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Module 1 - Introduction Welding Design Overview

Welding Design and Testing

= Understand the basic principals pertaining to
weld design with emphasis on the following

The basic types of weld joints

The basic types of welds and their symbols

Residual stress and weld distortion

Mechanical property testing

Fitness-for-service
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Importance of Weld Design

= Proper weld design and testing ensures that welds do not fail
under their intended load and environmental conditions

e The proper base materials must be chosen (and filler metals when
applicable)

e Appropriate weld strength requirements must be met

e Weld toughness and ductility
targets must be established

e Fatigue resistance against
cyclic loading has to be
considered

Liberty Ship Failure - 1943
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Basics of Joint Design

= The shape, dimensions, and configuration of the joint(s) are
specified by the applicable welding code and designer
= Five basic joint types
e Butt (1)
e Corner (2)
e Lap (3)
e Tee (4)
e Edge (9)
= Several variations of each type

LI

Flange Edge Joints
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Joint Design Variables

1. Bevel angle

2. Root opening
(root gap)

3. Root face
(land)
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Welding Symbol Example

= Basic example of a welding symbol for fillet weld

FCAW> o116 B 12

7N\
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Weld Nomenclature

1. Weld face
2. Weld toes
3. Leglength

4. Depth-of-fusion

5. Actual throat
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Residual Stress Concept

= Residual stress is the result of structural and metallurgical
changes that take place during the welding process

e Rapid localized heating (melting) and
cooling (solidifying)

e Stresses can be high enough
to surpass the yield strength
of the base metal

= Two major effects:
e Distortion
e Premature failure
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Types of Weld Distortion

(a) Transverse Shrinkage (d) Longitudinal Shrinkage
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(b) Angular Change (e) Lonaitudinal Bending
(c) Rotation Distortion (f) Buckling Distortion

Reference: Welding Handbook, VVolume 1, AWS, 1991
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What is the Significance?

= Residual stress:
e Degraded structural performance
e Reduced service life

= Compression

e Buckling can occur at lower than
expected loads N
ongitudina

| Te n S | O n residual stress |

e Can lead to higher than expected local
stresses, resulting in cracking

Tension

Compression

« Tension

5 X

Y 1-10



Module 1 - Introduction

Welding Design Overview

Controlling Stress and Distortion

= Several methods exist for better
control of residual stress and
distortion

e Reduce the total volume
of weld metal through joint
design improvements

e Pre-set the joint prior to welding
e Preheat the joint

= Post-weld flame heating
can be used to remove
distortion
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Weld Properties

= From a weld design standpoint, it is important to understand
the mechanical properties of welds

= Some of the important properties of a weld include:
e Strength — the ability to withstand an applied load
Ductility — the ability to deform/stretch without failing
Hardness — the ability to resist indentation
Toughness — the ability to absorb energy
Soundness — freedom from imperfections
Fatigue strength — resistance to failure under repeated loads
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Testing Weld Properties

= There are numerous tests used to determine the various
properties of welds
e Non destructive tests (does not hinder future usage)
e Destructive tests (render the part useless)

= Module 4 will cover the following destructive test methods
used to evaluate properties
e Tension tests — mechanical properties
e Hardness tests — mechanical properties
e Fracture toughness tests — mechanical properties
e Bend tests — weld soundness
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Tension Tests

= Several standards and guidelines exist for tensile testing

e ASTM E8 “Standard Methods of Tension Testing of Metallic Materials”
= Significance
e Tension tests provide information
on many different properties
+ Strength
¢ Ductility
¢ Toughness

+ Can test the entire weld
joint or just the weld metal

All Weld Metal Tensile Test
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Hardness Tests

= Several standard techniques
= Significance
e One of the most commonly and easily
measured mechanical properties

e Hardness and strength are directly
related for carbon steels

e Therefore it is possible to estimate the e
tensile strength if the hardness is 8 /S D A
known ;

G0 T B B0 1 53 MEH

Taresile glndrgth (MPM
:

Tenss mreegh (107 g
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Fracture Toughness Tests

= There are several standard techniques for testing fracture
toughness including:

°® Charpy V-notch test Charpy V-Notch Tester

e Dynamic tear test e

e Plane-strain fracture test

e Drop weight nil-ductility test
= Significance

e Provides a measure of

resistance to crack initiation
or propagation or both

e The temperature of the
specimen has a significant
effect on the test results
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Bend Tests

= There are three standard techniques for bend testing
e Guided bend

e Roller equipped
guided bend

e \Wrap-around
guided bend
= Significance
e To0 assess weld soundness

in procedure and performance
qualifications

e The ductility of a weld
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Weld Defects

= Fabrication-related
e Associated with primary fabrication or repair

e Can be controlled by combination of metallurgical and welding
process factors

e Use of appropriate inspection techniques is critical

= Service-related
e Occur upon exposure to service environment
e Generally mechanically or environmentally induced

e May result from remnant weld defects or metallurgical phenomena
associated with the weld thermal cycle

e Inspection and design issues are important to control defect formation
and monitor propagation
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Non-Metallurgical Fabrication Defects

Lack of Fusion
(SMAW) Oxidation

Undercut Intrusion

Overbead Drop-Through

Porosity
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Cracking Phenomena

= Solidification Cracking — “Hot Cracking”
e HAZ/PMZ liquation cracking
e \Weld metal liquation cracking

= Solid-State Cracking — “Warm Cracking”
e Ductility dip cracking
e Reheat cracking
e Strain-age cracking
e Copper contamination cracking

= Hydrogen-Induced Cracking - “Cold Cracking”
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Solidification Cracking

1-22



Module 1 - Introduction Weldability Overview

Solid-State Cracking
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Fatigue and Fracture

Q Poor fatigue Good fatigue
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Fractography

Fatigue Crack ¥
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Corrosion

Grain Boundary

Cr Depleted Region Pit

Surface /

\ o Pitting Corrosion
Cr Carbide Precipitation

Sensitization of Stainless Steels
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Non-Destructive Examination
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Non-Destructive Examination

= VVolumetric flaws = Planar flaws
e Surface breaking e Surface breaking
+ Visual, liquid penetrant + Visual
e Near surface e Near surface
+ Magnetic particle and eddy + Magnetic particle and eddy
current current
e Internal e Internal
+ Ultrasonic testing and ¢ Ultrasonic testing
radiography

Near Surface —<>— Surface Breaking
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Non-Destructive Examination

= Volumetric flaws = Planar flaws
e Porosity e Seams
e Inclusions e Lamination
* Slag e Lack of bonding
* Tungsten e Forging/rolling lap
e Shrinkage e Fatigue cracks
e Holes and voids e Stress corrosion cracks
e Corrosion e Incomplete fusion
* Thinning/loss e Incomplete penetration

+ Pitting
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Visual Testing (VT)

= Rulers

= Tape measures

= Calipers

= Borescopes

= Remote crawlers with cameras

= Dimensional conformance,
flaw detection
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Liquid Penetrant Testing (PT)

= Steps in an PT procedure
e Clean & Dry Component
e Apply penetrant
e Remove excess
e Apply developer
e Visual inspection
e Post clean component

= Portable, easy to use

= Surface breaking defects only
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Magnetic Particle Testing (MT)

= Steps in a MT procedure
e Component pre-cleaning
e Introduction of magnetic field
e Application of magnetic media
e Interpretation of magnetic particle indications

= Can detect both surface and VERY
NEAR sub-surface defects

= Cannot inspect non-ferrous
materials such as aluminum,
magnesium or most stainless
steels

Wet Fluorescent Method
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Eddy Current Testing (ECT)

= Uses the principal of
“electromagnetism” as the basis
for conducting examinations

= Surface and slightly subsurface
detection capabillities
e Discontinuities
+ Cracks, pores
e Geometry
+ Scratches, undercut
e Material properties

+ Heat treatment, residual stresses,
hardness, phase composition, creep,
fatigue, corrosion
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Radiographic Testing (RT)

