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Chapter

1
Origin, Development,

and Jurisdiction
of the ASME Code

History of the ASME Code

On March 20, 1905, a disastrous boiler explosion occurred in a shoe fac-
tory in Brockton, Massachusetts, killing 58 persons, injuring 117 others,
and causing a quarter of a million dollars in property damage. For years
prior to 1905, boiler explosions had been regarded as either an inevitable
evil or “an act of God” (see Figs. 1.1 and 1.2). But this catastrophic acci-
dent had the effect of making the people of Massachusetts see the neces-
sity and desirability of legislating rules and regulations for the
construction of steam boilers in order to secure their maximum safety.
After much debate and discussion, the state enacted the first legal code
of rules for the construction of steam boilers in 1907. In 1908, the state
of Ohio passed similar legislation, the Ohio Board of Boiler Rules adopt-
ing, with a few changes, the rules of the Massachusetts Board.

Therefore, other states and cities in which explosions had taken
place began to realize that accidents could be prevented by the proper
design, construction, and inspection of boilers and pressure vessels and
began to formulate rules and regulations for this purpose. As regula-
tions differed from state to state and often conflicted with one another,
manufacturers began to find it difficult to construct vessels for use in
one state that would be accepted in another. Because of this lack of uni-
formity, both manufacturers and users made an appeal in 1911 to the
Council of the American Society of Mechanical Engineers to correct the
situation. The Council answered the appeal by appointing a committee
“to formulate standard specifications for the construction of steam boil-
ers and other pressure vessels and for their care in service.”
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Figure 1.1 The Brockton, Massachusetts, shoe factory. (Courtesy of The Hartford Steam
Boiler Inspection and Insurance Company.)

The first committee consisted of seven members, all experts in their
respective fields: one boiler insurance engineer, one material manufac-
turer, two boiler manufacturers, two professors of engineering, and one
consulting engineer. The committee was assisted by an advisory com-
mittee of 18 engineers representing various phases of design, con-
struction, installation, and operation of boilers.

Following a thorough study of the Massachusetts and Ohio rules
and other useful data, the committee made its preliminary report in
1913 and sent 2000 copies of it to professors of mechanical engineer-
ing, engineering departments of boiler insurance companies, chief
inspectors of boiler inspection departments of states and cities, man-
ufacturers of steam boilers, editors of engineering journals, and oth-
ers interested in the construction and operation of steam boilers, with
a request for suggestions of changes or additions to the proposed reg-
ulations.

After three years of countless meetings and public hearings, a final
draft of the first ASME Rules for Construction of Stationary Boilers
and For Allowable Working Pressures, known as the 1914 edition, was
adopted in the spring of 1915. 
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Additions to the Code

Since 1914, many changes have been made and new sections added to
the Code as the need arose. The present sections are listed in the fol-
lowing order:

Section I. Power Boilers

Section II. Materials

Part A: Ferrous Material Specifications

Part B: Nonferrous Material Specifications

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

Part D: Properties 

Section III. Rules for Construction of Nuclear Components

Subsection NCA: General Requirements for Divisions 1 and 2

Division 1

Subsection NB: Class 1 Components

Subsection NC: Class 2 Components

Subsection ND: Class 3 Components

Subsection NE: Class MC Components

Subsection NF: Supports

Figure 1.2 Shoe factory after the boiler explosion of March 20, 1905, which led to the adop-
tion of many state boiler codes and the ASME Boiler and Pressure Vessel Code. (Courtesy
of The Hartford Steam Boiler Inspection and Insurance Company.)
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Subsection NG: Core Support Structures

Subsection NH: Class 1 Components in Elevated Temperature
Service

Appendices

Division 2. Code for Concrete Containments

Division 3. Containment Systems for Storage and Transport
Packaging of Spent Nuclear Fuel and High Level Radioactive
Materials and Waste

Section IV. Heating Boilers

Section V. Nondestructive Examination

Section VI. Recommended Rules for Care and Operation of Heating
Boilers

Section VII. Recommended Guidelines for the Care of Power Boilers

Section VIII. Pressure Vessels

Division 1

Division 2. Alternative Rules

Division 3. Alternative Rules for Construction of High Pressure
Vessels

Section IX. Welding and Brazing Qualifications

Section X. Fiber-Reinforced Plastic Pressure Vessels

Section XI. Rules for Inservice Inspection of Nuclear Power Plant
Components

ASME Boiler and Pressure Vessel Committee

The increase in the size of the Code reflects the progress of industry in
this country. To keep up with this spontaneous growth, constant revi-
sions have been required. The ASME Code has been kept up to date by
the Boiler and Pressure Vessel Committee (currently consisting of
more than 800 volunteer engineers and other technical professionals)
which considers the needs of the users, manufacturers, and inspectors
of boilers and pressure vessels. In the formulation of its rules for the
establishment of design and operating pressures, the Committee con-
siders materials, construction, methods of fabrication, inspection, cer-
tification, and safety devices. The ASME works closely with the
American National Standards Institute (ANSI) to assure that the
resulting documents meet the ANSI criteria for publication as
American National Standards.

The members of the Committee do not represent particular organi-
zations or companies but have recognized background and experience



Origin, Development, and Jurisdiction of ASME Code 5

by which they are placed in categories, which include manufacturers,
users of the products for which the codes are written, insurance
inspection, regulatory, and general. The Committee meets on a regu-
lar basis to consider requests for interpretations and revisions and
additions to Code rules as dictated by advances in technology.
Approved revisions and additions are published semiannually as
addenda to the Code.

To illustrate, boilers were operating in 1914 at a maximum pressure
of 275 psi and temperature of 600°F. Today, boilers are designed for
pressures as high as 5000 psi and temperatures of 1100°F, and pres-
sure vessels for pressures of 3000 psi and over and for temperatures
ranging from  –350°F to more than 1000°F.

Each new material, design, fabrication method, and protective device
brought new problems to the Boiler Code Committee, requiring the
expert technical advice of many subcommittees in order to expedite
proper additions to and revisions of the Code. As a result of the splen-
did work done by these committees, the ASME Boiler and Pressure
Vessel Code has been developed; it is a set of standards that assures
every state of the safe design and construction of all boiler and pressure
vessels used within its borders and is used around the world as a basis
for enhancing public health, safety, and welfare. Many foreign manu-
facturers are accredited under the provisions of the ASME Boiler and
Pressure Vessel Code.

Procedure for Obtaining the Code Symbol
and Certificate

Users of pressure vessels prefer to order ASME Code vessels because
they know that such vessels will be designed, fabricated, and inspected
to an approved quality control system in compliance with a safe stan-
dard. Pressure vessel manufacturers want the Code symbol and
Certificate of Authorization so that they will be able to bid for Code
work, thereby broadening their business opportunities. They also
believe that authorization to build Code vessels will enhance the repu-
tation of their shop.

If a company is interested in building Code vessels according to the
ASME Section VIII, Division 1, Pressure Vessels Code, it should
acquaint  itself with Code Pars. U-2 and UG-92, which outline the manu-
facturer’s responsibilities and define the requirements for an inspector.
This third party in the manufacturer’s plant, by virtue of being autho-
rized by the state to do Code inspection, is the legal representation which
permits the manufacturer to fabricate under state laws (the ASME Code).

Manufacturers who want to construct Code vessels covered by
Section VIII, Division 1, obligate themselves with respect to quality
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and documentation (see Code Appendix 10, Quality Control Systems).
A survey will be required for the initial issuance of an ASME
Certificate of Authorization and for each renewal. The evaluation is
performed jointly by the Authorized Inspection Agency and the juris-
dictional authority concerned which has adopted, and also administers,
the applicable boiler and pressure vessel legislation. When the juris-
dictional authority does not make the survey, or the jurisdiction is the
inspection agency, the National Board of Boiler and Pressure Vessel
Inspectors will be asked to participate in the survey.

After the survey has been jointly made to establish that a quality
control system is actually in practice, the National Board representa-
tive, if involved, and the jurisdiction authority will discuss their find-
ings with the manufacturer. If the manufacturer’s system does not
meet Code requirements, the company will be asked to make the nec-
essary corrections. The survey team will then forward its report to the
ASME with the recommendation that the manufacturer receive the
Certificate of Authorization or, if failure to meet standards exists, that
the certificate not be issued.

All Code shops must follow the above procedures in order to obtain
the Code symbol. If your shop wants the Code Certificate of Auth-
orization, you should write to the Secretary of the Boiler and Pressure
Vessel Code Committee, ASME, 3 Park Avenue, New York, NY
10016-5990, stating your desire to build such vessels. To help the sec-
retary and the Subcommittee on Code Symbol Stamps evaluate your
shop, the application must describe the type and size of vessel the
shop is capable of building and the type and size of your equipment,
especially fabricating equipment. If possible, you should arrange with
some Authorized Inspection Agency, such as your state, city, or insur-
ance company, to undertake the inspection service after your shop
has received ASME certification. You can then inform the ASME that
specific inspection arrangements have already been made.

The secretary will send a statement of your request to the Subcom-
mittee on Code Symbol Stamps. A request will also be made to the chief
inspector of the particular state, city, or other inspection agency gov-
erning your company and/or the National Board of Boiler and Pressure
Vessel Inspectors to make a survey that will determine whether or not
your company has a quality control system that is capable of designing
and fabricating pressure vessels by ASME Code rules.

The secretary receives a report of this survey and will then forward
the report to the Subcommittee on Code Symbol Stamps. Should the
subcommittee judge favorably, your company will be issued a Code sym-
bol and Certificate of Authorization. A manufacturer with the ability,
integrity, and quality control system to design and fabricate good pres-
sure vessels will have no difficulty in obtaining Code authorization.
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The National Board of Boiler and 
Pressure Vessel Inspectors

The National Board of Boiler and Pressure Vessel Inspectors, an inde-
pendent, nonprofit organization whose members are the jurisdictional
officials responsible for enforcing and administrating the ASME Boiler
and Pressure Vessel Code, was first organized in 1919. Since then, it
has served for the uniform administration and enforcement of the rules
of the ASME Boiler and Pressure Vessel Code. In drafting the first
Code, the Boiler Code Committee realized that it had no authority to
write rules to govern administration, and that compliance could be
made mandatory only by the legislative bodies of states and cities.

Although some authorities thought that uniformity could be
achieved by a code of uniform rules, they proved to be mistaken.
Various states and cities adopted the ASME Code with the provision
that boilers be inspected during construction by an inspector qualified
under their own regulations; the boiler was then to be stamped with
the individual local stamping to indicate its conformity with these reg-
ulations. This requirement created an unwieldy situation, for boilers
constructed in strict accordance with the ASME Code still had to be
stamped with the local stamping, thereby causing needless delay and
expense in delivery of the vessel.

It was evident that some arrangement had to be made to overcome
such difficulties. Therefore, boiler manufacturers met with the chief
inspectors of the states and cities that had adopted the ASME Code and
formed the National Board of Boiler and Pressure Vessel Inspectors for
the purpose of presenting the ASME Code to governing bodies of all
states and cities. Their aim was not only to promote safety and unifor-
mity in the construction, installation, and inspection of boilers and
pressure vessels but also to establish reciprocity between political sub-
divisions of the United States. Such ideals could best be carried out by
a central organization under whose auspices chief inspectors, or other
officials charged with the enforcement of inspection regulations, could
meet and discuss their problems. The efforts of this first group of
administrators succeeded in extending National Board membership to
all Canadian provinces and most of the states and cities of the United
States. It is now possible for an authorized shop to build a boiler or
pressure vessel that will be accepted anywhere in the United States or
Canada after it has been inspected by an Authorized Inspector holding
a National Board Commission.

The ASME Code requires that Inspectors must meet certain mini-
mum requirements of education and experience and must pass a writ-
ten examination before they can be commissioned to perform Code
inspections. One of the many functions of the National Board is the
commissioning of Authorized Inspectors.
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Shop Reviews by the National Board

Before the issuance of an ASME Certificate of Authorization to build
Code vessels, the manufacturer must have and demonstrate a quality
control system. This system has to include a written description
explaining in detail the quality-controlled manufacturing process.

Before the issuance of renewal of a Certificate of Authorization, the
manufacturer’s facilities and organization are subject to a joint review
by the inspection agency and the legal jurisdiction concerned. For those
areas where there is no jurisdiction, or where a jurisdiction does not
review a manufacturer’s facility, and/or the jurisdiction is the inspec-
tion agency, the function may be carried out by a representative of the
National Board of Boiler and Pressure Vessel Inspectors. When the
review of the manufacturer’s facilities and organization has been made
jointly by the inspection agency, and/or the legal jurisdiction, or a rep-
resentative of the National Board of Boiler and Pressure Vessel
Inspectors, a written report will be sent to the American Society of
Mechanical Engineers. The National Board of Boiler and Pressure
Vessel Inspectors also participates in all nuclear surveys.

The National Board also issues Certificates of Authorization for the
use of the National Board R stamp, to be applied to ASME Code and
National Board–stamped boilers and/or pressure vessels on which
repairs are to be made (see the section Welded Repair or Alteration
Procedure in this chapter).

Another important service the National Board performs is the certifi-
cation of safety valves and safety relief valves. The ASME Boiler and
Pressure Vessel Code contains specific requirements governing the de-
sign and capacity certification of safety valves installed on Code-stamped 
vessels. The certification tests are conducted at a testing laboratory
approved by the ASME Boiler and Pressure Vessel Committee.

In addition to safety valve certification, the National Board has its
own testing laboratory for its experimental work and for certifying
ASME safety and relief valves. The facilities of the laboratory are also
available to manufacturers and other organizations for research, devel-
opment, or other test work.

National Board Requirements

All Canadian provinces and most states require boilers and pressure
vessels to be inspected during fabrication by an Inspector holding a
National Board Commission and then to be stamped with a National
Board standard number. Qualified and authorized boiler and pressure
vessel manufacturers must be registered with the National Board of
Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave., Columbus,
OH 43229. In addition, two data sheets on each vessel must be filed
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with the National Board, one copy of which is retained by the Board
and the other sent to the administrative authority of the state, city, or
province in which the vessel is to be used (see Code Par. UG-120).

The National Board of Boiler and Pressure Vessel Inspectors is con-
stantly working to assure greater safety of life and property by pro-
moting and securing uniform enforcement of boiler and pressure vessel
laws and uniform approval of designs and structural details of these
vessels, including the accessories that affect their safe operation; by
furthering the establishment of a uniform Code; by espousing one stan-
dard of qualifications and examinations for inspectors who are to
enforce the requirements of this Code; and by seeing that all relevant
data of the Code are made available to members.

In prior years the Uniform Boiler and Pressure Vessel Laws Society
issued a Synopsis of Boiler and Pressure Vessel Laws, Rules, and
Regulations, the publishing of which has been assumed by the National
Board. The book gives a summary of applicable laws of states,
provinces, cities, and counties. It has proved valuable to users and
manufacturers of boilers and pressure vessels. Figures 1.3 and 1.4
show political subdivisions of the United States and Canada. 

Code Case Interpretations

As the Code does not cover all details of design, construction, and mate-
rials, pressure vessel manufacturers sometimes have difficulty in
interpreting it when trying to meet specific customer requirements. In
such cases the Authorized Inspector should be consulted. If the
Inspector is unable to give an acceptable answer or has any doubts or
questions about the proper interpretation of the intent of the Code, the
question can be referred to the Inspector Supervisor’s office. If the
Inspector and his or her supervisor are not able to provide a ruling,
the manufacturer may then request the assistance of the Boiler and
Pressure Vessel Committee, which meets regularly to consider
inquiries of this nature. In referring questions to the Boiler and
Pressure Vessel Committee, it is necessary to submit complete details,
sketches of the construction involved, and references to the applicable
paragraphs of the Code; it is also useful to include opinions expressed
by others. (See Code Appendix 16 for guidance in preparing inquiries
to the ASME.)

Inquiries should be submitted by letter to the Secretary of the Boiler
and Pressure Vessel Committee, ASME, 3 Park Avenue, New York, NY
10016-5990. (It should be noted that with the advent of the Internet,
much of this work can be accomplished through the Web. The ASME
can be found at www.asme.org.) The secretary will distribute copies of
the inquiry to the committee members for study. At the next commit-
tee meeting, interpretations will be formulated. 
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These interpretations (issued twice each year) may then become
addenda to the Code. If so, they will first be printed in the Addenda sup-
plement of the Code for subsequent inclusion in the latest edition of the
Code (printed every three years). Addendas are issued once each year.

The addenda incorporate as many case interpretations as possible in
order to keep the open file of cases to a minimum. For their own good,

Figure 1.3 Boiler and pressure vessel laws in the United States and Canada. (Reprinted
with permission of the National Board of Boiler and Pressure Vessel Inspectors,
www.nationalboard.org, from National Board Synopsis of Boiler and Pressure Vessel
Laws, Rules and Regulations, © 2003.)
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Figure 1.4 Tabulation of boiler and pressure vessel codes and stamping requirements in
the United States and Canada. (Reprinted with permission of the National Board of
Boiler and Pressure Vessel Inspectors, www.nationalboard.org, from National Board
Synopsis of Boiler and Pressure Vessel Laws, Rules and Regulations, © 2003.)

BOILER AND PRESSURE VESSEL CODES



Figure 1.4 (Continued)
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all Code manufacturers should subscribe to the Code Cases offered by
the American Society of Mechanical Engineers. They will then auto-
matically receive all cases issued by the Boiler and Pressure Vessel
Committee, some of which may prove very useful.

Canadian Pressure Vessel Requirements

United States manufacturers of ASME Code vessels often receive
orders for vessels to be installed in Canada. All provinces of Canada

Figure 1.4 (Continued)

STAMPING REQUIREMENTS
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Figure 1.4 (Continued)

have adopted the ASME Code and require vessels to be shop-inspected
by an Inspector holding a National Board Commission and to be
stamped with a provincial registration number in addition to the
ASME symbol and National Board stamping.

But before construction begins, one important requirement has to be
met in all provinces of Canada. Each manufacturer must submit
blueprints and specification sheets in triplicate of all designs for
approval and registration by the chief inspector of the province in
which the vessel is to be used.

After the chief inspector receives the drawings, they are checked by
an engineer to determine their compliance with the Code and also with
provincial regulations. If the design does not meet the requirements, a
report is sent to the manufacturer, explaining why it cannot be
approved and requesting that the necessary changes be made and the
corrected drawings returned. If the design complies in full, one copy of
the drawing is returned to the manufacturer with the stamped
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approval and a registration number that must be stamped on the ves-
sel in addition to the ASME symbol and National Board stamping.

Once a design has been approved and registered, any number of ves-
sels of that design can be built and used in the province where it is
approved. If a vessel of the same design is to be sent to another
Canadian province, the manufacturer’s letter to the chief inspector of
that pro-vince should state the registration number of the original
approval. The second province will then use the same registration
number with the addition of its own province number. For example, a
design first registered in Ontario might have been given the number
764. This number would be followed by a decimal point and then the
number 5, which signifies the Province of Ontario. The registration
would thus be 764.5. If this same design were used in the Province of
Manitoba, it would be given the registration number 764.54, with the
figure 4 denoting Manitoba.

The Canadian provinces also require their own manufacturer’s affi-
davit form, with the registration number and the shop inspector’s signa-
ture on the data sheets. Finally, when a vessel is delivered to a purchaser
in Canada, an affidavit of manufacture bearing the registration number
and the signature of the authorized shop inspector must be sent to the
chief inspector of the province for which it is intended.

Department of Transportation Regulations

A new Chapter 11 in this book explains clearly the new federal regula-
tions 49 CFR Parts ¶107, ¶178, and ¶180, formerly known as dockets
HM-183 and HM-183A. This new regulation mandates and requires
that all over-the-road specification cargo tank trucks be manufactured
by a holder of an ASME Code symbol U stamp. Most of these cargo tank
trucks will not bear the official ASME Code stamp; however, certain
specification cargo tanks will be manufactured and continue to be
stamped ASME if all the requirements of the Code are met. Additionally
and most importantly, all specification cargo tanks will now be required
to be repaired by the holder of a National Board R stamp.

These new regulations will require numerous companies to obtain
the ASME U Code symbol stamp or the National Board R symbol
stamp. Quality control programs will be required when no such pro-
grams have existed in the past. Training of personnel will now be
involved in areas of nondestructive examination, testing, procedure
qualification, and numerous other areas involving quality. This will
cause additional expense to the facilities involved. New maintenance
actions involving periodic tests and inspections are also mandated and
must be carried out.

Origin, Development, and Jurisdiction of ASME Code 15
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*The Code is published by the National Board of Boiler and Pressure Vessel Inspectors,
1055 Crupper Ave., Columbus, OH 43229.
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Welded Repair or Alteration Procedure

Repairs or alterations of ASME Code vessels may be made in any shop
that manufactures Code vessels or in the field by any welding contractor
qualified to make repairs on such vessels. Recognizing the need for rules
for repair and alterations to boilers and pressure vessels, the National
Board of Boiler and Pressure Vessel Inspectors in their inspection code,
Chapter III, gives rules that many states have incorporated into their
own boiler and pressure vessel laws. Many companies have been using
these rules as a standard for repairs to pressure vessels.

The National Board also has six Certificates of Authorization for use
of the National Board R stamp. Any repair organization may obtain
Certificates of Authorization for use of the National Board R stamp to
be applied to ASME Code and National Board–stamped boilers and/or
pressure vessels on which repairs have been made.

Before an R stamp is issued, the firm making repairs must submit to
a review of its repair methods. It must also have an acceptable written
quality control System covering repair design, materials to be used,
welding procedure specifications, welders’ qualifications, repair meth-
ods, and examination. The review will be made by a National Board
member jurisdiction where the repair company is located. If there is no
National Board member jurisdiction, or, at the request of such jurisdic-
tion, the review will be made by a representative of the National Board.

Manufacturers and assemblers who hold ASME Certificates of
Authorization and Code stamps, with the exception of H (cast iron), V,
UV, and UM stamps, may obtain the National Board R stamp without
review provided their quality control system covers repairs.

Whenever the R stamp is to be applied to National Board–stamped
boilers and pressure vessels, all repairs are subject to acceptance by an
Inspector who holds a valid National Board Commission and a valid
Certificate of Competency issued by a state or jurisdiction of the United
States or Province of Canada.

The Authorized Inspector will be guided by the National Board
Inspection Code* as well as by any existing local rules governing repair
of vessels. When the work is to be done on location, repairs to a vessel
require greater skill than was required when the vessel was first shop-
constructed. Utmost consideration must be given to field repairs, which
may necessitate cutting, shaping, and welding with portable equip-
ment. The practicability of moving the vessel from the site to a properly
equipped repair shop should be considered. Before repairs are made,
the method of repair must be approved by an Authorized Inspector. The



Origin, Development, and Jurisdiction of ASME Code 17

Inspector will examine the vessel, identify the material to be welded,
and compare it with the material to be used in repair. A check is then
made to ensure that the welding contractor or shop has a qualified
welding procedure for the material being welded and that the welder
who does the work is properly qualified to weld that material. If the
repair or alteration requires design calculations, the Inspector will
review the calculations to assure that the original design requirements
are met. For repair of Section VIII, Division 2 pressure vessels, the
design calculations must be reviewed and certified by a Registered
Professional Engineer experienced in pressure vessel design.

When the repairs or alterations and the necessary tests have been
completed, one or more of the following reports are filled out (see Fig.
1.5): Form R-1, Report of Welded Repair; Form R-2, Report of
Alteration; and Form R-3, Report of Parts Fabricated by Welding.
(Form R-4, Report Supplementary Sheet, should be used for any infor-
mation for which there is not enough room on one of the other three
forms.) Some states and insurance companies have their own forms
which must be signed by the contractor or manufacturer making the
repair and by the Authorized Inspector.

When an alteration is made to a vessel, it shall comply with the sec-
tion of the ASME Code to which the original vessel was constructed to
conform. The required inspection shall be made by an Authorized
Inspector holding a National Board Commission. No alteration shall be
initiated without the approval of the Authorized Inspector.

When alterations are completed, Form R-2 shall be signed and certi-
fied, indicating that the alteration has met the applicable requirements.
This R-2 report shall record the required data and shall clearly indicate
what changes or alterations have been made to the original construction.
On the R-2 report, under Remarks, the name of the original manufac-
turer, manufacturer's serial number, and the National Board number
assigned to the vessel by the original manufacturer shall be stated.
When the vessel has been altered, an original and one copy of the certi-
fied repair or alteration report shall be filed with the National Board of
Boiler and Pressure Vessel Inspectors. A copy shall go to the jurisdic-
tional authority, inspection agency, and the customer for either repairs
or alterations when so requested by the applicable persons.

When the stamping plate is made for an altered vessel, it shall con-
tain all the information required by the National Board Inspection
Code (see Fig. 1.6). Note the difference in the stamping of the name-
plate of an altered vessel from the stamping of the nameplate of a
repaired vessel (see Fig. 1.7).

The words Altered or Rerated in letters 5⁄16 in high shall be stamped
on the plate in lieu of the Code symbol, National Board R symbol, and
National Board number. The date shown on the nameplate shall be the
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Figure 1.5 Form R-1, Report of Welded Repair; Form R-2, Report of Alteration; Form R-3,
Report of Parts Fabricated by Welding; Form R-4, Report Supplementary Sheet; and
Guide for Completing National Board Form R Reports. (Reprinted with permission of the
National Board of Boiler and Pressure Vessel Inspectors, www.nationalboard.org, from
1998 National Board Inspection Code, © 1998.)
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Figure 1.5 (Continued)
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Figure 1.5 (Continued)

date of alteration. This nameplate shall be permanently attached to
the vessel adjacent to the original manufacturer’s nameplate or stamp-
ing, which shall remain on the vessel.

If the alteration requires removal of the original manufacturer’s
nameplate or stamping, it shall be retained and reattached to the
altered vessel. Such relocation shall be noted on the R-1 report subject
to the jurisdictional requirements.

Managerial Factors in Handling Code Work

The producer of welded pressure vessels is faced today with many seri-
ous problems, not the least of which is managing to stay in business
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Figure 1.5 (Continued)
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and earn a fair profit.* Severe competition exists throughout the plate-
fabricating industry, not only because of the growth in the number of
fabricating shops but also because of the tremendous technological 
advances made in recent years. Many of the older, more heavily capi-
talized plants have been hit hard. Some of these have successfully
turned to specialized fields; others produce specialty products that
return a good profit when in demand. When demand slackens, these
shops often turn to general fabrication, thereby increasing the compet-
itive situation for the general plate fabricator.

For this type of fabricator, who essentially runs a job shop, the profit
margin is restricted from the outset because jobs are usually awarded
to the lowest bidder. Although there is nothing unusual in this method
of competing, it does increase the need to think ahead clearly and to
avoid unnecessary costs. For the job shop handling ASME Code vessels
as well as non-Code work, the importance of careful planning is greatly
increased because of the relatively high costs of Code material and also
the variety in techniques and procedures demanded.

A second important factor in the award of a contract is delivery time,
and here again planning assumes utmost importance. The buyer of a

Figure 1.5 (Continued)

*The material in this section, Managerial Factors in Handling Code Work, was con-
tributed by C. H. Willer, former editor of Welding Journal.
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Figure 1.5 (Continued)
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Figure 1.5 (Continued)
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Figure 1.5 (Continued)
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Code vessel is not necessarily concerned if a producer incurs extra
expense through carelessness but is very often acutely aware of deliv-
ery time. Good customer relations and even future business depend
upon on-time deliveries. Obviously, cost and delivery time are related.

The job shop, then is faced with three fundamental problems in the
production of Code work:

1. The ability to fabricate in accordance with the Code
2. The necessity for keeping costs at a minimum
3. The importance of making deliveries on time

The question naturally arises, “What concrete steps can be taken to
assure the best fulfillment of these requirements?” A few general sug-
gestions bear mention. First, there is no substitute for reading and
understanding the ASME Code. Many protests are heard on this score,
even from inspectors and engineers, but a knowledge of those sections
of the Code that pertain to the type of work in which one is engaged is
a necessity. But even this is not enough. Some vessel requirements are
extremely simple; others are not. The vast industrial complex of today
has created such a wide variety of pressure vessels that they constitute
a perpetual challenge to the ingenuity of the fabricator. For the job
shop, close cooperation and understanding are required from start to

Figure 1.5 (Continued)
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Figure 1.6 Stamping or nameplate of an altered boiler or pressure vessel. (Reprinted with
permission from the National Board Inspection Code, 1992 ed., p. 49. Copyright 1992
National Board of Boiler and Pressure Vessel Inspectors.)

Figure 1.7 Stamping or nameplate of a boiler or pressure vessel repaired by welding.
(Reprinted with permission from the National Board Inspection Code, 1992 ed., p. 49.
Copyright 1992 National Board of Boiler and Pressure Vessel Inspectors.)
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finish. Sales, estimating, design, and purchasing must all be backed up
by sound shop experience and a reasonable time schedule.

Particular methods for handling an order vary from one company to
another. But within the limits set by customer specification and the
rules of the Code, the job shop can seek a competitive advantage and
avoid unnecessary costs and time losses by determining the following:

1. An overall production schedule
2. Acceptable alternatives in plate material and components
3. Acceptable alternatives in design geometry
4. Acceptable alternatives in fabricating methods
5. Acceptable sources of supply

Some freedom of choice is usually left to the fabricator, and finding
the best means of satisfying the requirements at the least cost is the
essence of this phase of the manufacturing process. 

Work-Flow Schedules

By the time an order for a Code job is accepted, it has been estimated,
bid, and sold. For many reasons, a job-shop estimator does not com-
pletely and finally specify all details of material design and fabrica-
tion at the time of bidding. After an order is received, a work-flow
schedule must be drawn up that allots time for shop fabrication, pro-
curement of materials and components, design drafting, and takeoff.
The shop fabrication schedule is based on an estimate of the total
quantity of work-hours required, the necessary work-hour sequence
(allowing for nonadditive, parallel operations), and finally the stipu-
lated delivery date and the total shop load for the calendar period.
This information determines the required delivery date for plate
material, purchased components, and shop subassemblies. The lead
time for these items sets the date for purchasing and thus for the com-
pletion of the design, drafting, and takeoff details initially required.
An estimate of the time needed for the latter operations indicates the
provisional starting date.

Although this simple computation can be made in many different
ways, it is most important that it be made in a specific way, for it forms
the basis on which all scheduling and expediting are founded. If the
provisional starting date indicates on-time delivery, there is no prob-
lem. The sequence of determined dates becomes the production sched-
ule, and expediting is managed accordingly. If the estimated delivery
falls considerably ahead of time, the entire schedule can be appropri-
ately delayed or more time can be allotted to any or all of the produc-
tion steps. In this situation, the cost of maintaining the inventory
must be balanced against the future availability of material in a
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changing market. It must be remembered that although filler jobs are
desirable, a reduction in work rate is not. If the estimated delivery
falls after the required date, on the other hand, the operations must
be reviewed to determine where and how time can be saved.
Sometimes a simple solution is quickly found; more often, pressure
has to be applied on all concerned, including the ASME Code
Inspector; however, this pressure must be applied in a rational way.

It should be realized that the two hard necessities governing job-shop
work—cost saving and time saving—are not always compatible. Earlier
deliveries of purchased material usually cost more; heavier pressure on
a work force usually results in overtime. Code restrictions on design, fab-
rication, and materials narrow the field of action. Nevertheless, certain
routine procedures exist that will result in considerable savings.

Mill Orders

From a cost and delivery angle, the design of a pressure vessel and
the purchasing of the plate and heads are often related. Thus the
steel mill system of extras, based on the weight of items ordered,
varies inversely with the weight, a 10,000-lb item having no extra
and lesser quantities taking gradually increased extras according to
the published table. The maximum cost difference could amount to
many dollars a ton. As an item consists of any number of plates of one
width and one thickness of a given quality, it pays to design a vessel
with equal-width plates (see Appendix A). Various mills also publish
extras based on width, and these tables must be consulted. A buyer
might be able to save considerably by arbitrarily increasing a plate
width a fraction of an inch.

Tonnage mounts up fast in steel plate. The question is often asked,
“Is it less expensive to design a given vessel for a higher test steel with
less thickness even though the quality extra incurred by the decreased
thickness may be higher?” It sometimes works out this way, by using,
say, an SA-515 grade 70 steel instead of an SA-285 grade C steel.
Fabrication cost differences must also be considered.

Sometimes the buyer rather than the designer will note that a plate
useful for stock inventory can be added to a special item to bring the
total weight into a lower class of extras, thus saving money. This is also
true of heads. At some mills, discounts for quantity begin with four to
six heads, and very sizable discounts are offered for larger quantities.
It is also highly desirable to attempt to keep head diameters, radii, and
thicknesses to the standards carried in mill stocks.

Mill conditions often affect the length of time required to fill an order.
As mills have different rolling practices, schedules, minimum-quantity
stipulations, base prices, size limits, and the like, all these details should
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be discussed with a sales representative before attempting to place an
order, especially if the buyer is not experienced. The lead time for most
mills in normal periods runs about 45 days, but it is not safe to guess.

Warehouse Orders

If delivery requirements make it impossible to obtain steel from a mill,
Code plate can be obtained in various sizes from warehouses. Quick
delivery can be obtained of certain size plates, usually the lighter gages
up to 1⁄2 in thick, 96 in wide, and 10 to 20 ft long. In addition to the
higher base price, the buyer must consider the cost of obtaining the
plate size desired from the sizes offered. Heads of certain sizes and
gages are carried by some warehouses and also are stocked for imme-
diate delivery by some mills. Standard thicknesses of 3⁄16, 1⁄4, 5⁄16, 3⁄8,
and 1⁄2 in are typical of flanged and dished heads with diameters up to
96 in. Special heads are also listed in published catalogs.

Shop Organization

By far the biggest opportunities for saving time and money lie in the
handling and organizing of Code work in the shop. Unless shop proce-
dure is properly set up and the work scheduled in advance for inspec-
tion, extra cost and delay are likely.

Each visit by a Code Inspector represents a direct cash outlay both
for the time used by the Inspector and for the time taken by person-
nel to show and review the work. Many shops adopt the practice of
arranging for periodic visits so that as much work as possible can be
grouped for one visit and the availability of the Inspector can be relied
upon. Lack of planning often results in a last-minute rush to get ready
with possible overtime expense or in an incomplete presentation that
necessitates an additional inspection for some overlooked detail. If a
job is not carefully watched, it may progress beyond the point at
which an Inspector can make a satisfactory investigation of a com-
pleted operation.

Similarly, the vessel may be found to contain components for which
the Code quality standard cannot be established. Either situation may
result in costly rework or even complete loss. Sometimes it seems that
in the complexity of a busy job shop it is almost impossible to plan very
far ahead. Lack of planning, however, only means that more plans
must be made, discarded, revised, and started over again.

Before work is started, the complete specifications should be reviewed,
the sequence of work operations determined, and a rough shop schedule
including the expected dates of inspection formulated. Without this



schedule a final delivery date cannot safely be determined. The job must
follow this schedule closely under responsible supervision.

When Code material is received, it should be carefully marked and
checked. At least by the time of layout, the reference numbers should
be checked against material certification and the required physical and
chemical properties proved. At this time also, material should be
checked for thickness and surface defects. This simple routine should
help to prevent unnecessary and costly rework and loss of time.
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Chapter

2
Descriptive Guide 
to the ASME Code 

Section VIII, Division 1,
Pressure Vessels

An attempt is made in this chapter to assist those wishing to find spe-
cific information quickly without having to wade through the large
fund of specifications and recommendations encompassed by the Code.
Figures and tables outline designs, materials, or performance require-
ments, indicate conditions for which precautions are necessary, and
list Code paragraphs to be read for the proper information. Experience
has proven that many of these items are often overlooked. Also
included is a handy reference chart (Fig. 2.1) that graphically illus-
trates the various parts of a pressure vessel and the Code paragraphs
that apply to each. Table 2.1 lists the various classes of materials from
Section VIII, Division 1, the covering Code section part, applicable ref-
erences for the stress value tables found in Section II, Part D, and
additional helpful hints. It should be remembered, however, that there
is no substitute for reading the Code itself.

