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AWS Code Clinic Reference Manual—AWS D1.1/D1.1M: 2010

FOREWORD  AWS Education Services publishes the AWS Code Clinic Workbook to guide and assist
quality professionals — inspectors, supervisors, etc. — and quality-conscious engineers and managers in
reading, understanding, and learning to apply industrial codes such as AWS D1.1/D1.1M: 2010,
Structural Welding Code—Steel. AWS D1.1/D1.1M: 2010 covers the welding requirements for any type
of welded structure made from the commonly used carbon and low-alloy steels.

This 2008 edition of the Code Clinic Reference Manual for the study of AWS D1.1/D1.1M: 2008 Structural
Welding Code—Steel is based on information from AWS D1.1/D1.1M: 2008 Structural Welding Code—
Steel. This edition supersedes previous editions of the Code Clinic Reference Manual.

This D1.1 Code Clinic Reference Manual consists of an introduction and nine sections. Sections 1 through
8 cover the eight corresponding sections of the code; Section 9 covers the annexes, commentary, and
index. Each section begins with an orientation to and general discussion of that code section’s contents.

For each section, exercise questions and answers are provided at the end of this document. Answering
them provides a valuable review of the section contents. These questions also illustrate the types of
questions you're likely to encounter in practice.

The authors of this book want you to write in this book and in D1.1 to clarify your understanding of the
figures, tables, and text in both volumes.

As you read this book, open the code to the corresponding page. Remembering excerpts from the code
is neither necessary nor desirable. You need not memorize the code; just learn how to use it.

The American Welding Society appreciates feedback from participants in its education programs. Please
send comments or questions to:

American Welding Society
Education Services Department
550 NW LelJeune Rd

Miami Fl 33126

Additional information on AWS products and services may be found on our website: www.aws.org
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INTRODUCTION

The first iteration of the D1.1 code, The Code for Fusion Welding and Gas Cutting in Building
Construction, was published by the American Welding Society in 1928. Since that time, the D1.1 has
undergone numerous revisions, upgrades, and name changes, ultimately culminating in this latest
version: D1.1/D1.1M:2010 Structural Welding Code — Steel. This code clinic reference manual is
designed to guide potential test takers through the D1.1 code and provide them with the strategies and
skills necessary to competently navigate the D1.1 code book.

The skill set obtained through this program, as either part of the AWS Certified Welding Inspector
Seminar, or as individual self-study, will aid future welding inspectors in the navigation of the D1.1 code
book, allowing them to quickly and accurately identify specifications related to their current code work.
The purpose of the D1.1 Code Clinic Reference Manual is both to prepare the reader to sit for the “Code
Book” portion of the Certified Welding Inspector Examination or the D1.1 endorsement Exam, and to
provide practical knowledge, advice, and techniques utilized to develop the needed kill set. While many
of the techniques and advice provided in this reference manual can be applied to virtually any code and
specification, the information contained in herein is meant to solely reference the AWS D1.1/
D1.1M:2010 Structural Welding Code — Steel. This edition of the D1.1 Code Clinic Reference Manual
supersedes previous editions of the CCRM.

OBJECTIVES

The express purpose of the Code Clinic Reference Manual is to instruct the reader on efficiently and
effectively navigating the D1.1 Code Book. By the end of the program the reader should be able to:

1) Identify the eight clauses of the D1.1:2010 codebook and describe the content of each clause.

2) Effectively implement the system taught in this reference manual for identifying keywords.

3) Utilize the index, table of content, and list of tables and figures to identify specific areas of the
code.

4) Differentiate information located in the D1.1 text, tables, and figures.

5) Prepare the D1.1 cod50 for a given examination.

6) Confidently, efficiently, and accurately navigate the D1.1 code book.

WHAT THIS BOOK IS NOT

While the D1.1 Code clinic Reference Manual is designed to provide a thorough examination of
navigation techniques and methodologies, the CCRM is not:

1) A short cut. Simply reviewing this reference manual will not substantially

HOW TO PREPARE?



Preparing for the D1.1 Code Book Exam, much like the layout of this workbook, is divided into five
phases:

1) Understanding the exam and the code

2) Familiarizing oneself with the individual clauses
3) Strategizing techniques for answering questions
4) Preparing oneself and the codebook

5) Practicing, practicing, and practicing

UNDERSTANDING

The Code Clinic Reference Manual begins with an analysis of theD1.1 code exam and a basic overview of
the code structure, which are the foundation of this program. These topics are reviewed in Chapters 2
and 3 respectively.

Chapter 2 “Putting the Test into Perspective” provides a detailed description of the D1.1 Certification
Exam structure, making a direct connection between the exam’s body of knowledge and how to prepare
for it. The chapter enables the readers to:

* See the exam from the test maker’s perspective.

* Understand the way AWS has structured the test including the type of questions, exam length,
and time requirements.

* Develop fundamental testing strategies such as exam pacing and benchmarking.

Chapter 3 “The Code: An Overview” facilitates the utilization of the code by breaking down its structure
and major components. The chapter includes:

* A basic top-level overview of each of the eight major clauses including the major topics and
topic areas.

e Adescription of the code’s clauses, including their interrelationships, allowing the reader to
view the code from a practical perspective and thereby locate information more efficiently and
accurately.

FAMILIARIZING

The next eight chapters, 3 through 11, provide an in-depth description of the eight clauses in the D1.1
code: General Requirements, Design of Welded Connections, Prequalification of WPSs, Qualification,
Fabrication, Inspection, Stud Welding, and Strengthening and Repairing Existing Structures. Each chapter
focuses on a single clause and identifies:
* The purpose of the clause. Why is this clause necessary? What information can be found in this
clause?
* The structure of the clause. What are the major topics? What information is found in the text,
tables, and figures?



* The important topics. What information is especially relevant to a welding inspector and where
is that information located?

STRATEGIZING

Chapters 12, 13, and 14 will equip the reader with test taking strategies geared specifically to the AWS
D1.1 Code Book Exam. These chapters focus on utilizing the code’s structure to the reader’s advantage
in locating the pertinent information in the most efficient manner.

Chapter 12 “Attacking the Question” provides:
* Strategies to help the reader understand the question’s prompt. What is the question really
asking?
* Strategies for identifying the keywords in a question. What words should the reader use to start
looking for an answer?

Chapter 13 “Using the Index and Table of Contents” provides:
* Strategies for locating information efficiently in the codebook. What are the most efficient ways
to refer to the Index and Table of contents? How does the reader determine whether to refer to
the Index or Table of Contents first?

Chapter 14 “Text, table, figure” provides:
* Strategies for predicting where an answer will be found within a clause. Should the reader
expect the answer to be found in a section of text, a table, or a figure?

Together these three chapters provide an effective system for quickly locating information in the D1.1
Code Book that will transcend the exam itself, and provide a systematic approach that can be efficiently
utilized in the field.

PREPARING

The last chapters of the code clinic, Chapters 15 and 16 focus on preparing the codebook and oneself for
the certification examination. Chapter 15, “Tabbing and Highlighting”, covers the do’s and don’ts on
tabbing and highlighting the code book. Chapter 16, “Test Taking Tips”, includes general test taking tips
that are critical for any multiple choice exam (D1.1 exam included) as well as strategies that can be used
to put oneself in the right mind-frame before and during the exam.

PRACTICING



The single most important aspect of preparing for the D1.1 Code Examination is practicing, practicing,
practicing. The last section of the clinic contains four sample D1.1 tests, or varying length and complexity
that can be used to practice for the exam while simulating a test day environment.

HOW TO USE THIS BOOK
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The D1.1 code book exam is most commonly administered as the third section (Part C)
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i of the AWS CWI Certification Examination, and may also be taken as a stand alone
N~ | code endorsement assessment. Similar to the other code exams provided by AWS, the
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D1.1 examination is strictly a navigation exam, and not a theoretical or computational
test; therefore, participants are expected to bring their own code book to utilize while
taking the exam. AWS allows test takers to prepare their code books in any method they choose prior to
taking the D1.1 exam. Chapter 15 of this workbook will provide general methods for tabbing,
highlighting, and preparing your code book.

The first step in preparing for any exam is putting the exam into perspective by identifying the number

of questions on the exam, the time allotted for completion, the type(s) of questions, and the required
passing rate.

D1.1 Code Book Exam Facts

Number of Questions Time Allotted Passing Score Type of Questions
46-60 Two (2) hours 72% Multiple Choice
Image 2.1

Establishing this baseline of information will allow test takers to develop efficiency and time
management strategies, as well as allow them to walk into the exam with a positive mind-frame. The
following chapter examines the D1.1 examination structure and content at length, providing test takers
with a positive first step in the development of a preparation plan.

What is Being Tested?

Preparations for an exam should always begin by asking the simple question: “What is being tested?”
Oftentimes, test takers focus too much on the exam topics, and not enough on the “desired outcome”
for the test taker. AWS recognizes that in a real world scenario, welding inspectors would never be
expected to memorize the D1.1 code; therefore, testing their ability to memorize the particulars of the
code would not be an accurate representation as to how well they would fulfill their job duties. Instead
AWS designed the D1.1 exam to measure how efficiently the test taker can understand the question
being asked and locate the appropriate information; how well the test taker can navigate through the
code.

Understanding the purpose of the exam and the format in which it is provided establish the frame work
in which the test taking strategies you develop in this program will operate. Memorizing individual
specifications or sub-clauses will yield very little benefit when taking this type of exam. A test taker’s
time is better spent developing navigational strategies, understanding the code layout, and in practice,
practice, practice.
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Exam Pacing

While AWS does not provide the exact number of question that will appear on the D1.1 code book
exam, they do provide a range. As of the printing of this book, the D1.1 exam will contain between forty-
six (46) and sixty (60) multiple choice questions.

The AWS certification exams, including the code book exams, are designed by
~ volunteers from the welding industry. These volunteers vigilantly monitor exam results
"'| and test taker’s feedback in order to ensure the most relevant, accurate, and complete
' tests possible. At times, the volunteer committees may find it necessary to change the

parameters of a given exam. Always verify information, such as the question number
range, with the certification exam information AWS mails to all exam participants.

The D1.1 code book exam, much like all AWS certification exams, is a timed test. Test takers are
provided two hours to complete as many questions as possible. Combining the time allotted with the
range of possible questions provides test takers with a key piece of information: time allotted per
guestion. Calculating the “allotted time per question” will dictate the testing pace for the exam,
ensuring that test takers effectively manage their time.

In order to calculate “time allotted per question”, divide the total time allowed by the number of
guestions on the test. The answer will be in a decimal format. The whole number equals the number of
minutes. Take the remainder and multiply it by 60 to determine the number of seconds. For example,
120 minutes + 46 questions = 2.60. The whole number 2 equals two whole minutes. The value of .60
when multiplied by 60 produces the number of seconds; in this case 36. The total time allotted is 2:36.

Number of Questions | Time Allotted | Minutes per Question
46 Questions 120 min. 2 min 36 seconds
47 Questions 120 min. 2 min 33 seconds
48 Questions 120 min. 2 min 30 seconds
49 Questions 120 min. 2 min 27 seconds
50 Questions 120 min. 2 min 24 seconds
51 Questions 120 min. 2 min 21 seconds
52 Questions 120 min. 2 min 18 seconds
53 Questions 120 min. 2 min 16 seconds
54 Questions 120 min. 2 min 13 seconds
55 Questions 120 min. 2 min 11 seconds
56 Questions 120 min. 2 min 9 seconds
57 Questions 120 min. 2 min 6 seconds
58 Questions 120 min. 2 min 4 seconds
59 Questions 120 min. 2 min 2 seconds
60 Questions 120 min. 2 minutes

Image 2.2
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Utilizing the data provided in Image 2.2, a test taker can set testing benchmarks to ensure they keep an

appropriate pace. For example, on a sixty question exam, a participant knows that if after fifteen
minutes he has completed 10 questions, then he is five minutes ahead of his ideal pace, allowing him to

spend additional time on tougher questions. Conversely, if a participant realizes that after 20 minutes he
has only completed five questions, then he must adjust his pace or implement a new strategy,
otherwise, his chances of obtaining a passing score will decrease substantially.
Does this mean that a test taker cannot spend more time than that allotted on a question?

Test takers can spend as much or as little time as they require answering questions. The D1.1 exam will

include questions of varying difficulty. Simple questions may be answered in less time than difficult
qguestions. The time allotted per question data is a simple means of keeping pace during the exam. If a

test taker has spent six minutes on a question and is not close to locating the answer, it may be
beneficial to skip the question for the time being and return to it if there is time remaining towards the
end of the exam. The central idea behind this information is that of keeping a general pace. Test takers
should not time each individual question, instead they should use benchmarks, set at varying intervals,

to ensure they have kept pace with the exam.
One of the worst mistakes made by test takers is ignoring the pace, and realizing, with

i minimal time remaining that they have yet to answer a significant portion for the exam.
Test takers must walk a fine line between keeping pace and obsessing over time.
Checking their pace after every question will be detrimental to the test taker, as doing

so will only use up more of their precious time. Setting a series of benchmarks, like

: ?ééf
-3
|= |
those found in Image 2.3 will allow the test taker to check their pace often enough to ensure they have
enough time remaining to answer as many questions as possible, but not too often as to be a detriment.
Time Questions Remaining Questions Remaining
Remaining (1deal Pace) (Actual Pace)
120 min. 60
90 min. 45
60 min. 30
30 min. 15
15 min. 7
5 min. 2
Image 2.3
Additionally, when the time allotted per question data is combined with the information provided in the
next section, it becomes clear that a test taker should not spend too much time on any individual
guestion. The ability to keep a pace geared towards passing the exam, as opposed to answering 100% of

the questions, will make the D1.1 examination much more manageable.
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It’s not about getting an “A”

One of the most common mistakes test takers make when sitting for a certification exam is trying to get
the “A”. While early schooling has taught students to always strive for the “A”, this same approach could
be detrimental to the test taker trying to pass a certification exam. Consider for a moment that
certification exams are graded on a “Pass/fail” basis, and that the “pass” or “fail” result is not quantified
into categories like “A”, “B”, “C”, “D”, or “F”. So while at school an “A” is a better grade than a “C”, when
taking AWS certification exams, a “pass” is a “pass.”

~ According to the QC1: 2007, if a test taker fails a single part of the exam, but obtains a
1 composite score of 72% on all three sections, then the test taker would only need to
retake the individual section he or she failed. Therefore, obtaining as high of a score as
possible should always be the goal of test taker.

:Calculating the minimum number of correct answers a test taker would need to pass the D1.1 exam
Edoes provide tangible and intangible benefits when preparing for the exam. To begin with, test takers

can utilize this information to establish general parameters about how they approach the exam. For
“example, the longer the exam the more questions test takers may score incorrectly or skip, and still

3’ pass. Shorter exams provide test takers more allotted time per question, but will also provide less
leeway with skipped or incorrect answers.

Additionally, understanding that not every question must be answered correctly in order to pass, is a
great psychological and practical tool for the test taker. Using an example from the previous section, if a
test taker has spent six minutes trying to answer an individual question, and is not near locating the
answer, skipping that question and returning to it if there is time remaining towards the end of the
exam would be the correct strategy to implement. Furthermore, if that same test taker was able to
recognize after reading the question that he had no real clear means of locating the answer, and
decided to move on towards a questions that he is more comfortable answering, he has saved
additional minutes of test time, without reducing his chance of passing the exam.

Currently, the minimum passing score for the D1.1 code book examination is 72%. This percentage
translates into a specific number of correct answers needed to pass the exam. The number of correct
answers needed to pass is directly proportional to the total number of questions provided as seen in
image 2.4.

In order to calculate the number of correct answers needed to pass, simply take the total number of
questions provided and multiply by .72 (72% converted to a decimal format). For example, an exam with
46 questions would require 33 correct answers to pass. 46 x .72 = 33.12 (rounded down to 33).

13
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Number of Questions | Passing Percentage | Operation | Correct Answers Needed to Pass
46 72% 46 x .72 = 33 correct
47 72% 47 x .72 = 34 correct
48 72% 48 x .72 = 35 correct
49 72% 49x .72 = 35 correct
50 72% 50x .72 = 36 correct
51 72% 51x.72= 37 correct
52 72% 52x.72= 37 correct
53 72% 53x.72= 38 correct
54 72% 54x.72= 39 correct
55 72% 55x.72= 40 correct
56 72% 56x.72= 40 correct
57 72% 57x.72= 41 correct
58 72% 58x.72= 42 correct
59 72% 59x.72= 42 correct
60 72% 60x.72= 43 correct

Image 2.4
Breaking Down the D1.1 Code Book Exam

The D1.1 code book is divided into eight (8) clauses, each containing the provisions for welding “steel
structures that utilize carbon or low alloy steels that are 1/8 in. or thicker with minimum specific yield

strength of 100 ksi or less.”*

Although each of the clauses contain important standards for building steel
structures, not all clauses are equally relevant to the welding inspector. As the D1.1 code exam is geared
towards the welding inspector and not the welding engineer, the number of questions which reference

the various clauses are weighed according to their importance to the inspection field.

Simply put, all eight clauses will not be tested equally. The AWS B5.1 breaks down the concentration of
guestions per clause. These numbers (see Image 2.5) represent the percentage of questions whose
answers will be found in a given clause.

Code Applications Percent of Total Questions
Materials and Design 10%

Fabrication 30%

Inspection 25%

Qualification 30%

Image 2.5

The Code Applications (Materials and Design, Fabrication, Inspection, and Qualification) match up with
the code in such a way that you can expect virtually all of the answers to exam questions to be located
in clause 2, 3, 4, 5, or 6. Furthermore, a rudimentary analysis of this information provides some key
insights into the design of the exam.

' AWS D1.1/D1.1 M:2010 pg 1
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According to the breakdown of questions test takers can draw some fundamental conclusions that can
be utilized to focus their test preparations:

e The industry experts who designed and developed the D1.1 code book exam placed a great
emphasis in areas dealing with welding inspection, therefore, sections of the listed clauses
detailing information critical to the welding inspector should be given emphasis in the code
review period of preparation.

e Test takers should familiarize themselves thoroughly with the clauses concerning fabrication,
inspection, and qualification as more than three-fourths of answers to exam questions can be
found in these sections.

e When prioritizing time spent reviewing the code book, test takers should not focus on the
clauses dealing with materials and design to the detriment of fabrication, inspection, and
qualification.

e Test takers should still factor in time to review all sections of the code to ensure enough
familiarity with each clause, so as not to allow a lack of familiarity to become a hindrance during
the exam. The ten percent of questions whose answers are found in materials and design could
be the difference between passing and failing.

e The total percentage of question outlined in Image 2.5 is only ninety-five percent (95%),
indicating that a total of 5% of the questions on the exam will have their answers found either in
multiple locations, or outside of the areas listed.

The example found in Image 2.6 illustrates these points even further. If the test taker were taking a D1.1
code book exam with 50 total questions, then the answer location breakdown would be as follows :

Code Applications Percentage of Operation Number of
Total Questions Questions
Materials and Design 10% 50x.10 = 5
Fabrication 30% 50x.30 = 15
Inspection 25% 50x.25= 12 or 13
Qualification 30% 50x.30 = 15
Image 2.6

In addition to the eight clauses, the D1.1:2010 code book contains Annexes and Commentary that
comprise a great bulk of the pages in the code book, namely pages 293 to 526.

The D1.1 code contains two types of Annexes, normative and informative. Normative Annexes (pg 293-
332) “contain information that is considered a part of the standard.”? Informative Annexes (pg 333-409)
“are not considered part of the standard and are provided for informational purposes only.”* The

> AWS D1.1/D1.1 M:2010 pg 293
> AWS D1.1/D1.1 M:2010 pg 293
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commentary is prepared “to generate better understanding in the application of the code to welding in
n4

steel construction.
When you combine the concentration of questions on the aforementioned Code Applications and the
exclusion of most of the Annexes and Commentary, the D1.1 code book shrinks down to a much more
manageable size.

* AWS D1.1/D1.1 M:2010 pg 413
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Chapter 3

The Code — An Overview
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D1.1 code is the American National Standard for welding statically and dynamically loaded steel
structures. However, there are some limitations for the range (broad and narrow) of structures to which
it applies. Materials and pressure are the two variables that determine application. The D1.1 code is
limited to welded steels structures that utilize:

1. Carbon orlow alloy steels
2. Steels that are 1/8 inch or thicker
3. Steels with a specific yield strength of 100 ksi (kilopound per square inch) or less

Outside of these limitations, the code may be used. However, this is a determination that has to be
made by the Engineer and must include a written stipulation of any changes made to the requirements
of the code within the contract. The Engineer is also advised to refer to other codes and standards that
have bearing over structures that involve materials and pressures outside of the limitations of D1.1.

THE HISTORY

The foreword in D1.1 provides a brief history of the evolution of this document.

The first edition of the Coale for Fusion Welding and Geax Cutting in Building Constroction was published by the American
Welding Societv in 1928 and called Code 1 Part A, It was revised and reissued in 192300 and 1937 under the same tithe, It
was revised agoin in 1941 and given the designation D10, DO was revised again in 1946, 1963, 1966, and 1969, The

1963 edition published an amended version in 1965, and the 1966 edition published an amended version in 1967, The

code was combined with D2.0. Specificarions for Welding Highway and Railvay Bridges, in 1972, given the designation
1.1, and retithed AWS Strectura] Welding Code, D11 was revised again in 1975, 1979, 1930, 1981, 1982, 1983, 1984,
985, 1986, 1983, 1990, 1992, 904, 1996, 1908, 2000, 2002, 2004, 2006, and 2008, From 1972 1o | 988, the D11 code
covered the welding of both buildings and bridges. In 1988, AWS published its first edition of AASHTO/AWS D15,

lewsided anel dymnnucally losded strociures, respectively, in order to make the document applicable (o o brosder ranpe of
structural applications, This 2000 editian is the 22nd editon of 1,1

Image 3.1

The D1.1 code is a fluid document that has undergone numerous revisions and updates since first being
published in 1928. As welding technologies continue to evolve, so too will the D1.1 code. This constant
revision process necessitates a means of tracking changes from one edition of the code to another. For
this reason the authors of D1.1:2010 underlined the changes that are implemented in the code from the
previous edition. This can range from editorial corrections, to several sub-clauses of new provisions and
information that have been added. The following are some examples as to how the authors of the
D1.1:2010 have indicated changes.

58 Mimirmnmy et Wl S mmas i it i i b s S i e i b i b b S 209
5.9 W, PO e e P A PR R R BRR e | 4|
5.10 Wehl Phoile: S e i i i R A S s e e e
6.1 Visual Inspection Acceplancs CIIBIR ... o i icmaii issinesion sississect resisssdheissniaisn S P PPRPET A LT .,

Image 3.2 Example of new tables
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2121 Joint Dimensions. Dimensions of groove welds Processes. 3.2.1,3.2.2,3.2.3
specified in 3,12 may vary on design or detail drwings Prohle effects, 2.21.6.7

'l"-'!l:hll:ll thi I|m1T- :r 1:1h:'|:'1nu‘l; w.'hr'm'nI in the rﬂnk De- Profiles, weld, 2.21.6.2, 5.24,

[.'II]L'I.J COMLmn I.'I'I ]_gl].l:l.1 .14 Il.ull Loleranee o T'IE‘_III'IL‘ C'E.Eliﬁ_z. C'E.E! .h.?. rl-igI 5.4
3.4 may be applied 1o the dimension shown on the detail — L S —

drawing. Progression of welding, 3.7.1

3.13.2 Backing., Prequalified CIP proove welds mude || Image 3.4 Example of new sub clause 3.13.2
from one side only, except as allowed for wobalar strue-
tures, shall have steel bocking. Other backing. such as
listed in 5.10, may be used, if qualified in conformance
with Clause 4.

3133 Dauble-Sided Groove Preparation. J- and
U-grooves and the other side of pamially welded
double-Y and double-bevel prooves may be prepared
before or after assembly. After backgouging, the other
side of partially welded double-V or double-bevel joims

Image 3.3 Example of new subclause 3.13.2

THE SEQUENCE

The D1.1 code is laid out in eight (8) clauses that follow a logical sequence relevant to both the engineer
and the inspector. When analyzed, the sequence of clauses closely resembles a “construction building
sequence,” or the sequence of events that constitute the construction a new building. Individuals
preparing for the exam are encouraged to use this analogy to familiarize themselves with the general
layout of the D1.1 code, as well as to establish a broad understanding of the type of information
contained in each clause. The benefit of understanding this information will become obvious while
answering practice questions.

Clause 1 — General Requirements

The first clause (pg 1-3) of the code lays out the foundations for interpreting the code. When
considering the “construction building sequence” and the fact that the D1.1 code is written as a legal
document, one can logically predict that the 1** clause would define the responsibilities of the “major
“players” (i.e. Contractor, Contractor’s inspector, Verification inspector, and Original Equipment
Manufacturer) in the construction process. Additionally, the first clause also defines the scope of the
code as well as:

e 1.2 Limitations
e 1.4 Responsibilities
e 1.7 Safety Precautions
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Clause 2 — Design of Welded Connections

Keeping with the construction analogy, after the major players that are in charge of construction are
defined, as well as the scope of the project and code, the actual work has to begin. Before welding
together the foundation of the building, those welds must undergo the design process.

Clause 2 includes common requirements in designing weld connections for statically and dynamically
loaded structures. Expect to find provisions for weld variables that are required of all welds regardless of
the particular circumstances. Some important sections include:

e Part A—- Common Requirements for Design of Welded Connections (Nontubular and Tubular
members)
o Subclauses 2.2-2.4
e Part B — Specific Requirements for Design of Nontubular Connections (Statically or Cyclically
Loaded)
o Subclauses 2.5-2.12
e Part C— Specific Requirements for Design of Nontubular Connections (Cyclically Loaded)
o Subclauses 2.13-2.19
e Part D — Specific Requirements for Design of Tubular Connections (Statically and Cyclically
Loaded)
o Sub clauses 2.20-2.27

Clause 3 - Prequalification of WPSs

The process of designing and testing welds is both costly and time consuming. The D1.1 code offers
specific weld combinations that are prequalified and do not require destructive or nondestructive
testing to be approved. These combinations include the welding process, base metal, weld metal, gases,
etc... Thus clause three (3) offers the construction team a way of economizing the qualification process
by having numerous prequalified welds to choose from. Some important sections of Clause 3 include:

e 3.2 Welding Processes

e 3.3 Base Metal/Filler Metal Combinations

e 3.5 Minimum Preheat and Interpass Temperature Requirements
e 3.9 Fillet Weld Requirements

e 3.11 Common Requirements of PJP and CJP Groove Welds

e 3.12 PJP Requirements

e 3.13 CJP Groove Weld Requirements

20
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Clause 4 —Qualification

Even though many of the prequalified welds can be utilized in the design of the new building, some
specific weld designs may need to be created and tested by the engineers. Clause 4 specifies the process
for the qualification of welds and welding personnel. (An exception is made for those welds that are
already prequalified). Clause 4 contains instructions for testing of WPSs as well as performance
qualification tests for the welders. Important sections include:

e Part A— General Requirements
o Subclauses 4.2-4.3
e Part B—Welding Procedure Specification (for non Prequalified WPSs)
o Subclauses 4.4-4.18
e Part C— Performance Qualification
o Subclauses 4.19-4.33
e Part D - Requirements for CVN Testing
o Sub Clauses 4.34-4.39

Clause 5 —Fabrication

After the design process is completed with the development of WPSs and the qualification of the
welding personnel, the actual construction may begin. Clause 5 contains provisions that cover the entire
fabrication process including: preheating, welding passes, repairs, and weld cleaning. Major sections
include:

e 5.3 Welding Consumables and Electrode Requirements
e 5.5WPS Variables

e 5.6 Preheat and Interpass Temperatures
e 5.10 Backing

e 5.12 Welding Environment

e 5.14 Minimum Fillet Weld Sizes

e 5.18 Tack Welds and Construction Aids
e 5.22 Tolerance of Joint Dimensions

e 5.26 Repairs

e 5.27 Peening

e 5.28 Caulking

21
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Clause 6 —Inspection

Once welds begin to be produced, so too must the inspection process begin. Qualified Welding
Inspectors must inspect the work of the welding team, test their quality, and ultimately approve or
reject the welds. “Accordingly, clause 6 contains all requirements for the Inspector’s qualifications and
responsibilities, acceptance criterion for discontinuities, and procedures for NDT (Non Destructive
testing). ”*

e Part A— General Requirements
o Sub clauses 6.1-6.5

e Part B— Contractor Responsibilities
o Sub clauses 6.6

e Part C— Acceptance Criteria
o Sub Clauses 6.7-6.13

e Part D— NDT Procedures
o Subclauses 6.14-6.15

e Part E— Radiographic Testing (RT)
o Sub clauses 6.16-6.19

e Part F— Ultrasonic Testing (UT) of Groove Welds
o Sub clauses 6.20-6.33

e Part G — Other Examination Methods
o Sub clauses 6.34-6.37

Clause 7 — Stud Welding

This clause is a departure somewhat from the construction analogy as it contains provisions for stud
welding, and can be viewed as a small parenthetical break from the sequence in order to stipulate
instructions on welding studs. In some ways, this clause is like a miniature “construction sequence” in
that it contains provisions for stud welding for all phases: materials, qualification, testing, fabrication,
and inspection. Important section includes:

e 7.3 Mechanical Requirements
e 7.4 Workmanship/Fabrication
e 7.8 Fabrication and Verification Inspection Requirements
e 7.9 Manufacturer’s Stud Base Qualification Requirements

'D1.1 pg 219
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Clause 8 — Strengthening and Repairing Existing Structures

The last step of the construction process is strengthening or repairing all the welds indentified by the
inspector as not meeting the standards. All modifications must meet design requirements as specified
by the Engineer, as well as the specification contained in this clause. Important sections include:

e 8.2 Base Metal

e 8.3 Design for Strengthening and Repair
e 8.4 Fatigue Life Enhancement

e 8.5 Workmanship and Technique

e 8.6 Quality

Review

The construction sequence outlined above is a learning tool meant to facilitate an understanding of the
D1.1 structure, but also reflects the real world application of the document. The order of the D1.1 is not
accidental; it was designed to be used in the field. Utilizing this sequence to maintain a general
understanding of the D1.1 structure and layout will prove invaluable when taking a timed exam. The
valuable seconds saved by knowing the information contained in each clause will add up, and eventually
culminate in a less stressful testing experience.

Although a general understanding of the code structure may seem enough to tackle a navigation exam,
a familiarity with each clause is paramount to success, because ultimately, test takers will be asked to
delve into the code, and locate specific pieces of information. Chapters 4 through 11 will provide a
thorough breakdown of each clause, and identify subclauses that are important to the welding
inspector.
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Chapter 4

Clause 1: General Requirements
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Clause 1 contains the general requirements for the D1.1 code such as: the scope and limitations for the
code, key definitions, and the major responsibility of the key personnel in the fabrication process.