= The part is placed between the
radiation source and a piece of %
film

e Part absorbs some radiation ////A\*\\\\\1
e Thicker and more dense area will

stop more of the radiation -

e Safety precautions _
= Technique is not limited by X-ray film
material type or density

e Detects both surface and subsurface
defects

= Orientation of equipment
and flaw can be critical
e Extensive training

Top view of developed film

= |less exposure

B = more exposure
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Ultrasonic Testing (UT)

= Sound produced by a vibrating
body (transducer) and travels in
the form of a wave

e Similar to light waves, they can be
reflected, refracted, and focused

e Ultrasonic reflections from the
presence of discontinuities or
geometric features enables detection
and location

initial
Ise
pu back surface

echo

crack
echo

\
'0'2'4'6I81I0}

UT Instrument Screen
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= |ntroduce common non-destructive inspection techniques,
procedures, and equipment

= Describe advantages and limitations

= Demonstrate how to select the best process for a given
application
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Fitness-for-Service Concept

= Definition
e Quantitative engineering evaluations demonstrating the structural

integrity of a flawed or damaged component and their fithess for
intended purpose

= Rationale

e Design/welding codes and standards do not address the fact that
structures degrade while in service

= Benefits
e Make run/repair/replace decisions
e Reduce unnecessary repairs and avoid unplanned shutdowns
e Accurately predict structural behaviors in service
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What Does FFS Cover?

= Safe operation

e Present the integrity of the component given current state of damage,
operating loads, and environmental conditions

= Safety margin and re-rating

e The limiting operating condition to avoid failure of equipment
containing a known or postulated flaw

= Projected remaining life

e Run, repair, or replace based on future operation conditions and
environmental compatibility
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Products Covered by Standards of Various

Organizations
Product AISC ASME ASTM AWS

Base Metals X X X
Bridges X X
Buildings X X
Construction equip. X
Filler metals X X
Machine tools X
Power gen. equip. X
Piping X X
Presses X
Pressure vessels, boilers X
Ships X
Storage tanks X
Structures, general X X
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American National Standards Institute (ANSI)

= Coordinating organization for US voluntary standards system

= Does not produce standards, but approves those produced by
other organizations

= US member of ISO and International Electrotechnical
Commission (IEC)

= Approximately 10,000 ANSI documents currently

= Provide a common language that can be used confidently by
Industry, suppliers, customers, business, the public,
government, and labor

o

nmerican Nationg,
ﬁwﬁ‘
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American Society for Testing and Materials

(ASTM)

= Develops and publishes specifications for use in the
production and testing of materials
e ASTM E8 — Tensile Testing of Metallic Materials

= Cover virtually all materials used in industry and commerce
with exception of welding consumables, which are covered by
AWS

= Currently publish 15 sections comprising 65 volumes and an
Index

= \When ASTM specifications adopted by ASME for certain
applications, either in its entirety or in a revised form, ASME
adds an “S” in front of ASTM letter prefix

e ASTM A105, Carbon steel forgings for piping applications, is listed as
SA-105 in ASME
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National Board of Boiler and Pressure Vessel

Inspectors (NBBPVI)

= Often referred to as the National Board, represents the
enforcement agencies empowered to assure adherence to
ASME B&PVC

= |nvolved in boiler and pressure vessel
registration and investigation of
possible Code violations

= Publishes National Board Inspection
Code (NBIC) that describes
maintenance, inspection and repair
requirements

= Boiler and pressure vessel repair,
governed by the “R” stamp is also
under their jurisdiction
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American Welding Society (AWS)

= Publishes numerous documents covering welding and
welding related activities

= AWS produces codes, specifications, recommended
practices, classifications, methods, and guides related to
welding

= General subject areas

e Definitions and symboils, filler metals, qualification and testing, welding
processes, welding applications, safety
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Overview of AWS D1.1 — Structural Welding Code

= General Requirements

= Design of Welded Connections
= Prequalification of WPSs

= Qualification

= Fabrication

= |nspection

= Stud Welding

= Strengthening & Repairing Existing
Structures

= Annexes (Mandatory): A —J
= Annexes (Informative): K-V
= Commentary

= |ndex
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Overview of AWS D1.1 — Structural Welding Code

= Chapter 1, General Requirements
e Basic information on the scope and limitations of the code

e Limitations - NOT intended to be used for the following
* Yield stress > 100-ksi (690-Mpa)
¢ Thickness < 1/8-in (3.2-mm)
* Pressure vessels, pressure piping, bridges
+ Base metal other than carbon or low-alloy steels

e Definitions conform to AWS A3.0, supplemented by Annex K
e Welding symbols conform to AWS A2.4

e Engineer’s, contractor’'s and inspector’s responsibilities

e Safety references, standard units of measurement and references
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Overview of AWS D1.1 — Structural Welding Code

= Chapter 2, Design of Welded Connections
e Requirements for the design of welded connections composed of
tubular, or nontubular, product form members

+ Part A— Common Requirements for Design of Welded Connections
(Nontubular and Tubular Members)

+ Part B — Specific Requirements for Design of Nontubular Connections
(Statically or Cyclically Loaded)

+ Part C — Specific Requirements for Design of Nontubular Connections
(Cyclically Loaded)

+ Part D — Specific Requirements for Design of Tubular Connections
(Statically or Cyclically Loaded)

1-49



Module 1 - Introduction Welding Codes Overview

Overview of AWS D1.1 — Structural Welding Code

= Chapter 3, Prequalification of WPSs
e Prequalified WPSs (SWPSs), such as those found in AWS B2.1, may
be used without qualification
¢ Limitations apply

+ Welder performance still needs to be qualified in accordance with Section
4

e \Welding Processes

* Prequalified processes
e SMAW, SAW, FCAW, and GMAW (except GMAW-S)
e FCAW and GMAW must use CV power supplies
+ Code approved processes
e ESW, EGW, GMAW-S, and GTAW
e WPSs must be qualified in accordance with Section 4
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Overview of AWS D1.1 — Structural Welding Code

= Chapter 4, Qualification

e Requirements for qualification testing of WPSs and welding personnel
+ Part A — General Requirements

+ Part B — Welding Procedure Specification

e Multiple positions, material shapes, and weld types can be qualified by a single
WPS or welder performance qualification test

e Changes beyond the limitations of the PQR essential variables warrant
requalification

+ Part C — Performance Qualification
¢ Part D — Requirements for CVN Testing
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Overview of AWS D1.1 — Structural Welding Code

= Chapter 5, Fabrication

e Requirements for fabrication and erection of welded assemblies and
structures produced by any process acceptable under AWS D1.1

e Contains 31 sections which cover numerous topics

+ Base metal

+ Welding consumables

* Preheat & interpass temperature

¢ Backing, backing gas, or inserts

* Preparation of base metal

+ Tack welds & construction aids

¢ Control of distortion & shrinkage

+ Repairs

¢ Minimum fillet weld size

+ Etc.
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Overview of AWS D1.1 — Structural Welding Code

= Chapter 6, Inspection

e Contains all of the requirements for the Inspector’s qualifications and
responsibilities, acceptance criteria for discontinuities, and procedures
for NDT

+ Part A — General Requirements

Part B — Contractor Responsibilities

Part C — Acceptance Criteria

Part D — NDT Procedures

Part E — Radiographic Testing (RT)

Part F — Ultrasonic Testing (UT) of Groove Welds
Part G — Other Examination Methods

* & 6 6 o o
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American Society of Mechanical Engineers

(ASME)

= Two standing ASME committees actively involved in the
formulation, revision, and interpretation of standards covering
products that may be fabricated by welding

= Documents

e ASME Boiler and Pressure Vessel Code

* Provide minimum requirements for the design, materials, fabrication,
erection, testing, and inspection of boilers and pressure vessels

+ Twelve (12) sections
e Code for Pressure Piping

* Provide minimum requirements for the design, materials, fabrication,
erection, testing, and inspection of piping systems

+ Twelve (12) sections
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ASME Boiler and Pressure Vessel Code Sections

= ASME Boiler and Pressure Vessel Code

e Five sections cover the design and construction of boilers and
pressure vessels
¢+ | — Rules for Construction of Power Boilers

