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Foreword

Inspection of welds and welded assemblies involves knowledge of many factors
- including dimensional inspection, non-destructive examination methods, welding
processes, welding metallurgy, destructive testing, welding procedure and welder and
welding operator performance qualification requirements, and the examination and
test réquirements of codes, standards, and specifications, and the accepiance standards
to be employed. A knowledge of drawings, welding and non-destructive testing
symbols, the types of discontinuities that may be associated with different welding
processes, and the ability to interpret and judge the difference between minor
discontinuities and rejectable defects are also important elements of welding inspection.
This second edition of “Welding Inspection” has been prepared by the Committee
on Methods of Inspection of the American Welding Society. The objective was to
provide a reliable source of useful reference information, particularly for the tech-
nically trained individual who may not be directly involved with inspection but whose
position requires that he know what an inspector should know. The book also is in-
tended for the inspector who needs a general refresher in the basic tequirements of
weld inspection,

contained herein, should any conflict arise between the two, The text 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, Although the information generally
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 “Brazing Manual” published by
the American Welding Society,

For the inspection of resistance welded assemblies, refer to “Specification for
Automotive Weld Quality—Resistance Spot Welding,” also published by the American
Welding Society,

vi
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Accelerated cooling, 37

Acceptable quality level, 86

Acceptance criteria for radiographs, 140

Acceptance standards, |

Acoustic emission testing, 190-191
summary, 191

Air carbon arc cutting, 62

Amplitude calibration, 149, 152-153

Angle beam testing, 154

Annealing, 30
solution annealing, 32

ANSIB31.3, 39

API 1104, Standard for Welding Pipelines
and Related Facilities, 69

Arc length, 44

Arc strikes, 55

Arc wash, 49

A scan mode, 144, See.also Ultrasonic testing.

ASTM Specification E112, 27

ASTM Standard E432, Selection of a Leak
Testing Method, 111

A lemperature. See Lower transformation
temperature.

Aj; lemperature, See Upper transformation
temperature.

Audits, 26

Auslenite, 28, 30
resistance to cracking, 33

Auslenite-promoting elements, 192

Auslenitic stainless steel, 32-33, 52, 192
accelerated cooling for, 37
carbide precipitation, 32
characteristics of, 32
corrosion resistance, 33
ferrite content, 32
microfissuring, 32
sigma formation, 32
300-series steels, 32

Average outgoing quality, 86

AWS A2.3, Metric Practice Guide for the
Welding Industry, 203

AWS Ad.2.74, Standard Procedures for
Calibrating Magnetic Instruments to
Measure the Delta Ferrite Content of
Auslenitic Stainless Steel Weld Metal, 33

217

AWS B4.0, Standard Method for Mechanical
Testing of Welds, 95

AWS DI.1, Structural Welding Code, 56,
64, 69

AWS D10.10, Local Heat Treatment of Welds
in Piping and Tubing, 39

Bafnite, 29-30

Base metal,
cracking in, 51
properties, 55

Bend specimens, 100-103

Body-centered cubic structure (BCC), 27.
See also Ferrite; Cementite.

Brinell hardness numbers, 92-93

Brinell hardness test, 92-93

Carbide precipitation, 32
Carbon equivalent (CE), 30
for alloy steels, 31
Carbon steel,
ductility of, 28
for piping, 29
for pressure vessels, 29
for structures, 29
tensile strength of , 28
Cautions, 39
Cementite, 27-29
Charpy V-notch impact test, 103-104, 106-108
Cleaning of surfaces, 62
Codes and standards, 201-202
writers of, 201-202
Columbium, 32
Comparator for liquid penetrant
testing, 174,175
Concavity
excessive, 44
Conductivity, 176, 177
Contract specifications, |
Control charts, 86, 88
Convexity, 44
Cooling rates, 29, 38
Corrosion resistance, 33
Corrosion testing, 90
Couplant materials, 51
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Coupling, 151
Cracks and cracking, 31, 33, 47, 52, 53, 89,
163, 169, 177
in base metal, 51, 53
bondline, 53
causes of, 50
crater, 51
definition, 59
delayed, 31
as distortion, 41, 44
fatigue, 34
in fillet welds, 53
in heat-affected zone, 91
horseshoc, 56, 59
hydrogen, 31
longitudinal, 51, 53
root, 53
shrinkage, 59
in stainless steels, 52
toe, 53
transversc, 51, 53
underbead, 31
in weld metal, 50, 193
Creep strength, 32
Current,
saturation, 184
for welding, 44