Clause 1 is all but three pages long. However in this small portion of the code, there are several
universally important provisions that lay the groundwork for the rest of the standard. The clause is
divided into nine subsections, each detailing requirements that apply to the whole of D1.1: Scope,
Limitations, Definitions, Responsibilities, Approval, Welding Symbols, Safety Precautions, Standard Units
of Measurement, and Reference Documents.

TEXT

Clause 1 runs from page 1 to 3 of the D1.1:2010 and is distributed amongst 9 sub clauses. Clause 1 has
no tables and figures making it the second smallest clause in the code, second only to clause 8. This
section provides an overview of the general structure of the text in clause 1, as well as reviews of some
of the important sub clauses that are in the clause. The following is a list of all the sub clauses as listed in
the table of contents:

1o General RequireImIEIIES oo e ces s e ses sevarssrs s voss snmes s gos rees e ee s nmn o s er s o eeee s e e e 0 e e s |
1.1 HLI.I"L' ............................................................................................................................. I
1.2 LimNAHONS ...oooreinnnmrssmessrsasenss s e ot e TS e e st gt CoToEA 1 st g KR e S |
O I 1T - |
Tl RBARREIRIIN ITENEN o ewcimm rrwns g i v e it | ot e o et 3 b e LA v 2
LB A DIPTONIL ettt e nms s e rm e nr s s nn e b ts o R 2 AR SRS £ b SRR AR EAE R A EA £ RS LSRR S s B e 2
L Welding Sy nods e e 3
1.7 Safety Precautions. ..., ey 3
1.8  Standard Unils of Measurement oo o e ceassemnss S e S T i 3
1.9 RO erOnOe DIMOCUIIIOIIES 1. eiins siois soms b mms 66588 brei brns 8 brm b8 bmrd bibimsi sl 664 6884 mnbmdsnt pimmtstanss 8444 6 Bobbh b berabonts bass buassbbbbad binssns 3

Clause 1 is not further subdivided into parts like clauses 2, 4 and 6, nor is it as extensive as clauses 2, 3,
4,5, or 6. Therefore each of the nine subclauses is treated as their own entity.

In the following section we highlight important information contained in clause 1 accompanied by the
sub clauses they fall under.

25
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1.2

13

Scope

This subclause stipulates that the D1.1 contains requirements for fabricating and erecting
welded steel structures. When a contract specifies use of the code, all of its provisions are
mandatory, unless the contract documents or the authority having jurisdiction modifies or
exempts them. The D1.1 is divided as follows:

Clause 1 — General Requirements — Basic information on the scope and limitations of the
code, key definitions, and the major responsibilities of the parties involved in
steel fabrication.

Clause 2 — Design of Welded Connections — Requirements for designing welded
connections between tubular and/or nontubular product form members.

Clause 3 — Prequalification of WPSs — Requirements for exempting Welding Procedure
Specifications (WPSs) from the codes qualification testing requirements.

Clause 4 — Qualification — Requirement for the qualification of welding procedures and
the welding personnel necessary to perform work to code requirements.

Clause 5 — Fabrication — Requirements for base metals, welding consumables, welding
technique, welded details, material preparation and assembly, workmanship,
weld repair, and other requirements for fabrication and erection of welded
steel structures.

Clause 6 — Inspection — Criteria for qualification and responsibilities of welding
inspectors, acceptance of welds, procedures for visual inspection, RT and UT,
and other NDE requirements.

Clause 7 — Stud Welding — Requirements for the welding of studs to structural steel.

Clause 8 — Strengthening and Repairing Existing Structures — Provisions for design and
welding to modify or repair existing structures.

Limitations

AWS D1.1 was specifically developed for welded steel structures that utilize carbon or low-alloy
steels that are 1/8 inch [3 mm] or thicker with a minimum specified yield strength of 100 ksi
[690 MPa] or less. Although the code may be suitable to govern structural fabrications outside
of this scope, the Engineer should evaluate such suitability and modify the contract documents
accordingly. When stainless steel is involved, use AWS D1.6, Structural Welding Code—Stainless
Steel instead of AWS D1.1.

Definitions
Defines key words and the major players of the Fabrication process:

1.3.1 Engineer: The duly designated individual who acts for, and in behalf of, the Owner on
all matters within the scope of the code.

1.3.2 Contractor: any company, or individual representing a company, responsible for the
fabrication, erection, manufacturing, or welding, in conformance with the provisions of
this code.

1.3.3 Defines the types of Inspectors:

1.3.3.1 Contractor’s inspector: the person who acts on behalf of the contractor for inspection
purposes within the contract limits.

1.3.3.2 Verification Inspector: the person who acts on behalf of the Owner or Engineer for
inspection purposes within the contract limits.
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1.7

1.8

1.3.3.3 The unqualified terms ‘inspection’ or ‘inspector’ are used, they shall apply equally to
fabrication and erection inspections and to verification inspections, within the limits of
responsibility defined in 6.1.2.

1.3.4 Owner: the individual or company that exercises legal ownership of the product or
structural assembly produced under the code.

Responsibilities

1.4.1 Engineer’s Responsibilities
1.4.2 Contractor’s Responsibilities
1.4.3 Inspector’s Responsibilities
1.4.3.1 Contractor Inspection
1.4.3.2 Verification Inspection

Safety Precaution

Refers the reader to ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes, to Annex R of
AWS D1.1, and to other pertinent documents. If they are mandatory in the context of the
project, they are incorporated by reference into AWS D1.1. The reader must follow all relevant
regulatory requirements and ensure the health and safety of your personnel.

Standard Units of Measure

Notes that AWS D1.1/D1.1M is two codes in one. AWS D1.1 contains values stated in U.S.
Customary (inch-pound) units; AWS D1.1M contains values stated in SI (metric) units. The U.S.
Customary values appear first, followed by the Sl units in brackets, but the Sl units are an
approximation of the corresponding U.S. Customary units. The reader must use one system or
the other, and not combine or comingle them in a project.

Copyright American Welding Society
Provided by IHS under license with AWS

Licensee=University of Texas Revised Sub Account/5620001114

No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



Chapter 5

Clause 2: Design of Welded Connections
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INTRODUCTION

According to D1.1, clause 2 “contains the requirements for design of welded connections.”* This clause
is a compilation of requirements that are necessary for all welded connections regardless of application,
materials, or process. The clause includes requirements for tubular and nontubular connections that are
either statically of cyclically loaded.

Clause 2 is the first step in the construction process. It lays out all the “rules of the game” for erecting
welded structures (that fall within the scope of the code). Regardless of the variety of metals, the
architecture of the structure or even the type of welding process that the construction team will use,
clause 2 is the framework for all welding done according to D1.1.

TEXT

The text portion of Clause 2 is the biggest section of the clause, running from page 5 to 23, and is
distributed amongst twenty-seven sub clauses. This section reviews the general structure of the text in
clause 2 as well as some of the important sub clauses that are in the clause. The following is a list of all
the sub clauses as listed in the table of contents:

2. Desigo of Welded Commechioms ... ..o s e iamins iy frvoes e vs 1 v s rmsssas e serasesasnsse  1assenssasssss s rasenassnbeesasesaassa b
Part A—Common Keguirements for Design of Welded Connections {Nontubular and Tubular Members)....... 5
R EICOCTED ivaavisivntiinvassmssns i s
2.3 Conuract Plans and Specifications e . y - :
B e B A v e L S e S R S T R R L

Pant B—5Specific Reguirements for Design of Montbular Connections (Statically or Cyelicully Loaded) .8

T BTN, v whnipim et i o By = o S e o ¥ S S i e SV R A R e S e A ]
e meen e et e ninh mamm fn meemis feeoseeseeoamefestsodoemfmseses e osmamsiessoesoesmsesssissosotesstsso itiamte et teanses s ot aeeneeas

2.8 Joint Configuration and Details  Groove Welds..inn IR RS ol Lx
2.9  Joint Configuration and Dretails — Fillet Welded JOINIS o e o imsesssis e 10
2,10 Joint Conlfiguration and Details—Plug and S1ot Welds s s s s s I
] e e i o e b e o e T e s s 11
2 Bl Lip Wlemibir s s a i s e e e e B e S D S s e e e 12

Fart C—Specific Hequirements for Design of Nontubolar Connections (Cyelically Loaded)
A3 General v
L T T T NN om0 B R S M S R A B ) W A e s P G R s A

A o i T T B By B b L L e s B BV B 1%

I
16 Adlowmable Stiesses-and Stress Baipes oo i i i st L sl 13

AT Detailing, Fabwicationn, @nd EreClim .o oo oo eeemeeee e ceen s e anmesme e smmemsemes 1t menenes e s cenns 4

CE: bbb o A A e e s i b -8 o b, B i £ N e b R B R R A 15

19 Inspection i S E R SRR R T ; i s ey e

o B 13 B b b B

'D1.1pg5
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Part D—Specific Requirements for Design of Tubular Connections (Statically or Cyclically Loaded)........... 15
B L e e B e e D e A 15
el A R VR, RE TR i i o A B i A S S S RS s W B s TR A T s B
P O T T ERITE o cmmcmh s m  LA S  N,£4 E RER E ER L ALTR  D SER F B TE ELE ST 17
e TV IO - i i o i R M B R b B A e e 3 b e A g Bt R A 17
ok Wekd Desiane oo et e T e e e 17
225 Limitations of the Strength of Welded Connections ... e N I Ty T I8
3,.:_ T O T I Y o i i b e i R B S e S e s e R P S e B3
2.2 22

Maternial Limnations

As indicated above, clause 2 is divided into 4 main parts, A, B, C, and D, which contain all of the
subclauses with the exception of subclause 2.1, which details the scope for clause 2. The scope
introduces the general structure of the clause which is as follows:
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 Structures (Statically and Cyclically
Loaded)

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

2.3 Contract Plans and Specifications

Requires that contract plans and specifications specify the base metal designation, and the

location, type, size and extent of all welds.

2.3.1 Defines design drawings as contract documents. The Engineer is required to specify
field welds. Additionally this subclause requires that contract plans and specifications
specify the base metal specification designation, and the location, type, size and
extent of all welds.

2.3.2 Specifies Notch Toughness requirements. It is the Engineer’s responsibility to specify
the minimum absorbed energy requirements, the test temperature, and the
requirements for weld and heat-affected zone (HAZ) tests.

2.3.3 Requires both the Engineer and the Contractor to specify assembly order, welding
sequence, welding technique, or other special precautions, if necessary.
2.3.5 Covers drawing requirements, PJP Groove welds, fillet welds and welds in skewed T-

joints, symbols, and prequalified detail dimensions.

2.4 Effective Areas — Groove and Fillet Welds

2.4.1.2 Effective size of CJP Groove welds.

2.4.1.3  Minimum Size of PJP Groove welds.

2.4.2.6  Covers the calculation for Effective Throat.

2.4.2.9 Setsthe formula for maximum weld size in lap joints. Refer to Figure 2.1 detail A and
B.

2.4.3 Skewed T-Joints

2.4.3.1 Defines skewed T-joints as those T-joints in which the angle between the joined parts
is greater than 100 degrees or less than 80 degrees.
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2.4.3.,5 States that the effective length of a skewed T-joint shall be the overall length of the
full size weld.

2.4.3.6 States that the minimum weld size for skewed T-joints will be the same as that of the
requirements for all fillet welds in 2.4.2.8.

2.4.3.8 Defines the effective area of skewed T-Joints as the effective throat multiplied by the
effective length.

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

Part B’s requirements for statically loaded nontubular connections apply in conjuction with the

requirements of Part A. However, for cyclically loaded nontubular connections, the requirements for

Part A and B apply except as modified by Part C. Part B starts on sub clause 2.5 and ends on 2.12.

2.6

2.7

2.8

2.9

2.10

2.11

Stresses
2.6.1. Covers Calculated Stresses.
2.6.2. Calculated Stresses Due to Eccentricity.

2.6.3. Allowable Base Metal Stresses.

2.6.4. Allowable Weld Metal Stresses.

2.6.4.1. Stress in Fillet Welds.

2.6.4.2. Alternative Allowable Fillet Weld Stresses.

Joint Configuration and Details

2.7.3. Cautions the designer to provide joints that minimize the stress intensity in the
through thickness direction. The designer is also advised that specifying weld sizes
larger than necessary to transmit calculated stresses shall be avoided.

Joint Configuration and Details- Groove Welds
2.8.1. Covers Transitions in Thickness and Widths. Refers to Figure 2.3 for transition
requirements.

Joint Configuration and Details- Fillet Welded Joints

2.9.1.2. Covers Minimum Overlap. Refers to Figure 2.4.

2.9.3.5. Requires fillet welds on the Opposite Sides of a Common Plane to be interrupted at
the corner common to both welds. Refers to Figure 2.8.

Joint Configuration and Details- Plug and Slot Welds

2.10.1. Defines the minimum center-to-center spacing of plug welds.
2.10.2. Defines the minimum center-to-center spacing of slot welds.
2.10.4. Prohibits plug and slot welds in quenched and tempered steels.

Filler Plates
Covers the use of filler plates used to transfer applied force.
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2.12  Built-Up Members
Covers using two or more plates or rolled shapes to build up a member.

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

Part C applies only to nontubular members and connections subject to cyclical load when the effects of
repeated stress cause cracking or fatigue.

2.14 Limitations
Provides that fatigue resistance evaluation is not necessary if the load stress range is less than
the threshold stress range.

2.15 Calculations of Stresses
2.16  Allowable Stresses and Stress Ranges
2.19 Inspection

Requires that CJP welds that are subject to cyclic transverse applied stress into the tensile range
to be inspected using RT or UT.

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

Part D’s requirements apply only to tubular connections and is meant to be used in addition to the
requirements in Part A.

2.21  Allowable Stresses
Defines allowable stresses and fatigue.

2.24  Weld Design
Covers the design of welds. The sub clauses under 2.24 reference tables and figures frequently
in order to layout the key provisions.
2.24.3. Contains the formulas for calculating the stresses in the welds.
2.24.5. Covers box connection lengths, including T-, Y-, and K-connections.

2.27  Material Limitations
Covers limitations on materials due to the possibility of local yielding and plastic strains at the
design load of tubular connections due to stress concentrations.
2.27.1.1. Provides that tubular connections are not intended for circular tubes having a
minimum specified yield strength over 60 ksi [415 MPa], or for box sections over 52
ksi [360 MPa].

2
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TABLES

The 10 tables in clause 2 are found in pages 24-42 and are listed in the List of Tables by their respective
titles and page numbers. Additionally a brief review of some important tables and their respective
references within the text in clause 2 are discussed. Below is the list of tables for clause 2

2.1 Effestive Size of Flare-Clroove Welds Filbed Flush. oo oo o i o i ain 24
2.2 e o TN I I T b i o A L A e 24
24 Equivalent Strengih Coethicienis lor Obliguely Looded Filbei Welds. .o iciian e o 2
2.5 Fasioume Snnass THasi Do TPITIITHEEEES |/ i i i s St ee e e N s a4 440 R S R e S 27
2.6 Allowable Stresses in Tubular Connecthon Welds ..o vmmsimmss s meess ses T T a7
2.7 Siress Catepories for Type and Location of Material for Clrenlar Sections .. s s s s 58
23 Fatigue Category Limitations on Weld Size or Thickness and Weld Profile (Tubular Connectionsy.......... 41
2.9 £ Loss Dimensions for Caloulating Prequalified PJP T=Y-, and K-Tubular Connection Minlmum

e R .. s s e pnrin s i R i HRmrn R o e A T e U Pt e S PP e Tl i O eSS 41
2.1} Terms for Strength of Connectlons (CIrcular SecthOnR] i s s siss s snsisnssnss s sasbsssnsssn snebs sossssn s b B

;: Table 2.3 — Allowable Stresses. This table provides the variances for allowable stresses as they differ for
CJP and PJP groove Welds, Fillet, Plug, and Slot welds. Below is a preview of table 2.3.

Table 2.3
Allowable Stresses (see 2.6.4 and 2.16.1)
Tvpe of Applicd Siress Allowahle Siress Required Filler Metal Strenpth | evel
i CJP Grouve Welds
Tensteas normal o the effecuve aea® Same as hase metal Matching fillar metal shall be used”
Compression pormal b etfcetive aren | Same as hase metal Filber mctal with a streagth level

egual o or one classification (10 ks
{70 M Ps] 1 dess than marching filles
metal may be uscd,

Tension or compression parsllel 1o Mot i welded joint design consideration
anis of the weld® Filber metal with a sireagrth level
cgual oo less than matching [ler

metal may be vsed

Sheur on efTactive area O30 = clessiffosion tensile sirength of Gller metal
excepd shear on the base metal shall not exceed
(40 = yield strength of the base metal

PIP Groove Welids

Tenston normal to the elfective trea (L300 % classihoation tensile strength of [ller metal

Compression nommal 1o effecove wren {50 x classification tensile strength of fller
cf weld in goines designed o e metal, Bl pon oo than 0050 = yield stength of
the connected base metal

Compression nomal 1o effective area L75 ¥ classification tensile strength of fller metal | Filler metal with a sirength level
of weld in jointz not designed 1o bear equal o or less than matching filler
matal moy be used

Tenzion or compression parallel (o Mot a welded joint design considerition
ais of the weld*

Shear parralled to wxos of etfective arce (30 = clessiticption tensile strength of filler metal
except shear on the base metal shall not exceed
(140 = vield strength of the base metal

2
Copyright American Welding Society ~ 3
Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



Table 2.5- Fatigue Stress Design Parameters. This table is referenced by sub clause 2.14 as the threshold
for determining whether or not an evaluation of fatigue resistance is necessary for a cyclically loaded
nontubular connection. Table 2.5 spans 10 pages from page 27 to 36. Below is a preview of page 27.

Teble 2.5
Fatigue Streas Design Parameters {see 2.14.1)
Trreshwihl
St | Crine st Fqa Patemial Craek
Dizrzrigition Category I ksa [MPal Imitatian Prini Mhesimaiive Exnmpl=s
Section 1=—Pain Voterial Awsy Fromn Aoy Yeelding
Ll Base mital, cxecpt non-goatd LAf12
weatherizg steel, with Talled or clerned
anrfsee smel illed v ame-aal elpes b || saqineg | o fon ol webds o "

i 1 T ) elngtaal soack lon: # ——
with AMYE] st aff TN o kews, R Iu St —_
bt waihs fecnmant cormes: L— T— B ""I
1.2 Mrmecnmed westherng aeel base B Tra _""‘:'_—-1-_‘_—-‘_..\_
rclal wath polfod or cleansd surlice sl o ¥ - Ay brom all wekls or
wilk: ralkd or Mame o sdoes with E 205107 15110 snoehm Coac o 5 )

NS e ey @ 000 o less
L5
—— T —— R S—

1 Fl - 11 ek o, - o - g
L3 Flamseal raénkant aormers oo inroedlrtiean _‘::?j
except wehd wecess holes, meetmg e " R

e L =, B P gons| g a0 |- serinee of reenomnt
voyircarenls of 5.5 wilh ANSE Carner I I’_':_
smioathness of 1N or less. .
18 ] =) (L]
14
Fromm ferezolarities in ”\\ .H
L4 Wekd acresa hries mude m ke s fnee o recmranm
; (4] A= pUR] R e
repdrernent: of 1175 and 5071, * " warner of wld aeocss /
huds — =
(L1} [1=1]

Table 2.7- Stress Categories for Type and Location of Material for Circular Sections - and Table 2.8 -
Fatigue Category Limitations on Weld Size Thickness and Weld Profile (Tubular Connections) — are
important tables. Table 2.7 defines stress categories and table 2.8 lists fatigue category limitations on
weld size or thickness and weld profile. Below is a preview of table 2.8.

Table 2.8
Fatigue Category Limitations on Weld Size or
Thickness and Weld Profile (Tubular Connections) (see 2.21.6.7)

Level 1 Lewl 1
Limmitigg Branch Mewdser Thickpess Limating Bragch Meeiber Thickness
for Categones X, K, T Tow Cajepmies X, K.
Weld Prdile im [rem| im [rmm)
Standand fat weld profile 0375 fia] 625 [16]
Figure 18
625 [16) [ETREY

Profile waili ioe fillet .
o e A pnalificad for undiminted thickne s

= ¢ 10

Figars foe static compression kading
Comcave profile, s welded, 1.0 | 25) unlimited

Fliswre 1. 10

with sk e per 2.2 16.601)
Comcave amoath profile mednmited

Figure 3. 100

l'1|||_|. !.IrﬂLII‘.lI! per 3 _3_1. N ]
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FIGURES

The 21 figures in clause 2 are found in pages 43-57 and are listed in the List of Figures by their respective
titles and page numbers. Additionally we will briefly take a look at some important figures and their
respective references within the text in clause 2. Below is the list of figures for clause 2.

2.1 Maximum Fillet Weld Size Along Edges in Lap JOIMIS ... i i e it srsstssas s s ssnssvns seassesrsnsnn 43
2.2 Transition of Butt Joints in Parts of Unequal Thickness {Cvclically Loaded Nontubular) oo 44
23 Transition of Thicknesses (Statically Loaded Nontubular) ... 25
24 Traneversely Lofted Pilet WETaR . .corimm s isumsimsms v simeds s s aoisis b issiesess ssassd ssmneries i us sasnms s inmsngsinss 45
" Fa) Minimum Length of Longitudinal Filler Welds ar End of Plate or Flar Bar Members oo 46
16 Termination of Welds Near Boges Subject 10 TENSI00 . e s ssasssss s 4f
2.7 End Return at Flexible Commectioms G i s e s o i (6 s e s i 27
2.8 Fillet Welds on Opposite Sides of 2 Commuom PLINE .. ...t iviiessssas sem s sssrmsesiossiasssserssssrmsssassse e a7
2.9 i T PTG, S D oo e D O B S T L e S R a8
210 Thick Filler I1ates i SpIee JOINE v ovmmersiserrmsssses oessessr s ssssnns e e essmssin e vos svsss st assmsssssoessmassnsssses 24
2,11 Allowable Siress Range for Cvelically Applied Load {F:ll_'lngLl in Munlubular Connections

{Ciraphical Plot of Tahle 2.5)... B Y T L AN L Ty FEA S i e L
212 Tronsition of Width !(_,\'Llli.ﬂlh' Loaded \Ion[u‘:ru |£I.TI St
245 I Allowable Fatigue Stress and Strain Ranges for Stress Categories (sec Table 2.7), Redundant

T b lar S e O A BT e TN T . i sninm iesssiammim s s mmsinsiis s s Fms i s s 501
2.14 Pavts: O A TIHIAT COOMTUBOTINN oo o s i e S M o o R SR 5l
215 Fitler Welded Lap Joint {Tubular) ... . - |
216 Tubular T-, Y-, and K-Connection lllla:t Wle Fumpunt Raﬂlu'- ................................................................. 54
217 T O o C e AT A B e PR 55
218 D e T T M st R o B o R i P s 55
2.19 Limitations for Box T-, Y-, and K-Connections. ..ok s isiainnwiig 56
220 OV A o TBO T DI . e vasmsuiissiberins o i s o s 4 S B i e i s i S
221 Transition of Thickness of Butt Joints in Parts of Unegual Thickness (Tubular) o 57

Figure 2.1- Maximum Fillet Weld Size Along Edges in Lap Joints. This table is referred to in sub clause
2.4.2.9 to be used in conjunction with the requirements for maximum size of fillet welds in lap joints.

C [ [ |

BASE METAL LESS THAN BASE METAL 1/4 in [§ mm]

1/4 in [B mm] THICK COH MORE IN THICKNESS
(&) (8]

MAXIMUM DETAILED SIZE OF FILLET WELD ALONG EDGES

Figure 2.1—Maximum Fillet Weld Size
Along Edges in Lap Joints (see 2.4,2,9)
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Figure 2.9 — Thin Filler Plates — and Figure 2.10 — Thick Filler Plates in Splice Joint — are important
figures. Filler plates are used to transfers applied force. These two figures show the use of thin and thick

plates in splice joints.

b “—TRANSVERSE

.
| . WELDS MAY
| BE USED ALONG
| B THESE END3
FFECTIVE ~=| |= __
SIZE
= |w— ACTUAL

SkEE

obe: The effoctive aroa of woeld 2 shall egual (hat of weld 1. bul ity size shall be its oliocte
20 phes The thickress of tha filer plate T.

Figure 2.9—Thin Filler Plates in Splive Joint (see 2,11.1)

Mole: The effective ansas of welds 1, 2, and 3 shall be adequale fo lansmit the design fores,
and tho fength of wolds 1 and 2 shall be adequake to awoid ovesiress of fllgr plate 0 ahedr

along Eanss ¥,

Figure 2.10—Thick Filler Plates in Splice Joint (see 2.11.2)
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Chapter 6

Clause 3: Prequalification of WPSs
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INTRODUCTION

According to D1.1, clause 3 provides the requirements for prequalified WPSs which is defined by the
code as those WPSs that “are exempt from the WPS qualification testing required in clause 4.”
Essentially the writer’s of the code have provided several preapproved welds by specifying combinations
of the major welding variables (base metal, filler metal, welding process, etc...). These are not required
to undergo the rigor of laboratory experimentation and destructive testing that is detailed in clause 4 in
order to be D1.1 compliant. Therefore these WPSs are considered prequalified by D1.1.

Clause 3 is the second step in the construction process. The previous clause lays the ground rules for all
welding done according to the code. This clause provides prequalified WPSs that allow the major players
to get a ‘jump start’ in construction. By providing preapproved welds, they can skip the laboratory
testing phase, and begin to create the welds to erect the structure. Unless the structure requires
innovative or different WPSs than those that are provided in this clause, which would require
qualification, clause 3 can provide the welds needed for construction.

TEXT

The text portion of Clause 3 is the smallest section of the clause. It runs from page 59 to 63 and is
distributed amongst 14 sub clauses. This section goes over the general structure of the text in clause 3
and reviews some of the important sub clauses that are in the clause. The following is a list of all the sub
clauses as listed in the table of contents.

e PrEquURRTCEIEON o WY ISE. . . cocinivicrmiinsnssin i s st W00 B BN o L R TR B L1V
il BRI a0 o M o i U e wmi s U e s A e 59
Fil PRI PrOCERRE oioire g ool o i RS LA RS i s e S e L s i st 4 st ke ST
13 Base Metal/Filler Metal Combinations....... R g s e e e s s R
34 Engineer's Approval for Auxiliary AMACRMEILE ..o s sescs s sss srases sess s sassmssmssn sros 1oaas Nl
15 Minimum Prehemt and Interpass Temperature Requirements ..o s s s Bl
146 Limitation of WPS Varables ........ciiieimiiiirmee s s e ess ssssss sess snsses svsassssenssssns sessss sssessass LGl
R I R e ey [T &l
18 Common Reguirements for Parallel Electrode and Multiple Electrode SAW v .6l
9 Fallel Wl R i mue I i oo i oss o eaats 4005 4446004 644 S mmn e 5w 5 i wmsiesimms e A wmmss st s &l
J 10 Phig and Shot Welil B quirimiemila. . i ivinreas vaisnisuns isrtrsssnas sasssnsans rus boss ossses Sered sk isees swebs bhas § 5hd siias b sues savave &l
311 Common Reguirements of PIP and CIP Groove Welds .. v s vees v s s mane Gl
.12 PIP PAJUIPBIIBIIIS ... ce.oucore sosmssmss s ssssmsssass sassipevens s msis sagmpad S5 £68 £ 863 108624 m0.0008 KL 1 HA 88 FELLER 1124 § N8 S H b 16 s 62
13 TP Groome Wl R i T I O . . e coov s ssns seseunsuss sn sstsspess pasmeasas ms wams vn S 42sms £Eee Soamh Sm £o Sas SEmeE b aen beEae sata i o daan 62
L1 PoStWeld HEa! TrROIIIENL ..o poirirsirsssssmssss rossnsbes snsstssssns sass Fasmssuns Erss s 05 00s £1eLES KRLS b8 EEES BRLLER KL8A 1 EALR SRS R aERESRESE 63

As indicated above, the clause has no major sub divisions like clauses 2, 4, and 6. However, because of
the relative small size of the text (4 pages), the 14 sub clauses are adequate to discuss the information
contained therein. The following section is a review of the important provisions contained in clause 3
accompanied by the subclauses they fall under.
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3.2

3.5

3.6.

3.7

3.8

3.9

3.10

3.11

Welding Processes

3.2.1. Limits the welding processes for prequalified WPSs to SMAW, SAW, GMAW (except
GMAW-S), and FCAW.

3.2.2. The ESW, EGW, GMAW-S, and GTAW processes are approved for use if qualified as
in Clause 4.

3.2.3. Other welding processes may be used with the Engineer’s approval and qualification

according to Clause 4 requirements.

Minimum Preheat and Interpass Temperature Requirements

Details Minimum Preheat and Interpass Temperature Requirements which specifies that the

preheat and interpass temperature shall be sufficient to prevent cracking. It then specifies that

Table 3.2 shall be used to determine the minimum preheat and interpass temperatures for

steels listed in the code.

3.5.2. Provides that as an option, the method set out in 3.5.2 may be adopted to
determine the required preheat and interpass temperature for welds made with the
SAW process. The use of this option could also establish that for base metals having
a minimum specified tensile strength not exceeding 70 ksi [485 MPa], a lower
preheat and interpass temperature may be used. In this case, approval of the
Engineer is required and the Vickers hardness of the heat-affected zone must be
kept below specified.

Limitations of WPS Variables
Requires that all prequalified WPSs are prepared as written documents by the manufacturer,

fabricator, or contractor. The suggested form is shown as Form N-1 in Annex N.

General WPS Requirements

3.7.1. Requires that vertical up welding is the normal progression, with vertical down
limited to a few specific cases.
3.7.2. A significant provision is that neither the depth nor the maximum width of weld

metal deposited in each pass shall exceed the width of the surface of the weld pass.

Common Requirements for Parallel Electrode and Multiple Electrode SAW

3.8.1. Provides that welds may also be made in the root of groove or fillet welds using
GMAW, followed by parallel or multiple electrodes submerged arcs, provided that
the GMAW conforms to the requirements of this section, and providing the spacing
between the GMAW arc and the following SAW arc does not exceed 15 in.

Fillet Weld Requirements
3.9.3. Requires skewed to be in conformance with Figure 3.11.

Plug and Slot Weld Requirements

Limits welding processes to SMAW, FCAW, and GMAW (except GMAW-S).