¢+ lll - Rules for Construction of Nuclear Facility Components
e Division | — Rules for Construction of Nuclear Facility Components
e Subsection NB, NC, ND, NE, NF, NG, NH, and appendices
e Division Il — Code for Concrete Reactor Vessels and Containments

e Division Il — Containment Systems and Transport Packaging for Spent Fuel and
High-Level Radioactive Waste

* |V — Rules for Construction of Heating Boilers

+ VIII — Rules for Construction of Pressure Vessels
e Division 1
e Division 2 — Alternative Rules

+ X — Fiber-Reinforced Plastic Pressure Vessels
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ASME Boiler and Pressure Vessel Code Sections

= ASME Boiler and Pressure Vessel Code

e Sections cover material specifications, nondestructive examination,
and welding and brazing qualifications

¢ |l — Materials
e Part A: Ferrous Material Specifications
e Part B: Nonferrous Material Specifications
e Part C: Specifications for Welding Rods, Electrodes, and Filler Materials
e Part D: Properties
¢+ V — Nondestructive Examination

+ IX - Welding and Brazing Qualifications
e Part QW: Welding
e Part QB: Brazing
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ASME Boiler and Pressure Vessel Code Sections

= ASME Boiler and Pressure Vessel Code
e Three sections cover the care and operation of boilers or nuclear
power plant components
+ V| — Recommended Rules for the Care and Operation of Heating Boilers
* VIl - Recommended Guidelines for the Care of Power Boilers

+ Xl - Rules for In-service Inspection of Nuclear Power Plant
Components

e One section covers the construction and continued service of
transport tanks

+ XlI — Rules for Construction and Continued Service of Transport Tanks
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ASME B31 Code for Pressure Piping Sections

= Provides minimum requirements for different piping systems

B31.1 — Power Piping
B31.2 — Fuel Gas Piping
B31.3 — Process Piping

B31.4 — Pipeline Transportation Systems for Liquid Hydrocarbons and
Other Liquids

B31.5 — Refrigeration Piping and Heat Transfer Components
B31.8 — Gas Transmission and Distribution Piping Systems
B31.8S — Managing System Integrity of Gas Pipelines

B31.9 — Building Services Piping

B31.11 — Slurry Transportation Piping Systems

B31G — Manual for Determining Remaining Strength of Corroded
Pipelines

B31J — Standard Test Method for Determining Stress Intensification
Factors for Metallic Piping Components

B31Q — Pipeline Personnel Qualification
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Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= ASME Section lll is separated into three divisions
Subsection NCA — General Requirements for Division 1 and Division 2
Division | — Rules for Construction of Nuclear Facility Components
Division |l — Code for Concrete Reactor Vessels and Containments
Division lIl — Containment Systems and Transport Packaging for
Spent Fuel and High-Level Radioactive Waste
= Division 1 is separated into seven subsections

e Subsection NB, NC, ND, NE, NF, NG, and NH

e Subsections are separated by the application and design
requirements

1-59



Module 1 - Introduction Welding Codes Overview

Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= Subsection NCA applies to both Division 1 and Division 2
vessels

e Article NCA-1000, Scope of Section Il

¢ List general material and design requirements
e Refers to ASME and ASTM specifications for materials
e Refers to ASME and AWS specifications for welding materials

e Article NCA-2000, Classification of Components and Supports

* Provides general requirements such as design loads, service loads and
test loads
* The class of component is based on the engineering design of the vessel
e Class 1 items are constructed in accordance with subsection NB
e Class 2 items are constructed in accordance with subsection NC
e Class 3 items are constructed in accordance with subsection ND
e Class MC items are constructed in accordance with subsection NE
e Metal containment vessels
Class CS items are constructed in accordance with subsection NG
e Core support structures
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Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= Subsection NCA applies to both Division 1 and Division 2
vessels

e Article NCA-3000, Responsibilities and Duties

+ Qutlines the responsibilities and duties of the construction contractors,
owners, designers, etc

e All welding curing Code construction shall be done by a Certificate Holder
e Welding procedures have been properly qualified by the Certificate Holder
e References ASME Section IX

e Article NCA-4000, Quality Assurance
* Describes the requirements for a quality assurance programs

+ N-Type Certificate Holders shall comply with NQA-1-1994, “Quality
Assurance Program Requirements for Nuclear Facilities”

e Article NCA-5000, Authorized Inspector
* Describes the duties of the authorized inspector

e Article NCA-8000, Certificates, Nameplates, Code Symbol Stamping,
and Data Reports

* Describes the different ASME certificates and their applicability
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Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= Division 1, Subsection NB applies to Class 1 Components

e Article NB-1000, Introduction

+ Covers strength and pressure
integrity of items included in the
pressure containing boundary

© R
e Article NB-2000, Material 0SNG
+ Refers to ASME Section Il for O (
welding and base material properties -.

e Mechanical and chemical analysis
requirements for the base material
and welds

e Article NB-3000, Design

+ QOutlines all the design criteria that
needs to be addressed
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Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= Division 1, Subsection NB applies to Class 1 Components

e Article ND-4000, Fabrication and Installation

+ Refers to ASME Section IX for qualifications
e Stud and capacitor discharge welding is limited to temporary attachments
e Inertia and continuous drive friction welding is prohibited when welding pipe

+ Lists preheat, PWHT and toughness testing requirements if required

e Article ND-5000, Examination

+ Refers to Section V for examination methods

+ Defines the inspection requirements depending on the weld category
+ Provides construction acceptance criteria
L 2

Defines the qualification requirements for examination personnel
e Refers to ASNT Guidelines SNT-TC-1A
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Overview of ASME Section lll — Rules for

Construction of Nuclear Facility Components

= Division 1, Subsection ND applies to Class 3 Components
e Article ND-6000, Testing
+ Outlines the requirements for pneumatic or hydrostatic pressure testing
e Article ND-7000, Overpressure Protection
+ Describes the components of the pressure relief system
e Article ND-8000, Nameplates, Stamping, and Reports
+ Refers to Subsection NCA
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Overview of ASME Section Il — Materials

= Part A, Ferrous Material Specifications

e These specifications contain requirements and mechanical properties,
test specimens, and methods of testing for ferrous materials

e They are designated by SA numbers and are derived from ASTM "A"
specifications
= Part B, Nonferrous Material Specifications

e These specifications contain requirements for heat treatment,
manufacture, chemical composition, heat and product analyses,
mechanical test requirements and mechanical properties, test
specimens, and methods of testing for nonferrous materials

e They are designated by SB numbers and are derived from ASTM "B"
specifications
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Overview of ASME Section Il — Materials

= Part C, Specifications for Welding Rods, Electrodes, and
Filler Metals

e These material specifications contain requirements for the
manufacture, acceptability, chemical composition, mechanical
usability, surfacing, testing requirements and procedures, operating
characteristics, and intended uses for welding rods, electrodes and
filler metals

e These specifications are designated by SFA numbers and are derived
from AWS specifications
= Part D, Properties

e This part provides tables of design stress values, tensile and yield
strength values, and tables and charts of material properties

+ Maximum material stress at temperature
+ Design stress intensity factors
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Overview of ASME Section V —

Nondestructive Evaluation

= Subsection A, Nondestructive Methods of Examination

e Many of the inspection methods reference
mandatory appendices which apply to
specific inspection techniques or applications 5007 ASME Boiler &

+ The requirements may change depending on RIEssurelesselCode
the appendix used

= Subsection B, Documents Adopted by
Section V

e ASME have adopted several ASTM
standards which are included in Section V

= Acceptance criteria is found in the NONDESTRUCTIVE EXAMINATION /
code of construction not in Section V CEo—— ASE
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Overview of ASME Section V —

Nondestructive Evaluation

= Subsection A, Nondestructive Methods of Examination
e Article 2, Radiographic Examination

Article 4, Ultrasonic Examination Methods for Welds

Article 5, Ultrasonic Examination Methods for Materials

Article 6, Liquid Penetrant Examination

Article 7, Magnetic Particle Examination

Article 8, Eddy Current Examination of Tubular Products

Article 9, Visual Examination
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Overview of ASME Section V —

Nondestructive Evaluation
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Fatigue Cracks
Fretting (Heat Exchanger Tubing)
Hot Cracking
Hydrogen-Induced Cracking
Iniergranular Stress-Corrosion Cracks BN v ce C . s
Stress-Corrosion Cracks {Transgranuelar) 2 ] a 3 »

es- O- e
&

- @
®

=

oo
oy-¥

9
o
@
& e DOD:

- eCe. o0 ®06ee
“E-Ta
oe: @
CR=p
O @8
SoeD: 0
¢ oo @

@ - All or most standard techniques wil! detect this imperfection Linder all or most conditions,
® — One or more standard technigue(s) will detect this injperfectiun vnder r;ertaiﬁ I:undit'mn_& i
) — Special techniques, cenditions, andfor personnel gualifications are reguired to detect this imperfaction.