Decioel nomograph, 147

Defects, 41

Definitions, 3

DeLong diagram, 195

Delta ferrite. See Ferrite.

Demagnetization, 167, 186

Destructive testing, 89-108
chemical, 89
mechanical, 89, 94-100
metallographic, 89

Discontinuities, 41-59
cracks, 41, 44, See also Cracks and cracking.
distortion, 41
excessive weld reinforcement, 41
inadequate joint penetration, 41, 44, 48, 59
incomplete fusion, 41, 44, 47-48, 169
incorrect final dimensions, 41
incorrect weld profile, 41, 42
incorrect weld size, 41, 42
porosity, 41
radiographs of, 143
slag inclusions, 41, 44, 45-46
surface irregularities, 41, 53
tungsten inclusions, 41, 47
undercut, 41, 49-50

Distortion, 41, 42, 29

Duetility, 55
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Eddy current. See also Eddy current testing.
distribution, 177
indication, 187
meter readings, 178
readout, 184
Eddy current testing, 175-190
advantages, 190
cquipment calibration, 188
flaw detection equipment, 186
limitations, 176
standards for, 188
variables, 187
Electrodes,
low hydrogen, 31, 51, 62
size of, 210
Electromagnetic testing. See Eddy
current testing.
Electromagnetic probe coils, 185, 186
Engineering judgment, 21
Essential variables, 75.76
Excessive penetration, 57, 59

Face-centered cubic (FCC), 28.
See also Austenite.
Fatigue, 35
Ferrite, 27-29, 32, 33, 191-195
heating of, 28
Ferrite number, 33, 192, 193
Ferrite-promoting elements, 192
Ferritic steels, 32, 52,
See also Mild carbon steels;
Low alloy steels.
Ferrite testing, 191-195
Fillet welds, 44, 53
size of, 210
soundness test for, 103, 106
Flaw orientation, 156
Foucault currents, 176.
See also Eddy current testing.

Grain size,

steel, 27
Grain structure in steel, 27
Grinding, 44, 54
Gouging, 44
Guided bend test,

jigs for, 104

Hardness, .t
base metal, 55
Brinell hardness number, 92-93
Brinell test, 92-93
conversion table, 96-97
Rockwell hardness number, 93
Rockwell test, 93
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testing for, 38, 91-94

Vickers test, 93-94
Heat-affected zone (HAZ), 28

cracks in, 53

of 300-series stainless steels, 32
Heat treatment, 32
Helium mass spectromeler, 111
Hydrogen, 31
Hysteresis curve, 182

Identification,

of welder, 63
Impact strength, 55, 107
Impedance, 176, 183
Inadequate joint penetration, 49, 89

causes of, 48

definition, 48

shrinkage stresses, 48
Incomplete fusion, 48, 89

definition, 47-48, 59
Incorrect weld size, 41
Inspection by attributes, 86
Inspection personnel, 21
Inspection procedure

sequence of , 21-22
Interpass temperature, 37, 63
Iron carbide, 27, See also Cementite.
Irregularities, surface, 54

arc length, 54

slag entrapment, 54

spatter, 54

Lamellar tearing, 33-34, 35

in base metal, 55

definition of, 34
Laminations, 33-34, 35

definition of, 33

edge, 55
Leak tests, 109-112
Liquid penetrant examination, 77
Lines of induction, 183
Longitudinal wave mode, 146
Lot tolerance percent defective, 86
Low alloy steels, 30-31, 32, 51
Low carbon steels, 51
Lower transformation temperature,, 28

