under Windows 9x and a minimum of 32 MB under Windows NT.
Hard disk with at least 12 MB free space.

CD-ROM drive (for installation only).

Any Windows compatible SVGA graphics card.

Minimum screen resolution: 800 x 600 pixels.

SVGA monitor.

Any Windows compatible pointing device.

1.2.2 Standard Installation

The SINTAP software is supplied on CD-ROM. The installation CD-ROM is configured for AutoPlay under
Windows 9x and Windows NT 4.0. Under most circumstances, the installation program should launch
automatically on insertion of the CD-ROM into the drive. If the setup program does not start automatically,
please run MASTER. EXE from the root of the CD-ROM.

1.2.3 Server Installation

The SINTAP software may be installed on a server. The CD-ROM contains a \ SERVER subdirectory. The
contents of this directory may be copied onto a network file server and shared across a hetwork without the need
for a separate user installation step.

If this option is chosen, links to the SINT AP executable must be created manually in the Start Menu.

1.2.4 Running SINTAP
Run the SINTAP software by simply selecting it in the Windows Start Menu.

.&ccessories
Irternet Explarer
Favoites » Microzoft Developer Meatwork
ticrosoft Visual Basic 5.0
@ Diocurient 4 ticrozoft Visual C++ B.0
StartlUp
@ Settirigs r Vnc
- [Bwirzip
- Eind ¥ 3E Microzoft Excel
@ Help %Microsoﬂ Outlook
= BF Microzoft Ward
7] Bun.. 8 M3-D05 Prompt
- b (3 windows Esplorer
Developrment Kits »
& Log OFf Adrministratar... Dr Salaman's SYTE »

w Shut Donn MECS Flexcom-30 5.1 »
@\ﬁ ticrosoft Access

En::glarn:z:

- v v w w v w w
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1.3 Manual Organisation

Thefollowing isalist of the chapters comprising this manual, together with a brief description of the contents of
each.

GUI basic concepts. This chapter gives you a first glimpse of the SINTAP GUI, including all the basic
information needed to begin working with the program.

Architecture. This chapter gives an overview of the layout of the software, together with a brief description
of the SINTAP GUI and the SINTAP engine.

Geometry. This chapter gives a more detailed description of the Geometry section of the GUI, describing
the various geometries available, the required user inputs, and the graphical display during geometry
selection.

Assessment. This chapter gives a more detailed description of the Assessment section of the GUI,
describing the different assessment levels avail able to the user, along with guidance regarding their use.

Material Properties. This chapter gives a more detailed description of the Material Properties section of the
GUI, describing the different tensile and toughness inputs necessary for each assessment level.

Applied Loading. This chapter gives a more detailed description of the Applied Loading section of the GUI,
describing the various applied loading configurations available to the user. Depending on the geometry
selected, the user may be allowed to specify a through-section stress profile. Alternatively, a set of loading
parameters are requested.

Secondary Stresses. This chapter gives a more detailed description of the Secondary Stresses section of the
GUI, taking the user through the secondary stress library implemented in the software.

Assessment. This section describes the actions the software performs to conduct an assessment including
input validation, the treatment of stress inputs, both primary and secondary and the calculation of the
assessment point or assessment locus.

Output. This chapter describes the outputs of the fracture risk assessment including the FAD, CDF and the
text output produced by the software.

Programming the User Geometry Extension: This chapter describes the use of the User Geometry Extension
to add solutions for additional geometriesto SINTAP.
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2 GUI Basic Concepts

This section provides a brief introduction to the operation of the SINTAP Graphical User Interface. In most

respects, SINTAP behaves as a standard Windows application and requires no special training to begin using it.
There are however, afew features which merit discussion.

The picture below shows the SINTAP main screen.

B SINTAP - plastic.stp

[ (]}
Eil= Edt Bun Help
Geometmy I Agsessment I aterial Propertiesl J-Integrall Applied Loading | Secondary Shresses | Graphical Dutput I Text Dutput I
— Structure / Flaw Shape 025w
Structure ITest S pecimer j |
Load Type ITension j HE O Gﬂd
Configuration Compact Tenzion Specimen -
| =l
0.3
1.2
—Walues
i Dimengions | Constraint
*]
i
|Geometr_l,.l Section | CAPS | MLk

Most of the SINTAP screens contain buttons that provide access to further data-entry dialogs for inputting
relevant parameters. For example, the Dimensions and Constraint buttons of the above screen.

The data-entry dialogs are of two main types, the simple list type and the spreadsheet type. These are discussed
in more detail in the next two sections.

2.1 List-Type Dialog

These dialogs are for the entry of simple lists of parameters. An example is shown below.

& Dimensions HE
Crack depth, & [mmm] 120
Specimen width, WY [mm] 40.0
Specimean thickness, B [mm] [20.0

TR —
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To set the value of a parameter, it is first selected by clicking on its box. Its value may then be changed by
typing the new value into the box. The OK and Cancel buttons may be used to respectively confirm or cancel
the entry. Pressing the return key will also confirm the entry.

The buttons at the bottom of the dialog are used as follows:

OK Confirm the data entered and close the dialog.
Cancel Close the dialog, discarding any changes made.

2.2 Spreadsheet-Type Dialog

The spreadsheet type dialogs are more complex than the simple list type dialogs. The major difference is that
this dialog allows severa sets of data to be input. An example is shown below.

B Stress-Strain EE
V/ x I s Yl ¢
Plagtic Strain | Strezz, [MPa] -

0.0 00|
0o 50.0
0.0z 1000
003 150.0
0.04 2000
005 2500
0.06 3000
0.07 3300
0.08 3500 =
0ong 24010

Edit Grid | Remave Al Data Import Data | oK | T Cancel |

To change the value of a parameter, select the relevant spreadsheet cell by clicking on it and then changing the
value at the top of the dialog.

The buttons at the bottom of the dialog also perform the same function as for the simple list-type dialog. There
are also some extra buttons as follows:

Remove All Data Clear the contents of the dialog, restoring all the parameters to their default
values.

Import Data Allows the user to import a previously stored array of values. Described in
greater detail below.

Edit Grid Allows the user to edit the spreadsheet dialog. Described in greater detail
below.

The Import Data Button displays the following dialog:
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Open

el @l ol = =

Look in: I 4 working

] Debug
B stpres__
3

b

File hame: Open

F [ Geen |
Cancel |

Files of type: IComma Delimited * alues

E

™ Open as read-only

7

This feature alows the user to import previously stored array of values into the spreadsheet dialog. It is
particularly useful when large arrays of data need to be inputted. For example, a detailed stress/strain curve of a
material may be stored once in a database and can subsequently be introduced into several SINTAP fracture risk

assessments.

The import files accepted are .CSV files, as created by Excel. These files contain rows of comma separated
values. Periods (.) rather than commas must be used as decimal separators in these files to avoid them been
mistaken for delimiters. For example:

The Edit Spreadsheet Button displays the following dialog:

& Edit Grid %]

¢ nsert row after curent raw ;

™ Insert several rows after current row I1

" Insert row before curent rov.

i~ Delete cunent row.

agK | Caticel |

This allows the user to add/remove rows from the spreadsheet as required. The following keyboard shortcuts are

also provided:

Insert
Shift+Insert
Delete

Insert arow after the current row.
Insert arow before the current row.
Clear contents of current cell.
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2.3 Clipboard Copy

Many of the screensin SINTAP support coping to the Windows Clipboard. This can be very convenient when
compiling reports.

Edit Bun |

[ oo |

Details of what can be copied from each screen are as follows:

Section Item Copied

Material Properties Stress strain graph may be copied to the clipboard as a picture.

J-Integral JIntegral curve may be copied to the clipboard as a picture.

Appiled Loading Through section stress distribution may be copied to the clipboard as a picture.
Secondary Stress Secondary stress graph may be copied to the clipboard as a picture.

Graphical Output FAD and CDF may both be copied to the clipboard as a picture.

Text Output Report may ba copied to the clipboard as formatted text.
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3 Architecture

3.1 Introduction

The SINTAP software is composed of three distinct modules:

Graphical User Interface
SINTAP Engine
User Defined Geometry Extension

A graphical representation of the architecture is shown below.