MOTES:

{1} Methods capable of detecting Imperfections that are cpen to the surface only.

{2} Wethods capable of detecting imperfections that are either open to the surface or slightly subsurtace,

{3} Methods capable of detecting imperfections that may he located anywhere within the sxamined volume. 1-69
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Overview of ASME Section V —

Nondestructive Evaluation

TABLE A-110
IMPERFECTION VS TYPE OF NDE METHOD
Surface Subrsurf.
[Note (1)1 [Maote (2)] Volumetric [Note {3)]
VT PT T ET RT UTA UTS AE uTT
Welding Imperfections

Burn Through ® - - e & ] Ca
Cracks o ® ® » > ] O &
Excessive/lnadequate Reinforcement @ ces . - @ » O
Inclusions (Slag/Tungsten) . cen 4 o @ » o o
Incomplete Fusion i ] » i » L ] 3 »
incomplete Penetration ] @ & » @ [ ] ¥ P
Misalignment e . - - » 3
Oyerlap & ® ® L e O .
Forosity L] 8 o . ® > O @ .
Root Concavity L . . BN ® B o O
Undercut -] 1 ] e o L] 4] O e

@ - All or most standard technigues will detect this imperfection Linder all or most conditions.
B — One or more standard technique(s) will detect this imparfection vnder certain conditions,
) — Special techniques, conditions, and/for personnel qualifications are reuired to detect this imperfection.

MOTES:

{1} Methods capable of detecting Imperfections that are cpen to the surface only.

{2} Wethods capable of detecting imperfections that are either open to the surface or slightly subsurtace,

{3} Methods capable of detecting imperfections that may he located anywhere within the sxamined volume. 1-70
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Overview of ASME Section V —

Nondestructive Evaluation

TABLE A-110
IMPERFECTION VS TYPE OF NDE METHOD
Surface Sub-surf.
[MNote (1)1 [Mote (2)] Volumetric [Note {3)]
VT PT M ET RT UTA UTs AE uTT
Procuct Form Imperfections
Bursts (Forgings) O e ® » 3 D o L]
Cotd Shuts (Castings) O % 9 o L » ) O
Cracks (Al Product Forms) @] ] ] 4 e ] B O &
Hot Tear (Castings) L8] L 8 » % ] e ] o] O -
inclusions (Al Product Farms) - i ] P @ » ] O e
Lamination (Plate, Pipe) O o ] Ce - 9 @ O -
Laps (Forgings? @] & ] o ] v i o]
Parosity {Castings) -] L O e ] i o o
Seams (Bar, Pipe} O L @ » 0 i ] ] o

@ - All or most standard techniques wil! detect this imperfection Linder all or most conditions.
¢ — One or more standard technique(s) will detect this imparfection vnder certain conditions,
) — Special techniques, cenditions, andfor personnel gualifications are reguired to detect this imperfaction.

MOTES:
{1} Methods capable of detecting Imperfections that are cpen to the surface only.
{2} Wethods capable of detecting imperfections that are either open to the surface or slightly subsurtace,

{3} Methods capable of detecting imperfections that may he located anywhere within the sxamined volume. 1-71
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Overview of ASME Section V —

Nondestructive Evaluation

= Each nondestructive evaluation article is generally broken into
several subsections which vary depending on applicability
e Scope
e General

+ States that a written procedure shall be included and gives requirements
that should be included in the procedure

e Equipment and Materials
* Provides minimum requirements for the equipment and materials
+ Refers to other ASME and industry documents

e Miscellaneous Requirements

e Techniques

+ Describes different techniques of applying the examination method
e For radiographic examination, the technique could be single-wall or double-wall
e For ultrasonic examination, the technique could be straight beam or angle beam
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Overview of ASME Section V —

Nondestructive Evaluation

e Calibration

+ Describes the calibration requirements for the examination method

e For radiographic examination, the calibration should include verifying the source
size and the requirements for either a densitometer or a step wedge comparison

e For ultrasonic examination, the calibration includes instrument linearity checks
and requirement for the calibration block depending on the application

e Examination
* Includes the steps that should be followed when performing an
examination
e Evaluation

+ Describes how to evaluate the evaluation

e For radiographic examination, the evaluation includes making the sure the film
is free from blemishes that may mask indications

e For ultrasonic examination, the evaluation includes determining what flaws
require addition evaluation

e Not all ultrasonic reflectors indicate flaws, since certain conditions
may produce indications that are not relevant

e Documentation

+ Defines what should be included in the nondestructive evaluation report
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Overview of ASME Section V —

Nondestructive Evaluation

FIG. T-434.2.1 NON-PIPING CALIBRATION BLOCKS

= aT”

¥

&int {150 mm}

T -7 -z .
- = 2
i * s -
= ’rzl':, s 'EE.—-" Minimum dimensions
P D27 D= 1jyin, {13 mm}
Z —_— Width = 6 in. (160 mm)
o Length = 3 x Thickness
Cladding if {present]
Calibration Block Hale
Weld Thickness (¢}, Thickness (7], Diameter, Notch Dimensions,
in. {mm} in. {mm? in. {mm} in. tram}
Upto 10252 o9 or ¢ I (2.5} Motch depth = 2% T
{Over 1 {28) through 2 (50) 1% (38) ar ¢ % (3 Noich width = % (&) max.
Over 2 {50) through 4 (100} 378 or ¢ #e (5) Natch length = 1 (25) min.
Over & (100) tx 125 [Nete (111
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Overview of ASME Section IX —

Welding and Brazing Qualifications

= Scope R ERATISRAL o0

e Covers the qualification of welders, 2007 ASME Boiler &
: Pressure Vessel Code
welding operators, brazers, and
brazing operators, and the
procedures employed in welding or
brazing

+ Referenced by ASME B&PV Code and
ASME B31 Code for Pressure Piping

= Part QW — Welding

e Article I, II, IlI, IV, V
= Part QB — Brazing

e Articles Xl, XIllI, XIlIl, XIV B b BRAT
" Appendices QUALIFICATIONS

Gy
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Overview of ASME Section IX —

Welding and Brazing Qualifications

= Primary purpose for procedure qualification

e To verify compatibility of materials and techniques to result in a sound
weld with acceptable properties

+ WPS qualified by mechanical testing
+ PQR documentation

e To qualify a welding procedure the weld must me destructively
tested
= Primary purpose for performance qualification (i.e. welder
qualifications)

e To verify the ability of an individual to execute a qualified welding
procedure specification to produce a sound weld

+ Can be qualified by mechanical test or NDE
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Overview of ASME Section IX —

Welding and Brazing Qualifications

= Part QW Welding

e Article I, Welding General Requirements

e Article Il, Welding Procedure Qualifications

e Article lll, Welding Performance Qualifications

e Article IV, Welding Data

e Article V, Standard Welding Procedure Specifications (SWPS)

= Part QB Brazing

e Article Xl, Brazing General Requirements

e Article Xll, Brazing Procedure Qualifications

e Article XllI, Brazing Performance Qualifications
e Article X1V, Brazing Data
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Overview of ASME Section IX —

Welding Qualifications

= Article I, Welding General Requirements

e QW-100, General

+ Describes a welding procedure specification (WPS) and procedure
qualification record (PQR)

e WPS defines the way a weld should be made
e PQR is the documentation that a weld made using the WPS is acceptable

e QW-110, Weld Orientation
+ Defines flat, horizontal, overhead and vertical

e QW-120, Test Positions for Groove Welds
e QW-130, Test Positions for Fillet Welds
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Typical PQR format