Requirements for Establishing Design
Thickness Based on Degree of Radiography
(Code Pars. UW-11 and UW-12)

The requirements based on the degree of radiographic examination of
butt welds in pressure vessels constructed to the requirements of
Section VIII, Division 1 of the ASME Boiler and Pressure Vessel Code
have been the subject of numerous inquiries for interpretation from
manufacturers, designers, Authorized Inspectors, and users of these
vessels. Most of the questions have been concerned with the examina-
tion requirements for circumferential butt welds attaching seamless
heads to shell sections.
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TABLE 2.1 Classes of Materials

Covering Applicable Code 
Material Code part stress value tables Remarks

Carbon and UCS Code Section II, Basis for establishing stress
low-alloy Part D, Table 1A values—Code Appendix P,
steels UG-23

Low-temperature service re-
quires use of notch-tough ma-
terials—Code Pars. UCS-65, 
UCS-66, UCS-67, UCS-68, UG-
84

Code Figs. UCS-66, UCS-66.1,
UCS-66.2

In high-temperature opera-
tion, creep strength is essen-
tial

Design temperature—Code 
Par. UG-20

Design pressure—Code Par. 
UG-21, Fn. 8

Temperature above 800°F may 
cause carbide phase of carbon 
steel to convert to graphite

Pipe and tubes—Code Pars. 
UG-8, UG-10, UG-16, UG-31, 
UCS-9, UCS-27

Creep and rupture proper- 
ties—Code Par. UCS-151

Nonferrous UNF Code Section II, Basis for establishing values—
metals Part D, Table 1B Code, Appendix P, UG-23

Metal characteristics—Code 
Par. UNF, Appendix NF, NF-1 
to NF-14

Low-temperature operation—
Code Par. UNF-65

Nonferrous castings—Code 
Par. UNF-8

High-alloy UHA Code Section II, Selection and treatment of
steels Part D, Table 1A austenitic chromium–nickel 

steels—Code Par. UHA-11, 
UHA Appendix HA, UHA-100 
to UHA-109
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TABLE 2.1 Classes of Materials (Continued)

Covering Applicable Code 
Material Code part stress value tables Remarks

High-alloy Code Section II, Inspection and tests—Code
steels (cont.) Part D, Table 1A Pars. UHA-34,UHA-50, UHA-

51, UHA-52

Liquid penetrant examination
required if shell thickness ex- 
ceeds 3⁄4 in—all 36% nickel steel 
welds—Code Par. UHA-34

Low-temperature service—Code
Pars. UHA-51, UG-84

High-alloy castings—Code Pars.
UHA-8, UG-7

Code Par. Ug-7

Castings Code Pars. UG-11, UG-24, UCS-
8—Code Appendix 7

Cast iron UCI UCI-23 Vessels not permitted to contain
lethal or flammable substances
—Code Par. UCI-2

Selection of materials—Code 
Pars. UCI-5, UCI-12, UG-11, 
UCS-10, UCS-11, UCI-3, UCI-1,
UG-10

Inspection and tests—Code 
Pars. UCI-90, UCI-99, UCI-101,
UCI-3

Repairs in cast-iron materials—
Code Par. UCI-78

Dual cast UCI Code Pars. UCI-1, UCI-23, UCI-
iron 29

Integrally UCL (See Code Pars. Suggest careful study  of entire
clad plate, UCL-11, UCL 23.) metal UCL section 
weld metal ` Selection of materials—Code 
overlay, or Selection of materials—Code 
applied Pars. UCL-1, UCL-3, UCL-10,
linings UCS-5, UF-5, ULW-5, UCL-11,

UCL-12, UG-10

Qualification of welding proce-
dure—Code Pars. UCL-40 to -46

Postweld heat treatment—Code
Pars. UCL-34, UCS-56 (includ-
ing cautionary footnote)

Inspection and test—Code Pars.
UCL-50, UCL-51, UCL-52

Spot radiography required if 
cladding is included in comput-
ing required thickness—Code 
Par. UCL-23(c)

Use of linings—Code Par. UG- 
26 and Code Appendix F
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TABLE 2.1 Classes of Materials (Continued)

Covering Applicable Code 
Material Code part stress value tables Remarks

Welded and UCS Code Section II, Thickness under internal 
seamless pipe Part D, Table 1A pressure—Code Par. UG-27
and tubes (car- 
bon and low- 
alloy steels)

Thickness under external
pressure—Code Par. UG-28

Provide additional thickness
when tubes are threaded and 
when corrosion, erosion, or wear
caused by cleaning is expected
—Code Par. UG-31

For calculating thickness re-
quired, minimum pipe wall 
thickness is 87.5 percent of 
nominal wall thickness

30-in maximum on welded pipe 
made by open-hearth, basic oxy-
gen, or electric-furnace pro- 
cess—Code Par. USC-27

Welded and UHA Code Table 1A
seamless pipe 
(high-alloy
steels)

Forgings UF Code Section II, Materials—Code Pars. UG-6, 
Part D, Table 1A UG-7, UG-11, UF-6, UCS-7 and 

Section II, Part D, Table 1A

Welding—Code Par. UF-32 (see 
also Section IX Code Par. QW-
250 and Variables, Code Pars. 
QW-404.12, QW-406.3, QW-
407.2, QW-409.1 when welding 
forgings)

Low-temp- ULT ULT-23 Operation at very low temper-
erature tures, requires use of notch-
materials tough materials

Layered ULW Vessels having a shell and/or
construction heads made up of two or more 

separate layers—Code Par. 
ULW-2

Ferritic steels UHT Code Table 1A Scope—Code Par. UHT-1
with tensile Marking on plate or stamping,
properties use “low-stress” stamps—Code
enhanced by Par. UHT-86
heat treatment



The Code has always been clear regarding requirements for butt
welds attaching shell sections which have fully radiographed, longitu-
dinal, butt welds, and when a joint efficiency of 1.00 is used in the cal-
culation of shell thickness. A revision given in the Summer 1969
Addenda provided, for the first time, a requirement for radiographic
examination of the butt weld attaching a seamless head to a seamless
section in order to be consistent with the rules for butt-welded sections.
However, the unwillingness to accept this new requirement generated
further inquiries. Consequently, the Committee reopened the subject
for possible further revision.

In an effort to achieve uniformity, The Transactions of the ASME
Series J Journal of Pressure Vessel Technology, in the February 1975
issue, and subsequent follow-up article in February 1977, included
examples by G. M. Eisenberg, Senior Pressure Vessel Engineering Ad-
ministrator, clarifying design factors that were used as a guide. The
National Board of Boiler and Pressure Vessel Inspectors also published
these examples in their April 1975 National Board Bulletin.

The degrees of radiographic examination shown in Code Par. UW-11
include full, spot, and no radiography requirements. The factors for
allowable stress and joint efficiency (quality factors) to be used in cal-
culations for shell sections and head thicknesses are set forth in Code
Par. UW-12 and Code Table UW-12 (see Table 2.2). The use of spot
radiography, in lieu of partial radiography on Category B or C butt
welds, provided a relaxation of the previous requirements. [Refer to
Code Par. UW-11(a)(5)(b); partial radiography is no longer addressed
by Section VIII, Division 1.]

The Code details the joint efficiency requirements and the percent-
age of the tabulated allowable stress which shall be used in head cal-
culations and shell calculations for both circumferential (hoop) and
longitudinal (axial) stresses.

In the 1986 Addenda to ASME Section VIII, Division 1, extensive
revisions to the past rules that affect the minimum design thickness 
requirements used in the design of Code pressure parts were made.
These new revisions have continued to evolve slowly to the rules which
are in effect today. Additionally, these new requirements adversely
affect how the maximum allowable working pressure or design thick-
nesses of materials used in Code construction is determined. The new
rules are used to determine the method for selection of joint efficiencies
and/or stress multipliers and how to apply them in the design of
Section VIII, Division 1 pressure vessels.

Under these new requirements the designer must consider each
ASME Code Section VIII, Division 1, Table UW-12 joint separately for
the value of E which will be utilized in the formulas of Code Pars. UG-
27, UG-32, UG-34, and UG-37, and Code Appendix 1, Appendix 9-6,
and Appendix 13. The symbol E is formally known to mean joint effi-
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ciency or efficiency. Today these terms may also be known as a stress
multiplier which can be either in the form of a joint efficiency or stress
reduction (quality) factor.

Under the revised rules, the designer would be allowed to employ spot
radiography of the circumferential joints in a vessel. This could possibly
be the case even if the designer had elected to perform full radiography of
the intersecting longitudinal butt weld. For example, one approach may
be to fully radiograph the longitudinal butt joints of a vessel utilizing
E=1.00 in the formula. The designer may then choose to apply a lesser
degree of radiographic examination (for example, spot radiography) for
the circumferential butt joints using an efficiency E = 0.85 (see Table 2.3).

It should be noted with caution that the Code only allows one level of
radiographic examination difference between longitudinal butt joints
(or seamless equivalents) and the intersecting circumferential Table
UW-12 butt joints in vessels, vessel sections, and heads [see Code Par.
UW-11(a)(5)(b)].

The Code now recognizes that seamless vessel sections (for example,
pipe used for shells of vessels) or seamless heads and their intersecting
Category B and C butt joints are considered equivalent to welded parts
of the same geometry. This rule applies only when the longitudinal
joint is welded from both the inside and outside of the weld joint prepa-
ration or when some other process is used which will ensure that the
butt joint has complete penetration at the joint.
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TABLE 2.2 Welded Joint Efficiency Values

Efficiency allowed, 
Type of  joint and radiography percent Code reference

Double-welded butt joints (Type 1) Par. UW-11
Fully radiographed 100 Pars. UW-51, UW-35
Spot-radiographed 85 Pars. UW-12, UW-52
No radiograph 70 Table UW-12

Single-welded butt joints Par. UW-52
(backing strip left in place) (Type 2) Par. UCS-25

Fully radiographed 90 Par. UW-51
Spot-radiographed 80 Par. UW-52
No radiograph 65

Single-welded butt joints no backing 60 Table UW-12
strip (Type 3) limited to circumfer-
ential joints only, not over 5⁄8 in
thick and not over 24-in ouside dia-
meter

Fillet weld lap joints and single- Table UW-12
welded butt circumferential joints

Seamless vessel sections or heads 100 Par. UW-12(d)
(spot-radiographed)

Seamless vessel sections or heads 85 Par. UW-12(d)
(no radiography)



For calculations involving the circumferential stresses of seam-
less parts, or for thicknesses of seamless shells or heads, the value
of E may equal 1.00 when the spot radiographic requirements of
Code Par. UW-11(a)(5)(b) are met. Additionally, the value of E may
equal 0.85 and may be utilized in the formula if the designer elects
not to perform any radiography. The value of E = 0.85 for circum-
ferential butt joints and longitudinal butt joints which connect
seamless vessels, vessel sections, and heads, may be used provided
that these welds are Type 3, 4, 5, or 6 joints as derived from Code
Table UW-12.

The stress reduction factors of the pre-1986 Addenda of 0.80 and 0.85
are no longer applicable. Under the new rules there is only one stress
reduction factor less than 1.00. This is a factor of 0.85, known now as a
quality factor. This quality factor only applies to seamless vessels, ves-
sel sections, and heads of Code Par. UW-12(d).

When pressure-welding processes are to be utilized in the production
of Code pressure vessels, such as flash induction welding, pressure gas
welding, and inertia and continuous drive friction welding, the value 
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TABLE 2.3 Radiographic Requirements

Remarks Code reference

Full Radiography

Full radiograph all joints over 11⁄2 in (required  Pars. UW-11(a)2,
radiographing on lesser thickness) UCS-57, Table UCS-57

Circumferential butt joints of nozzles and com- Par. UW-11(a)4
municating chambers with diameter not exceeding 
10 in or with thickness not exceeding 11⁄8 in do not 
require radiography

Vessels containing lethal substances must be Pars. UW-11(a)1, UW-2
fully radiographed

Efficiency of fully radiographed joints Par. UW-12, Table UW-12

Radiographic acceptance standards Par. UW-51

Surface weld buildup Pars. UW-42, UCS-56(f)(5)

Carbon and low-alloy steel materials Pars. UCS-57, UCS-19

High-alloy steel materials Par. UHA-33

Clad-plate materials Par. UCL-35

Nonferrous materials Pars. UNF-57, UNF-91

Ferritic steels whose tensile properties have been Par. UHT-57
enhanced by heat treatment

Layered vessel inner shells and heads Par. ULW-51

Welded joints in layers of layered vessels Par. ULW-52(d)

Butt welded joints in layered vessels Par. ULW-54

Low-temperature vessels Par. ULT-57



E = 0.80 may continue to be used in Code calculations provided the
welding process used is permitted by the rules of Section VIII, Division
1 for the materials to be welded and provided that the quality of such
welds are tested. Such test specimens shall be representative of the
production welding on each vessel. These specimens may be taken from
the shell of the vessel or from a separate “runoff” tab attached as a pro-
trusion of the longitudinal joint of the vessel. If there is no longitudinal
joint, a separate test plate of the same base material, thickness, and
welding materials which will be used on the production piece shall be
used. Each test piece shall be tested with one reduced section tension
test specimen and two side bend test specimens which shall meet the
requirements of ASME Code Section IX Pars. QW-150 and QW-160.

As a result of this new joint efficiency requirement allowing a per-
joint quality factor, many vessels now built will be utilizing the RT-4
when marking the ASME Code data plate (see Fig 2.18). This marking
applies only when a part of the vessel satisfies the requirements of UW-
11(a) or when RT-1 [the complete vessel satisfies the full radiographic
requirements of UW-11(a)], RT-2 [the complete vessel satisfies the
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TABLE 2.3 Radiographic Requirements (Continued)

Remarks Code reference

Spot Radiography

General recommendations Par. UW-11(b)

Spot-radiographing required for higher weld joint Pars. UW-12, UW-52, Table
efficiencies UW-12

Minimum number of spots Par. UW-52(b)

Minimum length of spot radiograph, 6 in Par. UW-52(c)

Surface weld buildup Par. UW-42

If cladding is included in computing required Par. UCL-23(c)
thickness, spot radiograph is mandatory

Vessels having 50 ft or less of main seams require one Par. UW-52(b)1
spot examination; larger vessels require one spot for
each 50 ft of welding

Additional spots may be selected to examine welding Par. UW-52(b)2
of each welder or welding operator

Repair welding defects in material; forgings Pars. UF-37, UCD-78

General requirements for castings Par. UG-24

Low-temperature vessels Par. ULT-57

High-alloy steel vessels Par. UHA-33

Ferritic steel whose tensile properties have been Par. UHT-57
enhanced by heat treatment

Joints welded with austenitic chromium-nickel steel Pars. UCL-35, UCL-36

Repair welds in layered construction Pars. ULW-57, ULW-51



radiograph requirements of UW-11(a)(5) and the spot radiographic
requirements of UW-11(a)(5)(b)], or RT-3 [the complete vessel satisfies
the spot radiographic requirements of UW-11(b)] do not apply.

The Remarks section of the Manufacturer’s Data Report must also
list the various combinations of joint efficiencies, E. In cases where
complex vessels are designed with various sections, a joint efficiency
map may be generated and documented on the U-4 form of the ASME
Manufacturer’s Data Report Supplementary Sheet.

Figures 2.2 to 2.5 (courtesy of the American Society of Mechanical
Engineers) depict flow charts which indicate the required joint effi-
ciencies for various components as well as clearly outlining where the
designer may find the applicable joint efficiencies for various weld cat-
egories in the ASME Code Section VIII, Division 1.

Use of Internal-Pressure Cylindrical Shell
Thickness Tables (Tables 2.4a to 2.4f )

These tables may be applied to seamless shells (joint efficiency E =
1.00). These tables may also be applied to shells with double-welded
butt longitudinal joints that have been fully radiographed (joint effi-
ciency = 1.00), spot-radiographed (joint efficiency = 0.85), or not radio-
graphed (joint efficiency = 0.70). They may also be applied to single-
welded butt joints with a backing strip that are fully radiographed
(joint efficiency = 0.90), spot-radiographed (joint efficiency = 0.80), or
not radiographed (joint efficiency = 0.65). The required shell thickness
may be determined by the following steps:

1. Determine the appropriate table corresponding to the desired joint
efficiency. Note that the value of joint efficiency for each table is
printed in the upper left-hand corner.

2. Locate the desired diameter. The diameter values are printed across
the top of the page for each table.

3. Locate the desired pressure. The pressure values are located in the
left column.

4. Read the thickness corresponding to the diameter and pressure.

Each table is based on an allowable stress value of 13,800 psi. For other
stress values, multiply the thickness read from the table by either the
following constant factors or factors read from Fig. 2.6.

Stress, psi 11,300 12,500 13,800 15,000 16,300 17,500 18,800

Constant 1.224 1.105 1.000 0.919 0.846 0.787 0.733

Thickness equations for cylindrical shells may be found in Table 2.5.
For corrosion allowance in spot-radiographed or fully radiographed
carbon and low-alloy steel vessels containing air, steam, or water less
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than 1⁄4 in thick, add 1⁄6 of the calculated plate thickness (see Code Par.
UCS-25). No corrosion allowance is necessary for vessels that have not
been radiographed (see Code Table UW-12, column C).

The ASME has increased the allowable stresses for many of the
materials in the lower temperature range, after considerable study
determined that the safety and reliability of vessels in such service con-
ditions are acceptable. These changes have made it possible to use thin-
ner materials in many cases and thus decrease the weight of certain
vessels. The ASME’s revisions do not affect the charts in this book
because the higher stresses will still be properly correlated with the
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Figure 2.2 Joint efficiency and weld joint type—cylinders and cones (Code Fig. L-1.4-1).
(Courtesy of The American Society of Mechanical Engineers.)



material thicknesses required. However, should a constant factor for
an allowable stress be needed that is not given in Fig. 2.7, the follow-
ing formula may be used: 

Constant factor = 

Use of Simplified External-Pressure
Cylindrical Shell Thickness Charts 
(Figs. 2.7 and 2.8)

These charts give at a glance the shell thickness required for carbon-steel
and type 304 stainless steel vessels under external pressure, thereby
eliminating the many steps required by Code Par. UG-28; Code Section
II, Part D, Subpart 3 for carbon or low-alloy steel with a minimum yield
strength of 30,000 psi and over and type 405 and 410 stainless steels; and
for stainless steel type 304 also using Code Par. UG-28; Code Section II,

14,178
���
(allowable stress) 1.003
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Figure 2.3 Joint efficiencies for formed heads and unstayed flat heads
and covers with categories A and D butt welds. (Courtesy of The
American Society of Mechanical Engineers.)



Part D, Subpart 3. The temperature limits of Code Par. UG-20(c) shall be
taken into consideration. Table 2.6 sets forth the required calculations for
cylindrical and spherical shells under external pressure.

To obtain the required thickness from Figs. 2.7 and 2.8, (1) place a
rule horizontally at the intersection of the applicable L/D0 and pres-
sure lines on the left side of the chart, and (2) read the thickness value
where the rule crosses the vertical D0 line on the right-hand side of the
chart. Other common problems may also be easily solved. The allow-
able external pressure of an existing (or proposed) vessel may be deter-
mined by (1) entering the chart on the right-hand side at the proper
thickness and diameter and (2) moving horizontally to the left and
reading the pressure at the vertical L/D0 line. A similar procedure may
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Figure 2.4 Joint efficiencies for categories A and D welded joints in shells, heads, or cones
(Code Fig. L-1.4-3). (Courtesy of The American Society of Mechanical Engineers.)



be used to find the maximum allowable effective length L for the spac-
ing of stiffening rings at a specified pressure (see Figs. 2.7 and 2.8).

Use of Internal-Pressure–Thickness Tables
for Ellipsoidal and Torispherical Heads
(Tables 2.7a to 2.7l )

The head thickness tables may be applied to ellipsoidal 2:1 heads or
torispherical heads. They may be applied to seamless heads (joint effi-
ciency = 1.0), double-welded butt heads that have been fully radio-
graphed (joint efficiency = 1.0), spot-radiographed (joint efficiency =

46 Chapter Two

Figure 2.5 Joint efficiencies for categories B and C welded joints in shells or cones (Code
Fig. L-1.4-4). (Courtesy of The American Society of Mechanical Engineers.)
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0.85), or not radiographed (joint efficiency = 0.70). They may also be
applied to single-welded butt joints with a backing strip that are fully
radiographed (joint efficiency = 0.90), spot-radiographed (joint effi-
ciency = 0.80), or not radiographed (joint efficiency = 0.65). The
required head thickness may be determined by the following steps.

1. Determine the appropriate table corresponding to the desired
joint efficiency. Note that the value of joint efficiency for each table is
printed in the upper left-hand corner.

2. Locate the desired diameter for ellipsoidal heads or inside crown
radius for torispherical heads. The diameter or inside crown radius val-
ues are printed across the top of the page for each table.

3. Locate the desired pressure. The pressure values are located in
the left column.

4. Read the thickness corresponding to the diameter for ellipsoidal
heads or inside crown radius for torispherical heads and pressure.
Each table is based on an allowable stress value of 13,800 psi. For
other stress values, multiply the thickness read from the table by
either the following constant factors or factors read from Figs. 2.7 and
2.8.

Stress, psi 11,300 12,500 13,800 15,000 16,300 17,500 18,800

Constant 1.224 1.105 1.000 0.919 0.846 0.787 0.733

Figure 2.6 Constant factor versus stress.
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TABLE 2.5 Calculations for Cylindrical and Spherical Shells under Internal
Pressure

54 Chapter Two
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TABLE 2.6 Calculations for Cylindrical and Spherical Shells under External 
Pressure



Thinning due to the forming process and corrosion allowances are not
included in these tables. The thickness equations for ellipsoidal and
torispherical (flanged and dished) heads may be found in Table 2.8 (see
also Code Par. UW-12). Table 2.9 sets forth the requirements and gives
the location of the desired design calculations for various materials
which may be planned to be used for Code construction.

Elements of Joint Design for Heads

As stated in the beginning of this chapter regarding the new design
thickness stress multipliers, a number of important factors must be
considered in determining the thickness required for heads under in-
ternal pressure, such as stress values, quality factors, and joint effi-
ciencies, according to the degree of radiographic examination. Many
designers have difficulty in determining these factors.

58 Chapter Two

TABLE 2.6 Calculations for Cylindrical and Spherical Shells under External
Pressure (Continued)

(Text continues on page 72.)
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TABLE 2.8 Calculations for Ellipsoidal and Torispherical Flanged and Dished
Heads under Internal Pressure
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It should be remembered that the ASME Boiler and Pressure Vessel
Code is a progressive, viable code and that when necessary, changes are
made. Therefore the latest edition of the Code should always be used.

Use of Pressure–Thickness Charts for Flat 
Heads and Bolted Flat Cover Plates 
(Figs. 2.9 to 2.11)

The required head thickness may be found by the following steps:

1. Locate the required inside diameter (for flat heads) or bolt circle (for
flat cover plates) at the bottom of the chart.

2. Read up vertically to the appropriate pressure line.
3. Read horizontally to the required thickness.

TABLE 2.8 Calculations for Ellipsoidal and Torispherical Flanged and Dished
Heads under Internal Pressure (Continued)
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Other problems may be similarly solved. Charts are based on an
allowable stress of 13,800 psi. For other stress values, multiply the
chart thickness by the appropriate constant in the following table:

Stress, psi 11,000 11,300 12,500 15,000 16,300 17,500 18,800

Constant 1.120 1.104 1.050 0.959 0.920 0.888 0.856

Corrosion allowances are not included in either chart. Thickness equa-
tions for flat heads and bolted flat cover plates may be found in Table
2.10. The ASME Code establishes a maximum allowable working

TABLE 2.9 Calculation for Ellipsoidal and Torispherical Flanged and Dished Heads
under External Pressure

Equations Remarks Code references

Compute thicknesses by appropriate Carbon-steel heads Pars. UG-33,  
procedure in Code Pars. UG-33(a),  UCS-33
(d), and (e). Use greater value as Appendix L,
indicated Code Section II,

Part D, Subpart D

Nonferrous metal heads Pars. UG-33, 
UNF-33
Appendix L, 
Code Section II,
Part D, Subpart D

High-alloy steel heads Pars. UG-33, 
UHA-31
Appendix L, 
Code Section II,
Part D, Subpart D

Thickness of cast-iron heads shall Cast-iron heads Pars. UCI-32, 
not be less than that for plus heads UCI-33
nor less than 1 percent of inside Appendix L
diameter of head skirt

Clad-steel heads Pars. UCL-26, 
UCS-33

Cast ductile Pars. UCD-32,
UCD-33

Iron heads Appendix L

Cladding may be included Pars. UCL-23(b),
in design calculations UCL-23(c)

Stress values of materials Code Section II,
(use appropriate table) Part D, Subpart D

See Code Appendix L for ap- Appendix L
plication of Code formulas 
and rules
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Figure 2.9 Flat head thickness chart, C=0.50.

Figure 2.10 Flat head thickness chart, C=0.162.
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TABLE 2.10 Calculations for Unstayed Flat and Bolted Heads and Bolted Flange
Connections

76 Chapter Two
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stress for each bolt which will be used when bolted heads or flanges are
to be employed. Table 2.11 sets forth design stress tables and is
included as a handy reference guide when the designer wishes to estab-
lish the maximum allowable stress applied for each bolt.

Various Other Designs for Heads

The ASME Code sets forth requirements and allows the designer the
latitude to design pressure vessels with heads of a “nonstandard”

TABLE 2.11 Maximum Allowable Working Stress per Bolt (Standard Thread and 
8-Thread Series)

Bolt Number of Area at
diameter, threads bottom of

in per inch thread, sq. in

Standard Thread
1⁄2 13 0.126 882 2,047 2,362 2,520
5⁄8 11 0.202 1,414 3,282 3,787 4,040
3⁄4 10 0.302 2,114 4,907 5,662 6,040
7⁄8 9 0.419 2,933 6,808 7,856 8,380
1 8 0.551 3,857 8,953 10,331 11,020
11⁄8 7 0.693 4,851 11,261 12,993 13,860
11⁄4 7 0.890 6,230 14,462 16,687 17,800
13⁄8 6 1.054 7,378 17,127 19,762 21,080
11⁄2 6 1.294 9.058 21,027 24,262 25,880
15⁄8 51⁄2 1.515 10,605 24,618 28,406 30,300
13⁄4 5 1.744 12,208 28,340 32,700 34,880
17⁄8 5 2.049 14,343 33,296 38,418 40,980
2 41⁄2 2.300 16,100 37,375 43,125 46,000
21⁄4 41⁄2 3.020 21,140 49,075 56,625 60,400
21⁄2 4 3.715 26,005 60,368 69,656 74,300
23⁄4 4 4.618 32,326 75,042 86,587 92,360
3 4 5.620 39,340 91,325 105,375 112,400

8-Thread Series

11⁄8 8 0.728 5,096 11,830 13,650 14,560
11⁄4 8 0.929 6,503 15,096 17,418 18,580
13⁄8 8 1.155 8.085 18,768 21,656 23,100
11⁄2 8 1.405 9,835 22,831 26,343 28,100
15⁄8 8 1.680 11,760 27,300 31,500 33,600
13⁄4 8 1.980 13,860 32,175 37,125 39,600
17⁄8 8 2.304 16,128 37,440 43,200 46,080
2 8 2.652 18,564 43,095 49,725 53,040
21⁄4 8 3.423 23,961 55,623 64,181 68,460
21⁄2 8 4.292 30,044 69,745 80,475 85,840
23⁄4 8 5.259 36,813 85,458 98,606 105,180
3 8 6.324 44,268 102,765 118,575 124,480

*Maximum temperature, 450°F.

Alllowable material stress, psi

7000* 16,250 18,750 20,000

Stress per bolt, psi
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design. This is not to say that the average ASME Code shop will not see
such designs; however, they should not rule out the possibility. Such
designs include conical, toriconical, and hemispherical. Table 2.12 sim-
plifies the Code design requirements of the conical and toriconical
heads under internal pressure and lists the Code design calculation
and the Code references.

The hemispherical head is a more common design and is primarily
used for gas pressure tanks such as propane tanks. Table 2.13 lists the
equations and the Code references for the designs of such heads.

Allowable Pressure, Pitch, and Thickness

Areas of flat surfaces under internal pressure which are not supported
have the tendency while under pressure to deform, bulge, and try to
form a circle. An example of this phenomenon can be seen by blowing
air into a cereal box. As pressure is applied to the box, the box becomes
tubular in shape, and if one could blow hard enough, the box would rup-
ture. The Code recognizes this problem and has included requirements
for adding bracing or stays between these flat surfaces. Table 2.14
states the equations for braced and stayed surfaces and gives the Code
references which apply.

Table 2.15 gives handy and quick thickness, pressure, and pitch
requirements for stayed surfaces of stayed vessels built according to
the ASME Pressure Vessel Code. To use the table, do the following:
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1. Locate the desired pressure block in the table.
2. Read up vertically to the appropriate pitch.
3. Read horizontally to the required thicknesses.

Table 2.15 is based on an allowable stress of 16,000 psi. For pres-
sures using other stress values, divide the table pressure by the appro-
priate constant for the stress desired:

TABLE 2.13 Calculations for Hemispherical Heads
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Stress, psi 11,300 12,500 13,800 15,000 16,300 17,500 18,800

Constant 1.416 1.28 1.159 1.066 0.981 0.914 0.851

Table 2.16 is based on an allowable stress of 13,800 psi. For pressures
using other stress values, divide the table pressure by the appropriate
constant for the stress desired:

Stress, psi 11,300 12,500 15,000 16,300 17,500 18,800

Constant 1.221 1.104 0.920 0.846 0.788 0.734

Simplified Calculations for Reinforcement of
Openings (Fig. 2.12)

To determine whether an opening is adequately reinforced, it is first
necessary to determine whether the areas of reinforcement available
will be sufficient without the use of a pad. Figure 2.12 includes a
schematic diagram of an opening showing the involved areas and also
all the required calculations. The total cross-sectional area of rein-
forcement required (in square inches) is indicated by the letter A,
which is equal to the diameter (plus corrosion allowance) times the
required thickness. The area of reinforcement available without a pad 
includes

1. The area of excess thickness in the shell or head, A1

2. The area of excess thickness in the nozzle wall, A2

3. The area available in the nozzle projecting inward, A3

4. The cross-sectional area of welds, A4

If A1 + A2 + A3 + A4 ≥ A, the opening is adequately reinforced.

If A1 + A2 + A3 + A4 < A, a pad is needed.

If the reinforcement is found to be inadequate, then the area of pad
needed (A5) may be calculated as follows:

A5 = A – (A1 + A2 + A3 + A4)

If a pad is used, the factor (2.5tn) in the equation for A2 in Fig. 2.12 is
measured from the top surface of the pad and therefore becomes
(2.5tn+Tp). The area A2 must be recalculated on this basis and the
smaller value again used. Then:

If A1 + A2 + A3 + A4 + A5 = A, the opening is adequately reinforced.
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Figure 2.12 Calculation sheet for reinforcement of openings.
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Other symbols for the area equations in Fig. 2.12 (all values except
E1 and F are in inches) are as follows:

d diameter in the plane under consideration of the finished opening in its
corroded condition

t nominal thickness of shell or head, less corrosion allowance

tr required thickness of shell or head as defined in Code Par. UG-37

trn required thickness of a seamless nozzle wall

Tp thickness of reinforcement pad

Wp width of reinforcement pad

tn nominal thickness of nozzle wall, less corrosion allowance

W1 cross-sectional area of weld

W2 cross-sectional area of weld

Figure 2.13 Impact-test exemption curve, model 1. (Courtesy of The American Society
of Mechanical Engineers.)
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E1 the joint efficiency obtained from Code Table UW-12 when any part of
the opening passes through any other welded joint [E1 = 1, when an
opening is in the plate or when the opening passes through a circumfer-
ential point in a shell or cone (exclusive of head-to-shell joints)]

F a correction factor which compensates for the variation in pressure
stresses on different planes with respect to the axis of a vessel. A value
of 1.00 is used for F in all cases except when the opening is integrally
reinforced. If integrally reinforced, see Code Fig. UG-37.*

h distance the nozzle projects beyond the inner surface of the vessel wall,
before corrosion allowance is added.

To correct for corrosion, deduct the specified allowance from shell
thickness t and nozzle thickness tn, but add twice its value to the diam-
eter of the opening, d. [Note: The total load to be carried by attachment

Figure 2.13 (Continued)

*Reinforcement is considered integral when it is inherent in shell plate or nozzle.
Reinforcement built up by welding is also considered integral. The installation of a rein-
forcement pad is not considered integral.
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Figure 2.13 (Continued)

welds may be calculated from the equation W = S(A – A1), in which S
equals the allowable stress specified by Code Subsection C and Code
Par. UW-15(c). For large openings in cylindrical shells, see Code
Appendix 1-7. For openings in flat heads, see Code Par. UG-39. For
weld sizes required, see Code Par. UW-16 and Code Fig. UW-16.1.] On
all welded vessels built under column C of Code Table UW-12, 80 per-
cent of the allowable stress value must be used in design formulas and
calculations. Table 2.17 states the requirements for openings and the
reinforcement of these openings as well as detailing the applicable
Code paragraphs.
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Cryogenic and Low-Temperature Vessels

Use of cryogenic and low-temperature pressure vessels is increasing
rapidly, but there have been many defects caused by improper materials
and poorly designed vessels, particularly those meant for low-tempera-
ture service. Many materials exposed to low temperatures lose their
toughness and ductility. As the temperature goes down, the metal has a
tendency to become brittle. This may cause brittle fracture at full stress.

Most materials used for service at normal temperatures have a marked
decrease in impact resistance as temperatures decrease. These materials
must have the proven ability to safely resist high-stress changes and
shock loads. Only impact-tested materials able to withstand unavoidable
stress concentrations should be used for cryogenic vessels. All sharp or
abrupt transitions or changes of sections, corners, or notches should be
eliminated in the design of the vessel and fabrication of its parts.

Manufacturers, purchasers, and users of low-temperature pressure
vessels often misunderstand certain paragraphs in the ASME
Pressure Vessel Code. Perhaps it might be helpful to clarify various
paragraphs applying to low-temperature vessels and to indicate when
impact tests are required. If such tests are necessary, each part of the
vessel must be considered: shells, heads, nozzles, and reinforcing
pads, as well as other pressure parts. Additionally, nonpressure parts

TABLE 2.17 Openings and Reinforced Openings

Remarks Code reference

For vessels under internal pressure, reinforced area Par. UG-37
required, A, equals d × tr (see Fig. 2.12 for simplified
calculations)

For vessels under external pressure, reinforced area Par. UG-37
required need be only one-half that for internal pressure 
if shell thickness satisfies external-pressure requirements

Limits of reinforcement Par. UG-40

Strength of reinforcement Par. UG-41

Reinforcement of multiple openings Par. UG-42

Welded connections Pars. UW-15, UW-16
Appendix L-7

Openings in or adjacent to welds Par. UW-14

Large openings in cylindrical shells Appendix 1-7

Openings in flat heads Par. UG-39

Single openings not requiring reinforcement

3-in pipe size, vessel thickness 3⁄8 in or less Par. UG-36

2-in pipe size, vessel thickness over 3⁄8 in Par. UG-36

Openings in head or girth seam requiring radiography Par. UW-14 and UG-37

Flued openings in formed heads Par. UG-38 and Fig. UG-38
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welded to pressure parts shall also be considered. Therefore, to
impact-test or not can be a large cost factor.

The 1987 Addenda of the ASME Boiler and Pressure Vessel Code,
Section VIII, Division 1 mandated new toughness requirements and
specified new minimum design metal temperature requirements. The
–20°F temperature exemption of the pre-1987 Code has been elimi-
nated. The new rules are extensive and largely eliminate the previous
exemption from toughness requirements for vessels which may be pres-
surized at ambient temperatures. These new requirements caused
manufacturers to review designs which had been used for many years
in order to ascertain the impact of the new requirements on their prod-
uct standard designs and financial cost factors. Table 2.18 lists the var-
ious Code requirements for low-temperature operations.

Impact-Test Exemptions

With cost a consideration in designing and manufacturing carbon and
low-alloy steel pressure vessels, new design rules mandate stricter
requirements for the notch toughness of certain materials. No longer
does the ASME Code Section VIII, Division 1 allow an automatic
exemption from impact testing for temperatures above �20°F. Today
the designer must evaluate each component material used in the
design of the vessel separately. This section will assist the designer to
better understand the methods to employ when seeking relief from
impact test requirements for carbon-steel vessel materials.

The first step the designer should take is to check which vessel part
may be exempted from the impact-test requirement. The method to
claim exemptions is to use one of the following three exemption models:

Exemption model 1. The designer should consult Code Par. UG-20(f).
When all of the conditions of that paragraph are met, the impact test-
ing requirements of Code Par. UG-84 are no longer mandatory.

It should be noted that there have been several changes to Section
VIII impact testing rules since the 1997 edition of the Code, and they
have become much more complex. The affected rules include the mini-
mum design metal temperature (MDMT) calculation and the means of
allowing a reduction to the MDMT for impact testing requirements. 

The fundamental impact testing rule is that when the combination of
thickness and MDMT of a material falls below the proper curve shown
in Fig. 2.13 (Code Fig. UCS-66), impact testing is required, unless oth-
erwise exempted in the Code. 

An important reason for impact testing when it is clearly required is
to avoid brittle fracture, a disastrous type of failure. If impact testing is
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required but barely, one should weigh the cost of testing versus going
through the Code procedure to try to lift the material to the not-required
position in Fig. 2.13. If the latter seems feasible, one should keep the
Code close at hand because there are so many variables involved. The
tabular values for Fig. 2.13 included here as Fig. 2.14 are somewhat eas-
ier to work with than the graph. If impact testing is not required, there
is nothing else to do.

Exemption model 2. In the event that the designer cannot exempt all
the remainder of the materials in exemption model 1 above, and
depending on whether the stress in tension for the design conditions is
less than the maximum allowable design stress, the Code allows one
last possible exemption from impact testing. Assuming that the exam-
ple vessel uses the full allowable stress in its calculated thickness, low-

TABLE 2.18 Requirements for Low-Temperature Service

Remarks Code reference

Some materials and welds do not require impact test; Pars. UG-20, UCS-66, UCS-
consult paragraphs in Code Subsection C to which 67, UCS-68
material applies (see Table 2.1 of this volume) Figs. UCS-66, UCS-66.1

Pars. UHA-51, UCL-27

When impact tests are required weld metal and heat- Pars. UNF-65, UG-84
affected zone must have impact tests. Appendix NF-6

Par. UHT-5, Part UF

Low-temperature vessels Part ULT

Welded carbon-steel vessels must be postweld heat- Pars. UCS-66, UCS-68
treated unless exempted from impact tests

All longitudinal seams and girth seams must be double- Par. UW-2
welded butt joints or the equivalent

Remove backing strip on long seams if possible Table UW-12

Vessels must be stamped according to Code requirements Par. UG-116
(see Fig. 2.18)

Austenitic stainless steels may not require impact tests Pars. UG-84, UHA-51, 
providing weld procedure specifications also included UHA-52
qualified impact test plates of the welding procedure

All joints of Category A must be Type 1 of Code Table Pars. UW-2(b), UW-3
UW-12

All joints of Categories B must be Type 1 or 2 of Code Par. UW-2(b)
Table UW-12

All joints of Categories C and D must be full penetration Par. UW-2(b)
welds

Brazed vessels Pars. UB-22, UG-84

High-alloy vessels Par. UHA-105

Nonferrous vessels Pars. UNF-65, NF-6
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ering the design stress will increase the vessel thickness. If this is the
case, the following sequence will give the reader an idea how to use the
chart in Fig. 2.15 to gain additional relief from impact testing. (See also
Fig. 2.16.) Assume for this model an MDMT of 10°F. Note: For service
temperatures below –50°F, impact testing is mandatory.