Graphical User Interface

Data-Entry Analysis Type Results
Module
\Geometric Data M aterial Toughness Standard
Properties Properties Analyses FADs

Stress Field Sensitivity
Definition T Analyses CDF

Pilg User Input

)
[¢]
[ £

Mis-match
Parameters

v

User Geometry Extension SINTAP Engine Assessment
v b
User Geometry SINTAP Engine Failure Assessment
Extension User Parameter

programmed Algorithms
geometry

solutions.

Geometry,
Stress,
M aterial, etc.

FAO < CDF
Conversion

3.2 Graphical User Interface

The graphical user interface is responsible for the areas of data-entry, running assessments and presenting
results.

3.2.1 Data-entry

The graphical user interface allows the user to define an assessment by entering data in the following aress:

Geometry Data: Dimensions, angles, etc.

Assessment Level & Options:  Level, mis-match effects, Plane Sress/Plane Strain assumption, etc.
Material Tensile Properties: Yield Srength, Ultimate Srength, Stress/Strain Curves., etc.
Material Toughness Properties: Kmat, CTOD, Charpy and Jmat inputs.
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Jintegral Results Jvs. Lr, COD vs. Lr.
Definition of Stress Field: Definition of primary and secondary stresses.

3.2.2 Analyses

The software supports two types of analyses:

Standard Analyses Calculation of a single FAD (Lr, Kr) point and an assessment line on a CDF
diagram.
Sensitivity Analyses Calculation of a locus of FAD points.

3.2.3 Results Presentation

The software can present assessment results in three forms.

Failure Assessment Diagrams [FADS]
CDF Diagrams.
Text Output.

3.2.4 Technical Details

Main GUI

32-Bit Windows Program.
Developed in Microsoft Visual Basic.
Linked to the Graphing Library, SINTAP Engine and the user geometry extension.

Graphing Library

32-Bit Windows DLL [Dynamic Link Library].
Developed in Microsoft Visual C++.

3.3 SINTAP Engine

This module encodes the mathematical methods used in performing a structural integrity assessment according
to the SINT AP-specified procedures.

3.3.1 Services

Parameters entered in the graphical user interface are passed to this level so that calculations may be performed.
The engineis primarily concerned with the calculation of:

Stress Intensity Factors
Limit Load Solutions
Input Data Validation
Polynomial Curve Fits
Ther factor
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3.3.2 Source Code

The source files contain the SIF and Limit Load solutions and the engine data validation routines for different
geometries. The source code for the calculation of r is aso included. See the Geometry Section portion of this
document for further details.

3.3.3 Technical Details

32-Bit Windows DLL [Dynamic Link Library].

Developed in C.

Easily portable to other platforms [Unix, DOS, VMS, etc.].

Directly accessible from other Windows programs devel oped with tools such as:

- C/C++

- Borland Delphi

- Visua Basic

- Applications like Excel viaVBA [Macro language]

3.4 User Geometry Extension

This module contains user programmed solutions for an arbitrary number of geometries. It’ sintention isto allow
end usersto extend the SINT AP software themselves.

3.4.1 Services

This modul e defines geometries and requests parameters from the main GUI. These parameters are then entered
in the graphical user interface and passed to this level so that calculations may be performed. The user geometry
extension is concerned with the calculation of:

Stress Intensity Factors
Limit Load Solutions
Mis-match Limit Load Ratios

and the performing of data validation on the inputted parameters.

Further details on this module may be found in Chapter 12, User Geometry Extension.

ri age
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4 Geometry Section

4.1 Introduction

The Geometry Section of the SINTAP GUI is accessed at any time by clicking on the Geometry tab. By defaullt,
it is displayed when the SINTAP program is run as geometry selection is deemed to be a suitable starting point
for all fracturerisk analysis. A typical completed Geometry section of the SINTAP GUI is shown below.

B SINTAP - plastic.stp M= E
Eil= Edt Bun Help
Geometmy I Agsessment I aterial Propertiesl J-Integrall Applied Loading | Secondary Shresses | Graphical Dutput I Text Dutput I
— Structure / Flaw Shape 025w
Stucture ITest Specimen j 1
Load Type ITensiDn j L1 O G Laoad
Configuration Compact Tenzion Specimen -
| =l
0.3
1.2
—Walues
i Dimengions | Constraint
*]
i
| Geometry Section | CAPS MLk

The complete list of structures shown on the SINTAP geometry screen are as follows:

Plate Geometries

- Semi-Elliptical Surface Crack in an Infinite Flat Plate
- Single Infinite Surface Crack in an Infinite Flat Plate
- Double Infinite Surface Crack in an Infinite Flat Plate
- Semi-Circular Surface Crack in an Infinite Flat Plate
- Embedded Elliptical Crack in an Infinite Flat Plate

- Embedded Circular Crack in an Infinite Flat Plate

- Through-Thickness Crack in an Infinite Flat Plate

- Through-Thickness Crack in aFinite Flat Plate

Cylinder Geometries

- Semi-Elliptical Axia Internal Surface Crack in a Cylinder
- Infinite Axial Internal Surface Crack In a Cylinder

- Semi-Elliptical Axial External Surface Crack in a Cylinder

ri age
il 1999 Page 11



SINTAP Program Manual MCS International

- Infinite Axial External Surface Crack In a Cylinder

- Axia Through-thickness Crack In a Cylinder

- Semi-Elliptical Circumferential Internal Surface Crack in a Cylinder
- Infinite Axia Circumferential Surface Crack In a Cylinder

- Semi-Elliptical Circumferential External Surface Crack in a Cylinder
- Infinite Circumferential External Surface Crack In a Cylinder

- Circumferential Through-thickness Crack In a Cylinder

Sphere Geometries
- Through-thickness Crack in a Sphere

Test Specimen Geometries

- Single Notched Tension Test Specimen
- Double Notched Tension Test Specimen
- Compact Tension Test Specimen

- PureBending Test Specimen

- 3-Point Bending Test Specimen

Joint Geometries

- T-Joint Under Axial Loading

- T-Joint Under In-Plane Bending Moment

- T-Joint Under Out-of-Plane Bending Moment
- K-Joint Under Axia Loading

- K-Joint Under In-Plane Bending Moment

- K-Joint Under Out-of-Plane Bending Moment
- X-Joint Under Axia Loading

- X-Joint Under In-Plane Bending Moment

- X-Joint Under Out-of-Plane Bending Moment

User Defined Geometries

Because of the time constraints on the development of the SINTAP software, only a limited number of these
geometries are actually fully available for performing analyses. These are:

©CoNoU~WNE

Finite Surface Crack in an Infinite Plate

Infinite Surface Crack in aInfinite Plate

Embedded Elliptical Crack in alnfinite Plate

Through-Thickness Crack In alnfinite Plate

Through-Thickness Crack In a Finite Homogeneous Plate

Through-Thickness Crack In a Finite Homogeneous Plate

Through-Thickness Crack In aFinite Welded Plate —Crack in Centre of Weld
Through-Thickness Crack In aFinite Welded Plate —Crack in Interface of Weld and Base Metals
Through-Thickness Crack In a Finite Welded Plate —Crack in Interface of Bimaterial Joint

. Finite Axial Internal Surface Crack in a Cylinder

. Infinite Axial Internal Surface Crack In a Cylinder

. Finite Axial External Surface Crack in a Cylinder

. Infinite Axial External Surface Crack In a Cylinder

. Through-thickness Crack in a Sphere

. Compact Tension Test Specimen

. Homogeneous Three Point Bend Specimen

. Welded Three Point Bend Specimen — Crack in Centre of Weld — S'W =8

. Welded Three Point Bend Specimen — Crack in Interface of Weld and Base Metals— S/W =8
. Welded Three Point Bend Specimen — Crack in Interface of Bimaterial Joint —S/W =8

ri age
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20. Welded Three Point Bend Specimen — Crack in Centre of Weld — S/\W =4
21. Welded Three Point Bend Specimen — Crack in Interface of Weld and Base Metals— SW =4
22. Welded Three Point Bend Specimen — Crack in Interface of Bimaterial Joint — S'W =4

Plus any user geometries added through the user geometry extension.
4.2 Geometry selection

This section describes in detail how the user may select a geometry and enter the various parameters relating to
that geometry. The structure is selected from the list box of structures by clicking on the down arrow on the
right hand side of the list box as shown below.

