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Foreward from First Edition 

Today, most pipe is joined by welding, but this was not always 
true, for until about 35 years ago pipe was joined by screw threads 
or by bolted flanged joints. Welding, now considered the best 
method for connecting pipe, is used even in the most demanding 
high-pressure and high-temperature service. 

Much of the credit for this progress must be given to the weld­
ing industry; however, credit must also be given to the many 
welders who, through trial and conscientious effort, developed 
the welding procedures which consistently produce reliable weld 
joints. A great many welders contributed their efforts toward 
this end and it is unfortunate that their names have not been re­
corded. 

One person who has contributed greatly to the improvement of 
general pipe welding procedures is Hoobasar Rampaul. He has 
worked as a pipe welder in refinery construction and maintenance, 
as a welding inspector, and as a teacher at the Hobart School of 
Welding Technology where I have been closely associated with 
him and have often witnessed his outstanding skill as a pipe 
welder. His success is due to his fine technical knowledge of weld­
ing as well as to his outstanding manipulative skill. By blending 
these he has been able to develop and qualify procedures that con­
sistently result in pipe welds of the highest quality. 

In order to make this skill available to many more welders I 
have encouraged Mr. Rampaul to write this book. It is a major 
contribution to the art and technology of pipe welding and I 
highly recommend it to all those craftsmen who have an interest 
in this field. 

HOWARD B. CARY 



Preface 

Industries, such as power plants, oil refineries, chemical plants, 
food processing plants, and those that operate cross-country pipe­
lines, have created a great demand for welders who are capable 
of producing high-quality pipe welds consistently. 

This book is intended to help meet this need by assisting in the 
training of pipe welders in trade schools and to help those welders 
now working at the trade to enlarge their knowledge and improve 
their skills. 

The chapters that treat the various welding procedures describe 
in detail the correct welding techniques that should be used as the 
weld progresses around the pipe joint. Possible mistakes are 
pointed out, and the reasons for using the recommended proce­
dures are given. For these reasons, the welder who uses this book 
on the job, or while training, will find it to be a very useful refer­
ence aid. 

In addition to the manipulative procedures, a welder should 
acquire as much technical and theoretical information related to 
welding as possible. This knowledge is most helpful in learning 
the craft of pipe welding and in progressing upward on the job. 
Therefore, there are informative chapters on welding metallurgy, 
on recognizing and correcting welding defects, on distortion in 
pipe joints, on fitting-up pipe joints, and on welding complicated 
pipe joints. 

The author has gained much valuable experience as a pipe 
welder in various industries, not only in the United States but in 
the Caribbean; and he has been associated with the Hobart Broth­
ers Company as an instructor in pipe welding at the Hobart School 
of Welding Technology. He would like to thank Mr. Howard B. 
Cary, Vice President, Hobart Brothers Company, for providing 
the inspiration to write this book and for his encouragement in its 
preparation. 

The author would alw like to take this opportunity to acknowl­
edge, among many others, the help given in the preparation of 
this book by James Hannahs, Wade. Troyer, Rudy Mohler, Denny 
Deweese, Nan Kidder, Helen Wilt, Marilyn Tarcea, Judy Parrish, 
and Lana Shelkon. He would also like to express appreciation to 
the American Welding Society and the following firms for their 
assistance in providing illustrations: The Hobart Brothers Com­
pany, the Tube Turns Division of the Chemetron Corporation, 
and the H & M Pipe Beveling Company. 
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Finally, the author would like to gratefully acknowledge the 
help and advice given by Karl Hans Moltrecht, Technical and 
Vocational Editor, Industrial Press Inc., especially for his con­
tribution in the preparation of Chapters II and 12. 

Acknowledgment by the Publisher 

Industrial Press wishes to express its sincere appreciation to Robert 
O'Con for his invaluable assistance in the preparation of the second 
edition of this book. 
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CHAPTER 1 

Introduction 

Only high quality pipe welds are acceptable in modern industry; 
for the failure of a pipe weld not only can disrupt the operation of a 
plant, it can be the cause of a serious accident with the possible loss 
of life and property. For this reason, a pipe welder must be a 
thoroughly qualified person in his craft. 