1. Observe that for the material thickness of 1.5 in, curve C is about
5°F above the 10°F MDMT at the 1.5-in thickness point.

2. The curve of Fig. 2.13 must be lowered by more than 5°F, since the
increased vessel thickness will result in a shift on curve C to a higher
temperature; try, say, 15°F.

Figure 2.14 Tabular values for Fig 2.13. (This table appears in the Code as Table
UCS-66.)
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3. On the curved line of Fig. 2.15 enter a “trial” temperature of 15°F on
the horizontal temperature line between the 10 and 20°F. Follow this line
up vertically until it hits the curved line. Follow the horizontal line to the
left and read a design stress to allowable tensile stress ratio of 0.85.

4. Calculate the new design stress by multiplying 0.85 by the allow-
able stress of 15,000 psi (the stress of the material found in Code
Section II, Part D, Table 1A), yielding 12,750 psi.

Figure 2.15 Reduction in MDMT without impact testing (Code Fig. UCS-66.1). (Courtesy
of The American Society of Mechanical Engineers.)
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Figure 2.16 Diagram of UCS-66 rules for determining lowest MDMT without impact test-
ing (Code Fig. UCS-66.2). 
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5. Recalculate the vessel thickness using the design formula and
substitute 1.76 in as the new stress value (an approximation for a trial
value is 1.50 in/0.85).

6. Look at Fig. 2.13 again. Lower curve C by 15°F at a thickness of
1.76 in to get a curve C MDMT of 15°F. Since the curve is now below
the vessel MDMT of 10°F, 1.76-in-thick SA-516 grade 60 may be used
without postweld heat treating (PWHT) normalizing, or impact-testing
the materials. From the standpoint of cost and economics this method
is probably the best choice.

If postweld heat treating is performed when it is not otherwise a
requirement of Section VIII, Division 1, a 30°F reduction in impact-
testing exemption temperature shall be given to the minimum permis-
sible temperature from Fig. UCS-66 for P-1 material (see Code Par.
UCS-68). Utilizing this method would be costly.

Further exemptions shall be determined as follows:
If reinforcing pads are required, such as for the nozzle reinforcement,

such reinforcement would be evaluated similarly with one of the
exemption models above, using the pad thickness as the governing
thickness.

The 6-in SA-106 grade B nozzle neck is a curve B material per Fig.
2.13, note (b)(3). The nozzle neck nominal thickness of 0.280 in and the
MDMT of 18°F locate a point above curve B, so no impact testing is
required. This is also exempt from impact testing as stated in exemp-
tion 1. In this case this material could have been exempt from impact
testing utilizing exemption model 1.

Exemption model 3. Code Pars. UCS-66(c), (d), (e), and (f) grant exemp-
tions from impact testing for certain types of special items such as
ANSI B16.5 ferritic steel flanges, nuts, or bolts as follows.

Nozzle flange. This is exempt from impact testing per Par. UCS-66(c):
“No impact testing is required for ANSI B16.5 ferritic steel flanges
used at design metal temperatures no colder than –20°F.”

If the body flange is not an ANSI B16.5 flange, but a flange designed
by the manufacturer in accordance with Code Appendix 2, the previous
exemption does not apply. The governing thickness of the flange is 1.5 in,
which is the thickness of the thickest welded joint [see Code Par. UCS-
66(a)(1)(a)]. The flange thickness at the flange face thickness which is
away from the weld does not govern the thickness. The governing thick-
ness is the same as the shell; hence the body flange material will fall as
a curve D–required material. Since no nonimpact-tested carbon
steel–forged flange material is included in curve D, impact-tested forg-
ing material such as SA-350 must be used. SA-350 grade LF1, with a
specified average impact energy of 13 ft � lb at –20°F, is chosen, although
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grade LF2 is also acceptable. These materials are impact-tested by the
mill as part of the material specification requirements.

The cover plate is a nonwelded component part of the vessel.
Paragraph UCS-66(a)(3) defines the governing thickness for the cover
plate to be the same as that of the shell (and body flange), or 1.5 in in
thickness. If the nominal thickness of the plate had exceeded 6 in,
impact testing would be required by Par. UCS-66(a)(5). The following
are acceptable materials which could be selected for this vessel:

1. An SA-350 impact-tested forging

2. A plate material from exemption curve D, such as normalized SA-
516 grade 70, with no impact testing

Since the body flange requires impact testing, weld procedure quali-
fication impact tests and production impact tests are required for the
flange weld, per Code Pars. UCS-67 and UG-84. Since impact values
for the weld metal and the heat-affected zone must be at least as high
as the values for the base metal, the test values must meet the 13 ft �
lb of the SA-350 grade LF1 specification.

Welding procedure test plates may be made from the body flange
material (SA-350 grade LF1) or from an equivalent material provided
the requirements of Code Par. UG-84 are met.

One last important factor when considering impact testing is Form
U-1, the Manufacturer’s Data Report. It should be noted in the
Remarks section of the data report “…Impact test exempt per…” and
then written which exemption was used, for example, UG-20(f), UCS-
66(a), (b), or (c). In some cases more than one exemption may be listed
on the data report.

The important thing to remember is that vessels operating at any
temperature must be evaluated for impact-test requirements and
demand special attention in design and materials. Specific paragraphs
in the ASME Pressure Vessel Code prescribe the type of welded joints
involved in low-temperature operations. These joints must meet the
requirements of Code Par. UW-2, Service Restrictions. Code Par. UW-
3, Welded Joint Category, determines the location of the joint. If the
material is carbon steel, Code Pars. UG-20(f), UCS-66, and UCS-67
state whether impact tests are required as well as specify the exemp-
tions for impact testing. If tests are required, Code Par. UG-84 describes
how they must be made. Code Par. UG-84 also gives instructions on the
required size of test specimens and on location of the areas in the spec-
imens, taking impacts, test values, and properties. However, impact
testing is not a “must” for welds or materials if certain design require-
ments are met. For example, a vessel designed for 100 psi at 100°F could
not be used for 100 psi at –50°F without impact testing of the vessel’s
welds and material.
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Other materials exempt from impact tests are austenitic stainless
steel, with no impact tests mandatory down to a temperature of
–325°F, and various stainless steels, such as SA-240, Type 304, Type
304L, and Type 347, with no impact tests necessary down to a temper-
ature of –425°F. Code Par. UHA-51 permits these exemptions, basing
them on the fact that these specific materials do not show a transition
from ductile to brittle fracture at the decreased temperatures.
However, having stated the exemptions for the base materials, welding
procedure specifications require additional testing to include impact-
test plates of the procedure for these stainless materials (see Code Par.
UG-84).

Wrought aluminum alloys do not undergo a marked drop in impact
resistance below –20°F. As indicated in Code Par. UNF-65, no impact
tests are required down to a temperature of –452°F. Other nonferrous
metals for copper, copper alloys, nickel, and nickel alloys can be used to
–325°F without impact tests. Code Par. UNF-65 indicates the need for
impact testing.

The major concern for metals at low temperature is brittle fracture,
which can cause vessel failure. At normal temperatures, metals usu-
ally give warning by bulging, stretching, leaking, or other failure.
Under low-temperature conditions, some normally ductile metals may
fail at low-stress levels without warning of plastic deformation.

Four conditions must be controlled to avoid brittle fractures in low-
temperature vessels:

1. Materials should not show a transition from ductile to brittle fracture.
2. Welding materials for low-temperature service must be selected

carefully, and a proven welding procedure must be used.
3. Stress raisers from design or fabrication should not be permitted.
4. Localized yielding in the stress-raiser area must not be allowed.

Pressure vessel users should use a material that behaves in a ductile
manner at all operating temperatures. This will allow for the possible
stress raiser that may be overlooked in fabrication or design. Impact
tests could determine the correct materials and welding procedures for
these vessels.

Service Restrictions and Welded Joint
Category

Many design engineers and pressure vessel manufacturers have been
using the wrong type of welded joints in vessels which must meet the
requirements in Code Par. UW-2, Service Restrictions, and Par. UW-3,
Welded Joint Category, of the ASME Pressure Vessel Code, Section
VIII, Division 1.
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Figure 2.17 Illustration defining locations of welded joint categories. A. Longitudinal
joints; circumferential joints connecting hemispherical heads to the main shell; any
welded joint in a sphere. B. Circumferential joints; Circumferential joints of torispheri-
cal, ellipsoidal heads; angle joints not greater than 30°. C. Flange joints; Van Stone laps;
tube sheets; flat heads to main shell. D. Nozzle joints to main shell; heads; spheres; flat
sided vessels.

When the paragraph on the welded joint category (see Fig. 2.17) was
added to the Code, it was thought that the intent of Code Par. UW-2,
Service Restriction, was clarified, but evidently it has not been clear
enough to some pressure vessel fabricators. The requirements of Code
Par. UW-2 have often been misinterpreted and at times not referred to
until too late. For example, if a vessel designed for –140°F which would
require impact tests was designed with flanges, the flanges would have
to be welded joint category C and would require full penetration welds
extending through the entire section of the joint. Also, all longitudinal
seams would have to be category A, without backing strips.

We have reviewed drawings of vessels designed for cryogenic service
requiring impact tests in which the design on the flanges did not call
for full penetration welds and the longitudinal seams had metal back-
ing strips which were to remain in place. This, of course, does not meet
the intent of the Code. It is important that design engineers and pres-
sure vessel manufacturers have a clear understanding of the para-
graphs in the Code on service restrictions and welded joint category
and that the vessels, where required, receive the proper attention dur-
ing design and in handling in the shop.

What are the vessels which demand special requirements listed in
Code Par. UW-2, Service Restrictions? They are vessels intended for
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lethal service; vessels constructed of carbon- and low-alloy steels which
are required to be postweld heat-treated; vessels designed to operate
below certain temperatures designated by Code Part UCS (see Code Par.
UCS-86); vessels of impact-tested materials, including weld metal, as
required by Code Part UHA; unfired steam boilers with design pressures
exceeding 50 psi; pressure vessels subject to direct firing; and vessels
with special requirements based on material, thickness, and service.

What must be remembered about the welded joint category? Only
those joints to which special requirements apply are included in the
categories. The term category defines only the location of the
welded joint in the vessel and never implies the type of welded joint
that is required. The type of joint is prescribed by other paragraphs
in the Code suitable to the design, which may specify special
requirements regarding joint type and degree of inspection for cer-
tain welded joints.

The purpose of this review is to spell out the requirements of the
Code with regard to service restrictions and welded joint category.
Designers and manufacturers should examine their practices to ensure
that the service restrictions paragraph of the Code is receiving appro-
priate attention in the engineering department and the shop, for the
designers and manufacturers must accept full responsibility for the
design and construction of a Code pressure vessel when the vessel is
completed and the data sheets are signed.

The ASME Code Form U-1, the Manufacturer’s Data Report, in the
section for remarks requires a brief description of the purpose of the
vessel and also requires that the contents of each vessel be indicated.
It will be the Code Inspector’s duty to determine whether this item is
accurately completed and whether service restrictions were taken into
consideration.

Therefore, in designing Code vessels, be sure you have taken the
paragraphs on service restrictions and welded joint category into con-
sideration. Also be sure the Authorized Inspector has reviewed the
design before fabrication starts so that no difficulties will arise when
the vessel is completed.

Noncircular-Cross-Section-Type
Pressure Vessels

Code Appendix 13 lists the design, fabrication, and inspection
requirements for vessels of noncircular cross section. These rules
cover rectangular, stayed, and obround pressure vessels. Table 2.19
lists other code references along with helpful information in the design
of such vessels.
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TABLE 2.19 Vessels of Noncircular Cross Section

Remarks Code reference

1. Scope Appendix 13-1
1. Types of vessels, descriptions, and figures Appendix 13-2
1. Materials Appendix 13-3

2. Design requirements and stress acceptance criterion Appendix 13-4

3. Thermal expansion reactions and loads due to attachments Appendix 13-4

4. Nomenclature and terms used in design formulas Appendix 13-5
Pars. UG-47, 
UG-34, UG-101,
UW-12

5. End closures Appendix 13-4

a. If ends are unstayed, flat plate design closure per UG-34
except a C factor of no less than 0.20 shall be used in 
all cases

b. All other end closures are special design per U-2, or they Pars. U-2, UG-
may be subject to proof test per UG-101 101

Braced and stayed surfaces may be designed per Code
Par. UG47 Pars. UG-47, 

UG-48, UG-49, 
UW-19

Appendix 13-4
6. Special consideration needs to be given to vessels of Appendix 13-4
6. aspect ratio less than 4

7. Vessels are designed for membrane and bending stress Appendix 13-4
throughout the structure (for both the short-sided and
long-sided plates). Membrane, bending, and total stresses
are considered. Formulas for the stresses are given as follows:

a. Vessels of rectangular cross section (nonreinforced) Appendix 13-7

b. Reinforced vessels of rectangular cross section Appendix 13-8

c. Stayed vessels of rectangular cross section Appendix 13-9

d. Vessels having an obround cross section Appendix 13-10

e. Reinforced vessels of obround cross section Appendix 13-11

f. Stayed vessels of obround cross section Appendix 13-12

g. Vessels of circular cross section having a single diametral Appendix 13-13
staying member

h. Vessels of noncircular cross section subject to external pressure Appendix 13-14

Vessel fabrication Appendix 13-15

8. Examples illustrating application of formulas Appendix 13-17

For corner joints Par. UW-13

9. Special calculations Appendix 13-18



Descriptive Guide to the ASME Code Pressure Vessels 101

Jacketed Vessels

Today many manufacturers are manufacturing jacketed vessels. Most
jacketed vessels are designed for external pressure on the inner shell
and internal pressure on the outer shell. These types may be of the
braced and stayed type construction (see Code Appendix 9). Some con-
figurations of such vessels are of the “dimpled” jacketed type (see Code
Appendix 17). The outer plate, normally thin gage stainless steel, is
formed by presses. Holes are punched in the material at approximately
3-in centers and then a dimple is formed at each hole. This jacket is
then welded to an inner shell by welding the hole in which the dimple
is formed, thus creating the jacket. This type vessel is normally used in
the pharmaceutical industry.

Special design considerations must be accounted for. Table 2.20 lists
the Code references for such construction.

TABLE 2.20 Jacketed Vessels

Remarks Code reference

Minimum requirements Appendix 9

Any combination of pressures and vacuum in vessel and Appendix 9-1
jacket producing a total pressure over 15 psi on the inner
wall should be made to Code requirement

Types of jacketed vessels Appendix 9-2

Materials Appendix 9-3

Partial jackets Figs. 9-2 to 9-7
Appendix 9-7

Dimpled jackets; indicate Appendix 17 identification and Appendix 17
paragraph number on data report

Embossed assemblies Appendix 17
Pars. UW-19, UG-101

Proof test of dimpled and embossed assemblies, also partial Par. UG-101
jackets

Appendix 17-7

Design of jackets Appendix 9-4

Types of jackets Appendix 9-2

Design of openings through jacket space Appendix 9-6
Fig. 9-6
Pars. UG-36 to UG-45

Braced and stayed surfaces Appendix 9-4
Pars. UG-47, UW-19

Inspection openings need not be over 2 in Appendix 9-4
Par. UG-46

Test pressure glass-lined vessels Par. UG-99
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Pressure Vessels Stamped with the 
UM Symbol

Vessels stamped with the UM symbol are limited to size and design
pressures in accordance with the ASME Code Section VIII, Division
1, Code Par. U-1. The manufacturer should understand that the
authority given to the company by the ASME Committee to use the
UM symbol is dependent on strict conformance to the ASME Code
requirements and is subject to cancellation. The shop must hold an
ASME Code U symbol stamp in order to obtain a UM symbol stamp.
The UM stamp is renewed annually with a review only by the
Authorized Inspection Agency Inspector and his or her supervisor.
During the third year for renewal of the U symbol stamp, the joint
review team will assess the quality system and verify implementation
of both the U and UM stamp. The stamps are then issued by the
ASME upon successful completion of the shop review by the inspec-
tion agency and/or jurisdiction.

TABLE 2.21 Vessels Exempt from Inspection

Types and sizes exempted Remarks Code reference

Vessels not within the Scope of the Code

Vessels with a nominal capacity of Even though exempted from Par. U-1
120 gal or less containing water (or Code, any vessel meeting
water cushioned with air) all Code requirements may

be stamped with the Code
symbol

Vessels having an internal or exter-
nal operating pressure of 15 psi or
less with no limitation on size

Vessels having inside diameter, 
width, height, or cross section dia-
gonal of 6 in or less with no vessel 
length or pressure limitation

Pressure vessels for human occu- Par. U-1
pancy PVH0-1

Vessels within the Scope of the Code

Vessels not exceeding 5 cu ft volume Exempted vessels must comply Pars. U-1, UG-
and 250 psi design pressure in all other respects with Code 91, UG-116

requirements, including stamp- Fig. UG-116(b)
ing with UM symbol by manu-
facturer

Vessels not exceeding 1.5 cu ft vol- A certificate for UM vessels Par. UG-120
ume and 600 psi design pressure must be furnished by manu-

facturer on Code Form U-3
when requested



It is necessary that the UM stamp with the required data be com-
pleted as requested by Code Par. UG-116 and Code Fig. UG-116(b). A
certificate for UM-stamped vessels, exempted from inspection by an
Authorized Inspector, should be furnished on Code Form U-3 when
required. Table 2.21 lists the vessels exempt from authorized inspec-
tion by an Authorized Inspector. (Some jurisdictions will not recognize
the UM stamp and will require inspection by an Authorized Inspector.)
The responsibility of the manufacturer is to design, fabricate, inspect,
and test all UM vessels to see that they meet Code requirements, with
the exception of inspection by an Authorized Inspector. The Authorized
Inspector will likely request quarterly visits to verify that the certifi-
cate holders are following the approved quality control system.

Stamping Requirements (Fig. 2.18)

If the markings required are stamped directly on the vessel, the mini-
mum letter size is 5⁄16 in. If they appear on a nameplate, the minimum
letter size is 5⁄32 in. If a nameplate is used, only the Code symbol and the
manufacturer’s serial number are required to be stamped; the other
information may be applied by another method, for example, etching.

The stamping should be located in a conspicuous place, preferably
near a manhole or handhole opening.

Removable pressure parts should be marked to identify them with
the vessel.

For vessels having two or more pressure chambers, see Code Par.
UG-116.
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Key: 1. Stamp National Board and the National Board number at top of plate if National
Board inspection is required. If not registered with National Board, the words
National Board shall be removed.

2. Stamp Part under Code symbol on those parts of a vessel for which partial data
reports are required.

3. Stamp type of construction, radiographic, and postweld heat treatment status of
main longitudinal and circumferential joints under Code symbol by means of the
following letters:

W—arc or gas welded RT1—completely radiographed 100%
RES—resistance welded when complete vessel satisfies full-
B—brazed RT and when the RT3 requirements 
P—pressure welded (except resistance) have been applied

RT2—when the complete vessel satisfies the
requirements of Code Par. UW-11(a)(5) and
when the spot requirements of Code Par.
UW-11(a)(5)(b) have been applied

HT—completely postweld heat-treated RT3—spot-radiographed
PHT—partially postweld heat-treated RT4—part of vessel radiographed where none

of RT1, 2 or 3 apply

Vessels intended for special service must also be appropriately stamped separated by a
hyphen after lettering of item 3 above.

L—lethal service WL—Apply to nameplates of layered construction
UB—unfired boiler ULT—The following markings shall be applied to 
DF—direct firing nameplates for low temperature service
NPV—Nonstationary pressure UHT—Apply to nameplates when  materials of code
vessels part UHT are used.

4. The maximum allowable working pressure at the maximum temperature estab-
lished by the designer shall be so stamped. Additionally the minimum design
metal temperature at the corresponding coincident pressure shall be stamped.

5. Pennsylvania requires shell and head thickness and head radius.
6. Stamp User above Code symbol if vessel is inspected by the user’s inspector.

Note: Nameplates shall be stamped with letters or numbers at least 5⁄16 in high.When
vessels are designed and fabricated in accordance with Code Part ULT, the following
markings shall be used in lieu of item 4 above.

Maximum Allowable Working Pressure:______psi at 100°F
Minimum Allowable Temperature Minus ______°F

Service Restricted Operating
to the Following Temperature

Liquid________ Minus____°F
Liquid________ Minus____°F
Liquid________ Minus____°F
Liquid________ Minus____°F

Figure 2.18 Stamping requirements and applicable form.



105

Chapter

3
Design for Safety

Basic Causes of Pressure Vessel Accidents

Two new vessels built for equal pressures and temperatures and the
same type of service can fare very differently in different locations. In
one plant, capable maintenance personnel will keep the vessel in top
shape by means of a systematic schedule of inspection and mainte-
nance. In another, an equal number of personnel, through ignorance,
incompetence, or neglect, can bring about the failure of the vessel in a
comparatively short time. Competent personnel are obviously a key
factor in the longevity and safety of a pressure vessel.

Corrosion Failures

Most pressure vessels are subject to deterioration by corrosion or ero-
sion, or both. The effect of corrosion may be pitting or grooving over
either localized or large areas. Corrosion over large areas can bring
about a general reduction of the plate thickness.

Some of the many causes of corrosion are inherent in the process being
used, but others are preventable. Vessels containing corrosive sub-
stances, for example, deteriorate more rapidly if the contents are kept in
motion by stirring paddles or by the circulation of steam or air. If the cor-
rosion is local, it may not appear serious at first; as the metal thickness
is reduced, however, the metal becomes more highly stressed, even
under normal pressures. The more stressed the metal becomes, the
faster it corrodes, at last reaching the point of sudden rupture. Corrosion
in unstressed metal is less likely to cause such sudden failure.

Stress Failures

Many plate materials are not at all suitable for the service required of
them. Other materials may be serviceable in an unstressed condition
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but will fail rapidly in a stressed condition. To give an example, a large
chemical company once used stainless steel corrosion buttons to mea-
sure corrosion in a large fired cast-steel vessel. When the cast-steel ves-
sel had to be replaced, the company ordered a new vessel made of the
same stainless steel used for the buttons because of its proved resis-
tance. After a few days of service, however, the operator noticed leak-
age through the 1-in shell, immediately reduced the pressure, and shut
down the vessel. Examination showed many cracks in the stainless
steel. The substance being processed was highly corrosive to the grain
boundaries of the metal when under stress (see Code Par. UHA-103).
This fact was verified when the metal was tested in both stressed and
unstressed conditions in the same solution. The stressed pieces failed
within 100 hours.

When metals are subjected to repeated stresses exceeding their lim-
its, they ultimately fail from fatigue. It may take thousands of stress
applications to produce failure, but a vessel such as an air tank in
which there are rapid pressure fluctuations may fail at the knuckle
radius. In a large laundry facility, the authors once saw grooving that
penetrated halfway into a 5⁄8-in head in the knuckle radius of a hot
water tank.

Excessive stresses can develop in vessels that are not free to expand
and contract with temperature changes. If these stresses are allowed to
recur too frequently, eventual failure from fatigue can be expected.

Other Failures

Vessels are often installed in positions that prevent entry through the
inspection openings for examination of interior surfaces. Any owner or
user of a vessel who is interested in its actual condition would never let
this happen.

If a vessel is supported on concrete saddles, the difference in the coef-
ficients of expansion of the concrete and steel will sometimes cause the
concrete to crack just beneath the tank, allowing accumulations of
moisture and dust that will cause corrosion.

Safety valves or devices that become plugged or otherwise inoperative
can lead to accidents. Safety valves may also be adjusted too high for the
allowable pressure so that the vessel fails if overpressure occurs.

Defective material not visible at the time of fabrication, such as lam-
inations in the plate or castings with internal defects, may bring on
failure. Inferior technique at the time of fabrication, such as poor joint
fit-up or bad welding that may appear satisfactory on the surface but
suffers from lack of penetration, slag, excessive porosity, or lack of duc-
tility can also cause serious trouble.
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It requires consistent effort on the part of plant personnel as well as
a well-organized system of maintenance and inspection to safeguard
pressure vessel equipment properly.

Design Precautions

The reliable functioning of a pressure vessel depends upon the fore-
sight of the user and the information the user gives to the designer and
fabricator. If the process involved is corrosive, for example, these data
must include the chemicals to be used and, if possible, the expected rate
of corrosion based on a history of vessels in similar service. (Corrosion
resistance data are available for most materials and chemicals but
actual operating conditions can seldom be duplicated in the laboratory
and must be determined by frequent, close examination after the ves-
sel is placed in service.) Table 3.1 lists the requirements of the ASME
Code Section VIII, Division 1 corrosion allowances and the applicable
Code references.

Usually no one but the user is fully familiar with the operating con-
ditions and the causes of defects and deterioration in the type of vessel
being ordered. If the designer is presented with all the facts, however,
the materials best suited for the job will be used and all openings
placed in the most desirable locations.

Although the Code permits many types of construction, some of them
may not be suitable for the service required. Therefore, merely to pre-
scribe an ASME vessel is not always sufficient. For example, the Code
permits small openings to be welded from one side only and also pro-
vides for offset construction of girth seams and heads [see Code Par.
UW-13; also Fig. UW-13.1(K)]. This type of construction may not be
suitable for some vessels, however, because it leaves some inside seams
and fittings not welded and thus subject to corrosion. The purchaser
aware of such facts will be specific in ordering and will state the type
of welded joints desired. The drawings will also be checked before fab-
rication to make sure that the openings are located where desired and
that the inspection openings permit easy access to the interior.

The Code inspector must also check the design of the vessel to be
assured that the shell, head, and nozzle thicknesses are correct, the
knuckle radius sufficient, the openings properly reinforced, the flange
thickness sufficient, and the like, but there is no concern with the posi-
tion of the outlets so long as they comply with the Code.

Code Par. UG-22 and Appendix G state that loadings must be con-
sidered when designing a vessel, but do not give clear information
about how to take them into account. When vessels and piping systems
operate out-of-doors, wind must be considered. Also to be taken into
account are external loadings such as snow; the minimum ambient
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TABLE 3.1 Corrosion Allowances and Requirements

Remarks Code reference

General requirements Par. UG-25
Suggested good practice Appendix E

For brazed vessels Par. UB-13

For clad vessels Pars. UCL-25, UG-26
Appendix F

Vessels subject to corrosion must have Par. UG-25
suitable drain openings

Vessels subject to internal corrosion, ero- Par. UG-46
sion, or mechanical abrasion must have 
inspection openings

temperature; the reaction of piping systems; the restricted thermal
expansion on attachment of piping systems to the vessel and on its
hangers or anchors; the weight of valves; and pumps, blowers, and
rotating machinery. It is imperative for the designer to see that all
machinery, piping, and equipment are properly balanced and sup-
ported. Nonmandatory Code Appendixes D and G also give more use-
ful information to be taken into consideration.

Internal corrosion usually develops on surfaces susceptible to
moisture. For this reason, it is important to make sure that the ves-
sel can be properly drained. In vertical vessels equipped with agitat-
ing devices, the greatest wear usually occurs on the bottom head. In
horizontal vessels with agitators, the most wear will be between the
six o’clock and nine o’clock positions for clockwise rotation and
between the six o’clock and three o’clock positions for counterclock-
wise rotation.   Horizontal vessels with an agitator should therefore
be designed for turning, if possible, so that the thinned-out area can
be rotated to the top half. The useful life of the vessel will thus be
extended.

Vessels to be subjected to heavy corrosion, erosion, or mechanical
abrasion require an extra corrosion allowance and telltale holes.
Leakage from these holes will give a warning that the vessel has cor-
roded to its minimum allowable thickness. For example, if the mini-
mum thickness required is 3⁄8 in but the plate thickness used (to in-
crease the length of service) is 7⁄8 in, the corrosion allowance would
thus be 1⁄2 in. Telltale holes placed on about 18-in centers would then
be drilled 3⁄8 in deep from the surface not affected by corrosion.

Code Par. UG-25(e) states: “When telltale holes are drilled, they
shall be 1⁄16 to 3⁄16 in in diameter and shall be drilled to a depth not less
than 80 percent of the thickness required for a seamless shell of like
dimensions. These holes shall be drilled into the surface opposite to
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that at which deterioration is expected.” For clad or lined vessels, see
Code Par. UCL-25(b).

Table 3.2 lists the minimum thickness of plate which may be used
when designing Code pressure vessels.

Inspection Openings

Accessibility to the inside of a vessel is essential. Carrying out regular
internal inspections is of importance to the safety and extended life of
a vessel. Code Par. UG-46 requires inspection openings in all vessels

TABLE 3.2 Minimum Thickness of Plate

The minimum thickness of plate after forming and without allowances for corrosion shall not be
less than the minimum thickness allowed for the type of material being used (see Code Pars. UG-
16 and UG-25).

Material Minimum thickness Code reference

Carbon and low- 3⁄32 in for shells and heads used Par. UG-16
alloy steel for compressed air,  steam, and

water service

Minimum thickness of shells and ,
and heads after forming shall be
1⁄16 in plus corrosion allowance
1⁄4 in for unfired steam boilers

Heat-treated steel 1⁄4 in for heat-treated steel
except as permitted by the notes
in Table UHT-23

Clad vessels Same as for carbon and low-alloy Par. UCL-20
steel based on total thickness for
clad construction and the base
plate thickness for applied-lining
construction

High-alloy steel 3⁄32 in for corrosive service Pars. UHA-
1⁄16 in for noncorrosive service 20, UG-16

Nonferrous 1⁄16 in for welded construction Pars. UNF-16,
materials in noncorrosive service UG-16

3⁄32 in for welded construction
in corrosive service

Low-temperature 3⁄16 in Par. ULT-
vessels: 5, 8, 9 per- (Max. thickness: 2 in) 16(a)(2)
cent nickel steel

Cast-iron dual 5 in Par. UCI-29
metal cylinders (Max. outside diameter: 36 in)

Layered vessels 1⁄8 in min. of each layer Par. ULW-16
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subject to internal corrosion or having internal surfaces subject to ero-
sion or mechanical abrasion so that these surfaces may be examined for
defects. Actually, almost all pressure vessels are subject to some kind
of interior corrosion, and its seriousness can be determined only by
examining the inside of the vessel. The alternative is possible failure
and consequent injury to or even loss of human life.

Minimum sizes for the various types of openings have been estab-
lished by the Code. An elliptical or obround manhole opening must not
be less than 11 × 15 or 10 × 16 in and a circular manhole’s inside diam-
eter not less than 15 in. Handholes must not be less than 2 × 3 in;  how-
ever, for vessels with inside diameter exceeding 36 in, the minimum
size handhole used in place of a manhole is 4 × 6 in.

On small vessels it is sometimes difficult to provide extra openings.
The Code states that vessels more than 12 but less than 18 in in inside
diameter must have not less than two handholes or two threaded plug
openings of at least 11⁄2-in pipe size. Vessels 18 to 36 in, inclusive, in
inside diameter must have one manhole or two handholes or two
threaded plugs of not less than 2-in pipe size. Vessels with inside diam-
eter more than 36 in must have a manhole. Those vessels of a shape or
use that make a manhole impracticable must have at least two 4 × 6-in
handholes or two openings of equal area.

Removable heads or cover plates may be used in place of inspection
openings provided they are large enough to permit an equivalent view
of the interior.

If vessels with inside diameter not more than 16 in are so installed
that they must be disconnected from an assembly to permit inspection,
removable pipe connections of not less than 11⁄2-in pipe size can be used
for inspection openings.

Only vessels 12 in or less in inside diameter are not required to have
openings, but to omit them is poor practice. The exact internal condi-
tion of a vessel should be known at all times whatever its size.

Openings in small tanks are required to be located in each head, or
near each head, so that a light placed in one end will make the interior
surfaces visible from the other. Inspection openings may be omitted in
vessels covered in Code Par. UG-46(b). When openings are not pro-
vided, the manufacturer’s data report shall include the notations
required under remarks.

When a plant orders a vessel, it should be sure that the design pro-
vides for inspection openings that will be accessible after the vessel has
been installed. The plant should also have the vessel examined period-
ically by competent Inspectors to make sure the internal surfaces
remain free from deterioration.
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Quick-Opening Closures

Code Par. UG-35 cautions users about removable closures on the ends of
pressure vessels, utility access manways, and similar openings that are
not of the multibolt type (charge openings, dump openings, quick-opening
doors, cover plates). It states that these openings must be so arranged
that the failure of one holding device will not release all the others.

Because of the serious failures incurred by such closures, fabrica-
tors and Inspectors must give them special attention and see that the
closures are equipped with a protective device that will ensure their
being completely locked before any pressure can enter the vessel and
that will prevent their being opened until all pressure has been
released.

As there are many types of quick-opening closures, it is not possi-
ble to give detailed requirements for protective devices. One example
will have to suffice. The most common of these closures is the breech-
lock door, which is supported on a hinge or davit and is locked or
unlocked by being revolved a few degrees. When locked, the lugs in
the door are in a position behind the lugs in the door frame or locking
ring. An interlocking device can be easily installed to make sure these
lugs are properly engaged before steam is fed to the vessel. If a posi-
tive locking device is not possible, some type of warning device should
be installed, such as a locking pin that will prevent the door or lock-
ing device from turning until an exhaust valve opens. The steam
escaping from the opened valve will warn the operator to release all
the pressure in the vessel before the door is opened. Likewise, the
valve cannot be closed until the door is in the proper closed position.
All quick-opening closure vessels must have a pressure gage visible
from the operating area.

Figures 3.1 and 3.2 show the result from the loosening of a set screw
in the collar on a valve stem which allowed the valve in a safety lock-
ing device to be closed when the door was not fully locked. Vibration
from the vessel being under pressure caused the locking device to
become fully disengaged, allowing the door to be blown away. The 8-ft,
8-in–diameter door traveled about 500 ft through the air before shear-
ing off the roof of a car on a highway. The door continued down the
highway about 400 ft, then veered, tore down a chain-link fence, and
cut down a 10-in-diameter tree. In reaction, the 129-ft-long cylinder
vaulted from the 2-ft-deep pit in which it was located, traveled 200 ft
before ramming through a building, and then struck, overturned, and
demolished a railroad freight car half loaded with cement. The total
force acting on the head of a quick-opening closure when it is under
maximum pressure is very large.



Safety interlocking devices will help prevent many failures, but
they are not infallible. The condition of the operating parts of a door
should be carefully examined and the door itself should be observed
to be in its intended position before pressure is applied. Precautions
should be taken to ensure that the closed door cannot be moved
while the pressure is on and that the pressure will be entirely
released before the door is opened. The importance of maintenance
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Figure 3.2 Door of cylinder. (Courtesy of The Hartford
Steam Boiler Inspection and Insurance Company.)

Figure 3.1 Drying cylinder explodes when an almost foolproof safety device
failed. (Courtesy of The Hartford Steam Boiler Inspection and Insurance
Company.)
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of doors, door frames, and locking rings, especially the lubrication of
locking surfaces and the wear on locking wedges of quick-opening
closures, must not be overlooked. A precise examination schedule
should be carried out.

Pressure Relief Devices

The importance of pressure relief devices in the safe operation of pres-
sure vessels cannot be overemphasized. Improper functioning can
result in disaster both to life and equipment. The ASME Pressure
Vessel Code, in Par. UG-125, states that all pressure vessels must be
provided with a means of overpressure protection and that the number,
size, and location of pressure relief devices are to be listed on the man-
ufacturer’s data report. At times, vessels designed for a system are
properly protected against overpressure by one safety valve. If this is
the case, the vessel manufacturer may add the statement, “Safety
valves elsewhere in the system.” The item on the data sheets for safety
valves should never be left blank, nor should it contain a statement
that no overpressure protection is provided.

It is the manufacturer’s responsibility to see that vessels are fabri-
cated according to the ASME Code and that they meet the minimum
design requirements. Simply because the customer did not indicate
the size and location of the safety valve opening on the purchase order
or drawing does not relieve the vessel manufacturer of this responsi-
bility.

The safety devices need not be provided by the vessel manufacturer,
but overpressure protection must be installed before the vessel is placed
in service or tested for service, and a statement to this effect should be
made in the remarks section of the manufacturer’s data report.

The user of a pressure vessel should ensure that the requirements of
the pressure relief devices, be they pressure relief valves (Code Par.
UG-126), nonreclosing pressure relief devices such as rupture disk
devices, or liquid relief valves, are designed in accordance with the
ASME Code requirements and so stamped in accordance with Code
Par. UG-129 as follows:

1. ASME Standard symbols on the valve, rupture disk or nameplate
(see Code Figs. UG-129.1 and UG-129.2)

2. Manufacturer’s name or identifying trademark
3. Manufacturer’s design or type number
4. Size, in in (mm) of the pipe size of the valve inlet
5. Pressure at which the valve is set to blow, in psi (kPa)



6. Capacity, in ft3/min (m3/min) of air; or capacity, in lb/h of saturated
steam (see Code Par. UG-131)

7. Year built

Rupture disk devices shall be marked by the manufacturer as
required in Code Par. UG-129 in such a way that the marking will not
be obliterated in service.

Safety valves must be installed on the pressure vessel or in the sys-
tem without intervening valves between the vessel and protective
device or devices and point of discharge (see also Code Appendix M).