Structure lser Geometries j

Infinite Flat Plate
Finite Flat Plate
Cylinder

Sphere

Joint

| Test Specimen

Once the structure has been selected, further list boxes appear below the structure list box so the user may
further define the required geometry. The hierarchy of the list boxes is such that the contents of each box
depends on the value selected in the previous box.

As an example of a complete geometry specification, let’s select “Cylinder” from the list of available structures
in the structure list box shown above. The flaw orientation is the next parameter to be specified. By clicking on
the down arrow on the right hand side of the list box, the flaw orientation may be selected from the list as shown
below.

Structure Cylinder j

Flavs Onentation o
Axial Flaw
Circumferential Flaw

Also, once “Cylinder” has been selected from the list of available structures, the top half of the geometry
preview box is updated to display the cylinder geometry as follows:
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By selecting “Axial Flaw” from the list of flaw orientations available in the list box shown above, the flaw
location is the next parameter to be specified. By clicking on the down arrow on the right hand side of the list
box, the flaw location may be selected from the list as shown below.

Structure I Cylinder j
Flaw Orientation I.-‘-‘-.:-:ial Flaw j
Flaw Location =

[nternal
External
Through Thickneszs Flaw

Also, once “Axial Flaw” has been selected from the list of available flaws, the top half of the geometry preview
box is updated to display the axial flaw on the cylinder geometry as follows:

By selecting “Internal” from the list of flaw locations available in the list box shown above, the flaw type is the
next parameter to be specified. By clicking on the down arrow on the right hand side of the list box, the flaw
type may be selected from the list as shown below.

Shucture I Cylinder

Flaw Ornientation I'&"Hial Flaw

Flaw Location I Internal

Flaw Tope

Semi-eliptical Flaw
Irfinite Flav

1| KI|K1|E]
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By selecting “Semi-elliptical Flaw” from the list of flaw types available in the list box shown above, the flaw
geometry is now fully specified, and the lower half of the geometry preview box is updated to display a detailed

view of the completed geometry, showing al the dimensions which must be specified for the fracture risk
assessment as follows:

4.3 Specifying Dimensions

Having fully specified the flaw geometry, the specimen and flaw dimensions must now be specified. This is

achieved by clicking on the Dimensions button which displays the following dialog for the cylinder geometry as
specified above.

B Dimensions HE
Crack depth, a[mm] [0
Crack length, | [rirm] oo

Section thickness, t [mm] Jo.o
Interior radius, R [mm] 0.0

The required dimensions correspond to those shown in the geometry preview box above and these may be
inputted as described earlier in the section “GUI basic concepts’. The parameters required to be inputted by the
user for the cylinder geometry specified above are:

Crack depth.
Crack length.
Section thickness.
Interior radius.
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4.4 Specifying Constraint Parameters

Constraint parameters may optionally be inputted by clicking on the Constraint button which displays the

following dialog for the cylinder geometry as specified above. These may be inputted as described earlier in the
section “GUI basic concepts’.

B Constraint H

Constraint Parameter, o |m

Constraint Parameter, i {00
Canstraint Pararmeater, M 1.0

Ok, I Cancel |

The constraint parameters required to be inputted by the user are:
Constraint Parameter a.
Constraint Parameter b.
Constraint Parameter M.

The choice of these parameters is described in R6 Procedure Revision 3, and they have the effect of modifying
the failure assessment diagram which is now briefly described.

The FAD isinitially constructed as follows:

Ki=f(L) forL, £L, ™
K, =0 forL,>L, ™

where f ( L, ) depends on the assessment level. The modified FAD, taking account of these constraint
parametersis then:

Ki=f(L)(l+a(-bLr)") L EL ™

Once the geometry has been completely specified, including dimensional and constraint parameters, the user
may now proceed to the next section of the SINTAP GUI, Assessment.
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5 Assessment Section

5.1 Introduction

The Assessment Section of the SINTAP GUI is accessed at any time by clicking on the Assessment tab.
Usually, it islogical to follow from the Geometry section to the Assessment section in a fracture risk analysis.
The Assessment section of the SINTAP GUI is shown below.

B SINTAP - test stp M= E3
File Edit HRun Help
Geomety  Assessment | ke aterial Propertiesl J-Integrall Applied Loadingl Secondary Stressesl Graphical Dulpul' Te:-:tDutputI

— Tield Plateau Option

- Assessment Level

¢~ Level 0 Orly Yield Stress or Proof Stress Data [ el Plateau expected for base materiat
Ayvailable [Homogeneousz]

™ | tieldiFlate st expected fon weldimaterial

Lewel 1: ield Stress or Proof Strezs and
= Ultimate Tensile Stresz D ata Available
[Homogeneous]

Lewel 2 ield Stress o Froof Stress atd
(ol Wltimate Tiensie Stess Wata Availatle
[fdiz-hd Etek] — Plane Strezz/Flane Strain

¢ Level 3 Full Stress-Strain Data Availabls ‘when required, assume:

[Homogeneous and Miz-td atch]
% Plane Strain
Lewvel 4 Full Stress-Strain D ata Svailable,  Plane Stress

™ Salution far J Available [Homogeneous and
Miz- atch]

| Agsessment Section CapPs MUk

5.2 Levels

The SINTAP software has five assessment levels as described below. The level selected by the user will be
determined by the complexity of analysis required and also by the detail of information available to the user
regarding material properties, loading etc. Usually the user will start off with a low assessment level, and move
on to progressively higher levels if the fracture risk assessment does not prove that the flaw is acceptable. The
desired assessment level may be selected by clicking on one of the option buttons, Level 0 to Level 4, in the
Assessment section.

5.2.1 LevelO

Level 0, also known as the default level, is the simplest level of analysis and only requires input of yield or
proof stress data. Mis-match is not supported. This option is disabled if the selected geometry is mis-matched.
The user inputs required for aLevel 0 assessment are as follows:
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Geometry dimensions.

Yield or proof strength of the material.

Young's Modulus of the material.

Poisson’s Ratio of the material.

Toughness data entered as a Kmat, CTOD, Charpy or Jmat value.

The equations for the Level 0 Failure Assessment Diagrams are taken from the SINTAP Procedure, Rev. 5.0,
Annex 4.1. The equations for the Level 0 FADs are asfollows:

Level 0 FAD, yield plateau expected: Eqn. 1.

Level 0 FAD, yield plateau not expected: Eqn. 2.

Lrmax Extension: Eqn. 3.
5.2.2 Levell

Level 1 isthe next level of assessment and requires input of yield or proof stress data. Ultimate strength data is
also required. Mis-match is not supported. This option is disabled if the selected geometry is mis-matched. The
user may specify whether or not the material exhibits a yield plateau. The user inputs required for a Level 1
assessment are as follows:

Geometry dimensions.

Yield or proof strength of the material.

Ultimate tensile strength of the material.

Young's Modulus of the material.

Poisson’s Ratio of the material.

Toughness data entered as a Kmat, CTOD or Jmat value.

The equations for the Level 1 Failure Assessment Diagrams are taken from the SINTAP Procedure, Rev. 5.0,
Annex 4.2. The equations for the Level 1 FADs are asfollows:

Level 1 FAD, yield plateau expected: Eqn. 4.
Level 1 FAD, yield plateau not expected: Eqgn. 11.
5.2.3 Level 2

Level 2 isamis-match only level. Itisdisabled if the selected geometry is not mis-matched. Materia properties
for the weld material as well as the base material must be specified. The user may specify that either one or both
of the base and weld materials exhibit a yield plateau. The user inputs required for a Level 2 assessment are as
follows:

Geometry dimensions.

Yield strength of the base material.

Ultimate tensile strength of the base material.

Young's Modulus of the base material.

Yield strength for the weld material.

Ultimate tensile strength of the weld a material.
Young's Modulus for the weld materia

Poisson’s Ratio of the base material.

