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THE WELDING INSPECTION HANDBOOK is a collective effort of many volunteer technical special-
ists to provide information to assist welding inspectors and supervisors in the technology and
application of visual and nondestructive examination.

Reasonable care is taken in the compilation and publication of the Welding Inspection Handbook
to ensure authenticity of the contents. However, no representation is made as to the accuracy
or reliability of this information, and an independent substantiating investigation should be
undertaken by any user.

The information contained in the Welding Inspection Handbook shall not be construed as a
grant of any right of manufacture, sale, use, or reproduction in connection with any method,
process, apparatus, product, composition, or system, which is covered by patent, copyright, or
trademark. Also, it shall not be construed as a defense against any liability for such infringe-
ment. Whether or not use of any information in the Handbook would result in an infringement
of any patent, copyright, or trademark is a determination to be made by the user.
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Foreword

The inspection of welds and welded assemblies requires knowledge of many factors of welding
quality control. This includes dimensional inspection, nondestructive examination methods,
welding processes, welding metallurgy, destructive testing, and the qualification of welding
procedures and personnel. It also includes the examination and test requirements of codes, cri-
teria, and specifications; the acceptance standards to be employed; and an understanding of
drawings, and welding and nondestructive examination symbols. Knowledge about discontinu-
ities that may be associated with different welding processes, and the ability to evaluate the dif—
ference between discontinuities and rej ectable defects, is also an important element of welding
inspection.

This fourth edition of the Welding Inspection Handbook has been prepared by the AWS BlC
Welding Inspection Handbook Task Group. The objective is to provide a reliable source of use-
ful reference information. This is particularly relevant for the technically trained individual
who may not be directly involved with inspection but whose position requires knowledge about
welding inspection. This book also is intended for the inspector who needs a general refresher
in the basic requirements of weld inspection. This fourth edition supersedes the AWS Welding
Inspection Handbook bearing the same title, and includes changes to numerous clauses to provide
clarification, correct inconsistencies, and updates representative of current industry practices.

Underlined text in the clauses and subclauses indicates a change from the 2000 edition. A vertical
line in the margin indicates a revision from the 2000 edition.

Additional books on the subjects covered in each chapter may be found in good technical
libraries. The many specifications and codes that have been used as examples may also be con-
sulted for more detailed information.

This book is an instructive reference. Codes or specifications applicable to any particular weld-
ment always take precedence over the generalized material contained herein. The text of this
book has, of necessity, been written in general terms and cannot include all the conditions
applicable to a specific instance. Thus, examples given are general and are used only for the
purpose of illustration.

Every effort has been made to present this material in convenient form so that the book can be
used as a training text for inspectors, engineers, and welders. Although the information gener-
ally relates to the arc welding processes, most of it applies to any weldment—fabricated by any
joining process—for which the inspection methods described herein may be required.

For the inspection of brazed assemblies, refer to The Brazing Handbook published by the
American Welding Society. For the inspection of resistance welded assemblies, refer to AWS/
SAE D8.7, Recommended Practices for Automotive Weld Quality—Resistance Spot Welding,
also published by the American Welding Society.

Information on nondestructive examination methods is available in AWS Bl.10M/Bl.10,
Guide for Nondestructive Examination of Welds, and in AWS Bl.11M/Bl.ll, Guide for the
Visual Examination of Welds.

Comments and inquiries concerning this publication are welcome. They should be sent to the
Managing Director, Technical Services Division, American Welding Society, 8669 NW 36 St,
# 130, Miami, FL 33166.
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Chapter 1
Scope and Application

1.1 Scope
The scope of this handbook includes testing and examination methods that apply to a majority
of metallic and nonmetallic weldments used in construction. The extent of inspections should
be clearly defined in contract documents or on drawings that refer to a particular weldment
(unless otherwise defined in applicable codes or specifications). Furthermore, acceptance crite-
ria should be clearly understood and agreed upon by both the supplier and the purchaser before
any production welding begins. Acceptance criteria for weld discontinuities are specifically
excluded from this handbook.

It is the responsibility of those charged with the administration and supervision of inspection to
make certain that the principles and methods to be used are properly understood and applied
uniformly. This responsibility may include the qualification and certification of inspectors
where such certification is required by codes, specifications, job contracts, civil law, or com-
pany policies.

The following documents address the qualification of welding inspection and nondestructive
examination personnel:1

(1) AWS QC1, Standardfor AWS Certification of Welding Inspectors

(2_) AWS B5 .1, Specificationfor the Qualification of Welding Inspectors

(3_) ANSI/ASNT CP—189, ASNT Standardfor Qualification and Certification ofNondestructive
Testing Personnel

(4) ASNT Recommended Practice SNT—TC-lA, Personnel Qualification and Certification
in Nondestructive Testing

(5_) ASTM 1316, Standard Terminologyfor Nondestructive Testing

(2 ISO 9712, Nondestructive Testing—Qualification and Certification ofNDT personnel

Even when a particular qualification for certification program is not mandatory, every welding
inspector should be aware of the ethical criteria for welding inspectors contained in documents
such as AWS QC1.

1.2 Application
The information in this handbook pertains to the general duties and responsibilities of welding
inspectors and is intended as a reference to help their performance. This book provides specific
information about methods of weldment inspection; however, much of the information will also
generally apply to the examination of nonwelded components, such as base metal inspection prior

1. See Chapter 17 for addresses of standards writing organizations.

1
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2/Chapter l—Scope and Application

to fabrication. For the inspection process to be effective, the welding inspector should be
knowledgeable about each examination method to be employed.

Q Units of Measurement
This handbook makes sole use of US. Customary Units. Approximate mathematical equiva-
lents in the International System of Units (SI) are provided for comparison in parentheses or in
appropriate columns in tables and figures.

fl Safety
Safety and health issues and concerns are beyond the scope of this handbook; some safety and
health information is provided, but such issues are not fully addressed herein.

Safety and health information is available from the following sources:

American Welding Society:

@ ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes

L2) AWS Safety and Health Fact Sheets

L3) Other safety and health information on the AWS website

Material or Equipment Manufacturers:

Q) Safety Data Sheets supplied by materials manufacturers

Q Operating Manuals supplied by equipment manufacturers

Applicable Regulatory Agencies

Work performed in accordance with this handbook may involve the use of materials that have
been deemed hazardous, and may involve operations or equipment that may cause injury or
death. This handbook does not purport to address all safety and health risks that may be
encountered. The user of this handbook should establish an appropriate safety program to
address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should
be considered when developing the safety program.
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Chapter 2
Symbols

2.1 Communication

Communication can determine whether a job will be a success or a failure. In industry, draw-
ings convey the designer’s concepts to those performing the work. Intricate details can be
much more accurately and efficiently described through graphic presentation than through the
written word.

In the case of welded construction, a great deal of information may be required in order for the
welder to successfully provide a weld adequate for the designer’s intended purpose. Using
written notes is one method for conveying the necessary design concepts. However, written
descriptions can become quite complex and time consuming for intricate details. A simpler and
more efficient method uses welding symbols to define the welding requirements.

The American Welding Society has developed a system of standard welding symbols used and
accepted worldwide. Figure 2.1 depicts the various types of weld and welding symbols and
explains the purposes and locations of the basic elements. A detailed description of the system
can be found in AWS A2.4, Standard Symbols for Welding, Brazing, and Nondestructive
Examination. Figure 2.2 shows the advantages offered when welding symbols replace graphic
illustrations. Figures 2.3 and 2.4 show other welding symbols and how they are used to specify
the welding requirements. The adjacent details illustrate the significance of each symbol.

Just as the welding symbol is important to the designer and welder, equally important is the
welding inspector’s knowledge of its meaning. Without this knowledge, the inspector would be
unable to assure that the welder has complied with the requirements set forth by the designer.
Typical information conveyed by the welding symbols includes the type of weld, size of weld,
weld location, joint configuration, finished condition of face and root of the weld, as well as
any special instructions.

Knowledge of the information provided by the welding symbol is essential to the inspector
when a weld is to be visually examined (VT). Once the inspector understands what the engi—
neer requires, a thorough and highly effective visual examination can result. Many situations
warrant a more extensive Check than can be provided by visual examination alone. In such
cases, other forms of nondestructive examination (NDE) are often employed.