Common Requirements of PJP and CJP Groove Welds

3.11.1. Allows the use of SMAW groove preparations for prequalified GMAW and FCAW.

3.11.2. Corner joints may be made by preparing either or both joint members provided
adequate edge distance is maintained to support the welding operation without
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3.12

3.13

3.14

excessive melting.
3.11.3. Provides that for automatic or machine welding using SAW, GMAW or FCAW, the
maximum root opening variation, as fit-up, shall not exceed 1/8 inch.

PJP Requirements

3.12.1. Provides that a PJP groove is defined as a groove joint welded from one side without
steel backing or welded from both sides without back gouging.

3.12.4. PJP Groove Welds considered prequalified must abide by the following provisions:

3.12.4(1) PIJP tubular groove welds other than T-, Y-, and K-connections are considered
prequalified if all the joint dimensions of Figure 3.3 are satisfied.

3.12.4(2) PJP, T-, Y-, and K-connections, welded with SMAW, GMAW, or FCAW are also
considered prequalified when joint dimensions are within the limits shown in Figure
3.5.

CJP Groove Weld Requirements

3.13.3. U-grooves and J-grooves and the other side of partially welded double V-grooves
and double bevel grooves may be prepared before or after assembly.

Post Weld Heat treatment

Provides that Post Weld Heat Treatment (PWHT) shall be prequalified, provided that it is

approved by the Engineer, and it adheres to the rules specified in 3.14.

TABLES

The 8 tables in clause 3 are found in pages 64-75 and are listed in the List of Tables by their respective

titles and page numbers. Additionally a brief review of some important tables and their respective

references within the text in clause 3 are discussed. Below is the list of tables for clause 3.

il Pregualified Base Metal—Filler Metal Combinations for Matching Strength . e )
iz Pregualified Minimum Preheat and Interpass Tempermiime oot id e st st ssassnis fHid
i3 Filler Metal Reguirements for Exposed Bare Applications of Wenthering Steels....ovvnnnnmnne 11
34 Minimum Prequalified PIP Weld Size (Bl ST—— 7l
35 Joint Dewil Applications for Prequalified CIP T-, Y- II1I:J B. il.lhlll:lr': ORI vt siasnsiia 7l
16 Pregualified Joint Dimensions and Groove Angles Tor CIP Groove Welds in Tubular T-, Y. and
E-Comnections Made by SMAW, GMAW-S. 8nd FOAW it sssniississsnssniesarioss siss saacsises T
17 D e e TN IO M o s A PP B VR R A i3 73
14 Pregualified WPS Variables ..o vecvncerevsiessmvesrsmessnenss A T A A R T PR 74

Table 3.1 - Prequalified Base Metal—Filler Metal Combinations for Matching Strength. This table
provides the different filler metals that can be used with the listed base metals. The table runs from

page 64 to 67. Essentially to identify a combination an item on the left hand column (base metal) has to

be matched with the appropriate item on the right (filler metal). For example ASTM A 53 steel grade B

using SAW process can be welded using a A5.17 electrode of the FEXX-EXXX series. Below is a preview of
Table 3.1.
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Table 3.1
Pregualified Base Metal—Filler Metal Combinations for Matching Strength (see 3.3)

Ateel Epecification Requ rerizres

Fillzr Merl Requi-emrencs
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Table 3.2 — Prequalified Minimum Preheat and Interpass Temperature. This table matches four
important variables (from left to right): base metal, welding process, thickness, and minimum preheat
and interpass temperature. For example if a ASTM A 36 steel that is 1/4 in. thick is being welded with
SMAW using a low hydrogen electrode, then the minimum preheat and interpass temperature is 32
degree Fahrenheit or O degrees Celsius. Below is a preview of table 3.2.

Table 3.2
Prequalifiad Minimum Prehaat and Interpass Temperature (sea 3.5)
C Thickness of Minirmum Prehear
a Thickes Part il Im..'q\:'.'.
: Point of Welding Temnge ratire
g
il
I Welding
¥ Steel Speci ication Proacess ] ] (8 o
ASTM A 36
ASTM A 53 Girugle B
ASTM A 106 Girue B
ASTM A 131 Crudes A, B, C5, D, DS, E
ASTM A 130 Cirnele B
ASTM A 381 Girnde Y35
ASTM A 500 Geide A
Grude B
Grude 18 1y 44 AT P (i}
ASTM A 501 incl. incl.
ASTM A 514
ASTM A 524 Cirncles 1 & 11 SMAW Over 504 Over 20 150 af
ASTM A 573 Girude 63 with other | T 112 thiu &
A | ASTMA 085S G 30 By, || -
{ s A [
Grade 33 Type | MRS | Owrl-l2 Owr | 1 10
Gracde 40 Type | ftru 2-172 thm F%
ASTM A 1011 88 CGrade 30 bl inel.
Cerngle 53
Girace 3 Type | Cver 2-12 Chveer 65 LTy 1500
Crade 40
Girude 45
Girucle 500
Girde 55
ARl 5L Urnde B
ABRS Ciracles A, B, D, C5, DS
Cirade E
ASTM A 36
ASTM A 53 Grade B
ASTM A 108 Gruge B
ASTM A 131 Cirucles A, B
1\: 11 :-‘El 148t 24 % i g in
DH 32 & 36 el e
_ EH 32 & 38 SPRAN¢ Over 30 Chvier 20 54) 10
ASTM A 139 Grade B with Jow- w1102 the 38
ASTM A 35 Cirneli: Y15 hypddrogen Wl il
B | ASTM A 441 clecirdes, y =
AL e A Wy Over 1-172 Chver 38 150 a5
Cirticde B Labd AN, e 2162 thiu 65
Girngle © FOAW e :
ASTM A SO Imcl, Incl.
ARDM LG L":‘:”;’f;,"‘ " Over 212 Owerés | 225 1o
ASTM A 524 Girncles | & 10
ASTM A 529 Girades 50 & 55
ASTM A 537 Clisses | & 2
ASTM A 572 Cirudes 42, 50, 53
A aakaads
42

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

Licensee=University of Texas Revised Sub Account/5620001114
Not for Resale, 08/29/2012 23:40:24 MDT



Table 3.7 — Prequalified WPS Requirements. This table gives ranges for specific variables that must be
met when prequalified welding procedures are employed (maximum electrode diameter, maximum
current, maximum root pass thickness, maximum fill pass thickness, maximum single pass fillet weld
size, and maximum). Below is a preview of table 3.7.
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Table 3.8 — Prequalified WPS Variables. This table shows whether or not changes to welding variables
require requalification. For example a change in amperage using SMAW that is less than 10% does not
require requalification. However any change, increase or decrease, above 10% does require
requalification. Below is a preview of table 3.8.

Table 3.8
Prequalified WPS Variables
Frowess
Prooualified WPS Variable SMAW SAW GhiAWw FCAW
General
13 A change in welding process{gs W 5 ¥ ¥
2y A change in welding position]s) % K X X
Fisases Menal
3) A change in ba=e metal group number]s) (sse . .
b X X X X
Iazle 210
43 A change in (e bese motal prehest catcgory (sec
iy i X X X X
Table 3.2
Filler Metal
31 A change m elestrode classihcations) x % X X
i) A change in electrodsflus elussification(s) 5
T3 Acchange in nominal electode diametze(s) g ¥ ¥ v
23 A change o the number of electrodes %
Process Parameters
B3 A chinge in amperage = W% increase | = 1 increase | > 10% incroase
ar decreass of degreise or decreise
100 A change i 1ype of current (ze o0 deh or polarizy W ¥ 5 ¥
113 A change in the mode of transter ¥
12) A change in volage = | 5% inerease | > 15% inerease | > |5% increase
or decriss or decrena or dhacreise
13) A change in wire fesd speed (It not omperage = 0% increase | = 10% increse | > 10% ineresse
eontralled) or decreiss wr decreise or decrease
140 A change in travel speed = D30 anerense | 5 280 fnerense | = 259 incrense
or dernciass or derrenas or decrease
Shiebding Cus
15) A chunge in the nominal composition of shiclding _ ¥ EEoE
Eas X FUAW-0G oty
163 A decrease in shielding gas flow rate - = %% [for
=13% FCAW-G ool v)
173 An incremse i the gas flow eoke = 505 (Fo
= M i A
o FOAW Goonlvy
44
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FIGURES

The 11 figures in clause 3 are found in pages 76-124 making it the largest number of figures for any
clause in the code. A detailed list can be found in the List of Figures with their respective titles and page
numbers. Additionally a brief review of some important figures and their respective references within
the text in clause 3 are discussed. Below is the list of figures for clause 3.

3.1 Weld Bead in which Depth and Width Exceed the Width of the Weld Fage ... s i 76
32 Fillet Welded Precualified Tubular Joints Made by SMAW, GMAW, and FCAW e 7

33 i"l'r’.'l.|uu.]|:l'||.‘.'|.| PIP Groove Welded Joint Details (Dimensions in Millimetersh.. o ceiciieicvsinciens 18
34 Prequalihed CJF Groove Welded Jomnt Details (Dimensions (0 InChes) ..o mn s 94
35 Prequalified Joint Details for PIP T-, Y-, and K-Tubular Conmections. ... LG
e e R A9
fubular Connections ... 120

L-Connections—
R 121

L-Connections—
.............................................. |22

L-Connections—
................................................. 123
124

Figures 3.3 and 3.4 Prequalified PJP Groove Welded Joint Details and Prequalified CIJP Groove Welded
Joint Details. These two figures compose more than half of the figures section in clause 3. These figures
are a series of paired up diagrams and tables of prequalified welds with all the variables that accompany
it and their ranges. The figures cover pages 77 to 116, however there are diagrams for joint designs that
appear twice: first the diagram has measurements expressed in inches, and then the same diagram has
measurements in millimeters. For the purposes of the test, a test taker should ignore the figures in

millimeters.

The figures contain a lot of formulas. Therefore in order to read them one must first become acquainted

with the legend. (See below).
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Legend for Figures 3.3 and 3.4

symbals for joind (ypes Welding processes
B — buii joint SMAW — shiclded meial are welding
* — comer joni CiMAW — pos metnl are webding
T — T-joent FCAW — (Mux coned metul are weldimg
BC — butt oF ciomer joini SAW — submerped arc welding

TC — "T- or comer joim
BTC — butt, T-. or cormer joint

Welding positin

Symbals for base metol thickness and penetration S - I'I':;

P !.’JF'f . H — henzontal

L — Hmited thickness-CIP Y — vertical

U — unlimited thickosess—CIP OH — averhasd
Symbal For weld types

1 — square-groave

Y INmensions

2 — single-V-groove

3 — dovble-Vegroove

4 — simgle-hevel -grooe
5 — douhle-bevel- grooyve
tr — simgle-1-groave

T — douhle-1-proove

8 — single-1-proove
09— 'l!l.hﬂﬂi.'-J-FllN.l\f
10— flare-hevel-groove
11 — flare-Y-groove

R = Root Opeaing
i, i = Croove Angles
= Kool Fuce
r=J- o Usgroove Radius
5 ﬁl o R_. = PIP Cirosree Weld
L pil of Groove
E E,, E. = PIF Growwve Weld
Sires commesponding 0 5. 8, , 8., réspectively

ﬂ}. mihols for welding [ et iF ot S5TAW Jiipnt Dg!lg:“ﬂuﬂ
5 — 5AW The lower case lemers, ¢.8. a. b, €. otc.. are used 1o differentiale
0 — GMAW hetween joints that wenld otheraizse have the wime joiat
F— FCAW designatinm

The legend dictates how the symbols in the diagrams and tables must be read. For example, the diagram
on page 78 has “B-P1a” as its first joint designation (see below). By using the legend to replace the
variables it can be determined that the joint is a butt joint with partial penetration on a square groove.
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E==E P IT T TP LS

Square-groowe weld (1)
Buit Jeint {B)] / ) lﬁl
T e |
1 ' +
1 6
‘:: E :'I .:T_T_— REINFCGRCEMENT 1732 TO 144
1 =1 WO TOLEHANCE
Mata! Thicknass Groove: Proparafian
(U = urlimited) Talzrances
Alkawern
Welding Joint As Defailed As Fit-Up ‘Welding | Wald Gire
Pracess | Designation Ty T: | Root Qpening | (see 3.12.3) | (see 3.12.3) Fositions {E] MWotzs
B-P1a 1/ — R=0w 118 =146, -0 =116 All T, —1/32 b
BIAN B-Pic 144 masx. =2 R= % min. =118. -0 =116 All TE b
B-Pia-GF 1/8 — R=0iu 116 =118, <0 2116 All T, =132 b, 2
GhAW T T
FoAW B-F1c-GF 144 ma, — | R= 3 min. L1418, -0 £1/16 Al 3 b. e
Squanz-groowe wold (1)
Butt joint {B
: {Ez) |
/ (E-) |FI
% >-|I:i-< ?L' ;
T4
I [
4L
e 3T,
E, + E, MUST NOT EXCEED — _,._| le-r
Base Matal Thickness rocm Erepaialion
{U = unlimited) Talerancas Al Tt
Welding Joint As Delaibed As Fil-Lip Welding | Wald Size
Pracass | Designation T, T. | Aoot Opening | (see 3123 | (see 31231 | Pnsifions | (5 + Egl | Notas
T, aT;
ShAW B-Pib 1/4 miase. — 8= E =116, -0 =116 All T
EMAW . T . aT,
oA B-F1b-GF 14 mac. — H= Y =118, -0 =116 All = &

Figure 3.3—Prequalified PJP Groove Welded Joint Details
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Chapter 7

Clause 4: Qualification
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INTRODUCTION

According to D1.1, clause 4 contains “the requirements for qualifications testing of welding procedure
specifications (WPSs) and welding personnel.'” The clause essentially provides the methods for
qualifying WPSs on the one hand, and the performance requirements to qualify the personnel actually
making the weld on the other.

Clause 3 provides a set of prequalified weld variables in order to facilitate WPSs. In clause 4, the code
provides the requirements to give the freedom to the contractor to create alternative WPSs that are not
already prequalified. Practically speaking, clause 4 sets the boundaries for how to test WPSs and how to
qualify welders.

Clause 4 is strategically placed between the clause 3 which deals with prequalified WPSs and clause 5
concerning fabrication. In the sequence of erecting a structure, first the standard prequalified welds are
selected (clause 3), then whatever welds that are needed for odd parts of the job that are beyond the
scope of “premade” WPSs are designed (clause 4), finally the welds are created or fabricated (clause 5).
Thinking of the order this way facilitates formulating an idea of what information each clause will
contain.

TEXT

The text portion of clause 4 is the smallest portion of the clause. It runs from page 125 to page 137 and
is distributed amongst 39 sub clauses. This section covers the general structure of the text in clause 4
and reviews some important provisions that are in the sub clauses. The following is a list of all the sub
clauses as listed in the table of contents.

'D1.1 pg 125
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Part A—General H:qu:n:m:nl-nﬁ.,n 125
4.2  General... S b AN e A R SRR A PRNPRSURRPNSNS |
4. 1- Ciommmnom Hn:-qmmmmta I'ul WF“& und ‘u’l.-eldmg Pr:-ri.mmt-i PL-J I'rn'munm {Juuhl'n;umm R b

Part B—Welding Procedure Specilication (W) e isisnsaiamstotsssnesmssssssesseranessens sassereessbivimese |20
4.4 Production Welding Positdons Qualified...... e 120
4.5 Tvpe of Qualification Tests .o SO 1. .|
4.0 Weld Types for WPS Qualification... e e 2 S .
4.7 Preparation OF WS ... i i s e e o b s s s A i Gl YA ; e n 1 20
4.8 Essential Variahles ........... R
Methods of Testing and ."u:l.cpl.um l:nh:nu fi:rr \‘HPS Quallﬁ-..muu a1 2T

CIP Groove Welds for "-mmu‘l:lulnr{.'unnectlms,.......,,......,..,..,......,.., ...... iverees 129
PIP Groove Welds for Naontubular ConAechions . ..o e PN Y INE L FRNPIISVNTOPCATRMERY, |r . )
Filler Welds for Tihular and Nontubular Conneetiimnme ..o e s s sesse s ssresssseeseess | o0
CIF Groose Welds for Tl lar Commetiinms oo s e e s s e s ssmesme s somsssse e s o 1308
PIP Tubular T-, %=, or K-Connections and Butt JoimiS. ..o I | |
Plug and Slot Welds for Tubular amd Nomubular Conmections ... e, s 131
Welding Processes Requining Quali Rcaiion.. ... o e o, R k. 1|
WPS Requirement [GTAW ). .. R . ¥
WPS Roguirema s (R W Yoo siiiiriassinst i esstacsis it 1 a0 448 s e m e saman sosr smsnan st maibe st

>
e i

Rt ol o

BEEEEREREES

Part C—Perioroonee Oualifiemtsom o s s i e s siimiinsa in e T
4.19 General... s gy R T B e e s e A
4.20 Type of Quallhcallan Tﬂts ll.rqmrnj ...................................................................... S TRE LR e - 132
421 Weld Types tor Welder and Welding Operator Performance Qualification ... 133
4.22 Preparation of Performance Qualification FOrms .o M . %
4. "3 Essemtial Yariables .. OO . 7. |
4,24 CIP Groove Welds lor N{mml:ul;r Conn:ulm venree 133
4 g PIP Giroove Welds for Nontubular Con ner.:ﬂnm.... 134

4.26 Filler Welds for Nontubular Conmections, ... ... 134
4.27 CIP Groove Welkds for Tubular Connections ... cenines 134
4.28 PIP Groove Welds for Tubular Connections ... e 134
4.29 Filler Welds for Tubular Connections ... .o NURp—— WTTRRPR—. . .
430 Plug and Stoc Welds for Tubular and Hv:rmu'bul.:rrmncctmn'q ................................................. —
4. ]I Methods of Testing and Acceptance Criteria for Welder and Welding 'Dp:mlnr le:l'u.llmn 134

'-l" Method of Testing and Acceprance Criteria for Tock Welder Qualification.... ] 36
T i e i o Lt S o b b L L b o 136

Part D—chmre;m:ma for CVN lmtlup. e i e e e i b o e
4._!_5 T:ril]..m.dllum ST F. |\
AT Tea PO IININIS L iviuiuiivtotians v e o Vit s e i ot e bk b b s oo A b rbabrbbinsi R0,
438 Retest . S SRRy £ 7
B30 FRBPOITIIIE oo s cre e caiea st e e bam e 148 B4 £ s 486444 b b bt B8 £ s et e k4o s e b b1 b1 v srenne e | P T

Clause 4 like clause 2 and 6 is divided into 4 main parts — A, B, C, and D — which contain all of the sub
clauses except clause 4.1 which is the scope. The scope serves to introduce the general structure of the
clause which is as follows:

Part A — General Requirements

Part B — Welding Procedure Specifications (WPSs)

B
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Part C — Performance Qualification

Part D — Requirements for CVN testing

[ Part A — General Requirements

Part A is an overview of the requirements for WPSs and performance requirements for welding

personal. Part Ais all but 2 pages long and lays the groundwork for what will be discussed in further
detail in Parts B, C, and D. Part A starts on sub clause 4.2 and ends on 4.3.

4.2 General

General Requirements for qualification testing of WPSs and welding personnel (defined as
welders, welding operators, and tack welders).

4.2.1.

421.1

4.2.1.2.

4.2.2.

4.2.2.1.

4.2.2.2.

4.2.3.
4.23.1

States that unless exempted as provided in Clause 3“...a WPS for use in production
welding shall be qualified in conformance with Clause 4, Part B” However, properly
documented evidence of previous qualification may be accepted, at the Engineers’
option.

WPS qualification is the responsibility of the ‘manufacturer or contractor.’
Qualification of WPSs to other standards besides D1.1 may be accepted, however,
the acceptability of other standards is the Engineer’s responsibility.

Requires that welders, welding operators and tack welders, working under this code
and using SMAW, SAW, GMAW, GTAW, FCAW, ESW, or EGW shall have been
qualified by the applicable tests as described in Part C.

Qualification of welding personnel to other standards besides D1.1 may be accepted,
however, the acceptability of other standards is the Engineer’s responsibility.
Defines the responsibility for performance qualification as being that of the
manufacturer or contractor but also adds a qualifying statement, “...whether the
qualification is conducted by the manufacturer, contractor, or an independent
testing agency.” The use of an independent testing agency for performance
qualification testing is an accepted practice.

Covers period of effectiveness.

Welder and welding operator qualifications remain in effect indefinitely unless they
do not weld with the process for which they are qualified for more than six months
or unless there is some specific reason to question their ability. For tack welders, the
qualification lapses only if there is some specific reason to question their ability.

[ Part B — Welding Procedure Specifications (WPSs)

Part B builds on the general requirements of Part A to further specify in greater detail the requirements

for Welding Procedure specification. Part B starts on sub clause 4.4 and ends on 4.8.

4.5 Type of Qualification Tests
Sets out the required types of tests for procedure qualification. The number of tests and of
specimens required is given in Table 4.2 (CJP groove), Table 4.3 (PJP groove), and Table 4.4

(fillet).
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4.6 Weld Types for WPS Qualification
Classifies six types of welds for the purposes of WPS qualifications:
e CJP groove welds, nontubular connections
e PJP groove welds, nontubular connections
¢ Fillet welds, tubular, and nontubular connections
e CJP groove welds, tubular connections
e PJP groove welds, tubular T-, Y-, and K-connections and butt joints
e Plug and slot welds for tubular and nontubular connections

4.7 Preparation of WPS
States that a WPS is to be prepared as a written statement of each of the applicable essential
variables, as enumerated in 4.7. “The specific values for these WPS variables shall be obtained
from the procedure qualification record (PQR), which serves as written confirmation of a
successful WPS qualification.”

4.9 Methods of Testing

Methods of Testing and Acceptance Criteria for WPS Qualification

49.1. Covers requirements for visual inspection of groove welds which include descriptions
of variables such as: cracking, undercut, craters, reinforcement, backing, concavity,
melt through, etc...

4.9.2. Test coupons will be nondestructively examined by RT or UT before preparing
mechanical test specimens. Acceptance criteria for the RT or UT shall be in accordance
with clause 6 Part C.

4.9.3. Specifies acceptance criteria for bend tests.

4.9.5. States that in the event one test specimen of a ‘set’ fails, two retests for that
particular type of test specimen may be taken from the original coupon, if available.
Both new test specimens must satisfy the test criteria. In the case of material >1-1/2
inches in thickness, “...failure of a specimen shall require testing of all specimens of
the same type from two additional locations in the test material.”

4.12  Fillet Welds for Tubular and Nontubular Connections
4.12.5 Describes the required test procedure when an unlisted filler metal is to be used
for fillet welds in production and the WPS to be used has not been qualified using
a CJP or PJP weld test.

[ Part C — Performance Qualification

Part C builds on the general requirements of Part A to further specify in greater detail the performance
qualification tests required to demonstrate the welder’s, welding operator’s, or tack welder’s ability to
produce sound welds. Part C starts on sub clause 4.19 and ends on 4.33.

4.19 Performance Qualification of Welding Personnel
4.19.1. Production welding Positions Qualified
4.19.1.2. Tack welders are required to be qualified for each position in which tack welding is
to be carried out in production.

4.21 Weld Types for Welder and Welding Operator Performance Qualification

R
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4.22

431

4.32

4.33

For the purposes of welder/welding operator qualification, weld types are classified as follows:
e CJP Groove Welds, Nontubular Connections

e PJP Groove Welds, Nontubular Connections

¢ Fillet Welds, Nontubular Connections

e CJP Groove Welds, Tubular Connections

e PJP Groove Welds, Tubular Connections

¢ Fillet Welds, Tubular Connections

4.21.1. Plug and Slot Welds, Tubular and Nontubular Connections

Preparation of Performance Qualification Forms

Preparation of Performance Qualification Forms requires performance tests to be carried out in
accordance with a WPS. The WPS essential variable limitations of sub clause 4.7 apply together
with the performance essential variables of sub clause 4.22.

Methods of Testing and Acceptance Criteria for Welder and Welding Operator Qualification
This sub clause details the various tests applicable for each of the performance qualifications.

Methods of Testing and Acceptance Criteria for Tack Welder Qualification
This sub clause requires the surface of welds to be free of overlap, cracks, and undercut
exceeding 1/32 inch in depth and that the weld surface exhibits no porosity.

Retest

Covers qualification retesting in the event welders, welding operators, or tack welders fail a
qualification test, or there is valid reason to doubt their welding ability, or the period of
effectiveness has lapsed.

[ Part D — Requirements for CVN testing

Part D builds on the general requirements of Part A to further specify in greater detail the requirements
for CVN testing. Part D starts on sub clause 4.34 and ends on 4.39.

4.34.

General Requirements

4.34.1. Specifies that CVN test requirements and test procedures shall apply only when
specified in the contract documents.

4.34.2. Specifies that CVN test specimens shall be machined and tested in conformance with
ASTM E 23, Standard methods for Notched Bar Impact Testing of Metallic Materials
for Type A Charpy (simple beam) Impact Specimens, ASTM A 370, Standard Test
Method and Definitions for Mechanical Testing of Steel Products, or AWS B4.0
Standard methods for Mechanical Testing of Welds.
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TABLES

The 15 tables in clause 4 are found in pages 138-156 and are listed in the List of Tables by their
respective titles and page numbers. Additionally a brief review of some important tables and their

respective references within the text in clause 4 are discussed. Below is the list of tables for clause 4.
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Table 4.1 — WPS Qualification — Production Welding Positions Qualified by Plate, Pipe, and Box Tube.

This table provides the tests for welding positions for plate, pipe, and box tube, and provides the
different weld positions for which the various test qualifies may qualify welds performed in other
positions. For example if a CIP groove weld is successfully tested in the 2G position on a plate, this

qualifies the same CJP groove weld in the flat (F) position and the horizontal (H) position. Below is Table

[+
Table 4.1 S
WS Qualification—Producticn Welding Positione Qualified by Plate, Pipe, and Box Tube Tests [8ee 4.4) [
3 [
Proafaniions Plalz Welding o
Qrmilifrution L Ll fied Pmdacton Pape Weld ag Uuailisl Produeiinn Box. Tubz Welding Qualibed =
[ [ T, V. %- 1 TV K z
weld Gesore | G Dt krin! Conneciicn: Lovs kaint Cinneciicn E
Twps Pasilivns CIF Sy Filkt! Ly FIT e o Filk(! <1 FT Lo rr Fikv ;
I F T F 1.3 F T T T F
Ll 20 EH FH F.H {EHF {E.HI" EH FH FH S
Livinee 1 v W v wE wh ¥ ¥ s b2
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& Fow pros of PIP T, ¥ and K-commesaticns tha cosferm o Fgure 1,5, ace aiter ihe e A25HA " oo Fgurs 4,510 detadl for tesing E
" Foof mdi boeed b o ovminoe: tieree ssith ooimenr onad & Less tha vz the chond meomier thic kess, we I ra
! Tl vk b prodition T Vo0 Koo fecrione st L coalomn o Pigane 3.2, WS g o shal cosdonn e, 12, E

Copyright American Welding Society

Provided by IHS under license with AWS

No reproduction or networking permitted without license from IHS

&5

Licensee=University of Texas Revised Sub Account/5620001114

Not for Resale, 08/29/2012 23:40:24 MDT




Table 4.2 — WPS Qualification — CJP Groove Welds: Number Type of Test Specimens and Range
Thickness and Diameter Qualified. This table provides the relationship between the number and
dimensions of the test specimen for CJP Groove welds, and the welds that they qualify. For example, if a
test plate specimen is % of an inch thick, then it qualifies material anywhere from */gof an inch to % of
an inch thick. Below is Table 4.2.

Table 4.2
WPS Qualificatlon—CJP Groove Welds: Mumber and Type of Test Specimens and
Range of Thickness and Diameter Qualified (see 4.5) (Dimensions in Inches)
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Pine Size or Thickress, | Tension (sse | (sme Fig isee Fag. isee Fag. Tuhe Sz
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Table 4.5 — PQR Essential Variables Changes Requiring WPS Requalification for SMAW, SAW, GMAW,
FCAW, and GTAW. This table provides the changes in variables in the different welding processes that
would require requalification. For example, if a weld is qualified using the SMAW process with a low
hydrogen electrode, but then the electrode is changed to a nonlow-hydrogen electrode, requalification
of the procedure is required. However this requalification requirement does not apply to SAW, GMAW,
FCAW, or GTAW.

Table 4.5
POR Essential Variable Changes Reqguiring WPS Requalification for
SMAW, SAW, GMAW, FCAW, and GTAW (see 4.8.1)

Prociss
Esserninl Variabbe Changes 1o FOR Hoquiring
Kegualifmalomn AMAW | HAW | LivIAW FEAW iAW
Filler Meial
1) Increzse in [ler metal clasi fotom sinengith X X X
23 Change Trom loa-hyEnepen w malow- X
Irvddrpen SVAW soannls
LAE 'I!mpn Trowm ome electmde of o -edecinsde
wlazsificarion o sny eber dearods or X X X
Mux-glectrode closificotion’
4) (hampe 00 an electinde o o elocinade AWE AWS AWS AWS AWE
classiication” nat covered (n: AS D or ASS | ASIT or ASZ3 | AS I Hor ASZE|AS X0 or AS2HAS IH or ASZH
51 Adhbinion or deletion of Aller meeal X
A Change Trowm cald wire fecd m b wire fead X
o VBOE VETRE ;
Th Aahbitmom or deleison of seprlomenial X
powdered or grasular filler metal o cut wir
Bb bnerease 10 ihe amound of supplementz| %
|h||J.|_|r|||_l|_"|q EF:II'IIDII" Tilllesw pomedil of selge i
@yl the alloy sonteni of the weld metal is
largely dependent o sapplonsental powdend
Fiblee meisl airs WiPs chanj thwd mesuilis i X
aweld depoait with the impostomt alloving
chemvonis not mesting e WIS chemscal
ST LR EE TR H“IHF.'II‘HI“-
|
> 154 Any increass Any rt.:s :':r::l
it Change inal filler metal diy 3 0§ : h -
) pe iy pominal fller metal diameier bys Iin"rr‘::I Ay MCras® | o et it e of
g degreasy
1} Chunge in mumter of elecinodes X X X X
Prveess Paraniviers
12y A change in the amperage for ench diameter T“_" "'m;:;:'; > NF% increase | > 10X imcresss | = 109 incresse | > 255 increose
wd byt Fern oF derrease or deerere o decrenss or desreaie
vy ety |
13y A chomge m Eype of currenl (o o i ) ar
polurily d ebeetrode positive o pegulve Torde X X X X X
currenl|
14y A change inthe misde of tranafer X
158 A change from OV o OC autput X X
Tep A change i he wiltope fon each dinmeder > T mereass | @ T necreise | - T ncrdase
1l by o derTeEme i e v Elerres
ITh Anineremasor decrease e wime Teed specd
for each eleerasdis diumeser 0if ne ampemge = % = |1 = 1/
cimnndlled) by
{Comt megad )
&7

Copyright American Welding Society
Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114

No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



FIGURES

The 40 figures in clause 4 are found in pages 157-191 and listed in the List of Figures by their respective
titles and page numbers. The 34 page extension of the figures section makes it the largest part of the
clause. Additionally a brief review of some important figures and their respective references within the
text in clause 4 are discussed. Below is the list of figures for clause 4.