Toughness data entered as a Kmat, CTOD or Jmat value.
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The equations for the Level 2 Failure Assessment Diagrams are taken from the SINTAP Procedure, Rev. 5.0,
Annex 4.3. The equations for the Level 2 FADs are asfollows:

Level 2 FAD, yield plateau expected in both materials: Eqgns. 15,16 & 20

Level 2 FAD, yield plateau expected in neither material: Eqgns. 25 & 29

Level 2 FAD, yield plateau expected in one material only: Eqgns. 34 & 40
5.2.4 Level 3

Level 3 supports mis-match. If mis-match is specified, then material properties for the weld as well as the base
material must be specified. The user inputs required for aLevel 3 assessment are as follows:

Geometry dimensions.

Yield strength of the base material.

Ultimate tensile strength of the base material.

Young's Modulus of the base material.

Poisson’s Ratio of the base material.

A Stress/Plastic Strain curve for the base material
Toughness data entered as a Kmat, CTOD or Jmat value.

Some additional inputs required for aLevel 3 assessment with mis-match are as follows:

Yield strength for the weld material.

Ultimate tensile strength of the weld a material.
Young's Modulus for the weld material

Poisson’s Ratio of the weld material.

A Stress/Plastic Strain curve for the weld material

The equation for the case without mis-match is taken from the SINTAP Procedure, Rev. 5.0, Annex 4.4.

Level 3FAD Eqn. 45.
The equation for the case with mis-match are taken from the SINTAP Procedure, Rev. 5.0, Annex 4.4.
Level 3FAD: Eqn. 47.

5.2.5 Level 4

Level 4 is the most detailed assessment level and supports mis-match. If mis-match is specified, then material
properties for the weld as well as the base material must be specified. The user inputs required for a Level 4
assessment are as follows:

Geometry dimensions.

Yield strength of the base material.

Ultimate tensile strength of the base material.

Young's Modulus of the base material.

Poisson’s Ratio of the base material.

A Stress/Plastic Strain curve for the base material
Jintegral analysis results for the body

Toughness data entered as a Kmat, CTOD or Jmat value.

Some additional inputs required for aLevel 4 assessment with mis-match are as follows:
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Yield strength for the weld material.

Ultimate tensile strength of the weld a material.
Young's Modulus for the weld material

A Stress/Plastic Strain curve for the weld material

The equation the Level 4 FAD used is:

N

& (
gJ—

Which can be found in the SINTAP Procedure, Rev. 5.0, Annex A.

QIIO

5.3 Yield Plateau Options

The Yield Plateau option boxes allow the user to specify whether or not the material (or the base and weld
material in the case of mis-match) exhibits a yield plateau. This option is included on the Assessment screen
because of its profound effect on the FAD shape. The Weld material option is only enabled when a mis-matched
geometry is chosen. The default isno yield plateau expected.

—"ield Plateau Dptions

[ ‘field Plateau expected for base material

™ *ield Plateau expected far weld material

5.4 Plane Stress/Plane Strain

The software has to make occasional assumptions of plane stress or plane strain. This effects some SIF and
Limit Load solutions and also the calculation of J values from K values. The default is to assume plane strain
when required.

- Plane Strezz/Plane Strain
‘when reguired, assume:

7+ Plane Strain
1~ Plane Stress

Once the assessment level has been specified, the user may now proceed to the next section of the SINTAP
GUI, Materia Properties.
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6 Materials Properties Section

6.1 Introduction

The Materials Properties Section of the SINTAP GUI may be accessed at any time by clicking on the Materials
Properties tab. Usually, it islogical to follow from the Assessment section to the Materials Properties section in
afracture risk analysis. The Materials Properties section of the SINTAP GUI is shown below.

B SINTAP - plastic_stp M= e

File Edit Bun Help

Geometr}ll Azzezsment | J-Integrall Applied Loadingl Secondary Stressesl Graphical Dutputl Text Dutputl

r Elastic Deformation

Base Matenal | WWield Material | Generated Stress/Strain Curve

r— Plastic Deformation

Strezz-Sirain |

— Toughness

& |nitation Toughness, Kmat
¢ CTOD

) Eharmy [ata

™ - Integral parameter, Jmat

Stress (MFa)

= EharmEy

Carrelation

I™ | Specimen Section T hickness < 1w

™ | Highn Strait Hate) [ mpact Loadie]

— Toughness [nputs

Inputs | Legend: Baze Matenial: . Wield Material: .

|Material Froperties Section | CaPs | MLk

The Material Properties section of the SINTAP GUI alows the user to specify tensile material properties for the
base and weld materials (with a mis-matched geometry), along with options for specifying toughness properties
for the base material. Depending on the geometry selected in the Geometry section previoudly, the tensile
properties to be specified by the user will vary. For example, if the user has selected a geometry which is not
mis-matched, then the Weld Material button in the Elastic Deformation section will appear greyed out as
properties for the weld materia are not relevant to the assessment.

6.2 Elastic Deformation

The Elastic Deformation section allows the user to specify elastic parameters for both the base material and the
weld material. By clicking on the Base Material button, the following dialog appears:
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B Basze Matenal HE

Froaf Strength, Rypz [MPa]l {2000
Ultimate Strength, R, IMPa] [s00.0
Youngs Modulus, E [GPal  [zoo0
Poissions Ratio, » 0.3

(] I Cancel |

The following base material parameters are required to be inputted by the user and these may be inputted as
described earlier in the section “GUI basic concepts”.

Proof Strength.
Ultimate Strength.
Young's Modulus.
Poisson’ s Ratio.

The only exception is for Level 0. Ultimate Strength is not required as an input at Level 0 and does not appear
on the dialog.

By clicking on the Weld Material button, the following dialog appears:

B Weld Material HE

Praof Strangth, Rasz MPa]  [EHI

Ultimate Strength, Aa (MPa] {4000
Youngs Modulus, E [GPa]  [200.0

(] I Cancel |

The following weld material parameters are required to be inputted by the user and these may be inputted as
described earlier in the section “GUI basic concepts’.

Proof Strength.
Ultimate Strength.
Young's Modulus.

6.3 Plastic Deformation

The Plastic Deformation section allows the user to specify plastic parameters for the base and optionaly the
weld materials. For a mismatched geometry, clicking on the Stress Strain button produces the following dialog:

B Strezs-Strain x|
V| x Juse o Fof §
Plastic Strain | Bage Stress, [MPa] |W’eld Strezz, [MPa]

nn 300.0 36800

0.m Nz0 394.0

0oz 3240 411.0

nno3 35E.0 435.0

0.04 3700 458.0

Edit Grid Remove &l Data Import D ata DK Cancel |
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For the case of a homogeneous geometry, the dialog is the same except that the Weld Stress column is hidden.

Pairs of Plastic Strain and Stress values are required to be inputted by the user to define the stress/strain curve
for the base material. These may be inputted as described earlier in the section “GUI basic concepts’. If the
assessment level is Level 3 or greater, and a stress/plastic strain curve has been inputted, a generated
stresg/strain curve for the base and/or the weld material will be graphed on the right hand side of this screen as
shown below. The generated stress strain curve calculates the total strain as the elastic strain, calculated using
the stress and Y oung’s Modulus, and the values of plastic strain entered in the table above.

Generated Stress/Strain Curve

Stress (MPa)

Legend: Baze Material: . wigld b aterial .

6.4 Material Toughness Inputs

There are four options when inputting toughness values. The procedure uses Ky vaues internally for all K
calculations. If a toughness value is input in one of the other three formats then a K4 value is automatically
calculated from the parameters input. The method for inputting toughness may be selected by clicking on one of
the option buttons as shown below. By default, the option for inputting initiation toughness Ky directly is
automatically selected.

Toughness

& |nitation Toughness. Kmat
" CTOD

" Charpy Data

) - Integral parameter, Jmat
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6.4.1 Initiation Toughness, Knyat

Kma 1S the intrinsic toughness measure in the SINTAP software. All other toughness values are converted to
Kma Values before being used.

6.4.2 CTOD

CTOD values are converted to K4 values using Egns. 9 & 10 from the Sub-Task 3.3 Report [SINTAP/BS/17].
If the assessment is Level 0 then only Egn. 9 is used since there is no Ultimate Tensile Strength value available.

6.4.3 Charpy Values

Charpy values are converted to K4 values using Egns. 1, 2, 8, 12, 17, 18, 19, 20 & 21 from the Sub-Task 3.3
Report [SINTAP/BS/17]. Charpy values are only alowed at Level O because they are not considered of
sufficient quality for higher level assessment.