The inspector can gain a great deal of insight from the welding symbol as to the applicability of
a particular test when nondestructive examination is involved. In ultrasonic testing (UT) and
radiographic testing (RT), for example, useful information provided by the welding symbol
might include: joint configuration weld location, type of weld, and size of weld which can help
the NDE technician determine the types of discontinuities which may be present and the best
method for their detection. Such details allow the inspector to plan his test so that the best test
method, technique, and procedure will be used.
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4/Chapter 2—Symbols

Basic Weld Symbols and Their Location Significance within the Welding Symbol
Location . Spot or Back or .Significance Fillet Plug Slot Projection Stud Seam Backing Surfacmg Edge

Arrow Side / /Q | | / | | / Z 5 / ® / g V \ / /

. Not \ Not \ D]Other Side / Q l—l / l—l / ( 2 / Used 3 / Used

Both Sides Not Not Not Not Not Not Not
Used Used Used Used Used Used Used

No Arrow Side Not Not Not Not Not Not Not
”Other S'de Used Used Used Us d U d U d U dSignificance e se $9 $9

Location Groove Scarf for
Significance Square V Bevel U J Flare-V Flare-Bevel Brazed Joint

Arrow Side \ / W / I; \ ’4 / / \ / 7
| | /\

Other Side \ I I / fl \ E / \ / \ l C \ Z

Both Sides l l \ fl 2 IE E \ —E/\ \ E E '6 \ 7; \

[olfOortlr’lrgilVSSdie Not Not Not Not Not Not Not Not
. . . I Used Used Used Used Used Used Used UsedSignificance

Supplementary Symbols Standard Location of the Elements of a Welding Symbol
Weld-All-Around Field Weld Melt-Through Consumable Insert (Square) Finishing Designator Groove Angle; Included Angle

of Countersink for Plug Welds
Contour Symbol _

/ Groove Weld Size R09" Opening; Depth
of Filling for Plugfl?

Depth Of Groove and Slot Welds

Size or Strength
Backing l Spacer Contour for Certain Length of Weld

(Rectangle) Bectangle) Flush or Flat Convex Concave Welds F Pitch (Center-to-
A . , Specification, — Center Spacing)

Process, A of Welds
; i ; or Other _

Reference(s) / F'e'd Weld
OTHERBasic Joint Types \ \Son D (S)/{SBlgTEHS SIDE } L-P [Weld-All-

Identification of Arrow Side and Other Side Joint

Butt Joint Corner Joint Ir/\ {BOTH ARROW} Symbol
SIDES IDE

Arrow of Arrow Side Tail (May Be 8
Welding of Jomt Omitted When (N) Reference
Symbol Arrow Side Reference Line Arrow

of Joint is Not Used) 4 Number of Spot, Seam, Stud, Connecting
Plug, Slot, or Projection Welds ReferenceWeld _ _ Line to

Symbol <— Elements in This Area _—> Arrow Side
Remain As Shown When Tail Member of

and Arrow are Reversed Joint or
Oth 8d Arrow 01‘ Oiher <— Weld Symbols Shall Be Contained —> Arrov_v Side
if.“ tl e Welding S'de. Within the Length of the Line and Shall Of Jomt

O 0'“ Symbol Of “10"“ Not Be Placed at Either End of the Reference Line

T-Joint Lap Joint Edge Joint Letter Designations

Arrow of Arrow Side of Joint Arrow Side of Joint Other Side Arrow Side of Joint Where letter designations
Welding of Joint are to be included in the tail
Symbol of the welding symbol, refer

Arrow of—/ : to Annex A (Normative) Tables
Welding I of AWS A2.4:2012

Symbol l _ _ _
| © 2012 American Welding SOCIety
l gther 550 NW. LeJeune Road

ide - -Other Side \— / I , of Joint Miami, FL 33126
of Joint Arrow of Welding Symbol www.aws.org

Figure 2.1—AWS Standard Welding Symbols
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Typical Welding Symbols
Double-Fillet Welding Symbol Chain Intermittent Fillet Welding Symbol Staggered Intermittent Fillet Welding Symbol

Fillet Weld Size
/Length

1/4 6
3/16 4

Omission of Length Indicates that
Weld Extends Between Abrupt Changes
in Direction or as Dimensioned

Pitch (Distance
Between Centers)
of Segments

5/16
2—6

\— Length of
Segments

Fillet Weld Size

Pitch (Distance
Between Centers)
of Segments3—5

Fillet Weld Size Length of
Segments

Plug Welding Symbol Back Welding Symbol Backing Welding Symbol

Pitch (Distance
Between Centers)
of Welds

Included Angle of
Countersink

Plug Weld Size \ 0
(Diameter of \ 30
Hole at Root) O1

Depth of Filling (Omission
Indicates Filling is Complete)

Back
Weld

__________ QR-__________-.

2nd Operation

1st Operation

Backing
Weld

2nd Operation

\EOperation

Spot Welding Symbol Stud Welding Symbol Seam Welding Symbol

Number of Welds
Spot Weld Size Pitch

\ (6)
0.025 4

RSW

Process

33%;:Seam /
Weld \ —\Size 0.030 3—9

WRSE

Process/

Square-Groove Welding Symbol V-Groove Welding Symbol Double-Bevel-Groove Welding Symbol

(3/16) 1
EGroove

Weld Size \— Root Opening

3/8 (1/2)
Depth _/ (136nof Groove / Root

Groove Weld Size Groove Angle
Opening

Groove Weld Size —\

(1)
(1 -1/4)

Groove Weld Size —/
Arrow Points Toward
Member to be Beveled

Symbol with Backgouging Flare-V—Groove Welding Symbol FIare-Bevel-Groove Welding Symbol

Depth of
Groove —\

“4 Back Weld
Backgouge

(1/4)

\~ Groove Weld Size

/— Groove Weld Size

(1/4)

Multiple Reference Lines Complete Joint Penetration Edge Welding Symbol

1st Operation On Line
Nearest Arrow

2nd Operation

Indicates Complete Joint Penetration
Regardless of Type of Weld
or Joint Geometry

1/8

Edge Weld —/3rd Operation / Size

Flash or Upset Welding Symbol Melt-Through Symbol Joint with Backing

Process Reference7

\ /FW > 1/32 ¥ \ E 3 \
\ . ‘R’ Indicates Backing

ROOt Reinforcement Removed After Welding

Joint with Spacer Contour Symbols

Flush Flat Convex Concave
With Modified Groove Weld Symbol

V—

DoubIe-Bevel Groove

/T’ /
Flat

/ 5/

my
/ P/

/ :v:

Figure 2.1 (C0ntinued)—AWS Standard Welding Symbols
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WELD CROSS SECTION SYMBOL

GROOVE WELD SYMBOL WITH COMBINED DIMENSIONS

Figure 2.2—Comparison of Welding Symbol and Written Explanation

2.2 Nondestructive Examination Symbols
With the increased use of nondestructive examination by construction industries, it becomes
convenient for the engineer to include testing requirements on the fabrication drawings. Noting
testing requirements on the drawings helps to avoid many after the fact inconsistencies associ-
ated with the extent or type of testing. As with welding symbols, a system has been established
to communicate nondestructive examination information using symbols similar to those used
for welding. A complete description of this system is included in AWS A24.

The construction of nondestructive examination symbols uses the same basic elements found in
welding symbols along with similar governing rules. Therefore, arrow side and other side des-
ignations retain their same location significance. Figure 2.5 shows the basic elements of the
examination symbol and their standard locations with respect to one another.

Figure 2.6 illustrates the shorthand notations used with nondestructive examination symbols.

2.3 Master Chart of Welding, Allied Processes, and Thermal Cutting
Inspection personnel must be familiar with the welding and allied processes within the scope of
their work. A welding or allied process is basic to the operation to be performed, and may be
subdivided into more specific processes.

In the hierarchy of welding, the welding process stands first. Each welding process definition is
complete so that it will stand alone. Processes are defined for prescribed elements of operation.
This method of organization is the basis for the Master Chart shown in Figure 2.7.