4.1 P o O T I e e ot it i g s e it b b L e
42 Posinons of Fille Welds i e MOl B M D ]
4.3 Postoons of Test Mates for {JN'HWI.. ‘n'ﬂ:l-;l-\ i

4.4 Posinons of Test Pipe or Tubing lor Groove 1l.'iu.hl
4.5 Positions of Test Plare for Filler Webds ..o
4.0 Positions of Test Pipes or Tubing for Filler Welds. ...
4.3 Locathon of Test Spechmens on Welded Test Pipe ...
] T e arian off Toar Eneclmene fvr Waldad Ty Thikdnn
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a1 Ll:u..nmn c|1 Tu.'l.t Spc-l.lrm_'i". on Wr:l_'lm.i Tcal Pi.m: Clu:'r:u'ﬂ in[10 mrn| '.I'hlc't—WFS D’J.I.IJ]!‘ILHHL‘IEL ...... 66
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Figure 4.1 — Positions of Groove Welds. This figure provides the range of positions in degrees that
determines the position of a groove weld. For example, a weld done in an 8% inclination of axis, and a
100% rotation of face, is considered to be in the horizontal position.
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Figure 4.1—Positions of Groove Welds (see 4.3.4)
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Figure 4.3 — Positions of Test Plates for groove welds. This figure provides picture diagrams of the
different positions for groove weld test plates.

PLATES HORIZONTAL

PLATES VERTICAL;
AX|S OF WELD
HORIZONTAL

(A} FLAT WELDING TEST POSITION 1G

(B) HORIZONTAL WELDING TEST POSITION 2G

{"_,_:-:1 PLATES VERTICAL:
AXIS OF WELD FLATES HORIZONTAL
VEATICAL
=
s /
(C) VERTICAL WELDING TEST POSITION 3G (D) OVERHEAD WELDING TEST POSITION 4G

Figure 4.3—Positions of Test Plates for Groove Welds (see 4.3.4)
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Figure 4.31 — Test Plate for Limited thickness — All positions — Welder Qualification. This figure
provides the dimensions for the test for limited thickness. Clause 4 contains various figures that are
diagrams of the appropriate design and dimensions of test plates. Below is a good example of one these,

figure 4.31.
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Figure 4.31—Test Plate for Limited Thickness—All Positions—
Welder Qualification (see 4.24.1)
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Clause 5: Fabrication
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INTRODUCTION

Clause 5 contains provisions to be “observed in the fabrication and erection of welded assemblies and
structures produced by any process acceptable under this code.”'The previous 4 clauses have been part
of the designing and qualification process of construction. This clause contains requirements that cover
the actual creating of the welds according to the contract documents. This includes provisions pertaining
to all the components, variables, and steps in creating the welds.

Clause 5 finds its place in the code immediately after the two clauses dealing with qualification of WPSs
(3 and 4), but immediately before the clause that covers inspection (6). Fittingly, these clauses are
arranged in the sequence of construction: qualification, fabrication, and inspection. First the welds are
designed and approved, then they are actually welded, and then the welds are inspected for
discontinuities.

TEXT

The text portion of Clause 5 is the biggest section of the clause. It runs from page 193 to 207 and is
distributed amongst 31 sub clauses. This section covers the general structure of the text in clause 5 and
some of the important sub clauses in the clause are reviewed. The following is a list of all the sub clauses
as listed in the table of contents.

'D1.1193
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Clause 5 has no major sub divisions called “parts” elsewhere in the code. Instead all of the information is

divided no further than the 31 sub clauses. The following is a review of some important portions of the

text.

5.2 Base metal
5.21. Requires that base metal should be designated in terms of specification and

classification in the contract documents, should be selected from those listed in
Table 3.1 or Table 4.9 wherever possible.

53 Welding Consumables and Electrode Requirements
5.3.1.1.  States that when required by the Engineer, the contractor (or fabricator) shall furnish

certification to show conformance of electrode and/or electrode/flux combinations
to the applicable classification.

5.3.1.2.  The electrode (and electrode/flux combinations), the electrode size, and welding

parameters shall be appropriate for the specifics of each welding operation. The
welding current shall be within the electrode manufacturer’s recommended range.

5.3.1.3.  Gases used for shielding are to be of welding grade with a dew point which meets
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5.3.14.

5.3.2.

5.3.2.1.

5.3.3.

5.3.3.1.

5.3.3.2.

5.3.5.
5351

5.3.5.2.

the requirements of AWS A5.32/A5.32M Specification For Welding Shielding Gases
with certification if the Engineer so requests. Whether pure, premixed, or mixed at
the point of welding, the shielding gas composition shall conform to applicable WPS
requirements.

Once removed from their original containers, welding consumables shall be handled
and stored so welding properties are not adversely affected. All electrodes shall be
dry and suitable for use.

SMAW electrodes shall conform to the requirements of AWS A5.1/A5.1M (for carbon
steels) or AWS A5.5/A5.5M (for low alloy steels) as appropriate for the base metal
concerned.

Low hydrogen electrodes (A5.1 or A5.5) shall be purchased in hermetically sealed
containers or baked prior to use. As soon as the sealed containers are opened, the
electrodes shall be held in storage ovens where a temperature of 250°F (120°C)
minimum is maintained.

Submerged arc welding may be carried out using a variety of configurations for of
single or multiple electrodes for groove or fillet welds. In the case of multiple
electrodes, spacing is to be such that slag freezing does not occur between leading
and trailing electrodes.

Flux-wire combinations used are to meet the requirements of AWS A5.17/A5.17M
(carbon steels) or A5.23/A5.23M (low alloy steels).

Fluxes are to be free of dirt, mill scale, or other foreign matter, and purchased in
containers suitable for at least six months storage without adversely affecting the
product. Flux from damaged packages shall be discarded or dried for one hour at not
less than 500°F (260°C). Flux hoppers are to be filled from newly opened packages or,
in the case of previously opened packages, the top one inch of flux is to be discarded.
Flux that has been wet shall not be used.

GTAW

For GTAW, the tungsten electrodes are to conform to AWS A5.12/A5.12M
requirements, and the filler metal for carbon steel weld metal is to be as per AWS
A5.18/A5.18M.

For low alloy steel weld metal, filler metal as per AWS A5.28/A5.28M shall be used.
As noted above, welding gases shall have a dew point that meets the requirements
of AWS A5.32/A5.32M.

5.6 Preheat and Interpass Temperatures
Requires the minimum interpass temperature to be the same as the preheat requirements
unless otherwise specified in the WPS. The specified temperature shall be maintained during
welding for a distance at least equal to the metal thickness, but not less than 3 inches in all
directions from the point of welding. Preheat and interpass temperatures shall be checked
immediately prior to initiating the arc for each pass.

5.8 Stress-Relief Heat treatment

5.8.1.

Details of the procedures to be followed are given, with a recommended heat
treatment temperature range of 1100 — 12000F for all except quenched and
tempered steels where the maximum temperature is 11000F. Heat treatment times
are given in Table 5.2 In the case of quenched and tempered steels, stress relief is
not recommended.
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5.9

5.10

5.12

5.15

5.16

5.18

5.21

Backing, Backing Gas, or Inserts
States that CJP grooves are to be welded with or without backing or the use of back gouging
from the second side.

Backing

Roots of groove or fillet welds may be backed with copper, flux, glass tape, ceramic, iron
powder, or a similar material used to prevent melt through.

Welding Environment

5.12.1.

5.12.2.

Requires that GMAW, GTAW, EGW, or FCAW-G shall not be done in draft or wind
unless the draft is protected by shelter. The shelter must reduce wind velocity to 5
miles per hour.

Welding shall not be done:

. When the ambient temperatures is lower than 0 degrees Fahrenheit

. When surfaces are wet or exposed to rain or snow

. When there is wind at high velocities

. When welding personnel are exposed to inclement conditions

Preparation of Base metal

Reentrant Corners

Tack Welds and Construction Aid Welds

5.18.2.

States that tack welds and construction aid welds are permitted with two exceptions:
1) In tensions zones of cyclically loaded structures except as permitted by 2.16.2; 2)
On members made of quenched and tempered steel with specified yield strength
greater than 70 ksi, except as approved by the engineer.

Control of Distortion and Shrinkage

5.21.1.

5.21.2.

5.21.3.

5.21.5.

5.21.6.

5.21.7.

Requires the sequence of welding to be such that distortion and shrinkage are
minimized.

As far as possible, welding is to be carried out in a manner that continuously
balances the heat of welding.

If required by the contract or by the Engineer, or if the adequacy of the structure
could be adversely affected by distortion and/or shrinkage, the contractor is required
to prepare, submit, and work to an approved welding sequence.

The general progression of welding is to be from areas of greatest towards the areas
of least restraint. Joints with greater shrinkage should be welded before those with
lesser shrinkage. In all cases, joint restraint should be minimized.

Shop splices of cover-plated beams or built-up members are to be made before
assembly. Subassemblies, which may be used for large members, should be spliced
with welding balanced between web and flange welds as well as about the major and
minor member axes.

Specifies details for welds to be made under conditions of severe external restraint.
Once begun, welding of the joint shall continue uninterrupted, with preheating and
interpass temperature maintained, until the joint has been completely welded, or
alternatively, until sufficient weld metal to ensure freedom from cracking has been
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applied to the joint.

5.22  Tolerance of Joint Dimensions

5.22.1. Requires that fillet welds root opening shall not exceed 3/16 inch [5 mm] except for
shapes = 3 inches [75 mm] in thickness where, after straightening and in assembly,
the maximum root opening shall not be greater than 5/16 inch [8mm], provided
suitable backing is used. If the separation is greater than 1/16 inch [2 mm], the legs
of the fillet weld to be applied shall be increased by the amount of the root opening.

5.22.2. The separation between faying surfaces of plug and slot welds, and of butt joints
landing on a backing, shall not exceed 1/16 inch [2 mm].

5.26  Repairs

5.26.1. In all instances, the contractor has the option of repairing nonconforming
discontinuities or replacing the entire weld. Repaired or replaced areas shall be
tested in the same manner and to the same criteria as specified for the original weld
area.

5.26.1.1. Requires that where there is excess weld metal, such as convexity, reinforcement,
or overlap, it shall be removed

5.26.1.2. Where there is insufficient weld metal, such as concavity, undersized welds, or
undercutting, additional weld metal shall be deposited.

5.26.1.3. Where there is incomplete fusion, excessive porosity, or slag inclusions, the
nonconforming portions shall be removed and replaced.

5.26.1.4. Requires that the extent of all cracks have to be diagnosed by acid etching, MT, PT,
or other effective methods. The crack and the sound metal 2 in. beyond each end of
the crack has to be removed and rewelded.

5.26.3. Requires prior approval by the engineer for all repairs including repair of base metal
repairs, repair of major or delayed cracks, and repair of internal discontinuities in
electroslag and electrogas welded joints.

5.2 Peening
Provides that peening is allowed only in the intermediate weld layers if care is exercised to avoid
overlapping or cracking. Peening is not allowed on the root or surface layers.
5.27.3. Prohibits the use of manual slag hammers and lightweight vibrating tools for slag
and spatter removal.

5.28  Caulking
Caulking is prohibited for base metals with minimum specified yield strength greater than 50 ksi.

5.29  Arc Strikes
Requires that Cracks or blemishes caused by arc strikes shall be ground to a smooth contour and
checked to ensure soundness.

5.30 Weld Cleaning

5.30.1. Before welding over previously deposited metal, all Slag shall be removed from the
weld and spatter from the weld and adjacent base metal.
5.30.2 All slag shall be removed from completed welds and spatter from the weld and

adjacent base metal.

€7
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TABLES

The 10 tables in clause 3 are found in pages 208-210 and are listed in the List of Tables by their
respective titles and page numbers. Additionally brief reviews of some important tables and their
respective references within the text in clause 5 are discussed. Below is the list of tables for clause 5.

5. Allowable Atmosphenic Exposure of Low-Hydrogen Elecliodes.  ....covevecveecismvesis v s ssssrmsessmrs svmssses 2R
5.2 W G FROIRI g W o coe e e e s e e L e S e 2008
b | Alternate Strexc-Ralief Hear Treamment ORI, | -+
34 Limits on Acceptability and Repair of Mill Indun.u-d I amnmr Dw.uunumuc-; in Cut Sunuccﬂ SRe . )
3.5 T DL O R T B e e e e e L e i i 2n
J.0 Camber Tolerance for Typical Girder .. S v e i L
3T Camber Tolerance for Girders w ||huuu[ ] Dr.hihril.‘d { oncrete H..uml.h ....................................................... 2009
3.8 Il s TR N B s L e i i i B
3.9 rald Profiles .. ..naddiimmn ALt e o s A R R ey i 210
a0 I P h e SR INE . o s e 4 4k 5 At A A o g A B 8 e B 4 210

Table 5.1 — Allowable Atmospheric Exposure of Low-Hydrogen Electrodes. This table, referred to by
sub clause 5.3.2.2, shows the maximum time an electrode can be exposed to the atmosphere and the
variations in time frames for different types of electrodes. For example an E7018M can be exposed to
the atmosphere for a maximum of 9 hours after which it must be redried for use. Below is table 5.1.

Table 5.1
Allowable Atmospheric Exposure of
Low-Hydrogen Electrodes
(see 5.3.2.2 and 5.3.2.3)
Electiode Caolumn A (oawrs) Colugm B dhours)
AS.L
BTN & mx,
ETIXXE 9 mix. Cver 4 1o 10 ma.
EMXXHIR 5 miLs,
ETGIEM 0 mnx
ASS
ENINY.X 4 miax. Ower 4 1o 1 max.
EROINX.-X 2 miax. Oveer 2 to 1O e
FHINN-X 1 max, Ower | o5 max,
EINKX-X 12 mux, Owver 102 10 4 imas.
El INXX-X 12 mu, Cver 102 10 4 max.
T
1. Column A: Elecomsdes exposed w amnosphere for longer poriods
ihan shown chall be redmed bufor: use.
< Column B Electrodes exposed w aumosphene for longer pencds
thum 1hose exipblished by testing shall be nedried before use
1 Electrogdes shall be vsucd and hebd i quivers, or other small open
piniamers, Hested contoisers e ool mandabory
I The optional supplermental deskznasor, B, desipnate a low-hydoopen
Slocrrode which has becn 1261ed (ar COVERRE MOISIUIT content air
CXPOSURE 10 8 maist crvironment for 9 hoors and has met the mmse-
i bevel allowed m AWS AS UAS 1M, Spevcifoution for Canfon
Stevd Efevirmalea forr Shiviohed! Meiad Are Weldivng
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FIGURES

The 4 figures in clause 5 are found in pages 211-214 making it the largest portion of figures for any
clause in the code. A detailed list can be found in the List of Figures with their respective titles and page
numbers. Additionally a brief review of one important figure is discussed. Below is the list of figures for

clause 5.
5.0 Edge Discontinuities mn Col Matersal. oo s e AR i ik bl RSNy 3 &
52 Weld Access Hole Geometry i A R R T T T PR e zld
53 'l.\'n:kln:lnnlli[l Tolermnces in Assembly of Groove Welded Jomts ..o s st 23
54 R IS L0 OV P O S o v 0 0 b w0 B R 14

Figure 5.4 — Requirements for Weld Profiles. This figure is composed by many diagrams that show the
desirable, acceptable, and unacceptable profiles for welds. The figure is referred by table 5.9 and 5.10
which provide ranges and formulas for the weld profiles. Below is an example of the desirable,

acceptable, and unacceptable diagrams for butt joints, where the unacceptable diagram demonstrates

an excessive amount of convexity.

R < Fyay

(A)WELD PROFILES FOR BUTT
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Chapter 9

Clause 6: Inspection
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INTRODUCTION

Clause 6 “contains all of the requirements for the inspector’s qualifications and responsibilities,
acceptance criteria for discontinuities, and procedures for NDT.”* This clause details the process of
inspecting a weld. It covers the qualifications of the inspector, the appearance of the weld (what is
acceptable and what is not acceptable) and finishes by stipulating provisions for non-destructive testing
which can be performed on a completed weld without affecting its durability.

Clause 6 is the inspection portion of D1.1. It contains all the steps to determine the parameters of how
to determine the soundness of the weld. It is appropriate for the clause to be after clause 5 (fabrication),
precisely because inspection comes after fabrication. First a weld has to be done before it can be
checked. Clause 6 is the inspection or “checking” clause. Requirements concerning the process of
detecting, evaluating, and accepting or rejecting a weld are covered in the clause.

TEXT

The text portion of Clause 6 is second biggest second in the clause, shorter than the figures portion but
longer than the tables portion. It runs from page 219 to 238 and is distributed amongst 37 sub clauses.
This section covers the general structure of the text in clause 6 and reviews some of the important sub
clauses that are in the clause. The following is a list of all the sub clauses as listed in the table of
contents.

'D1.1219
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Part A—Generil chulmrmnlh!l"i
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The clause is divided into 7 parts that vary in length— A, B, C, D, E, F and G — which contain all of the sub
clauses. Unlike clause 2 and 4, clause 6 has the scope within the first Part A. Also, the parts are uneven
in length depending on the subject that each contains. The structure of the clause is as follows:

Part A — General Requirements
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Part B — Contractor Responsibilities

Part C — Acceptance Criteria

Part D — Non Destructive Testing (NDT) procedure

Part E — Radiographic Testing (RT)

Part F — Ultrasonic Testing (UT) of Groove Welds

Part G — Other Examination Methods

[ Part A — General Requirements

Part A stipulates the obligations and responsibilities that fall on the contractor, especially pertaining to

visual inspection and deficiencies in material and workmanship.

6.1 General Requirements

6.1.2.

6.1.2.1

6.1.2.2

6.1.3.

6.1.3.1.

6.1.3.2

6.1.3.3.

6.1.4.

6.1.4.2.

6.1.4.3.

Specifies that fabrication and erection inspection and testing, and verification
inspection and testing, are considered as separate functions.
Provides that fabrication and erection inspection is the responsibility of the
contractor. Additionally, contractor’s inspection shall be performed before, during,
and after assembly and welding, as necessary, to ensure that contract conditions in
terms of materials and workmanship are satisfied.
Provides that verification inspection and testing are prerogatives of the owner, and
may be exercised in any manner deemed appropriate by the owner.
Definition of Inspector Categories
The contractor’s inspector is the person who acts on behalf of the contractor for
inspection purposes within the contract limits.
The verification inspector is the person who acts on behalf of the owner or engineer
for inspection purposes within the contract limits.
The unqualified terms ‘inspection’ or ‘inspector’ are used, they shall apply equally to
fabrication and erection inspections and to verification inspections, within the limits
defined in 6.1.2.
Specifies “Inspectors responsible for acceptance or rejection of material and
workmanship shall be qualified. The bases of Inspector qualification shall be
documented.” The paragraph lists three groups of persons deemed to have suitable
qualifications.

e Current or previous certification as a Certified Welding Inspector CWI

e Current or previous qualification by the Canadian Welding Bureau

¢ An individual who, by training or experience, is deemed competent to

perform inspection work

The period of effectiveness of inspector qualification is indefinite, provided the
inspector remains active in inspection and there is no question as to competence.
Assistant inspectors may be employed but the inspector is responsible. Both
inspectors and assistant inspectors are required to pass an eye examination to prove
their visual acuity every three years or less.
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6.2

6.4

6.5

6.1.4.4. Inspection personnel must pass an eye examination and must retest at least every
three years to prove a near vision acuity of Jaeger J-2 at a distance of 12 in—17 in.

6.1.4.5. The inspector is responsible for establishing that all fabrication and erection by
welding is carried out in accordance with the contract provisions.

6.1.4.6. The inspector shall be provided with complete detailed drawings showing sizes, types,
lengths and locations of all welds. A copy of the portions of the contract documents
describing material and quality requirements for the subject products shall also be
provided.

6.1.4.7. The inspector shall be notified in advance of the start of operations subject to
inspection.

Inspection Materials and Equipment
Inspection of Materials and Equipment requires inspectors to determine that only code
conforming materials and equipment are used in construction.

Inspection of Welder, Welding Operator, and Tack Welder Qualification
Inspection of Welder, Welding Operator, and Tack Welder Qualifications requires that all
personnel performing welding be qualified according to clause 4 Part C.

Inspection of Work and Records

Inspection of Work and Records, lists the duties and functions of the inspector in detail.

6.5.2. Requires examinations of work before, during and after welding to establish
observance of and conformance to all applicable code provisions.

[ Part B — Contractor Responsibilities

Part B specifies the obligations of the contractor. This part is the smallest part of the clause and is

contained in only one major sub clause- 6.6.

6.6

Obligations of the Contractor

6.6.1. The contractor is responsible for the visual inspection of all welding and the correction
of deficiencies of materials and workmanship, in accordance with code provisions.

6.6.2. The contractor must comply with all requests by inspectors to correct deficiencies, as
defined in the contract documents.

6.6.3. If either faulty welding, or the removal of faulty welding for rewelding causes damages
to the base metal in a manner the Engineer determines is not in accordance with the
intent of the contract, the contractor shall remove and repair the damaged base metal,
or otherwise provide compensation to the satisfaction of the engineer.

6.6.4. For contract specified nondestructive testing other than visual inspection, it is the
contractor’s responsibility to ensure the subject welds meet the quality criteria of clause
6 part c. If nondestructive testing was not specified in the contract but is later required
by the owner, the contractor shall either perform the required tests or permit testing
according to 6.14. All costs associated with non-contract specified tests shall be the
responsibility of the owner, except for the repair of those discontinuities described in
6.9. If testing discloses any attempt to defraud or gross nonconformance to the code,
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the contractor shall pay for the repair.

[ Part C— Acceptance Criteria

Part C specifies the acceptance criteria for visual and nondestructive testing of tubular connections and

statically and cyclically loaded nontubular connections. The acceptance criteria and the extent of

examination shall be specified in the contract documents.

6.8

6.10

6.11.

6.12,

6.13.

Engineer’s Approval for Alternate Acceptance Criteria

Alternate acceptance criteria for production welds differing from that specified in the code may
be used if the Engineer approves. The basis of such changes may be past experience,
experimental evidence, or engineering documents.

PT and MT
Specifies that surface nondestructive tests of MT and PT are carried out in accordance with
paragraphs 6.14.4 or 6.14.5 whichever is acceptable.

NDT

Specifies that, all NDE equipment requirements and qualifications, the qualifications of NDE

personnel and the techniques of testing shall be in accordance with the provisions of Section 6

of the code, except as provided in Subsection 6.18. Prior to any NDE, all welds shall have been

found acceptable by visual inspection in conformance with 6.9 Welds Subject to VT, MT, and PT,

(and tubular connections subject to RT and UT), may be tested as soon after the completion of

welding as the base metal has cooled to ambient temperature. However, for ASTM A 514, A517,

and A709 Grade 100 and 100W steels, final NDT shall be performed no earlier than 48 hours
after the completion of welding.

6.11.1.  For CJP groove butt welds made from one side without backing, examination by RT or
UT and conformance to the provisions of either paragraphs 6.12.1 (RT) or 6.13.3 (UT),
respectively, is mandatory. Thus, if a CJP groove weld in a butt joint is specified for
small diameter pipe work, RT or UT is a requirement.

RT
Discusses the acceptance criteria for welded joints examined by Radiographic Testing.

uT
Discusses the acceptance criteria for welded joints examined by Ultrasonic Testing.

[ Part D — Non Destructive Testing (NDT) Procedures

Part D specifies the different test techniques that shall be used for each of the nondestructive test

methods.

6.14

Procedures
Warns the users of the code that all NDT has limitations. Expectation that any one method will
detect all unacceptable discontinuities is totally erroneous and without merit.
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6.14.6. NDT personnel performing NDT other than visual are to be qualified and certified to
ASNT’s Recommended Practice SNT-TC-1A.

6.15 Extent of Testing
The extent of NDT and the type of tests to be used are to be furnished to all bidders.

[ Part E — Radiographic Testing (RT)

Part E addresses the procedures to be used for radiographic testing when it is required by contract
documents.

6.16 Radiographic Testing of Groove Welds in Butt Joints
6.16.1. Radiography of groove welds should be carried out in accordance with the ASTM test
methods E 94, E 142, E 747, and E 1032, as applicable.
6.16.2. Variations in testing procedures, equipment, and acceptance standards are permitted
if agreement is reached between the contractor and the owner.
6.17 Radiographic Testing Procedures
6.17.1. RT requires radiography to be carried out with a single source, either x-ray or gamma
radiation. RT techniques are to provide sufficient sensitivity to clearly identify the
‘essential hole’ or the ‘essential wire’ of the image quality indicator (IQl) in use.
6.17.3. Removal of Reinforcement
6.17.3.3. For radiography, weld reinforcement is always a consideration, as are weld tabs and
weld backing. Where the reinforcement is not removed, shims are required to be
placed under each 1Ql so radiation will pass through approximately the same
thickness as the base metal plus reinforcement.

[ Part F — Ultrasonic Testing (UT) of Groove Welds

Part F sets out the requirements to be used for Ultrasonic Testing when performed on groove welds. It
also details the manner in which the equipment is qualified and calibrated and the way in which testing,
evaluation, and reporting are to be carried out.

6.20 General
Sets out the thickness limits for UT to be from 5/16 inch to 8 inches when such testing is
required in 6.14. It is also noted that the general procedures specified are not to be used for
testing tube-to-tube T-, Y-, or K-connections.

6.21 Qualification Requirements
UT operators, as discussed in paragraph 6.14.6, are required to take a specific and a practical
examination which shall be based on the requirements of this code. The UT operator must
demonstrate ability to apply the code rules in accurate detection and disposition of
discontinuities.

6.22  UT Equipment
Details the Ultrasonic Testing Equipment and describes the requirements for UT instruments

7%
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and the transducers to be used. The sub clauses in this major sub clause stipulate in detail all of
the settings and specifications for UT testing.

[ Part G — Other Examination Methods

Part G addresses requirements for the procedures, operating techniques, and records required for

alternative NDT methods that are not addressed in previous sub clauses including: radiation imaging

systems (real-time radiography) and advanced ultrasonic systems.

6.34

- 6.35

6.36

General Requirements

The NDT methods in part G may be used as an alternative to the methods outlined in part D, E,
or F of clause 6, providing procedures, qualification criteria for procedures and personnel, and
acceptance criteria are documented in writing and approved by the Engineer.

Radiation Imaging Systems
Provides that examination of welds may be performed using ionizing radiation methods other
than RT, such as electronic imaging, including real time imaging systems.

Advanced Ultrasonic Systems

Provides that Advanced Ultrasonic systems may be used, which includes but is not limited to :
multiple probe, multi-channel systems, automated inspection, time-of-flight diffraction (TOFD),
and phased array systems.

TABLES

b.l
6.2
fi. 3
frd
h.5
fr.6
.7

Visual Inspecion AcCepinee CrilBril... o wwious s s srnsisnsissss s sissss sesiss s sissnssssssss snsranss ERPNPPRL, . ]
UT Acceptance-Reection Criteria (Statically [Lnuhu.i "‘-n:-ulul‘-ullrf onnections) .. e s A
UT Aceeptance-Rejection Crteria (Cyclically Loaded NHI'IJIIhULiT(Hl"‘ﬂ.'.ll.x'-ﬂw.. T TR — L2410
Hole-Type 101 Requirements ... T T L L T TR LI T R L I s v
LT T L TTET LD T — P e e i S 242
IQI Selection and Placement....ccureemessmeninn. Y L N R
TRREITEE BRI | eyt som v rmsnsns mott butnnss oo i1 s oAb o o S A A ST T AR B B VO S b bbb a vk

The 7 tables in clause 6 are found in pages 239-245 and listed in the List of Tables by their respective
titles and page numbers. Additionally brief reviews of some important tables and their respective

references within the text in clause 5 are discussed. Below is the list of tables for clause 6.
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Table 6.1 — Visual Inspection Acceptance Criteria. This table is referenced by 6.9 stating “all welds shall
be visually inspected and shall be acceptable if the criteria of table 6.1 are satisfied.” Essentially, this
table is the standard that a welding inspector ought to utilize for determining what discontinuities or
abnormalities are acceptable or not. Below is a preview of table 6.1.

Table 6.1
Visual Inspection Acceptance Criteria (see 6.9)

Statically | Cwelically
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Table 6.4 — Hole-Type 1Ql Requirements and Table 6.5 Wire 1Ql Requirements. These tables are
referenced by 6.17.1. Radiographic sensitivity, in radiographic testing procedures is judged by the hole-
type image or wire IQls. Below are previews of table 6.4 and 6.5.

Table 6.4
Hole-Type 1Ql Requirements (see 6.17.1)
MNominal Mominal Souree Side Film Side"
Materizl Thickness! Muaterial Thickness"
Range, in Range, mm Designaticn Esseniial Hole Dresignarion Essential Hole
Up oo 0,25 incl, Up o6 inel, 10 4T 7 4T
Over .25 10 (0,375 Chver & throwgh 10 12 4T L0 4T
Ower 0275 o (130 Crver [0 through 12 15 iT 12 4T
Chver LS 10 0625 {recr 12 throngh 16 15 4T 12 4T
Owver 00625 10 1L75 Orver 16 throogh 20 17 4T 15 4T
Ower L7510 0.875 Chegr 20 through 22 20 AT L7 4T
ey VTS 1o 1,00 Crver 22 throngh 25 ] 4T 17 4T
Orer L0010 125 Crver 23 through 32 25 4T 20 4T
Ower 125 101,50 Cver 32 thronph 33 3l T 23 ZT
Ower L2010 2,00 Chver 33 through 50 35 T 30 2T
Chyer 200010 250 Crver 50 through 65 40 IT 33 T
Ower 2530010 300 Chver 63 through 75 45 T dih T
Orver 30010 4,00 Crver 75 through 100 50 2T 43 T
Ohver 4,00 106,00 Crver 100 theough 150 &l 2T a0 2T
Ower 5,00 10 8,00 Crver | 50 through 200 18] T il aT
S Sinele wall rtiographic thickness (For b lors)
" Applicable b tubular strectures only.
Table 6.5
Wire 1QI Requirements (see 6.17.1)
e Honjndl \-luximi;j]: r":’;;rilg;mmmr Muxlllr:;:n:‘r;f%iumrmr
Material Thickness Marerial Thickness® x e

Range, in Range, mm in mim in 1T
Upwo (L25 incl, Up o6 incl. [EEILH] .25 (0,003 0.20
Over 025 0 375 (heer 6o 10 013 £33 (010 .25
Ower 0375 1o (L6235 Crver 1010 16 0lé D4l 0013 0.33
Chver 10.625 o ILTS Crver 16t 20 L0200 (31 LEARIE 4]
Ower .75 1w 1.50 Ohver 20 10 38 0025 a3 (L0200 0.51
Ower 150w 2.00 Crver 33 1o 50 {1032 .81 0.025 (a3
Over 200010 250 Chver 50 to 65 [RIE1H] 1.0z (LINs2 [ F 2]
Orver 2500 10 400 Orvier 63 1w 104 (050 1.27 .00 1.02
Urver 4,00 ta 6,00 Crver L 130 R 1.6l us0 1.2}
Cher G000 10 B0 Crver 15000 2000 (11000 254 (L [ 1]
Y aingle-wall radiographic theesness for tubulers).