To prevent excessive pressure from building up in the pressure ves-
sel, a safety valve is set at or below the maximum allowable working
pressure for the vessel it protects.

Safety valve construction is important in the selection of safety relief
valves. By specifying that the construction must conform to ASME
requirements, proper fabrication may be ensured.

Before a manufacturer of relief devices is allowed to use the Code
stamp on a relief device, the manufacturer must apply to the Boiler and
Pressure Vessel Committee in writing for authorization to use the
stamp. A manufacturer or assembler of safety valves must demon-
strate to the satisfaction of a designated representative of the National
Board of Boiler and Pressure Vessel Inspectors that the manufactur-
ing, production, testing facilities, and quality control procedures will
ensure close agreement between performance of random production
samples and the capacity performance of valves submitted to the
National Board for capacity certification. (For capacity conversion for-
mulas, see Code Appendix 11.)

Escape pipe discharge should be so located as to prevent injury to
anyone where it is discharging. It is important to have the discharge
pipe of the relief device at least equal to the size of the relief device. It
must be adequately supported and provisions must be made for expan-
sion of the piping system.

No pressure vessel unit can be considered completed until it is pro-
vided with a properly designed safety valve or relief valve of adequate
capacity and in good operating condition.

All safety devices should be tested regularly by a person responsible
for the safe operation of the pressure vessel.
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4
Guide to Quality Control Systems

for ASME Code Vessels

A Practical Guide to Writing and Implementing
a Quality Control Manual

To assure that the manufacturer has the ability and integrity to build
vessels according to the Code, the ASME Boiler and Pressure Vessel
Code requires each manufacturer of Code power boilers, heating boil-
ers, pressure vessels, and fiberglass-reinforced plastic pressure vessels
to have and to demonstrate a quality control system. (For pressure ves-
sels, see Code Pars. U-2 and UG-90 and Code Appendix 10.) This sys-
tem must include a written description or checklist explaining in detail
the quality-controlled manufacturing process. The written description,
which for clarification we will call a manual, must explain the com-
pany’s organized and systematic way of specifying procedures involv-
ing each level of design, material, fabrication, testing, and inspection.
An effective quality program will find errors before fabrication and will
reduce or prevent defects during fabrication. To be effective, this sys-
tem must have managerial direction and technical support. Proper
administration is essential in order to provide the quality control and
quality assurance necessary for fabrication of ASME Code pressure
vessels.

Before issuance or renewal of an ASME Certificate of Authorization
to manufacture Code vessels or piping is granted, the manufacturer’s
facilities and organization are subject to a joint review by an Inspection
Agency and the legal jurisdiction concerned. In areas where a jurisdic-
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tion does not review a manufacturer’s facility, that function may be car-
ried out by a representative of the National Board of Boiler and
Pressure Vessel Inspectors.

The quality control manual, therefore, will form the basis for under-
standing the manufacturer’s controlled manufacturing system. It will
be reviewed by the inspection agency, the legal jurisdiction, or a repre-
sentative of the the National Board. The manual will serve as the basis
for continuous auditing of the system by the Authorized Inspectors and
later by review when the manufacturer’s Certificate of Authorization is
to be renewed.

The Code emphasizes that the manual must reflect the actual pro-
cess by which the manufacturer produces a vessel. The Code states just
a few specific requirements for the manual. For example, Code
Appendix 10 sets out the various details to be described; however, it
does not mandate a certain way to do this. Code Par. 10-4 includes the
following statement: “The Code does not intend to encroach on the
Manufacturer’s right to establish and, from time to time, alter what-
ever form of organization the Manufacturer considers appropriate for
its Code work.”  The suggestions and requirements implied in this book
reflect a system that has worked and been accepted by the Code, and
therefore can be considered guidelines for the manufacturer intending
to develop a quality control system.

The scope and details of the system will depend upon the size, type
of vessel being manufactured, and work to be performed. All welded
pressure vessels require certain basic provisions which must be
included in the manual. An outline of the procedures to be used by the
manufacturer in describing a quality control system should include the
following items:

1. Statement of authority and responsibility. Management’s state-
ment of authority, signed by the president of the company or some-
one else in top management, must specify that the quality control
manager shall have the authority and responsibility to establish
and maintain a quality assurance program and the organizational
freedom to recognize quality control and quality assurance prob-
lems and to provide solutions to these problems.

2. Organization. Manufacturer’s organizational chart giving titles
and showing the relationship between management, quality con-
trol, purchasing, engineering, fabrication, testing, and inspection
must be presented.

3. Design calculations and specification control. The quality control
program shall include and address those responsible and their
responsibilities regarding the design of pressure vessels which
shall be produced under the ASME Boiler and Pressure Vessel
Code. In an approved Code shop an Authorized Inspector’s first
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step in the shop inspection of Code vessels is to review the design.
It is the manufacturer’s responsibility to submit drawings and cal-
culations; therefore, in the quality control manual, under design
specifications, the following items should be listed.
a. The manufacturer or fabricator must verify that specifications

have been reviewed and are available to the Authorized
Inspector for his or her review and acceptance. Additionally, a
representative of the manufacturer should be responsible to
review, accept, and approve any customer-supplied calcula-
tions, specifications, and drawings to assure Code compliance
prior to ordering of materials or releasing the job to the shop
floor for fabrication (see Code Pars. U-2, and UG-90).

b. For those design calculations, drawings, and specifications pre-
pared by the manufacturer, a responsible person shall be
assigned to review, accept, and approve these documents.
Design drawings, calculations, and specifications for the pres-
sure vessel must be signed by a responsible engineering
department person and reviewed with the Authorized
Inspector prior to the start of work so that the Authorized
Inspector may designate desired hold or inspection points.
Figure 4.1 details a typical calculation sheet for ASME Code
pressure vessel design. Computerized design programs must
be verified for both input and output data. Controls must be
described in the quality program regarding security of the sys-
tem to preclude tampering.

c. The method of handling specification and drawing changes so
that any changes in design specifications and calculations can
be verified with the Authorized Inspector must be stated.

d. The table of revisions, revision number, and the date of revision
should be given.

An important factor in designing a vessel is the accessibility of
welding and the position of the joint to be welded. For example, if it
is difficult to weld a joint because the welder cannot reach it, see it,
and be comfortable at the same time, it is impossible to expect and
get good quality work as a result. This is especially important in
field erection. Start quality control by reviewing the drawings, for it
is here that difficult-to-weld joints may be discovered and possibly
corrected before fabrication is begun.

In reviewing a drawing, the Inspector will be looking for the 
following design information: dimensions, plate material and thick-
ness, weld details, corrosion allowance, design pressure and temper-
atures, hydrostatic testing pressure, calculations for reinforcement
of openings, and the size and type of flange. It is especially important
to indicate whether the vessel is to be postweld heat-treated, radio-
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Figure 4.1 Calculation sheet for an ASME pressure vessel.



graphed, or spot-radiographed because the Code allows 100 percent
efficiency for double-welded butt joints that are fully radiographed,
85 percent for joints that are spot-radiographed, and 70 percent effi-
ciency for joints not radiographed.

Any comments by the Inspector on the design should be brought
to the attention of the manufacturer’s engineering department
immediately. It is easy to make corrections before construction. To
make them afterwards is costly and sometimes impossible.

Another important function that the engineer performs in the
control of quality is the selection of materials. The method of mate-
rial procurement control must be shown in the manufacturer’s qual-
ity control manual.

4. Material control. Material control is that quality function which
ensures that only acceptable materials are utilized in the fabrica-
tion or construction of Section VIII, Division 1 pressure vessels.
The quality control program set forth at the shop must address how
the program will control the ordering, purchasing, receiving, stor-
age, and material identification during the receipt inspection of
materials.

The quality control manual shall address the following:
a. Engineering should have control of all materials which will be

ordered for an ASME Code pressure vessel. The purchase req-
uisition, bill of materials, or any other form used to document
purchasing requirements shall clearly state the appropriate SA,
SB, SFA, or other Code-allowed material specification for the
material ordered. A job order number or another method of
identifying a particular job order shall be issued (see Code Par.
UG-5).

b. The system of material control used in purchasing, to assure
identification of all material used in Code vessels and to check
compliance with the Code material specification, should be
explained (see Code Par. UG-93).

c. The engineering department must supply all quality assurance
requirements on its purchase requisitions, bills of materials, or
other requisitions before these documents are given to the pur-
chasing department for procurement.

d. In the cold-forming of shell sections and heads or other pres-
sure parts, the purchase order should state that the require-
ments of Code Pars. UCS-79 and/or UHT-79 must be satisfied.

Suppliers can sometimes cause problems. For example, while
examining the material and fit-up of a flange on a carbon-steel ves-
sel, the Inspector noticed the flange was 2.25 percent chromium, 1
percent molybdenum material. The vendor had substituted 2.25
percent chromium material because there was no carbon-steel
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flange this size in stock. The vendor thought a flange of better mate-
rial was being shipped. But the 2.25 percent chromium, 1 percent
molybdenum material required heat treatment and the carbon steel
did not, in addition to the fact that this shop did not have welder
qualifications for chrome molybdenum welding or the special weld-
ing procedure specification for the welding of that material.

5. Examination and inspection program. The examination and
inspection program is at the heart of the entire quality control sys-
tem and is generally not described in enough detail. This section of
the quality control manual should describe all functions of inspec-
tion, tests, and examinations from the time material is delivered to
the shop until the Code vessel is stamped, certified, and shipped
from the manufacturing facility to the customer.

In order to stress the importance of performing the correct mate-
rial-receiving inspection at the time of delivery it was noted that
while performing an inspection at a Code manufacturing plant, a
welder was attempting to weld a nozzle to a stainless steel type 321
vessel, but the weld metal was not flowing as it should. The welder
notified the Inspector, who always carried a small magnet as part of
the testing equipment. As the Inspector touched the magnet to the
nozzle, there was a magnetic attraction. This easy test proved that
the nozzle material was not type 321 stainless steel, since all 300
series stainless steels are nonmagnetic. Somehow a type 400 series
stainless steel material, which is magnetic, was shipped and not
properly checked when received. These are examples of why mate-
rial-receiving inspection is so important. In addition to material-
receiving inspections, a description of all inspections relative to the
completed vessel shall be described as follows:
a. The quality control department must verify the mill test reports

with the material received by checking the heat numbers, mate-
rial specifications, physical properties, and tensile strength with
the mill test reports (see Code Pars. UG-77 and UG-85).

b. Procedures must be established for receiving inspection and
examination of plates, forgings, casting, pipe, nozzles, etc. This
inspection shall require looking for laminations, scars, and sur-
face defects to assure that all materials meet the quality assur-
ance requirements of the Code. Formed heads and shells shall
be checked for dimensions such as ovality, flange length, and
curvature. Table 4.1 lists the Code-required markings and the
required identification of materials during receiving inspection
and during fabrication. Inspection procedures should be devel-
oped to address these areas of inspection.

The thickness of the plates can be gaged at this time to see if it
meets Code tolerances, and a thorough examination can be made
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for defects such as laminations, pit marks, and surface scars.
These dimensions and inspections shall be documented on a
Receiving Inspection Report (see Fig. 4.2; see Code Pars. UG-93
and UG-74).

The Inspector’s first check on the job itself is making sure that the
plate complies with the mill test reports and Code material specifi-
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TABLE 4.1 Material and Plate Identification and Inspection

Remarks Code reference

General recommendations. Pars. UG-4, UG-5

Material must conform to a material specification Pars. UG-6, UG-7, UG-8, 
given in Code Section II. UG-9, UG-10, UG-11,

UG-12, UG-13, UG-14, UG-15

One set of original identification marks should be Pars. UG-77(a), UG-94
visible: name of manufacturer, heat and slab
numbers, quality and minimum of the range of 
tensile strength. If unavoidably cut out, one set 
must be transferred by vessel manufacturer. 
Inspector need not witness stamping but must 
check accuracy of transfer.

To guard against cracks in steel plate less than Par. UG-77(b)
1⁄4 in and in nonferrous plate less than 1⁄2 in, any 
method of transfer acceptable to Inspector to 
identify material may be used.

Plates given full heat treatment by the producing Pars. UG-85, SA-20 Section II,
mill shall be stamped with the letters MT. Part A

When required heat treatments of material are Pars. UG-85, UCS-85,
not performed by the mill, they must be made UHT-5, UHT-81
under control of the fabricator who shall place the 
letter T following the letter G in the mill plate 
marking. To show that the heat treatments have 
been completed, the fabricator must show a 
supplement to the Material Test Report.

Vessel manufacturer shall obtain Material Test Part UG-93
Report or Certificate of Compliance for plate 
material.

Inspector shall examine Material Test Report Pars. UG-93, UG-94
and material markings.

When stamping ferritic steels enhanced by Par. UHT-86
heat treatment, use low-stress stamps.

Other markings in lieu of stamping. Pars. UG-77, UG-93

For some product forms, marking of container or Pars. ULT-86, UG-93
bundle is required.

Material must conform to a material specifica- Pars. UG-10, UG-11, UG-15
tion given in Code Section II except as otherwise 
permitted.



122 Chapter Four

Figure 4.2 Receiving report.



cations. All material should be identifiable and should carry the
proper stamping or markings required by the specification and/or
Section VIII, Division 1.
c. Nonconforming materials, components, and parts that do not

meet the Code requirements or purchase requirements shall be
corrected in accordance with Code requirements or shall not be
used for construction of Code vessels.

d. Partial data reports when required by the Code must be
requested for welded parts that require Code inspection and
that are furnished by another shop (see Code Par. UG-120).

The ASME and National Board have always advocated better
management procedures and require an orderly pervasive system of
quality assurance in all phases of Code vessel engineering and con-
struction. A quality control manual must include the manufac-
turer’s system of process control.
e. The scope of this section is to detail the system established to

control quality in the manufacturer’s operational sequence.
This documented sequence shall be in the form of detailed pro-
cess flowcharts, inspection records, or traveller sheets.

f. Detailed process flowcharts, inspection records, or traveller
sheets should be prepared so that each operation can be exam-
ined and signed off by both the manufacturer’s quality control
representatives and by the Authorized Inspector. The
Authorized Inspector shall be given the opportunity to establish
inspection points on the inspection records prior to the begin-
ning of the work.

g. The chief engineer must take the responsibility for correct
design instructions given to the shop, specifying on the draw-
ings, written specifications, or instructions any special Code
requirements which would affect the fabrication or quality con-
trol operations.

h. The quality control manager must prepare and maintain proce-
dures for controlling fabrication and testing processes—such as
welding, nondestructive examinations, heat-treating, hydro-
static or pneumatic testing, and inspection—in addition to pro-
viding an operations process sheet with sign-off space for use
by the manufacturer’s representatives and the Authorized In-
spector, since even the best check-off list may not indicate the
hold points an Authorized Inspector will want to see. The list
should include a remarks space for the Inspector to indicate
hold points of parts that are to be examined (see Fig. 4.3; see
also Code Pars. UG-90 to UG-99).

The person (by title) responsible for conducting the final pressure
test shall also be stated. Before the hydrostatic test is performed,
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Figure 4.3 Inspection checklist.
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the vessel should be blocked properly to permit examination of all
parts during the test. Large, thin-walled vessels may require extra
blocking to guard against undue strains caused by the water load.
Adequate venting must be provided to ensure that all parts of the
vessel can be filled with water.

The recommended water temperature should be maintained at
least 30°F above the minimum design metal temperature to mini-
mize the risk of brittle fracture, but in no case should it exceed
120°F. If the temperature of the test medium is too low, moisture in
the air may condense on the surfaces, making proper testing diffi-
cult. Two gages should be used to provide a double check on the
pressure. If only one gage is used and it is incorrect, the vessel can
be damaged by overpressure.

The hydrostatic test must be performed at a pressure equal to at
least 1.5 times the maximum design pressure (DP) multiplied by the
lowest ratio of the stress value for the test temperature to the stress
value for the design temperature.

1.5 X DP = (allowable stress at test temperature) X DP
Test pressure = 1.5 X

allowable stress at design temperature

Examinations of the vessel must be made at not less than two-
thirds of the test pressure. After the vessel has been drained, a final
examination should be made of the internal and external surface,
the alignment, and the circularity (see Chap. 5, the section titled
Hydrostatic Testing, Case 3).
i. Procedures for covering processes such as preheat, postweld heat

treatment, hot-forming, cold-forming, etc., should be explained.
j. Material identification should be recorded on an as-built sketch,

tabulation of materials, or on the inspection record or traveller
sheet. If the plates are to be sheared or cut, the shop is required to
transfer the original mill stamping to each section (see Code Par.
UG-77). The Authorized Inspector need not witness the stamping
but may wish to check the accuracy of the transfer. To guard
against cracks caused by stamping in steel plate less than 1⁄4-in
thick, and in nonferrous plate less than 1⁄2-in thick, the method of
transfer must be acceptable to the Inspector (see Code Par. UG-
77).

k. This section shall address control of the ASME Code symbol
stamp, who has custody of the stamp, who applies it, and when
and how it is to be applied to the ASME Code data plate which
will be attached to the completed vessel.

l. A description of the person responsible for the preparation of the
ASME Code Data Report and the designated representative from
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the manufacturer who will certify the applicable data sheet form
is needed. Additionally, if the vessel is required by the jurisdiction
and/or customer to be registered with the National Board, a
description of the person responsible for forwarding the forms to
the National Board must be given. It should be noted that vessels
manufactured outside the United States or the Provinces of
Canada are required to be registered with the National Board of
Boiler and Pressure Vessel Inspectors in Columbus, Ohio.

m. If the ASME Certificates of Authorization are extended to cover
field construction or fabrication, this section should include
controls relative to and functions necessary for controlling
ASME-field activities, which must include the Authorized
Inspector.

Many Code vessels, especially boilers, are fabricated partly in the
shop and partly in the field. When construction of a Code vessel is
completed in the field, some organization must take responsibility
for the entire vessel, including the issuing of data sheets on the
parts fabricated in shop and field and the application of Code stamp-
ing. Possible arrangements include the following:

(1) The vessel manufacturer assumes full responsibility, sup-
plying the personnel to complete the job.

(2) The vessel manufacturer assumes full responsibility, com-
pleting the job with personally supervised local labor.

(3) The vessel manufacturer assumes full responsibility but
engages an outside erection company to assemble the vessel
by Code procedures specified by the manufacturer. With this
arrangement the manufacturer must make inspections to be
sure these procedures are being followed.

(4) The vessel may be assembled by an assembler with the
required ASME certification and Code symbol stamp, which
indicates that the organization is familiar with the Code and
that the welding procedures and operators are Code-quali-
fied. Such an assembler, if maintaining an approved quality
control system, may assume full responsibility for the com-
pleted assembly.

Other arrangements are also possible. If more than one organi-
zation is involved, the Authorized Inspector should find out on the
first visit which one will be responsible for the completed vessel. If
a company other than the shop fabricator or certified assembler is
called onto the job, the extent of association must be determined.
This is especially important if the vessel is a power boiler and an
outside contractor is hired to install the external piping. This pip-
ing, often entirely overlooked, lies within the jurisdiction of the
Code, must be fabricated in accordance with the applicable rules of
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the ASME B31.1 Code for pressure piping by a certified manufac-
turer or contractor, and must be inspected by the Inspector who con-
ducts the final tests before the master data sheets are signed.

Once the responsible company has been identified, the Inspector
must contact the person directly responsible for the erection to
agree upon a schedule that will not interfere with the erection but
will still permit a proper examination of the important fit-ups, chip-
outs, and the like. The first inspection will include a review of the
company’s quality control manual, welding procedures, and test
results to make sure they cover all positions and materials used on
the job. Performance qualification records of all welders working on
parts of the vessel under jurisdiction of the Code must also be exam-
ined.

It is the responsibility of the manufacturer, contractor, or assem-
bler to prepare drawings, calculations, and all pertinent design and
test data so that the Inspector may make comments on the design
or inspection procedures before the field work is started and thereby
expedite the inspection schedule. New material received in the field
for field fabrication must be acceptable Code material and must
carry proper identification markings for checking against the origi-
nal manufacturer’s certified mill test reports. Material may be
examined at this time for thickness, tolerances, and possible
defects. The manufacturer who completes the vessel or parts of ves-
sels has the responsibility for the structural integrity of the whole
or the part fabricated. Included in the responsibilities of the manu-
facturer are documentation of the quality assurance program to the
extent specified in the Code. The type of documentation needed
varies in the different sections of the Code.

6. Correction of nonconformities. A definition of nonconformities
must be given in the quality manual. Generally there are two types
of nonconformities: those found in material and/or parts during
receiving inspection and those found during fabrication and final
testing. Both must be explained as follows:
a. A nonconformity is any condition in material, manufacturing

or fabrication, or quality of the finished product that does not
comply with all of the applicable Code rules. Nonconforming
materials, components, and parts that do not meet the Code re-
quirements shall be corrected prior to the completion of the ves-
sel in accordance with the quality control system and/or ASME
Code requirements or they shall not be used for Code vessels.

b. When a nonconforming situation is found, a hold tag or other
sticker should be placed on the vessel, vessel part, or vessel
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material by the company Inspector describing the nature of the
nonconformity and also giving all information possible on the
tag and on the nonconformity report (see Figs. 4.4 and 4.5).

c. In order to determine a proper disposition of the nonconformity,
it should be brought to the attention of the appropriate company
person or nonconformity review board as well as the Authorized
Inspector. The method of repair or corrective action should be
documented on the nonconformity report and hold tag.

d. When the corrective action has been completed, the report
should be signed and dated by the company representatives,
normally the quality control manager and any other required
company personnel stated in the quality control system, such
as engineering or purchasing in conjunction with the
Authorized Inspector.

To assure correct use of a nonconformity report, some companies
print instructions on the backside of the report giving information
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on how the report should be routed to the responsible department or
person whose job it is to verify the disposition of the nonconformity
and the correct action to take.

7. Welding. Welded pressure vessels must be fabricated by welders
who are qualified utilizing welding procedures which are also qual-
ified in accordance with ASME Code Section IX. Welding proce-
dures and qualified welders shall be tested, certified, and qualified
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prior to welding production joints. The following items must be
addressed in the quality control program in order to assure Code
requirements are attained:
a. A sound weld is almost impossible without good fit-up.

Therefore, the importance of proper edge preparation and fitting
of edges on longitudinal seams, girth seams, heads, nozzles, and
pipe should be clearly emphasized in the manual. Tack welds, if
left in place, shall be feathered at the stops and starts of the
weld. If the tack welds are not prepared in such a manner they
shall be removed (see Code Par. UW-31).

b. The procedure for fit-up and inspection before welding using
either welding procedures or other written instructions should
be listed. All tack welds shall be made utilizing qualified weld-
ing procedures and qualified welders (see Code Par. UG-90).

c. Sign-off spaces should be initialed by the Inspectors for fit-up
inspection before welding. The Inspectors must assure them-
selves that Code tolerances for the alignment of the abutting
plates of the shell courses, heads, and openings are met. A mul-
tiple-course vessel may also require staggering of the longitu-
dinal joints. To avoid a flat section along the longitudinal
seams, the edges of the rolled plates should be prepared with
the proper curvature. The out-of-roundness measurement
must be within the amount specified by the Code for the diam-
eter of the vessel and the type of pressure (either internal
and/or external) used (see Code Par. UG-96).

Following the fit-up of a part for welding, the quality of the weld
is controlled by providing qualified welding procedures and welders’
qualifications. Therefore, the quality control manual must show the
system for welding quality assurance (see Code Pars. UW-26, UW-
28, UW-29, and UW-31; see also Code Section IX, Pars. QW-103 and
QW-322).
d. The manufacturer’s system for assuring that all welding proce-

dures and welders or welding operators are properly qualified
in accordance with the ASME Code Section IX, Welding Qual-
ifications, must be given. A description of who within the com-
pany is responsible for certifying and dating the procedure
qualification record and welder performance qualification
records must be addressed.

e. The engineering department, with the concurrence of the man-
ager of quality control, must determine which welds require new
procedure qualification and must provide methods for qualifying
the welding procedure, welding operators, and welders. A system
for revisions to welding procedures and procedure qualification
records must be described.
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f. The method of surveillance of the welding during fabrication to
assure that only qualified procedures and welders are being
used should be given.

g. The method for the qualification of personnel and the assigning
of the welders’ identification symbols (see Code Pars. UW-28
and UW-29) must be written.

h. The method of identifying the person making welds on a Code
vessel, such as stamping the welds every 3 ft or utilizing a weld
map which identifies each weld joint and who welded that joint
(see Code Par. UW-37), should be described.

i. The method of welding electrode control, i.e., electrode order-
ing, to an SFA specification, inspection when received, storage
of electrodes, how they are issued, and the in-process protection
of the electrode (see Code Section II, Part C, Table A-1), should
be explained.

j. The title of the person responsible for seeing that item i above
is carried out must be listed.

k. The method used on the drawing to tell what type and size of
weld and electrode are to be used, i.e., whether the drawing
shows weld detail in full cross section or uses welding symbols,
should be provided.

l. The method of tack welding must be explained. Do the tack
welds become part of the weld or are they removed? (See Code
Par. UW-31.) The control of tack welding must be part of the
welding quality control system.

m. Continuity of welders’ qualification records should be main-
tained and a log kept of all welders’ activities to indicate the
welders’ continuity in specific welding processes. If there is a
gap of time in excess of six months in a specific process, the
welder shall be requalified. Figure 4.6 gives an example of a
welder’s qualifications and performance record log.

Tack welds to secure alignment are often under high stress when
fit-up is made. Also, the rapid cooling of the tack weld to the parent
metal can form brittle crack-sensitive microstructure and can cause
cracks in the base material as well as in the tack weld. All tack
welds must be made with a qualified welding procedure specifica-
tion and by qualified welders.

A most important control in welding is actual surveillance on the
job. This cannot be minimized. The welding of the vessel must be
done in accordance with a qualified procedure. The back-chip of the
welded seams must be inspected to see that all defects have been
removed and that the chipped or ground groove is smooth and has a
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proper bevel to allow welding without entrapping slag. Each piece of
welding must be cleaned of all slag before the next bead is applied;
many defects can be caused by improper cleaning.

When a backing strip is used, it is important to see that the strip
is closely fitted and that the materials to be welded have sufficient
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clearance to permit good penetration on the first pass. The first pass
is more susceptible to cracking because of the large amount of par-
ent metal involved and the fact that the plate may be cold. As the
root pass solidifies quickly, it tends to trap slag or set up stresses
that can induce cracking if the fit is not good. The importance of
good fit-ups to a sound weld cannot be overemphasized.

The finished butt welds should be free of undercuts and valleys
and also should not have too high a crown or too heavy an overlay.
Fillet welds should be free of undercuts and overlap. The throat and
leg of the welds should be the size specified by the Code.

8. Nondestructive examination. A weld may look perfect on the outside
and yet reveal cracks, lack of penetration, heavy porosity, or under-
cutting at the backing strip when the weld is given a nondestructive
examination (NDE) by radiography or ultrasonic tests. As with weld-
ing, nondestructive examinations may require a procedure, and like
the welding procedure NDE must satisfy the requirements of the
Code and be acceptable to the Authorized Inspector. Various sections
of the ASME Code refer to Section V, Nondestructive Examinations,
for nondestructive examinations. These examinations should be
made to follow a detailed written procedure according to Section V
and the referencing Code section (i.e. Section I, Section VIII, Division
1, etc.). The manufacturer’s quality control manual must include the
following:
a. A description of the manufacturer’s system for assuring that all

nondestructive examination personnel are qualified in accor-
dance with the applicable code is needed. The quality control
program must define what NDE will be utilized and whether it
will be performed in house or subcontracted.

b. Written procedures to assure that nondestructive examination
requirements are maintained in accordance with the Code shall
be addressed.

c. If nondestructive examination is subcontracted, a statement of
who is responsible for checking the subcontractor’s site, equip-
ment, and qualification of procedures to assure that they are in
conformance with the applicable Code must be given. In a non-
destructive examination certification program, the manufac-
turer has the responsibility for qualification and certification of
its NDE personnel. To obtain these goals, personnel may be
trained and certified by the manufacturer, or an independent
laboratory may be hired. If an independent laboratory is hired,
the manufacturer must state in the quality control manual the
department and person (by title) responsible for assuring that
the necessary quality control requirements are met, because the
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manufacturer’s responsibility is the same as if the parent com-
pany had done the work.

d. If the manufacturer performs radiography testing (RT) or ultra-
sonic testing (UT), NDE personnel shall be qualified in accor-
dance with the recommended practice known as SNT-TC-1A
utilizing the current Code-accepted edition.

For the pressure vessel fabricator, nondestructive testing pro-
vides a means of spotting faulty welds, plates, castings, and forg-
ings before, during, and after fabrication. For the user, it offers a
maintenance technique that more or less assures the safety of a
vessel until the next scheduled inspection period.

9. Heat treatment. Because of certain materials utilized in construc-
tion and fabrication, due to material thickness limitations or prod-
uct form, heat treatment may not be required or desirable. If a
company does not have heat-treatment facilities a paragraph
should address this fact and simply state that if heat treatment is
required it will be subcontracted. The following should be addressed
regarding heat treatment when such treatment is required:
a. An explanation of when preheat is necessary, the welding pre-

heat, and interpass temperature control methods should be
provided.

b. For postweld heat treatment, a description of how the furnace
is loaded, how and where the thermocouples are placed, the
time–temperature recording system, marking on charts, and
how these details are recorded for each thermocouple (see Code
Pars. UW-40 and UW-49) should be given.

c. The methods of heating and cooling, metal temperature, metal
temperature uniformity, and temperature control must be
explained.

d. Methods of vessel or parts support during postweld heat treat-
ment should be listed.

10. Calibration of measurement and test equipment. A system shall
be established documenting the method of calibration of measure-
ment and test equipment as follows:
a. The system used for assuring that the gage measuring and testing

devices used are calibrated and controlled should be described.
b. An explanation of how records and identification are kept to

assure proper calibration must be given. These records shall be
available to Authorized Inspectors.

c. All gages should be calibrated with a calibrated master gage or a
standard deadweight tester whenever there is reason to believe
that they are in error. It is highly recommended that all gages be
tested and if necessary calibrated at least every six months. The
method for testing gages and instruments with references to the
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standards of the National Institute of Standards Testing (NIST)
or other recognized national standards should be detailed. In the
case of foreign Code manufacturers, for example, the Republic of
Korea, records traceable to the Korean Standards (KS) are
acceptable. Having accurate and calibrated gages will assure the
correct testing pressure when the vessel is undergoing hydro-
static testing or pneumatic testing.

Many fabricators take testing equipment for granted and sel-
dom check the accuracy of gages and measuring equipment. We
have often had gages checked that proved to be inaccurate. For
example, in testing a vessel 12 ft in diameter with a quick-opening
door, the pressure gage was found to be 25 lb off on the low side.
On a head 12 ft in diameter its total area is 16,350 in2. For each
pound over the test pressure, the head would carry 16,350 lb. If
this gage had been used, the extra load on the head would be 25 ×
16,350, or 410,000 lb above the test requirement. This extra pres-
sure would have been enough to cause considerable damage to this
type of opening. The quality control manual must state how the
measuring and test equipment is controlled.

11. Record retention.The ASME Code Section VIII, Division 1 has lim-
ited retention requirements relative to records. This topic must be
addressed as follows:
a. The manufacturer must have a system for the maintenance of

manufacturer’s data reports, radiographs, impact-test results,
and the like.

b. The manager of quality control shall assemble all the manu-
facturing and inspection documents required by the referenc-
ing Code section. These records shall be filed until the data
report is signed by the Authorized Inspector and shall include,
but not be limited to, the following: design specifications and
drawings, design calculations, certified material test reports,
nondestructive examination reports and radiographic films,
heat-treatment records, hydrostatic and pneumatic test
records, impact-test results, copies of signed ASME data
reports, nonconformity records, inspection check-off list, and
sign-offs. When the data report is signed by the Authorized
Inspector, the manufacturer may dispose of these records. If
the manufacturer has not registered the vessel with the
National Board of Boiler and Pressure Vessel Inspectors, the
data reports must be kept in the manufacturer’s files for a min-
imum of five years. UT reports shall also be kept for five years.

c. All records shall be kept in a safe environment.
The maintenance of records and revisions in accordance with the
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Code should be the quality control manager’s responsibility. A sys-
tem should be maintained for controlling the issuance of the latest
quality control manual revisions. Revisions generally are con-
trolled through issuance of the revised section, which is docu-
mented on a revisions control sheet or table of contents placed in
the front of the manual. Notify the Authorized Inspector of any con-
templated revisions for the quality control manual. Verify any revi-
sions  with  the Authorized Inspector. Revisions and revision record
forms could be listed as an appendix of the manual. No revisions
are to be issued without prior review and acceptance by the
Authorized Inspector.

12. Sample forms. The forms used by the company which are gener-
ated and which affect and control the quality of the vessel shall be
shown by exhibit in the quality control manual as follows:
a. The type of check-off form used, including those for welding

procedures and welding performance qualification, traveller
sheets, welder’s log records, and other charts used in the com-
pletion of records for material purchase, identification, exami-
nations, and tests that were taken before, during, and on
completion of the vessel, should be listed.

b. Examples of all forms should be given and their use, such as the
check-off list and data reports which will be presented to the
Authorized Inspector for review, should be described. The
Inspector will carefully check these documents to make sure
that they are properly listed in the data reports, that the vessel
complies with the Code, and that the data reports are signed by
the manufacturer before being signed by the Inspector. Docu-
mentation requires good procedure and organizational review.
Experience has proved that with good documentation a manu-
facturer is able to assess the operation accurately and to
improve the efficiency of production.

13. Authorized Inspector (inspection of vessel and vessel parts)
a. The manual should state that the Authorized Inspector is the

Code Inspector, and it is the obligation of the company to assist
in the performance of these duties.

b. The Inspector can indicate hold points and discuss with the
quality control manager arrangements for additional inspec-
tions and audits of personal choosing to establish the com-
pany’s compliance with the ASME Code.

c. The manual should state that the checklist of records, drawings,
calculations, process sheets, and any other quality control
records shall be available for the Authorized Inspector’s review.

d. The final hydrostatic or pneumatic tests required by the Code
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shall be witnessed by the Authorized Inspector, and any examina-
tions deemed necessary shall be made before and after these tests.

e. The manufacturer’s data reports shall be carefully reviewed by a
responsible representative of the manufacturer or assembler. If
this representative finds them properly completed, they shall be
signed for the company. The Authorized Inspector, after gaining
assurance that the requirements of the Code have been met and
the data sheets properly completed, may sign these data sheets.

The manufacturer should be carefully acquainted with the pro-
visions in the Code that establish the duties of the Authorized
Inspector. This third party in the manufacturer’s plant, by virtue
of authorization by the state to do Code inspections, is the legal
representative. Having this uninterested third party at the shop of
fabrication permits the manufacturer to fabricate under state
laws. Under the ASME Code rules, the Authorized Inspector has
certain duties as specified in the Code.

It is the obligation of the manufacturer to see that the
Inspector has the opportunity to perform as required by law. The
details of an authorized inspection at the plant or site are to 
be worked out between the Inspector and the manufacturer. The
manufacturer’s quality control manual should state provisions
for assisting the Authorized Inspector in performing duties (see
Code Par. UG-92).

The Authorized Inspector, after witnessing the final hydrostatic
tests or pneumatic tests and carrying out the examinations that
are necessary, will check the vessel data report sheets to make
sure they are properly filled out and signed by the manufacturer
and that the material and quality of the work in the vessel are
accurately identified. The Authorized Inspector will then allow the
Code symbol to be applied in accordance with the Code and any
local or state requirements. If everything is in order, the data
sheets are signed by the Inspector.

14. Audits. Audits are not required by all sections of the Code, but in
order to make certain that the quality control system is being
properly used during manufacture, a comprehensive system of
planned and periodic audits should be carried out by the manu-
facturer to assure compliance with all aspects of the quality con-
trol program. The manufacturer’s quality control manual should
describe the system of self-auditing.
a. The manufacturer’s system of planned periodic audits to deter-

mine the effectiveness of the quality assurance program must
be explained.

b. Audits should be performed in accordance with the manufac-
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turer’s procedure, using the checklist developed for each audit,
to ensure that a consistent approach is used by audit personnel.

c. Reports of audit results should be given to top management.
Positive corrective action to be taken, if necessary, should also
be indicated.

d. Corrective action must be taken by the quality control man-
ager to resolve deficiencies, if any, revealed by the audits.

e. A re-audit should be made within 30 days to confirm results
when corrective action is taken.

f. Results of the audit must be made available to the Authorized
Inspector.

g. The name and title of the person responsible for the audit sys-
tem should be specified. Good management will have a self-
auditing system that regularly reviews the adequacy of its
quality control program and provides for immediate and effec-
tive corrective measures when required.

15. Appendix. This section of the quality control manual is not
mandatory; however, this section may contain the necessary
forms, exhibits, and other items or such items may be placed in the
applicable sections of the quality control manual. The following
are ideas that may be placed here:
a. The table of revisions, the revision number, and the date of

revision can be presented.
b. All forms can be shown and the form usage can be described.

In our comments, we have given the reader an in-depth outline for
inspection and quality control systems that the average-sized manufac-
turer of boilers and pressure vessels might use in establishing a quality
control program and/or quality manual as required by the ASME Code
Section I, Power Boilers, Section IV, Heating Boilers, and Section VIII,
Divisions 1 and 2, Pressure Vessels. A quality assurance program for
nuclear vessels would require a more comprehensive program and man-
ual (see Chap. 10). We have not included Section X, Fiberglass Reinforced
Plastic Pressure Vessels. For quality control systems required by these
Code vessels, the applicable Code sections must be followed.