For example, if the Charpy Data option is selected then Charpy correlation options are displayed, which appear
greyed out if one of the other optionsis selected, as shown below.

— Toughness

£ Initation Toughness, Kmat
" CTOD

- Integral parameter, Jmat

— Charpy

Comelation

[~ Specimen Sechon Thickness < 10mm

[T High Strain Rate [Impact Loading]

By clicking on the Toughness button in the Toughness Inputs section, the following dialog appears:

R Inputs

Charpy Energy, K17 [J] |m
Charpy Specimen Thickness, B [mm] |D.D

Ok, I Cancel |

The following Charpy parameters are required to be inputted by the user and these may be inputted as described
earlier in the section “ GUI basic concepts’.

Charpy Energy.
Charpy Specimen Thickness.
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6.4.4 Jmat
Jnat @re converted to K4 values using Egns. 9 & 10 from the Sub-Task 3.3 Report [SINTAP/BS/17].
By clicking on the Toughness button in the Toughness Inputs section, the following dialog appears:

B Inputs 7| x|

J-Integral Parameter, Joa [..Im'z] EE

ar. I Cancel |

Simply enter the value of J, in units of Jm™.

If aLevel 4 assessment has been selected, the user may now proceed to an the J-Integral section of the SINTAP
GUI. This section is not relevant to any other assessment level and the JIntegral tab will appear greyed out
should a lower level of assessment be selected. If thisis the case, proceed instead to the following section of the
SINTAP GUI, Applied Loading.

ri age
il 1999 Page 25



SINTAP Program Manual MCS International

7 J-Integral

7.1 Introduction

The Jintegral Section of the SINTAP GUI is accessed at by clicking on the JIntegral tab. This section is only
enabled when the assessment level is Level 4. Usualy, in a Level 4 analysis, it is logical to follow from the
Material Properties section. The J-Integral section of the SINTAP GUI is shown below.

B SINTAP - plastic_stp M= e

Fil= Edit Bun Help
Geometr_l,ll Assessmentl I aterial Properties || Applied Loadingl Secondary Stressesl GraphicaIDutputI Te:-:tDutputI
— Dptions
& J/ L Curve - J-Integral Curves
g---I--I---I--I---I--I---I--I---I--I---I--I---I--I
* CODALr Curve e
wl S N
I B L N "
[= T e el il Al e el Rl e Bt i Bl
(=) 1 1 1 1 1 1 1 1 1 1 1 1 1
B L B S B A A R B
_ g__I__I_I__I_I__I_I__I_I__I_I__I_I__I
Input =1 L e S S
= ___I__I___I_ I___I__I___I__I___I__I___I__I___I__I
InpLits | ! I T e S S S A S R T
[ S B S W O Ny W Uy B Py N |
=5 T T T T T T T T T T T T T
=o o T T T e S R T T T
] e i e e e R e e e e e e e kil
1 1 1 1 1 1 1 1 1 1 1 1 1 1
E-___I__I__I__I___I__I___I__I___I__I___I__I___I__I
=1 e
I T T S S VU T VU T PO
wl S0 0 0
[ ey el i B e L e B e e i Rl ol K|
[o=] 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I I R I R I R I R
ST T TAT T TrTATTrITATTrITAT
1 1 1 1 1 1 1 1 1 1 1 1 1 1
':D 025 0.4 0.rs 1 1.25 14 1.75
Lr
Legend: JiLe . CoDALr .
| Jntegral Section | 4P | NUM

This section allows the user to input the J-Integral curve for the material. There are two options for the form of
input as follows:

Jasafunction of L,
COD as afunction of L,
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For example if the JL, Curve option is selected, clicking on the Inputs button displays the following dial og.

B Inputs K E3
v xl Fww “af
J, Bm-2] [¥-awis] [ Lr, [4-awiz]

nn nn
0.0145 03977
0.0256 0E3E3
00292 08351
00272 09942
0.0233 1.1533
0.0226 1.3124
0.0255 15112

Edit Grid | Remowve all Data | Import D ata | DK Cancel

Pairs of JIntegral and L, values are required to be inputted by the user to define the JL, curve for the material.
These may be inputted as described earlier in the section “GUI basic concepts’.

Regardless of how the JIntegral information is specified, CDFsin the graphical output screen are always shown
as afunction of J.

Once the JIntegral section has been fully completed, the user may now proceed to the next section of the
SINTAP GUI, Applied Loading.
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8 Applied Loading

8.1 Introduction

The Applied Loading Section of the SINTAP GUI is accessed at any time by clicking on the Applied Loading
tab. The Applied Loading section of the SINTAP GUI is shown below.

B SINTAP - example. stp _ =] =]
Fil= Edit Bun Help
Geometr_l,ll Assessmentl I aterial Propertiesl Jlntegral - Applied Loading | Secondary Stressesl GraphicaIDutputI Te:-:tDutputI
— Shess Yanance Options
Stress variance specified az a
et of points Through Section Stress
[}
tr-----l----l----l--- 1 ---I-----I----I----I
1 1 1 1 1 1
1 1 1 1 1 1 1 1
R | [ I | . P |
\ \ | | h | | I
I I I I I I I I
= 1 1 1 1 1 1 1 1
X I T A Lo M____ 1
— Shezz Yariance Yalue o ! ' ! ! ! : ! !
I I I I I I I I
Polyromial Order | Polynomial Coeffs. E i Rl ittt el et il Rl Sl ittt
= _ | | | | | | | |
Siress YEllEs | o it St el iy e e TR
a I I I I I I
_’b 1 1 1 1 1 1
[n] N [ NG L) UL AU | SN g A U | ——— |
= Loading : : : : : : : :
ol L i h
1 1 1 1 1 1 1 1
e =i = | | | | | | | | |
QR [ U | N U U 1
| I | | \ | | I
I I I I I I I I
1 1 1 1 1 1 1 ]
o
1] 025 0.4 1] 1
Section Thickness [ut)
Legend: Palynamial: . Stress Walues: .
| &pplied Loading Section | 4P | MLIM

The Applied Loading section of the SINTAP GUI allows the user to specify the loading distribution on the
body being assessed. There are different options for specifying the applied loading:

Stress Profiles
- Stressvariance specified as a set of points.
- Stressvariance specified directly as a polynomial

Specific Loading Parameters.

Depending on the geometry selected, the user may either be allowed to specify a through-section stress profile
or abe requested to enter specific loading parameters.

8.2 Stress Profiles

If a stress profile is called for, the user may input it as either a set of data points or in the form of polynomial
coefficients describing the shape of the stress field.
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In the case of a set of data points, the user may input the required information by clicking on the Data Points
button which displays the following dialog.

B Stress Values KB

K] e
Through Section Pozition [u/t) | Shess Value [MPa]

oo 0o
0.25 30.0
0.75 300
1.0 0.0
Edit Grid Remave 41l Data Import Data | 0K | S Cancel

Pairs of Through Section Position and Stress values are required to be inputted by the user to define the stress
profile for the body under assessment. These may be inputted as described earlier in the section “GUI basic
concepts’.

In the case of polynomial coefficients, the user may input the required information by clicking on the
Polynomial Order and Polynomial Coeffs buttons which display the following dialogs, respectively.

B Polynomial Order 7| x|

Polynomial Order

B Polynomial Coeffs. X|
nn m
ni 160.0
n2 -160.0
na no
n4 [ili]

] I Cancel |

The following polynomial parameters are required to be inputted by the user and these may be inputted as
described earlier in the section “GUI basic concepts”.

Polynomial order.
Polynomial coefficients.

If the user inputs data points, the software will provide a best-fit polynomial to them in the order specified under
Polynomial Order. The user may adjust the polynomial order upward or downward to provide the most
satisfactory fit to their data. The polynomial representation of the stress field is the one used in the software to
conduct the assessment so choosing a good fit isimportant, as shown below.
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Through Section Stress
O o
=+ 1 1 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1 1 1
I ) L U |
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
[l S R ! 1 1 J D |
o 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
— -_——-d - i R PR —
(5 1 1 1 1 1 1 1 1
I:I— 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1
=] Y Y 1 1 [
%N 1 1 1 1 1 1 1 1
a 1 1 1 1 1 1
_:: 1 1 1 1 1 1
|:|:| ________ I U | U U N U - -
1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
o) N [ Y AN [PUNG N N P P &
- 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
RPN [ DU IR [OOSR | 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 |
1] 0.25 0.5 0.75 1
Section Thickness (L)
Legend: Polynormial: . Stress Walues: .