¥ Agplicahle to tubular sinsetures only.
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FIGURES

The 23 figures in clause 6 are found in pages 247-279 and listed in the List of Figures by their respective
titles and page numbers. Additionally brief reviews of some important figures and their respective
references within the text in clause 6 are discussed. Below is the list of figures for clause 6.

f.1 Discontinuity Acceptance Crteria for Statically Loaded Nontubular and Statically or Cyclically

et L R O R . st e e B e e i S e e s 247
6.2 Discontinuity Acceptance Criteria for Cyclically Loaded Nontubular Connections in Tension

(Limitarions of Porosity and Fusion Discontinuities) ..., R S VR VAN N Bl RN R R BN 2352
G3 Discentimuitly Acceplance Criteria for Cyclically Loaded Nontubular Connections in Compression

{ Limitations of Porosity or Fusion-Type DisScOnUmuilies) . s s s s s ssssss s 29 4
05 e T O i B s b

ns on Approximately Equal Thickness Joints
n= on Approximately Equal Thickness Joinis
ns on Transition Joints 1090 [ 250 mm)] and
- SO — a1 O W 1 LT T S R T R

6.12 I-l‘l Edge HlnL‘r-:-: ‘- ek e e m A L e e e P R e T
613 Sirgle-Wall F_tpnure—';urlgle II||||.-"||II "."'n\- e s i e e e
@14 Double-Wall Exposure—Single- Wall \-’u.-w RIS etey o) ||
6.15  Double-Wall Exposure—Double-Wall tFlIr[HIL.lII ‘b.‘u:\'-. Mmlmum T".l-'l:- hx[:-osuﬁ:s RO Rer .5 7.
6. 16 Double-Wall Exposure—Double-Wall View, Minimum Three I:.trl-:».un:\ "'.”
o7 Transducer Crystal .. e b S e T
618 Qualification Prni..'cdum ::-I' 'in:m::h Uml i \ang [lw Rx.,ftrﬂm‘c HI-.'-v:I-: ..................................................... 273
6,19 TYDICHL TTW TTYDE BIIEK vt i s i e i i st il oA
620 Qualification Blocks................ i s b R e e e e
6.21 Plan View urLlT*n.nnmng l-‘altrrm ..................................... R e VR P R DR st 1

622 Scanming Techniques.... O R a3 A e T SR S S e T
6.23 Transducer Positions lTyme‘i R B s s T e
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Figure 6.10 — RT Identification and Hole-Type or Wire 1Ql Locations on Transition Joints 10 in [250 mm]
and Greater in Length. This figure is referenced by 6.17.7. The sub clause specifies that IQls shall be
selected and be placed on the weldment in the area of interest as shown in figure 6.10. Below is 6.10.

HILE-TYPE 101

DR WIRE Q1S

SOURCE SIDE
A |

ALTERNATE WIRE .,

101 PLACEMENT b ;';.f' |
. |

(MNote a)

s
S 34 in[20 mm]

MEASLIRE T2 AT
s MIN. [TYF]

POINT OF Maxinuing
THIGKMESS UNDER
HOLE-TYFE 121

DR WIRE 131 PLACED
oM SLOPE

TE-—T

o
LEAD FILM IDENTIFICATION NUMBER SHALL BEJ
PLACED DIRECTLY CVER THE NUMBERS MARKELD
OM THE STEEL FOR THE PURPOSE OF MATCHING " i
FILM TCWELD AFTEH PROCESSIMNG (SEE 6.17.12) /'f e - -";'ip

-
4
CONTRACT MUMBER, WELD,— T J
AMD FADRICATOR IDCNT TICATION
(LOGATION OPTIONALY (SEE A.17.12).

" Attarmate source sida 10 placemeant allowsed for tubular applications and other apolcations when approved by the Enginear.

Figure 6. 10—ET Ildentification and Hole-Type or Wire 1Q1 Locations
on Trangition Joints 100in [250 mm] and Greater in Length (see £.17.7)
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Figure 6.1 — Discontinuity Acceptance Criteria for Statically Loaded Nontubular and Statically or
Cyclically Loaded Tubular Connections. Like figures 6.2 and 6.3, figure 6.1 gives the maximum allowable
discontinuity size and minimum clearance requirements for the type of weld that is specified.
Additionally, each figure also contains a detailed key which contains multiple cases covering specific
situations, such as laminations, free edges of CJP groove welds, and weld intersections. Below figure 6.1.

KEY FOR FIGURE 6.1, CASES I, II, II1, AND 1V

DISCONTIMNUITY A = ROUNMDED OR ELOMGATED DISCOMTIMUITY LOCATED M WELD A
LNSCONTINUTY B - ROUNDELD QN ELDMNGAT ELY LISCON TINUE Y LOGAIZL Ih WELL B
L AMD W - LARGEST 4MD SMALLEST DIMENSIONG, RESPECTIVELY, OF DISCORTIMU TY A
L"AMD W = LARGEST AMD SMALLEST DIMEME ONS, RESPECTIVELY, OF DISCIMNTINUITY B

E = WELL SIZE
Cp = SHORTEST DISTAMCE PASALLEL TO THE WELD A AXIS, BETWEEN THE MZAREST DISCONTINUITY EDGES

— WInTH W

CJP WELD “A"
Ed

LEMGTH L *’1‘\\

L~ DISCONTINUITY B

LENGTH L’

*
WIOTH W — ¢ /
¥ L I WL R

CASE [ HSCONMTINUITY LIMITATIONSS

DISCOMTINUITY

i | | C
DIMEMS OM LIMITETIONS COMDITIONS

= Ef3, = 104 in & mim] E = 2in [50 mm]

<A In [0 mim] F = 2 in [30 mim]

(BUOME DSCONTIMUITY ROLKRDED,
) - THE OTHER ROUMDED OR

L 2 LLONGAILD?

(B L = 232 in |25 mm)

4 Tho alongatod discontinuity may be koeabed in aithar wold “A" ar 8.7 For the purposes of this illustration the clongates dscontmulty '8
was |ocated inweld "B

Case l—Discontinuity at Weld Intersection

Figure f.1 {Continued j—I)iscontinuity Acceptance Criteria for Statically Loaded
MNontuhular and Statically or Cycelically Loaded Tubular Connections (see 6.12.1)
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INTRODUCTION

According to D1.1, clause 7 “contains general requirements for welding of steel studs to steel.” The
clause has provisions that pertain to the welding of studs to steel which includes: workmanship,
reproduction testing, operator qualification, application qualification testing, in-process fabrication,
inspection, mechanical properties of the studs, requirements for qualification of stud bases, and the
stud manufacturer’s certification of stud base metal weldability.

Clause 7 is the next to last clause in the code. It is situated between the clause concerning fabrication
(clause 6) and the clause concerning repair (clause 8). Repairing and strengthening of welds is of course,
the last step in the construction after all welding (including stud welding) is finished. It is therefore the
last clause. Stud welding is the clause immediately preceding clause 8 which suits the order of the code
because stud welding is differentiated from the other welding process covered in the first six clauses

such as SAW, SMAW, and FCAW. Most importantly, all questions dealing with stud welding will be found
in clause 7.

TEXT

The text portion of Clause 7 is the biggest section of the clause. It runs from page 281 to 285 and is
distributed amongst 22 sub clauses. At five pages long, it is larger than the figures and tables portion
which means the clause is relatively small. This section covers the general structure of the text in clause
7 and reviews some of the important sub clauses that are in the clause. The following is a list of all the
sub clauses as listed in the table of contents.

. T I P .

251
I T L S A 0 8 8 R AR A BB N N cemnrsn e -] |
T2 General B Ui e I IS oo e crres sarer esreas srsarnssassssss prsnsnasesnisssn oens s sees crren Prnpet aases naen pumensaasan annes pres pnsernsneran san o |
% e L P N PP .. .|
T Workmanship/rabrcaton ..., s ra s S g . A e S Wt e s e s R
7.6 Stud Avolicaton Cualification Reouirements ... R e e e e e B s 283
T o ok RO 1 o e B L S S S 284
1.8 Fabrication and Venfication Inspection ReguiFements .. ..o sssmnsrssns sesasssmss sessrsss ssssssserases Sbdl
79 Manufacturers” Stud Base Qualification Reguiremenis. ... e s sssssssesssssssss s sesss ssssrsssass s 285

Clause 7 like clause 1 and 8 is a short clause without any major subdivision. Each sub clause is relatively
short and concise. In the following section important sub clauses from clause 7 are reviewed.

7.2 General Requirements

7.2.1. Specifies that while studs can be of almost any shape, the general form is as shown in
Figure 7.1 with typical dimensions shown in the accompanying table.

7.3 Mechanical Requirements
7.3-1. The mechanical properties shall conform to the provisions of Table 7.1.
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7.4 Workmanship/Fabrication

7.4.1.

7.4.2.

7.4.3.

7.4.5.

7.4.6.

7.4.7.

States that studs shall be clean, free of rust, rust pits, oil, moisture, and other
deleterious matter.

Studs shall not be painted, galvanized, or cadmium-plated prior to welding.

The area where studs are to be applied shall be clean and free of injurious material to
the extent necessary to obtain satisfactory welds and to prevent objectionable fumes.
Cleaning may be by brushing, scaling, prick-punching or grinding.

Allows a longitudinal and lateral variance of up to 1” in the placement of studs from
the locational requirements shown in the applicable drawings. Although 1-1/2 inches
(40 mm) is the recommended minimum distance from the edge of a stud base to the
edge of a flange, the absolute minimum shall be the stud diameter plus 1/8 inch.
Requires that for studs to be encased in concrete, and preferably in the case of all
other studs, arc shields (ferrules) shall be broken and removed after welding.
Requires that all welds shall exhibit a full 360° of flash and be free of any
discontinuities or substances that would interfere with the intended function.
However, the fillet weld profile provisions of Figure 5.4 do not apply to the flash of
automatically timed stud.

7.5 Technique

7.5.1.

7.5.2.

7.5.3.
7.5.4.

7.5.5.

States that for stud welding direct current electrode negative power is required, with
voltage, current, time, and gun settings for lift and plunge set at optimum values.
Parameters are typically based on past experience or the stud manufacturer’s
recommendations.

States that if two or more guns are connected to a single power source, they shall be
interlocked to prevent simultaneous welding.

Requires the gun to be held in position without movement during welding.

States that welding shall not be done when the base metal temperature is below 0°F
(-18°C) or when the surface is wet or exposed to falling rain or snow. However, when
the base metal temperature is < 32°F (0°C), one additional stud per hundred (1 per
100 studs) shall be tested as per subparagraphs 7.7.1.3 and 7.7.1.4, but with bending
limited to 15°.

At the contractor’s option, prequalified SMAW, GMAW, or FCAW may be used, in
which case fillet weld sizes are governed by the larger of either Table 5.8 or Table 7.2.

7.6 Stud Application Qualification Requirements

7.6.1.

Provides that, in general, studs that are applied in the flat position are deemed
prequalified when the stud manufacturer has qualified the stud base.

7.8- Fabrication and Verification Inspection Requirements

7.8.1.

Provides that if visual inspection shows less than 360° of flash, all such studs plus any
stud that has been repaired by welding shall be bent approximately 15°. In the case of
threaded studs, each such stud shall be torque tested.
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TABLES

The 2 tables in clause 7 are found on page 287 and are listed in the List of Tables by their respective
titles and page numbers. Additionally a brief review of one important table in clause 7 is discussed.
Below is the list of tables for clause 7.

Mechanical Property Requirements FOr SIOE ... st i sisbs s sssssissssnsssssssiss 28 1
Minimum Fillet Weld Size for Small Dimmeler Stids ... s s b siassssssssanm soss sssassisstnsensans 237

Table 7.1 — Mechanical Property Requirements for Studs. Sub clause 7.3.1 refers to this table by stating
that “...studs shall conform to the standard {mechanical] properties shown in table 7.1.”* This table
provides the ranges and thresholds for the different mechanical properties that studs in conformance
with D1.1 require, which include: tensile strength, yield strength, elongation, and reduction of area. For
example type A studs must have a minimum tensile strength of 61,000 psi (420 MPa). Below is table 7.1.

Table 7.1
Mechanical Property
Requirements for Studs (see 7.3.1)

Type A* Type B*  Type C

lierwsile psl mHn 61 000 65 00 B0 000
strength MPa min. 40 430 552
Yield strength  psi iwin A9 ENY 5] (M)
((0.2% niffset)  MPa min, 0 130
i 1 70 (00

g st cee 181 N
(0.5% offset) MPa min 495
Edsagiition S in 2 inommin. 7% e

FOTEEION g in Sx dia. min. 149 15%
Reducti . "

CORCTION % i 50 s =
ol area

‘Type A siuds shall be general purpose of any type and size wsed for
purpeses cdher tan shear fransler m compossie beum dosign and cone
SArCTON.

Type B sinds shall be stods that one headed, bend, or of oiher conlig-
wration in WE in [ 10Omm], 17200 (12 mm). 8% in (16 mm]. 24400
120 mm], 78 in |22 mm], ad | i (25 oo ] diameter that ane used as

ape desipn,
T e C armds shall he cold-worked deformed steed hars manuofcrared
in conformunce with specification ASTM A 496 having a nominal
diameter equivalent 1o the diameter of a plain wine having the sume
'l.l\.r,'l:.:lll (L] (oot s the defonmed wine, ASTHM A 49 -\.|IN.'|I||,'-. o sy
mum diameter of LAY in [16 mm] maximum. Any bar supphed
phove thar diameter shall have the some physical charmcrerisiics
moganding de formations as requuired by ASNTM A 494

'D1.184 emphasis added
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FIGURES

The 5 figures in clause 7 are found in pages 288-290 and listed in the List of Figures by their respective
titles and page numbers. Additionally a brief review of two important figures in clause 7 are discussed.
Below is the list of figures for clause 7.

FA Dimension and Tolerances of Standard-Type Headed SIls ..o i eiassstisssissssinss 288
1.2 TYRICO] TENEIOM TEEL FURIMING ..omuiiussiusmssssnsoosmsas s s sns s o s e s et s i 45 T
7.3 Torque Testing Arrangement and Table of Testing TOMIEES ..o s s ssssserrssessisssissssisisisre SO0
7.5 Sugpested Type of Device for Qualification Testing of Small Studs.. ... cveemssnsssssees e eress s s e s 200)

Figure 7.1 — Dimensions and Tolerances of Standard- Type Headed Studs. Sub clause 7.2 states that
although studs can be of almost any shape, the general form is shown in figure 7.1 with standard
dimensions and tolerances. Below is Figure 7.1.

{Mats m)

. S

1

|
' Marudactionsd Inrgth Balem emidag

Standand Chmansons, in

lnr-;'ﬂ' Haad P ——
Shark Dhameiar Tolmecas Diarmeier  Head Highl
1] iL] i (T}
2 55 W1f e ¥R
1% _l% = 1l 1 & 1A04 T -]
>0 :%E s EG Bl s 15 £
T4 _g‘g.:g ST R T T a3
T ;'E:f T ST P am
L S 118 1AEsime 12
Stmrclard [hisaakmes fin
10 _'% o a 040 71
13 .E-?,—: =18 28 = 0.40 ¥
Y —
1e '% 210 s 0,40 7.1
+0 40 o )
18 FED =18 a2+ Q.40 |51
_ ¥ +16  35s048 85
= % =16 a1+ Q.40 127

Figure 7.0—Dimension and Tolernnces of
Standard-Tvpe Headed Studs (see 7.2.1)
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Figure 7.2 — Typical Tension Test Figure. This table is referred to by 7.3.2 as an example of a typical test
fixture for a stud test. Other variations may be acceptable as long as they conform to ASTM 370
Mechanical Testing of Steel Products. Below is figure 7.2.

i

1
F

/f
SLOTTED FIXTURES /"

A S M YT LT A ™

—

Figure 7.2—Typical Tension Test Fixture
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INTRODUCTION

Clause 8 “applies equally to the strengthening and the repair of existing structures....”* The code defines

‘strengthening’ and ‘repairing’ of an existing structure as any change and modification necessary to
meet the engineer’s design requirements. Effectively, the engineering must prepare a plan for
modification of a weld in order to bring the weld into the standards that the engineer has designed.
Strengthening and repairing, in this sense, can include design, workmanship, inspection, and
documentation.

Clause 8 is the last section of the main parts of the D1.1. It is the last clause because any modification to
a weld, after the process of welding, is the last step in the construction sequence. Provision concerning
changes that can be made to the weld during welding is not to be found within this clause. The code
defines strengthening and repair using the term “modification.” Which means any allowable changes,
after the fabrication of the weld, should be found in this clause.

TEXT

The text portion of Clause 8 is the only section of the clause. It is found in pages 291-292 and is
distributed amongst 6 sub clauses. Clause 8 has no tables and figures and is only two pages long making
it the smallest clause in the code. This section covers the general structure of the text in clause 8 and
reviews some of the important sub clauses that are in the clause. The following is a list of all the sub
clauses as listed in the table of contents.

4. Strengthening and Repairing Existing Stroctures .. e e 291
il O ..otk kg5 i b S s R e g B A S e 291
B T IR e ok o B A B b A A SR A 4 S KA XS AR RSTERR 291
8.3 Design for SUrengiiening nd Bepiil . s e ers s s s e s s s sesem s ssssnsssssscsnss 291
8.4  Fatigue Life Enhancement - P = . 291
8.5  Workmanship and Technigque .o S snseanssspsnsnss DD
T 292

Clause 8 like clause 1 and 7 is a short clause without any major sub divisions. Each sub clause is rather
short in length. The following section reviews important provisions contained in clause 8 accompanied
by the sub clauses they fall under.

8.2 Base Metal
8.2.1. Requires that contract plans and specifications specify the base metal designation,
and the location, type, size and extent of all welds.
8.2.2. Requires that the suitability of welding be established.
8.2.3. Stipulates that In the event the base metal is found to be other than one of those
listed in Table 3.1 or Table 4.9 the Engineer must give special consideration to the
filler metal to be used and the WPSs, as applicable.

'p1.1 pg 291 emphasis added
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8.3 Design for Strengthening and Repair

8.3.2.

8.3.3.

8.3.4.

Requires that stresses in the areas affected by strengthening or repair be established
and the possibility of accumulated damage be considered.

Requires that the previous loading history be considered in designing strengthening
and repair.

Requires consideration for repairing or replacing corroded or otherwise damaged
parts.

8.4 Fatigue Life Enhancement

8.4.1.

8.4.2.

Permits the use of the following five fatigue life enhancement techniques:

. Profile Improvement

. Toe Grinding

. Peening

. TIG Dressing

. Toe Grinding plus Hammer Peening

Requires that any resulting increase in stress range due to fatigue life enhancement
be established by the engineer.

8.5 Workmanship and Technique

8.5.1.

8.5.2.

8.5.3.
8.5.5.

8.5.6.

8.6 Quality
8.6.1.

Requires existing base metal to be in contact with new base metal shall be cleaned
and free of dirt, rust, and foreign matter. However, ad herent paint films as per SSPC
SP2 (Surface Preparation Specification #2-Hand Tool Cleaning) may remain. All
portions of old and new base metal to receive welding shall be cleaned for at least 2
inches in each direction from the weld root.

Stipulates that, if required by the engineer, existing discontinuities shall be repaired
prior to heat application for straightening, curving or welding.

Weld repairs, when required, are to be made in accordance with subclause 5.26.
Requires that the temperature in heat straightening shall not exceed the limits set out
elsewhere in the code, nor shall accelerated cooling take place from above 600°F.
Requires that the sequence of welding and of welds made during strengthening or
repair welding shall result in a balanced heat input around the neutral axis with a view
to minimizing distortion and distortion.

Requires that all members and welds affected by the work shall be visually inspected
according to the Engineer’s requirements.
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Attacking the Question

Attacking the Question

Keywords

Primary vs. Secondary Keywords
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ATTACKING THE QUESTION

Each question in the D1.1 code book exam will test the ability to navigate through vast amounts of
information. Test takers are not expected to answer questions from their own knowledge or memories,
but rather they are expected to dive into the code book itself to locate the answer.

“Attacking the Question” means to take an offensive, proactive approach to finding answers. The first
step in this approach is mental; Test takers must understand that every answer to the D1.1 exam is
inside their code book. There is no need to be nervous or anxious. Following this simple approach will
ensure that test takers have enough time to complete the exam and obtain a passing score.

Before starting the search for the answer to any question, test takers must ask themselves two
important questions that if answered correctly, will point them towards the correct answer:

1. What are the keywords in the question (and answers)?
2. What is the question asking for?

Attacking the question begins with this simple step. Once those questions have been answered, your
understanding of the code, familiarity with the clauses, and some simple strategies that are covered in
the coming chapters will combine to make the answer quite apparent. Your next step (which will be
addressed later in the book) is to answer more specific follow up questions:

3. Should my answer be in a text, table, or figure?
4. What clause should | expect my answer to be in?
5. Should I start by using the Index? Table of Contents? List of Tables? or List of Figures?

+ All questions on the D1.1 exam can be addressed by going through this process. As test takers practice
utilizing this system, their speed and accuracy in locating specific information will increase, allowing for
- more efficient test taking.

'KEYWORDS

There are specific words in each question that give you a clue as to where to search for your answer. All
guestions have a few important words that were intended to point you to a specific part of the code.
These crucial words are called keywords. Keywords are words or phrases that act as a road map through
the question. Let’s look at a few examples:

1. What is the lowest[ambientItemperature]at which welding may be done according to AWS
DI1.1?
a) Less than 0°F
b) Less than 18°F
¢) All the above
d) O°F
e) 18°F

a
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In the example above “ambient” and “temperature” are the two keywords.

Some might be tempted to highlight “welding” and “AWS D1.1” as keywords as well. However, in the
context of the exam, all questions will be related to welding and AWS D1.1 one way or another. Knowing
these terms will not help to narrow the search. In fact concentrating too much on those terms might
have a detrimental effect- they might broaden the scope of the search unnecessarily. Therefore it would
be counterproductive to choose “welding” or “AWS D1.1” as key words.

Note: If one were to index the word “temperature” and look for the subheading “ambient,” this will lead
straight to sub clause 5.12 on page 198 (see image 1).

The answer which is ‘d’ is contained in paragraph (1) and in the note (see image 2).

/

5122 Minimum Ambient Temperature.  Welding
/ shall mot he
< (1} when the ambaent empernture s lower than O°F >
(2} when surfaces are wet or esposeéd 1o rain, spow, or

Image 12.1 (3) ligh wind velocibies, or

(43 when welding personnel are exposed 1w inclement
conditions.

NOTEFero™F daes nov arears dhe oulifen envirsgaes
T remperature, buf the reperatone i the fmanediote DR
ciiiry of  the  weld  The  ambdeirr  ewviconine el
remperatire oy be below 0°F (20°CT b o heated
stracttive or shelter aroind the area Defng welded may

%Mrn the tewmperature gdfacent Lo the n'e-.‘.r.'uiwy
N J=207°C ) o hiwirer

Image 12.2

PRIMARY VS SECONDAY KEYWORDS

Let’s consider another example:

2. What is the properiwidthiof a coupon from a 6 inch, Schedule 40 pipe?
a) linch
b) 1-1/2 inches
c) 1-1/4 inches
d) 2 inches
e) None of the above

In this example there are five keywords: “width,” “root,” “bend test,” “6 inch,” and “Schedule 40 pipe.”

Sometimes, as in the above example, it becomes necessary, for the sake of efficiency and speed to
differentiate between primary and secondary keywords.

Q
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e Primary Keywords are words or phrases that can be starting points for the search with the
navigation tools in the D1.1 code book: index, table of contents, list of tables, and list of figures.

e Secondary Keywords are words or phrases that cannot be utilized as starting points for a search,
but that are nonetheless necessary to answer the question. Secondary keywords add further
details that build upon the information provided by the primary keyword.

In the above example “width”, “6 inch” and “Schedule 40 pipe” are secondary keywords. Test takers will
not find these words as main entries in the index, table of contents, list of tables, or list of figures.
Nevertheless, once you find the sections of the code that have the provision for root bend tests, test
takers will need these words to answer the question.

“Root” and “bend test” are the primary words in this question. It is with these two words that test
takers must start their search. If you start with the index, look up “bend test requirements” (see image
3). This will lead to 4.9.3.1, 4.9.3.2, and 4.9.3.3. Only the first sub-clause (4.9.3.1, see image 4) has
provisions for root bend specimens. The text will directly to figure 4.12.

Bearing at points of loading, 5.23.10 4.93.1 Root, Face, and Side B:ImI Specimens (see
Sod i e rmulu:ld face bends, Figure 4.13 for side
bearing tiffeners, 5.23.10, 5.23.11.3 | |t 4 12x oot i fce b, Figore 413 foride
tolerances, 5.22.2, 5.23.11 that meets the requirements shown in Figures 4,15
Bend test I'IL‘{.|'I.IITCIT]EI'I|5. 4931.4932 through 4.17 or is substantially in conformance with
= T those figures, provided the maximum bend mdios is not
4-23-3 exceeded. Any convenient means may be used 1o move

Bend jig. 4911. F'I_E,H. 4 15=-4.17 the plunger member with relation to the die member

Image 12.1 Image 12.2

At this point secondary keywords come into play. Figure 4.12 has a table that includes schedule 40 pipes
above 4 inches (see image 5), and specifies a 1- % in. test specimen. The problem specifies a schedule 40
pipe which is 6 inches, thus greater 4 inches. The answer is ‘b.’

Dimansions

Tesl Specimen Widlh, W

Test Waldmeant in [mm]
Plate 1-1/2 [40]
Tast pipe or tube 1 [25]
= 4 in [100 mm] in diameter
Test pipe or tube 1-1/2 [40] — Cm—t—

= 4 in [100 mm] in diametar

Image 12.5

Another option is to use those keywords and start the search in the list of figures. The most appropriate
entry for our search is “Face and Root Bend Specimens” (see image 6) which will also lead you to figure
4.12 on page 168.

Qa
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4.11 Location of Test Specimens on Welded Test Plue 378 in [ 10 mm] Thick and Under—

W Rl ORI O s e e b e e R i e e b 167
4.12 Pare and ool Bt B S i e i e e R e e e e 168
413 oy B S T I M B i e i e e A T R R v T e ST s e P I B9

Image 12.3

KEYWORDS IN THE ANSWERS

Let’s look at another example:

a) Need not be welded full length or(removed

b) Need not be welded full length or(removed unless specified by the Engineer
¢) Need not be welded full length or{removed unless specified by the Contractor
d) Shall be(removed prior to inspection

¢) Shall be welded full length, need not be(removed

In the above example there are primary keywords in both the question stem and in the answer choices.
Often times, test takers will find that the starting point of their search will not be in the question but in

the answers. In this case there are two primary keywords (“backing” and “removal”) and one secondary
keyword (“statically loaded”).

If a test taker references the index “backing, removal of” they will find two sub clauses that are
referenced: 5.10.5 and 6.17.5. Sub clause 5.10.5 states that:

5.10.5 Statically Loaded Connections. Steel backing
for welds in statically loaded structures (tubular and non-
tubular) need not be welded full length and need not be
removed unless specified by the Engineer.

Imagel2.4

According to 5.10.5 the answer is “b”: “Need not be welded full length or removed unless specified by
the Engineer.”

The secondary keyword “statically loaded” structures was not necessary in order to find the
information. However, it is important to verify that 5.10.5 is a provision for “statically loaded structures”
which is the reason why it can be considered a secondary keyword in this example. 5.10.5 is a provision
for statically loaded structures because it is specified in the bold letters at the beginning of the
paragraph (see image 7).

Q
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WHAT IS THE QUESTION really ASKING FOR?

The D1.1 exam may contain questions where merely identifying the keywords will not be enough.
Instead test takers are going to have to ask themselves “What is this question really asking for?” For
example:

a) 1/32 inch
b) 1/16 inch
¢) 1/8inch

d) 3/16inch
e) 5/16 inch

The primary keywords are “reinforcement” and “procedure qualification test.” (Note: For the purpose
of explaining this concept, the answer is in sub clause 4.9.1 paragraph 3).

Notice that if either “reinforcement” or “procedure qualification test” are searched for in the index,
neither leads to 4.9.1 (3). (see images 2. 9 and 2.10)

Reinforcement, 2.12.2.1, 5.24.3, Prequalified joint details, 2.3.5.4,
5.243.1,6.17.3. C-6.17.3 224.1.2,39.2,3.134, Figs. 3.3~
removal of, 5.24.3.2, 6,17.3.3 3.6, 3'3_3'. l_] . _
ot retioved. 6.17.3.3. C-6.17.3.3 Pm::i.‘{lun:quuhlu.'.ulmn record (POQR).
4.7, Annex N
Image 12.8 Processes, 3.2.1, 3.2.2,3.2.3
Image 12.9

The next step is to ask “What is this question really asking for?” A question about maximum allowable
reinforcement for a procedure qualification test is an issue that can often arise out in the field. In other
words, this is an issue that would come up for a Welding Inspector as he/she is verifying if the procedure
qualification test is acceptable or not. The core issue in the question is “acceptance criteria” for a “visual
inspection” of a procedure qualification test, not “reinforcement” although it is a keyword.

Now search the index for these words (see images 10 and 11). Note that both have references to sub
clause 4.9.1.