It is important to remember that before the issuance or renewal of an
ASME Certificate of Authorization to manufacture Code vessels is
granted, the manufacturer’s facilities and organization will be reviewed
by an inspection agency and/or legal jurisdiction, or a representative of
the National Board of Boilers and Pressure Vessel Inspectors.

In reviewing the various operations listed in the manufacturer’s
quality control manual, their objective will be to see the controlled
manufacturing system described by the manufacturer’s quality control
manual in operation. This survey must be jointly made before the sur-
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vey team can write a report of the manufacturer’s system for the
American Society of Mechanical Engineers.

The responsibility for establishing the required quality control sys-
tem is that of the manufacturer. In writing a quality control manual,
effective means of planning during all phases of design, fabrication,
and inspection should be considered in order to assure a properly con-
structed Code vessel. Rear Admiral Charles Curtze, in a report to the
congressional committee investigating the loss of the USS Thresher,
talked about the need for a higher IQ (in this case, integrity and qual-
ity) in industry. If your plant has both the ability to build Code vessels
and a good IQ, you should have no trouble acquiring and maintaining
the ASME Code stamp.
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Chapter

5
Inspection and Quality Control

of ASME Code Vessels

Shop Inspection

An authorized inspector’s first step in the shop inspection of Code ves-
sels is to review the design. It is the manufacturer’s responsibility to
submit drawings, calculations, and the following design information:
dimensions, plate material specifications and thickness, weld detail
drawings, calculated corrosion allowance requirements, design pres-
sure and temperature calculations [see Code Pars. UG-20 and UCS-
66], impact-test exemptions if allowed [see Code Pars. UG-20(f) and
UCS-66], hydrostatic testing pressure (based on the maximum allow-
able working pressure) and the part of the vessel to which the maxi-
mum pressure is limited, calculations for reinforcement of openings,
and the design requirements for the size and type of flanges which may
be used on the vessel. It is especially important to indicate whether the
vessel is to be postweld heat-treated and the degree of radiography
because the Code generally allows 100 percent efficiency for double-
welded butt joints that are fully radiographed, 85 percent efficiency for
joints that are spot-radiographed, and 70 percent efficiency for joints
not radiographed. Table 5.1 lists the various inspections, tests, and
examinations which are established within the Code. This list is given
to assist the reader in determining when certain tests, examinations,
and inspections must be made.

Any comment by the Inspector on the design should be brought to the
attention of the manufacturer’s engineering department immediately.
It is easy to make corrections before construction; to make them after-
wards is costly and sometimes impossible.

The Inspector’s first check on the job itself is making sure that the
materials of construction comply with the purchase order require-
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ments, mill test reports supplied with the material, and ASME Section
II, Material Specifications. All material should be identifiable and
carry the proper stamping. The thickness of the plates can be gaged at
this time to see if it meets Code tolerances, and a thorough examina-
tion can be made for defects such as laminations, pit marks, and sur-
face scars.

If the plates are to be sheared or cut, the shop is required to transfer
the original mill stamping to each section. The Inspector need not wit-
ness the stamping but must check the accuracy of the transfer. To
guard against cracks from stamping in steel plate less than 1⁄4 in thick
and in nonferrous plate less than 1⁄2 in thick, the method of transfer
must be acceptable to the Inspector.

Code tolerances for the alignment of the abutting plates of the shell
courses, heads, and openings must be met (see Code Par. UG-33 and

TABLE 5.1 ASME Code—Required Tests, Inspections, and Nondestructive
Examinations (Continued)
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Table UG-33). Table 5.2 instructs the reader on how to inspect these
tolerances for strict compliance to the ASME Code. Such inspections
are verifying the out-of-roundness measurement of the shell of the ves-
sel. Table 5.2 lists such tolerances and the location of the acceptance
criteria in the Code. A multiple-course vessel may also require stag-
gering of the longitudinal joints. To avoid a flat section along the lon-
gitudinal seams, the edges of the rolled plates should be prepared with
the proper curvature. The out-of-roundness measure must be within
the amount specified by the Code for the diameter of the vessel and the
type of pressure (internal or external) used (see Code Pars. UG-80 and
UG-81 and Code Figs. UG-80.1 and UG-80.2).

The welding of the vessel must be done according to a qualified weld-
ing procedure (see Chap. 6). The back-chip of the welded main seams
must be inspected to see that all defects have been removed and that
the chipped or ground groove is smooth and has a proper bevel to allow
welding without entrapping slag. Each bead of welding must be
cleaned of all slag before the next bead is applied; many defects can be
caused by improper cleaning.

When a backing strip is used, it is important to see that the ring is
closely fitted and that the plates have sufficient clearance to permit
good penetration on the first pass. The first pass is more susceptible to
cracking because of the large amount of parent metal involved and the
fact that the plate may be cold. As the root pass solidifies quickly, it
tends to trap slag or set up stresses that can induce cracking if the fit
is not good. The importance of good fit-up to a sound weld cannot be
overemphasized.

The finished butt welds should be free of undercuts and valleys and
also should not have too high a crown or too heavy an overlay. Fillet
welds should be free of undercuts and overlap. The throat and leg of the
weld should be of the size specified by the drawing and in compliance
with the Code. Automatic welding properly performed is superior to
hand welding, but it requires rigid supervision and inspection. The best
check is provided by spot-radiographing. If radiography is unavailable,
a test plate can be welded and sectioned (see the section titled
Sectioning in this chapter).

Tests

A weld may look perfect on the outside and yet reveal deep cracks, lack
of penetration, heavy porosity, or undercutting at the backing strip
when it is radiographed.

If the vessel is to be radiographed, all irregularities on the weld plate
surfaces must be removed so as not to interfere with the interpretation
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TABLE 5.2 Code Tolerance Requirements

Tolerance Remarks Code reference

Out-of-roundness measure in Dmax – Dmin must not exceed Par. UG-80(a)
cylindrical shells under internal 1 percent of nominal diameter Fig. UG-80.2
pressure

At nozzle openings, increase 
above tolerance by 2 percent 
of inside diameter of opening

Tolerance must be met at all 
points on shell

Out-of-roundness measure in Maximum plus-or-minus Par. UG-80(b)
cylindrical shells under exter- deviation from true circle  Figs. UG-80.1,
nal pressure using chord length equal to UG-29.2

twice the arc length obtained  Appendix L-4
from Code Fig. UG-29.2 is not 
to exceed the value e deter-
mined by Code  Fig. UG-80.1

Take measurements on un-
welded surface of plate

For shells with lap joint, Par. UG-80(b)
increase tolerance by value t

Do not include corrosion allow-
ance in value t

Permissible variation in plate No plate shall have an under- Par. UG-16
thickness tolerance exceeding 0.01 in or 6 

percent of the ordered thickness, 
whichever is less

Formed heads Inside surface must not deviate Pars. UG-81,
from specified shape by more UW-13
than 1.25 percent of inside
skirt diameter

Minimum machined thickness 
is 90 percent of that required 
for a blank head
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TABLE 5.2 Code Tolerance Requirements (Continued)

Tolerance Remarks Code reference

Pipe under tolerance Manufacturing undertolerance must be Par. UW-16
taken into account

Follow pipe specifications Subsection C 
and Code 
Material Section II

Remarks

Tolerance Plate thickness, in Offset limits Code reference

Longitudinal joints Up to 1⁄2 in inclusive 1⁄4t Par. UW-33
(category A) Over 1⁄2 in to 3⁄4 in 1⁄8 in Table UW-33

Over 3⁄4 in to 11⁄2 in 1⁄8 in
Over 11⁄2 in to 2 in 1⁄8 in
Over 2 in Lesser of 1⁄16t

or 3⁄8 in

Circumferential joints 3⁄4 in or less 1⁄4t Par. UW-33
(categories B, C, D) Over 3⁄4 in to 11⁄2 in 3⁄16 in Table UW-33

Over 1⁄2 in to 2 in 1⁄8t
Over 2 in Lesser of 1⁄8t

or 3⁄4 in

Offset type joint 3⁄8 in maximum; lon- Par. UW-13.(c)
gitudinal weld within Fig. UW-13.1(k) 
offset area shall be plus note
ground flush with 
parent metal prior to 
offset and examined by
magnetic particle
methodafter offset

Welding of plates of Pars. UW-9,
unequal thickness UW-42

Fig. UW-9

Spherical vessels and Offset must meet longi- Par. UW-33
hemispherical heads tudinal joint require-

ments

Offset must be faired at Pars. UW-42,
a 3 to 1 taper over width UW-9
of  finished weld Fig. UW-9

Additional weld metal Pars. UW-42, 
maybe added to edge of UW-9
weld if examined by 
liquid penetrant or mag-
netic particle method. If 
the weld buildup is in the 
area to be radiographed, 
the buildup shall also be 
radiographed
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of subsurface defects. If a vessel is to have only a pneumatic test, all
attachment welds with a throat thickness greater than 1⁄4 in must be
given a magnetic particle examination or liquid penetrant examination
before the pneumatic test.

If a vessel is constructed of austenitic chromium–nickel alloy steels
over 3⁄4 in thick, all welds must be given a liquid penetrant examination
(after heat treatment if such treatment is performed).

If the vessel is to be fully postweld heat-treated, the furnace should
be checked to make sure that the heat will be applied uniformly and
without flame impingement on the vessel.

Vessels with thin walls or large diameters should be protected against
deformation by internal bracing. The vessel should be evenly blocked in
the furnace to prevent deformation at the blocks and sagging during the
stress-relieving operation. Furnace charts should be reviewed to deter-
mine if the rate of heating, holding time, and cooling time are correct.

All work should be completed before a vessel is presented for final
testing, especially if it is to be postweld heat-treated. A minor repair
can assume major proportions because of lack of time to make the
repair and repeat postweld heat treatment and testing prior to ship-
ping.

A vessel undergoing a hydrostatic test should be blocked properly to
permit examination of all parts during the test. Large, thin-walled ves-
sels may require extra blocking to guard against undue strains caused
by the water load. Adequate venting must be provided to ensure that
all parts of the vessel can be filled with water. The water should be at
approximately room temperature. If the temperature is lower, mois-
ture in the air may condense on the surfaces, making proper testing dif-
ficult. Two gages should be used to provide a double check on the
pressure. If only one gage is used and it is incorrect, the vessel can be
damaged by overpressure. The hydrostatic test must be performed at
pressures equal to at least 11⁄2 times the maximum design pressure
multiplied by the lowest ratio of the stress value for the test tempera-
ture to the stress value for the design temperature. Inspection and
examination of the vessel must be made at not less than two-thirds of
the test pressure. After the vessel has been drained, a final examina-
tion should be made of the internal and external surfaces, the align-
ment, and the circularity. If everything is satisfactory, the vessel may
be stamped in accordance with Code and any local or state or jurisdic-
tional requirements.

The data report sheets are then checked to make sure that they are
properly filled out, signed, and certified by the manufacturer and that
the material and workmanship of the vessel are accurately stated. If
everything is in order, the data sheets are signed by the inspector.
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ASME Manufacturer’s Data Reports

The importance of having ASME Manufacturer’s Data Reports fully
and correctly completed, as well as record retention of complete vessel
material and fabrication records, must not be underestimated.

When a pressure vessel accident happens, the cause could have been
poor operating procedures, insufficient vessel maintenance, inade-
quate training and indoctrination of the operating personnel, or incor-
rect sizing and type of relief devices. All of the above have been seen by
the authors while doing forensic work involving product liability.

When an employee is injured in an accident, there appears to be no
laws under which to sue the employer. The employer only pays for
worker’s compensation. The employee and hired attorney then go after
the manufacturer of the vessel for product liability and try to prove the
vessel was improperly designed and fabricated. In the event of litiga-
tion, the ASME data reports may be subpoenaed as legal documents. It
is here that the vessel manufacturer’s properly completed ASME data
report and preservation of records even beyond the time required by
the ASME Code will be most helpful. (To assist the manufacturer in
completing the data report correctly, refer to Appendix W of Section VIII,
Division 1 for guidance.)

Records should include the customer’s purchase order, the user’s and
vessel manufacturer’s design reports, certified mill test reports of
materials, records of qualified welding procedures, a list of all qualified
welding operators who welded on the vessel, quality control and/or
quality assurance checklists, and certified ASME data reports signed
by the vessel manufacturer.

The authors have seen situations where a data report was not filled
out completely. For example, the data report item on safety relief outlets
was left blank. The vessel manufacturer should have tried to find out
from the vessel user the type and the size and setting of the relief device.
Code Par. UG-125 states that all pressure vessels must be provided with
a means of overpressure protection. The number, size, and location of
relief devices are to be listed on the Manufacturer’s Data Report.

There are times when the vessels are designed for a system and prop-
erly protected against overpressure by one safety relief device. If this is
the case, the vessel manufacturer may add the statement under the
pressure relief devices item provided by others or provided by owner.

The pressure relief device item should never be left blank, nor should
it contain a statement that no overpressure protection is provided.

It is the manufacturers’ responsibility to see that the vessels’ fabri-
cated items conform to the ASME Code and meet the minimum design
requirements. Simply because the customer did not indicate on the
purchase order or drawing the size, pressure, and location of the
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safety relief device does not relieve the manufacturer of this respon-
sibility.

The safety devices need not be provided by the vessel manufacturer,
but overpressure protection must be installed before the vessel is placed
in service or tested for service, and a statement to this effect should be
made in the Remarks section on the Manufacturer’s Data Report.

No pressure vessel unit can be considered completed until it is pro-
vided with a properly designed safety relief device of adequate capacity
and in good operating condition.

Field Assembly Inspection

Many code vessels are fabricated partly in the shop and partly in the
field, especially boilers. Although this book deals primarily with pres-
sure vessels, many plants will want to know about the field assembly
of boilers as well.

Responsibility for Field Assembly

When construction of a Code vessel is completed in the field, some orga-
nization must take responsibility for the entire vessel, including the
issuing of data sheets on the parts fabricated in shop and field and the
application of Code stamping. Possible arrangements include the fol-
lowing:

1. The vessel manufacturer assumes full responsibility, supplying
the personnel to complete the job.

2. The vessel manufacturer assumes full responsibility, completing
the job with local labor under the manufacturer’s supervision.

3. The vessel manufacturer assumes full responsibility but engages
an outside erection company to assemble the vessel by Code procedures
specified by the manufacturer. With this arrangement, the manufac-
turer must make inspections to be sure these procedures are being fol-
lowed.

4. The vessel may be assembled in the field by an assembler with the
required ASME Certificate of Authorization whose scope allows field
construction. This certificate along with the applicable ASME Code
stamps indicates that the assembler’s organization is familiar with the
Code and that the welding procedures and operators are Code-quali-
fied. Such an assembler may assume full responsibility for the com-
plete assembly.

Other arrangements are also possible. If more than one organization
is involved, the Authorized Inspector should find out on the first visit
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which one will be responsible for the completed vessel. If a company
representative other than the shop fabricator or an authorized assem-
bler is called onto the job, the extent of association must be determined.
This is especially important if the vessel is a power boiler and an out-
side contractor is hired to install the external piping. This piping, often
entirely overlooked, lies within the jurisdiction of the Code and must be
fabricated in accordance with the applicable rules of the ASME B31.1
Code for pressure piping by a certified manufacturer or contractor and
must be inspected by the inspector who conducts the final tests before
signing the master data sheets.

Inspection Procedure

Once the responsible company has been identified, the inspector must
contact the person directly responsible for the erection to agree upon a
schedule that will not interfere with the erection but will still permit a
proper examination of the important fit-ups, chip-outs, and the like.
The first inspection may include a review of welding procedures (and
test results) to make sure they cover all positions and materials used
on the job. Performance qualification records of all welders working on
parts of the vessel under the jurisdiction of the Code must also be
examined.

It is the responsibility of the manufacturer, contractor, or assembler
to submit drawings, calculations, and all pertinent design and test data
(see the section titled Shop Inspection in this chapter) so that the
inspector may make comments on the design or inspection procedures
before the field work is started and thereby expedite the inspection
schedule.

New material received in the field for field fabrication must be
acceptable Code material and must carry proper identification mark-
ings for checking against the mill test reports. It may be examined at
this time for thicknesses, tolerances, and defects such as laminations,
pit marks, and surface scars.

Field examinations of the vessel for fit-up and finished welds, and
during and after hydrostatic or pneumatic testing should be conducted
in the manner already prescribed for shop inspections.

If all is satisfactory, the Inspector will check the data sheets to see
that they are properly filled out and signed by the manufacturers and
shop inspectors and that the portion of the vessel that was field-con-
structed is accurately described and the material and quality of the
work are accurately stated. The inspector then signs the certificate of
field assembly.



Radiography

Radiography is a tool permitting the examination of the invisible parts
of a welded joint. Radiographic equipment requires skilled personnel
for safe and efficient handling. Special provisions must be made for
their protection, moreover, and unauthorized persons must be kept
from entering the surrounding area while the equipment is in use.

The use of radiography is increasing rapidly in the welded pressure
vessel industry, especially because of the higher weld joint efficiencies
allowed by the Code for vessels that are radiographically examined.
Such vessels can be built for the same pressure and diameter with thin-
ner shells and heads and consequently with less weld metal and weld-
ing time.

Conditions Requiring Radiography

The ASME Code requires radiographing of pressure vessels for certain
design and service conditions, the type of radiography varying with
materials, thicknesses, joint efficiency, type of construction, and the
like. Conditions for which full or spot radiography is specified are the
following:

1. To increase the basic joint efficiency, either full or spot radiog-
raphy may be required (Code Pars. UW-11 and UW-12; Code Table
UW-12).

2. Vessels using lethal substances require full radiography of all
longitudinal and circumferential joints (Code Pars. UW-2 and UW-11).

3. If the plate or vessel wall thickness at the weld joint exceeds the
thicknesses given in Code Pars. UW-11, UCS-57, Table UCS-57, Pars.
UNF-57, UHA-33, UCL-35 or UCL-36, and UHT-57, full radiography is
required (see also Table 5.3).

4. Cast ductile iron repair of defects requires full or spot radiogra-
phy (Code Par. UCD-78).

5. Vessels conforming to type 405 materials that are butt welded
with straight chromium electrodes and to types 410, 429, and 430 base
materials welded with any electrode require radiography for all thick-
nesses. If material types 405 or 410 with a carbon content less than
0.08 percent are welded with electrodes that produce an austenitic
chromium–nickel weld deposit or a nonhardening nickel–chromium–
iron deposit, radiography is required only if the plate thickness at the
welded joint exceeds 11⁄2 in (Code Par. UHA-33).

6. Clad and lined vessels may require either full or spot radiography
(Code Pars. UCL-35 and UCL-36).

Inspection and Quality Control of ASME Code Vessels 151



7. Welded repairs of clad vessels damaged by seepage in the applied
lining may require radiography if the inspector so requests (Code Par.
UCL-51).

8. If longitudinal joints of adjacent courses are not staggered or sep-
arated by a distance at least 5 times the plate thickness of the thinner
plate, each side of the welded intersection must be radiographed for a
distance of 4 in [Code Par. UW-9(d)].
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TABLE 5.3 Full Radiographic Thickness Requirements*
Carbon and Low-Allow Steels



9. Unreinforced openings located in a circumferential seam must be
radiographed for a distance 3 times greater than the diameter of the
opening (Code Par. UW-14).

10. Castings for which a higher quality factor is desired require
radiography at all critical sections (Code Par. UG-24).

11. Leaking chaplets of cast-iron vessels to be repaired by plugging
require radiography of metal around the defect (Code Par. UCI-78).

12. Forgings repaired by welding may require radiographing (Code
Par. UF-37).

13. Unfired steam boilers with a design pressure exceeding 50 psi
must be fully radiographed [Code Par. U-1(e)].

14. Nozzle butt welds joining the flange or saddle to a vessel requir-
ing radiography must be fully radiographed (Code Par. UW-11 and
Code Figs. UW-16.1, f-1, f-2, f-3, and f-4).

15. When weld buildup of the base material is utilized for the pur-
pose of restoring the material thickness to its original thickness or
modifying the configuration of welded joints to provide a uniform tran-
sition, if radiography is required of the weld joint, the buildup area is
required to be radiographed also (Code Par. UW-42).

16. Full or spot radiography must be used in order to increase allow-
able stress and joint efficiency in the calculations for shell and head
thicknesses (Code Pars. UW-11 and UW-12).

Interpretation of Welding Radiographs

Some people falsely assume that because a weld had been radio-
graphed, no defect which has not been revealed by the radiographing
process can exist in the weld. On the other hand, some persons inter-
pret each visible mark on the film as a defect in the weld and request
chip-out and rewelding. In each of the above cases the radiograph is
subjected to false or poor interpretation.

In order for the viewer to interpret the film correctly to find all pos-
sible defects in the weld, a proper understanding of the nature and
appearance of weld defects, of common processing defects, of the degree
of contrast and detail possible in radiography, of the film and film sen-
sitivity, and of the technique of making a radiograph is necessary.

Radiography uses either x rays or gamma rays. X-ray machines oper-
ate through a range of 10,000 to 2 million volts. Gamma rays, mea-
sured in curies, are produced from radioactive materials of various
strengths. (The most common sources of gamma rays in the welding
industry are cobalt-60, cesium-136, iridium-192, and radium.)

Both x rays and gamma rays are a form of electromagnetic waves of
short wavelength, which allows them to penetrate metals impervious
to ordinary light. Some of the radiation is absorbed after penetration,
the amount depending on the wavelength and the thickness and den-
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sity of the material. If a defect such as a crack, slag inclusion, or poros-
ity exists in a material of uniform thickness and density, the thickness
and density are less at the point of defect and more radiation will pass
through. When this radiation is recorded on sensitive film, the defect
will show up as an x-ray shadow. The shadow picture is called a radio-
graph.

X-ray radiographs show defects more sharply than gamma-ray radio-
graphs, a fact that must be taken into account in the interpretation of
the film. When persons experienced with gamma rays are shifted to x-
ray work, they tend to see any defect as a cause for rejection, whereas
those experienced with x-ray film may tend to underestimate the seri-
ousness of a defect seen on gamma-ray film.

As a check on the radiographic technique, penetrameters are used.
The thickness of the penetrameters is given in ASME Boiler and
Pressure Vessel Code, Section V, Nondestructive Examination, Article
2, Table T-233.1. Penetrameters shall not be more than 2 percent of the
thickness of the plate being radiographed, but for thin plates, it need
not be less than 0.005 in. As measured by the penetrameter, sensitiv-
ity is understood to be the smallest fractional difference in the thick-
ness of the material that can be detected visually on a radiograph. The
appearance of the penetrameter image on the film defines  vertical sen-
sitivity of 1 to 2 percent. The required appearance of the 2 T-hole or slit
in the penetrameter proves a lateral sensitivity of 2 to 4 percent of the
thickness being radiographed.

If the weld reinforcement or backing strip of a welded seam is not
removed, a shim of the same material as the backing strip must be
placed under the penetrameter so that the thickness being radio-
graphed under the penetrameter is the same as the total thickness of
the weld, including the reinforcement and backing strip.

Each penetrameter must have three holes with diameters that are
usually 1, 2, and 4 times the penetrameter thickness, one of which
must be of diameter equal to 2 times the penetrameter thickness, but
not less than 1⁄16 in. However, smaller holes are permitted. The small-
est hole must be distinguishable on the film.

The penetrameters should be placed on the side nearest the source of
the radiation. Where it is not possible to do this, they may be placed on
the film side of the joint provided that the radiographic technique can
be proved adequate, and a lead letter F with a dimension as high as the
penetrameter identification numbers is placed adjacent to the pene-
trameter or placed directly on the penetrameter, provided it does not
mask the essential holes; at least one penetrameter must be used for
each exposure. The penetrameter should be placed parallel and adja-
cent to the welded seam except when the weld metal is not similar to
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the base material, in which case it may be placed over the weld metal
with the plane of the penetrameter normal (perpendicular) to the radi-
ation beam. This provides for penetrameter image sharpness and min-
imum image distortion and allows proper evaluation of radiographic
quality.

To assure getting good contrast and seeing a weld defect, the ASME
Code gives specific requirements for film density, based on the Hurter
and Driffield (H&D) curve.* Density through the radiographic image of
the body of the penetrameter shall be 1.8 minimum for single film view-
ing for radiographs made with an x-ray source and 2.0 for radiographs
made with a gamma-ray source. Each radiograph of a composite set
shall have a minimum density of 1.3. The maximum density shall be
4.0 for either case. A tolerance of 0.05 in density is allowed for varia-
tions between density readings. In the upper limits of density, the
viewing equipment is important for correct interpretation of the film.
It is essential to have a strong source of light available with flexibility
both as to light intensity and area.

In recent years the Code has allowed the inception of alternate meth-
ods of determining the acceptable densities of radiographs. One alterna-
tive method of measuring film density is by the use of wire
penetrameters (Fig. 5.1). Wire penetrameters are just as their name
implies. Six wires whose composition is of material similar to the mate-
rial being radiographed are encapsulated or “sandwiched” between two
sheets of 0.030-in clear vinyl plastic. Wire penetrameters are classified
by sizes which range from 0.0032 to 0.32 in. These wires are categorized
in sets known as sets A, B, C, and D. For set A and B wire penetrame-
ters, the minimum distance between the wires is 3 times the wire diam-
eter and not more than 0.2 in. The length of the wires for sets A and B is
a minimum of 1 in. Set C and D wire distance separations are not to be
less than 3 times the wire diameter and not more than 0.75 in. The
length of set C and D wire penetrameters is a minimum of 2 in. Each
plastic case shall have a lead material grade identifying number in the
lower left-hand corner of the casing as well as the ASTM set designation.

Much like hole penetrameters, at least one wire penetrameter shall
be placed abutting the weld to be radiographed. The radiographic den-
sity measured adjacent to the penetrameter must not vary by more
than +30 to –15 percent. When the density does vary more than that,
two sets shall be used.
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If the source of radiation is placed at the axis of the joint and the com-
plete circumference is radiographed with a single exposure, three uni-
formly spaced penetrameters are to be used.

Many persons in the welding industry who know how to interpret
radiographic film sometimes err in their judgment. Moreover, radio-
graphs often require retakes because of improper techniques or differ-
ences of opinion in interpretation. Only the retake can prove whether
the technique or the interpretation of the original film was wrong.
Basically, the important decisions in a radiographic inspection are the
following:

1. Has the radiograph been properly taken?
2. Has complete penetration of the weld been obtained?
3. Are the revealed defects acceptable or should they be repaired?

Proper radiography will show any change in metal thickness greater
than 2 percent, the contrast sensitivity required by the Code. Any
defect surpassing the allowable minimum—whether slag entrapment,
porosity, lack of penetration, undercutting, or cracks—will be recorded
on the film as a dark area compared to the normal density of the sound
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metal. Weld reinforcements, backing strips, splatter, and icicles will
show on the film as light areas because they represent metal sections
thicker than the average plate. Burn-through shows up as dark, irreg-
ular areas, but the drip-through surrounding the burn-through pre-
sents a lighter image. In highly absorbent material such as the burn-off
from an electrode used in heliarc welding, the burn-off shows up as a
light area that is usually spherical in shape.

In heavy wall welds, knowing how deep a defect is from each side is
helpful. We have seen chip-outs 2-in deep made in a 3-in weld that
could have been only 1-in deep from the opposite side if stereoscopic
principles of radiography had been used to make proper depth inter-
pretation. (See Fig. 5.2 for an example.) When available, ultrasonic
techniques can and often are utilized to determine the depth of many
types of defects. Not every discontinuity in the film is objectionable if
vessels are fully radiographed (see Code Par. UW-51 and Appendix 4).
The Code allows for a maximum length of slag inclusion according to
the plate thickness as follows: 1⁄4 in for plates less than 3⁄4 in thick; 1⁄3
the plate thickness for plates 3⁄4 to 21⁄4 in thick; and 3⁄4 in for plates more
than 21⁄4 in thick.

Any group of slag inclusions in a line with a total length greater than
the thickness of plate in a length 12 times the plate thickness is unac-
ceptable, except when the distance between the successive imperfec-
tions exceeds 6 times the length of the largest imperfection. With full
radiography, moreover, any type of crack or lack of penetration is not

Inspection and Quality Control of ASME Code Vessels 157

Figure 5.2 Stereoscopic principle in radiography.



acceptable and must be repaired. Porosity is judged by comparison
with the standards given in the Code (see Appendix 14).

If only spot radiography is required, the standards are less demand-
ing (see Code Par. UW-52). The length of film need be only 6 in.
Porosity, moreover, ceases to be a factor in the acceptability of welds.
There is a difference in the other defects allowed as well. Any weld that
shows cavities or elongated slag inclusions is unacceptable if these
have a length greater than two-thirds of the thickness of the thinner
plate of the welded joint.

Any group of imperfections in a line with a total length less than the
plate thickness in a length of 6 times the plate thickness is acceptable
only if the longest defects are separated by acceptable weld metal equal
to 3 times the length of the longest defect. (As the minimum length
required for a spot radiograph is 6 in, the total length of imperfections
in a line shall be proportional for radiographs shorter than 6 times the
plate thickness.) Any defect shorter than 1⁄4 in is acceptable in spot
radiography, with the exception of any type of crack or lack of penetra-
tion, which is never acceptable and must be repaired. Any defect longer
than 3⁄4 in is not acceptable.

If a spot radiograph shows welding that violates Code requirements,
two additional spot radiographs must be taken in the same seam at
locations chosen by the inspector away from the original spot, prefer-
ably one on each side of the defective section. If these additional spots
do not meet the acceptable standard, the rejected welding must be
removed and the joint rewelded, or the fabricator may choose to rera-
diograph the entire unit of weld represented, and the defective welding
need only be repaired. The rewelded areas must then be spot-radio-
graphed to prove that they meet Code requirements.

For the proper interpretation of films, the view box should be lighted
with sufficient intensity to illuminate the darkest area of the film. The
view box should be located in a room that can be darkened. Film han-
dling and processing at times will cause marks that give the impression
of defects. A fine scratch on the film surface can look like a crack; water
marks, stains, and streaks can resemble other defects. If the film surface
is viewed in reflected light, these defects can be properly detected. Other
apparent but nonexistent flaws in the weld can be caused by a weld over-
lay that contrasts sharply at the weld edge, by scratches on intensifying
screens, or by lines of weld penetration into the backing ring if a backing
strip is used. Slag under the backing strip and tack welds on the strip
will produce a lighter image and should not be interpreted as defects.

Such conditions may be obvious to the experienced technician, if not
to the novice. There are often real defects in a weld that are difficult to
determine, however, and it is these one must watch for. Some critical
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materials are more prone to crack than others, and their film images
must be evaluated with extreme care.

A crack that runs perpendicular to the plate surface can be seen eas-
ily, but cracks along the fusion line are often at an angle, and the defect
image may not be sharp. Defects that are parallel to the plate also may
not show up clearly. If a laminated plate is radiographed with the
radiographic beam perpendicular to the plate surface, for example, the
lamination very probably will not be seen. However, if the plate is cut
and radiographed with the beam parallel to the plate as rolled, these
laminations will show clearly. (See Figs. 7.1 and 7.2 for examples.)

Most cracks show up longitudinally to the weld, in the weld itself, in
the fusion line of the weld, at craters, and occasionally in the plate adja-
cent to the weld. Transverse cracks are not seen as often but do appear
in the weld and plate edges. Slag inclusions are usually sharp and
irregular in shape. As stated before, certain small slag inclusions are
acceptable to the Code, but elongated slag and too many inclusions in
a line are not permitted.

Incomplete penetration, which is not acceptable, is usually sharply
defined. Undercuts are usually easily seen at the edge of a weld.
Porosity shows up as small, dark spots. These spots may be defined as
either fine or coarse porosity; if full radiography is required, their
acceptability is measured by the standards of the Code.

In viewing radiographs, it is important to be sure that the pene-
trameters are properly placed so that the penetrameter holes show and
that the H&D density requirements are given in the negative. This will
assure better contrast to show any possible defects. The required
appearance of the essential hole in the penetrameter is the indication
that defects in the weld will be seen in the film. (See also Table 7.1.)

Sectioning

The Code permits the examination of welded joints by sectioning if this
method is agreed to by both the user and the manufacturer, but sec-
tioning of a welded joint is not considered a substitute for spot-radio-
graphic examination and permits no increase in joint efficiency;
therefore, it is seldom used (see Code Par. UW-41).

Sectioning is accomplished with a trepanning saw, which cuts a
round specimen, or with a probe saw, which cuts a boat-shaped speci-
men. The specimen removed must be large enough to provide a full
cross section of the welded joint.

If sections are oxygen-cut from the vessel wall, the opening must not
exceed 11⁄2 in or the width of the weld, whichever is greater. A flame-cut
section must be sawed across the weld. A saw-cut surface must show
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the full width of the weld. The specimens must be ground or filed
smooth and then etched in a solution that will reveal the defects. Care
must be taken to avoid deep etching.

The etching process should be continued just long enough to reveal
all defects and clearly define the cross-sectional surfaces of the weld.
Several acid solutions are used to etch carbon and low-alloy steels, one
of which is hydrochloric acid (commonly known as muriatic acid) mixed
with an equal part of water. This solution should be kept at or near its
boiling point during the etching process.

Many shops prefer to use ammonium persulfate because the method
of its application allows better observation of the specimen and pre-
vents a deep etch. The solution, one part ammonium persulfate to nine
parts water, is used at room temperature. A piece of cotton saturated
with the solution is rubbed hard on the surface to be etched. The etch-
ing process is continued until a clear definition emerges of the cross-
sectional surfaces of the weld and any defects present.

Other solutions are used to etch metal specimens, such as iodine,
potassium iodide, and nitric acid, but hydrochloric acid and ammonium
persulfate are the most common ones. To be acceptable, the specimens
should not show any type of crack or lack of penetration. Some slag or
porosity is permitted if (1) the porosity is not greater than 1⁄16 in and
there are no more than six porosity holes of this maximum size per
square inch of weld metal, or (2) the combined area of a greater num-
ber of porosity holes does not exceed 0.02 in2 per square inch of weld.

The width of a single slag inclusion lying parallel to the plate must
not be greater than one-half the width of the sound metal at that point.
The total thickness of all slag inclusions in any plane at approximate
right angles to the plate surface must not be greater than 10 percent of
the thinner plate thickness.

The plugs or segments should be suitably marked or tagged after
removal with a record of their original location, the job number, and the
welder or welding operator who did the welding. After etching, they
should be oiled and kept in an identifiable container. A record should
be made on a drawing of the vessel of all these specimens (with identi-
fication marks) after the vessel has been completed and stamped. The
plugs may be retained by the purchaser, or they may be discarded.

Holes left by the removal of the trepanned plugs may be closed by
any welding procedure approved by the Inspector. The best method is
to cut a plug from the same plate material and then bevel the plate
around the hole and the plug, insert the plug, weld from one side, back-
chip the other side, and reweld. When gas welding is used, preheat the
area surrounding the plug. If it is possible to weld from only one side,
the bottom of the plug should be fitted to permit full penetration of the
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weld closure. Each layer of weld should be peened to reduce the
stresses set up by welding.

If the plate thickness is less than one-third the diameter of the hole,
a backing strip may be placed inside the shell over the hole and the hole
filled completely with weld metal. If the plate thickness is not less than
one-third or greater than two-thirds the diameter of the hole, the hole
can be completely filled with weld metal from one side and then
chipped clean on the other side. Other methods exist (see Code
Appendix K), but the ones described here are the most common.

Hydrostatic Testing

Most fabricating shops take pride in their work and do everything pos-
sible to turn out a good job. All this effort can be spoiled by carelessness
in preparing for or conducting a hydrostatic test. Several actual inci-
dents may serve as illustrations.

Case 1. A large fabricating shop, one of the best, put all its care and
know-how into a critically needed vessel. During hydrostatic testing,
however, a 3-in shell plate bulged because of overpressure. This near
accident resulted in a costly delay in shipping that should never have
occurred. The company had been cautioned by an Authorized Inspector
on the first day in its shop, and several times thereafter, that the water
pressure on the line to the test floor was 2200 lb and that a reducing
valve or some other means of protection was required.

The shop’s chief inspector replied that dependable people worked on
the test floor and that the two shut-off valves provided for each vessel
were sufficient.

The Authorized Inspector told the shop’s inspector that, as a precau-
tionary measure, the presence of an Authorized Inspector would be
necessary at all hydrostatic tests of Code vessels. The general manager
was then informed of the possibility of a vessel’s being damaged during
these tests. The general manager said that the matter would be taken
up with the chief inspector, but the precautionary safety devices rec-
ommended were never installed. A few months later, an urgently
needed non-Code vessel was badly damaged.

The Code does not specify an upper limit for the hydrostatic test
pressure. However, if this pressure exceeds the required test pressure
to the degree that a vessel is visibly distorted, the Inspector shall
reserve the right to reject the vessel.

Case 2. A thin-shelled vessel was hydrostatically tested at 30 lb. It was
filled late in the afternoon and left overnight with the pressure on and
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all valves closed. During the night the water in the vessel warmed up,
expanded, and bulged out a flat stayed section. This accident occurred
despite the cautionary footnote to Code Par. UG-99, which states: “A
small liquid relief valve set to 11⁄3 times the test pressure is recom-
mended for the pressure test system, in case a vessel, while under test,
is likely to be warmed up materially with personnel absent.” (For a
graph showing the increase in water pressure caused by increase of
water temperature, see Fig. 5.3.)

Case 3. A vessel 6 ft in diameter and 15 ft long was damaged while
being drained. A tester opened a large opening at the bottom of the
tank without first opening a valve or other inlet on top of the vessel to
permit air to enter.

The large opening at the bottom drained the water rapidly, creating
a partial vacuum in the tank. As the vessel was not designed for exter-
nal pressure, this vacuum caused the shell to crack between two nozzle
outlets.