The chart is a display of a hierarchy of welding and allied processes; the highest generic levels
(least specific) are in the center, and the more specific are in boxes on the perimeter. The chart
is intended to be comprehensive and includes not only widely used production processes, but
also some that are of limited use because they have been replaced by other processes, and those
that have only recently been introduced, or have limited applications.
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—>I 5/16

5/16 5/16 I/

I V II I
WELD OBOSS SECTION SYMBOL

(A) SIZE OF SINGLE-FILLET WELD
1/2 I<-->I 1/2

1/2“2 I_L/ “2 D
I I I

WELD CROSS SECTION SYMBOL
(B) SIZE OF EQUAL DOUBLE-FILLET WELDS

1/4 |<—->| 3/8
1/4] | | [3/8 W :3: I>

I I I I
WELD CROSS SECTION SYMBOL

(C) SIZE OF UNEQUAL DOUBLE-FILLET WELDS

“2 I‘— 1/2 LEG ON\ MEMBER A1/4 I l MEMBER B/ 1/4 x1/2 [/ \ MEMBER B
V

/—
T| I I

WELD CROSS SECTION SYMBOL

(D) SIZE OF UNEQUAL LEG FILLET WELD

I—I/ V
V I I I
WELD OBOSS SECTION SYMBOL

(E) CONTINUOUS FILLET WELD

«3+4— 12—> <—3->“WW
I I / II

I
WELD SYMBOL

(F) LENGTH OF FILLET WELD

Figure 2.3—Examples of Typical Fillet Welds
Showing the Corresponding Symbols and Dimensions
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(A)

1/2_L

WELD CROSS SECTION

fwi |
i %

SYMBOL

(3/8) |/
(3/4) |\

i %

(C)

(B) WELD CROSS SECTION SYMBOL

(1/2)V
E 1/2 (1/2)/\

L T1-1/4

I— 1/2WELD CROSS SECTION SYMBOL

(D) WELD CROSS SECTION SYMBOL

(E) WELD CROSS SECTION

+>
ne

><

-\/
‘-

SYMBOL

(F)

3/4

WELD CROSS SECTION

(3/4) 5»

SYMBOL

Figure 2.4—Examples of Typical Groove Welds
Showing the Corresponding Symbols and Dimensions
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NUMBER OF EXAMINATIONS
LENGTH OF SECTION

REFERENCE LINE TO BE EXAMINED

SPECIFICATION OR
OTHER REFERENCE

\r EXAMINE IN FIELD

TAIL

SI
DE

A v
SI

DE
S/ 2».

fl
AR

RO
W

OT
HE

R
SI

DE AROUND
} EXAMINE-ALL-

BO
TH

EXAMINATION METHOD
LETTER DESIGNATIONS ARROW

Figure 2.5—Standard Location of Elements for NDE Symbols

M—TEUT7 / RT

) Vt \_

Figure 2.6—Examples of Typical Nondestructive Examination Symbols
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RESISTANCE WELDING (flW)
flash welding
pressure-controlled resistance welding
projection welding
resistance seam welding

high-frequency seam welding
induction seam welding
mash seam welding

resistance spot welding
upset welding

high-frequency
inducflon

FW
RW-PC
RSEW
RSEW—HF
RSEW-l
RSEW-MS
RSW

UW-HF
UW-l

coextrusion welding
cold welding
diffusion welding

ARC WELDING (AW)
arc stud welding SW
atomic hydrogen welding AHW
bare metal arc welding BMAW
carbon arc welding CAW

gas carbon arc welding CAW-G
shielded carbon arc welding CAW-S
twin carbon arc welding CAW-T

electrogas welding EGW
flux cored arc welding FCAW

gas-shielded flux cored arc welding FCAW-G
self-shielded flux cored arc welding FCAW-S

gas metal arc welding GMAW
pulsed gas metal arc welding GMAW-P
short circuit gas metal arc welding GMAW-S

gas tungsten arc welding GTAW
pulsed gas tungsten arc welding GTAW-P

magnetically impelled arc welding MIAW
plasma arc welding PAW
shielded metal arc welding SMAW
submerged arc welding SAW

series submerged arc welding SAW-S

flDERING (s)
dip soldering DS
furnace soldering FS
induction soldering IS
infrared soldering IRS WEI-DING
iron soldering INSS AND
resistance soldering R —
torch soldering TS JOINING
ultrasonic soldering USS
pressure gas soldering WS PROCESSES

OXYFUEL GAS WELDING (OFW)
air acetylene welding AAW
oxyacetylene welding OAW
oxyhydrogen welding OHW
pressure gas welding PGW

BRAZING (B)
block brazing BB
diffusion brazing DFB
dip brazing DB
exothermic brazing EXB
furnace brazing FB
induction brazing lB
infrared brazing IRB
resistance brazing RB
torch brazing TB
twin carbon arc brazing TCAB

explosion welding
forge welding
friction welding

— friction stir welding
inertia friction welding

hot pressure welding
roll welding
ultrasonic welding

SOLID STATE WELDING (SSW)
CEW
CW
DFW

hot isostatic pressure welding HIPW
EXW
FOW
FRW

direct drive friction welding FRW—DD
FSW
FRW—l
H PW
ROW
USW

OTHER WELDING AND JOINMG
adhesive bonding
braze welding

arc braze welding
carbon arc braze welding
electron beam braze welding
exothermic braze welding
flow brazing
flow welding
laser beam braze welding

electron beam welding
high vacuum
medium vacuum
nonvacuum

electroslag welding

induction welding
laser beam welding
percussion welding
thermite welding

AB
BW
ABW
CABW
EBBW
EXBW
FLB
FLOW
LBBW
EBW
EBW-HV
EBW-MV
EBW-NW
ESW

consumable guide electroslag welding ESW—CG
lW
LBW
PEW
TW

Figure 2.7—Master Chart of Welding, Allied Processes, and Thermal Cutting
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THERMAL SPRAflfigTHSE)

arc spraying ASP
flame spraying FLSP
wire frame spraying FLSP-W
high velocity oxyfuel spraying HVOF
plasma spraying PSP
vacuum plasma spraying VPSP

ALLIED
PROCESSES

THERMAL
CUTTING (TC)

QXYGEN flTlNG (QC) HIGH ENERGY BEAM CUTTING ARC CUTTING (AC)

flux cutting OC-F electron beam cutting EBC carbon arc cutting CAC
metal powder cutting OC-P laser beam cutting LBC air carbon are cutting CAC-A
oxyfuel gas cutting OFC air LBC-A gas metal are cutting GMAC

oxacetylene cutting OFC-A evaporative LBC-EV gas tungsten are cutting GTAC
oxyhydrogen cutting OFC-H inert gas LBC-IG plasma are cutting PAC
oxynatural gas cutting OFC-N oxygen LBC-O shielded metal are cutting SMAC
oxypropane cutting OFC-P

oxygen arc cutting OAC
oxygen gouging OG
oxygen lance cutting OLC

Figure 2.7 (Continued)—Master Chart of Welding,
Allied Processes, and Thermal Cutting

M Terms and Definitions
AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive
Bonding, Brazing, Soldering, Thermal Cutting, and Thermal Spraying, provides the basis for
terms and definitions used herein.
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Chapter 3
Requirements for the Welding Inspector

It is appropriate here to consider attributes desirable for an individual employed as a welding
inspector. The nature of the job emphasizes an individual’s physical, technical, and ethical
qualities. Any weaknesses in these areas can reduce the effectiveness of the individual’s
performance.

3.1 Inspector Classifications
There are many types of welding inspectors, depending upon technical requirements for the
particular fabrication process or processes. These include destructive testing specialists, nonde-
structive examination specialists, code inspectors, military inspectors, and owner’s representa-
tive inspectors. All of these may consider themselves welding inspectors simply because they
do inspect welds.

The fact that welding inspectors work in many different industries performing so many quality
related tasks makes it difficult to clearly and concisely describe what a welding inspector is and
how that job function is specifically performed.

One fundamental complication is that an individual may perform many functions or only a sin-
gle function. For example, it is common to perform numerous aspects of welding quality con-
trol (e.g., welding procedure qualification, welder performance qualification, in process and
final visual examination, destructive testing, and final nondestructive examination). However, it
is also common for an individual involved in welding inspection to perform only one of those
tasks (e.g., a nondestructive examination specialist).

Another important difference relates to the inspector’s employer. The inspector may be directly
employed by the manufacturer, the customer, the customer’s representative, or an independent
agency. While this should not affect the technical application of the individual’s inspection
skills, it may to some degree influence the logistics of that activity.

In this handbook, however, only a single inclusive category of “inspector” is used, one that
includes as many different categories basic to the responsibility of the individual inspector as
the particular job may require. Each specific job then would depend upon the relevant require-
ments, duties, and responsibilities assigned by the inspector’s employer.

With this generic approach, descriptions given here are not intended to specifically define the
job function of a welding inspector. Information herein should be viewed simply as a general
overview of the numerous activities that could be considered part of the welding inspector’s
job. There will be descriptions of operations and activities which are beyond the scope of cer-
tain welding inspectors. In other cases, welding inspectors may be performing other functions
that are not specifically addressed in this book. Information provided here should be applied
only when in agreement with an inspector’s specific job description.

The following are important factors that a company should take into consideration when select—
ing a person for the job of welding inspector.
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l4/Chapter 3—Requirements for the Welding Inspector

3.2 Attributes of the Welding Inspector
The job of welding inspector carries a tremendous amount of responsibility. Selection of the

right person for that position should be based on consideration of the following four critical
attributes:

(1) Physical

(2) Technical

(3) Ethical

(4) Personal

3.2.1 Physical

3.2.1.1 Physical Condition. To perform duties in the most effective manner, the welding
inspector should be in good physical condition. Since the primary job involves visual inspec-
tion, it is obvious that the welding inspector should have good vision, whether natural or cor-
rected. For instance, if color or contrast is important to the inspection process being employed
(liquid penetrant, magnetic particle, or color coded parts) then an individual should be tested
for the ability to detect those colors.