Qa
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Acceplance crilenia, 5.15.1.1, 7.4.7
alwermate, 6.8
bend teste, 4933, 43141, 04933
fillet weld, 4.31.4.1

macroetch s, 4941, 4 3123

MT. 0 10,6.12.2

srontubular structures, 6.1 1,21,
612.2,6.13.1, 6,132

PT, .10, 6.11

Visual inspection, 4.9.1, 5.15.1.2, 6.5.3,
6.9, 7.557.77.13.7.7.14,
7.7.1.5.7.8.1. C-5.15.1.2, C-6.9,
C-7.7.14, Table 6.1

redeced section lension test, 4.9.3.5
RT, 612, 121

stud welding, 7.7
I.Il,"a, ‘.H:hj\ E | ]__1':

tubular structug® 6,121, 6,133

UT. 613

viswal, 49,01, 4.21.1, 6.9, Table 6.1
Image 12.10

Image 12.5

4.9.1 Viual Inspection of Welds, The sisial aoceplable
quahficatron for qualification of groove and Gllct welds
lexeluding weld 1whs ) shall conform o the following re-
quirements, & applicable:

4910 Visual Inspectbon of Groove Webds. Croowe
wields shall meet the following requirements:

i1} Amy crack =hall be unacceplahle, regardiess af
LIF.LH

12) All craters shall be filled 1o the full cross section
ol The weld

i3 Weld reinforcemert sholl not excesd 1
[} mm). The weld profile chall conform o Figore 5.4

all hove complete fuskon.
i4) Undercian shall not exceed 1732 i [1 mm].

(3) The weld oot for CIP grooves shall be inspected,
and shall pot have any crocks, incomplete fuson, or m-
adeuate jaint penetration.

163 For CIP groowes welded from one side withoui
backing., root concavily or melt through shall confonm o

the fallowing:

{a) The maximuim mal concavity shall be 116 in
12 mm]. provided the iotal weld thickness 15 equal o or
greater than that of the base metal.

ihd The maximum melt-through shall be R in
13 mm] except for whalar T-, Y-, and K-conpections,
where mell through s ot limed

Image 6.12
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Now consider subclause 4.9.1:

Paragraph (3) states that weld reinforcement shall not
exceed 1/8 inch. The answer is therefore “c.”

It is important to reiterate how crucial it is to ask
oneself “what is the question really asking for?” this will
allow test takers to answer questions whose keywords
are not necessarily directly related to an entry in the
index or in the table of contents. Instead, they can use
their welding knowledge to make an indirect connection
from the keywords to other words that are more
intimately related to what the test maker’s intent was in
formulating the question.
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Using the Index and Table of Contents
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USING THE INDEX

The index is the most effective and speedy tool that you have to look for information in the D1.1. A
large percentage of the inquiries that you have into the code will force you to start by flipping directly to
the index. If you know what you are looking for, the index will take you there.

Remember though most everyday tests require you to actually memorize and absorb the content of the
book, the D1.1 exam does not follow this pattern. The D1.1 exam will test your ability to navigate, not to
memorize. It is perfectly normal, indeed expected, for you not to know in what clause and sub-clause a
specific piece of information is found. The index serves as that map that helps you narrow your search
for the desired information. Learn to use it often. Learn to use it well.

Let’s look at a sample test question:

1.Steel backing for welds in statically loaded structures:
a) Need not be welded full length or removed
b) Need not be welded full length or removed unless specified by the Engineer
c) Need not be welded full length or removed unless specified by the Contractor
d) Shall be removed prior to inspection
e) Shall be welded full length, need not be removed

Backing is mentioned in four (4) clauses within the code: clause 2, 3, 5 and 6. Therefore, instead of
searching through all four clauses, it is much more time efficient to use the index in order to narrow
your search.

Go to the index to section “B” and find what is listed for ‘Backing.” See image 1.

Image 13.1

The index should list all of the section numbers where the code references backing. However, because
there are so many references we need a little more information to narrow our search. If you look at the
possible answers for our question, the word “removal” is referenced in all the answers, making it an
important keyword. Instead of the entry “backing”, it is better to look at the entry “backing, removal of.”
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Now refer back to the index (image 1) and notice that there are two separate sub-clauses under
“Backing, removal of”: 5.10.5, and 6.17.5. You can choose either reference to begin your search. We will
begin with the first one, 5.10.5 (see image 13.2).

Image 13.2

Sub-clause 5.10.5 is almost verbatim the answer choice ‘B’ in the question. We don’t need to look any
further.

As you can see with the use of the index, we have just saved time by avoiding searching clause 2, 3, and
6 which also refer to backing. We have just avoided sifting through more than 100 pages of text, tables,
and figures, and nevertheless found the right answer.

As you continue to practice using the index, you will begin to notice that though it is a great tool, it does
have its share of kinks and nuances. The following is a set of tips that will help you make better use of
the index as you navigate the code.

11
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HEADINGS AND SUB-HEADINGS

There are two types of entries in the index: headings and
sub headings. All the headings in the index are arranged in
alphabetical order and divided by each of the letters in the
alphabet. The sub-headings are arranged in alphabetical
order within each sub heading. Sub headings can be
recognized because they are indented farther to the left
than their respective headings.

In the example below “film” is the heading and “length,”
“overlapping cassette, ” and “width,” are the sub headings
(see image 13.3).

Image 13.3

When looking up information in the D1.1 you will often
look up a word that is a heading, and then look up another
keyword to determine what sub-heading to look up. Take
a look at the following sample test question:

1. Per AWS D1.1, what is the maximum fillet weld
size for a statically loaded lap joint on 1/4 inch
thick steel?

a) 1/8inch
b) 3/16inch
¢) 1/4inch
d) 5/16 inch
e) 3/5inch

Image 33.4

1n2
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CLAUSE NUMBERS vs. PAGE NUMBERS

The D1.1 code book, unlike most indexes,
references clause numbers instead of
page numbers.

For example, the entry for “Fillet Weld,
minimum size” refers you to sub-clauses
2.18.3,3.9,3.9.3.2,5.14,and 7.5.5.4
instead of pages 15, 61, 61, 198, and 283
respectively.

Naturally, the lack of page numbers
creates a delay of a few seconds when
trying to find a sub-clause because the
index does not point you to a specific

page.

However there is an advantage to having
the clause number. In the above
example, clauses 2, 3, 5 and 6 are
referenced. We know clause 2 deals with
design of welded connections, clause 3
with prequalification of WPSs, clause 5
with fabrication, and clause 6 with
inspection. With that in mind you can be
selective about which reference to go to
first. If you wanted to know the minimum
fillet weld size depending on the
thickness of the metal then you should
most likely check fabrication (clause 5)
first. If you wanted to know the absolute
minimum size of any fillet weld according
to the code then you would more than
likely find that information in design
(clause 2).

Combining your knowledge of the
general contents of each clause with the
clause references in the index will enable
you to find information quicker.
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Fatigue, cont'd

increase in, 2.6.5, 23164

behavior imprvement, 2.21.6.5

categories, 3.05.5, Tables 2.5, 18

eritici] members, 221,63

cumulative domage, 2.21.60.4

cyclically loadsd stiwctiies; 2,160,2,
Table 2.5

history, 8.3.3

life enhancement, 5.4

loading, B33

peeting, 2.2 1.6.603)

sizg ard peofile effects, 2.21.6.7

stress categonies, 22162, Table 2.7,
Fig. 2,13

stress cyeles, 221 6.1

stress mnge. 22161, Figs. 211,213

tubular strucses, 2.2 166, Takles

1728
Faying surfaces, 2.4.5.3, 3.22.1,
52433
FCAW (Flux cored arc welding). 3.2.1.
ERL]

hacking. 510, C-5.10
electiodes, 5,315,534, 5341
layer thickness, Table 3.7
limitations, 3,13, 3.2 4
PEWRET SOUTCES, 3.24,C-3.24
preguahified WPS, 3. 324
protection, 5,121
shielding gas; 5303, C-5.5.1.3
WS qualificaton, 4
essential vitriahles, Table 4,3
FCAW-0, FCAW-S, Annex K
Ferrules, 7.4.4
Fiber stresses, 2.21.3
Field welds, E.E.!
Filless {monmetallic), C-5.28
Filler metails
bisse metal combinations, 3.3, Table

11
ot wire. Table 4.5(7)
electrode-oy, 3.3, 3311
electrodes, 3.3, 5.3, Table 3.1
gramular, Tuble 4.5(8)
hyvdrogen control, Annes 06,2
mutlching requirements, 3.3, Tables
2318
powdered, Table 4. 504)
properies, Annes Y
stornre, 5.3.1.4, 532, C.532 |
strength level match, Table 2.3
welder group designation, 4,231,
423, C-4.23 Takie 4.13
Filler plates, 2,11, 2,111, 2.11.3, Figs.
21,249
Filler welds, 2.4.2
allowable siresses, 2642, 2.64.3,
Tables 2.5, 2.6

along sn edge, 24,249, Fo, 2.1

assembly tolerances, 522, 5.22.1.1

break tes, 4.12.2, 4.31.4,4.31.4.1

combination with PIP weld, Annex

concavity, 5.24.1

comvexity. 3.24.1. 5,243, Fig. 5.4

curved, effective length, 2.4.2.2

details, 3.9.2, Figs, 2.1, 3.1

effective area, 24.2.10, 2.24.1.1

affective length, 2421, 2422

affective throm, Annex B

end connections, 2.9.2, C-2.9.2

energy input, Arnex L Tabbe 12, Fig
1.4

fiodes, 2.9.4

interminent, 2.4.2.4, 294, 2.9.5

interrupied, 2.9.3.2

I josinats, 22413, Fig 2.4

longitsdinal. 2.9.2

macroetch fest for, 4.9.4. 4.31.2

meiinum siee, 2420, Fig 30
wleranee, 5.13
minimm size, 2185 39, 5,932,
3.014, 7554, Table 5.8
tolerance, 5,13
oppisite sides, of common plang,
2032 Fig 2.8
pipe positions, 4.3.4, Fig 4.6
prequalified, 3.9, 3,133, Figs. 2.1,
ER |
piofles, 53,24
reinforcing. 2.4.2.7, 274, 1.5,
Annex A
shear siress, 2.6.4.1
slots, 2.9.4
soundmess teat, 41211, Figs: 4.9,
4,20
sraight, 2.4.2.1
suils, 7553, 7554
lerminations, 2,176
lest plates, 4.1 2.1, C=4. 12,0
ransverse, 2.9.1.1
undersize, 5,13, C-5.13
WPS quulification, 4.12
Fulm {RT1
length, €,17.8.1
overlapping cassette, 6,17.8.2
widih, 6179
Fut-upiaderinee, 3031, 5324 1, Figs
33,34
Flare-groove welds, 24,14, 4.1 15,
Tahle 2.1
Flug position, 5.25.0.1, Figs, 4.1 -4 86
Fluorescen screens. 6174
Flux. 54.3,7.2.3
comdition, 3,.3.3.2.54.3
durmuged packuges, 5.3.5.2
drying, 3.3.3.2.5.4.3
Hectrode combination, 5.3.3.1

The first keyword is “fillet weld.” Once you
index the word “fillet weld” you will realize
that there is close to a third of a page of sub-
headings under that term (see image 13.4).
Now you have to look below the heading
“fillet weld” to all the sub-headings that are
between “fillet weld” and the next heading
which is “film.”

Now we have to determine what sub-heading
to look up in order to find the information we
desire. In this case “maximum size” is what
we are looking for, on lap joints in particular.

Scan to the middle of the second column
and find “maximum size, 2.4.2.9, Fig. 2.1.”
Now, go to sub clause 2.4.2.9 which is on
page 7. The code states that “The maximum
fillet weld size detailed along the edges of
base metal in lap joints shall be ...1/16 in [2
mm] less than the thickness of the base
metal, for metal 1/4 in [6 mm] or more in
thickness” (see image 13.6).

hase metal in lap joints shall be the following:

L in [6 mm ) thick (see Figure 2.1, Detall A),

2429 Maoximum Weld Size in Lap Joints, The
maximum fille! weld size detailed along the edges of

(1) the thickness of the base metal, for metal less than

2] 1fin |2 mm] less than the thickness of the base
metal, for metal 144 in [& mm] or more in thickness {see
Figure 2.1, Detaill B, unless the weld is designated on
the shop drawing o be built out o obiain full throa
thickness for o lei size equal o the base metal thickness,
In the as-welded condition, the distance between the
¢dge of the base metal and the toe of the weld may be
less than 116 m [ 2 mm ] provided the weld size s clearly
verifiahle

Image 13.6

In this case the maximum fillet weld size is
3/16in (1/4 in. less 1/16in. =3/16in.). The
correct answer is b.

Image 13.5
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SYNONYMS AND REPEATED REFERENCES

Look at the following sample test question:

1. What are the drying requirements for an AWS A5.5 low hydrogen electrode?
a) Bake at 400°F for at least four hours
b) Bake at 500°F for at least one hour
c) Bake at 500° - 800°F for at least two hours
d) Bake at 700° - 800°F for at least one hour
e) None of the above

In order to look up the answer to this question in the index you have to identify the key words. The
keywords in the question above are “drying” and “electrode.” Look up the word drying in the index (see
image 13.7) and you will see the sub-heading “electrodes” which will lead you to 5.3.2.4 (hint: the
location of the answer).

However, there are more ways to find the same answer. The first alternate route is to look up
“electrode” as a heading and “drying” as a subheading instead of “drying” as a heading and “electrode”
as a sub heading (see image 13.8).

Image 13.8

Image 13.7

Notice that one reference leads you to clause 5.3.2.4 and the other 5.3.2.1. In fact, both will lead you to
the right answer; one will take a bit longer than the other. Clause 5.3.2.4 states (see image 13.9):

5.3.2.4 Baking Electrodes. Electrodes exposed to
the atmosphere for periods greater than those allowed in
Table 5.1 shall be baked as follows:

. electrodes having low-hydrogen Toverngs
conforming to AWS AS5.1 shall be baked for at least two
2 between S00°F and 800°F [260°C and 430°Clor

Image 13.9
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If you refer back to the sample test question you will notice answer choice ‘c’ is exactly congruent with
5.3.2.4. Therefore if you referred first to 5.3.2.4 you would need to search no further. The question now
comes up: “What happens if | search for 5.3.2.1?” Let’s take a look at what that clause states (see image
13.10):

s I

T B el LM e cWEREER R BM o TR%A) el BLE %P Vil 0l §d% il bRk Bk Rl

of at least 250°F [120°C]. Electrodes shall be re
more than once. Electrodes that have been wet

l"\ii- Ll L'HJ"‘I
Image 13.10

Notice sub clause 5.3.2.1 refers back to 5.3.2.4 for the provisions on electrode drying. However, this
route is precisely one step longer and more time consuming than going directly to 5.3.2.4. Nevertheless,
it is inevitable that you will often not select the shortest route to the information you are seeking.
Regardless the route you choose, it is important to know that there are multiple routes to the same
information.

There is yet a third route to get the same answer which is relevant to the concept of synonyms. A
synonym is a word having the same or nearly the same meaning as another word or other words." You
may have noticed that neither of the clauses used the word “drying.” The actual technical term for
keeping electrodes dry in the oven is called “baking.”

The index has the word “baking “as a heading (see image 13.11).

Image 13.11

! http://www.answers.com/topic/synonym
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Notice that the references include 5.3.2.1 and 5.3.2.4 as well as two other references in clause 5. Out of
the headings we have looked at so far (“drying” and “electrode”) “baking” is the more complete one

because it includes the whole section on drying electrodes (see image 13.12).

2| Low-Hydregen Floctrode Stornge Contt
Tindas Al eleciskes eiving low-lvdrogen covemnes ool-
formung o AWS ASL ard AWE AS.S shall be pomchased
in hermeticully sesbed commuinars or skall bz hakec by the
weer in cohlirmance widb 5324 prar o s Imiesdi-
atzly after openicg the bermetically senled congaines,
clectrmbss shall he skonesd in ovens hedd Bl s fempersine
gl Jeast 2507F [120°C ), Electombes shall be ndlaked g

maome e Flecrndes that bave been w
LIRTEREN
S22 Approved Atmasphiric Time Pe A leE

metically sealed contniners are opened ar nfer ekec
e pre reinesed T bakiag or Siesmge ovens, i
cheitrode cxposune 10 he atroaphons shall mon ciceed §
velues shivam - in columm A, Tabie 3.1, for the speci
edectoods classilication witl motional supslemental dey
nirines, whese :rppli'.‘uhk' Flecirambes fTrh'HH' izl che b
spbeme B perivel lesis tham chease alloeel by cilanmn|
Tabder 5.0 oy bz ctumeed tie o okl osen s Lai
JEFF [E207C] mim.; wfler o minimom Auld period

A% for each elecreds clessiflearion and rach elacrode
manulaciumer. Such jesis skl eoablish tha ibe masimem
maisre Soneor viles o AWE A5 5 are nol exesaded,
Adcitionally, BINE or BEAIER-X (AWS A5, or ASE]
I hydrogen dectrode coverings =aall b limited 45 o
AT TR A eIl 00 Caceedimg Ak 3% By weighl
Thesz dectrodes shull not be used ot relative humedity
tempgrmare combinations Ll exceed either the relative
humbdity or maisure content 1 s air ten prosailed
during the sesting propram

ric charn, chall be dsed in lhe detenmination of lempen
tur-relative Iuivse

2 A2d Baking Eledrnmles. Elotmdes oypuspl D
sl Lo peniioads preoter e U adliomad n
Tahle 5.1 snall b haesd as folkws:

[1p Al elactrodos hasing Faw-hydiogen  covamigs
cuifeemang, o AWS AS ] sl be baked e g0 domst mw
hivars bewpen SECF ond B00FF [ 200°C and 4MFC, o

(23 Al electrodes Tuning kow-hpdiegen consiiigs

Image 13.12

haur ot femperaiures betwesn THEE pne 800FF (AT00C

Ao nlniane i of one lalf e (LR I [ R H XTI
+ e lemiperaisne 1o the Dol baking  emperions
Fimal baking dme skall sion after e oven reaches !
bacing remperanine

17 Steels. When uscd for welding ASTH A 518
A SIT steehs, clecerades af oy elassification lower thap
ENONN-X excent for ERHAM zml EYOXKIER, shall
bebed ul least oo bour at demperatunes belveen
NCF imd SHCF SN0 amd 23000 befone hei
\ber fummishiedd 0 bemmedically smilbel concicers o
rwise

3Lk SAW Eleeirndes omd Fluses SAW may ke per
Feamed walls one ar mare single cleetnsdes, one e g
pacallel electrudes, or comnimations of single and poralle
electrades, The spacing between ancs shall be such thar
the slag cover oser the weld metal prodisced by o leading

ments. The hire electmudes and Mus used in combinution
fog AW ol sieels anll condorm o the requircisenls i
the latest edition of AWS AS17, Specificarion far Cuer
e Seel Flechrondes ond Flioeer fie Sicbvnerped A
Wednling, oo o e vegquinenents of e lodest alition ol
AW AT DY S i fiar Faow Afloy Sieed Flen iroude s
ot Pl Tor Subwaeredt Are Wl

£33 Condition of Flus. B w2 e 550 el
bee alry zmif Free of contominaion From dirt. mill sele, ar
ther Tone g maberml. Al Tls shol Be parchosed in

i rr|i|1i|11||Ir'| ||.“'11I|1.‘1'.IIIIIL‘ W FMEF [0 for ioe

lx=fnse s Flics, shall- b= placed b il liap 3 B ARG
immedinely wpen cpeping o poekags, or i wed from an
ppangd pockage, the top ome inch sholl 50 discarded
N el feas D et clvall nog b mee

4mr

1233 Flus Hedamatisne 5AW flus that o mo
beep melted duricg the weliling operation may be raosed
afjer fecovery by viuuming. colch pams, sweeping, o
ther nezans. The welklime Ebricabr swll e o sysim
o collezting uneneted Tus, addivg oew s, and weld-
Ing with the muxrire of these rwe suet thar the flus cam-

L

Note: Although “baking” appears as a heading in the index, it does not appear as a sub-heading under
electrodes. This is why synonyms are so important to finding the correct information. If you look under
the heading “electrodes” for “baking” and find that it does not appear, then you can look for the sub-
heading “drying “instead.

1n6

Licensee=University of Texas Revised Sub Account/5620001114
Not for Resale, 08/29/2012 23:40:24 MDT

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS



Other examples of synonyms include “Oxygen cutting” and “Thermal cutting” as well as “Cyclical
loading” and “Fatigue.” The importance of synonyms is that 1) If you cannot find a word as a heading
look it up as its synonym, 2) There is more than one way to reference information in the index.

TABLE OF CONTENTS

The Table of Contents (TOC) is another efficient and speedy tool at your disposal to look up information
in the D1.1 code book. On the exam you may find that you will use the table of contents to a lesser
degree in comparison with the index. However, understanding how to use the TOC will provide you with
another great tool to find information within the code.

There are some important differences between the TOC and Index that changes the way we use the TOC
to navigate through the code.

e The TOC is divided into three parts. There is a Table of Contents (image 13.13) which contains
references to text only. Additionally there is a List of Tables (image 13.14) which corresponds to
tables only. Finally, there is a List of Figures (image 13.15) which corresponds to figures only. On
the other hand, the entries in the Index contain references to text, tables, and figures.

Table of Contents

Fage No.
(dedviantivs

st il Tadefes..

F T Al T IS oottt e nas et cmenea e neas s SERa mes i o8t £t et e et £ e o £

L. (.mdalm.qmrmwnl:... e e e Aty i i, e iy i
1! Scope.. e
1.2 Limi 'J|I|. nis
o Dl doms
1

|
Lol Iy O] S s om0 B0 0 i i L L s s s

Image 13.13

List of Tables
Talule Fage No.
| Effective Sire of Flare-Groeve Welds Filbed Flush. e
2 7 Loss Dimcnsgion (Manwbalary _ .
23 ARowahle SRR o N ———
14 Equivakent Saren gih Cocffcicms for "3l|'-liq||l:"' Loafded Flilet Welds. oo
L5 Faligue Sress Desapn Paromctors ... o
L Alreable Stresses m Tubula Coomec imn “d-u.l\ FRT— N
Li Stiess Ualepories Tor Tepe amd Laocabom of Matenal for Llll.ul N SOCHOEE w.iuinnsi smcismm )
Image 13.14
LIST OT FIgUres
Figura
r Mlaminaum Filler Weld Size Along Edipes n Lap Joimld o wn
ri| Tramsiticn of Bun Jeines in Pans of |.'I-.||| al Thickness (& :.|.|u| ¥ Loadkd .’“-l
a3 Tramsivinm of Thicksewses (Statically Londed Momisholer)
rd Tramwversoly Lisdad Filleo Welda
1.5 Mimimum Lesgih of Longinsfingl Fille Wekis a8 Bl of Flae or Fla Bar Sembers
Zh Termumatnms ul Wellds MNear Badpes Subyect B Tensum i
3.3 End Keimrn or Flesible Connectbons z 3 4T
rd | Fillet Welds on (ppanioe Sides |I||-1I1"'}|IP.1'.II 47
Image 13.15
1n7

Copyright American Welding Society
Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



INDEX

Backgouging, 3.12.1, Table 4.5(35)
chipping, 5.15.2
grinding, 5.15.2
oxygen gouging, 5.15.2, 5.17
Backing, 2.17.2, 2.18.1. 3.12.1,. 5.2.2, Text

25,3.1,32,49
filler metal combinations, 3.3,
Tables 3.1, 4.9
inspection, 5.15.1.2, C-5.15.1.2
limitations (wbular), 2.27.1
limatations (general), 1.1.1
notch toughness (tubular), 2.27.2,
C-2.272

prr:purmil;. 5.15
qualification, 4.8.3, Table 4.8 /" 1_p1es
removal, 5.26
repair, 5.19.1, 5.224.1, 5.26
specifications. 2.21.1
stresses, 2.6.3
surfaces, 5.15
thermal cutting, 5.15.4
thickness, 3.5.1
toughness, 2.27.2
unlisted, 3.3,4.8.3

Base plates, 2.7.2.1, 2.7.2.2

Beams,
access holes, 5.17. Fig. 5.2
built-up edges, 5.19.1
camber, 5.23.3, C-5.23.3
copes, 3.17, Fig. 5.2
cover plates, Table 2.5

Figures
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e Page numbers vs. Section Clauses. The entries in the TOC reference page numbers as opposed

to the entries in the index which reference clause and sub clause numbers.

Index

Paint removal, 5,15, 6.26.3, 85,1
Parallel electrodes, 5.3.3
Peening, 2.21.6.6, 5.27
acceptable peening, 5.27, C-5.27
slag removal, 5.27.1

use of vibrating wols, 5.27.1
Penetrameters, see hole-type 1Q1 or
wire 1Q]
Performance qualification, 4 Part C
Personnel qualification for NDT, 6.7,

Table of Contents

6.27.2
Page No.
Y RTINS o i s 8 o O 0 B R S VR S SR RSN s 17
3.}' W1. Id. I.}I,.'HE". ............................................................................................ ST W TR TR S 17
225 Limitations of the Swength of 'h‘u:idcd Connections...
:.j_’ﬁ l.I-I'.Il.‘kI1i."'\.."-|. T Elll'\lll‘.lll .............................................................................................................................
2T IEAERTTNT N SRR - o s st i b bbby ek o b b b e 22

e Chronological Order vs. Alphabetical Order: The entries in the TOC are organized according to
the order of appearance of the content in the D1.1 while in the Index they are organized in
alphabetical order. Notice that in the Table of Contents all the entries are under eight (8)
headings which correspond to the eight (8) clauses in the code. Additionally, notice that all the
clauses and sub clauses are arranged in numerical order according to the order that they

appear in the code.

Index Table of Contents
L Pn.quullrullurl of WS a9
x iH | b
Ay, B0 BT S T BT 1.2 It .50
3.3 Base Metal'Fibler Mot Combaisstions ... P
34 Engineers Appraval for Assiliary Anuchmems B
v A5 Mmimuam Preheal amd Inerpass Temperature Beguisemenis ... ... LBl
3065 Lienbtarion of WPS Variables Tl
Yichl line analysis, €228 1, Fig- 3.7 General WPS Requirements, . 1]
C-2.10 36 Commaon Roguiternomts for Narallc] *{.lrn-d-: .|n-.1 ’\Iulllpl-: [ beoirods ‘vr\'ﬁ"... Flikai |
Yield sarenpah. 237.1.0. 227,12 .1'.'-' Flllet Weld Fedpuiremenes o e miismmiiinm s |
A 1 |I:I Plug and Sl Weld Requirements............. 1 |
Il Commmeom Rn.quln:nlLu's.-:l! PIP and CIP |.-|"l.l-."" [ '||"r|.I-.Is il
i 12 PIP Requirements ¥ i (i)
z 313 CIP Groove Weld Regpuirements b et s A b e T
T bosa, 2347 1. Tables 2.2 2.8 4 Posiweld Heat Trestememl ..o i
L 1T T 1 1T - PSR OUOUOPUPTR .. |
4] CECoP e 125
Part A—Cieneral Reguiremenis 125
&2 ererall ...l 125
4.3 Comnen 'tl.ql.lll'\.'l'l'll.l'l" I-.u WIS and "-\ ldimg Fersonne] Ferformance Qualification ... 12
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HOW TO USE THE TABLE OF CONTENTS

The differences between the Table of Contents and index are significant enough to call for a different
strategy when using the TOC. When looking up information in the TOC it is helpful (though not entirely
necessary) to have more than just a keyword. When using the index, a keyword is enough because you
can look up any word or phrase alphabetically using the first letter of the word or phrase. Because the
TOC is arranged in order of clauses and because it is divided up in three parts (text, table, and figure),
there is additional information required when using it as a starting point in your search.

When looking up the answer to a question in the TOC ask yourself two questions:

1. What clause should | expect the answer to be in?
2. Should | expect the answer to be a text, table, or figure?

Let’s look at an example:

2. Whatis th@ermitted ona3/8 inc\,‘ fillet weld having an actual

b) 3/32inch
¢) 1/8inch
d) 3/16inch

The primary keywords are “maximum convexity” and “fillet weld.” The question is really asking for the
permissible tolerances in convexity that a welder can deem acceptable on the weld during its
fabrication. Essentially, the question is targeting the amount of “wiggle room” a welder has in the
convexity of a fillet weld.

Now let’s go back and answer the two questions.
Q: What clause should | expect the answer to be in?

A: The answer should be in clause 5 that deals with fabrication. Allowable tolerances in convexity
variations is an issue that comes up during the actual welding process. The welder has to know
what are the limits of convexity while fabricating the fillet weld.

Q: Should | expect the answer to be a text, table, or figure?

A: You should expect the answer to be in a table. If you take a look at the possible answer choices
in the question, they are all different fractions of an inch. It is therefore probable that the
information we are looking for has formulas in order to determine the allowable tolerances for
weld profiles in general, convexity in particular. This is probably too much information to be in text,
and too numerical to be in a figure. It is most probably in a table.

With this in mind let’s take a look at the List of Tables in Clause 5.
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Table Page No.

54 Limits on Acceptability and Bepair of Mill Induced Laminar Discontinuities in Cut Swrfaces.... .. 208

55 Tiibatlir Bact Ondming TOMMOAR . i e i s s i 1 s aemrindopes e 7 i e i 98 P Primca

56 Camber Tolerance for Typical Girder ...........

3.7 Camber Tolerance for Girders without a Designed Concrete Hauncha o s e o s 209
LT T 00 T OO .. |
CORmMECTIONG e v miesiiereris s ssns 241

6.4 Hole-Type IO RIS .. oix o rancmssics oorsinmay asisissi iisiss ssas smsbissssssiyens suas sps passsay e 5sss nsas 3 ows ppassresvyssmssasssse ro iy

6.5 Wire 1O RetuimeImiemis oo oiaiimemcansassrnssasstio sonnsa sonsnanassn sepassasesos saissesm 242

L) TN Sedection and PLACEIICIT. oo iwwniasoniimiimes s ressssssesnsnsbon i sbias 243

6.7 TESLINE AR ..o ecieevrrecessmseressse e s e s sesmnssses ssnsssmssrans 244

1.1 Mechanical Propery RequUirements FOF SIS .......cci ceeeesiesmeesssncmssisssssns e sase ssssssees sasis s sas sesns sasssssnsssnsnssmsn S8 1

As you can see, tables 5.9 and 5.10 are tables dealing with weld profiles and weld profile schedules. The
reference refers to page 210. Let’s look at page 210.

Table 5.9
Weld Profiles® (see 5.24)

Jmnt Type

Huit with

Webd Type [en Comer—Inside  Comer—utside T-lmni Lap Shelfl Bar
Fipure 544 Figure 5 48" Figure 3.4C Figure 5404 MIA Fiaure 540
Crrosove (TP or PIPY
Schedule A Schedule B Schedulz A Schedulz B A Sec Bolce
MNIA Figure 54k Flpure 5.4F Figure 3.4E Figure 54K MNiA

ﬁ Lilbet

NIA Schedule ©  Schedule Cor ¥ Schedule C Schedule C [N A

' Schedules A throogh D are given in Tuble 5, 100

"Fur r!"ll'rdjr-i'illtl Il weerlilss o) nirel F':.' rln'\iy;ll e |1||1I'|'L' resimcEams B ﬂ:,-' famei By el bk, ol GFleg u:|1:||'.|t|~1:|.