All three of these mishaps occurred in shops whose work is far above
average; they prove that similar accidents are possible in any shop if
care is not taken.

Test Gage Requirements

Code Par. UG-102 states: “An indicating gage shall be connected
directly to the vessel. If it is not readily visible to the operator con-
trolling the pressure applied, an additional gage shall be provided
where it will be visible throughout the duration of the test.” It also
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recommends that a recording gage be used in addition to indicating
gages on larger vessels. Not all shops, especially small ones, have
recording gages, but good practice indicates the use of two gages on
all tests because they are sensitive instruments and can easily be
damaged.

The Code requires vents at all the high points of a vessel (in the posi-
tion in which it is being tested) to purge air pockets while the vessel is
filling. During a recent hydrostatic test of a large vessel, the frame of a
large quick-opening door failed, and the door dropped to the floor,
thereby flooding the shop with several inches of water. Had there been
any air in the vessel, serious damage to the building and possible injury
to personnel might have occurred.

The Code requires test equipment to be inspected and all low-pres-
sure filling lines and other appurtenances that should not be subjected
to test pressure to be disconnected before test pressure is applied. The
reason can be seen in the recent test of a vessel for 1500-lb pressure
with a 125-lb valve in the line. As this valve was leaking at the bonnet,
the inspector immediately had the pressure reduced and the valve
replaced. The Inspector had seen the damage in another shop when a
bonnet, valve, and stem had been blown through the roof, leaving a
hole a foot wide (fortunately, no one was over the valve when it failed).

Not so long ago, a tester was seen placing a cast-iron plug in a vessel
that was to be tested to 1400-lb pressure. The tester was stopped by the
Inspector, who requested that a steel plug be used. Replying, “Is that
why the plug blew out?” the tester then showed the Inspector a dent in
the concrete wall.

During a 2500-lb hydrostatic test of a large vessel, a leak was noted
at a flanged connection. A worker who was responsible for the hydro-
static test picked up a sledgehammer and tapped on the flange cover
trying to stop the leak. The cover then exploded off the vessel, rocketed
to the far end of the shop, and struck a fellow worker who was walking
across the end of the shop. His leg was severed at the knee. Ignorance
of correct procedures can be fatal in testing vessels.

Seven Simplified Steps to Efficient Weld
Inspection

A manufacturer’s preparation of pressure vessels for examination by a
Code Inspector or a customer can be routine and easy, or complicated
and time-consuming. The speediest and most efficient inspection takes
place in the shop that prepares for inspection in an orderly manner.
Such preparation will save not only time but very possibly money.

A job should have advanced to the point at which specifications called
for an inspection before one is undertaken; if there is no such specifi-
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cation, the job should have advanced to the point requested by the
inspector. Any vessel failing to meet minor requirements should be cor-
rected before being shown to the Inspector. Major defects must be
shown to the Authorized Inspector before repairs are made. The
Inspector makes an inspection on the basis of a written code or cus-
tomer specification only. It is the responsibility of the manufacturer,
not of the Inspector, to see that these standards are met.

A good Inspector tries to find all defects before the final or hydro-
static tests, especially if the vessel is to be postweld heat-treated. The
inspector knows—and certainly the manufacturer knows—that a
minor repair can assume major proportions because of a lack of time to
make the repair and to repeat postweld heat treatment and testing
operations before the scheduled date of delivery.

A careful observation of the following items will help expedite inspec-
tion.

1. Inspectors should be provided with drawings that clearly show
weld details and dimension, types of material, corrosion allowances,
and design pressures and temperatures. If the vessel is to be fully
radiographed or spot-radiographed, this fact should be clearly stated
because the Code allows different efficiencies for fully radiographed,
spot-radiographed, and nonradiographed joints. Hydrostatic test pres-
sure should be based on the maximum working pressure allowed for a
new and cold vessel, and the part of the vessel to which the maximum
pressure is limited should be defined.

2. A Code Inspector must check and verify all calculations. If they are
neatly arranged and include all pertinent design information, the job
will be much easier. A well-managed engineering department will have
the calculation sheets printed or mimeographed and will fill in perti-
nent design information.

3. If the vessel is a Code vessel, the data sheet should be checked and
all corrections made before it is typed. Data sheets prepared at the
start of a job after drawings are made keep the engineering department
and the Inspector from having to review the design and calculations a
second time.

4. Mill test reports of material should be filed with the Inspector’s
copies of drawings to save the manufacturer’s personnel from being
interrupted while performing normal tasks to produce these reports.

5. Stamping information, including the location of stamps, should be
readily available. Corrections should be made beforehand.

6. A written copy of the welding procedure (or a note stating that
both the procedure and operator are qualified) and of the test results
should be available on request. These items should be clipped or filed
together.
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7. A place for the Inspector to sit and prepare the written part of the
inspection should be provided to avoid the inspector feeling like an
intruder, which could arise if someone else’s desk has to be used. This
could even cause the Inspector to do the rest of the work at home or in
a hotel room. This inconvenience could conceivably cause important
data to be overlooked that might not have been missed had the report
been written in the shop.

Inspection and Quality Control of ASME Code Vessels 165





167

Chapter

6
Welding, Welding Procedure, 

and Operator Qualification

Examination of Procedure and Operator

One of the most important functions of an Authorized Inspector is
examining welding procedures and operators for their compliance with
the intent of Code requirements. The Code does not dictate methods to
the manufacturer, but it does require proof that the welding is sound
(Code Par. QW-201) and that operators are qualified in accordance
with the ASME Code Section IX, Welding and Brazing Qualifications
(see Code Par. QW-301). To avoid confusion, it should be noted that all
Code references in this chapter, unlike the rest of this book, refer to
ASME Code Section IX, Welding and Brazing Qualifications.

An Inspector must be familiar with the physical properties of materi-
als and electrodes and should have experience in the evaluation of the
written procedures and test plates required by Section IX. An Inspector
also must know how to determine the cause of test plate failures. The
manufacturer should actually be more interested than the Inspector in
finding the cause, for it is far less expensive to prevent failures than to
make expensive repairs. This is especially true if the procedure is to be
used on a production line where individual items may miss inspection.
In a plant where liquified propane gas tanks were being constructed of a
high-tensile-strength material, for example, the manufacturer had diffi-
culty in performing satisfactory bend tests on an offset joint for the head
and girth seam. After various changes in welding procedures, a test
finally satisfied Code requirements. Because of the history the plant had
had with this material and type of welded joint, however, the Inspector
realized that one successful test might not be sufficient. Knowing that
any repairs would be costly and failure could be disastrous, additional
bend tests before approving the procedure were requested.
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A qualified welding procedure is the most important factor in sound
welding. If one has been properly established, welders need only
demonstrate their ability to make a weld in the position to be welded
as well as other required variables, so that they will pass root and face
bend or side bend tests in order to gain qualification. It should be
remembered that weld excellence depends not only on good welding
electrodes but also on the way in which they are used. Moreover, an
Inspector should be satisfied not only that the manufacturer’s proce-
dure is acceptable and the operators qualified but that the welding pro-
cedure is used and followed during actual fabrication.

Record of Qualifications

Once a welding procedure has been approved, it should be filed for future
review by Authorized Inspectors or customers’ representatives. Some
manufacturers are not as careful as they should be in keeping these
records. Not long ago an Inspector asked to see the written welding pro-
cedure of a certain shop and also the test results for material similar to
that used on the job that was to be inspected. The written procedure
could not be located for several days. After the Inspector explained the
importance of proper filing and the unnecessary expense of having to
requalify procedures, the manufacturer eventually had records brought
up to date and sets filed with both the shop superintendent and the engi-
neering office. When the representative of a large refining company
made a survey of the plant a few months later, the general manager felt
very pleased at being able to show the procedures promptly upon request
and felt that this helped the company’s business position.

Another company with many approved welding procedures lost the
file containing them and was forced into an expenditure of several
thousand dollars to replace them. Needless to say, this firm now keeps
duplicate copies of all welding qualifications and test results.

Currently there are several commercial programs available that help
the manufacturer keep the required records. Besides utilizing the
strong database capabilities of computers, they greatly reduce the
search time for specific types of welding procedure specifications and
associated procedure qualification records and keep up-to-date welder
qualifications. The larger the number of welders or procedures the
greater the efficiency these programs bring to the manufacturer. 

Welding Procedures and Qualification
Simplified

Welding procedure specifications (WPS) and procedure qualification
records (PQR) are the most essential factors contributing to sound weld-
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ing. A welding procedure specification records the ranges of variables
that can be used and gives direction to the welder using the procedure.
The procedure qualification record states exactly the variables used in
qualifying the WPS, shows test results, and furnishes proof of the weld-
ability of the variables described in the WPS. If these have been prop-
erly established, welders need only demonstrate their ability to make a
weld that will pass root and face or side bend tests in the position to be
welded in order to gain qualification. Other variables do apply, such as
thickness limits and diameter and type of electrode used.

In building welded ASME Code vessels, one requirement is to have
written welding procedure specifications for the materials to be welded
(see Code Par. QW-201), properly completed records of qualification for
this procedure (Code Par. QW-200.1), and records of qualification for
the welders working on the vessel (Code Par. QW-301.4). These proce-
dures should be used in production by the fabricator. If narrative weld-
ing procedures are utilized, the wording of the procedure should be
such that the meaning is clear and easily understood by all concerned.
If standard ASME Code welding procedure documentation is utilized,
then the fabricator need only fill in the welding procedures in writing
on the recommended WPS, Code Form QW-482, and make test plates,
the results of which are recorded on the PQR, Code Form QW-483. The
purpose of the welding procedure is to provide welders with direction
for making Code welds, which in turn will assure Code compliance.
Once a welding procedure has been qualified, it should be filed for
future review by Authorized Inspectors, customers’ representatives,
and any other interested parties. These records are one of the first
things an Authorized Inspector of ASME vessels will examine. Code
Par. QW-201 requires each manufacturer or contractor to have a qual-
ified welding procedure specification. Code Par. QW-301 requires each
welder or welding operator doing Code welding to be qualified in accor-
dance with a welding procedure specification utilizing a process he or
she will be using during actual fabrication. Proven sound welding pro-
cedures are a prerequisite to the fabrication and construction of ASME
Code vessels. Section IX of the ASME Boiler and Pressure Vessel Code
currently consists of two parts. Part QW covers requirements for weld-
ing, and Part QB contains requirements for brazing; the previous dis-
tinction between ferrous and nonferrous metals has been eliminated.
For a specific material with a special requirement, such requirements
are listed by the appropriate variables. By far the greatest percentage
of fabrication involves welding. For this reason, most examples given
here apply to Part QW, Welding. For brazing procedures, see Section
IX, Part QB, Brazing.

Article V, allowing prequalified standard welding procedure specifi-
cations (SWPSs), has been added to Section IX. There are several steps
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a manufacturer must follow prior to using these SWPSs (see Code Par.
QW-510), and Code Form QW-485 is suggested for documenting the
steps. This and other forms and records showing compliance and use
shall be available to the Authorized Inspector. A listing of the permit-
ted SWPSs is in mandatory Appendix E. 

In the case of face, root, and some side bends for nonferrous group-
ings of base metals for those P numbers listed in Code Table QW-422,
coupons may be 1⁄8 in thick instead of 3⁄8 in as required by most ferrous
materials (see Code Section IX, Table and Code Figs. QW-462.2 and
QW 462.3; see also Fig. 6.5). It is therefore clear that each Code weld-
ing procedure must be carefully read and separately evaluated. Also
note, when welding clad or lined material, the procedure shall be qual-
ified in accordance with Section IX of the Code, with modified provi-
sions as required in the referencing section, Part UCL for clad vessels,
in Section VIII, Division 1, of the ASME Boiler and Pressure Vessel
Code. As stated previously, before a manufacturer can build or repair
ASME Code vessels, proof must first be given that welding procedures
and welders or welding operators qualify under the provisions of weld-
ing qualifications in Section IX (Code Par. QW-201). WPS Code Form
QW-482 for recording welding procedure specifications and PQR Code
Form QW-483 for procedure qualification records make it easy to fill in
the required information. These forms may be purchased from the
ASME and The National Board of Boiler and Pressure Vessel
Inspectors. The following suggestions should be observed in preparing
a WPS Code Form QW-482.

Welding procedure specification forms

The welding procedure should be titled and dated and should have an
identifying WPS number and supporting PQR number.

Welding variables (Code Pars. QW-400 and QW-401). The procedure
should state the welding processes and other variables as well as the
type of equipment—automatic, semiautomatic, or manual. If inert-gas
metal-arc welding is used, it should be specified whether a consumable
or nonconsumable electrode is used and the material of which the elec-
trode is made. Essential, supplementary, and nonessential variables
for procedure qualification and performance qualification records must
be addressed.

Joints (Code Par. QW-402). Preparation of base material should include
group design, i.e., double butt, single butt with or without a backing
strip, or any type of backing material used (e.g., steel, copper, argon,
flux, etc.), showing a sketch of groove design on the PQR. The groove
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design should include the number of passes for each thickness of mate-
rial and whether the welds are strings or weaving beads. Sketches
should be comprehensive and cover the full range of base metal thick-
ness to be welded, the details of the welding groove, the spacing posi-
tion of pieces to be welded giving maximum fit-up gap, the welding wire
or electrode size, the number of weld passes, and the electrical charac-
teristics; if automatic welding is used, the rate of travel and the rate of
wire feed should be recorded.

Base metals (Code Par. QW-403). The type of material to be welded, giv-
ing the ASME specification number, the P number, and group number
under which it is listed, and the thickness range should be specified.
On the PQR, show the ASME materials specification, type, and grade
number; P numbers to be welded together; and the thickness and diam-
eter of pipes or tubes. If this procedure is for an unlisted material,
either the ASTM or other Code designations, or the chemical analysis
and physical properties should be specified. This should be done only
when you intend to work with a special material permitted by a Code
case.

Filler metal (Code Par. QW-404). The SFA specification number and the
AWS classification when the type of ASME filler metal is given with
the filler metal group F number (Code Table QW-432) and the weld
metal analysis A number (QW-404) should be stated. Any manufactur-
er’s product bearing these classifications can be used; if there is no A or
F number, the electrode manufacturer’s trade name should be listed. In
submerged arc welding, the nominal composition of the flux must be
stated. For inert-gas arc welding, the shielding gas must be described.
The size of the electrode or wire, amperage, voltage, number of passes,
rate of travel for automatic welding, and rate of shielding gas flow for
inert-gas arc welding must be listed. If a consumable insert is used on
single butt welds, it should be stated.

Position (Code Par. QW-405). The position in which the welding will be
done should be stated, and if it is done in the vertical position, it should
be listed whether uphill or downhill in the progression specified for any
pass of a vertical weld. The inclusion of more than one welding position
is permitted as long as the intent for each position is clear and shown
by attaching sketches to the procedure.

Preheat (Code Par. QW-406). Preheating and temperature control should
be stated only if they are to be used, and any preheating and control of
interpass temperature during welding that will be done should be
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described. For example, materials in the P-4 and P-5 groups must be
preheated. Carbon steels for pressure vessels in the P-l group, if pre-
heated to 200°F, can be welded up to 11⁄2 in thickness before postweld
heat treatment is required, whereas if not preheated, the limit is 11⁄4 in
thickness [see Section VIII, Division 1, Table UCS-56, Fn. 2(a)].

Postweld heat treatment (Code Par. QW-407) (see also Section VIII, Division
1, Code Table UCS-56). Any postweld heat treatment given, the temper-
ature, time range, and any other treatment should be described.

Gas (Code Par. QW-408). The shielding gas type (e.g., Ar, CO2, etc.) and
the composition of gas mixture used (e.g., 75 percent CO2, 25 percent
Ar), as well as the shielding gas flow rate range should be stated. It
should be listed whether gas backing, gas trailing, or shielding gas is
used and the gas backing or trailing shielding gas flow rate.

Electrical characteristics (Code Par. QW-409). When describing electrical
characteristics, it should be stated whether the current is ac or dc, and
if dc current is used, it should be specified whether the base material
will be on the negative or positive side of the line. The mean voltage and
current for each pass should be given. The mean should be the average
of the specified upper or lower limits within 15 percent of the mean; the
travel speed should also be given.

Technique (Code Par. QW-410). The joint welding procedure may be
shown on the same sketches with the preparation of base material or
on a separate sketch. The sketch should show the number of passes for
each thickness of material, whether the welds are strings or weaving
beads, and single or multiple electrodes. The orifice or gas cup size
range, the oscillation parameter ranges covered by WPS (i.e., width,
frequency, etc.), and the contact tube to work distance range should be
given. The initial and interpass cleaning, including the method and
extent of any imperfection removal should be described. The method of
back gouging should be explained. It is important that the method of
defect removal is stated clearly. For example, flame gouging is detri-
mental to some materials. If this is so, make sure another method of
defect removal is used. Peening, if mentioned at all, should be used only
when the desired result cannot be obtained by postweld heat treat-
ment. If peening is used, all details of the peening operation such as not
peening first and last passes should be stated clearly (see Section VIII,
Division 1, Code Par. UW-39). Treatment of the underside of the weld-
ing groove should be clearly indicated, for example, “chipped to clean
metal and welding applied as shown in sketch number.…”



Welding, Welding Procedure, and Operator Qualification 173

Variables [Code Pars. QW-400, QW-250, and
QW-350 and Tables QW-415 (WPS) and 
QW-416 (WPQ)]

Any variable which would affect the quality or characteristics of the
finished weld may require a new welding procedure. If any such vari-
ables exist, they should be clearly indicated. Essential variables will
require requalification of the procedure if any are changed from those
qualified.

Additional requirements in the Code are known as supplementary
essential variables. These variables are to be included on the WPS only
when notch toughness is required by the referencing Code section and
are then in addition to the essential variables already stated. Changes
in nonessential variables as well as editorial changes may be made
without setting up new procedures if the changes are recorded and doc-
umented as such. These nonessential variables can be changed without
requalification, but the changes must be indicated.

When writing a welding procedure specification, it is important to
remember that qualification in any position for procedure qualification
will qualify for all positions except when notch toughness or stud weld-
ing is a requirement (see Code Pars. QW-203 and QW-250). When
notch toughness is a factor, qualification in the vertical, uphill position
will qualify for all positions (Code Par. QW-405). If the weld must also
meet notch toughness requirements as required by another section of
the Code, the supplementary essential variable must be included (see
Code Tables QW-252 to QW-262 and Code Pars. QW-280 to QW-283
and QW-400). Test plates are required for all procedure qualifications.
If the completed WPS Code Form QW-482 and PQR Form QW-483 are
clear and the test plates are approved and recorded, the manufacturer
will be qualified to weld pressure vessels of the same or similar type of
material used in making the test plate and also any other material in
the P-number grouping. Starting with the 1974 Code, the P-number
listing for base metals has been divided into groups. The purpose of the
groupings is to cover qualifications in which notch toughness is a
requirement. When notch toughness is required, each group must be
separately qualified. Many shops use a simple jig with a hydraulic jack
similar to the one shown in Fig. 6.1 to make their own root, face, and
side bends on the assumption that if the bend tests satisfy the require-
ments of Section IX, Code Par. QW-163 with no defect exceeding 1⁄8 in
(or 1⁄16 in for corrosion resistance weld overlay cladding), then the ten-
sile test should present no difficulty. The advantage of conducting your
own bend tests is that it keeps a shop from having to go to the expense
of sending tensile bars to be machined and pulled if the root, face, or
side bends should fail. Moreover, this jig can always be used to qualify



Figure 6.1 Test jig dimensions (Code Fig. QW-466.1).

welders. The qualification of a procedure is affected by the type of elec-
trode used. If a manufacturer, for example, has been welding Code ves-
sels of SA-285 grade C materials using an E-6020 electrode classed as
type F-1 (Section IX, Code Table QW-432, F numbers) but wants to
change to an E-6015 or E-6016 electrode classed as type F-4, the man-
ufacturer must have this procedure qualified separately (see Section
IX, Code Par. QW-404). The F-number grouping of electrodes and
welding rods is based on their usability qualities, which essentially
determine the ability of welders to make dependable welds with a
given filler metal.

Procedure qualification for both groove welds and fillet welds is
made on groove welds (Code Par. QW-202.2).

174 Chapter Six
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Many vessels used for cryogenic service require an impact test.
Pressure vessels built of austenitic chromium–nickel steels have
shown a reliable service record plus consistent good quality as demon-
strated by the record of the impact tests required by the Code for ves-
sels in low-temperature service. Therefore Section VIII, Division 1,
Code Par. UG-84 does not require impact tests of some vessels fabri-
cated of these steels if impact tests are conducted as part of the weld-
ing procedure qualification tests. (See Code Par. UHA-51 and Fig. 6.2
on zone locations for removal of impact-test specimens.)

To summarize, we have listed several suggestions to be followed in
the preparation of welding procedures.

1. A WPS Code Form QW-482 should be written by a person with
knowledge of production-shop needs and engineering-performance
requirements.

2. The PQR Code Form QW-483 should be filed with the WPS Code
Form QW-482.

Figure 6.1 (Continued)
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3. Sketches and tables should be shown.
4. The existing Code should be reliably interpreted and the Code or

specification translated to shop terminology.
5. Written procedures should be checked by reliable shop personnel

who are to use these procedures. Writing a welding procedure specifi-
cation requires contributions of knowledge and experience from the
shop personnel as well as the engineering department. If this is con-
sidered, a successful procedure can be used by the designing engineer
to assist in designing a better weld at a lower cost.

Welder Qualifications

Unlike the welding procedure specification, which is primarily used to
determine that the weldment is capable of providing the required
mechanical properties of the welding to be performed, the welder qual-
ification test and subsequent welder qualification record is used to
determine the ability of a welder to deposit sound weld metal. Thus the
welder qualification does not require a tension test (see Table 6.1).

A welder is automatically qualified for a particular process if the test
plates prepared for the welding procedure qualification pass the
requirements (see Section IX, Code Pars. QW-301.2 and QW-303). A
differentiation must be made here between a welder and a welding
operator (Section IX, Code Par. QW-492 contains the definitions). A

Figure 6.2 Weld metal and heat-affected zone locations for impact-test speci-
mens.
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welder is one who has the ability to perform a manual or semiauto-
matic welding job. A welding operator is one who operates machine
(automatic) welding equipment.

Welders passing the groove weld test need not take the fillet weld
test. Welders passing the test for fillet welds are qualified to make fil-
let welds only [Section IX, Code Par. QW-303.1, Code Figure QW-
462.4(b), and Code Par. QW-180]. The welder who is qualified to use
type F-4 electrodes (E-6015 and E-6016), however, is also qualified to
use type F-1 (E-6020 and E-6030), type F-2 (E-6012, E-6013, and E-
6014), and type F-3 (E-6010 and E-6011) (see Section IX, Table QW-432
and Code Par. QW-404).

The welding operator may be qualified with a single test plate or pipe
from which bend tests are removed. Although most shop welding is
accomplished in the flat position with the weld metal deposited from
above, this procedure is often not possible. Therefore welds must be

TABLE 6.1 Welding Procedure Qualification and Welders’ Qualification Records,
Welder Identification Markings, and Welding Records

Remarks Code reference

Manufacturer must assign an identifying number, Par. UW-29
letter, or symbol to permit identification of welds 
made by welder or welding operator

Manufacturer must maintain a record of welders and 
welding operators, showing date, test results, and
identification mark assigned to each

Records must be certified by manufacturer and made 
accessible to Inspector

Welder must stamp symbol on plate at intervals of Par. UW-37
3 ft or less on work done on steel plate 1⁄4 in thick or
more; for steel plate less than 1⁄4 in thick or nonfer-
rous plate less than 1⁄2 in thick, suitable stencil or other 
surface marking must be used

Records must be kept by manufacturer of all welders Par. UW-48
and welding operators working on a vessel and the 
welds made by each so that these data will be avail-
able for the Inspector

No production work can be done until both the welding Pars. UW-5, UW-26(c),
procedure and the welders or welding operators UW-28, UW-29, UW-47,
have been qualified Section IX

Procedure for clad vessels Pars. UCL-31, UCL-40 to -45

Lowest permissible temperature for welding Par. UW-30

No welding should be done when temperature of base 
metal is lower than 0°F

Heat surface area to above 60°F where a weld is to be 
started when temperature is between 0 and 32°F
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made in the position used in actual fabrication in order to qualify the
welder (Section IX, Code Par. QW-303 and Code Fig. QW-461). Some
fabricators set up their procedures (Section IX, Code Pars. QW-303 and
QW-461) for position 6G, pipe with fixed position and with the axis
inclined to 45° to horizontal. Qualification in the inclined fixed position
(6G) will also qualify for all positions.

For performance qualification only, all position qualifications for
pipe may also be done by welding in the horizontal position (2G), the
horizontal fixed position (5G), or the 6G position (see Fig. 6.3).
Qualification in these positions will also qualify for the flat, vertical,
and overhead positions (Section IX, Code Par. QW-303). The six posi-
tions are shown in Fig. 6.3.

In addition to position, Section IX also places diameter restrictions
under which a welder may weld in production. For example, if a welder
qualifies on a 6-in diameter piece of pipe and wishes to weld 2-in diam-
eter pipe by means of a butt joint, he or she must requalify for the small
diameter pipe (see Code Par. QW-452.3). Further restrictions concern
the thickness of materials to be welded and P number and F number.

The order of removal and the number and types of the test specimen
from the welded test plates are shown in Fig. 6.4, transverse, and Fig.
6.5, longitudinal test specimens. The preparation of the transverse test
specimens is shown in Figs. 6.6 and 6.7.

As an alternative to bend tests, radiographic examinations may be
employed to prove the performance qualification of welders to make a
sound weld, using the welding of groove welds with the manual
shielded metal-arc welded process with covered electrodes and the gas
tungsten-arc welding (Code Pars. QW-304 and QW-305). A record of
the welders’ and welding operators’ test results should be kept on forms
similar to the recommended Code Form QW-484, Section IX. The
record of the tests shall be certified by the manufacturer and shall be
made accessible to the Authorized Inspector.

It is to the fabricator’s advantage to have one welder qualify for posi-
tion 2G. Should this welder pass the test, this position also brings qual-
ification for welding in the flat position (1G). Another welder could then
qualify for the horizontal fixed position (5G). Should the tests be
passed, this position also qualifies the welder for the flat, vertical, and
overhead positions. It is also better to qualify for a position other than
flat because the inclined fixed position (6G), horizontal (2G), vertical
(3G), overhead (4G), and horizontal fixed position (5G) also automati-
cally qualify the welder for the flat (1G) position, which, in the long run,
is more economical.

Continuity of welders’ qualification records should be maintained
and a log kept of all welders’ activities to indicate their continuity in
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specific welding procedures. If there is a gap of time in excess of six
months in a specific process, the welder shall be requalified. See Fig.
4.6 for an example of a welders’ qualifications and performance record
log. If a manufacturer must qualify a welder on hard-to-obtain or costly
material, such as stainless steel or alloy steel, qualification can be
obtained by using type F-5 austenitic electrodes on carbon-steel plate.

The Code allows single-welded butt joints without backing strips for
some circumferential joints in positions 1G and 2G. If a manufacturer
intends to use such joints on shells or pipes, the welders (Section IX,
Code Par. QW-303) must be qualified. For this reason, some manufac-
turers have their welders qualified in metal-arc welding without a

Figure 6.3 Welding qualification positions.



180 Chapter Six

backing strip (Section IX, Code Fig. QW-469.2) so that they will also be
qualified to metal-arc weld with a backing strip.

Welding Details and Symbols

Welding details and symbols are an essential part of every shop draw-
ing used in the design of welded pressure vessels; they guide the welder
in the type of weld required, the proper size of weld metal to be
deposited, and the size of bevel. Despite the rapid advances in welding
proficiency in the past 25 years, many fabricating shops surprisingly
still do not use either the details or the symbols.

There is a tendency in some pressure vessel shops toward overweld-
ing, which not only increases production costs but also can result in dis-

Figure 6.4 Order of removal of welded transverse test specimens.
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Figure 6.5 Longitudinal test specimens for plate materi-
als.

tortion of the part welded, especially on stainless steel and aluminum
vessels around nozzles, flanges, and accessory fittings. Other shops,
especially those with an incentive rate or piecework rate, have a ten-
dency to underweld. When an Authorized Inspector discovers under-
welding on a Code vessel, the proper size of weld will be insisted upon.
The extra handling and welding this entails will add to the cost of the
vessel. Underwelding that goes undetected, on the other hand, will
result in a weakened vessel and possible failure.

Without realizing the possible consequences, many vessel manufactur-
ers leave the amount of weld to be deposited to the discretion of the shop
supervisor. As a result, weld sizes do not always meet Code requirements.

Some welders or supervisors given the responsibility to produce a
safe weld are inclined to make the weld “heavy enough.” Usually, this
is too heavy. Others, especially those on an incentive rate, take advan-
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Figure 6.7 Preparation of reduced section tension test
specimens.

Figure 6.6 Preparation of face, root, and side bend specimens.
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tage of the fact and underweld. In the long run, underwelding may be
the more costly because of the possibility of failure and the loss of
future business.

Responsibility for correct design instructions to the shop must be
taken by the engineering department. The designer knows the exact
thicknesses required for the shell, heads, nozzles, and flanges and the
stress loads to be carried by the welds. The type and size of the welds
required must be stated and clearly shown on the shop drawings either
as a separate detail or by use of the appropriate symbol. Both under-
welding and overwelding may often be attributed to inadequate weld-
ing information on shop drawings.

The Code gives fillet weld sizes for nozzles and flanges in terms of
throat dimensions (to facilitate load calculations). The effective stress-
carrying area is the throat dimension times the length of the weld. The
American Welding Society’s Standard Welding Symbols gives fillet weld
sizes in terms of leg dimensions, and it is this measurement that should
be given to the shop rather than the throat dimensions. Calculations for
leg sizes are illustrated and explained in Fig. 6.8. For example, if the
Code-required throat dimension of a nozzle is 0.75 in, the leg size would
be 0.75 divided by 0.707, or 1.06 in, and it is this last figure that should
appear on the drawing. If this is not done when the designer calls for a
throat measurement of 0.75 in, the welder may assume a leg size of 0.75

Figure 6.8 Fillet weld size.



184 Chapter Six

in. The person in the shop certainly cannot take the time to calculate the
leg sizes of welds and should not be asked to do so.

It can easily be seen why all dimensions given to the shop should be
prepared in advance. Some Code welds naturally do not meet Code
requirements. Correct weld design will be assured only if weld sizes are
given to the shop as leg dimensions (shown either in the weld detail or
weld symbol). The American Welding Society’s Standard Welding
Symbols are standard for almost all codes and companies, although
some companies make slight variations to meet their particular needs.
A chart illustrating their use (Fig. 6.9) can be obtained from the
American Welding Society, P. O. Box 351040, Miami FL 33125.

Many of these symbols, which are intended to cover all types of weld-
ing, are not used in the fabrication of pressure vessels. In fact, most pres-
sure vessel manufacturers require only a few of them. Figures 6.10 to
6.12—which make no attempt to explain the function of all the AWS
symbols—include details of the welded joints used most often in pres-
sure vessel construction and the proper symbols to indicate those joints.

Joint Preparation and Fit-Up

A sound weld is almost impossible without good fit-up. The importance
of proper joint preparation of welding edges on longitudinal seams,
girth seams, heads, nozzles, and pipe cannot be overemphasized. A
good weld also cannot be obtained if the plate adjacent to the welding
groove is covered with paint, rust, scale, grease, or oil. The Code states
that if flame cutting is used to cut plates, the edges must be uniformly
smooth and free of all loose scale and slag accumulations.

Before welding is undertaken, all joint surfaces for a distance of at
least 1⁄2 in from the edge of the welding groove on ferrous material
and at least 2 in on nonferrous material should be free of all paint,
scale, rust, grease, and oil. The Code permits a maximum offset,
after welding, of one-quarter the plate thickness at the joint, with a
maximum allowable offset of the lesser of 1⁄16 the plate thickness or
3⁄8 in in the longitudinal joints. For circumferential seams, the Code
permits a maximum offset, after welding, of one-quarter the plate
thickness at the joint, with a maximum allowable offset of the lesser
of one-eighth the plate thickness or 3⁄4 in (Section VIII, Division 1,
Table UW-33).

In pressure vessels of larger diameter in which a weld may be
chipped to clean metal from the opposite side and welded the full thick-
ness of the plate, the permitted offsets above are satisfactory. If single-
welded butt joints are used, however, special care must be taken in
aligning and separating the edges to allow sufficient clearance for com-
plete penetration and fusion at the bottom of the joint.
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Figure 6.9 American Welding Society’s standard welding symbols. (Courtesy of the
American Welding Society.)

On smaller vessels and pipe that cannot be welded from the inside,
special care must be taken when fitting-up the abutting sections.
This is especially true in pipe of uneven thickness, in which the
proper fit-up of inside diameters is almost impossible to obtain. If
there is sufficient thickness in the pipe wall, however, machining can
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Figure 6.9 (Continued)

provide the proper fit-up. If the inside diameters are not equal, it is
difficult to achieve full penetration at the root of a weld. As such pen-
etration is needed to prevent root pass defects and cracks, alignment
of these diameters is very important. Good joint preparation is espe-
cially essential in vessels that  are intended for high-pressure and
critical service.



Probes of welds that appear sound often reveal cracks that failed to
show up in the radiographs made when the joint was first welded. As
time went on, the small, unseen crack opened up and became larger—
the probe showing the crack to have started at the edge of the plate at
the backing ring because of a poor fit or a tack weld that was not prop-
erly removed. This crack formation has happened so often that large
companies regularly examine pipe that is in service at critical pres-
sures and temperatures. They have also set up more rigid standards of
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Figure 6.10 Welding details and symbols for shell plates and heads.
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inspection for new construction, requiring a fit-up tolerance of 0.005 in
and the use of heliarc welding on the first pass to eliminate any incip-
ient cracking that might develop into a major defect. Not all companies
have inspection departments to make such field inspections, however,
and often the unit cannot be shut down long enough to permit such
examinations.

When investigation reveals poor fit-up or a cracked tack weld before
welding as the cause of an accident, the manufacturer of the vessel or

188 Chapter Six

Figure 6.11 Welding details and symbols for nozzles and connections.



pipe is often unaware that such practices are permitted in the shop.
Although care may be taken to prevent like accidents in the future, pre-
ventive measures should always be in practice beforehand.

Effects of Welding Heat

Welding metallurgy is the study of the properties of welded metals and
the thermal and mechanical effects occurring during the welding pro-
cess, including the movements of the atoms in the liquid state and the
formation of the grain structure of the metal in changing from the liq-
uid to the solid state. Some understanding of the behavior of metal dur-
ing welding is useful and necessary to the designer and fabricator of
pressure vessels in order to help prevent dangerous residual stresses
or defects in the welded joints.

Many metallurgists think of metals in terms of a “life cycle,” that is,
a metal is “born” in the melting operation, “dies” when it fails in service
or is no longer used, and is even subject in the interim to “diseases.” It
is known that heat treatment can change grain structure, which in
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Figure 6.12 Miscellaneous welding details and symbols.



turn may affect the physical properties. A metal can be hardened or
softened, toughened or made more ductile. Welding is an operation in
which separate pieces of metal are fused together to produce an inte-
gral section. Some metals are more difficult to weld than others.
However simple the welding operation may appear, it is noteworthy
that certain phenomena that occur in the making of steel also take
place in the electric arc welding of steel products (plate, pipe, and the
like), but more rapidly and on a smaller scale. Substantially, the same
processes and metallurgical changes are involved. The heat of the arc
melts a quantity of plate metal and the electrode. Chemical ingredients
may be added by the coating on the electrode or by fluxes. The heat of
the arc also melts or vaporizes the flux or coating, causing a gaseous
shield to surround the arc stream and pool of molten metal and to per-
form the important job of keeping out all the elements of the air (includ-
ing nitrogen, hydrogen, and oxygen).

During the cooling and solidification process, the behavior of the
molten metal in the weld joint is similar to that of molten metal poured
into a mold to form a steel casting. The mold in the welded joint is the
solid parent metal; the melt consists of the molten metal of the elec-
trode plus the liquified part of the parent metal, the two combining to
form a casting within the solid parent metal. When the metal is in the
liquid state, its atoms can move about at random. When it cools to the
temperature at which it starts to solidify, the atoms are arranged into
a regular pattern (for iron and steel the pattern is a cube). This atomic
arrangement and the corresponding effect on grain size are influenced
by the rate of cooling from the liquid to the solid state and also by the
composition.

Mr. H. S. Blumberg, a New York consulting metallurgist, had pre-
pared two charts on the changes that take place at different tempera-
tures in ferritic (carbon and low-alloy steels) and austenitic
(chromium–nickel stainless steels that are nonmagnetic) materials
(Figs. 6.13 and 6.14). These charts show some of the simple fundamen-
tals of atom arrangement and the grain size effects that take place
when the metals change from the liquid to the solid state. They also
show the important grain size changes in the “critical range” (the tem-
perature range, with transition points, in which the structural changes
take place) of ferritic carbon and low-alloy steels, including the tem-
peratures used to normalize, anneal, draw, and stress-relieve these
steels.

Grain size is influenced by the maximum temperature reached by
the metal, the length of time the metal is held at a specific tempera-
ture, and the rate of cooling. For example, annealing, which involves
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heating to temperatures above the critical range followed by slow cool-
ing, is used to refine the grain size to provide ductility and softness.
Stresses can be relieved by heating beneath the critical range, but
unless temperatures exceed that range, full grain refinement does not
take place. Normalizing is the process by which the steel is heated to
approximately 100°F above the critical range (as in annealing) and
then cooled in still air. This heat treatment also refines the grain size
and improves certain mechanical properties. Refinement of ferritic
steel can be easily achieved by heat treatment because of the move-
ment of the atoms in the solid metal. Note that the austenitic steels do
not have a critical range and that consequently their grain size cannot
be changed by heat treatment alone.