Another aspect of physical conditioning involves the size of some welded structures. Since
welds could be located anywhere on a very large structure, the inspector must be capable of
going to the weld at any location in order to make an evaluation. The inspector must comply
with safety regulations when performing these duties.

The ability of the welding inspector to get to the work may be reduced if the inspection is not
performed immediately after welding. For example, such aids for the welder as ladders and
scaffolding may be removed, making access impossible or dangerous. Within safety guidelines,
the welding inspector should not be prevented from performing proper inspection because of a
physical condition.

3.2.2 Technical

3.2.2.1 Technical Ability. Though in certain situations there may be no specific level of edu-
cation and training required for welding inspectors, the job may involve interpretation of
results. Therefore, an individual must have at least some level of technical knowledge to per-
form well as an inspector. In order to perform welding inspection, the individual will continu-
ally be asked to make judgments based on visual observations of physical characteristics of
welds and weldments and their comparison with drawings or standards.

If an individual is unable to understand some written requirement, it will be difficult to make a
judgment as to a weld’s acceptability in accordance with that standard. There is more to an
evaluation than just reading the specifications. Once read, the inspector must interpret its mean-
ing. Even then, some requirement of a code or specification may appear very clear and straight-
forward when initially read; however, comparison of this written requirement with an existing
physical condition may still prove to be extremely difficult.

Technical ability is also necessary in order for the welding inspector to effectively express
ideas or inspection findings. Once an inspection has been performed, the inspector must be
capable of describing the inspection methods used and the results with sufficient accuracy and
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detail to adequately communicate the findings to other parties that may not be familiar with the
work being performed.

32.2% Interpretation of Drawings and Specifications. Another quality which the welding
inspector should develop is an ability to understand and apply the various documents describ-
ing weld requirements. These include: drawings, codes, specifications, and procedures. These
documents provide most of the information regarding what, when, where, and how the inspec-
tion is to be performed. In fact, these documents literally constitute the rules under which the
welding inspector must perform. They also state the requirements by which the welding
inspector will judge the weld quality. Obviously, such documents must be reviewed prior to the
start of any work, because the welding inspector should be aware of the job requirements
before any production. Many times this review will reveal required “hold points” for inspec-
tions, welding procedure and welder qualification requirements, and special processing steps or
difficulties such as weld inaccessibility during fabrication.

Although the welding inspector should be thorough in reviewing documents, it is not necessary
that requirements be memorized. These are reference documents and should be readily avail-
able at any time in the fabrication process. Often, the inspector is the individual most familiar
with all of these documents. The inspector may be called upon by others for information and
interpretation regarding the welding requirements.

3.2.2.§ Inspection Experience. Having actual on the job inspection experience is very
important. Text books and classroom studies simply do not provide all of the things needed to
inspect effectively. Experience will aid the welding inspector in becoming more efficient. In
time, better ways of thinking and working will develop.

On the job experience will also help the inspector develop the proper attitude and point of view
regarding job assignment. After working with various codes and specifications, the inspector’s
effectiveness will improve because of an improved understanding of welding requirements. To
emphasize the need for inspection experience, it is commonplace to see a novice inspector
paired with an experienced one so that proper techniques can be passed along. Inspector certifi-
cation programs may require some minimum level of actual inspection experience.

3.2.24 Knowledge of Welding. Another desirable quality for a welding inspector is a basic
knowledge of welding and related processes. Because of their background, welders are some—
times chosen as welding inspector trainees. Such a person is certainly better prepared as an
inspector to understand many problems that the welder may encounter. This knowledge helps
the inspector in gaining respect and cooperation from the welders. Further, this understanding
helps the welding inspector predict what weld discontinuities may be encountered in a specific
Situation.

The welding inspector can then monitor critical welding variables in order to help prevent
these welding problems. When the inspector is experienced in welding processes and under-
stands their advantages and limitations, possible problems can be more easily identified and
prevented.

3.2.2.§ Knowledge of Examination Methods. Knowledge of various destructive and nonde-
structive examination methods should be helpful to the welding inspector. Although the inspec-
tor may not perform these tests, from time to time it may be necessary to review test results. As
with welding processes, the welding inspector is aided by a basic understanding of testing
methods. It is important that the inspector be aware of alternate methods which could be
applied to enhance visual inspection.
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3.2.3 Ethical. In order to safeguard public health and to maintain integrity and high standards
of skills, practice, and conduct in the occupation of welding inspection, the inspector must ren-
der decisions promptly while remaining impartial and tolerant of the opinions of others. The
following recommendations for a welding inspector’s behavior are patterned after the ethical
requirements specified in AWS QCl, Standardfor AWS Certification of Welding Inspectors.

3.2.3.1 Integrity. The welding inspector must act with complete integrity (honesty) in pro-
fessional matters and be forthright and candid with respect to matters pertaining to welding
inspector qualification requirements.

3.2.3.2 Responsibility to the Public. The welding inspector is obligated to preserve the
health and well being of the public by performing the duties required of weld inspection in a
conscientious and impartial manner to the full extent of the inspector’s moral and civic respon-
sibilities and qualifications. Accordingly, the welding inspector shall:

(1) Undertake and perform assignments only when qualified by training, experience and
capability;

(2) Present credentials upon request to persons authorized to examine them;

(3) Neither falsely represent current status nor seek to misrepresent certification level by
modification of certification documents or false verbal or written testimony of current level or
status;

(4) Be completely objective, thorough, and factual in any written report, statement or testimony
of the work and include all relevant or pertinent testimony in such communiqués or testimonials;

(5) Sign only for work that the inspector has inspected, or for work over which the inspector
has personal knowledge through direct supervision; and

(6) Neither be associated with, nor knowingly participate in a fraudulent or dishonest venture
or activity.

3.2.3.3 Public Statements. The welding inspector will issue no statements, criticisms, or
arguments on weld inspection matters connected with public policy which are inspired or paid
for by an interested party, or parties, without first identifying the party, the speaker, and disclos—
ing any possible pecuniary interest.

The welding inspector will not publicly express any opinion on a weld inspection subject
unless it is founded upon adequate knowledge of the facts in issue, upon a background of tech-
nical competence pertinent to the subject, and upon honest conviction of the accuracy and pro-
priety of the statement.

3.2.3.4 Conflict of Interest. The welding inspector shall avoid conflict of interest with the
employer or client and will disclose any business association, or circumstances that might be so
considered.

The welding inspector shall not accept compensation, financial or otherwise, from more than
one party for services on the same project, or for services pertaining to the same project, unless
the circumstances are fully disclosed and agreed to by all interested parties or their authorized
agents.
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The welding inspector shall not solicit or accept gratuities, directly or indirectly, from any
party, or parties, dealing with the client or employer in connection with the welding inspector’s
work.

The welding inspector shall, while serving in the capacity of an elected, retained, or employed
public official, neither inspect, review, nor approve work in the capacity of a welding inspector
on projects also subject to the inspector’s administrative jurisdiction as a public official; unless
this practice is expressly dictated by a job description, specification, or both, and all affected
parties to the action are in agreement.

3.2.3.5 Solicitation of Employment. The welding inspector shall neither pay, solicit, nor
offer, directly or indirectly, any bribe or commission for professional employment with the
exception of the usual commission required from licensed employment agencies.

The welding inspector shall neither falsify, exaggerate, nor indulge in the misinterpretation of
personal academic and professional qualifications, past assignments, accomplishments, and
responsibilities, or those of the inspector’s associates. Misrepresentation of current certification
status at the time of, or subsequent to, submission of requested employment information, or in
the solicitation of business contracts wherein current certification is either required or inher-
ently beneficial (advertisements for training courses, consulting services, etc.) shall be a viola-
tion of this subclause.

The welding inspector is cautioned against functioning as an independent in fields out of his or
her capability, without first investigating for possible industry or public requirements and addi-
tional education/experience requirements (e.g., industrial labs, in the concrete and soil testing
field, etc.).

3.2.4 Personal

3.2.4.1 Professional Attitude. The first, and perhaps the most important personal quality, is
a professional attitude. This is a real key to the success of the welding inspector, because it will
determine the degree of respect and cooperation the inspector will receive from others during
the performance of inspection duties. Included in this category is the ability of the welding
inspector to make decisions based on facts so that they are fair, impartial and consistent. If
an inspector’s decisions show partiality or inconsistency, they will undermine the inspector’s
reliability.