TW-AARA SLIGEFSTEN FORMAT FOR PROCEDLIAF DLLA LIFICATION RECORD (POR) CUNARD (Ruck )
1590 QW-2071 2, Section 1K, ASME Boiler and Pressure Vesel Code) POR Mo,
Ruwsrd Al Conditkens Used t Weld Ts: Coupon, Tensile Test (OW-160)
© Uhimate Unimats Typn of
Fﬂzﬂm"'—, P—— e Saecimen ) Total Lasd Unit Strage Enllure &
Mo Widin Theckness Arga b 8l Location
ViFE NG
Vil Processien] e — 11— ——
Ty g [Marman!, Autormabic, Sem -dute | — — — = —
— S
JOINTS (CP-ang)
Guinied-Bend Tests {OW-160)
Type and Fagurs Mo Basult
. Taughness Tests [LW-170)
G Devion ef Tust Couwson
T S s e s e g | M [ o | en | o [ s E—
Mianer-ai Spec. n e kecation Type Tevig. Valuzs % Fhwar Mt Bowwh | P Braws
Tyve o o Fane I — —
Ptio. 20 Bubda_ Chther B — — ——
 Tart Counon | - S N S ——
Digrmamer of Tes Coupen — L R
e
GAS (OW 408
Fercurs Composivion
Sainl Mitond . Pl Fillet- Wald Tast [OW-100)
Shinlding
Traili .
FILLER METALS [OW-403) llﬂ:: Fasult — Satish ¥ e — F o Farent Metal: Yes Na
5F b Sperficatian Macro—fesulls -
ANES Glassitication ELECTRICAL CHARACTERISTICS (COW-4081
Filler Metal F-No. [
Wield Wetal dnalysls A-Na_ Polarity Othar Tests
Size of Filler Metal g, .
Obar Tangtsn Elcrcce S Typaof Tegr
‘un L L
ialcl Rdat Oithar -
FORITION (W 4061 TECHNIQUE im4 10k
Pexilon o Ui Tramrl Bt L e e
Weld Pragressan (Uphil, Cosnte) Siring ar Weawe Beag .
Dt et Wielda s Name - Choch Mo, Starmp Mo,
Muitipass ar Single Paza (por sidel Teme conduceed by: . La v Tes No.
Singls or Multisle W cartdy That The SIAINMANTS TS FECOTT 4re COMTACT A TNAT INE WS wRls wire (eepared, velded, and 1EETe0 9 SCCORBngs wilh T
PREHEAT ICW-406) Qthes reqarements of Soction X of the ASME Lode.
Prefear Tonps
Innepat: Tame. Manufacturer S B
Othar.
L By S -
[(na/as} Tk fom (EG0007H may De oot e fram the Oroer Qeor, ASME, 48 K. 47 51, New YOR, MY, 10017 (Dotail of racord of Tesds are Mlesrative only and may be modifind 0 confasm 1o the type and number of tesis rmquited By tha Code.)
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Typical WPS format

Welding Codes Overview

Qw-482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATION IWPS) Q482 {Back)
(See QW-201.7, Section 1X, ASME Boiler and Frasure Wessel Cads) Y75 No. Bex
FOZITIONS (CW-405] POSTWELD HEAT TREATMENT (QW-207)
Covrsary Mami By Bogieien sl of Groova T Range.
Weiing Procrchim L D Sunpariing FOR N WEIting Progragias U et Timse Range.
Fevision Mo =0 ] Postiondsl of Fillar
Weicing Process lesl Tyraelsl § GAS [QW-408}
TAuTemaTc, Marus), Machire, or Sems Aula.)
FREHEAT (OW-L06) Prosat Comoaiitan
JOIMTE | Civa0z) Dyrpdis Pranegr Temp.  Min. Gil#i) TR Flow Aare
Jaint Dosign Ternp. ban
Backing | Vesl. (el Prafcor Maintarence Dtvemindivng
B king Maeris ITvpel - ICamciruoul Or EpEgisl NAITAG wWhBit SO DI hould e Fedded ) Traslirg
{A&Tes ™ G0N NACEING ANa retE e,
Aacking
O Mansi O Mantusing Meal
O Monmewitic [ Githar ,\I— 374142 cleg. max, SLECTRICAL CHARAGTERISTICS |Qv-+i9)
Current ACar OC P iCy
Suttches, Production Drawie Amzs {Rangal \Fales |Ranga)
. 55, Weid Jymbols or Wriren Descripoian
Gl GwW 1TE gETERS aTFAanGRmEn:T of T8 DAMDS 00 08 welsed, Where IAmpa and veltn rengs sncubd be recorced fer sech sleclonde sice,
st e i 4 e St of it v Ty o S L S—— e L o T et o A
ieacified, wenser than 18 in.
IAL e aEton of e Mig . s may be stached b ilustrats aint Turgoen Slecrode Slzu snd Typs e —— ey
dimign, wld lavers and beid skouencs, 4.5 For noich 1Dwghwe proce
it 10 P iGN DR BAOCHOUI, H1C.) Mode of Aeral Trarsfer for GMAW B TPy
] Dletrocis MNors Frad cpesd range
*AASE METALS ICW-1031
P=No. Groun Mo, io P-Mg, Grouo Ma. TECHMNILIUE 1L8-4 101
oR Sering or Weave Beag
Soecificalian tpe and grace. Gritice or Gas Gup Size
"w ryEe and grec. ImiTal Sna InTerpiss Claaning (Breing, Grindng, ens ),
R
Chem, Adaslyss and Mesh, Prag, — Marhad of Bask 3
t Chem, Amstyss and Mess. Prap Oseilinel
Thigraa Rarge: Canet Tubs o Wars Distance
Harse eaic Groows Fiilar Wuicipin ar Singls Pase (per side).
Pos Dla. Ranga: Groows. Filee ar Gangle
anner Trawnl Spesd (Range)
Paaning
Mo
SFILLER METALS (DN-404} I_
Spec. Mo, BFA)
AWSE Mo | Zlass) T
£ e, L f Fillas raatal Currant
AMe . ! [ Drter
A — g, Hemarks, Lom-
- ) watd Merat | Tremi meants, Mo Wine
el dd Tvas Armp wait Spasd Addisiar, Techaiqus,
Pange: Ly (e} Peapess Class Oia. Palar, Pargs Fangs Harg Tarch Angie, B
Greave
Fillet

Elecirode-Flun (Clasal
Flux Trsds Mams

Consumanle | naser

Dithar - — l
“Esn maTei
{12/85) Thes form (EDO00&} muay ba obtlined from sha ASME Orser Dapr, 22 Law Orive, SBow 2300, Fairfisks, NJ 07007-3300
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Test Positions for Groove Welds in Pipe

QW-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS

BB 0 ))

(a) 1G Rotated (c) 56

(0

(b) 2G

\Y
/&5 deg +5 deg

(d) 6G
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Overview of ASME Section IX —

Welding Qualifications

= Article I, Welding General Requirements

e QW-140, Types and Purposes of Tests & Examinations

+ Describes the types of tests that are used to qualify welding procedures
including acceptance criteria

QW-150, Tension Tests

QW-160, Guided-Bend Tests
QW-170, Notch-Toughness Tests
QW-180, Fillet-Weld Tests

QW-190, Other Tests and Examinations

+ Describes NDE inspection methods including acceptance criteria for
qualifying procedures and welder qualification
+ References back to Section V
e QW-191 Radiographic Examination
e QW-194 Visual Examination
e QW-195 Liquid Penetrant Examination
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Overview of ASME Section IX —

Welding Qualifications

= Article Il, Welding Procedure Qualifications

e QW-200, General
+ Describes what the information belong in the WPS and PQR

¢+ Changes to the WPS
e Changes can be made to nonessential variables without requalification

e Changes to essential variables or supplementary essential variable (when
required) require requalification