= Wil ook using shiell burs aud welds between hooeomal bers of ucegual isckisss o exempt o B ad © loesios.
S Figure 3 AF for a deserlpdon of whese Scheduls © and D oapply

Table 5.9 and 5.10 are tables concerned with weld profiles. For fillet welds you go table 5.9 and notice
that you are referred to table 5.10 schedule C. The question is asking about a face width of 9/16 in
which means we have to look at the second line for face widths greater than 5/16 of an inch. The “C
Max” which is an abbreviation for “allowable convexity” is 1/8 in which means the answer to our
question is ‘C’.

| 1
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Table 5.10
Weld Profile Schedules (see 5.24)
Schedulbe A (1 = thickness of thicker plate jomed for CIF; 1= thioat sive for PTF)
| K min R mnx,
<110 [25 mm] ] LB 0 |3 )
Pl s, 0 316 in 15 mrl
B —. - e e e
Schedule B {1 = thickness of thickar plate joined for CIP; = throat size for PIP: C = allowabla convexily oF concavity)
L K min. H mix, . C i
< 1 in 25 mm] f wnlintited i L i 3 mm ]
z | in[25 mm] 0 unlimited 0 36 in [3 mm]
Scheduke © W = width of weld fae2 or individuab surface bead, © — allowakdle convexiy)
W C ntin. C s
=316 in [ mm)| 0 LT an |2 mm|
ST 0 e
=10 [25 mm| i 3o m [5 mm)
Schedube: I (1 = thickness of thinner of the exposed edge dimensions; sce Fipune 5.4F)
i Comin i,
wmmy vilee of | 0 2
o cyetically Inaded structures, | e For matersals > 2 (50 mm | thick i 306 i[5 mm],
‘e shall nal exceed B,

210
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Chapter 14

Text, Tables, and Figures
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1.1 Scope

This code comzins the Meuurements fow Tabrscal ne aimed
erecting wielded steel stroctures, When this code s stipo
lated in contract documents. comformance with all o
fions of the code shall be regoired, except for those
provisions thil the Engineer {see 141 or conlract docu
meants specifically modifies or excimpts,

The fol lwing is a summany of the code clauses

. General Reguirements, Thes clorse contains basic
informatron on ihe soops and hmitabons of the code, key
delimitbons, and the major responsbilities of the paries
imvalwed wink «ree] Babricmion

INTRODUCTION

The D1.1 code book presents information in three distinct
formats: text, tables, and figures. Learning to properly
read the information and understanding what type of
information each format contains is vital to efficiently
navigating the code. Each information format- text, tables,
and figures- has its own structure and nuances. Becoming
familiar with these differences will facilitate locating
pertinent information, whether you are in the field or
taking the certification exam.

TEXT

Table 2.1

Effective Size of Flare-Groove Welds Filled Flush {ses 2.4.1.4)

Wekitmy Prwew e Besed-Liponye

I b Vv

The D1.1 code book is a voluntary
consensus standard, developed in

Sk e PN ety ek accordance with the rules of the American
i _ e cicks National Standard Institute (ANSI). The
ml..-sl:lu. cutside surfacr stipulations contained therein are written
in an extremely precise manner. Phrases
e and paragraphs are thoughtfully chosen
__t [2mm and carefully constructed in order to maximize clarity
m‘\.\ BN and minimize the need for interpretation.
i 3% T

BASE METAL LESS THAN BASE METAL 144 in [& mm]
1/4 in [E mm] THICK OR MORE IN THICKHESS

i8] 8}
MAXIMUM DETAILED SI7E OF FILLET WELD ALONG EDGES

Figure 2. 1—Maximum Fillet Weld Size
Along Edges in Lap Joints (see 2.4.2.9)

Any provision that is prefixed by the word “shall” is mandatory unless
modified by the Engineer in the contract documents. The word “should”
highlights practices that are not required though they are recommended.
The word “may” signifies procedures or practices that are optional, and that

may be used as a supplement.

“Shall,” “Should,” and “May”

The D1.1 code uses the words “shall”, “should”, and
“may” to signify different standards of enforcement as
stipulated in sub clause 1.3.6 on Page 2.

Shall = Mandatory

Should = Recommended

May = Optional

Some provisions may contain any combination of the words “shall”, “should” and “may” in the same

clause or sub clause. As such, some sections of the sub clause may be mandatory, some may be

optional, others may simply be recommendations. Please examine the following example:

114
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4.8.4 Preheat and Interpass Temperature. The minimum preheat and interpass
temperature should be established on the basis of steel composition as shown in
Table 3.1. Alternatively, recognized methods of prediction or guidelines such as
those provided in Annex |, or other methods may be used. Preheat and Interpass
temperatures lover than required per Table 3.2 or calculated per Annex | may be
used provided they are approved the Engineer and qualified by WPS testing.

Clauses, Sub Clauses, and Parts

There are eight clauses in the D1.1:2010 code. Each of the clauses has a varying number of sub clauses,
which are organized numerically by topic. In the example below, Clause 4, which outlines requirements
for “Qualification”, is divided into thirty-nine (39) sub-clauses. Sub-clause 3 “Common Requirements for
WPS and Welding Personnel Performance Qualification” has four (4) additional sub-clauses, of which,
sub-clause 2 is named “Aging”.

4.3.2 Aging. When allowed
‘ I— Sub-clause

Clauses two (2), four (4) and six (6) are organized in a slightly different manner than the other clauses. In

addition to sub clauses, these three clauses have “parts.” Clause two (2) for example, which details the
design of welded connections, starts with the scope and then divides the rest of the clause into Parts A,

B, C, and D.
Part A 22-2.4 Nontubular and Tubular
PartB 2.5-2.12 Statically Loaded or Cyclically Loaded
PartC | 2.13-2.19 Cyclically Loaded
PartD | 2.20-2.27 Statically and Cyclically Loaded

These divisions are utilized to further organize the information. Even though these four clauses are
divided into parts, they are still numerated using the same system as the rest of the document.

The importance of knowing what each part contains lies in the growing ease you will develop for
referencing necessary information.

For example, consider the following question:
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What is the minimum length of a fillet weld?
a) 3inches
b) Twice the base metal thickness
c) 4times the normal size of the fillet weld
d) 6inches
e) Size shall be specified on the drawing

Realizing that the question is related to the design of welds would lead to clause 2, but knowing that the
question is specifically asking about welded connections, would lead directly to Part A, whereby
reducing the length of time necessary to find the information. In this case, the answer is ‘C’ and is
referenced in 2.4.2.3 on page 7 of the D1.1:2010.

TABLES

A table presents information in a visual manner, generally through the use of rows and columns. After
the text section of each clause you will find the tables corresponding to that clause. The most time
efficient means of locating a specific table is to search the ‘List of Tables’ on page xxiv of the D1.1:2010,
which lists each table by its title and page number.

The D1.1 code book utilizes tables as a means of organizing large amounts of data into a finite amount
of space. Subjects that inherently have many variables, properties, or standards of measurements are
prime candidates to be organized in a table.

Some tables contain information that is quantitative. Table 3.1 for example contains all the prequalified
combinations of base metal and filler metals.

Other tables organize information that can be more qualitative in nature. Table 6.1 details the
acceptability of different criterion when visually inspecting welds.
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As test takers review the tables in each clause they will become familiar with the type of information
that each contains. The more familiar they become with each clause’s tables, the easier it will be to
recognize that a test question references a particular table. Sample tests and practice questions will help
test takers identify the tables that are most often utilized. These study tools will help build speed in
answering questions and reading tables.

Types of Tables

Although all tables are organized in rows and columns, not all tables share the same structural form. It is
important to become acquainted with the different types of tables and learn how to read them
properly. The following are four (4) different types of tables with directions on how to read them.

\ J
Y

To read the table above, one must first look to the left column and identify a steel specification. Then
read directly across in a horizontal line to match up the minimum vyield strength and/or the tensile
range. The column on the right of the table applies to all of the steel specifications on the left. For
example, if a welder were welding APl 2H Grade 50 using the SMAW process, all the selected
information in the above table would apply.

1
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The two tables above differ from many of the other tables found in D1.1 in that they work in conjunction
with one another, and are of little use on their own. To read the table one must first know the type of
weld, the type of joint, and the weld profile. For example, if an engineer needed to find the allowable
convexity of a Fillet weld on a T-joint with a weld face that is 1 inch wide for a statically loaded structure,
then the first step is to find Fillet under weld type in table 5.9. Next, he/she must read directly across
the row under T-joint and see schedule C.

1
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He/she would then need to move to table 5.10 and find schedule C in the left hand column and look

under W to find the appropriate width which is “> 1in.” Looking across that row under C max, he/she
would see that the maximum allowable convexity is 3/16 of an in.

As already mentioned, the information in table 6.1 is more qualitative than quantitative. The criteria for
visual inspection of welds are on the left side of the table. The X’s and grey shaded areas differentiate
this table from others by indicating whether or not the variables on the left of the graph apply. For
example, under number (7) undercut, part A applies only to statically loaded nontubular connections
but neither cyclically loaded nontubular connections nor to tubular connections.

1
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Table 3.7 may be tedious to read because of the combination of grey shaded areas and incomplete rows
and columns. The key to read this table is to follow the horizontal lines straight across the table even
when they are cut off by the grey areas.

For example, the darkened horizontal line above should help identify the major divisions in the table. All
the area above the line refers to maximum electrode diameter. If a test taker were searching for the
maximum electrode diameter for GMAW welding in the vertical position, he would have to look under

|”

“vertical” in the position column in the maximum electrode diameter row. Then look straight across

through the grey shaded area to the GMAW column, and you will see the maximum of 3/32 in.
Text, Table, or Figure?

Due to the instances of duplicated information, some answers on the D1.1 test can be found in a portion
of text, in a table, and/or in a figure. Conversely, you may see a question in which the answer can only
be found in a small paragraph, in one row or column, or in a specific diagram. For this reason it is
important to develop the skill of being able to predict whether the answer will appear as a text, table, or
figure, or in any combination of the three.
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FIGURES

Figures, like tables, are visual tools that use diagrams to present information graphically. After
the tables in each clause you will find the figures for that clause. To find a specific figure you
can flip towards the final pages of a clause, or you can go to the ‘List of Figures’ on page xxvi
which lists each figure by its title and page number.

The D1.1 code book uses figures in order to present information that is best understood
through a visual representation, like a diagram or drawing. Information that refers to the parts,
tolerances, and measurements of a weld connection, for example, can be expected to be found
as a figure within the code book.

Some figures can be composed exclusively of diagrams and drawings that refer to different
parts of the subject. Figure 3.5 for example contains the prequalified joint details for PJP T-, Y-,
and K- Tubular connections. Other figures may have a combination of diagrams, formulas, and
tables. Figures 3.3 and 3.4 for example, are diagrams that provide the details for prequalified
joints, but they also use tables in order to show the different maximum and minimum
standards and measurements.

As with tables, becoming familiar with the types of figures is important in order to help you
build speed in referencing the information you need, whether in the field or on the test. As you
take sample tests and review each clause, take note of the information contained in each figure
and which figures may be most often utilized.

TYPES OF FIGURES "

MATERIALWIZTH
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FOOTNOTES

The majority of tables and figures in the code book have footnotes that provide further
information about the table. The footnotes appear as a small letter called a “superscript,” often
times near words or numbers. These superscripts refer to a sentence or paragraph at the end of
the table or figure beginning with the same letter.

There are three types of footnotes found in the D1.1 code: global, regional, and local.

e Global footnotes are footnotes that apply to the whole table or figure. For example, in
table 3.7 footnote ‘f’ (which is the superscript at the end of the title) is the only global
footnote which you must read in order to understand the table. In this case footnote ‘f’
states that “the shaded area indicates nonapplicability”. The purpose of the footnote is
a guide to how to interpret the grey shaded areas.
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e Regional footnotes are footnotes that only apply to a section or region of the table or
figure. For example, in table 3.7 footnote “g” applies to all of the information in the
column furthermost to the right which concerns ‘GMAW/FCAW'. It reads: “GMAW-S
shall not be prequalified” signifying that all of the information under GMAW will not

apply to the short circuiting process.

e Local footnotes are footnotes that only apply to a specific term, number, phrase, or
paragraph in a table. For example, in Table 3.7 footnote “b” applies to the maximum
electrode diameter for all weld types while welding in the vertical and overhead
positions. The footnote modifies the maximum diameter to “5/32 in for EXX14 and low-
hydrogen electrodes.” Notice that because it is a local footnote it must be placed on
both “fillet’ and ‘groove’ in order for it to apply each weld type.
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SYMBOLS AND ABBREVIATIONS

In order to economize space, the tables in the code book use a set of symbols and
abbreviations. Usually these are defined within the table in order to allow the reader to
understand the formulas or phrases that the table employs. However there are some terms
which are used repeatedly throughout the book and merit some attention. The following is a
list of common symbols and abbreviations and their meanings.

Less Than

Greater Than

Greater Than or equal to

IV |IN|V | A

More Than

Incl. | Literally ‘included’ which means the provision includes the measurement or item
immediately preceding the word. For example “1/8 to 3/32 inch” means that 3/32 of an
inch is included.

FORMULAS

In lieu of exact measurements, some tables have formulas or equations that are meant to be
applied to a specific problem or situation. Formulas are mathematical expressions that utilize
variables to stand for real life measurements. A figure, 3.3 & 3.4 for example, is a series of

combined diagrams and tables which contain equations needed to derive various tolerances.

Below is a possible situation where you would need to apply the formula.

1. What is the maximum depth of bevel S, for joint designation B-U3c-S when welding 3-'/, inch
thick plate?
a)1%inch
b) 11/8 inch
c) 1linch
d) 7/8 inch
e) % inch

1726
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METRICS vs. INCHES

The D1.1 codebook contains tables and figures both in metric and US Customary Units (SI).
However, the D1.1 test is completely in SI. Therefore, test takers will not see any questions and
answers in metric. Test takers will not need to utilize the tables and figures that are in metric
within the code book (pg 86-93; pg 106-115) unless they are outside the United States. In order
to facilitate navigating through the codebook, both in the field and taking the test, it could be
beneficial to staple or paperclip these pages together in order to not confuse them with their Sl
versions (pg 77-85; pg 95-105).

LEGENDS

Several tables and figures in the code are preceded by a legend. A legend is a code or key for a
table or figure that lists and explains the symbols that are used in that table or series of tables.
Whenever it becomes necessary to compress a large amount of information into a table or
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figure, the writers of the D1.1 utilize symbols and abbreviations. Therefore, without referring to
the legend it will not be possible to interpret the corresponding table or figure.

Most of the time, legends are placed prior to the table or figure like figures 3.3, 3.4, 6.1, 6.2,
and 6.3. Otherwise the legend may appear within or immediately after a table or figure such as
tables 6.2, 6.3, and 6.7. Wherever the location, it is absolutely essential to read the legend
carefully and thoughtfully prior to attempting to interpret the table or figure.

The legend for figures 3.3 and 3.4 on page seventy-seven (77) determines how to interpret the
subsequent forty (40) pages of figures.
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If a test taker needs to know the permissible range for the root opening, as fitup, for the
prequalified joint TC-U8a-GF, first it would be necessary to find the diagram for a TC-U8a-GF
prequalified joint on page 103 and search under ‘Root Opening”. According to the figure, the maximum
permissible range is “R=0 to 1/8.” To verify this test takers could cross-reference the legend in page 77

which defines “R” and root opening.

All of the diagrams for figures 3.3 and 3.4 will require cross-reference to the legend for symbols and

abbreviations.

) ) ) ! 129
Copyright American Welding Society
Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114

No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



Chapter 15

Tabbing and Highlighting
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TABBING AND HIGHLIGHTING

Tabbing and highlighting are two important tools that will help you create personalized ‘shortcuts’ in
navigating the code. Tabbing makes flipping to important sections of the code easier and faster.
Highlighting will help you go back and quickly identify portions of the code that you think are essential.
Recall that the D1.1 is a timed test. The faster you can find information within the code, the greater your
chances of passing the exam.

TABBING

What should you tab? Developing a balance between tabbing too little and over tabbing is important.
When you are getting ready to tab, we recommend you start with the biggest sections of the code:

e Table of Contents

e List of tables

e List of figures

e Clauses 1 through 8
e Index

With those sections tabbed you will able to flip to all the important places rather quickly; any additional
tabbing is up to your discretion. Remember, over tabbing can make finding a specific part of the code
complicated. You do not want to be shuffling through your tabs to find a spot in the book. Keep it
simple.

What shouldn’t | tab? There are three sections that are recommended for you not to tab.

e Annexes
e Commentary
e Tables and Figures in Metrics

There are two types of Annexes, normative and informative. Normative Annexes (pg 293-332) “contain
information and requirements that are considered a part of the standard.” Informative Annexes (pg
333-409) “are not considered part of the standard and are provided for informational purposes only.”?
The commentary is prepared “to generate better understanding in the application of the code to
welding in steel construction.”® The tables and figures that are in metric (instead of Sl) is of no use to
you outside of the United States. Do not expect test questions on these. We therefore recommend for
you not to tab these sections of the code.

! AWS D1.1/D1.1 M:2010 pg 293
> AWS D1.1/D1.1 M:2010 pg 293
> AWS D1.1/D1.1 M:2010 pg 413
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How should | tab? There is, believe it or not, a right and wrong way to place your tabs on the code book.

The recommended way to tab is to place the tabs for “Table of Contents”, “List of tables”, and “List of
Figures” and “Index” on the top of the code book. The tabs for all the individual clauses we recommend
you place on the right side of the code book.
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The following is a step by step explanation to help you tab your code book in the most efficient way:

1. Open the code book to the first page of the clause that you want to tab. Let’s say you want to
tab clause 1. You should have the first page of clause 1 on your right hand side and a blank page
on your left hand side. See image 1.

2. Now, lift the page immediately prior to the first page of clause 1 which is the blank page. (On
the other side of the blank page you will find the last part of the List of Figures section). Now
place the tab labeled “clause 1” on the top right hand corner of the last page of the List of
Figures section. See image 2.

3. Now let’s practice flipping to clause 1. Close the code book. Now grab the tab and open to
clause 1. Notice that although you tabbed the page previous to clause 1, you are in fact looking
at the first page of clause 1. See image 3.

Image 1

Image 3

Image 2
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HIGHLIGHTING

Highlighting is a great skill to have in order to refer back to those parts of the code you thought were
important. However, there is a danger of doing too much. The golden rule for highlighting is “do not
over do it.” The following are a few tips to keep in mind when highlighting the code:

Get the big picture. Before you highlight anything within each clause make sure you have read the scope
and the summaries of all the major sections. This way you have a better understanding of what is and
what is not important in that particular clause.

Do the practice exams first. The practice exams give you a general idea of what types of information is
tested on more often than others. If you see yourself revisiting a table, figure, or portion of the text two
or three times in a sample test, it’s a good idea to highlight that table, figure, or portion of the text.

Inspection vs. Engineering. The D1.1 test is made for Certified Welding Inspector’s, not for engineers.
The parts of the D1.1 that delve into subject matter that are more engineer oriented in nature (“z-loss
factor” for example) you should avoid highlighting. On the other hand, sections that are central to an
inspector’s responsibilities (“acceptance criteria” for example) are very important to highlight.
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Chapter 16

Test Taking Tips
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MULTIPLE CHOICE EXAMS

The D1.1 Certification Exam is comprised entirely of multiple choice questions. All the questions,
without exception, will be multiple choice problems. Becoming familiar with the structure of this type of
guestion is paramount to acquiring the critical thinking habits necessary to tackle each question.

Each multiple choice problem begins with a prompt, question, or incomplete sentence, followed by
several answer choices to choose from, only one of which is correct. The D1.1 test will provide five (5)
answer choices for each problem which means four (4) choices will be incorrect. You should think of
these as distractions meant to lure you away from the right answer.

A good way to think about choosing the right answer is treating each answer choice as a true and false
guestion. When you read each answer choice say to yourself ‘does this choice answer the problem in a
way that is true or false?’

1. ACIP groove weld qualification on % inch thick plate qualifies a procedure for what
range of thickness?

a) Otolinch FALSE
b) O to % inch FALSE
c) 1/8to1inch TRUE

d) 1/8 inch to % inch FALSE
e) None of the above FALSE

Only B can answer the problem in a way that is true.

As you take the sample tests at the end of this book you will begin to develop your own intuitive way of
quickly deciphering which is the correct answer. However, there are general strategies that can be used
for multiple choice tests and applied specifically for the D1.1 exam that will quicken your ability to read
the problem and find the right answer.

ATTITUDE

Keep in mind that the D1.1 exam will test your ability to navigate, not to memorize. Furthermore, the
exam will be an open book test. You will be allowed to take your D1.1 code with you into the test. It is
expected that you will have your book prepared in order to make it easier to find the right answers. The
vast majority of the questions will require you to dive into the code.

Therefore, as you practice do not panic if you do not know the correct answer upon your first reading of
the problem. Instead, learn to use the keywords in the problem and the answer choices to your
advantage to find the answer in the code book. Learning to glean each question to pick out the
keywords is the most crucial skill you need to pass this test.
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UNDERSTANDING THE QUESTION

Getting a firm grasp of what the question is actually asking for is the most important tool you need to
answer any question on the D1.1. Test takers commonly make the mistake of choosing an answer that
may present good information, but does not address what is really being asked. The key is taking the
time to read, think, and understand the question.

Read the question. D1.1 is a timed test. You will experience pressure in trying to keep a good pace
throughout the test. However, you should not rush through your first reading of the question. Go
through the question at a speed that allows you to determine what is being asked.

Re-read the question. If you do not understand the question in your first reading, do not skip to reading
the answers. Instead, re-read the question. It is better to skip over a question you don’t understand,
than to try to answer a question under false assumptions.

”n u 2 ” u

Important keywords. Words such as “none”, “only”, “except”, “al

I”, “always”, and “every” often alter the
meaning of a problem. Underlining or circling these words may help you keep them in mind when

answering the question.

Answer the actual question. It is a good idea to check that are you are answering the actual question
before you bubble in you answer. You will be more confident that you made the right choice.

PROCESS OF ELIMINATION

Eliminating wrong answers is one of the surest ways to increase the probability of choosing the right
answer. If you cannot determine what the correct answer is, you can work backwards by crossing out
the ones you are sure to be incorrect.

For example if you are able to eliminate one (1) wrong answer you have increased odds from 20% to
25% of getting the right answer. Eliminate two (2) and that number jumps to 33%. If you are able to
reduce the answers to two possible choices, you have a 50% chance of getting the right answer.

Read all of the answer choices carefully before crossing out answers or even choosing your answer. This
way you will avoid eliminating answers that may appear to be incorrect but are in fact correct. For
example, phrases like “all of the above” , “none of the above” and others that include two or three
answers like “both A and C” will necessarily be inclusive of other answers that are only partially correct.
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Often the correct answer may be very similar to another answer but only have a small difference. In
these cases it is important to look back at each answer and identify what is the key distinction. Then go
back to the question and determine which option best answers the question.

Finally, do not be afraid to guess. However, it is important to make educated guesses. If you cannot
determine the right answer, try to narrow your choices down to 3 or 2 answers. This way you will have
increased your chances of getting the right answer.

TIME MANAGEMENT

D1.1is a timed test. You will have two (2) hours to answer approximately 50 questions which means you
will have an average of 2.4 minutes per question. Practicing your timing and pacing is a major
component of preparation for the test. There several important tips to help you get a handle on your
ability to manage your time during the test.

Don’t get stuck. If you cannot find the answer to a question that has become difficult for you, skip it,
mark it, and come back to it latter. You cannot afford the luxury of investing 5-6 minutes on any one
question. It is preferable to answer the questions that are easy first, and then come back to the more
difficult ones later.

Refer to your watch sparingly. In can become counterproductive to look at your watch every few
minutes. This may slow down your pace as well as make you feel like you need to rush. A good strategy
is to put markers on your test so that you remind yourself to check the time every ten (10) questions.

Pace yourself. Being hasty can be a roadblock to reading the test and the code book carefully. The more
your practice taking the test, the more you will begin to feel comfortable with an appropriate rhythm for
answering questions.

Take a few breathers. If you feel yourself tightening up or getting too jittery, its recommended to take a
few seconds to take a few deep breathes and settle down. You should see this as an investment to help
you remain focused and apt to answer questions with precision.

Save your last 3-5 minutes. You should use your last few minutes to erase any stray marks and bubble in
any answers you left blank. The D1.1 test does not penalize you for guessing. A question that is left
blank is as equally incorrect as one that has a wrong answer. Therefore you should make sure that no
guestion is left unanswered.

TRUST YOUR GUT

Studies have shown that your initial answer choice is usually correct. Although for most of the answers
in the D1.1 exam you will have to search for in the code book, you should trust your gut instincts as to
what are the keywords, where to look for the answer, and what is the correct answer choice. If you have
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prepared well for the exam, and gone through this work book, you should walk in to the test with a
certain degree of confidence to tackle each question.

There are no answer patterns. Do not be weary if you have answered ‘C’ for five questions in a row. It
may very well be the correct answer. Test makers do not usually create patterns for the answers. If you
believe to have answered each question to the best of your ability, do not second guess yourself.

It’s ok to change an answer. Sometimes some information you read on a question will trigger your
memory and make you recall an answer to a previous question you know to be wrong. This is very
common. Do not be afraid to go back and make a change on your test. The key is to trust your gut and
make the change.

USING SCRAP PAPER

Several questions on the D1.1 exam will require that you apply a formula found in the code book to the
specifications given in a question. These questions might require the use of scrap paper to calculate the
answer. If you are not careful this extra work may make room for careless errors. When using scrap
paper you want to follow two important tips: 1) Double check that you write the accurate formula on
your scrap paper, and 2) double check that you transfer the right answer from the scrap paper to your
test. It can be very frustrating to calculate the right answer, but get the question wrong because of a
misspelling, a stray mark, or a simple mistake. This way you will have skirted any possibility of careless
errors.

SIMULATE THE TEST ENVIRONMENT

Taking sample tests in a similar test environment is the most effective way to predict your outcome on
the test. If you score 85% when you are taking the sample test, while recreating test day conditions, you
can expect to do close to the same on the test. Therefore it is important to follow a few guidelines when
taking sample tests.

Timing. Set aside two hours of time, no more and no less, to take the test. If you finish early, go back and
erase stray marks, bubble in unanswered questions, and check your answers just like you would on the
test. Additionally, try to discipline yourself not to go over the two hours. If you see yourself running out
of time, speed up your pace just like you would on test day.

Testing Conditions. Make sure that you can take the sample test uninterrupted. Find a quiet room with
adequate lighting. Do not take the sample test while you are tired or sleepy as this will not be an
adequate indication of how well you will do on the test.

The code book. Take the sample tests with your code book tabbed and highlighted like on the day of the
test. In addition to simulating the test environment, this will allow you to assess the effectiveness of
your particular style of tabbing and highlighting.
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RELAX

Studies have shown that being anxious or too excited can decrease your effectiveness as a test taker. It
is important to try to relax and breathe easy. This way your performance will not be hampered by extra
emotional weight.

Some stress is ok. Stress and performance are related in such a way that you do need some stress to do
great. Expect to have stress before and during the test. However, prepare yourself to accept it as part of
the process. Positive self reinforcement is a part of any good test taker.

Be aware of your posture. Be conscious about your comfort levels. Try to sit as comfortably and loosely
as possibly without slouching or hunching over. It is a two hour test, so sitting in an awkward manner
may give you pains in the latter half of the test. If you find yourself too stiff, take a small break to
breathe and fix your posture, then continue.

THE DAY BEFORE

How you prepare for the test the night before is often underappreciated and taken for granted. There
are several important tips that will help you be in the right state of mind for the test.

Do not cram the night before. There is a way to over-study that fatigues your mind and does not allow it
to recuperate for the test the next day. The day of the test you want to feel fresh. Do not over work the
night before.

Get a good night’s rest. Studies have shown that without rest the brain cannot recall information quickly
and accurately. At the same time, do not oversleep. Your best bet is to sleep the average amount of
hours that you sleep every night.

Eat a sound breakfast. Your brain cannot think properly without proper nutrition. A good balanced
breakfast is crucial to having a fresh mind that can access your critical thinking skills.

PRE-FLIGHT CHECKLIST

The following is a list of all the important steps that are recommended prior to taking the D1.1 exam.
The same way a pilot has to run through a check list prior to takeoff, this list contains all the steps that
will guarantee adequate preparation for the D1.1 test.

Pre-Flight Checklist J

Review Clauses 1-8
Practice Indentifying keywords — chapter 12
Practice using the Index — chapter 13
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Practice using the Table of Contents — chapter 13

Practice predicting answers as Text, Table, or Figure — chapter 14

Tab the code book — chapter 15

Highlight the code book — chapter 15

Take Sample Test 1

Review and correct wrong answers

Take Sample Test 2

Review and correct wrong answers

Take Sample Test 3

Review and correct wrong answers

Review Test Day Instructions

The Day of the Test J

Eat a good breakfast

Arrive 10-15 minutes early to test site

Take your tabbed and highlighted D1.1 code book
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Chapter 17

Sample Tests
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AWS D1.1 Practice Examination Sample Test 1

Read each question carefully and select the one best answer. It is helpful for you to write down the
clause and subclause number(s) and page number(s) where you found the answer. The exam
should be completed within a one hour period.