In keeping with this professional attitude, the welding inspector’s decision should be consistent
with the job requirements so that decisions are neither too critical nor too lenient. For example,
it is a mistake to have preconceived ideas as to a component’s acceptability. The inspector
should review the facts and make decisions based solely on those facts.

This need for professionalism also extends into a person’s dress, manner, and language used
when dealing with others. If these characteristics become offensive to others, they may well, by
themselves, reduce an inspector’s effectiveness.

The inspector should develop a positive attitude. The goal is to assure that the welding has been
done properly, rather than to try and find something wrong. Every attempt should be made to
be cooperative and helpful. When decisions are being formulated, the welding inspector should
genuinely consider all opinions and recommendations. Only after carefully listening to input
from other involved parties, and combining that information with all the facts and require-
ments, can the welding inspector make a truly sound judgment.
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Membership in professional and technical organizations offers individual inspectors up to date
information on revised standards, new industrial practices, and requirements affecting their
work.

3.2.4.2 Learning Potential. Individuals are often hired as welding inspectors primarily
because of their learning potential. The inspector can perform the job more effectively after
being trained extensively in a variety of subjects. In fact, because the job of welding inspector
involves so many different aspects, it is virtually impossible to gain all of the necessary infor-
mation through experience alone. Personal and professional experience must be supplemented
by additional training and education.

3.2.4.3 Completing and Maintaining Inspection Records. A final attribute, which is not to
be taken lightly, is the welding inspector’s ability to complete and maintain inspection records.
The welding inspector must be capable of accurately communicating all aspects of the inspec-
tion, including the results. The records should be legible, neat, and understandable to anyone
reading the report. Therefore, the report should contain sufficient detail to be complete. The
welding inspector should also consider these records as protection should questions later arise.
Reports should contain sufficient information regarding how the inspection was performed so
that similar results can be obtained later by someone else.

Once records have been developed, the welding inspector should be capable of maintaining all
necessary information in an orderly fashion to facilitate easy retrieval. Accordingly, there are a
few “rules of etiquette” relating to inspection records. First, field notes or records should be
completed in ink; if incorrect entries are noted, they can be lined out and corrected. This cor-
rective action should then be initialed and dated for explanation. Next, the report should accu-
rately and completely state the job name and inspection location in addition to specific test
information. The use of sketches and pictures help to convey information regarding the inspec-
tion results. Finally, the completed report should then be signed and dated by the inspector who
actually performed the work.

3.3 Certification of Qualification

Education, training, and experience are crucial to the qualification of a welding inspector. A
potential welding inspector should be aware that the increasing variety of welding processes,
materials, codes, and other standards applied to today’s product makes the job more compli-
cated and difficult. This simply means that welding inspectors have an increasingly important
job and that this job must be done in a more uniform manner.

Since 1976, the American Welding Society has been actively involved in the examination,
qualification, and certification of welding inspection personnel. The guidelines for the Certified
Welding Inspector program have been established by the AWS Qualification Committee and
Certification Committees and approved by the AWS Board of Directors. The administration of
this program is the responsibility of the AWS Certification Department.

In order to qualify as a Senior Certified Welding Inspector (SCWI), Certified Welding Inspec-
tor (CWI), or a Certified Associate Welding Inspector (CAWI), an individual must show evi-
dence of specified minimum levels of experience, educational training, and vision requirements
which have been established by the AWS Qualification Committee. After these preliminary
requirements have been met, the individual is required to successfully pass a three part exami-
nation. Upon passing of all three parts of the examination, AWS will certify, register, and docu-
ment the qualification and issue an identification card. A stamp bearing the individual’s name
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and certification number may be purchased for use in identifying parts or inspection reports
approved by the Certified Welding Inspector. Recertification is required every three years.

For information regarding the CWI program, contact the AWS Certification Department. Other
publications from Chapter 17, “Codes and Other Standards,” should be used as references and
guides.
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Chapter 4
Welding Inspection Operations

The last chapter outlined desirable characteristics and responsibilities of a welding inspector.
This chapter concentrates on the most essential operations involved in the welding inspection
process.

Welding inspectors can have a diversified range of responsibilities, depending upon the specifi-
cation or code to which they are working, and the particular manufacturing or fabrication
industry in which they are employed. Welding inspection operations will, for the most part, fol-
low the general sequence of the fabrication process. The following outline is a list of activities
typically encountered in welding inspection:

(1) Review of drawings, specifications, and manufacturing instructions

(2) Review of the manufacturer’s approved quality assurance/ quality control program

(3) Verification of welding procedures and personnel qualifications

(4) Verification of approved procedure for qualifying welding and inspection personnel

(5) Selection and examination of production test samples

(6) Evaluation of test results

(7) Preparation of test reports and maintenance of records

(8) Observance and monitoring of recommended safety guidelines.

4.1 Review of Drawings, Specifications, and Manufacturing
Instructions

Welding inspectors should have a working knowledge of the product being manufactured,
especially those components or subassemblies which they will inspect. Detailed knowledge of
drawing requirements, specification requirements, and any manufacturing instructions is essen-
tial. It also is helpful to have a knowledge of the material to be used in the weldment because
certain metals may require special treatment for satisfactory welding. Welding and related pro-
cedures should contain information that incorporates all of the specified variables for perform-
ing the operation. Manufacturing instructions detail the use of particular procedures for various
phases of fabrication.

The welding inspector should be alert to any changes made in these documents to assure com-
pliance with all other procedures and fabrication requirements. Deviations from drawings,
specifications, and manufacturing instructions should be referred to the appropriate technical
function for resolution. In some instances, deviations from drawings or specifications should be
referred to a regulatory agency for approval.
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22/Chapter 4—Welding Inspection Operations

It is not always possible to write a specification that contains all the detailed information
needed to provide an answer for all questions that might arise. Those parts of the specification
that are unclear should be referred to the appropriate technical personnel for interpretation.

4.2 Review of the Manufacturer’s Approved Quality Assurance/
Quality Control Program

The welding inspector should be aware of the manufacturer’s quality program (or absence of a
quality control program). A quality program provides the administrative steps needed to
inspect and control the quality of the completed product. Chapter 6, “Quality Assurance,”
describes the elements of a good program. Quality assurance includes all planned and system-
atic actions necessary to provide adequate confidence that a structure, system, or component
will perform satisfactorily to design requirements or intended service. Quality control, which
may be included in quality assurance, includes those actions related to the physical characteris-
tics of a material, structure, component, or system. These actions provide a means to control
the quality of the material, component, or system to predetermined requirements.

A quality program may include control over a manufacturer’s procedures. This may include
final approval and control of procedure revisions, or procedures and job order applicability.
Other functions might include the administration of the manufacturer’s instrument calibration
program. A quality assurance program will document compliance to requirements of the appli-
cable code or standard. The inspector should have general familiarity with program require—
ments to assure that compliance with the program is achieved.

The welding inspector should be familiar with rules, procedures, and methods for handling and
reporting discrepancy findings to the manufacturer.

4.3 Verification of Welding Procedure and Personnel Qualifications
Prior to the start of fabrication, the inspector should verify that the fabricator has prepared writ-
ten welding procedure specifications that meet the applicable specification, standard, or code.
The welding procedure should be capable of producing weldments with adequate strength,
ductility, and toughness to satisfy the applicable specification or code. Chapter 10, “Qualifica-
tion of Welding Procedures,” describes the elements of a welding procedure specification and
explains the reasons for its use.

Prior to the start of production welding, the inspector should review the qualifications of weld-
ers and welding operators that will work on the project. It may be desirable, depending upon
the contract, to review the fabricator’s procedures for qualification of welders and welding
operators. Some contracts may require this, and also require that the procedure be approved by
the proper personnel. The welding inspector should be sure that (1) only approved welding pro-
cedures are used on the applicable contract, and (2) welders and welding operators are quali—
fied. The contract should specify the requirements as to how this may be accomplished.

Additionally, the welding inspector should be alert to changes of variables in any welding pro-
cedure. Changes or deviations in the procedural requirements should be brought to the attention
of the proper personnel. Revisions should be qualified by tests where required and distributed
to welders and welding operators performing the work. New performance qualifications may
be required if the revised procedures exceed the welder or welding operator’s limitations of
variables defined in the applicable specification or code.
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The chapters on “Qualification of Welding Procedures” and “Qualification of Welders and
Welding Operators” contain sample qualification requirements and examples where welders
may not be working within the limits of their qualifications.

The objective of a welding procedure qualification test is to determine the mechanical proper-
ties of the welded joint. The objective of performance qualification is to determine the ability
of an individual to deposit sound weld metal with a previously qualified welding procedure.