+ Manufacturer’'s and Contractor’s responsibility

* Processes covered

e Oxy-fuel, SMAW, SAW, GMAW, FCAW, GTAW, PAW, ESW, EGW, EBW, Stud,
Inertia & Cont. Drive Friction Welding, Resistance Welding, LBW, Flash Welding

+ Type and number of tests required for procedure qualification
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Overview of ASME Section IX —

Welding Qualifications

Qw-451.1
GROOVE-WELD TENSION TESTS AND TRANSVERSE-BEND TESTS
Range of Thickness 7 of Type and Number of Tests Required
Base N_!eta(l, Qualified, Maximum Thickness £ of (Tension and Guided-Bend Tests) [Note (2)]
o m‘(lgnm)d ] Deposited Weld Metal, Qualified, Side Face Root
Thickness 7 of Test Coupon, Welded, otes (1) an in. (mm) Tensian, Bend, Bend, Bend,
in. (mm) Min. Max. [Notes (1} and (2)3 QwW-150 QW-160 QW-160 QW-160
Less than %, (1.5) T 27 2t 2 ... 2 2
Y6 10 % (1.5 to 10), incl. %6 (1.5 2r 2t 2 Note {5) 2 2
Over % (10, but less than % (19) e (50 27 2t 2 Note (5) 2 2
% (19) to less than 1% (38) % (5) 27 2¢when t < % (19) 2 [Note (4)] 4 -
% (19) to less than 1% (38) %, (5} 27 2T when £2 % (19} 2 [Note (4)] 4
1% (28) to & (150), incl. e (5) 8 (200} [Note (3)] 2twhen £< 3% (19) 2 [Note (4)] 4
1% (38) to 6 (150), incl. %6 (5) 8 (200) [Note (3)] 8 (200) [Note (3)3 when ¢ = % (19) 2 [Note (4)3 4
Over 6 (150) e (5) 1.33 7 [Note (3)] 2twhen t< % (19) 2 [Note {4)] 4
Over 6 (150) %4 (5) 1.337 [Note (3)] 1.337 [Note (3)3 when £2 % (19} 2 [Note (421 4

NOTES:

(1) The following variables further restrict the limits shown in this table when they are referenced in QW-250 for the process under consideration: QW-403.9, QW-403.10, QW-404.32, and
QW-407.4. Also, QW-202.2, QW-202.3, and QW-202.4 provide exemptions that supersede the limits of this table.

(2} For combination of welding procedures, see QW-200.4.

(3) For the SMAW, SAW, GMAW, and GTAW welding processes only; otherwise per Note (1) o¢ 27, or 2, whichever is applicable.

(4) See QW-151.1, QW-151.2, and QW-151.3 for details on multiple specimens when coupon thicknesses are over 1 in. (25 mm).

(5) Four side-bend tests may be substituted for the required face- and root-bend tests, when thickness 7is % in. {10 mm) and over.
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Overview of ASME Section IX —

Welding Qualifications

= Article Il, Welding Procedure Qualifications

e QW-250, Welding Variables

+ Lists the essential, nonessential, and supplementary essential variables
for each welding process in Section IX

+ Essential variables

e Those in which a change is considered to affect the mechanical properties of
the weldment, and shall require requalification

+ Nonessential variables
e Those in which a change may be made in the WPS without requalification

* Supplementary essential variables

e When notch-toughness is required, supplementary essential variables become
essential variables

* The procedure variables cover all aspects of the weld
quality
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Overview of ASME Section IX —

Welding Qualifications

QW-255
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Metal-Arc Welding (GMAW and FCAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential QW-255
1 & Groove design M WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) (CONT'D)
Gas Metal-Arc Welding (GMAW and FCAW)
» 4 - Backing X
\?(\J/ivntioz : Supplementary
-10 ¢ Root spacing X Paragraph Brief of Variables Essential Essential Nonessential
11 * Retainers X 1 + Trail or ¢ comp. X
5 ¢ Group Number X .2 ¢ Single, mixture, or % X
b T Limits X QW-408 3 ¢ Flow rate X
QW-403 8 4 _TQualified X Gas 5 £ or ¢ Backing flow X
Base 9 t Pass > % in. (13 mm) X . o
Metals 10 T limits (S. cir. arc) X : ~ Backing or ¢ comp.
11 & P-No. qualified X 10 ¢ Shielding or trailing X
13 ¢ P-No. 5/9/10 X 2 > Heat input X
4 & F-Number X QW-409 2 ¢ Transfer mode X
Electrical -
5 ¢ A-Number X Characteristics 4 ¢ Current or polarity X X
6 ¢ Diameter X -8 ¢ 1&E range
12 ¢ Classification ! X 1 ¢ String/weave X
QW-404 .23 ¢ Filler metal product form X .3 ¢ Orifice, cup, or nozzle size X
Filler .24 +  Supplemental X 5 ¢ Wethod cleaning X
Metals @
6 ¢ Method back gouge X
27 @ Alloy elements X 7 & Oscillation X
30 $ ¢ X QW-410 8 ¢ Tube-work distance X
32 ¢ Limits (S. cir. arc) X Technique 9 ¢ Multiple to single pass/side X X
33 ¢ _Classification X 10 ¢ Single to muitiple electrodes X X
1 + Position X 15 ¢ Electrode spacing X
W-405 i
gositions 2 ¢ _Position X 25 ¢ Manual or automatic X
.3 ¢ T4 Vertical welding X 26 & Peening X
1 Decrease > 100°F (55°C) X .64 Use of thermal processes X
QW-406 Legend:
2 Preheat maint. X
Preheat ¢ + Addition > Increase/greater than T Uphili « Forehand ¢ Change
3 Increase > 100°F (55°C) (IP) X -~ Deletion < Decrease/less than 4 Downhill ~> Backhand
1 ¢ PWHT X
QW-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits X
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Overview of ASME Section IX —

Welding Qualifications

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
Decrease > 100°F (55°C) X
Qw400 é Preheat maint. X
Increase > 100°F (55°C) (IP) X

QW-406.1 A decrease of more than 100°F (55°C) in
the preheat temperature gualified. The minimum tempera-
ture for welding shall be specified in the WPS.
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Overview of ASME Section IX —

Welding Qualifications

= Article lll, Welding Performance Qualifications

e QW-300, General

+ Welders or welding operators may be qualified by mechanical bending
tests, radiography of a test plate, or radiography of the initial production
weld

+ Welders are qualified to weld with a process not a specific WPS
e QW-320, Retests and Renewal of Qualifications
e QW-350, Welding Variables for Welders
e QW-360, Welding Variables for Welding Operators
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Overview of ASME Section IX —

Welding Qualifications

QW-355
SEMIAUTOMATIC GAS METAL-ARC
WELDING (GMAW)
[This Includes Flux-Cored Arc Welding (FCAW)]
Essential Variables

Paragraph Brief of Variables
QW-402 ~ Backing
" 04
Joints
QW-403 o ¢ Pipe diameter
Base Metals .18 & P-Number
W15 ¢ F-Number
QW-404 .
Eiller Metals .30 ¢ t Weld deposit
.32 t Limit (S. Cir. Arc.)
QW-405 o1 + Position
Positions 3 ¢ TI Vertical welding
QW-408 — Inert backing
.8
Gas
QW-409 ¢ Transfer mode
s
Electrical
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Overview of ASME Section IX —

Welding Qualifications

= Article IV, Welding Data

e QW-400, Variables
+ QW-410, Technique
+ QW-420, Material Groupings
e P-Numbers
*+ QW-430, F-Numbers
*+ QW-440, Weld Metal Chemical Composition
+ QW-450, Specimens
+ QW-460, Graphics
+ QW-490, Definitions
e Variables are grouped into categories

*+ Some variables apply to all process
e Preheat, Base Metal Thickness, etc.