The objective of this book is to describe the techniques that will 
result in a successful pipe weld, which must be sound throughout as 
welt as look good. The pipe welder will be provided with the related 
information necessary for him to do his job correctly. To be a 
successful pipe welder and achieve high quality pipe welds, such as 
shown in Fig. 1-1, requires practice in welding pipe. It cannot be 

Fig. 1-1. Example of a high quality pipe weld. 

learned by reading a book alone; however, if incorrect techniques 
are repeated, practice alone will never lead to successful pipe weld­
ing. Those who will take the time and effort to read this book will 
learn the correct techniques which, if practiced, will result in obtain­
ing the skills required to be a successful pipe welder. 

Before starting to learn pipe welding, a person should be pro­
ficient in welding in the four basic positions: I. fiat; 2. horizontal; 3. 

1 



Chapter 1 

vertical; and 4. overhead. All of these positions are used to weld 
pipe. Since the pipe has a round shape, there is usually a gradual 
transition from one position to another. 

The welding positions are defined by standard symbols which are 
shown in Fig. 1-2. It is important for the welder to learn to identify 

... g 
"' "' 

FLAT POSITION 

" 

PLATES AND AXIS 
OF PIPE HORIZONTAL 

TEST POSITION 
HORIZONTAL 2G 

A)(IS OF PIPE 
VERTICAL 

HORIZONTAL POSITION .. 

PLATES AND AXIS 
OF PIPE VERTICAL 

IIEF!TICAL POSITION ,. 

PLATES VERTICAL ANO 
AXIS OF PIPE VERTICAL 

HORIZONTAL FIXED ,. 

-(ill·-
PIPE SHALL NOT BE 
TURNED OR ROLL EO 

WHILE WELDING 

OVERHEAD POSITION •• 

PLATES HORIZONTAL 

TEST POSITION 

•• 

Courlt!sy of the flobart Brothtn Co. 

Fig. 1-2. Standard symbols designating the welding positions. 

these positions by their symbols (IG, 2G, etc.). These symbols will 
be used in this book to identify the various welding positions. 

When making the weld, the welder is confronted with two pri­
mary tasks. First he must prepare to make the weld, and second he 
must concentrate his entire attention on the welding operation. 

In preparing to make the weld, the welder is concerned with the 
following matters: 

I. The type of metal to be welded 
2. The selection of the correct welding electrode 
3. The preparation and cleaning of the edge, or weld joint 
4. The fit-up of the pipes to obtain the correct alignment. 

2 



Introduction 

After all of the preparations have been made, the welder must 
give his complete attention to making the weld. He must strike the 
arc and manipulate the electrode correctly in order to deposit a 
sound bead. He must watch the molten puddle of metal and, when 
welding a root bead, he must watch the keyhole (see Chapter 5, Fig. 
5-4) constantly. Ever alert to notice small changes that may affect 
the quality of the weld, he must be prepared to make instantaneous 
adjustments in his welding technique when required. In other words, 
when the weld is in progress, the welder should see and think of 
nothing outside the area of the weld. 

Basic Pipe Welding Procedures 

When the pipe is in the 5G position, with its axis horizontal as in 
Fig. 1-3, positions on the pipe can readily be identified by their 
likeness to the numbers on the face of a clock. Thus, the top of the 
pipe is in the 12 o'clock position and the bottom is the 6 o'clock 
position. 

Two different welding procedures are used when the pipe is in the 
horizontal position: downhill and uphill pipe welding. The choice of 
the method is not affected by the diameter of the pipe; it depends 
primarily on the wall thickness and the alloy content of the pipe, as 
explained in the following section. 

II 
12 

10 2 -------- ----'\ 

9 3 

8 4 ----- ---4 
6 

Fig. 1-3. The identification of the welding positions around the pipe joint by the 
numbers on the face of a clock. 