The production of a fusion weld naturally results in heating of some
of the solid metal adjacent to the weld. The temperature reached by the
metal in this zone varies from just below the melting point at the line
of fusion to just above room temperature at a distance of a few inches
from the weld. The effect of the welding heat on the parent metal
depends on the temperature reached, the time this temperature is
held, and the rate of cooling after welding. It is therefore necessary to
understand the changes that take place in the zone where the metal is
heated to very high temperatures without ever reaching the molten
condition.

Usually, the weld metal zone is stronger than the parent metal but
has less ductility. The heat-affected zone is the region where most
cracking defects are likely to occur because the grain structure becomes
coarse just beyond the fusion line and the ductility is lowest at this
point. This reduction of ductility must be taken into consideration and
measures taken to minimize the effects of total welding heat, for exam-
ple:

1. The correct choice of parent material and welding electrode
2. Preheating before welding
3. Use of the proper welding procedure
4. Postweld heat treatment after welding

Preheating

Preheating prior to welding will eliminate the danger of formation of
cracks, reduce hardness, reduce distortion, and reduce or prevent
shrinkage stresses. Basically, preheating is a means of raising the tem-
perature of a metal to a desired level above the surrounding ambient
temperature before welding. It is usually applied between 125 and
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500°F but may involve temperatures up to 1200°F depending upon the
material to be welded.

Preheating reduces the thermal strains set up during welding that
may crack a weld. Preheating is especially necessary in thicker carbon-
steel plates in order to guard against the high thermal conductivity of
steel when the heat of the welding arc is absorbed rapidly by the metal
adjacent to the weld. The rate of cooling is slowed by preheating and
the hardness is decreased. This slowing of the cooling rate allows more
time for metal transformation to a more favorable structure, minimiz-
ing hard zones and cracks; thus preheating retards the formation of
undesirable metallurgical structures in metals having high hardness
and susceptibility to cracking. Preheating dries up moisture, reducing
the incidence of hydrogen and oxygen accumulation in a weld zone;
consequently, it minimizes porosity, embrittlement, and cracking in
the weld and heat-affected zone. Even though most medium- and low-
carbon steels are welded without preheat, the metal adjacent to the
start of a weld should be preheated thoroughly.

Preheating is an essential requirement when welding low-alloy
steels in the P-No. 3, P-No. 4, and P-No. 5 material groups. Most alloy
steels permit higher stress values at high temperatures and have
greater strength at low temperatures and allow higher notch tough-
ness. In these steels, the required preheat temperature is stated and
may be mandatory in order to comply with Code requirements. The
higher yield strength of these metals allows the use of higher stress
values. These groups require careful planning of the welding procedure
specifications in order to prevent cracking in the heat-affected zone,
where the microstructure of the steel has been modified by the heat of
welding. This heat-affected zone is comparatively hard and is formed
during the welding operation; in some steels it may be necessary to
hold the preheat temperature until the weld can be postweld heat-
treated to avoid cracking.

Preheating the metal before welding has proved a dependable
method of securing a sound weld. Preheating helps equalize and dis-
tribute the stresses evenly by distributing the expansion and contrac-
tion forces over an enlarged area to which the stress differential is
applied due to the heat of welding. (See Fig. 6.15.)

Appendix R, Preheating, in Section VIII, Division 1, refers the reader
to other Code paragraphs and to Section IX of the Code, P Numbers and
Groups, where preheating is required.

Postweld Heat Treatment

The process of postweld heat treatment consists of uniform heating of a
vessel or part of a vessel to a suitable temperature for the material below
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the critical range of the base metal, followed by uniform cooling. This pro-
cess is used to release the locked-up stresses in a structure or weld in
order to “stress-relieve” it. Because of the great ductility of steel at high
temperatures, usually above 1100°F, heating the material to such a tem-
perature permits the stresses caused by deformation or straining of the
metal to be released. Thus postweld heat treatment provides more duc-
tility in the weld metal and a lowering of hardness in the heat-affected
zone (HAZ). It also improves the resistance to corrosion and caustic
embrittlement. The proper heat treatment before and after fabrication is
one that renews the material as near as possible to its original state.

Heat treatment procedures require careful planning and will depend
on a number of factors: temperatures required and time control for
material; thickness of material and weldment sizes; and contour, or
shape, and heating facilities. To be effective, heat treatment must be
carefully watched and recorded. Code Par. UW-49 requires that the
Inspectors themselves be assured that postweld heat treatment is
properly performed.

Furnace charts should be reviewed to determine if the rate of heat-
ing, holding time, and cooling time are correct. If a vessel is to be fully

Figure 6.15 Good design provides for expansion and contraction.



postweld heat-treated, the furnace should be checked to make sure that
the heat will be applied uniformly and without flame impingement on
the vessel.

Vessels with thin walls or large diameters should be protected
against deformation by internal bracing. The vessel should be evenly
blocked in the furnace to prevent deformation at the blocks and sagging
during the postweld heat treatment operation.

During this operation, both the increase and decrease in tempera-
ture must be gradual in order to allow uniform temperatures through-
out. Where the difference in thickness of materials is greater, the rate
of temperature change should be slower. The applicable requirements
of Code Pars. UW-10, UW-40, UW-49, UCS-56, UCS-85, Table UCS-56,
Par. UHT-56 or Table UHT-56, Pars. UHT-79, UW-80, Table UHA-32,
Pars. UHA-32, UHA-105, UCL-34, UNF-56, ULW-26, ULT-56, UF-31,
UF-32, and UF-52 must be followed in the postweld heat treatment of
a Code vessel.

Conditions requiring postweld 
heat treatment

The Code requires postweld heat treatment of pressure vessels for cer-
tain design and service conditions (see Code Pars. UW-40 and UCS-56
for prescribed procedures). Postweld heat treatment requirements
(according to materials, thicknesses, service, etc.) include the follow-
ing:

1. All carbon-steel weld joints must be postweld heat-treated if
their thickness exceeds 11⁄4 in or exceeds 11⁄2 in if the material has been
preheated to a minimum temperature of 200°F during welding [Code
Par. UCS-56 and Table UCS-56 Fn. 2 (a)].

2. Vessels containing lethal substances must be postweld heat-
treated (Code Par. UW-2).

3. Carbon- and low-alloy steel vessels must be postweld heat-
treated when the minimum design metal temperatures are below
–50°F, unless exempted from impact tests (Code Par. UCS-68).

4. Ferritic steel flanges must be given a normalizing or fully
annealing heat treatment if the thickness of the flange section exceeds
3 in (Code Par. UA-46).

5. Unfired steam boilers with a design pressure exceeding 50 psi
and fabricated with carbon or low-alloy steels must be postweld heat-
treated (Code Par. UW-2).

6. Castings repaired by welding to obtain a 90 or 100 percent cast-
ing factor must be postweld heat-treated (Code Par. UG-24).

7. Carbon- and low-alloy steel plates formed by blows at a forging
temperature must be postweld heat-treated (Code Par UCS-79).
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TABLE 6.2 Postweld Heat Treatment

Remarks Code reference

All carbon- and low-alloy steel seams must be postweld Par. UCS-56
heat-treated if nominal thickness exceeds 11⁄4 in or 
11⁄2 in if preheated to 200°F before welding

Some materials must be postweld heat-treated at lower Table UCS-56
thickness

Vessels containing lethal substances must be postweld Par. UW-2
heat-treated

Unfired steam boilers Par. UW-2

Carbon-steel vessels for service at lowered temperature Pars. UCS-66, 
must be postweld heat-treated unless exempted from UCS-67, UCS-68
impact test

Welded vessels Pars. UW-10, UW-40

Carbon- and low-alloy steel vessels Pars. UCS-56, UCS-66,
UCS-67, UCS-79, UCS-85

High-alloy steel vessels Par. UHA-32

Cast-iron vessels Par. UCI-3

Clad-plate vessels Par. UCL-34

Bolted flange connections Appendix 2

Castings Par. UG-24

Forgings Par. UF-31

When only part of vessel is postweld heat-treated, extent Par. UG-116
of postweld heat treatment must be stated on Manufact-
urer’s Data Report Form U-1

The letters HT must be stamped under the Code symbol Par. UG-116
when the entire vessel has been postweld heat-treated

The letters PHT must be stamped under the Code symbol Par. UG-116
when only part of the vessel has been postweld heat-treated

Low-temperature vessels Par. ULT-56

Ferritic steel vessels Pars. UHT-80, UHT-81

Nonferrous vessels Par. UNF-56

Layered vessels Par. ULW-26

Vessels or parts subject to direct firing, when thickness Par. UW-2
exceeds 5⁄8 in

8. Some vessels of integrally clad or applied corrosion-resistance
lining material must be postweld heat-treated when the base plate is
required to be postweld heat-treated (Code Par. UCL-34).

9. Some high-alloy chromium steel vessels must be postweld heat-
treated (Code Pars. UHA-32 and UHA-105 and Table UHA-32).

10. Some welded repairs on forgings require postweld heat treat-
ment (Code Par. UF-37). (See Table 6.2.) 



11. When the thickness of welded joints for vessel parts or pressure
vessels constructed with carbon (P-No. 1) steels exceeds 5⁄8 in and for all
thicknesses of low-alloy steels (other than P-No. 1 steels) which are
subject to direct firing, postweld heat treatment must be performed
(Code Par. UW-2).
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7
Nondestructive

Examination

Nondestructive examinations allow trained personnel to evaluate the
integrity of pressure vessel parts without damaging them. Various sec-
tions of the ASME Boiler and Pressure Vessel Code now refer to the
ASME Code Section V, Nondestructive Examinations, for nondestruc-
tive examination methods to detect internal and surface discontinu-
ities in welds, materials, components, and fabricated parts.

Subsection A of Section V describes the methods of nondestructive
examination to be used if referenced by other Code sections. They
include the following:

General requirements

Radiographic examination (RT)

Ultrasonic examination (UT)

Liquid penetrant examination (PT)

Magnetic particle examination (MT)

Eddy current examination (ET)

Visual examination (VT)

Leak testing (LT)

Acoustic emission examination (AE)

Subsection B lists American Society of Testing Material Standards
covering nondestructive examination methods which have been
accepted as Code standards. These are included for use or for reference,
or as sources of technique details which may be used in preparation of
manufacturer’s procedures.
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The acceptance standards for these methods and procedures are
stated in the referencing Code sections. Subsection B includes radio-
graphic, ultrasonic, liquid penetrant, magnetic particle, eddy current,
leak testing, acoustic emission, and visual examination standards.

Subsections A and B of Section V, Nondestructive Examination, pro-
vide rules and instruction in the selection of nondestructive test methods,
development of inspection procedures, and evaluation of test indications.
With the growing emphasis upon quality, nondestructive evaluation is
becoming increasingly important in the construction of pressure vessels.

These examinations should be made according to a procedure that
satisfies the requirements of the referencing Code and should be
acceptable to the Authorized Inspector.

For the pressure vessel fabricator, nondestructive examinations pro-
vide a means of spotting faulty welds, plates, castings, and forgings
before, during, and after fabrication. For the user, it offers a mainte-
nance technique that more or less assures the safety of a vessel until
the next scheduled inspection period. A serious flaw in a welded seam
or a dangerously diminished plate thickness can cause a costly shut-
down, or worse, a serious accident. Such defects must be located as soon
as possible. Visual inspection is not enough. A weld may look perfect on
the outside and yet reveal cracks, lack of penetration, heavy porosity,
or undercutting at the backing strip when the weld is given a nonde-
structive examination by radiographic or ultrasonic tests. The internal
condition of a material or weld can be accurately appraised only by use
of the proper testing techniques.

Accident prevention requires many skills. Nondestructive testing is
one that should be used more often. Since no weld or material is per-
fect, nondestructive testing is an excellent way to examine the internal
conditions of a material. Nondestructive testing is often used on mate-
rials supplied to the fabricator of pressure vessels. Additional tests are
made during fabrication and are also used during a vessel’s operating
life to assure safe operation and to gage plate thicknesses, thus
enabling accurate prediction of the life of the vessel. Flaws are not
uncommon in plate material and welds during any stage of fabricating
a vessel. The point is to find them as soon as possible in order to pre-
vent difficulties later. For example, a serious flaw in material or a
welded seam may cause an accident. Many such accidents can be pre-
vented with nondestructive tests.

In this chapter, some nondestructive test procedures are explained
with regard to Code pressure vessel fabrication. The understanding of
their use in addition to visual inspection is essential to safe pressure
vessel fabrication and operation.*
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*For more complete instructions on the methods of nondestructive examinations, refer
to Section V of the ASME Boiler and Pressure Code.



Table 7.1 and Figs. 7.1 to 7.5 analyze and illustrate some nonde-
structive testing procedures commonly used in Code pressure vessel
fabrication. An authorized Code vessel manufacturer’s quality control
manual must describe the system that is employed for assuring that all
nondestructive examination personnel are qualified in accordance with
the applicable Code.

There should be written procedures to assure that nondestructive
examination (NDE) requirements are maintained in accordance with
the Code. If the nondestructive examination is subcontracted, the
name of the person responsible for checking the subcontractor’s site,
equipment, and qualification of procedures to assure their confor-
mance with the applicable Code should be given. In a nondestructive
examination certification program, the manufacturer has the
responsibility for qualification and certification of NDE personnel.
To obtain these goals, the manufacturer may train and certify per-
sonnel or may hire an independent laboratory that has qualified
NDE procedures and personnel in accordance with the reference
Code section and Section V to perform these duties. If others do the
work, it must be stated in the quality control manual which depart-
ment and person (by name and title) are responsible for ensuring
that the necessary quality control requirements are met, because the
manufacturer’s responsibility is the same as if the parent company
had done the work.

When required by the referencing section of the pressure vessel Code,
personnel performing nondestructive examinations must be qualified in
accordance with publication SNT-TC-1A of the American Society for
Nondestructive Testing. SNT-TC-1A, Recommended Practice for Non-
destructive Examining Personnel Qualification and Certification, is pub-
lished by the American Society for Nondestructive Testing, Inc., 1711
Arlingate Lane, P.O. Box 28518, Columbus, OH 43228.

It is the responsibility of the manufacturer to conduct training and
qualification tests of nondestructive examination personnel in accor-
dance with the requirements of SNT-TC-1A, to arrange for eye exam-
inations for the personnel interpreting nondestructive examinations,
and to have audits made of the system in order to assure that quali-
fied procedures and personnel are being used. The manufacturer
must also prepare and maintain test examinations as well as test pro-
cedures which comply with Section V of the Code and SNT-TC-1A.
Only personnel qualified to perform examinations should be assigned
this task.

Adequate nondestructive examining procedures are an essential
part of any well-managed operation. Procedure format and content
must be appropriate to the specific requirements of the shop. Without
a written procedure, there is no guarantee as to the effectiveness or
repeatability of the test. Nondestructive testing should be performed
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in accordance with a written procedure. Each manufacturer should
follow the procedure in accordance with the requirements of the refer-
encing section of the Code and ASME Code Section V, Nondestructive
Examinations.

The manufacturer is responsible for seeing that all personnel per-
forming nondestructive examinations for Code vessels are competent
and knowledgeable in applicable nondestructive examining require-
ments. They must be qualified in accordance with the requirements of 
SNT-TC-1A. The intent of SNT-TC-1A is to serve as a guide for the
qualification and certification of nondestructive test personnel. This
document establishes the general framework for a qualification and
certification program. It explains the various levels of qualification. It
gives the requirements and shows the type of examination required.
Certification may take any one of several forms.
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TABLE 7.1 Analysis of Nondestructive Testing Techniques

Applications Advantages Remarks

X-ray radiographic inspection*

For examination of in- 1. Gives sharper definition 1. Protective precautions 
ternal soundness of and greater contrast for necessary to protect person-
welds, castings, forgings, thicknesses up to 3 in nel in surrounding area
and plate material 2. Gives a graphic and 2. Trained technicians
(see Fig. 7.1) permanent record indic- required to take and

ating size and nature interpret film
of defects
3. Offers established 
standards of interpretation 
for guidance
4. Radiation source can 
be turned off when not 
in use

Gamma-ray radiographic inspection†

For examination of 1. More suitable for heavy 1. Government license is
internal soundness of thicknesses required for possession and
welds, castings, forg- 2. Portable equipment use of isotopes
ings, and plate material 3. Source holder permits 2. Protective precautions
(see Fig. 7.2) use through small openings necessary

4. Lower initial cost 3. Sensitivity is not as high as 
5. Requires no cooling x-ray testing, and persons not 
mechanism properly trained in interpret-
6. Gives a graphic and ing film may underestimate
permanent record seriousness of a defect
7. No tube replacement 4. Energy cannot be adjusted,

so isotope must be chosen to 
meet sensitivity requirements 
and thickness of material

*See Code Pars. UW-51 and UW-52.
†See Code Section V, Article 2.
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The manufacturer may employ persons previously trained and cer-
tify these people. If this is done, the responsibility would be the same
as if the manufacturer had trained and qualified these persons. The
manufacturer may conduct a training program to meet the require-
ments of SNT-TC-1A. This responsibility would be carried out through
a designated employee who meets Level III requirements. This
employee will train the persons, examine them, and certify them as to
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TABLE 7.1 Analysis of Nondestructive Testing Techniques (Continued)

Applications Advantages Remarks

Magnetic particle inspection*

For locating surface and 1. Useful for the inspection 1. Useful only for magnetic
subsurface defects that of nozzle and manhole material
are not too deep welds for which radio- 2. Not suitable for defects 
(see Figs. 7.3 and 7.4) graphy would be difficult- parallel to magnetic field

at best and most often 3. Training needed to eval-
impossible uate visual indications of
2. Reveals small surface defects
defects that cannot be 4. Prod methods of testing 
detected radiographically may mar the surface of a
3. Useful in weld repair machined or smooth part 
to assure removal of 5. Magnetic particle exami-
defect before rewelding nation methods (see Code 
4. Can be used to detect Appendix 6)
laminations at plate
edges

Liquid penetrant inspection†
For locating surface defects 1. Especially applicable for 1. Detects only defects that 

nonmagnetic material are open to the surface
2. Useful for the inspection 2. Not practical on rough  
of nozzle and manhole welds surface
when radiography is 3. Liquid penetrant examina-
impossible tion methods (see Code Appendix 8)
3. Easy to apply, accurate, 4. Take care in applying dye
fast, and low cost penetrant to ensure that exces-

sive amounts of vapors are
not inhaled

*See Code Appendix 6.
†See Code Appendix 8.

A liquid dye penetrant is 
applied to a dry, clean
surface and allowed to 
soak long enough to
penetrate any surface
defects. After a time 
interval up to an hour, 
the excess penetrant is
wiped off and a thin coat-
ing of developer applied. 
The penetrant entrap-
ped in a defect will be 
drawn to the surface by 
the developer, and the 
defect will be indicated 
by the contrast between 
the color of the penetrant 
and that of the developer.

Technique employs either 
electric coils wound 
around the part or prods
to create a magnetic field.
A magnetic powder ap-
plied to the surface will
show defects as local mag-
netic fields. The nature
of the defects will be re-
vealed by the way the 
powder is attracted.



their ability to do nondestructive examinations. Through the examina-
tions, this employee will be able to judge the qualifications of these per-
sons for Level I and/or Level II certification.

The American Society of Nondestructive Testing (ASNT) has train-
ing course programs to help a manufacturer write a training program
to conduct the courses, which are usually given by a qualified Level III
individual who uses questions derived from the ASNT course.

In addition to the required general examination, a specific written
examination is necessary. The specific examination should reflect the
procedures and equipment used in the plant.

In the practical examination, test objects should be similar to those
fabricated by the manufacturer, applying the written procedures and
the same equipment used in production. The examinee must be able to
use the written procedures and equipment.

In summarizing, a manufacturer must have qualified personnel. In
addition, the manufacturer should have written procedures if the shop
does nondestructive examinations. The Code requires that nondestruc-
tive examining personnel be trained and qualified, also that their qual-
ifications be documented as required in the referencing Code and
SNT-TC-1A with its supplements and appendixes. It cannot be empha-
sized too strongly that nondestructive examination of ASME Code
pressure vessels must be performed by qualified personnel.
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TABLE 7.1 Analysis of Nondestructive Testing Techniques  (Continued)

Applications Advantages Remarks

Fluorescent penetrant inspection*

For locating defects that 1. Easy to perform 1. Detects only defects that 
run through to surface 2. Defects show clearly are open to the surface
Penetrant is applied by under black light 2. Black light requires a
spraying, dipping, or 3. Especially applicable source of electricity
brushing. Excess pene- for nonmagnetic material 3. Not very effective as leak
trant is washed from- 4. Can be used on rough test for plates more than
surface with a water surfaces 1⁄4 in thick
spray and the surface 5. Detects porosity and 
allowed to dry. Dry defects that would other-
powder or water-suspen- wise be hard to find
sion developer is applied
to part to draw pene-
trant to surface. Pene-
trant glows under black
(ultraviolet) light.

For leak test, penetrant 
is applied to one side 
and the other side is 
examined under black 
light for indications of 
glow

*See Code Appendix 8.



Leak Testing

Several leak-detecting methods are used in testing pressure vessels.
One is the halogen diode detector testing method, which is generally
performed by pressurizing the vessel being tested with an inert gas,
usually Freon or a trace of Freon, and examining the areas to be tested
with a device that is sensitive to Freon. The presence of a leak will give
an audible alarm, will be indicated on a meter, or may light up an indi-
cator light.
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TABLE 7.1 Analysis of Nondestructive Testing Techniques (Continued)

Applications Advantages Remarks

Ultrasonic inspection*

For detecting defects in 1. Portable equipment 1. Training required for inter-
welds and plate material 2. Access from one side of pretation of visual indications
and for gaging thickness part being tested is possible of defects
of plate (see Fig. 7.5) 3. Reveals small root cracks 2. Rough surfaces must be

and defects not indicated by made smooth if crystal is to
High-frequency sound radiographic film, especially make contact with part
impulses are trans- in thick-walled vessels 3. Photographs must be 
mitted through a 4. Thickness measurements taken to provide permanent 
search unit, usually are rapidly made records
a quartz crystal. This 5. Good for detection of 4. Ultrasonic test methods
search unit is held in laminated plates when required (see Code 
intimate contact with the 6. Can be used in nuclear Appendix 12)
part being tested, using vessels, where induced 5. Not very effective on 
an intermediary such as radiation eliminates the welds with backing rings
oil or glycerine to exclude use of radiography
air. The sound waves 7. Remote inspection can
pass through the part be made in hostile
being tested and are environment
reflected from the oppo- 8. Can be used to determine
site  side or from a whether use or corrosion
defect. The time of travel has affected the thickness
shows the defect on a of vessel walls and piping
cathode-ray tube or scope.
This scope can also mea-
sure depth of crack or 
defect. .

Although the impulse 
instrument used to detect 
defects will also give 
thickness measurements, 
the resonance instrument 
is actually an electronic 
micrometer designed to 
measure thickness from
one side of the material 
within tolerances of 
±0.002 in.

*See Code Appendix 12.
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TABLE 7.1 Analysis of Nondestructive Testing Techniques (Continued)

Applications Advantages Remarks

Eddy current testing

Eddy current testing is 1. Detects small discontinuities 1. Limited to use with 
based upon the principles 2. High-speed testing conductive materials or
involving circulating cur- 3. Accurate measurement conductive-base
rents into an electrically of conductivity materials
conductive article and 4. Checks variation in 2. Depth of penetration 
observing the interaction wall thickness restricts testing to depths
between the article and 5. Noncontacting of less than 1⁄4 in in 
the currents most cases

3. The presence of 
strong  magnetic fields
will cause erroneous 
readings
4. Testing of ferromag-
netic metals is some-
times difficult
5. Training required for
interpretations of visual 
defects and indications

Figure 7.1 X-ray inspection of welds.
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Figure 7.2 Gamma-ray inspection.

Figure 7.3 Magnetic particle inspection (circumferential magnetic field).

Figure 7.4 Magnetic particle inspection (longitudinal magnetic field).
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Another method consists of pressurizing the vessel to be tested with
air containing a Freon gas. A halide torch, whose flame changes color
when a leak appears, is employed to search for leaks.

Often a helium mass spectrometer leak detector is used. It measures
a tracer medium, usually helium gas. If a leak is present, the leak
detector detects the helium gas and gives an electrical signal. In the
helium mass spectrometer test, the tracer medium helium gas passes
through a leak from the pressurized side to the nonpressurized side.
The test can be made under a vacuum, pressure test, or a combination
of both.

A common method in pressure vessel testing is the gas and bubble
formation test. Its purpose is to detect leaks in a vessel by applying a
solution which will form bubbles at the leak area when gas passes
through it.

Acoustic Emission Testing

Acoustic emission testing is a recent NDE method that has been suc-
cessfully used in industry with hydrostatic tests and in-service exami-
nation of pressure vessels and piping. Acoustic emission systems use
piezoelectric transducers attached directly to the structure being eval-
uated to detect the stress waves generated by discontinuities in mate-
rials under stress. The acoustic emission device measures the emission
of these minute pulses of elastic energy; when properly detected and
analyzed, the test provides information concerning the discontinuities
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Figure 7.5 Ultrasonic weld inspection.
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contained in the structure under stress. Once detected, follow-up anal-
ysis of these signals verifies the location and meaning of a particular
discontinuity.

The number of transducers needed to test a structure is determined
by its complexity and not its size. Twelve to fifteen transducers may be
required to test a storage vessel. Sixty to ninety may be required to test
the pressure containment system of a nuclear plant, which includes the
reactor vessel, pumps, steam generator, pressurizer, main piping, and
valves. Pipeline testing needs at the least 1 transducer every 1000 ft.

Acoustic emission technology is most beneficial where accessibility to
a pressure containment system is limited, because of its ability to con-
duct a complete structural integrity analysis with a minimum of shut-
down time by sensing the presence of potential problems.
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8
ASME Code Section VIII,

Division 2, Alternative Rules, 
and Division 3, Alternative Rules

for High Pressure Vessels

The ASME Boiler and Pressure Vessel Code, Section VIII, Pressure
Vessels, is published in three parts, Division 1; Division 2, Alter-
native Rules; and Division 3, Alternative Rules for High Pressure
Vessels. In comparison to Division 1, Division 2 vessels require more
complex design procedures as well as more restrictive requirements on
design, materials, and nondestructive examinations; however, higher
design stress values are permitted in Division 2, and it is possible to
design pressure vessels with a safety factor of 3. [At the present time
Division 2 is being extensively rewritten, and it might take another
year or more to finish. For information on the new volume see the paper
“An Overview of the New ASME Section VIII, Division 2 Pressure
Vessel Code” by D. Osage (published in Pressure Vessels and Piping
Codes and Standards—2003, PVP Vol. 453). This chapter discusses the
current version.] It should be noted that in this chapter, all Code para-
graph references are to specific parts of Division 2. The alternative
rules apply only to vessels installed in a fixed (stationary) location (see
Code Par. AG-100).

In Division 2 vessels, the requirements of Section VIII have been
upgraded. A very detailed stress analysis of the vessel will be
required. There are many restrictions in the choice of materials, more
exacting designs, and stress analyses. Closer inspection of the
required fabrication details, material inspection, welding procedures
and welding, and more nondestructive examinations will be neces-
sary since design stresses are larger than those permitted in Division
1. There will, in reality, be a theoretical design safety factor of 3,
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based on the ultimate strength of materials. With larger allowable
stresses, a vessel can be built for the same pressure and diameter
using thinner shells and heads, resulting in less weld metal and
lighter vessels. However, the cost of engineering and quality control
will be much greater and may exceed the savings made in material
cost and fabrication.

Also, vessels which will be fabricated under Division 1 may not meet
the requirements of Division 2. For example, only one quality factor for
a vessel is provided for in Division 2, with all longitudinal and circum-
ferential butt welds 100 percent radiographed. In another example, the
allowable stress values are higher than those in Division 1: the lowest
of (1) one-third of minimum tensile strength at room temperature, (2)
two-thirds of minimum yield strength at room temperature, (3) two-
thirds of minimum yield strength at temperature, (4) one-third of ten-
sile strength at temperature.

An important feature of Division 2 is that the user of the vessel, or a
representative agent of the user, must provide the manufacturer with
design specifications, giving detailed information about the intended
operating conditions (see Code Pars. AG-301 and AG-100). It is the
user’s responsibility to give sufficient design information to evaluate
whether or not a fatigue analysis of the vessel must be made for cyclic
service (see Code Par. AD-160). If the vessel has to be evaluated for
cyclic service, it should be designed as required in the Appendix. It is
also the user’s responsibility to state whether or not a corrosion and/or
erosion allowance must be provided for, and if so, the amount required.
The user’s design specifications must be certified by a registered pro-
fessional engineer experienced in pressure vessel design (see Code Par.
AG-301.2).

It is the responsibility of the vessel manufacturer to prepare a man-
ufacturer’s design report at the completion of the job, establishing con-
formance with the rules of Division 2 to meet the user’s design
specifications. This report must specify and reconcile any changes
made during the fabrication of the vessel. The manufacturer’s design
report must be certified by a registered professional engineer experi-
enced in pressure vessel design (see Code Par. AG-302.3).

Division 2 of the Code does not hold the Authorized Inspector respon-
sible for approving design calculations. The Inspector verifies the exis-
tence of the user’s design specifications and the manufacturer’s design
reports and that these reports have been certified by a registered pro-
fessional engineer (see Code Par. AG-303).

It is the Authorized Inspector’s duty to review the design, with
respect to materials used, to see that the manufacturer has qualified
welding procedures and welders to weld the material and to review the
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vessel geometry, weld details, nozzle attachment details, and nonde-
structive testing requirements. The manufacturer should obtain the
Inspector’s review of these details before ordering materials and start-
ing fabrication so that the Inspector can point out the parts that may
not meet the intent of the Code to avoid later rejection of the material
or vessel.

Material controls will be stricter for Division 2 vessels. For example,
Division 1, under Par. UG-10, allows tests of materials not identified,
but Division 2 requires identification of all materials and is more
restrictive than Division 1 in the choice of materials that can be used.
Because of these requirements, Division 2 permits higher allowable
stress values; therefore more precise design procedures are required.
Special inspection and testing requirements of the materials have
added to the reliability of the material. For example, plates and forg-
ings over 4 in thick require ultrasonic inspection (see Code Par. AM-
203). Cut edges of base materials over 11⁄2 in thick also must be
inspected for defects by liquid penetrant or magnetic particle methods.
In addition, welding requires specific examination (see Code Table AF-
241.1).

Steel-casting requirements and inspection in Division 2 are more
demanding than those in Division 1. Division 2 requires inspection and
tests for welded joints that are not covered in several welded pipe spec-
ifications. Therefore, welded pipe is not covered in the new division (see
Code Par. AG-120).

In Division 2, because of the higher stress allowed for materials and
for protection against brittle fracture of some steels like SA-285, thick-
nesses over 1 in will be limited to 65°F or more unless they are impact-
tested (see Code Par. AM-211 and Fig. AM-218.1).

The tighter restrictions can be seen in plate steels, such as SA-516,
which will permit a plate thickness of 1 in at –25°F when normalized
or a temperature of 50°F in the as-rolled condition.

Heat treatment must be tightly controlled (see Code Table AF-402.1
and Code Pars. AF-635 and AF-636 for quenched and tempered mate-
rials; Code Pars. AF-730 and AF-776 for forged vessels; and Code Par.
AL-820 for layered vessels).

Division 2 requires more nondestructive examinations. See Code Pars.
AF-220 and AF-240 and Code Table AF-241.1, which summarize the
required examination methods for the type of weld joints. The table indi-
cates the applicable Code paragraphs and Code figures, gives helpful
remarks, and shows when NDE examination methods may be substi-
tuted. Magnetic particle and liquid penetrant examiners need only be
certified by the manufacturer (Code Par. AI-311 and Appendixes 9-1 and
9-2). Radiographers and ultrasonic examiners must be qualified (Code
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Par. AI-501 and Appendix 9-3), their qualifications documented as spec-
ified when reference is made by Division 2 of the ASME Code Section V
and publication SNT-TC-lA, which is the Recommended Practice for
Nondestructive Examining Personnel Qualification and Certification,
published by the American Society for Nondestructive Testing. Code Par.
AI-511 gives unacceptable defects and repair requirements.

Hydrostatic testing requires a minimum of 1.25 times the design
pressure, corrected for temperature. Division 2 differs from Division 1
in that it establishes an upper limit on test pressure. This upper limit
must be specified by the design engineer (Code Pars. AT-302 and AD-
151). When pneumatic tests are used, the minimum test pressure is
1.15 times the design pressure.

The Manufacturer’s Data Report, required by Division 2, has a space
provided for recording the name and identifying number of the regis-
tered professional engineer who certified the user’s design specifica-
tions and manufacturer’s design report.

The manufacturer must also sign the ASME data report before sub-
mitting it to the Authorized Inspector for the Inspector’s review and
signature. This data report must be retained for the expected life of the
vessel or 10 years (see Code Par. AS-301), whichever is longer.

The manufacturer is also required to have a system for the mainte-
nance of records for five years of specifications, drawings, materials
used, fabrication details, repairs, nondestructive examinations and
inspections, heat treatments, and testing.

It may be seen, with the above examples, that a Division 1 vessel,
although thicker and heavier, may offset the cost of special design engi-
neering and quality control that are required in Division 2, especially
in smaller vessels.

Division 2 will allow more flexibility in design, which will enable the
use of thinner materials. This will be helpful to the user in the manu-
facture of large-diameter, high-pressure vessels in which the addi-
tional cost of design and inspection is secondary to the weight of the
vessel and in which the additional cost of engineering and quality con-
trol can be offset by the use of these thinner materials, thereby saving
in the weight of the vessel and in handling.

It must also be remembered that the quality control system required
by Code Par. AG-304 and mandatory Appendix 18 will be more rigor-
ous than the quality control system for Division 1 vessels. The quality
control system for Division 2 vessels should be established more on the
methods used in that part of Section III on nuclear vessel quality assur-
ance systems (see Chaps. 4 and 10 for a more detailed explanation of a
quality control system for pressure vessels and a quality assurance sys-
tem for nuclear vessels, respectively), because vessels designed under
ASME Code Section VIII, Division 2 have special requirements. Some
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of these requirements detail how changes are made in either specifica-
tion or design and their reconciliation via the Registered Professional
Engineer control program, for example.

The quality control manual should also state that it is the duty of the
Authorized Inspector to see that the certified documents are on file
(Code Par. AG-303).

In addition, with respect to design, drawings, and specification con-
trol, the quality control manual should state that, before engineering
and fabrication starts, the user’s design specifications must be certified
by a Registered Professional Engineer experienced in pressure vessel
design who must assume the responsibility for its use.

The user’s design specification must interface with the manufac-
turer’s design report.

The quality control manual with regard to user’s design specifica-
tions should cover, as a minimum, those conditions set forth in Code
Par. AG-301.

The manufacturer’s design report, including calculations and draw-
ings certified by a Registered Professional Engineer experienced in
pressure vessel design, must be furnished by the vessel manufacturer,
stating that the user’s design specifications have been satisfied (Code
Par. AG-302).

A copy of the manufacturer’s report must be given to the user and a
copy, along with a copy of the user’s design specifications, shall be kept
on file for five years (Code Par. AG-302.3).

With the growing use of increased pressures in the operation of
vessels it became apparent that a third division limiting itself to
higher-pressure vessels, generally above 10,000 psi, would be help-
ful. Section VIII does not establish minimum pressure limits for
Division 3 vessels or maximum pressure limits for Division 1 or 2
vessels.

Division 3, like Division 2, is limited to fixed vessels (Code Par. KG-
104). Vessels fabricated to Division 3 may be transported from work
site to work site between pressurizations. Division 3 explicitly excludes
cargo tanks mounted on transport vehicles (see Chapter 11). If a direct-
fired vessel is not within the scope of Section I it may be constructed to
the rules of Division 3.

As is required for Division 2, a Professional Engineer registered in
the United States or Canada must certify the design, as well as the
final design report, of a Division 3 vessel. In general Division 3 provides
very sophisticated methods of analysis, manufacture, and control and
therefore any more than a cursory discussion falls outside the bound-
aries of this book’s simplified approach to the Code. If the reader is con-
templating constructing or designing a Division 3 vessel, he or she
should use the Code itself as a source.
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9
Power Boilers:

Guide to the ASME
Code Section I,
Power Boilers

The ASME Boiler and Pressure Vessel Code Section I, Power Boilers,
includes rules and general requirements for all methods of construc-
tion of power, electric, and miniature boilers and high-temperature
water boilers used in stationary service. It also includes power boilers
used in locomotive, portable, and traction service.

The rules of Section I are applicable to boilers in which steam or
other vapor is generated at a pressure more than 15 psig and high-tem-
perature water boilers intended for operation at pressures exceeding
160 psig and/or temperatures exceeding 250°F. Superheaters, econo-
mizers, and other pressure parts connected directly to the boiler with-
out intervening valves are considered as part of the scope of Section I
(see Code Section I, Power Boilers Preamble).

References in this chapter are for Code Section I, Power Boilers.
The 1914 ASME Boiler Code was the original pressure vessel code,

which now includes 11 sections. Section VIII, Division I, Pressure
Vessel Code, is used to build more vessels than all the others combined.
This book was written mainly for users of Section VIII, Division I.
However, many engineers, fabricators, and inspectors must work with
all sections of the Code.