8.3 Specific Loading Parameters

The SIF and Limit Load Solutions for some geometries do not allow an arbitrary through section stress field to
be specified to describe the loading. This section requests the user to supply specific loading parameters such as
asingle value of applied load, a pressure, a membrane and bending stress, etc. The user may input the required
information by clicking on the Load Magnitude button in the Loading section which displays the following
dialog.

B Load Magnitude

Applied Load, K [M] |m

In the case of a user geometry, this dialog will request the loading parameters as specified in the user geometry
extension. See Chapter 12, User Geometry Extension for more details.

Once the Applied Loading section has been completed, the user may now proceed to the next section of the
SINTAP GUI, Secondary Stresses.
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9 Secondary Stresses

9.1 Introduction

The Secondary Stresses Section of the SINTAP GUI may be accessed by clicking on the Secondary Stresses
tab. Usually, it is logical to follow from the Applied Loading section to the Secondary Stresses section in a
fracture risk analysis. A typical Secondary Stresses section of the SINTAP GUI is shown below.

B SINTAP - example._stp _ =] =]
Fil= Edit Bun Help

Geometr_l,ll Assessmentl I aterial Propertiesl J-Integrall Applied Loading GraphicaIDutputI Te:-:tDutputI

— Secondary Stress Library

IF'ipe with axial zeam weld. Flaw parallel to weld. Austenitic steels only. j

— Inputz

Through Section Stress [ats

|

Bl = e

150 175 200

Actual Stress (MPa)

125

| Secondary Strezzes Section | CaPs | MLk

The secondary stresses section shows a library of through section secondary stress profiles. The profiles
contained in the secondary stress library come from Version 3 of the Compendium of Residual Stress Profiles
[BRPR-CT95-0024]. A user-defined profile may also be entered. Several profiles require further input from the
user and thisisindicated in the name. Since these are through section profiles, they are only available when the
geometry in question takes a through section stress profile as an input to its SIF calculations. If this is not the
case, the Secondary Stresstab is greyed out and cannot be selected.

The secondary stress profile is selected from the list box of profiles by clicking on the down arrow on the right
hand side of the list box as shown below.
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I1zer defined polynomial. Define order and coetficients
Flat plate with butt weld. Flaw parallel bo weld. Feritic steels anl.

Flat plate with butt weld. Flaw parallel to weld. Austenitic steels anly.

Flat plate with T-butt weld. Flaw parallel to weld. 'weld conditions known, D ata required.

Flat plate with T-butt weld. Flaw perpendicular to weld. Yw/eld conditions known, Data required.
Flat plate with T-butt weld. Flaw parallel to weld. weld conditions unknown,

Flat plate with T-butt weld. Flaw perpendicular bo weld, Weld conditions unknowin, W

A complete list of residua stress profiles in the software is as follows

Flat plate with butt weld. Flaw parallel to weld. Ferritic steels only.

Flat plate with butt weld. Flaw parallel to weld. Austenitic steels only.

Flat plate with butt weld. Flaw perpendicular to weld. All steels.

Flat plate with T-butt weld. Flaw parallel to weld. Weld conditions known.

Flat plate with T-butt weld. Flaw perpendicular to weld. Weld conditions known.
Flat plate with T-butt weld. Flaw parallel to weld. Weld conditions unknown.

Flat plate with T-butt weld. Flaw perpendicular to weld. Weld conditions unknown.
Pipe with butt weld. Flaw parallel to weld. All steels.

Pipe with butt weld. Flaw perpendicular to weld. Ferritic steels only. Low heat weld.
10. Pipewith butt weld. Flaw perpendicular to weld. Ferritic steels only. High heat weld.
11. Pipewith butt weld. Flaw perpendicular to weld. Austenitic steels only.

12. Pipewith T-butt weld. Flaw parallel to weld. Recommended for ferritic steels only.
13. Pipewith T-butt weld. Flaw perpendicular to weld. Recommended for ferritic steels only.
14. SetIn Nozzle. Flaw parallel to weld. All steels.

15. Set In Nozzle. Flaw perpendicular to weld. All steels.

16. Pipewith set in nozzle. Flaw parallel to weld. All steels.

17. Pipewith set in nozzle. Flaw perpendicular to weld. All steels.

18. Set On Nozzle. Flaw parallel to weld. All steels.

19. Set On Nozzle. Flaw perpendicular to weld. All steels.

20. Pipewith set on nozzle. Flaw parallel to weld. All steels.

21. Pipe with set on nozzle. Flaw perpendicular to weld. All steels.

22. Pipe with axial seam weld. Flaw parallel to weld. Ferritic steels only.

23. Pipe with axial seam weld. Flaw parallel to weld. Austenitic steels only.

24. Pipe with axial seam weld. Flaw perpendicular to weld. All steels

©CoNoU~®WNE

To illustrate the case of a stress profile which requires data input, clicking on profile no. 4 above causes the
normally greyed out Data button to become active. By clicking on the Data button, the following dialog

appears.

B Data EdEd
Arc Power, G [Jig] |E

Flate Thickness, t [mm] A0

Weld Travel Speed, v [mmis] 1

Pracess Efficiency, n 0.g

Coefficient of Thermal Expansion, e FC [oooomz
Wolumetric Specific Heat, pc[Jmm"PC] 0.003

Ok I Cancel |

Input these parameters as described earlier in the section “GUI basic concepts’.

Once the Secondary Stresses section has been completed, the user has now completely specified all the
necessary parameters and may now proceed to performing a fracture risk assessment using SINTAP.
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10 Assessment

10.1 Introduction

This section describes the actions the software performs to conduct an assessment including input validation, the
treatment of stress inputs, both primary and secondary and the calculation of the assessment point or assessment
locus.

An assessment is run by clicking on the Assessment option from the Run menu as shown below.

Bun Help

Se

nent

hizitivity Analysiz

Generate Partial Beport

All analyses follow the following steps:

1. DataValidation
2. Cdculation of Je
3. Cdculation of Kr, Lr

For sensitivity analyses, step 3 is performed repeatedly.

10.2 Data Validation

The software attempts to validate all the users input pre-run to prevent errors occurring in the engine. The GUI
attempts to ensure that all necessary values have been entered while the data validation sections of the engine
check that the entered values are within valid ranges.

10.3 Calculation of Je

The software must calculate J. as a function of Lr prior to the assessment run so that the CDFs and the Level 4
FAD may be calculated. To accomplish this, the software internally performs a sensitivity analysis with respect
to load for the current assessment and calculates a table of values of J, vs. Lr over therange of O £ Lr @4.0.
This table may be then be interpolated over during the assessment to retrieve values of Je.

10.4 Treatment of Stress Inputs

Single value loadings are passed directly to the engine to be used in the calculation of K and Lr values.

The treatment of arbitrary stress fields is more complex. The polynomial stress field entered directly by the user
or the polynomia stress field automatically fit to the users data is taken to represent the through section stressin
the body. This polynomia iss = f(u/t) wheret is the section thickness. The order of this polynomial is referred
to here as the given order.
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Many calculations take a polynomial stress field as input. The order of this polynomial is referred to here as the
requested order. In this situation, the following occurs:

Case Action

Given order <= requested order Use polynomial directly.

Given order >= requested order Sample the polynomial and refit polynomial of
requested order to the sampled data.

Secondary stress fields are automatically sampled and refit to the requested order in the calculation of K f .

Through Section Stress

1

|

4

|

1

1

:

w |

'8 1

E 1
[iy]

a 1

—_ 1

o n

1

|

oL

1

|

oL

1 1

1 1

1 1

1] 0.24 04 0.74 1
Zection Thickness (uf)
Legend: Palynaomial . Shress Values: |:|

The majority of other calculations in the engine require s, and sy, asinputs. In this case a first order polynomial
is fitted to the data as described above and the values are taken as shown graphically above. Thisis true of both
primary and secondary stress fields.