1.What is the suggested filler metal classification for welding ASTM A131 Grade DH32 steel with
GMAW?
a) E7015
b) ER70S-X
c) AWS AS.1
d) AWS ASS
e) AWS AS.18

2.When fillet welding a 3/8 inch stud in the flat position with an E7018 electrode, what diameter
electrode must be used?

a) 1/8inch
b) 3/16 inch
¢) 5/16 inch
d) 3/8inch
e) 7/16 inch

3. How long does welder certification last per AWS D1.1?

a) 3 months

b) 6 months

c) 1 year

d) Indefinitely

e) Indefinitely, unless not engaged in the process for more than 6 months at a time

4. With a single electrode for SAW, what is the maximum size single pass fillet weld that can be
deposited in the horizontal welding position when using a prequalified procedure?

a) 5/32 inch
b) 3/8 inch
c) 5/16 inch
d) 1/4inch
e) 1/2inch

5.How often are visual examinations required for inspectors under AWS D1.1?
a) Once, within last 3 months of CWI certification
b) Once each year
c) Once each 3 years
d) Once every three years or less if necessary
e) None of the above
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6. When stress relieving a weldment at a temperature of 150° F below the minimum specified
temperature, what is the minimum holding time per inch of thickness?
a) 1 hour
b) 2 hours
¢) 3 hours
d) 4 hours
e) 10 hours

7.Steel backing for welds in statically loaded structures:
a) Need not be welded full length or removed
b) Need not be welded full length or removed unless specified by the Engineer
¢) Need not be welded full length or removed unless specified by the Contractor
d) Shall be removed prior to inspection
e) Shall be welded full length, need not be removed

8. The maximum weld reinforcement permitted for a welding procedure qualification on pipe or
tubing having a wall thickness of 0.208 inch is:
a) none permitted
b) 1/16 inch
¢) 3/16 inch
d) 3/32inch
e) 1/8inch

9.What is the difference between the AWS AS5.1 and AWS AS.5 specifications?
a) One is for electrodes and the other one is for base metals
b) One is for SMAW electrodes and the other one is for FCAW electrodes
¢) One is for plain carbon steel base metals and the other one is for low-alloy steel base metals
d) One is for plain carbon steel electrodes and the other one is for low-alloy steel electrodes
e) None of the above

10. Tack welds incorporated into SAW welds shall also meet the following:
a) Fillet tack welds shall not produce objectionable changes in the weld surface appearance
b) Electrodes for tack welds shall meet the requirements of the final welds
c) Preheat is not required for single pass tack welds
d) Fillet tack welds shall not exceed 3/8 inch in size
e) All of the above

11. For GMAW, which is not considered to be an essential variable for procedure qualification?
a) achange in the number of electrodes used
b) a change from a single shielding gas to a mixture of gases
c) achange of 5% above the mean amperage for each filler metal diameter used
d) achange in the position of welding
e) achange in the type of groove

12. Which of the following SMAW electrodes is not included in the F2 group?
a) E6012
b) E6010
¢) E6013
d) E6014
e) none of the above
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13. How much overlap is allowed on a procedure qualification test coupon?
a) None, the weld shall merge smoothly with the base metal
b) 5% of base metal thickness
¢) 1/32 inch
d) 1/16 inch for lengths less than 2 inches in any 12 inches of weld, otherwise 1/32 inch
e) 1/8inch

14. What is the maximum root opening for welder qualification testing on CJP tubular butt joints
without backing?
a) no limit
b) 1/16 inch
¢) 1/8inch
d) 3/32inch
e) 3/16 inch

15. What is the lowest temperature at which welding can be done without preheating a 1/2 inch thick
ASTM A36 carbon steel?
a) O°F
b) Below 32°F
c) 32°F
d) 70°F
e) None of the above

16. What is the classification of a suitable FCAW filler material for joining ASTM A516 Grade 55
steel?
a) AWS AS.17
b) AWS A5.23
c) AWS AS.18
d) AWS A5.20
e) None of the above

17. What plate repair is required when a 3/4 inch long laminar discontinuity is discovered in an oxygen-
cut edge?
a) Remove and reweld
b) Grind to determine depth and reweld if deeper then 1/8 inch
¢) Grind to determine depth and reweld
d) Inspect with ultrasonic testing and remove and reweld if deeper than 1/8 inch
e) None, need not be explored

18. Welding shall not be done when the ambient temperature is:
a) lessthan —20°F
b) less than 32° F
¢) lessthan 0°C
d) less than 0°F
e) none of the above
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19. For the prequalified joint B-L2¢-S, what is the range of root face dimensions, as fit-up, permitted
for a base metal thickness of 1 inch?
a) 3/16to5/16 inch
b) 1/4 to 5/16 inch
¢) 1/4 inch maximum
d) Not limited
e) 0to5/16inch

20. What is the minimum preheat and interpass temperature for FCAW on 1/2 inch thick ASTM A500,
Grade A steel, when the base metal temperature is less than 32°F?
a) none
b) 150°F
c) 70°F
d) 225°F
e) 300°F

21. For a fillet weld joining 1/2 inch thick statically loaded nontubular members, what maximum length
of 1/16 inch deep undercut is allowed in any 12 inch length of weld?
a) 1inch
b) 1-1/2 inches
¢) 2inches
d) 2-1/2 inches
€) none

22. When rounding the corners of the finished bend test specimen, the maximum allowable radius is :
a) None
b) 1/16 inch
¢) 3/32inch
d) 1/8inch
e) Dependent on the thickness of the bend test coupon

23. How much depth of undercut does AWS D1.1 allow on 3/8 inch thick plate for a procedure
qualification?
a) No more than 1/32 inch on test coupons less than 1 inch
b) Up to 1/16 inch for lengths less than 2 inches in any 12 inches of weld on test coupons less than 1
inch thick
¢) No more than 1/16 inch on test coupons more than 1 inch thick
d) Combination of a), b), and ¢), above
e) No more than 1/32 inch for any thickness of test coupon

24. What is the maximum time an E7018R electrode may be exposed to the atmosphere if established
by testing?
a) 1/2 hour
b) 1 hour
¢) 4 hours
d) 9 hours
e) 10 hours
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25. What is the test position where the axis of the pipe is at 45 degrees and the pipe is not rotated while

welding?
a) 1G
b) 2G
c) 5G

d) 6G
¢) 3G

A
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Sample Test 1
Answer Key
... |
Question Index Text Table Figure Answer
Subclause | Page | Number | Page Number | Page
1 Filler metals, matching 33 59 3.1 65 b
requirements
2 SMAW, of studs 7.5.5.6 283 b
3 Welder Qualification, 42.3.1 126 e
period of effectiveness
4 3.73.2 60 3.7 73 c
5 Eye Examination 6.144 220 d
6 5.8.2 196 53 208 e
7 Backing, removal of 5.10.5 197 b
8 4.9.1.1 127 e
(€)]
9 Electrodes, shielded metal | 5.3.2 193 d
arc
10 Tack welds 5.18.4; 200- e
5.18.5 201
11 4.8.1 127 4.5 142-144 c
12 4.13 155 b
13 Visual inspection 49.1.1 127 5.4 214 a
3)
14 427 (2) 134 424 (A) | 178
15 Preheat 3.5 60 3.2 note | 68-70
a
16 Filler metals, matching 33 59 3.1 64 ®
requirements
17 Discontinuities, repair 5.15.1.2 199 5.4 208 e
18 5.122(1) | 198 d
19 Prequalified joint details 34 96 ®
20 35,484 60; 3.2 note | 70 c
125 a
21 6.9 221 6.1 239 c
(MA)
22 Bend Test Requirements 493.1 128 413 & 169 d
4.12
23 Undercut 4.9.1.1 127 e
4)
24 Atmospheric exposure 5.3.23 194 5.1 208 ®
time periods
25 Test Weld Positions 434 126 4.4 160 d
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AWS D1.1 Practice Examination Sample Test 2

Read each question carefully and select the one best answer. It is helpful for you to write down the
clause and subclause number(s) and page number(s) where you found the answer. The exam
should be completed within a one hour period.

1.

What is the maximum permitted separation between the back side of a butt joint and its backing bar?
a) 1/32 inch

b) 1/16 inch

¢) 3/32 inch

d) 1/8inch

e) 3/16inch

Which of the following methods cannot be used to remove unacceptable work on quenched and
tempered steels?

a) oxygen gouging

b) machining

c) chipping

d) grinding

e) candd

If a welding operator qualifies in the 2G position, for what groove weld positions is that welding
operator qualified?

a) 2G plate

b) 1G pipe over 24 inches in diameter

c) IF plate

d) 2F pipe over 24 inches in diameter

e) Both a) and b)

If a CJP groove welding procedure is qualified in the 6G position, what positions are qualified for
production?

a) F, H, and V groove welds only

b) All position fillet and groove welds, except for T- Y- K- CJP groove welds

c¢) FandV groove welds only

d) H, V, and OH groove and fillet welds only

e) All position groove welds only

What does AWS D1.1 say about interpass weld cleaning?

a) Nothing, AWS D1.1 does not cover cleaning

b) Interpass cleaning may be done using a needle descaler or a hand chipping hammer and a power
brush

¢) Slag shall be removed from the weld crater before resuming welding after any interruption

d) b)andc)above

e) None of the above
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6. The groove welding position where the inclination of axis is 35 degrees and the rotation of face is 200
degrees is:
a) Flat
b) Horizontal
¢) Vertical
d) Overhead
¢) Botha)andb)

7. What is the specification of a suitable FCAW filler metal for joining ASTM A516, Grade 55 steel?
a) AWS A5.17
b) AWS A5.23
c) AWS AS.18
d) AWS A5.20
e) none of the above

8. Tack welds and construction aid welds shall meet visual inspection requirements if:
a) the tack welds are not incorporated into the final weld
b) preheat is required
¢) the construction aid welds are not removed
d) a)and b) above
e) a)and c) above

9. What are the storage conditions required for a low hydrogen electrode after removal from its’
hermetically sealed container?
a) Atleast 250°F in an oven
b) At least 450°F in an oven for AWS A5.1 electrodes
c) Atleast 500°F in an oven for AWS A5.5 electrodes
d) b)and c)above
e) None of the above

10. When strengthening or repairing an existing building, the portions of surfaces that are to receive welds shall be:
a) cleaned of dirt and rust except adherent paint need not be removed
b) cleaned thoroughly of all foreign matter including paint for a distance of 1 inch from each side of the weld
c) cleaned thoroughly of all foreign matter including paint for a distance of 2 inches from the root of the weld
d) inspected by dye penetrant prior to welding
e) visually inspected for a distance of 1 inch from each side

11. What is the minimum preheat temperature for welding 1 inch thick ASTM A36 plate with an E7018
electrode?
a) O°F
b) 32°F
c) 50°F
d) 70°F
e) 150°F
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12. What is the proper width of a root bend test coupon from a 6 inch, Schedule 40 pipe?
a) 1inch
b) 1-1/2 inches
c) 1-1/4 inches
d) 2 inches
e) None of the above

13. For the prequalified joint B-L2c-S, what is the maximum root face dimension permitted, as fitup, for
a base metal thickness of 1-1/4 inches?
a) 0-1/8inch
b) 1/4 inch maximum
¢) 1/2 inch maximum
d) 9/16 inch maximum
e) 5/8 inch maximum

14. What is the maximum prequalified size a single pass, 2F weld on ASTM A36 plate could possibly be,
according to AWS D1.1, if welded with an E7018 electrode?
a) 5/32 inch
b) 5/16 inch
c) 3/8inch
d) 1/2inch
e) None of the above

15. In welding ASTM A514 and ASTM A517 steels, how long must the inspector wait before performing
visual inspection for acceptance?
a) when it is cool enough
b) 4 hours
c) 48 hours
d) 10 hours
e) not specified

16. When welding 2 inch thick ASTM A588 steel for exposed, bare, unpainted applications using the
SMAW process with a prequalified procedure, which electrode suffixes will produce a deposited
weld metal having similar corrosion resistance and color matching as the base metal?

a) B2

b) no suffix
c) B3

d) B2L

e) G

17. When fillet welding a 1 inch stud in the overhead position with an E7018 electrode, which of the
following electrode diameters may be used?
a) 1/8inch
b) 3/16inch
¢) 5/16 inch
d) 3/8inch
e) 7/16 inch
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18.

19.

20.

21.

22.

23.

24.

What is the lowest temperature at which welding may be done according to AWS D1.1?
a) Less than 0°F

b) Less than 18°F

c) All the above

d) O°F

e) I8°F

Per AWS D1.1, what is the maximum fillet weld size for a statically loaded lap joint on 1/4 inch thick
steel?

a) 1/8 inch

b) 3/16inch

¢) 1/4inch

d) 5/16 inch

e) 3/5inch

When the weld is transverse to the direction of tensile stress in a cyclically loaded primary member,
what is the maximum allowable depth of undercut for material under 5/8 inches thick?

a) 0.01 inch

b) 1/32 inch

¢) 0.0625 inch

d) 1/8 inch

e) not specified

An E6020 electrode would be included in which group?
a) F1
b) F2
c) F3
d) F4
e) F5

Can a WPS using GMAW-S be qualified under AWS D1.1?

a) No, GMAW-S is the exception, and therefore is not prequalified

b) Yes, GMAW-S is a code approved process and is therefore a prequalified process

¢) No, under no circumstances can the short-circuiting GMAW process be used on structural steel
under AWS DI.1

d) Yes, provided the WPSs are qualified in conformance with the requirements of Clause 4

e) Both a) and c)

What plate repair is required when a 3/4 inch long laminar discontinuity is discovered in an oxygen-
cut edge?

a) remove and reweld

b) grind to determine depth and reweld if deeper than 1/8 inch

¢) grind to determine depth and reweld

d) inspect with ultrasonic testing, remove and reweld if deeper than 1/8 inch

e) none; need not be explored

Could OFW-A be used to weld on a job that required AWS D1.1 code conformance?
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a) Yes, if the procedure was qualified per Clause 4

b) No, AWS D1.1 does not recognize oxy-fuel as a welding process

c) No, only arc welding processes may be used to weld structural steel
d) Yes, OFW-A is a prequalified process under AWS D1.1

e) Bothb)andc)

25. When may studs be furnished without flux?
a) Studs used for arc welding to steel members with the use of automatically timed stud welding
equipment
b) Alternative head configurations shall be permitted with proof of mechanical testing
¢) 5/16 inch diameter studs
d) All of the above
e) Studs smaller than 5/16 inch diameter
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Sample Test 2
Answer Ke;
Question Index Text Table Figure Answer
Subclause | Page Number | Page Number | Page
1 5.22.1.1 199
5.26; 205-206; a
5.15.2 199
3 Welding Operation 4.19.1.1 132 4.11 151 ®
Qualification
4 Qualification, WPS 4.4 126 4.1 138 b
5 Cleaning 5.30.1 207 €
6 Test Weld Positions 43.4 126 4.1 157 | ¢
7 3.3;534 |59;195 3.1 65 d
8 5.18.1(2) | 200 e
9 Low hydrogen 5.3.2.1 194 a
electrodes, storage
10 8.5.1 292 €
11 Preheat 3.5 60 3.2 68-70 €
12 Bend Test Requirements | 4.9.3.1 128 4.12 168 | b
13 3.13 62 3.4 96 d
14 Maximum root pass 3.7.3.2 61 3.7 73 b
thickness
15 6.9 221 6.1 (5) 239 €
16 3.7.3 61 3.3 note 71; 65; d
1;3.1 67
note b
17 SMAW, of studs 7.5.5.6 283 b
18 Temperature, ambient 5.12.2 (1) | 198 d
& note
19 Fillet welds, maximum 2.4.2.9 7 2.1 43 b
size
20 6.9 221 6.1 (7) 239 a
B)
21 Filler metals, welder 4.13 155 a
22 GMAW (Gas Metal Arc | 3.2.2 59 d
Welding)
23 5.15.1 198 5.4 208 e
24 Processes 323 59
25 Stud welding, flux 7.2.3 281 e
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AWS D1.1 Practice Examination Sample Test 3

Read each question carefully and select the one best answer. It is helpful for you to write down the
clause number(s) and page number(s) where you found the answer. The exam should be completed
within a two hour period.

1. What is the range of thickness of base metals that AWS D1.1 covers?
a) All thicknesses
b) All thicknesses exceeding 1/8 inch
¢) Only thicknesses between 1/8 inch and 1 inch
d) Thicknesses of 1/8 inch and greater
e) Only thicknesses between 5/16 inch and linch

2. Per AWS D1.1, what is the maximum fillet weld size for a lap joint on 1/4 inch thick steel?
a) 1/8inch
b) 3/16 inch
¢) 1/4inch
d) 5/16inch
e) 3/8inch

3. All welds are to be inspected by which of the following nondestructive methods?
a) MT
b) VT
c) PT
d) UT
e) paint film thickness measurement

4. Fora CJP groove weld procedure qualification on a 1/2 inch thick test plate, what is the maximum thickness for
which that procedure will be qualified?

a) 1/2 inch
b) 3/4 inch
¢) 1inch

d) 1-1/2 inches
e) 2inches

5. For the prequalified joint TC-U8a-GF, what is the permissible range for the root opening, as fit-up?
a) 0-1/8inch
b) 0-3/16 inch
¢) 0-1/4inch
d) 1/16-3/16 inch
e) None of the above

6. When two 3/8 inch thick plates are joined in a lap joint configuration, what is the maximum size fillet weld that
can be specified on the plate edges?
a) 3/8inch
b) 1/4inch
¢) 3/16inch
d) 5/16 inch
e) none of the above
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7. If a welding procedure is being qualified for a CJP groove weld using 6 inch schedule 120 pipe, what range of
wall thicknesses will that procedure cover?
a) no limit
b) 3/16 inch to unlimited
¢) 1/8to 3/4 inch
d) 0to2T
e) none of the above

8. For RT of 1-1/2 inch thick plate, which hole-type IQI designation is required (Source Side)?
a) 20
b) 25
c) 30
d) 35
e) 40

9. What is the specification of a suitable SAW filler material for joining ASTM A572 Grade 60 steel?
a) AWS A5.17
b) AWS A5.23
c) AWS AS.18
d) AWS A5.20
e) None of the above

10. How many times may a low-hydrogen electrode be rebaked?
a) Electrodes cannot be rebaked
b) 4 maximum
¢) 9 maximum
d) 10 maximum
e) Once

11. What is the suggested minimum backing thickness for SMAW?
a) 1/8inch
b) 3/16inch
¢) 3/8inch
d) Backing thickness will be determined by the metal thickness and amperage used
e) All of the above

12. What are the minimum preheat and interpass temperatures for welding 1/2 inch thick ASTM A709
Grade 36 steel with an E6013 electrode when the base metal temperature is less than 32°F?
a) O°F preheat, 32°F interpass
b) 32°F preheat, 32°F interpass
¢) 50°F preheat, 50°F interpass
d) 70°F preheat, 32°F interpass
e) 70°F preheat, 70°F interpass

13. Who is responsible for conducting qualification tests?
a) The manufacturer
b) The manufacturer or contractor
¢) The engineer
d) The manufacturer, contractor, or an independent testing agency
e) The American Welding Society
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14. Using a standard guided bend test jig to bend specimens of a material having minimum yield strength of 75,000
psi, what is the diameter of the plunger about which it is bent?
a) 1inch
b) 2 inches
¢) 1-1/2 inches
d) 2-1/2 inches
e) 1-1/4 inches

15. What is the minimum number of plate test(s) required to qualify a fillet welding procedure in all
positions?
a) 4 tests, 1F, 2F, 3F, and 4F
b) 3 tests, 2F, 3F, 4F will qualify in all positions
c) 2 tests, 3F, 4F will qualify in all positions
d) 1 test, 4F will qualify in all positions
e) 1 test, 3F will qualify in all positions

16. The maximum size of porosity permitted in RT of a 1/2 inch thick groove weld subject to tensile stress for a
cyclically loaded nontubular structure is:
a) 1/16inch
b) 1/8 inch
¢) 5/32inch
d) 3/16 inch
e) 7/32inch

17. How much melt-through is allowed on T, K, or Y connections on procedure qualification tests?
a) None
b) 1/32 inch
¢) 1/16 inch
d) 1/8inch
e) Unlimited

18. What is the minimum thickness groove weld a welder may weld in production if the welder was successfully
qualified using a 1 inch thick groove weld plate test coupon?
a) unlimited

b) [1inch
¢) 1/2 inch
d) 1/8inch

e) none of the above

19. A drawing specifies a 3/8 inch fillet weld for a particular weld joint. What size fillet weld is necessary if a 1/8
inch root opening exists between the two pieces prior to welding?

a) 3/4inch
b) 3/8 inch
¢) 1/2inch
d) 1/4inch

e) none of the above

20. Individuals performing nondestructive testing other than visual shall be qualified in accordance with:
a) AWS DI.1 requirements
b) API 1104 requirements
¢) ASME Section IX requirements
d) ASME Section V requirements
e) ASNT SNT-TC-1A requirements
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21. When utilizing parallel SAW electrodes for a prequalified groove weld procedure, what it the maximum current
permitted for the final pass?
a) 1000 A
b) 700 A
c) 900 A
d) 1200 A
e) unlimited

22. When a CJP groove weld procedure is successfully qualified on a pipe in the 5G test position, for what positions
is it qualified?
a) H, V grooves on pipe
b) F, H, V, OH fillets on plate
c¢) F,V, OH fillets and grooves on plate
d) F,H, V, OH fillets and grooves on plate
e) none of the above

23. A welder qualified to weld with the FCAW process is also qualified to weld using:
a) SMAW
b) GMAW
c) SAW
d) ESW
e) None of the above

24. If a new welding process was invented, how could it be used to weld in accordance with AWS D1.1?

a) It could not be used. Only SMAW, SAW, GMAW, and FCAW are qualified processes under
AWS DI.1

b) It could not be used. Only SMAW, SAW, GMAW, FCAW, ESW, EGW, and GTAW are
approved by AWS D1.1

c) It could be used by qualifying it under clause 3 as a prequalified process

d) It could be used by qualification of the WPSs under clause 4

e) None of the above

25. Welding shall not be done when the ambient temperature is:
a) less than 0°F
b) 32°F
c) 16°F
d) Minimum temperature depends on the metal type, thickness, and electrode type
e) None of the above

26. What is the required minimum preheat for welding 2-1/2 inches thick ASTM A572 steel, Grade 42, using the
GMAW process with a prequalified procedure?
a) 50°F
b) 150°F
c) 225°F
d) 300°F
e) none of the above

159

Copyright American Welding Society
Provided by IHS under license with AWS Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 08/29/2012 23:40:24 MDT



27.

28.

29.

" 30,

31.

32.

Individuals performing nondestructive testing (other than visual) shall be qualified in accordance
with:

a) AWS QC-1 requirements

b) AWS QC-5 requirements

c¢) ASNT SNT-TC-1A requirements

d) Both a) and b) above

e) None of the above

When may Cobalt 60 be used as a radiographic source?
a) For X-ray units, 600kvp maximum

b) When the steel is 2.5 inches thick or less

¢) When the steel is over 2.5 inches thick

d) Only when testing cobalt

e) Never

What is the minimum fillet weld size allowed for shielded metal arc welding a 1/4 inch stud onto a 3/4
inch thick plate?

a) 1/8 inch

b) 3/16inch

¢) 1/4inch

d) 5/16 inch

e) None of the above

For procedure qualification using a 3/8 inch thick plate, what test specimens are required or allowed for a CJP
groove weld?

a) 1 tensile, 2 face bends, 2 root bends

b) 2 tensiles, 1 face bend, 1 root bend

c) 2 tensiles, 4 side bends

d) 2 tensiles, 2 side bends

e) 2 face bends, 2 root bends

For a 1/2 inch groove weld subject to compressive stress in a cyclically loaded, nontubular structure, what is the
minimum spacing between pores permitted by RT?

a) approximately 5/16 inch

b) approximately 1 inch

c) approximately 1-1/2 inches

d) approximately 2 inches

e) approximately 1/4 inch

What is the largest diameter E7018 electrode that may be used to weld a V-groove joint in the
overhead position using a prequalified SMAW WPS?

a) 5/16 inch

b) 3/16 inch

¢) 5/32 inch

d) 1/8inch

e) Electrode diameter is a non-essential variable for WPS qualification
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33.

34.

35.

36.

37.

38.

39.

Copyright American Welding Society

What is the largest E7015 electrode permitted for prequalified procedures by AWS D1.1 for welding
in the overhead position?

a) 5/32 inch

b) 3/16inch

¢) 1/4inch

d) 5/16 inch

e) None of the above

How must a crack be corrected?

a) remove and reweld

b) grind and reweld

¢) remove crack and sound metal 2 inches beyond each end of the crack and reweld
d) reweld with deep penetrating process to assure complete fusion of crack

e) none of the above

If a welder is successfully qualified on a fillet weld test in the 3F test position, for what welding positions are
they qualified?

a) flat and overhead fillets

b) flat grooves and fillets

c) flat and horizontal grooves

d) flat, horizontal, and vertical fillets

e) none of the above

A welder who is successfully qualified to weld with the FCAW process is also qualified to weld using:
a) SMAW

b) GMAW

c) SAW

d) ESW

e) none of the above

When must edge blocks be used for radiographic testing?

a) When radiographing butt welds 1/2 inch thick

b) When radiographing butt welds less than 1/2 inch thick

¢) When radiographing butt welds greater than 1/2 inch thick
d) When radiographing butt welds 1 inch or greater thick

e) When radiographing butt welds 2 inches or greater thick

Other than root passes, what is the maximum thickness of passes in a prequalified horizontal SMAW groove
weld?

a) 5/16inch

b) 3/32 inch

¢) 1/8inch

d) 5/32inch

e) 3/16inch

How much depth of undercut does AWS D1.1 allow on a 3/8 inch thick test plate for a welder
qualification?

a) None allowed

b) 5% of base metal thickness

¢) 1/32 inch

d) 1/16 inch for lengths less than 2 inches in any 12 inches of weld, otherwise 1/32 inch

e) 5/16 inch
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40.

41.

42.

43.

44,

45.

46.

What does AWS D1.1 require for visual acuity for all Inspectors?

a) Near vision acuity of Snellen English, or equivalent, at no less than 12 inches

b) Near vision acuity of Jaeger J-2 at a distance of 12 to 17 inches

¢) Near vision acuity of Jaeger J-2 at a distance of 12 to 17 inches, with or without corrective lenses
d) Far vision acuity of 20/40, or better.

e) Far vision acuity of 30/40, or better.

What is the maximum convexity permitted on a 3/8 inch fillet weld having an actual face width of 9/16 inch?
a) 1/16inch

b) 3/32inch

¢) 1/8inch

d) 3/16 inch

e) none of the above

What is the baking requirement for an AWS AS5.5 low hydrogen electrode?
a) Bake at 400°F for at least four hours

b) Bake at 500°F for at least one hour

c) Bake at 500° - 800°F for at least two hours

d) Bake at 700° - 800°F for at least one hour

¢) None of the above

If a welding procedure is qualified in the 4G position, for what groove weld positions is that
procedure qualified?

a) F

b) F, H, and OH

c) F,H,V,and OH

d) H and OH only

e) OH only

For the prequalified joint B-U2-GF, the maximum root opening as fit-up is:
a) 0-1/8inch

b) 0-3/16 inch

¢) 1/16 - 1/4 inch

d) Not limited

e) 3/16 inch

When the fit-up of a T-joint for fillet welding reveals a 1/16 inch root opening, what should be done?

a) No corrective action is necessary because joints having members of any thickness may have up to
a 5/16 inch opening

b) Close the joint to as tight as practicable

c) Open the joint to a maximum of 3/16 inch except in cases involving either shapes or plates 3
inches or greater in thickness

d) increase the leg of the fillet weld by 1/16 inch

e) increase the leg of the fillet weld by 3/16 inch

What is the maximum diameter E7018 electrode that can be used for a weld in the vertical welding position
when using a prequalified procedure?

a) 3/32inch

b) 1/8 inch

¢) 5/32inch

d) 3/16 inch

e) 7/32inch
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47. The maximum weld reinforcement permitted for a procedure qualification test on 6G pipe having a
wall thickness of 1-1/2 inches is:
a) 1/32 inch
b) 1/16 inch
¢) 1/8inch
d) 3/16 inch
e) 5/16 inch

48. Which of the following is not considered to be an essential variable for the qualification of a WPS for SMAW?
a) adecrease in the groove angle
b) an increase in the groove angle
¢) adecrease in the root opening of the groove
d) anincrease in the root face of the groove
e) the omission of backing material

49. Which of the following processes is not considered prequalified?

a) SMAW

b) FCAW

c¢) GMAW (short circuiting transfer)
d) SAW

e) GMAW (non-short circuiting transfer)

50. For a 40 foot long horizontally curved welded girder, what is the permissible variation in specified sweep at the
midpoint?
a) (+/-) 1/4 inch
b) (+/-) 3/8 inch
¢) (+/-) 172 inch
d) (+/-) 5/8 inch
e) (+/-) 3/4 inch
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Sample Test 3
Answer Key
... |
Question . Text Table Figure Answer
Subclause | Page | Number Page | Number | Page
1 Base metal, limitations 1.2 1 d
(general)
2 2.4.2.9 7 2.1 43 b
3 6.9 221 b
4 4.5 126 4.2 139 €
5 Prequalified joint details 3.13.1 62 34 103 | b
6 24292) |7 2.1 43 d
7 4.5 126 4.2 139 b
8 6.17.1 225- 6.4 242 G
226
9 Base metal, filler metal 3.3 59 3.1 64-67 b
combinations
10 Baking 5.3.2.1 194 e
11 Backing Thickness 5.10.3 197 b
12 Preheat 3.5;5.6 60; 32notea | 68-70 d
196 & note 2
13 Qualification, responsibility | 4.2.1.1; 125 b
4222
14 493.1 128 4.15 171 | b
15 Qualification, WPS 4.3 126 4.1 138 b
16 6.12.2.1 222 6.2 252 | ¢
17 Melt-through 49.1.1 127 ®
(6b)
18 4.19.2.1 132 4.11 151- d
154
19 5.22.1 201- G
202
20 6.14.6.1 225 e
21 3.7 60 3.7 73 e
22 4.4 126 4.1 138 €
23 Welder qualification, 4.23 133 4.12 (1) 155 e
essential variables
24 Processes 3.2.3 59 d
25 Temperature, ambient 5.12.2 (1) | 198 a
26 3.5 60 3.2 68-70 b
27 Qualification, NDT 6.14.6.1 225 c
28 RT, Sources 6.17.6 226 c
29 Studs, fillet weld size 7554 283 58,72 209; c
287
30 4.5 126 42notei | 139 €
31 6.12.2.2 223 6.3 257 |c
32 Maximum electrode 3.7 60 3. 7noteb | 73
diameter
33 Maximum electrode 3.7 60 3. 7noteb | 73 a
diameter
34 5.26.1.4 206 ®
1R4
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35 4.19.1.1 132 4.10 150 d
36 4.23 133 4.12 (1) 155 e
37 Edge blocks 6.17.13 227 €
38 3.7 60 3.7 73 e
39 Welder qualification, test 4.20.1 (1); | 132; G
results 49.1.1(4) | 127
40 Eye examination 6.1.4.4 220 €
41 5.24 205 5.9;5.10 210 C
42 Baking 5.3.2.1; 194 5.1 208 d
53.24(2)
43 WPS, qualification 4.4 126 4.1 138 e
44 Prequalified joint details 34 95 ®
45 Fillet welds, assembly 5.22.1 201 b
tolerances
46 3.7 60 3.7 73 c
footnote b
47 Visual Inspection 4.9.1 (3) 127 c
48 4.8.1 127 4.5 item 142- b
33 144
49 3.2 59 c
50 5.23.5 203 c
1R5