*+ Some variables apply to one or two processes
e Shielding gas, Shielding Flux, etc.
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Overview of ASME Section IX —

Welding Qualifications

QW/QB-422 FERRGUS]NONFERRGUS P-NUMBERS AND S-NUMBERS (CONT'D)
Groupmg of Base Metals for Quallf cation

Ferrous (CONT’D)
Minimum | = Weldmg .| Brazing
FER - Specified |7
S B ) . UNS: Tensile, | P-. Gruup S- Eroup P~.-" o L
Spec. No. Type or Grade Nao. ksi (MPa) | No. " No.  No. ~ No. | No. No.} . Nominal Composition - Product Form

$A-249 - . TP3l6L.  $31603 70(485) . 102 ... 16Cr-12Ni-2Me . © 7 Weided tube
SA249 © - TP3leH .  $31609 . 75(515) 1102 ... 16Cr-12Ni-2Mo - . . Welded tube
SA-249 TP316N . S31651. 80 (550) 102 ... 16Cr-12Ni-2Mo-N: . Weded tube
SA-229 © TP316LN .~ $31653 75 (515). 102 ... 16Cr-12Ni-2Me-N - . Welded tube
CSA-249° - . - TP317 . §31700+ ~75(515) S102° ... 18Cr-13Ni-3Mo . Weided tube

SA-249 - . TP3l/L s31703° 75 (51%) .0 1020 ... 18Cr-13Ni-3Mo - - - Welded tube
SA-249 - - 831725 §31725  75(515) ©102. ... 19Cr-1S5Ni<4Mo - Wetded tube
SA-249 . $31726 $31726. - 80 (550) 102 ... 19cmssm—4m° . Welded tube
~ SA-249- - TP321 - - S32100 -75(515)- .10z 18Cr-10Ni-Ti' . ‘Welded tube -
 SA-289. o TP321H. $32109  75(515) . 102 1BCr1ONETE - Welded tube

SA-249 © U TP347 . 534700,; 75 (515) w02 .0 ISCP—IONt—Cb‘-‘ o o Weided tube * -
SA-249 .. TP347H - $34709° 75(515) 102 - ... 18Cr-10Mi-CB - . - Welded tube
SA249 . - TP348. .- $34800  75(515): Lo 1020 0.. 18Cr-10NRCh T Welded tube
SA-249 | TP348H - 534809 75 (515) ... 102 ... 18Cr-10Ni-Ch. 0 Welded tube”
SA249 ... - TPXM—lS o $38100. - 75(515) 102 ... 18Cr-18Ni-28i © - Welded tube- -
SA250 - - < TIb .. Kll4z2 . 53(365) 101 €-05Mo . -0 ERW.wbe =
SA-250 : COTL O K11s22. 55(380) . 101 CO05Mo S . ERW.tbe
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Module 1 - Introduction Welding Codes Overview

Overview of ASME Section IX —

Welding Qualifications

P-No. Description
1 C, C-Mn, and C-Mn-Si steels

3 Low-alloy steels [Mo, Mn-Mo, Si-Mo and Cr-Mo (Cr < %% and total
alloy content < 2%)]

4 | Cr-Mo low-alloy steels with Cr between 3% and 2% and total alloy
content < 2 %%

5A | Cr-Mo low-alloy steels with Cr < 3% and < 85 ksi minimum tensile
strength

5B | Cr-Mo low-alloy steels with Cr > 3% and < 85 ksi minimum tensile
strength

5C | Cr-Mo low-alloy steels with Cr between 2 V4 % and 3% and = 85 ksi
minimum tensile strength

§) Martensitic stainless steels
Ferritic stainless steels - nonhardneable
8 Austenitic stainless steels

N
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Module 1 - Introduction

Overview of ASME Section IX —

Welding Qualifications

Welding Codes Overview

P-No. Description

9A, 9B, 9C | Nickel alloy steels with 4.5% Ni

10A—- 10K | Mn-V and Cr-V steels, 26% Cr-3% Ni-3% Mo, and 29% Cr-4%
Mo-2% Ni steels and duplex stainless steels

11A, 11B Low-alloy quench and tempered steels with > 95 ksi minimum
tensile strength

21 -25 Aluminum and aluminum-base alloys

31-35 Copper and copper-base alloys

41 - 47 Nickel and nickel-base alloys

51 —-53 Titanium and titanium-base alloys

61, 62 Zirconium and zirconium-base alloys
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Module 1 - Introduction Welding Codes Overview

Overview of ASME Section IX —

Welding Qualifications

= Article V, Standard Welding Procedure Specifications
(SWPSs)

e SWPSs that may be used for Section IX are listed in Appendix E

e AWS B2.1, Standard Welding Procedure Specifications

+ Each is specific to the combination of base materials, welding process(es),
and welding filler metals covered by the scope of each

+ Supported by procedure qualification records (PQRS)
e If the SWPS, or a similar SWPS hasn’t been used by the

manufacturer, than they must weld and test one groove weld test
coupon following the SWPS

+ Additional SWPSs that are similar may be used without demonstration
e Limitations apply
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Overview of ASME Section Xl — Rules for Inservice

Inspection of Nuclear Power Plant Components

= ASME Section Xl is separated into three divisions depending
on application
e Division 1, Rules for Inspection and Testing of Components of Light-
Water Cooled Reactors
IWA, General requirements
IWB, Requirements for Class 1
IWC, Requirements for Class 2
IWD, Requirements for Class 3
IDE, Requirements for Class MC
IWF, Requirements for Supports
IWL, Requirements for Concrete Components
Mandatory Appendices
Non-Mandatory Appendices

e Division 2, Rules for Inspection and Testing of Components of Gas-
Cooled Reactors

e Division 3, Rules for Inspection and Testing of Components of Liquid
Metal Cooled Reactors

® 6 6 6 6 O O o o
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Module 1 - Introduction Welding Codes Overview

Overview of ASME Section Xl — Rules for Inservice

Inspection of Nuclear Power Plant Components

= Division 1, Rules for Inspection and Testing of Components of
Light-Water Cooled Reactors

e IWA, General Requirements
+ [WA-1000, Scope and Responsibility

+ IWA-2000, Examination and Inspection

e Includes the qualifications of the examination personnel, the examination
methods and inspection programs

IWA-3000, Standards for Examination Evaluation
e Discuss how the evaluate the examination and determine flaws

IWA-4000, Repair/Replacement Activities

e Defines what needs to be repaired, how to make the repair and how to inspect
the repair

IWA-5000, System Pressure Tests
e Discuss how to pressure test the system and document the results

IWA-6000, Records and Reports
IWA-9000, Glossary

*

*

*

*

*
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Module 1 - Introduction Welding Codes Overview

Overview of ASME Section Xl — Rules for Inservice

Inspection of Nuclear Power Plant Components

= Division 1, Rules for Inspection and Testing of Components of
Light-Water Cooled Reactors

e |IWB, Class 1 Components
+ [WB-1000, Scope and Responsibility
+ |WB-2000, Examination and Inspection
e Defines how and when to inspect

+ IWB-3000, Acceptance Standards
e Provides descriptions of acceptable flaws and methods to analysis flaws

+ [WB-5000, System Pressure Tests
e Discuss how to pressure test the system and document the results

e IWC-XXXX, Class 2 Components and IWD-XXXX, Class 3
Components

* Generally IWC and IWD have much less detail than IWB, and IWC and
IWD will frequently refer user to IWB
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Module 1 - Introduction Welding Codes Overview

Overview of ASME Section Xl — Rules for Inservice

Inspection of Nuclear Power Plant Components

= Division 1, Rules for Inspection and Testing of Components of
Light-Water Cooled Reactors

IWE-XXXX, Requirements for Class MC and Metallic Liners of Class
CC Components of Light-Water Cooled Plants

IWF-XXXX, Requirements for Class 1, 2, 3 and MC component
supports of Light-Water Cooled Plants

IWL-XXXX, Requirements for Class CC Concrete Components of
Light-Water Cooled Plants

Appendices
+ Mandatory (I-X)
+ Nonmandatory (A-R)
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Module 1 - Introduction

Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter |, Scope and Definitions
= Chapter Il, Design
= Chapter Ill, Materials

= Chapter IV, Dimensional
Requirements

= Chapter V, Fabrication,
Assembly, and Erection

= Chapter VI, Inspection,
Examination, and Testing

= Chapter VII, Operation and
Maintenance

= Mandatory Appendices
= Nonmandatory Appendices

ASMEB31.1-2007

(Revision of ASME B31.1-2004)