Downhill Pipe Welding. Regardless of the method used, the pipes 
must first be tack welded together. For downhill welding (Fig. 1-4), 
the weld is started in the 12 o'clock position and the bead is welded 
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Chapter 1 

progressively downward around the pipe until the 6 o'clock position 
is reached. Starting again at the 12 o'clock position, the bead is 
welded around the other side of the pipe to close with the first bead 
at the 6 o'clock position. 

Downhill pipe welding is used primarily to weld thin-wall mild 
steel pipe having a wall thickness of 1fs to %6 inch. The relatively 
thin wall of the pipe retains the heat longer than thick metal would. 
This causes the metal in the area of the weld to cool slowly if the 
speed of welding and the heat input are the same. Slow cooling is 

START STOP 

STOP START 
Fig. 1-4. (Left) General procedure for downhill pipe welding. Fig. 1-5. (Right) 

General procedure for uphill pipe welding. 

desirable because a softer and more ductile grain structure is then 
obtained in the metal in the area of the weld. 

When welding mild steel pipe, the s~ower cooling rate of the 
thin-walled pipe does make it possible to deposit the weld at a faster 
rate without harmful effects to the welded joint. For this reason, 
downhill welding is preferred when welding thin-wall mild steel pipe. 
The ductility of the metal in the weld and in the surrounding area 
can be further improved by depositing several beads around the 
weld. Each succeeding bead heats the previous bead, which cools 
relatively slowly. 

The fabrication of cross-country transmission pipelines and other 
low pressure storage vessels are examples where the downhill method 
of arc welding (SMAW) is used. Since such fabrications will be of 
materials less than 3/8 of an inch thick, the downhill technique allows 
faster welding speeds with less tendency to bum through the root of 
the joint. In contrast, thicker materials and many of the alloy steel 
materials require the uphill welding method. 

Downhill welding requires the use of fast-freezing, lightly coated 
electrodes such as 6010, 6011, 6012, 7010, and 7014 that produce 
minimum slag. As the electrode is moved down along the joint the 
molten puddle and it's slag covering will tend to smother the arc caus­
ing porosity and slag inclusions in the weld. The use of the proper 



Introduction 

electrodes, proper rod angle, and adequate travel speed, keeping ahead 
of the molten slag will insure sound welds. In some instances the use 
of straight polarity (electrode negative) along with the downhill 
method will eliminate burn though when poorly fitted joints are 
encountered. 

The use of the heavier coated electrodes such as 7024 and the iron 
powder low hydrogen types are not suitable in downhill welding as the 
problems of slag entrapment, porosity, and cold lapping become insur­
mountable. Such electrodes will also require higher operating currents 
thus increasing the chance of burn though. 

Early in the twentieth century the oxy-acetylene welding (OAW) 
process was used to join the low and medium carbon steel pipe mate­
rial used at the time. Later, in the 1930's, when electric arc welding 
(SMAW) came into general use in pipe fabrication, the higher welding 
temperatures generated by the arc caused cracking problems, particu­
larly in the root or first stringer pass. 

Since that time pipe manufacturers have refined and improved the 
metallurgy of their products to take advantage of the newer welding 
processes and electrodes that were becoming available. 

In recent years as the demand for larger diameter pipe with thicker 

Fast moving welding crew. 
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Chapter 1 

walls for transporting grade oi I over very long distances and natural 
gas at higher pressures, the pipe industry has improved the mechani­
cal properties of the pipe by additions of manganese and silicon, along 
with more rigidly controlled amounts of carbon. Also small amounts 
of columbium and vanadium have been used, usually in the range of 
0.20-0.26 percent. Such materials are known as "low alloy" piping 
because attempting to increase strength by excessive alloying causes 
additional problems in welding such as cracking and embrittlement of 
the heat effect zone (HAZ). 