As with welder and welding operator qualifications, inspection personnel should also be quali—
fied prior to the start of the inspection of production welds. The fabricator should ensure con-
formance to all applicable code and contract requirements for the qualification and certification
of inspection personnel. These requirements vary significantly from code to code and also
depend on the weld examination/test method. Examples of certification standards are: AWS
QCl, Standard for AWS Certification of Welding Inspectors; ASNT Recommended Practice
SNT—TC-IA; and ASNT CP-189, ASNT Standardfor Qualification and Certification ofNonde-
structive Testing Personnel; ASME QAl—l, Qualifications and Duties for Authorized Nuclear
Inspection; and NB—263, Rules for Commissioned Inspectors. The AWS QCl certification has
there levels: Senior Certified Welding Inspector (SCWI), Certified Welding Inspector (CWI),
and Certified Associate Welding Inspector (CAWI). See Chapter 16 for more information on
the ASNT program.

4.4 Verification of Approved Procedures for Qualifying Welding and
Inspection Personnel

Although welding and inspection personnel are qualified in accordance with approved proce-
dures, verification is nonetheless necessary to provide added assurance that procedures are
applied properly and competently. To a large extent, the quality of welding and the quality of
inspection depend upon the application of the correct inspection procedures. The welding
inspector should verify that procedures specifically approved or agreed upon for the job are
being used. The welding inspector may find it advantageous to prepare a checklist for each
inspection procedure to use as a guide for performing the required duties. Various recognized
inspection methods and tests are described in Chapter 13, “Destructive Testing of Welds,”
Chapter 14, “Proof Tests,” and Chapter 15, “Nondestructive Examination Methods.”

In general, inspection processes should be performed in sequence with the manufacturing oper-
ations, as established by the fabricator. There are good reasons for doing this, some of which
are the following:

(1) Interference between inspection and production is kept to a minimum.

(2) Inspection operations required at a particular stage of fabrication can be completed (such
as when performance of the next manufacturing step would make inspection of the preceding
step impossible).

(3) In process inspection permits early detection and correction of deficiencies, improving
economics and efficiency.

The following sequence of welding and inspection operations is offered as a general overall
guide. It should be understood that the actual operations and the order in which they are accom-
plished will depend upon the type of weldment, the method of manufacture, and the require-
ments of the governing contract. The inspector may want to establish witness or hold points to
verify one or more of the items shown in Table 4.1.
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Table 4.1
Sequence of Welding and Inspection Operations

Prior to Welding During Welding After Welding

- Material Identification
— Chemical analysis
— Mechanical properties

0 Base Metal Conditions
— Freedom from internal and

surface discontinuities
— Flatness, straightness,

dimensional accuracy
0 Joint Condition

— Edge Shape
— Dimensional accuracy
— Cleanliness
— Root opening
— Alignment
— Backing
— Tack welds

0 Special Assembly/Fabrication
Practice
— Adequacy and accuracy of

jigging, bracing, or
fixturing

— Application and accuracy
of pre—stressing or
precambering

Preheat and interpass
temperatures
— Controls
— Measurement methods
Filler Metal
— Identification
— Control
— Handling
Root Pass
— Contour
— Soundness
Root preparation prior to
welding second side
Cleaning between passes
Appearance of passes
(sometimes in comparison
with workmanship
standard)
In—process NDE as
required or specified
Conformance to approved
welding procedure

Postheat treatment requirements
Acceptance inspection
Method of cleaning for
inspection
Nondestructive examination
— Visual examination
— Surface contour and finish

of welds
— Conformity of welds with

drawings
— Magnetic particle
— Liquid penetrant examination
— Radiographic examination
— Ultrasonic examination
— Proof testing
— Other suitable methods
Destructive testing
— Chemical
— Mechanical
— Metallographic
Marking for acceptance or
rejection
Repairs
Inspection after repair

4.5 Selection and Examination of Production Test Samples

In many types of welded assemblies, certain inspections of the finished product may be per-
formed on samples selected by the welding inspector from the production line. These samples
may be selected at random, or in accordance with established criteria. In either case, the selec-
tion and the witnessing of the testing of these samples are among the important duties of the
welding inspector. In some cases, selection of samples is left to the judgment and discretion of
the welding inspector, rather than prescribed by specification or code. In such cases, the num-
ber of samples should not be more than is needed to reasonably determine conformance to the
required standards. It is common practice for most contracts to mandate a specific sampling
plan and, further, to require additional sampling be performed for each unsatisfactory sample
until workmanship standards are confirmed.

Certain tests or treatments may be prescribed for the samples selected by the welding inspector.
These may include visual, radiography, hydrostatic tests, metallurgical examination, mechani-
cal testing to destruction, or other detailed examinations. The welding inspector should deter-
mine that such work, as prescribed, is properly carried out. Various sampling, testing, and
inspecting methods are described in this handbook.
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4.6 Evaluation of Test Results

It would be impractical for the welding inspector to perform or witness all tests made in con-
nection with some weldments. Where the job requires, however, the welding inspector should
witness or observe sufficient test processes to assure that the tests are being performed in the
proper manner and that the results are accurate. Evaluation and final disposition of test results
will usually require the welding inspector to carefully consider the attributes of the entire process.

From time to time, the welding inspector will review test or inspection results that do not meet
the required standards for acceptance in every detail. In this case, the inspector should identify
and communicate the nonconformance. The disposition of nonconformances may be to repair,
scrap, or perhaps to accept the nonconformance. The inspector should be knowledgeable of the
approval authority for disposition of nonconformances and be very clear on the difference
between the separate activities of inspection for conformance and disposition of nonconform-
ing attributes. Except where the inspection and production functions are combines, it is rare for
the welding inspector to be granted authority to disposition rej ectable weld discontinuities.

4.7 Preparation of Test Reports and Maintenance of Records

Any work performed under a specification or code that requires inspection or tests will also
require records. However, whether required or not, the welding inspector should keep adequate
records. Records provide documentation for the welding inspector should questions arise at
some later time.

It is also the welding inspector’s duty to check his/her records for completeness and accuracy in
accordance with specified requirements and to make certain that they are available when
needed.

Any records that require the fabricator’s signature should be prepared by the fabricator rather
than by the welding inspector.

Records should contain as much detail as necessary. It is desirable that the welding inspector
comment on the general character of the work, how well it stayed within prescribed tolerances,
difficulties that were encountered, and whether any defects were noted. All repairs should be
explained. Copies of these records should go to all persons entitled to receive them, and the
welding inspector should keep a copy on file.

4.8 Observance and Monitoring of Recommended Safety Guidelines

Another of the welding inspector’s duties is to recognize a safety hazard that could result in
injury to welding and inspection personnel. For more information, refer to Chapter 5, “Inspec-
tion Safety Considerations” or ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes.
Well versed welding inspectors should be able to recognize problems such as poor ventilation,
which could cause dizziness and cause injury to the welder.

When welding is being performed it is a good idea to assure that all aspects of welding safety
procedures are being followed. This is true not only for proper welding quality, but to make the
shop a safe place to work. These practices do not only show up in good weld quality, but result
in money saved in the prevention of down time due to accidents.
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Chapter 5
Inspection Safety Consideration

Safety is an important consideration in all shop operations including all aspects of nondestruc-
tive examination (NDE). This chapter covers hazards that may be encountered with nonde-
structive examination equipment and processes. The inspector should read and understand the
manufacturers’ instructions and the safety data sheets (SDSs) on safety and recommended
practices for the inspection process, materials, and equipment, to minimize personal injury and
property damage, and assure proper disposal of wastes.

The NDE methods used that are applicable to the inspection of weldments listed below will be
discussed in this chapter:

(1) Visual Testing (VT)

(2) Liquid Penetrant Testing (PT)

(3) Magnetic Particle Testing (MT)

(4) Radiographic Testing (RT)

(5) Electromagnetic Testing (ET)

(6) Ultrasonic Testing (UT), and

(7) Acoustic Emission Testing (AET)

5.1 Visual Testing (VT)

Lighting of the weld joint should be sufficient for good visibility. In addition to ambient light,
auxiliary lighting may be needed. The inspector should be aware that improper lighting may
cause eye problems. If the area to be inspected is not readily visible, the inspector may use mir-
rors, borescopes, flashlights, or other aids.

5; Liquid Penetrant Testing (PT)

Liquid penetrant inspection material consists of fluorescent and visible penetrants, emulsifiers,
solvent base removers, and developer. These materials have the potential to be absorbed
through the skin, inhaled, or ingested. They may also be toxic and/or flammable. Safe practices
for handling these products are found in the Safety Data Sheet (SDS), see Figure 5.1. The SDSs
should be reviewed prior to use for safe handling practices.