Macro-specimens, 90-91
Magnetic dormain, 180
alignment, 182
Magnetic field, 161
orientation of, 162
Magnetic moments, 181
Magnetic particle testing, 159-171
continuous method, 164

Index [219

dry powder method, 165, 168
irrelevant indications, 170
pattern interpretation, 169
principles of, 160
recording indications, 167
repair inspection, 169
residual method, 164
standards for rejaction, 170
type of current used, 164
wet fluorescent method, 165
Magnetic permeability, 183
Magnetization,
circular, 162, 163
directions of, 181
longitudinal, 163
prod, 162, 163
Magnetizing current, 164
Martensite, 29, 30, 31, 32
structure, 30
Master Chart of Welding and Allied
Processes, 4
Medium carbon steels, 51
Metallographic tests, 30
Metallurgy, 27-35
Metallurgical inclusions, 34
copper, 34
lead, 34
- sulfur, 34
zinc, 34
Metric practice, 203-215
conversion factors, 207-210
equivalents, 210, 213
Farenheit-Celsius, 214
inch-millimeter conversions, 212
Sl system, 203-215
SI units, 203, 215
units pertaining to welding, 206
Melt-thru, 58
Microfissures, 32, 33
Micro-specimens, 90-91
Mild carbon steels, 27-30, 32

_ MIL-STD-105D, 86

Non-air-hardenable alloys, 37.

See also Austenitic stainless steel.
Nonconforming materials, 26
Nondestructive testing, 11312}

procedures, 196-198

summary, 121

summary table, 114-117

by visval inspecting, 113-12}
Nondesuuctive testing symbols, 8-13

combining, 12

examples, 9-11

summary, 12
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Normalizing, 30
Notched-bar impact test, 103

Operating characteristic curve, 86, 87
Overlap, 42, 44
Oxygen cutting, 62

Pearlite, 28, 29, 32
structure of, 27
Peening, 42, 63
Penctrameter, 134-136
Penetrant testing, 171-175
comparator, 174, 175
developers for, 172
dwell time, 172
evaluation of, 175
fluorescent method, 172
penetrant liquids, 171
visible dye method, 171, 173
Percent elongation, 98
Plasma cutting, 62
Porosity, 37, 41, 45, 46, 89, 170
cause of, 44
cluster, 45
definition, 59
linear, 45
prevention of, 44
uniform scattered, 44
Positions of welding, 62
fillet welds, 79
groove welds, 78
Postweld heat treatment, 30, 32, 38-39, 44, 63
of alloy steels, 31
contaminants in, 39
cooling rates, 38
correction of distortion, 42
full furnace, 39
local, 39
Preheating, 37-38
furnace, 38
local, 38
temperatures, 62
PQR, Procedure Qualification Record, 73
Production test samples, 21
Proof tests, 109
Pulse-echo diagram, 145

Qualifications,

of NDT personnel, 199

procedure, 21

welder, 20, 75-84

welding operator, 20, 75-84
Qualification test plate, 76
Qualification test record, 84
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Quality assurance, 25-26
audits, 26
defined, 25
nonconforming materials, 26
program, 20, 26
Quality control, 25-26
defined, 25
welding procedures, 26
Quenching, 30, 51-52

Radiation,
penetrating power, 123-124
scattered, 130
source of, 123
Radioisotopes, 123, 142
Radiographer, 15
Radiographic film, 124, 127
Radiographic testing, 77, 121-143
advantages of, 141
limitations of, 141
of pipe weld, 133
Radiographic image,
characteristic curve, 130-132
contrast, 128-132
definition, 132
exposure techniques, 136-138
film artifacts, 139
film graininess, 134
film viewing, 139
image quality indicators, 134. See also
Penetrameter.
interpretation of, 129, 138
penumbral shadow, 126, 132
processing film, 127, 134
shadow formation, 125
sharpness, 124
quality of, 129
Rayleigh wave. See Surface wave.
Records, 17, 19, 23, 64
Reduction of area, 98
Repair welding, 63, 112
marking of, 121
Reports, 23
Requalification, 66-67
Residual stresses, 29
Resistivity, 177
Retests, 80
Rockwell hardness test, 92-93
Rockwell has' ~ess numbers, 93
Rolling direcuovn, 34