Power Piping

ASME Code for Pressure Piping, B31

&gﬁ Amarican Sociaty af

anical Enpinesrs

{ Copymgn: B13307 by e Amanizn Socaly of Mecharical Bagoer. ﬁ]
Mz rprodaction my ba rsdaaf | il wrkord wethen so MR
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter |, Scope and Definitions

e The code includes piping found in electric power generating stations,
industrial and institutional plants, geothermal heating systems, and
central and district heating and cooling systems

¢+ Includes but not limited to steam, water, oil, gas, and air service
e Where steam or vapor is generated at a minimum pressure 15 psig

e Where high temperature water is generated at a minimum pressure of 160 psig
and/or a minimum temperature of 250°F (120°C)

e Defines what applications are not covered by B31.1

+ Components covered by Sections of the ASME Boiler and Pressure
Vessel Code

+ Steam and condensate piping design for 15 psig or less, or hot water
systems designed for 30 psig or less

* Towers, building frames, tanks, mechanical equipment, instruments, and
foundations

¢+ Many other applications
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

Turbine valve or
Code stop valve
para, 122.1.7{A}

Superhealer
: { e - ><3£<] Turbine

e - = To equipment

;
1
1
1
'
i
I
:
|
1
1
13
E
|
|
|
I
|
1
1
1
i
I
1
1
A

Beheater X

O = SO N

LT T T T

Canvection ;
and radiant [ \

section Start-up system L

MEy vary 10 suit e “u\

— boiler mamdacturer -.

. ! | Condenser
Econamizar \ J
Para. 122.1.7(6| o

Allernatives
para. 122.1,7(3.9)

Administrative Jurisdiction and Technical Responsibility

Boller Praper — The ASME Raoiler and Pressure Vossel Code IASME BPYC) has rotsi administrative jurisdiction and
technical rasponsibifity, Refer 1o ASME 8PVC Sectian | Pream ble.

*— Boller External Fiping and Joint {BEP) — The ASME BPYC has total administative jurisdiction (mandatory
canification by Code Symbol slamping, ASME Data Forms, and Authorized Inspection) of BER The ASME Segtion
Committer B31.1 has been assianed technical respansibility. Refer to ASME BPVC Section | Preambie, fifih, sixth,
and seventh paragraphs end ASME B31.1 Scope, para. 100.1.2(4), Applicable ASME B31.1 Editions and Addenda are
refarenced in ASME BPVC Section |, PG-58.3.

@ ———- Monballer Cxternal Piping snd Joint (NBEF) — The ASME Code Committee for Pressure Fiping, B31, has total
adminisirative gnd technical responsibility,
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter Il, Design
e Design conditions are define pressure, temperatures and various
forces applicable to the design of power piping systems
+ Design for the most severe conditions
e Includes design criteria for piping and components in the piping
system
¢ Temperature-Pressure Ratings
¢ Allowable stress
+ Weld joint efficiency factors
+ Reinforcement of branch connections
+ Valve requirements
+ Flange, bolting, facing and gasket requirements
* Pipe supports
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter Ill, Materials

e Refers to ASME Section I, ASTM Specifications, and numerous other
industry standards for the type and product form of materials using in
piping systems

e Refers to tabulated stress values in Appendix A

+ Specifies the difference between listed materials, unlisted materials and
unknown materials

e Describes limitations of different material types
¢ Temperature limitations
¢ Pressure limitations

= Chapter IV, Dimensional Requirements

e Refers to other ASME Sections, other ASTM Specifications, and
numerous other industry standards for the dimensional tolerances of
materials using in piping systems
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter V, Fabrication, Assembly, and Erection

e Address specific requirements related to fabrication, assembly, and
erection which include welding and brazing
+ The qualification of welding procedures and welder and welding operators
shall conform to the requirements of the ASME Section IX

e Each employer shall be responsible for qualifying any WPS; however a WPS
qualified by a technically competent group or agency could be used if approved
by the owner

e Each employer shall be responsible for qualifying all the welders and welding
operators employed by him; however the employer can accept qualification from
previous employers if accepted by the owner

+ The welding materials shall conform to ASME Section Il Part C

+ List visual weld contour criteria including some acceptable fillet weld sizes
¢ Preheat and PWHT Requirements

+ Assembly guidance for other then welded joints
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter VI, Inspection, Examination, and Testing

e Listed the NDE methods that are allowed
+ Visual Examination
+ Magnetic Particle Examination
¢ Liquid Penetrant Examination
¢ Radiography
¢ Ultrasonic Inspection

e States each examination method shall be performed in accordance
with ASME Section V

e Gives the construction acceptance criteria for each NDE method

+ The construction acceptance criteria may be different than the qualification
acceptance criteria

e Personnel who perform nondestructive examination of welds shall be
qualified and certified for each examination method

+ References ASME Section V for personnel qualification
e Provides guidance for pressure testing
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

Table 136.4 Mandatory Minimum Nondestructive Examinations for Pressure Welds or Welds to Pressure-Retaining Components

Piging Design Conditions and Nondesiructive Examination

Temperatures Belween 350°F
{175°C) and 750°F (40070)

Temperatures Over 750°F Inclusive, With All Pressures
{400"C) and at Al Owver 1,025 psig |7 100 kPa
Type Wald Pragelnes (rage]] All Others
But welds (girth and loagiudi BT or UT far aver NP5 2 BT or T for aver NPS 2 wisual for all sizes and
nal} [Mote ()] T a1 BT for MRS 2 2nd with thickness over % in. thicknesaes
less [Mate {21, (19.0 mm). T Eor all sizes

with thigkness ', in,
(9.0 mm) or less.

Welded branch connections (size BT or LT far over NP3 4. BT or UT for branch over NPS & WT for ail sizes znd
indicated is branch size) [Notes WT or PT for NPS 4 and and thickness of branch gwer thicknesses
{31 and {4 fess [Note (2], 1 in. (19.0 mm)

MT or PT for branch NPS &
angd bgss with thickness of
branch ower % in. (19 mm)
WT for all sizes with branch
thickress Y, in. (19.0 mm} or

less
Fillzt, socket, atlachmant, FT or MT for all sizes and WY for all sizes and WT dor all sizes and
and seal welds thicknesses [Mote (5) thicknesses thicknesses
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter VI, Inspection, Examination, and Testing

Table 136.4.1 Weld Imperfections Indicated by Various Types of Examination

Magnetic Liguid
Imperfection Visual Particle Penetrant Radiography Ultrasonic

Crack - surface ®INGte (1) X [Note (1) X {Note (1) X b3
Crack — internal - . . * X
Lindercut — surface ¥ [Note (1)) * [Mete (1) A Mote {13 X

Weld refnforcement ¥ [Mete (1)) . - X

Parosity % [Motes (10, (2] ¥ [Notes (13, (7] X [Motes (13, {23 hs e
Slag inclusion ¥ {Mote {23 X [Mote (2} X [Note (2} " b
Lack ol fusion ¥ |Motes (13, () X [Hotes (1), {29 X [Motes (1), (2] k3 X

(o0 surface)

incomplete penetration K [Mote (3)] X [Mote (3] ¥ [Mote (3)] % X
WOTES:

(13 Applies when the outside surface is accessible for examination and/or whan the inside surface is readily accessible,
{2y Discontinuities ae deteclable when they are open 10 the surface,
{3} Applies pody when the inside surface #s readily accessible,
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Module 1 - Introduction Welding Codes Overview

Overview of ASME B31.1 — Power Piping

= Chapter VII, Operation and Maintenance
e The Code does not prescribe detailed operating and maintenance
procedures that cover all cases

+ Each Operating Company shall develop operation and maintenance
procedures necessary to ensure safe facility operations

*+ Some requirements are listed but they do not cover all aspects of
operation

e Company shall perform condition assessments of the piping system at
regular intervals as determined by engineering

*+ Some requirements are listed but they do not cover all aspects of
operation

e Records shall be maintained and easily accessible for the life of the
piping system
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