For K calculations in the engine the stress polynomial is required as f(u/a) rather than f(u/t). In this case each
coefficient is multiplied by (alt)" to convert the polynomial to f(u/a).

10.5 Calculation of K, L,

Once the input data has been validated and the stress inputs to the K and Lr functions in the engine are
calculated, the appropriate functionsin the engine are called to calculate Lr, K, K lp , I and hence Kr.

The factor r is calculated following the detailed methodology from R6, Appendix 4. Factorsy and f which are
required in the calculation of r are calculated using the tabular data from tables A4.1 ands A4.2. The equivalent

efficient stress intensity factor K ; is defined using linear elastic approximation outlined in A4.5.2.
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10.6 Sensitivity Analysis

A senditivity analysisis run by clicking on the Sensitivity Analysis option from the Run menu as shown below.

Bun Help

Azsezzment

Senzitivity Analysiz

Generate Partial Beport

Sensitivity assessments currently allow a multiplier to be applied to either the applied loading or to the crack
length. The software runs the assessment a specified number of times varying the multiplier between user-
specified lower and upper limits. The resulting assessment points are plotted as a line on the FAD. Only the first

value from a sensitivity assessment is plotted on the resulting CDF.

Once an assessment has been completed by the SINTAP software, the user may now proceed to accessing the
results of the fracture risk assessment.
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11 Output

11.1 Introduction

Once an assessment has been completed the outputs of the fracture risk assessment may be accessed by the user
including the FAD, CDF and the text output produced by the software.

11.2 Failure Assessment Diagram

The failure assessment diagram is drawn on the results screen along with the assessment point {Lr, Kr} as
shown below. Selection of the FAD shape used has already been covered in detail in the Assessment section part
of this document.

B SINTAP - saq test.stp [_ [ =]
File Edit BRun Help
Geomelr_l,l' Assessmenl' MaterialF’mperliesI J-Integrall AppliedLoadingI Secondamy Strezzes GraphicalDutput|Te:-:tDutput|
— Giraph Dptions
EAD * FAD
- gl B M e e (A 1T T T 1 r.I:DF
\ I I \ I
, I I , I
1 1 1 1 1
______________________ o4l _a____.
\ | | \ |
1 1 1 1
10 I S SRS TR SUNS SROr S S S S o I
= | | | : | : : |
I I I , I , , I
1 1 1 1 1 1 1 1
e [Ep—
| ] ] 1 | h h \
1 1 1 1 1 1 1 1
o I I I : I : : I
B L e e e S [ A |
I I I \ I \ I I \ I
I I I , I , I I \ I
1 1 1 1 1 1 1 1 1
B et R R e LR
I I I , I , I I I
1 1 1 1 1 1 1 1 1
“ I I I \ I \ I I I
[} I I N (| | | - R
(=] 1 1 1 1 1 1 1 1 1
I I I \ I \ I I I
I I I , I , I I I
1 1 1 1 1 1 1 1 1
-TTTr--°-°TToTTTTrTTTTTITTTTISTTTAT TS TAaAT T TTA T
I I I \ I \ I I I
I I I , I , I I I
1 1 1 1 1 1 1 1 1
)
o] 025 0.8 075 1 1.25
Lr
| Graphical Output Section | CAPs | UM

Points which lie within the FAD indicate that the case is acceptable, outside indicate that the case is
unacceptable.

If the user wishes to view more closely any particular area of the FAD, it is possible to zoom in on the desired
portion. This is particularly useful if the failure assessment point lies close to the failure assessment line as in
the above FAD, and it is unclear whether or not the point lies inside the safe region or not. By double clicking
on any part of the FAD, the following dialog box is displayed.
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B Graph Extents
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The user may now select boundaries for both the x and y axes to zoom in on a particular area of the diagram.

The Zoom All button is used to view the FAD in its default original display. For example, the user could set the
minimum and maximum for the x axis as 0.5 and 0.6, respectively, while aso setting the minimum and

maximum for the y axis as 0.9 and 1.0, respectively. This would give an enlarged view of the area around the

failure assessment point as shown below. The zoom facility is aso available for the CDF diagram.

SIS E3

B SINTAP - zaq test.stp

Bun  Help

File Edit

Applied Loading I Secondam Strezses  Graphical Output | Text Output I

Geomelr_l,l' Assessmenl' Material Propertiesl J-Integrall

— Giraph Dptions

& FAD
" CDF

FAD

T-a- -
]

—
[
i
—— -
!

FoT o
|
—— =t =

e
[
—— -

!

I
_———
'

Lr

ML

CAPs |

| Graphical Output Section

11.3 Crack Driving Force

The CDF diagram is also drawn on the results screen. A vertical line is drawn at Lr, and a horizontal line is

drawn at the limiting value of J. The assessment value of Lr is then shown as another vertical line.
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B SINTAP - zaq test stp M= e

File Edit Bun Help
Geometr}ll .&ssessmentl I aterial Propertiesl J-Integrall Applied Loadingl Secondary Stresses  Graphical Output | TextDutpulI

— Graph Dptions
" FAD

| Graphical Dutput Section | 4P | NUM

The CDF diagram may be scaled in the same way as the FAD, by double clicking and setting the max and min
values for the axes.

11.4 Graph Options

The user may alternate between the failure assessment diagram and the crack driving force diagram by clicking
on one of the option buttons to the right of the results diagram as follows.

Graph Options
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11.5 Text Output

The user may generate a text output by clicking on the Generate Partial Report option from the Run menu as
shown below. The report contains a summary of the user input data along with the results of the fracture risk
assessment if an analysis has been run.

Bun Help

Azseszment
Sensitivity Analyziz

File Edt Bun Help

Geumetr_l,ll .-’-‘xssessmentl b aterial Propertiesl J-Integral' Applied Lu:uadingl Secondary Stressesl Graphical Output

SINTAP Output Report —

GUl Version 2Z.4.1
Friday, April 09, 1993, 04:14:23 P
Filename: Dhsintapiwarkingtsag test stp

Geomaths
Infinite Flat Plate - Surface Flaw - Infinite Flaw - Single Edge Crack

Geomethy Dimensions

Thickness {: g.0mm b
Crack Depth (a): 1.0mm
Aasgasment Leviel

This is a SINTAP Level 1B assessment

Base Material Tenslie Properias

Proof Strength, Faz 300.0MPa
Ultimate Tensile Strength, R 400.0MPa ;[
| Test Output Section | C4PS | NUM

The text output may be saved to atext file (rich text format) by clicking on the Save Text Output option from the
File menu as shown below.
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File Edit Hun Help
Hew
Open
Save
Save hs

The text output may also be directly printed by clicking on the Print Text Output option from the File menu as
shown below.

E Edit Bun Help
Hew
Open
Save
Save hs

Save Text Output

i T Oupi_y |

Show Log

E wit

The user aso has the option of importing graphical displays from SINTAP such as the stress/strain curve,
applied loading diagram, secondary stress diagram, FAD, CDF, and Text Output, to other software packages by
clicking on the Copy option from the Edit menu as shown below.

Edit Bun
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11.6 Error messages

Any error messages generated during an analysis session are stored in a log file and may be viewed by the user
by clicking on the Show Log option from the File menu as shown below.

File Edit Hun Help
Hew
Open
Save
Save hs

Save Text Output

Erint Test Output

E wit

A typical log entry showing errors that occurred during the user input data validation stage of an analysis is
shown below. Thisisto warn the user of incorrect values inputted to prevent errors occurring in the engine.

SINTAP Log - Emmorzw arnings/Meszages

Pre-Fun D ata Validation ﬂ

Thickness value [t) cannot be zero.
The walue for the crack depth must be less than the thickness of the plate,

i

Clear Log |
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12 User Geometry Extension

12.1 Introduction

The SINTAP GUI has been modified so that an arbitrary number of user-defined geometries may be
implemented through a user-programmed library.

This library is similar in style and function to the SINTAP engine. Its advantage is that it allows the system to

be extended with an arbitrary number of additional user-defined geometries without modification to the main
Graphical User Interface (GUI).