59 Magnetic Particle Testing (MT)

Operators should be aware of any potential hazards and know how to prevent them. The fol-
lowing precautions are recommended per the Safety Data Sheets by the manufacturer and
should be observed.
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28/Chapter 5—Inspection Safety Consideration

SAFETY DATA SHEET
1. IDENTIFICATION

Company:
Address:
Telephone No.:
Product Use:
Packages:
NFPA Rating:
PIN (Canada):
Revision Date:

2. HAZARDOUS INGREDIENTS
Ingredient Wt/Wt % CAS # y PEL Q50 L_C50

3. HAZARDOUS IDENTIFICATION

EMERGENCY OVERVIEW
Bland oily liquid which may irritate the skin and eyes. Difficult to ignite,

but will burn vigorously if engulfed in fire.

POTENTIAL HEALTH EFFECTS
Skin Contact
Eyes:
Inhalation:
Ingestion:
Medical conditions known to be aggravated by exposure to product:

4. FIRST AID
Skin Contact.
Eyes:
Inhalation:
Ingestion:
NOTE: In all severe cases, contact physician immediately. Local telephone operators can furnish
number of regional poison control center.

5. FIRE HAZARD
Conditions of flammability:
Flash point (Bulk):
Flammable limits in air:
Extinguishing media:
Special fire fighting procedures:

Hazardous combustion products:
Unusual fire hazards:

6. ACCIDENTAL RELEASE MEASURES
Mop up or sweep up with absorbent. (For disposal, see Section 13).

7. HANDLING AND STORAGE
Avoid breathing spray mist.
Avoid repeated or prolonged skin contact.
Avoid eye contact.
Store away from heat source.

Figure 5.1—SDS Sheet
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. EXPOSURE CONTROLS/PERSONAL PROTECTION
Controls: None, unless supplied as spray. Use where ventilation will carry spray mist

away from occupied areas.

Personal protection: Wear safety glasses to protect eyes. Wear nitrile rubber gloves if hand
exposure is unavoidable.
Respirator with filter if sprayed in enclosed, unventilated space.

. PHYSICAL PROPERTIES
Initial boiling point (bulk):
Percent volatile:
Density/Sp. gravity:
Water solubility:
pH:

STABILITY AND REACTIVITY
Stability:
Incompatibility:
Hazardous decomposition products:
Reactivity:

TOXICOLOGICAL INFORMATION
Carcinogenicity:
Threshold limit value:
WHMIS information (Canada):

ECOLOGICAL INFORMATION

DISPOSAL
As a non-hazardous oily waste, incinerate or send to waste handler who can blend it into secondary
fuels.
RCRA:
U. S. EPA Waste Number:

TRANSPORTATION
U.S. DOT: 49 CFR 172.101 Hazardous Materials Table

Bulk
Proper shipping name:
Technical Name of Hazardous Component(s):
Hazard class or division:
Identification No..-
Packing Group:
Other Information:

REGULATORY INFORMATION
TSCA:
CERCLA:
SARA TITLE III, Section 313:
California Proposition 65:
WHMIS Class (Canada):
Note: This SDS has been prepared to meet WHMIS (Canada) requirements with the exception of
using 16 headings.

OTHER INFORMATION
Revision Statement
Supersedes:
Prepared by:

Figure 5.1 (Continued)—SDS Sheet
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Magnetic powders should be kept dry and protected from moisture at all times. Oil based sus-
pensions may be flammable and should be handled with care where ignition is possible. Be
aware that water based suspensions may contribute to a shock hazard when used near electrical
equipment.

These materials have the potential to be absorbed through the skin, inhaled, or ingested. They
may also be toxic and/or flammable. Safe practices for handling these products are found in the
Safety Data Sheet (SDS) (see Figure 5.1). The SDSs should be reviewed prior to use for safe
handling practices.

54 Radiographic Testing (RT)

Federal, state, and local governments issue licenses for the operation of industrial radiographic
equipment. The federal licensing program is concerned mainly with those companies that use
radioactive isotopes as sources. To become licensed under federal programs, a facility or oper-
ator should show that it meets standard protection of both operating personnel and the general
public from excessive levels of radiation.

The amount of radiation that is allowed to escape from the area over which the licensee has
direct and exclusive control is limited to an amount that is safe for continuous exposure. In
most cases, a maximum exposure of 2 millirems per hour (2 mrem/h), 100 mrem in seven con-
secutive days, or 500 mrem in a 12—month period is considered to be safe.

54.1 Radiation Monitoring. A radiation safety program should ensure that both the facility
and all personnel subject to radiation exposure are monitored. Facility monitoring generally is
accomplished by performing radiation surveys, i.e., periodically taking readings of radiation
leakage during operation of each source under various conditions. Calibrated instruments
should be used to measure radiation dose rates at various points within the restricted area and at
various points around the perimeter of the restricted area.

To guard against inadvertent leakage of radiation from a shielded work area, interlocks discon-
nect power to an x—ray tube when an access door is opened, or prevents any door from being
opened if the unit is turned on. Alarms are connected to a separate power source which activate
audible or visible signals, or both, whenever the radiation level exceeds a preset value.

All personnel within the restricted area should be monitored to assure that no one absorbs
excessive amounts of radiation. Devices such as pocket dosimeters and film badges are the
usual means of monitoring. Often both devices are worn. Pocket dosimeters may be direct
reading or remote reading.

54.2 Access Control. Permanent facilities are usually separated from unrestricted areas by
shielded walls. Sometimes, particularly with onsite radiographic inspection, access barriers
may be only ropes and sawhorses, or both. In such instances, the entire perimeter around the
work area should be under continual surveillance by radiographic personnel. Signs that carry a
symbol designated by the US. Government should be posted around any high radiation area.
This helps to inform casual bystanders of the potential hazard, but should never be assumed to
prevent unauthorized entry into the danger zone. In fact, no interlock, no radiation alarm, and
no other safety devices should be considered a substitute for constant vigilance on the part of
radiographic personnel.
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5.5 Electromagnetic Testing (ET)

Electromagnetic testing, commonly called eddy current testing, uses alternating current
sources, therefore, normal electrical precautions should be observed—see Electrical Hazards
Clause 5.7. Eddy current testing does not present unique safety hazards to personnel.

5.§ Ultrasonic Testing (UT) and Acoustic Emission Testing (AET)

With high power ultrasonic and acoustic emission equipment, high voltages are present in the
frequency converter and the coaxial cables connecting these components. The equipment
should not be operated with the panel doors open or housing covers removed. Door interlocks
are usually installed to prevent introduction of power to the equipment when the high voltage
circuitry is exposed. The cables are fully shielded and present no hazard when properly connected
and maintained. All operators should beware of electrical hazards. See Electrical Hazards
Clause 5.7.

5.2 Electrical Hazard

Electrical shock can kill. However, it can be avoided. Do not touch live electrical parts. Read
and understand the manufacturing instructions and recommended safe practices. Faulty instal-
lations, improper grounding, and incorrect operation and maintenance of electrical equipment
are all sources of danger.

Make sure all electrical connections are tight, clean, and dry. Poor connections can overheat
and even melt. Further, they can produce dangerous arcs and sparks. Do not allow water,
grease, or dirt to accumulate on plugs, sockets, or electrical units. Moisture can conduct elec-
tricity. To prevent shock, keep the work area, equipment, and clothing dry at all times. Wear dry
gloves, rubber soled shoes, or stand on a dry board or insulated platform.

Keep cables and connectors in good condition. Improper or worn electrical connections may
set up conditions that could cause electrical shock or short circuits. Do not use worn, damaged,
or bare cables. Do not touch live electrical parts.

In case of electrical shock, turn off the power. If the rescuer must resort to pulling the victim
from the live contact, use nonconducting material. If the victim is not breathing, qualified per-
sonnel should administer cardiopulmonary resuscitation (CPR) as soon as contact with the
electrical source is broken. Call a physician and continue CPR until breathing has been
restored, or until a physician has arrived. Cover electrical or thermal burns with a clean, dry,
and cold (iced) compress to prevent contamination. Call a physician.

5.§ General Safety Information
(1) Wear proper eye and hand protection. Use face shields, safety glasses, and goggles as

appropriate. Should a foreign particle enter an eye, promptly flush the eye with water to mini-
mize irritation.

(2) Be aware of electrical hazards—see Clause 5.8.

(3) Be alert for sharp objects, pinch points, and moving objects. Avoid wearing clothing or
jewelry that could be snagged by moving machinery. Items of particular concern are rings,
necklaces, bracelets, long hair, and loose clothing.
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5.2 References
1. Welding Handbook, Volume 1. American Welding Society, Miami, FL.

2. Manufacturer’s Instructions and Safety Data Sheets (SDSs).

3. Training for Nondestructive Testing. ASNT and ASM International, Materials Park, OH
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Chapter 6
Quality Assurance

Quality assurance (QA) includes all planned and systematic actions necessary to provide ade-
quate confidence that a structure, system, or component will perform satisfactorily to design
requirements or intended service. This includes periodic audits of the QA system’s operation
and related controls to assure that they are being implemented and functioning as expected.