Safety precautions, 111
Sample joints, 70
Samples and sampling,
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complete, 85
partial, 85
random partial, 85
specified partial, 85
summary, 88
for welding tests, 85-88
Scavengers, 32
Schacffler diagram, 194
Search unit, 144, See also Ultrasonic testing.
Sensitization range, 32, 33
Sequence of welding, 21
Shear wave, 148
Sigma formation, 32
Sigma phase, 33, 192
Sl units. See Metric practice.
SI prefixes, 205, See also Metric practice.

Slag inclusions, 41, 44, 45-45, 47, 59, 89, 170

SMAW,
slag inclusions, 46
Snell's law, 148
Soap film testing, 110
Sound beam path distance, 157
Specifications,
contract, |
form for, 65, 71
prequalified, 69
qualification of, 69-74
requalification factors, 66-67
summaty, 64
welding procedure, 20, 61-68
writers of, 201202
Stainless steels,
cracking in, 52
ferritic, 52
Standards,
acceptance, |
Steels,
AISI/SAE 1020, 27, 28
crystal structure, 28, 29
grain structure, 27
hardenable, 52
low alloy, 30, 31, 51
low carbon, St
mild carbon, 27-30
rivet, 29
stainless, 52
Stress relieving, 30, 38. See also Tempering.
Stress-strain diagram, 97
Surface wave, 148
Symbols. See Welding symbols;
Nondestructive testing symbols.

Temperatures,
during welding, 29
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preheat and interpass, 63
Tensile strength, 95
Tension test,

specimens, 98-100, 103, 105
Test results,

evaluation of, 22, 70
Test plates, 76-83
Tack welding, 62
Tempering, 30
Tensile strength, 32, 55
Thermal conductivity

of base metal, 51
Titanium, 32
Transducer frequency, 151, 154
Travel speed, S1, 62
Tungsten inclusions

causes of, 47

Ultrasonic testing, 144-158
equipment for, 144
Ultrasonic report form, 158
Ultrasonic rulers, 154, 155
Ultrasound attenuation, 146
Ultraviolet light, 166, 171
Undercut, 50, 57, 170
definition, 49, 59
Upper transformation temperature, 28

Vickers hardness test, 93-94
Visual standards, 120

Welder qualifications, 20, 75-84
Welding inspector, 1, 15

categories of, 15

characteristics of, 16
attitude, 17
certification of qualification, 17
education and training, 17
inspection experience, 17
knowledge of drawings, specifications,

and procedures 17, 19

knowledge of testing methods, 17
knowledge of welding, 17
physical condition, 16
records, 17, 19
welding experience, 17

ethics of, 15
conflict of interest, 16
integrity, 16
public sr-tements, 16
responsibility to the public, 16
solicitation of employment, 16

examinations for, 18

responsibilities of, 19
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Welding operator qualifications, 20, 75-84

Welding performance qualification, 75

Welding procedures,
knowledge of, 17
sequence, 21
specifications for, 61-68

Welding symbols, 5-7, 9-11
combining, 12
information depicted by, 5
standard 6-7
summary, 12

Weld metal, properties of,
chemical, 55
mechanical, 55

Welds,

- AUS UIXINDEX % EE 07842b5 001030 &8 WE

defects and discontinuities, 41-59
excessive reinforcement in, 44, 59
gage, 42
profiles, 43
., rootpassin pipe, 44
Workmanship standards, 119

X-ray machines, 123

Yield point, 95
drop of the beam method, 95
total strain method, 95

Yield strength, 55, 95
extension under load method, 96
offset method, 95