12.2 Concept

SINTAP Main Program

|

Provides a single point of access to Provides access to geometry

the user defined functions for: SINTAPU.DLL| information including:

1. Kr Calculation. . 1. Name.

2. Lr Calculation. User-Defined 2. Dimension Parameters.

3. Mismatch limit load ratio Geometry 3. Loading Parameters.
Calculation (F,./F,,). Extension 4. Whether or not the geometry is

4. Validation. Library mismatched.

T
i l i

H H H
File -C File, -C File, -C
File File File

Source Files Containing User Defined Geometries

12.3 Requirements

To make use of this extension, the user must have a copy of Microsoft Visual C++ 6.0 or later and a moderate
level of competence with the C programming language.
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12.4 Files

The user geometry extension project contains several files. These fall into two genera groups, those maodifiable
by the end user and those not intended to be modified.

Project Files Not User Modifiable

SI NTAPU. DSP Visual C++ 6.0 project file.

SI NTAPU. C Main source file for the DLL.

S| NTAPU. DEF Module definition file for the DLL.
GEOVB. H General declarations.

Project Files User Modifiable

GEQVE. C Main interface to the user defined geometry
functions.

GEOML. C, GEOML. H Template files for the first user geometry.

GEOWR. C, CGEOWR. H Template files for the second user geometry.

Modifying filesindicated a“not user modifiable’” may cause the SINT AP software to stop functioning.

12.5 Creating a User Geometry Solution

Creating a user geometry solution can be broken in two distinct steps:

The preliminary preparation step of modifying existing files to include another geometry.
Actually programming the SIF, limit load solution, mis-match ratio solution and verification function.

12.5.1 Preliminary

Open the project by loading the project file, SI NTAPU. DSP, into Microsoft Visual C++ 6.0.

If thisisthe first or second user geometry being implemented, modify one of the existing templates (GEOML. C
and GEOWR. C). Otherwise, duplicate one set of template files. For example, if this is the third user geometry,
copy GEOVR. Cand GEOWR. Hto GEOVB. Cand GEOMB. H respectively.

If you have duplicated a set of template files, include the new GEOWK. Cfilein the project by using the ‘ Add to
Project’ option in the ‘Project’ menu.

Edit your set of template files. Rename the functions in these files appropriately. For example, if thisis the third
user geometry, rename Kr Geon®? to Kr GeonB, Lr Geon? to Lr GeonB and so on. The functions may have
any name you like, so long as they are unique. However, it is recommended that you keep to the existing naming
scheme for the sake of consistency.

Edit GEQVS. C. Ensure that the header file for your new geometry, GEOWK. H, isincluded at the top of thefile.

Also in GEQVB. C, edit the geomnl nf o table and include an entry for your geometry. This table holds the
following information:

Geometry Name The name of the geometry.

Dimension Labels The labels of the dimensions required for the
geometry. A newline character separates entries.
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Dimensions relating to crack size must be placed at
the start of thelist.

Load Labels The labels to use when requesting loading
information for the geometry. A newline character
separates entries.

Crack Dimensions The number of entries in the Dimension Labels
which relate to crack size. These entries must be at
the start of thelist.

Mis-match A BOOLEAN value that indicates whether or not
thisis amis-matched geometry.

Still in GEQVB. C, find the function user Kr . This function contains a switch statement which allows the
calling program to access the user programmed Kr solution in one of the user geometry files. Add a call in this
function to your SIF function in the GEQOVk. Cfile.

Repeat this procedure in the user Lr, user LLRand user Veri fy functi ons. Add cals to your custom
limit load, mis-match limit load ratio and dimensional verification functions. Search for the text “TO DO ” to
assist you in location the portions of the GEOM C file which require modification.

It is advised that you test your modifications at this point by compiling the project. Perform any debugging
necessary before proceeding to program your custom functions as described in the next section.

12.5.2 Creating Your Custom Geometry Functions
There are four different custom functions for the user to create for a particular geometry.

A Kr solution.

An Lr solution

An Fym/Fyb solution for mis-match [optional].
A geometry dimension verification function.

Some general notes on the function inputs received from the program are presented first followed by a
description of the custom functions.

Note on dimensional and loading inputs received from program.

The dimensional and loading inputs are received from the calling program in the form of pointers to an array of
doubles.

The content of these arrays corresponds to the ‘load label’ and ‘crack dimension’ entries specified in the
geom nf o tablein GEQVS. C.

For example, if the ‘ crack dimension’ entry was:
"Crack depth, a [mm\nCrack Length, |I [mj\nThickness, t [m]"

remembering that C arrays index from zero, you could write:

double a = dins[0];
double | = dins[1];
double t = dins[2];
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at the top of your custom function. Y ou would then be free to use these variables in the rest of your calculations.
Note on the buf and bufsize arguments

All functions include a pointer to a character buffer in their argument list, buf . This buffer isintended to act as
amechanism for passing messages between the DLL and the calling program. The calling program interprets the
insertion of any message into this buffer as the indication of an error.

The buf si ze argument indicates the length of the buffer in characters. Although this buffer is usualy
reasonably large, no assumptions should be made as to its size. The programmer should also provide for the
possibility that the pointer buf isNULL and that no buffer has been made available. Failure to account for these
possibilities could result in abnormal program termination or corrupted results.

Kr solution

The program alows Kr solutions as a function of the dimensiona inputs, the loading inputs and K. The
genera form of a custom Kr function is as follows:

doubl e Kr Geon\N( doubl e * di ns,
doubl e * | oad,
doubl e Kmat ,
char * puf,
| ong buf si ze )

dims
A pointer to an array of doubles representing the geometry dimensions.

load
A pointer to an array of doubles representing the loading case.

Kmat
The current value of K4 as determined by the SINTAP software.

buf
A pointer to a character array. Used for passing back error strings to the calling program.

bufsize
The size, in characters, of the array pointed to by buf.

The return value is a double containing the value of Kr for the geometry as a function of the specified inputs.
Lr solution

The program alows Lr solutions as a function of the dimensional inputs, the loading inputs and the proof or
yield strength. The general form of a custom Lr function is as follows:

doubl e Lr Geon\N( doubl e * dins,
doubl e * | oad,

doubl e YS,
char * puf,
| ong buf si ze )

dims
A pointer to an array of doubles representing the geometry dimensions.
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load
A pointer to an array of doubles representing the loading case.

YS
The proof or yield strength of the material.

buf
A pointer to a character array. Used for passing back error strings to the calling program.

bufsize
The size, in characters, of the array pointed to by buf.

The return value is a double containing the value of Lr for the geometry as a function of the specified inputs. An
implementation of this function which returns a constant value will cause the calculation of J. in the SINTAP
GUI tofail.

Mis-match Limit Load Ratio Solution

The program allows mis-match limit load ratio solutions as a function of the dimensional inputs and the mis-
match ratio M. The general form of a custom limit load ratio function is as follows:

doubl e LLRGeomN\( doubl e * dins,

doubl e M
char * puf,
| ong buf si ze )

dims
A pointer to an array of doubles representing the geometry dimensions.

M
Theratio of the weld proof or yield strength to the base material weld proof or yield strength.

buf
A pointer to a character array. Used for passing back error strings to the calling program.

bufsize
The size, in characters, of the array pointed to by buf

The return value is a double containing the mis-match limit load as a function of the specified inputs. If the user
geometry being programmed is not mis-matched, this function should smply return 1.0.

Geometry Input Verification Function

The program alows verification as a function of the dimensional inputs. The general form of a custom
verification function is as follows:

BOOL VerifyCGeoml( double * dins,
char * buf,
| ong buf si ze )

dims
A pointer to an array of doubles representing the geometry dimensions.

buf
A pointer to a character array. Used for passing back error strings to the calling program.
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bufsize
The size, in characters, of the array pointed to by buf

The return value is TRUE or FALSE depending on whether or not the specified dimensions are valid for the
user geometry. Init's simplest form, this function just returns TRUE without checking any inputs.

12.6 Installing the completed user geometry extension

Once the user geometry extension has been completed, it must be installed.

Under standard installation, this is achieved by copying the compiled SI NTAPU. DLL file to the Windows
system directory.

Where the SINTAP software exists on a central server, the SI NTAPU. DLL file must be copied to the server
directory where the software isinstalled.

In both cases, the existing SINTAPU.DLL in the destination directory can be replaced.
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