Quality control (QC) is the implementation part of quality assurance through examination of
physical characteristics and comparison with predetermined requirements from applicable
codes, specifications, other standards, and drawings. A quality control program may stand
alone or be part of a larger QA plan. In either case, quality control specifications, procedures,
and acceptance criteria should be written for all required inspection operations. If a quality pro-
gram is to be implemented, the following attributes may be considered.

The manufacturer may implement quality programs in conformance to a recognized Standard.
Examples of quality system requirements include AWS B5 .17, Specification for the Qualifica-
tion of Welding Fabricators, ISO 9001, Quality Management Systems Requirements, ASME
QA—l Qualifications for Authorized Inspection, and AISC 303, Code of Standard Practice for
Steel Buildings and Bridges, Section 8 Quality Assurance.

6.1 Quality Assurance Program
It is the responsibility of the manufacturer to provide for the development and implementation
of a QA program. The program should describe the company’s commitment to provide prod-
ucts and services in accordance with established requirements. The following representative
areas should be included in a quality assurance program that describes the elements of a QA
system. The QA system is subsequently supported by implementing detailed QC procedures.

6.1.1 Organization Requirements. Administration of the quality assurance program is a
vested responsibility of the organization. The QA/QC function’s authority and responsibility
should be clearly defined, independent of production, and have direct access to upper manage-
ment. The organization should be staffed with technically qualified personnel to make deci—
sions with regard to:

(1) Identification of quality problems,

(2) Determining compliance with specifications and procedures,

(3) Providing solution(s) through functional channels,

(4) Determining implementation of solutions, and

(5) Controlling further actions until an acceptable quality has been attained.

6.1% Document Control. Control of documents relating to engineering, procurement, policies,
procedures, and instructions should be maintained. Procedures should be implemented to pro-
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vide appropriate review of changes prior to revision and issuance of these documents. Docu-
ment control measures should include the following:

(1) Identification of individuals responsible for preparation, revision, review, approval, and
distribution of documents

(2) Use of correct documents identified and verified

(3) Procedures for controlling receipt, reproduction, distribution, storage, and retrieval of
contract documents.

6.1.§ Purchasing. The quality assurance department should determine quality assurance and
inspection requirements for the project, the magnitude of the inspection work for each class of
material and equipment, and the extent of the work to be performed by the department prior to
purchasing.

The quality assurance and inspection requirements for procured items should be included in the
purchase requisition and include the following, as applicable:

(1) Descriptive title of item or service desired

(2) List of drawings and technical specifications, including revision level

(3) Codes, other standards, and regulatory requirements

(4) Inspection acceptance criteria

(5) Special process requirements

(6) Customer contract requirements

(7) Documentation and record requirements

(8) Source inspection and audit requirements

Purchasing should maintain an approved list of acceptable vendors that comply with the speci-
fied QA and QC program for the project. This list should be maintained to ensure vendors are
selected that have an acceptable QA/QC program. In the event a quality assurance program is
not being used, the quality control program should encompass the qualifications of the vendors.

6.1.4 Process Control. Manufacturing processes should be controlled and implemented using
established procedures for standard commercial processes and special manufacturing pro-
cesses. Special processes such as welding, heat treating, nondestructive examination, testing,
and inspection should be controlled and accomplished by qualified personnel. Special process
procedures should define process methods, personnel training and qualification criteria,
required certification and records, as well as requirements from applicable codes, other stan-
dards, and specifications.

Welding procedures should be reviewed prior to use to ensure that the procedures meet the
specification requirements. Audits or surveillance should be performed during production to
ascertain that the correct procedures are being implemented. Welder performance records
should be audited periodically to determine that welders are properly qualified to procedures
being used for fabrication. If required by specifications, permanent identification or records of
welders’ performance qualifications should be maintained. It should be noted that a decision to
inspect only after completion of welding is not the best way to ensure quality.
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6.1.5 Inspection. The quality control personnel who perform inspections during the various
stages of fabrication should be qualified in accordance with a formal certification program. It is
the responsibility of those charged with the administration and supervision of inspection to
assure that inspectors are qualified and certified. Quality control personnel should perform
nondestructive examination and destructive testing in accordance with established procedures.

Certification of inspection personnel may be required by contract, codes, specifications, or civil
laws. In this regard, it may be beneficial to consider certification of welding inspectors by the
American Welding Society under the QCl Standard for AWS Certification of Welding Inspec-
tors program. The American Society for Nondestructive Testing (ASNT) and AWS provide
certification guidelines for NDE personnel. Other programs may be used for certification of
inspection personnel.

Inspection activities should be performed by quality control personnel in accordance with written
procedures and instructions to assure that the product meets applicable requirements.

The welding inspector determines the accuracy, completeness, and acceptability of materials
and workmanship. Inspection activities also include verification that:

(1) Measuring and test equipment used for inspections are calibrated.

(2) Process hold points are observed.

(3) Surveillance of manufacturing activities is accomplished.

(4) Material receiving inspection is performed.

A sampling program may be used to verify acceptability of a group of items. The sample pro-
cedure should be based on standard practices and provide sample size and selection process.
For example, MIL—STD—105 provides sample sizes and acceptable quality levels.

6.1.6 Identification and Control of Material. The QA/QC procedures should specify the
requirements and control of items. Identification and control may be maintained by heat num-
ber, part number, serial number, or purchase order number. The identification should be placed
on the item. Identification marking should be Clear and applied so as not to affect the function
or identity of the item during processing.

6.1.7 Nonconforming Materials or Items. The QA/QC program should establish detailed
written procedures that describe the controls used for the identification, documentation, segre-
gation, and disposition of nonconforming items, material deficiencies, and procedural require-
ments. Individuals having the responsibility and authority for the disposition of nonconforming
items or deficiencies should be identified in the procedures. Items that do not meet require-
ments should be so identified to prevent inadvertent use.

6.1.8 Records. Records should document the quality of items and should meet the require-
ments of the applicable codes, standards, specifications, and/or contracts. Records may include
results of inspections, audits, material analyses, and process and test activities. Quality proce-
dures should describe the necessary controls for the identification, preparation, legibility, main-
tenance, and retrieval of these records, and how they are to be protected against damage,
deterioration, or loss. Unless otherwise specified by the engineering design, the retention of
records should be based on the requirements of the applicable standard for the project.
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6.1.9 Audits. Audits are useful to verify compliance with a quality assurance program and con-
tract requirements and determine the effectiveness of the program. A system should be estab-
lished by QA/QC procedures for internal and external audits. The audit procedures should
include the requirements for training and qualifying auditors, the planning and scheduling of
audits, preparation of audit reports, and resolution of audit findings and implementation of cor-
rective actions.
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Chapter 7
Ferrous Welding Metallurgy

This is an introduction to metallurgical concepts that influence welding processes and welding
quality control. Special emphasis is placed upon the terms often used during inspection activities.

This chapter is intended to provide introductory material. Simplified definitions and explana-
tions will at times be employed.

The vast majority of metals used by industry are classified as ferrous metals; i.e., those which
contain the element Iron as their primary constituent. Therefore the emphasis of this chapter is
on ferrous metals.

7.1 Carbon Steel

The two general types of steel are plain carbon steels, and alloy steels. Plain carbon steel contains
iron with controlled amounts of carbon. Among plain carbon steels are: low carbon types which
contain less than 0.30% carbon (C); medium carbon steels contain approximately 0.30% C—
0.55% C; and high carbon steels contain up to 1.7% C.

Alloy steel may be defined as steel whose distinctive properties are due to the presence of one
or more alloying elements other than carbon.

Carbon steels are alloyed with the following elements:

(1) Chromium. Increases resistance to corrosion; improves hardness and toughness,
improves the response to heat treatment.

(2) Manganese. Increases strength and responsiveness to heat treatment.

(3) Molybdenum. Increases toughness and improves strength at higher temperatures.

(4) Nickel. Increases strength, ductility and toughness.

(5) Vanadium. Promotes fine grain structure.

Plain carbon steels contain iron plus small quantities of other elements. The five most common
elements mixed with iron and their quantitative limits in a representative grade, AISI/SAE
1020 steel, are the following:

(1) Carbon (C) 0.18%—0.23%

(2) Manganese (Mn) 0.30%—0.60%

(3) Silicon (Si) 0.30% maX.

(4) Phosphorus (P) 0.040% maX.

(5) Sulfur (S) 0.050% maX.

37

Full document details: WIH-2015

http://www.avadocuments.com/doc/wih-2015
http://www.avadocuments.com/doc/wih-2015