Increasing the carbon, manganese, and silicon content to achieve 
these higher level mechanical properties may seem reasonable. 
However, it will not be in the interest of joining pipe edges by weld­
ing without risking faulty welds. Even small-quantity increases in car­
bon can have great effects, increasing both the tensile strength and 
hardness. Likewise, manganese will increase both toughness and duc­
tility, but will suffer from not having the necessary value to resist 
cracking. 

Today's pipelines, and all of the Lx60 and Lx65 grade pipe mate­
rials, are being made by alloying techniques, other than simply 
increasing carbon and manganese levels, to the limits appropriate for 
carbon steel. In most instances, columbium or vanadium are added to 
a steel containing 0.20-to-0.26 percent carbon and 1.0-to-1.35 percent 
manganese,and. a "hot roll" practice within the critical range is 
responsible for grain refinement and adequate mechanical properties. 

Pipelines welders are on the go all day. They are provided with 
welder helpers who are responsible for grinding and wire brushing 
each layer of weld deposit. They are also responsible for adjusting the 
welding current as instructed by the welders, keeping the welder sup­
plied with electrodes, and handing the welders an electrode each time 
the one in use is consumed. The welder's helpers play a very support­
ive role because of their knowledge and experience in grinding and 
brushing welds complements the welder's effort in making perfect 
welds. 

The welder helper's responsibility goes even further. After welds 
have been brushed and grinding is completed, the welder helper is 
often the first to discover defects such as surface porosity, poor fusion, 
poor tie-in, and inadequate filter metal on the weld groove before cap­
ping. The helper then informs the welder, who will provide instruction 
about what additional steps are needed to correct such defects. 
Because of the many variables on pipeline construction, especially 
with welding procedures and standards, welder helpers should be 
given training, or brought up to date, before pipeline construction 
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Introduction 

commences. 
The majority of pipelines constructed today use low alloy grade 

materials, although it is very possible higher strength alloy pipe mate­
rial will be introduced in the future. Meanwhile, because of their role 
with preheating, interpass temperature, screening welds from wind and 
rain, and observing surface defects, welder helpers should be formally 
trained. Note: Chapter 8 continues the discussion of pipeline welding. 

Uphill Pipe Welding. After the pipe has been tack welded, the weld 
is started at the lowest spot on the pipe or the 6 o'clock position 
(Fig. 1-5), and the bead is deposited upward around the pipe until 
the 12 o'clock position is reached. The second half of the pipe is 
then welded by again starting at the 6 o'clock position and welding 
upward around the other side to the 12 o'clock position, where the 
joint is closed. 

This method is preferred for welding heavy-wall pipe and pipe 
made of alloy steel. The thicker pipe wall acts as a "heat sink" by 
withdrawing the heat more rapidly from the weld area than does a 
thin-wall pipe. The faster cooling rate causes the metal in the weld 
area to become more brittle in mild steel pipe. In alloy steel pipe the 
tendency toward brittleness is greatly increased. 

Cross country pipeline laying. 
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Chapter 1 

To overcome this tendency the cooling rate in the weld area must 
be reduced. This can be accomplished by decreasing the welding 
speed and by depositing a heavier bead. Both of these objectives­
slower welding speed and a heavier bead - are achieved by welding 
the pipe in the uphill direction. 

Horizontal Pipe Welding. When the pipe is in the 2G position, with 
its axis vertical, the weld joint connecting the two pipes is in a 
horizontal plane, and a horizontal position (2G) weld must be made 
around the pipe. Horizontal pipe welding will be treated in detail in 
a later chapter. 

There are, of course, cases where the weld must be made in still 
other positions, such as the 6G, or inclined, position. Welding in 
these positions is usually done by using one of the methods just 
described. Sometimes a combination of procedures is required and 
the welder must exercise good judgment in selecting the best one. 

PIPE WELDING STANDARDS AND CODES 

Welded joints in pipes play a vital part in industry. They are used 
in oil refineries (see Fig. 1-6), chemical plants, power generating 
stations, and food processing plants. Welded joints in pipes also play 
a vital role in the transportation of liquids and gases, as exemplified 

Fig. 1-6. Typical plant requiring many pipe-weld joints. 
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