Those who use the ASME Code, Section I, Power Boilers, regularly
in construction and inspection may not have difficulty in finding the
information needed. It is the engineer, fabricator, or inspector who con-
sults it infrequently who may have difficulty.

A Quick Reference Guide (Fig. 9.1) illustrates some of the types of
boiler construction which are provided for under Section I of the ASME
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Code and furnishes direct reference to the applicable rule in the Code.
In the event of a discrepancy, the rules in the current edition of the
Code shall govern. This chart should be used only as a quick reference.
The current edition of the Code should always be referenced.

There are also many conditions in the boiler Code for which all boiler
manufacturers, assemblers, and Authorized Inspectors have to take
special precautions, especially when large boilers are fabricated partly
in the shop and partly in the field by one manufacturer and the piping
and components are manufactured by others. This is particularly
important if all the parts are being assembled in the field by the boiler
manufacturer or an assembler who is certified by the ASME to assem-
ble boilers. When construction of a boiler is to be completed in the field,
either the manufacturer of the boiler or the assembler has the respon-
sibility of designing the boiler unit, fabricating or obtaining all the
parts that make up the entire boiler unit including all piping and pip-
ing components within the scope of the boiler code, and including these
components in the master data report to be completed for the boiler
unit (see Code Par. PG-107).

Possible arrangements include the following:

1. The boiler manufacturer assumes full responsibility by supplying
the personnel to complete the job.

2. The boiler manufacturer assumes full responsibility by complet-
ing the job with personally supervised local labor.

3. The boiler manufacturer assumes full responsibility but engages an
outside erection company to assemble the boiler to Code procedures spec-
ified by the manufacturer. With this arrangement, the manufacturer
must make inspections to be sure these procedures are being followed.

4. The boiler may be assembled by an assembler with the required
ASME certification and Code symbol stamp and quality control system.
This indicates that the organization is familiar with the boiler Code
and that the welding procedures and operators are Code-qualified.
Such an assembler, if maintaining an approved quality control system,
may assume full responsibility for the completed boiler assembly.

Other arrangements are also possible. If more than one organization
is involved, the Authorized Inspector should find out on the first visit
which one will be responsible for the completed boiler. If a company other
than the shop fabricator or certified assembler is called to the job, the
extent of association must be determined. This is especially important
with a power boiler when an outside contractor is hired to install the
external piping. This piping, often entirely overlooked, lies within the
jurisdiction of the Code and must be fabricated in accordance with the
applicable rules of the ASME B31.1 Code for pressure piping by a certi-
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Figure 9.1 Quick Reference Guide: ASME Boiler and Pressure Vessel Code, Section I,
Power Boilers. (Courtesy of The Hartford Steam Boiler Inspection and Insurance
Company.)
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fied manufacturer or contractor. It must be inspected by the Authorized
Inspector who conducts the final tests before the master data report is
signed.

Once the responsible company has been identified, the Inspector must
contact directly the person responsible for the erection to agree upon a
schedule that will not interfere with the erection but will still permit a
proper examination of the important fit-ups, chip-outs, and the like.

The first inspection will include a review of the company’s quality con-
trol manual, welding procedures, and test results to make sure they
cover all positions and materials used on the job. Performance qualifica-
tion records of all welders working on parts of the boiler and piping under
the jurisdiction of the Code must also be examined.

It is the manufacturer’s, contractor’s, or assembler’s responsibility to
submit drawings, calculations, and all pertinent design and test data so
that the Inspector may make comments on the design or inspection pro-
cedures before the field work is started and thereby expedite the inspec-
tion schedule.

New material received in the field for field fabrication must be accept-
able Code material and must carry proper identification markings for
checking against the original manufacturer’s certified mill test reports.
Material may be examined at this time for thicknesses, tolerances, and
possible defects.

The manufacturer who completes the boiler has the responsibility for
the structural integrity of the whole or the part fabricated. Included in
the responsibilities of the manufacturer are documentation of the qual-
ity control program to the extent specified in the Code.
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10
Nuclear Vessels and

Required Quality Assurance
Systems

What is the difference between a fossil-fuel power plant and a nuclear
power plant? In both types of plants, heat is used to produce steam in
order to drive a turbine that turns a generator that, in turn, creates
electricity. The basic difference between fossil-fuel power plants and
nuclear power plants is the source of heat.

In a fossil-fuel power plant, coal, oil, or gas is burned in a furnace to
heat water in a boiler in order to create steam. In nuclear plants no
burning or combustion takes place. Nuclear fission is used, the fission
reaction generates heat, and this heat is transferred, sometimes indi-
rectly, to the water that provides the steam.

In a nuclear energy plant, the furnace is replaced by a reactor which
contains a core of nuclear fuel consisting primarily of uranium. Energy is
produced in the reactor by fission. A tiny particle, called a neutron, strikes
the center or nucleus of a uranium atom, which splits into fragments
releasing more neutrons. These fragments fly apart at great speed, gen-
erating heat as they collide with other atoms. The free neutrons collide
with other uranium atoms causing a fission, which creates more neutrons
that continue to split more atoms in a controlled chain reaction.

The chain fission reaction heats the water which moderates the reac-
tion in the reactor creating steam, the force of which turns the turbine-
generator. From this point on, nuclear energy plants operate
essentially the same as fossil-fuel steam electric plants.

Power Plant Cycles

The purpose of this chapter is not to discuss nuclear technology but to
let the reader know more about atomic power plant heat cycles to give
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a better understanding of the classifications and rules for construction
and inspection of nuclear plant components. Code Classes 1, 2, 3, and
MC allow a choice of rules that provide different levels of structural
integrity and quality and explain why these components are subjected
to a rigorous quality assurance inspection, bearing upon the relative
importance assigned to the individual components of the nuclear power
system to ensure their lasting performance.

There are several types of reactor coolant systems that are used. The
two plant cycles most often found in utility service at present are the
pressurized water reactor and the boiling water reactor.

Pressurized Water Reactor Plants

The pressurized water reactor (PWR), which is inside the containment
vessel, is subjected to a high coolant water pressure. Here the pressur-
ized water is heated. A pump circulates the heated water through a heat
exchanger where steam for the turbine is generated. (See Fig. 10.1.)

The part of the pressurized water nuclear power plant which con-
tains the reactor coolant is called the primary circuit. Included in the
primary circuit is an important vessel called the pressurizer. The
coolant volume varies when load changes require coolant temperature
changes. When this occurs, the pressurizer serves as the expansion
tank in the primary system, allowing the water to undergo thermal
expansion and contraction and holding the primary circuit pressure
nearly constant. If pressures were allowed to fluctuate too far, steam
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bubbles might form at the reactor heating surfaces; these bubbles, or
voids, if formed inside the reactor core, greatly alter reactor power out-
put. The pressurizer has electric heating elements located low inside to
provide the vapor needed to cushion the flowing liquid coolant. All of
the above-mentioned items are located in the primary circuit.

The rest of the plant, called the secondary circuit, is essentially the
same as a fossil-fuel steam electric plant. The heat exchangers make
steam that passes through the turbine, condenser, condensate pump,
feed pump, feedwater heater, and back to the heat exchanger.

Boiling Water Reactor Plants

In the boiling water reactor (BWR), the cooling water is inside the reac-
tor core. The reactor makes steam that passes through the turbine, con-
denser, condensate pump, feedwater heater, and back to the reactor
vessel.

In a boiling water reactor plant, steam generators and the pressur-
izer are not needed, as the plant has no secondary circuit, only a pri-
mary circuit. No primary to secondary heat exchange loss takes place.
(See Fig. 10.2.)

The above explanation of the composition and operation of the boil-
ing water plant (BWR) and the pressurized water plant (PWR) is
meant to give the reader a basic understanding of nuclear power plant
systems.

In addition to the two described, there are other types of plants, such
as gas-cooled and liquid-cooled reactors, the number of which in opera-
tion is fewer.

Nuclear energy will only be viable if plants that make more nuclear
fuel than they consume are built. These plants are called breeder reac-
tors. If the breeder reactor is soon perfected and put in use, the energy
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bank of United States uranium can be extended until a system is devel-
oped whereby energy is produced by fusion similar to the heat produc-
tion method of the sun and other stars. If not, our uranium resources
may be used up within a century.

Nuclear fusion is the joining together or fusion of atoms to form an
atomic nucleus of higher atomic number and weight. Nuclear fission is
the splitting apart of atoms. Both release enormous amounts of energy.
All nuclear plants today operate by nuclear fission. Extensive research
is being done to make electricity by nuclear fusion, which represents
our best alternative for an abundant, accessible, and long-term energy
source. When we know the secret of fusion energy, we will be able to
duplicate the heat production methods of the sun.

All nuclear vessels must be manufactured under the appropriate
part of the ASME Code Section III, Nuclear Vessels, Division 1,
Nuclear Power Plant Components or Division 2, Concrete Reactor
Vessels and Containments. Both divisions are broken down into sub-
sections which are designated by capital letters preceded by the letter
N for Division 1 and by the letter C for Division 2.

The ASME Code Section III, Division 1, Nuclear Power Plant
Components, is divided into seven subsections covering all aspects of
safety-related design and construction:

Subsection NCA: General Requirements for Division 1 and Division 2

Subsection NB: Class 1 Components

Subsection NC: Class 2 Components

Subsection ND: Class 3 Components

Subsection NE: Class MC Components (Metal Containment)

Subsection NF: Component Supports

Subsection NG: Core Support Structures

Section III, Division 1: Appendixes

Section III, Division 2: Code for Concrete Reactor Vessel and
Containments; includes Subsection CB, Concrete Reactor Vessels,
Subsection CC, Concrete Containments, and Division 2 Appendixes

These Code classes are intended to be applied to the classification of
items of a nuclear power system and containment system. Within these
systems the Code recognizes the different levels of importance associ-
ated with the functions of each item as related to the safe operation of
the nuclear power plant.

The Code classes allow a choice of rules that provide assurance of
structural integrity and quality commensurate with the relative impor-
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tance assigned to the individual items of the nuclear power plant. Each
subsection is intended to be an independent document with no cross-
referencing of subsections necessary, with the exception of Subsection
NCA, General Requirements, which is a mandatory requirement for
those who intend to use one or more of the other subsections of Section
III, Division 1 and Division 2. It includes Subsections NB through NG.
Subsection NCA comprises all general requirements for manufactur-
ers, installers, material manufacturers, suppliers, and owners of
nuclear power plant components including the requirements for qual-
ity assurance, inspectors’ duties, and stamping.

Section III, Division 2, Concrete Reactor Vessels and Containments,
defines the requirements for the design and construction of concrete
reactor vessels and concrete containments and Division 2 Appendixes.
It covers requirements for materials, parts, and appurtenances of com-
ponents that are designed to provide a pressure-retaining or -contain-
ing barrier.

The following explanation covers only Section III, Division 1, and
does not include Division 2. To avoid confusion it should be noted that
all Code references in this chapter, unlike those in the rest of this book,
refer to the ASME Code Section III, Division 1, Nuclear Vessels, rather
than Section VIII, Division 1, Pressure Vessels.

These seven subsections are intended to be applied to the classifica-
tion of pressure-retaining or -containing components of a nuclear
power system and containment system, component supports, and core
support structures.

The ASME Boiler and Pressure Vessel Code Section III, Division 1,
Nuclear Power Plant Components, differs from the other sections of the
Code in that it requires a very detailed stress analysis of vessels clas-
sified as Class 1, Class 2, Class 3, and Class MC.

Class 1 includes reactor and primary circuit vessels, containing
coolant for the core that cannot be separated from the core and its
radioactivity.

Class 2 components are those which are not part of the
reactor–coolant boundary but are used to remove the heat from the
reactor–coolant pressure boundary.

Class 3 components support Class 2 without being part of them.

Class MC includes containment vessels.

All nuclear vessels and components require constant vigilance dur-
ing fabrication and operation. The manufacturer is required to pre-
pare, or have prepared, design specifications, drawings, and a complete
stress analysis of pressure parts. The design report that will include all
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material has to be certified by a registered professional engineer.
Copies of the certified stress report are required to be made available
to the Authorized Nuclear Inspector at the manufacturing site as well
as with the enforcement authority at the point of installation.

It is the duty of the Authorized Nuclear Inspector to verify that the
equipment is fabricated according to the design specifications and
drawings as submitted. Another duty is to make all inspections as spec-
ified by the Code rules.

Quality controls adequate in the past are unacceptable today.
Pressure vessel fabricators view this period as the age of quality assur-
ance. Today, the industry faces heavy demand for test reports and
other supporting data, especially for the construction of nuclear vessels
and parts. Fundamentally, there should be no difference in the level of
quality between a high-pressure, high-temperature fossil-fuel boiler
and a nuclear vessel. The basic differences are the amount of testing
and documentation required in nuclear fabrication, whereas the power
boiler code requires a quality control system (see Power Boiler Code,
Appendix A-300).

The nuclear code requires that manufacturers of nuclear equipment
have a more rigorous quality assurance program.* Excellence of each
item produced must be the aim of each manufacturer.

The responsibility for the program lies with the manufacturer. A
manufacturer who wants to fabricate nuclear vessels or parts covered
by Section III obligates the company with respect to quality assurance
and documentation. The manufacturer must have an understanding of
the many Code details, a written quality assurance manual, and writ-
ten implementing procedures describing the system of design, mate-
rial, procurement, fabrication, testing, and documentation. The
manufacturer must also have a clear understanding of nuclear quality
assurance standards being used in every aspect of nuclear power plant
construction from the design and construction phases to full operation.

The nuclear industry’s good safety record is due to the rigorous stan-
dards of the quality assurance programs applied to all phases of infor-
mation, creation, planning, and fabrication as well as to the design,
construction, testing, inspection, and corrective action taken when
nonconformities are discovered during construction and later when
implementing the quality assurance programs in the operation and
maintenance of a nuclear power plant.
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Quality Assurance

The quality assurance control program must be evaluated and
approved for compliance by the ASME before issuance and upon each
renewal of the Certificate of Authorization. This is done at the manu-
facturer’s request and expense. The evaluation of the manufacturer’s
quality assurance capability will be made by a survey team designated
by the ASME. The team will be made up of one or more consultants to
the ASME as designated by the secretary of the Boiler and Pressure
Vessel Committee, which includes the ASME team leader, a team
member, a representative of the National Board of Boiler and Pressure
Vessel Inspectors, a representative of the jurisdictional authority in
which the manufacturing facility is located, the Authorized Nuclear
Inspector Supervisor from the manufacturer’s Authorized Inspection
Agency, the Authorized Nuclear Inspector performing the Code inspec-
tion at the plant being surveyed, and a representative of a utility using
nuclear energy.

The survey team’s purpose will be to compile a report of the manu-
facturer’s quality assurance capabilities at the plant or site. This report
will be submitted to the ASME Subcommittee on Nuclear Accreditation
and forwarded to the secretary of the Boiler and Pressure Vessel
Committee, who will carry out the necessary procedures leading to the
issuance of a Certificate of Authorization to the manufacturer for the
use of an N Code symbol for the types of fabrication to be manufac-
tured.

The intent of the ASME Code survey team will be to verify that the
manufacturer has an acceptable quality assurance program describing
the controls and manner in which nuclear items will be produced. In
addition, the team will verify that an inspection contract or agreement
with an Authorized Inspection Agency is in effect to review the manu-
facturer’s quality assurance program and its compliance with the
intent of Section II, Section III, NQA-1, Section V, and Section IX. As
with Section VIII, Division 1, Section III also references Section V for
the qualifications of nondestructive examination procedures and
Section IX for welding qualification procedures. The team will examine
the means and methods for the documentation of the manufacturer’s
quality assurance program, review the personnel involved in the man-
ufacturer’s quality assurance activities, and examine their status with
respect to production and management functions; the team also will
examine the manufacturer’s relationship with the Authorized Nuclear
Inspector with respect to the organization being audited and the means
of keeping the Inspector informed and up-to-date on quality control
matters; review all procedures as required by the Code with respect to
qualifications of processes and individuals; and examine equipment
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and facilities employed for testing and carrying out quality assurance
work.

It is the manufacturer’s responsibility to aid the ASME survey
team so that it can do its work. It would be advisable for the manu-
facturer to provide qualified personnel who are able to reply to the
necessary inquiries generally made by the individuals of the survey
team. The manufacturer should also provide a suitable workroom for
the survey team. Facilities must be made accessible to the survey
team so that an understanding of the manufacturer’s operational
capabilities is possible.

A management organization chart should be available as well as the
organization chart of the quality assurance department. Also available
to the survey team should be the manufacturer’s qualification records
of welding procedures and welders, nondestructive examination proce-
dures and testing personnel, traveller or process sheet check-off lists,
and other exhibits showing the methods used with respect to quality
control of production. All nondestructive examining equipment and
measuring and testing facilities must be available for examination. A
written procedure of the training and indoctrination program for per-
sonnel performing work that affects quality control with names of per-
sons involved and documentation records of examinations should be
included.

Most importantly, the quality assurance manual, in which the com-
pany explains how its personnel control fabrication to meet Code
requirements, will form the basis for understanding the manufacturer’s
system. It will be reviewed by the survey team. The manual will serve
as the basis for continuous monitoring of the system by the Authorized
Nuclear Inspector. In addition, the manual will serve as the document
used by the Authorized Nuclear Inspector Supervisors during semian-
nual ANSI 626.0 audits and later survey reviews when the manufac-
turer’s Certificate of Authorization is to be renewed. All manuals should
be classified as either controlled or noncontrolled, as follows:

1. A controlled manual is one that is given a number, assigned to one
individual, and kept up-to-date in accordance with the approved sys-
tem described in the manual by the party responsible for manuals in
the plant.

2. A noncontrolled manual is a copy of the manual distributed to cus-
tomers and other interested parties, which will only be considered up-
to-date at the time of distribution and should be marked as such by
rubber stamping on the first page as well as several other pages
throughout the book, indicating it will not be kept up-to-date. All pages
of the manual should have the name of the manufacturer and a revi-
sion block including a space for revision levels and the dates of these
revisions.
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An outline of the procedures to be used by the manufacturer in
describing a quality assurance system should include the following
items.

1. Organization
a. A statement of authority should be specified in this section.

This statement should identify management’s participation
in the program—that the quality assurance manager shall
have the authority and responsibility to establish and main-
tain a quality assurance program, and organizational free-
dom to identify quality problems in order to provide solutions
to these problems. This statement of authority should be
signed by the president of the company or someone else in top
management.

b. The manufacturer’s organization chart must be included, giv-
ing titles and showing the relationship between management,
quality assurance, purchasing, engineering, fabrication, test-
ing, and inspection.

c. Assurance that quality is achieved and maintained by those
assigned the responsibility for completing the task should be given.

d. A description of how quality achievement is verified should be
listed.

2. Quality assurance program
a. The manual will document a quality assurance program which

includes procedures that will assure and provide that the plans
and activities affecting quality are carried out.

b. The quality assurance manual should give a program for indoc-
trination and training, which includes program descriptions,
listing of personnel involved, and records of their performance.
All personnel involved with quality control must be given train-
ing with excellence of performance in mind.

3. Design control
a. The design shall be controlled, defined, and verified.

Verification is required by the manufacturer that design speci-
fications certified by a registered professional engineer are the
owner’s or the agent’s certified design specifications, a copy of
which is to be made available to the Authorized Nuclear
Inspector before construction begins and to the enforcement
authority at the location of installation before components are
placed in service.

b. Responsibility for structural integrity and the Design Reports
for Class 1 components and component supports, Class 2 vessels
designed under NC-3200, Class MC vessels and component sup-
ports, certain Class 2 and 3 components, and Class CS should be
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certified by the registered professional engineer who makes the
stress report and the owner or agent.

c. Load capacity data sheets for Class 1 and Class MC component
supports designed under NC-3200 must be certified by a regis-
tered professional engineer stating that the load capacity of the
component support is rated in accordance with Code Subsection
NF, with the data sheet specifying the organization responsible
for retaining data that substantiates stated load capacity.

d. When the class of a vessel or part does not require a design
report, the design calculations must be made available to the
Authorized Nuclear Inspector.

e. The complete certified stress report by the manufacturer and owner
shall be made available to the Authorized Nuclear Inspector.

f. Design reviews and checking shall be made by individuals
other than those who initiated the original design.

4. Procurement document control
a. The manufacturer should have an order entry system which pro-

vides for competent review and remarks by applicable persons to
assure correct translation of design specification requirements
into specifications, drawings, procedures, and instructions.

b. Document control of revisions is needed to assure that docu-
ments and changes are reviewed for adequacy, approved, docu-
mented, and released by authorized personnel and distributed
and used wherever required.

5. Instructions, procedures, and drawings
a. Activities affecting quality shall be described in accordance

with written instructions, procedures, and drawings.
b. The inclusion, generation, revision, and issuance of these docu-

ments within the quality assurance system should be explained.

6. Document control
a. Documents must be controlled so that only the correct documents

are issued. This system should include how documents are iden-
tified, controlled, prepared, reviewed, approved, issued, and cor-
rected prior to issuance.

b. Procedures identifying responsible personnel to assure that the
required documents are reviewed and approved before release
should be established.

c. The revision system must provide for engineering review by
qualified individuals, including the registered professional
engineer responsible for stress report or design calculations.

d. All revisions and replacements must be controlled and docu-
mented.

e. Documents must be made available to the Authorized Nuclear
Inspector.
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7. Control of purchased items and services
a. The manufacturer is responsible for surveying and qualifying

vendor quality system programs, or the material manufacturer
must hold a quality system certificate issued by the ASME.

b. The system of material control used in purchasing to assure
identification of all material used, and to check compliance
with specifications, should be explained.

c. Details of the vendor’s evaluation should include a sample of
the survey questions asked by the manufacturer, the vendor’s
responses to these questions, and how often the vendor is to be
audited.

d. The qualification and listing of a vendor should be described, as
should revisions to and control of the accepted vendor list. The
procedure of removing a vendor from the accepted vendor’s list
shall be explained.

e. The control of material at the source—who issues and approves
purchase documents—must be described.

f. The way in which material manufacturer’s and subcontractor’s
corrective action is verified and controlled should be given.

8. Identification and control of items
a. The procedure of receiving inspection control—identification of

material with receiving check list—must be explained.
b. The control of nonconformity of purchased items should be dis-

cussed and the corrective action system should be stated.
c. The manufacturer’s certified materials test report, including

welding and brazing materials, must be given. How the test
report is examined and signed off to assure correlation with
material used for traceability must be stated.

9. Control of processes
a. A description of the system for assuring that all welding proce-

dures and welders or welding operators are properly qualified
(Code Par. NCA-5250) must be stated.

b. Welding qualification records and identifying stamps, including
the method of recording the continuance of valid performance
qualification by production welding, should be presented.

c. The method of welding electrode control, i.e., electrode ordering,
inspection when received, storage, how electrodes are issued, and
the in-process protection of the electrode, should be described.

d. The method used on drawings to tell type and size of weld and
electrode to use, i.e., whether the drawings show weld detail in
full cross section or use welding symbols, should be given.

e. The fit-up and weld inspection must be explained.
f. The system for assuring that all nondestructive examination

personnel are qualified should be described.
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g. Written procedures to assure that nondestructive examination
requirements are maintained should be listed.

h. The required written training program should be explained.
i. The examination methods in the following required areas

should be detailed:
(1) general
(2) specific
(3) practical
(4) physical

j. The personnel qualification record and Level III support docu-
ments for examinations, experience, education, and physical
examinations should be presented.

k. The equipment qualification and calibration should be described.
l. For subcontracted NDE operations, similar controls as above and

the contract terms with the NDE organization should be given.
m. Procedures for preheating, postweld heat treatment, hot form-

ing, etc., should be listed.
n. How the furnace is loaded, the thermocouple placement, how

and where thermocouples are placed, the recording system for
time and how and where it is placed, the recording system for
time and temperature, and how time and temperature are
recorded for each thermocouple should be described.

o. The methods of heating and cooling, and also temperature con-
trol, should be given.

p. The time and temperature recordings should be described,
including their review by the Authorized Nuclear Inspector.

10. Inspection
a. A statement shall be included which states that personnel per-

forming functions affecting the quality of the work shall not
report directly to the persons responsible for the performance of
that work.

b. That each person who performs the work shall be properly quali-
fied, indoctrinated, and trained to perform the work should be
stated.

c. This chapter could be included with the chapter entitled
Inspections, Tests, and Operating Status.

11. Test control
a. Tests which will require verification of conformance of an item

must be planned and executed and must be defined in the qual-
ity assurance program.

b. The results must be documented as outlined in the manual.
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12. Control of measurement and test equipment
a. The established and documented procedures used for assuring

that gages and measuring and testing devices are calibrated
and controlled should be described.

b. Calibration should be to national standards where such stan-
dards exist; other standards, when used, should be designated.

c. Procedures to assure that measuring and test equipment are cal-
ibrated and adjusted at specified periods must be established.

d. The control of nonconforming equipment should be discussed.
Corrective action taken when discrepancies in examination or
testing equipment are found should be stated.

13. Handling, storage, and shipping
a. The procedures used to control methods of handling, storage,

cleaning, and preservation of materials, packaging, and ship-
ping in order to prevent deterioration, damage, and loss should
be described.

b. Procedures for examination and inspection should be included
on the traveller check-off list.

14. Inspection, test, and operating status
a. Identification and control of material heat number transfer

should be described.
b. Use of a “traveller” or process control checklist indicating fabri-

cating processes is needed.
c. The preparation and use of a traveller or process control check-

list with sign-off spaces for use by manufacturer should be
described.

d. Mandatory hold points (Code Par. NCA-5241) must be listed.
c. The control of nonconformities, material, parts, and compo-

nents should be explained.
f. Methods used for corrective action and nonconformities should

be presented.
g. The manufacturer should be carefully acquainted with the pro-

visions in the Code that establish the duties of the Authorized
Nuclear Inspector. The third party in the manufacturer’s plant,
by virtue of authorization by the state jurisdiction to do Code 
inspections, is the legal representative. This party’s presence
permits the manufacturer to fabricate under state laws. Under
the ASME Code rules, the Authorized Nuclear Inspector has cer-
tain duties as are specified in the Code. It is the obligation of the
manufacturer to see that the Inspector is given the opportunity
to perform as required by law. The details of Authorized Nuclear
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Inspector visits at the plant or site are to be worked out between
the Inspector and the manufacturer. The manufacturer’s quality
assurance manual should state the provisions for assisting the
Authorized Nuclear Inspectors in the performance of their
duties.

h. The manual should state that the Authorized Nuclear
Inspector, Authorized Nuclear Inspector Supervisor, and the
Authorized Inspection Agency have free access to areas and
documents as necessary to carry out the duties specified in the
Code, such as monitoring the manufacturer’s quality assurance
system, reviewing qualification records, verifying materials,
inspecting and verifying in-process fabrication, witnessing
final tests, and certifying data reports.

i. The Inspector should be given the opportunity to indicate “hold
points” and to discuss these inspection points with the quality
assurance manager as well as make arrangements for their
desired inspections.

j. The Authorized Nuclear Inspector must be provided with the
current quality assurance manual with latest revisions which
have been accepted by the Authorized Nuclear Inspector
Supervisor. The final hydrostatic or pneumatic tests required
shall be witnessed by the Authorized Nuclear Inspector, and
any examinations that are necessary before and after these
tests shall be made by the Inspector.

k. The manufacturer’s data reports shall be carefully reviewed by
a responsible representative of the manufacturer or assembler.
If the reports are properly completed, the representative shall
sign them for the company. The Authorized Nuclear Inspector,
after examining all documents and feeling assured that the
requirements of the Code have been met and the manufacturer’s
data sheets properly completed, may sign the data sheets with
his or her name and National Board commission number.

15. Control of nonconforming items
a. The definition of a nonconformity should be given.
b. Nonconforming materials, components, and parts that do not

meet the required standards should be corrected, or they may
not be used.

c. Identification and inventory of parts should be explained.
d. The methods of corrective action, return of material for use, and

record keeping of traceability as well as material segregation to
prevent inadvertent use should be included.

e. The names of appropriate levels of management involved with
responsibilities and authority for control of nonconformities
should be given.
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f. When disposition of nonconformity involves design, design
report, or dimensional changes, review should be provided by a
responsible engineering person or group. (See Correction of
Nonconformities, Chap. 4, item 6.)

16. Corrective action. The way in which nonconforming items will not
continue to be a problem should be explained. An identification,
cause, and corrective action plan shall be documented so that con-
ditions adverse to quality do not reoccur.

17. Quality assurance records
a. A written procedure should be established for the handling of

records, permanent and nonpermanent, for the time specified
in Code, showing how records will be kept. The procedure
should be determined early and a list developed to serve as
index to the document file.

b. Permanent records: The owner has the responsibility for continued
maintenance of all records and the traceability of records for the
life of the plant at the power plant site, the manufacturer’s plant,
or other locations determined by mutual agreement.

c. Nonpermanent records: State responsibility for who will main-
tain, store and distribute, where they will be kept, and how long
they will be kept.

d. The quality assurance system must verify records of materials,
manufacturing, examination, and tests before and during con-
struction. The responsibility for and location of all records
should be stated.

e. Storage and protection of records from damage should be
explained.

18. Audits
a. The system of planned, periodic audits to determine the effec-

tiveness of the quality assurance program should be
explained.

b. Audits should be performed in accordance with written proce-
dure using a checklist developed for each audit in order to
assure that a consistent approach is used by audit personnel.

c. A report of audit results should be given to top management,
including the corrective action to be taken if necessary.

d. The corrective action taken by the quality assurance manager
to resolve deficiencies, if any, revealed by the audits should be
monitored.

e. The results of the audit must be made available to the
Authorized Nuclear Inspector.

f. The name and title of person responsible for the audit system
should be listed.
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When constructing nuclear pressure vessels according to the ASME
Code, complete quality assurance is a must. In this chapter, an attempt
has been made to acquaint the reader with the basic elements of a total
quality assurance manual and system—from design specifications and
control to auditing of the system, which includes document control,
purchase control, vendor surveys and control, receiving inspection,
identification and control of materials, control of manufacturing and/or
installations, control of examination and tests, control of measuring
and test equipment, handling, storage, shipping and preservation,
examination of process status, nonconformity control of materials and
items and corrective action to take, as well as quality assurance record
retention and authorized inspection.

If a manufacturer uses this chapter as a guide, it will help in prepar-
ing for an ASME nuclear survey, or if one is contemplated, it will help
in understanding the rigorous standards an organization and manu-
facturing system must meet to enable nuclear power plant components
to be fabricated. Pursuit of excellence in the manufacture of nuclear
vessel components must be the aim of each manufacturer seeking
ASME certification to fabricate nuclear vessel components.
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Chapterrr

11
Department of Transportation

Requirements for
Cargo Tanks

History and Overview of 49 CFR §107 to §180

In September 17, 1985, the Research and Special Programs Admin-
istration, known as RSPA, a sub-branch of the Department of Trans-
portation (DOT), published a notice in the Federal Register which was
listed as Docket (House Measure) HM-183 and HM-183A (50 FR
37766). This notice contained proposals to revise and clarify the exist-
ing Transportation of Hazardous Materials Regulation which specifi-
cally pertained to the manufacture, maintenance, requalification, and
use of all over-the-road “specification” cargo tanks. These proposals
were based on research findings, petitions for rule change, requests for
interpretations of current regulations, and input from the Federal
Highway Administration.

During 1985 and 1986, the Research and Special Programs Admin-
istration (Department of Transportation) and the Federal Highway
Administration held numerous public briefings and public hearings to
allow interested persons to play a role in the development of the new
rules process. Additionally, interested persons were encouraged to sub-
mit written comments and recommendations which would enhance
and/or improve the safe transportation of hazardous materials being
transported in over-the-road cargo tanks.

Throughout 1987 and into February of 1988, additional public meet-
ings were held with several special interest groups and other organi-
zations that had submitted written comments to obtain clarification of
the new proposed rules and to obtain additional supporting informa-
tion on their alternative proposals.
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On June 12, 1989, the RSPA issued a Final Rule in the June 12, 1989
Federal Register which amended the Hazardous Materials Regulation
(HMR) pertaining to the manufacture of cargo tanks and the operation,
maintenance, repair, and requalification of all specification cargo tanks.
This Final Rule also established a new §180 section containing require-
ments governing the maintenance, use, inspection, repair, retest, and
requalification of cargo tanks used for the transportation of hazardous
materials. Even though this June 12, 1989, date was published as a
Final Rule, the RSPA granted a 90-day limitation for the receipt of peti-
tions for reconsideration of the June 12th Final Rule.

During the time period of June 12, 1989, through September 30,
1990, the RSPA responded to over 1,000 petitions for reconsideration of
the rules published on June 12, 1989. The May 22, 1990 Federal
Register published and announced a series of effective dates for various
implementation elements of the Docket HM-183.

On September 7, 1990, the Federal Register published technical
changes which will effect the design and stress calculations for cargo
tanks, and in November of 1990 President Bush signed into law the
Hazardous Material Transportation Act of 1990, thereby ending almost
ten years of debate.

As a result of this new legislation, the manufacturer of specification
cargo tanks must hold an ASME Code U symbol stamp and Certificate
of Authorization. Repair, modification, stretching, and rebarreling of
specification cargo tanks must be performed by the holder of a National
Board R symbol stamp. (A new Code Sec. 11 is scheduled to be pub-
lished in July 2004.)

For those cargo tanks which are not ASME Code stamped, the
owner’s Registered Inspector must witness and certify that the repairs
were performed in accordance with the applicable specifications and
their quality control program. Such repairs shall be documented on the
forms established in the quality control manual (see Chap. 4).

In the event the cargo tank is an ASME Code–stamped tank, the
repair concern with the R or U stamp must contact its Authorized
Inspector to witness the repair. Any major modifications such as
stretching or rebarreling of the tank “skin” and repairs to the tank skin
design shall additionally be reviewed by a design certifying engineer.
This will be discussed later in this chapter.

§178.345

These 15 paragraphs describe the general design and construction
requirements applicable to the three current specifications DOT 406,
DOT 407, and DOT 412.

The first paragraph, 345-1, contains definitions of terms used in this
and other regulations. The prospective manufacturer is cautioned to



read the definitions carefully. The paragraph also notes that the man-
ufacturer of a cargo tank must hold a current ASME certificate and
must be registered with the DOT in accordance with part 107, subpart
F of 49 CFR (Code of Federal Regulations). In addition, construction
must be certified by an authorized inspector or a registered inspector
(defined later in this chapter). Paragraph 345-1 includes reference to
part 393 of the Federal Motor Carrier Safety Regulations and the
requirements in §173 of 49 CFR.

§178.345-2 allows certain ASTM materials in addition to all the mate-
rials in Section II, Parts A and B of the ASME Code. It additionally sets
out certain do’s and don’ts of material selection and thicknesses.

The third paragraph, 345-3, addresses structural integrity, in gen-
eral defining stresses and their allowables.  It notes in some detail that
acceleration and deceleration forces must be taken into account, some-
thing that is rare at least in Code Section VIII. 

The remaining paragraphs go on to describe in general differences
and similarities among cargo tanks.

Characteristics of DOT 406, DOT 407, and DOT 412 cargo tanks, set
forth in complete detail in §178.346, §178.347, and §178.348, respec-
tively, are as follows:

1. The DOT 406 cargo tank has a maximum allowable working pres-
sure (MAWF) no lower than 2.65 psig and no higher than 4 psig.  This
tank is obviously not an ASME pressure vessel, but it is still required
to be “constructed in accordance with the ASME Code.” However,
§178.346 does list paragraphs of the Code that do not apply as well as
allowed modifications.

2. The DOT 407 cargo tank must be of a circular cross-section and
have an MAWP of at least 25 psig. Such a tank with an MAWP over
35 psig or having a vacuum in its design must follow the ASME
Code; a vacuum tank must have an external design pressure of at
least 15 psig. If the MAWP is equal to or less than 35 psig the tank
must be “constructed in accordance with the ASME Code”; §178.347
also lists paragraphs of the Code that do not apply and allowed mod-
ifications.

3. The DOT 412 cargo tank must have an MAWP of at least 5 psig.
This tank is an “in-betweener,” because one with an MAWP of 5 psig
would not fit the ASME Code and one with an MAWP of over 15 psig
would. Additionally, if the tank has an MAWP of greater than 15 psig
it must be of circular cross-section and be certified and constructed fol-
lowing the Code. The MAWP for a vacuum-loading tank must be at
least 25 psig internal and 15 psig external. A tank with an MAWP
greater than 5 and less than or equal to 15 psig must be “constructed
in accordance with the ASME Code”; §178.348 lists, again, allowed
modifications and paragraphs of the Code that do not apply. 
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One can tell from the above synopsis that these rules are complicated
and that it would be unwise to venture into the field of the new DOT
specifications without first studying them in detail. A manufacturer
may not register with the DOT without months or years of experience.
This area is not for the beginner.

Specification Cargo Tank MC-331 (§178.337)

Figure 11.1 depicts the general form of the MC-331 specification cargo
tank. These cargo tanks are designed in accordance with the General
and Specific Design Requirements of 49 CFR §178.337 and are gener-
ally fabricated from heat-treated carbon-steel materials. Additionally,
the design of the tank itself shall be in accordance with ASME Code
Section VIII, Division 1. The MC-330 specification was replaced by MC-
331 in 1967. Note that these two tanks are almost identical except for
the manway opening location on the head of the vessel. Construction of
this type of specification cargo tank is authorized and will continue to
be manufactured and will not be replaced as were the MC-306, MC-307,
and MC-312 cargo tanks. This specification tank construction has not
been affected by the revision of the new federal regulations and will con-
tinue to be manufactured under its existing specification number.
However, new and additional test and inspection requirements do exist.

The typical MC-331 tank is primarily used to carry pressure gases
such as propane, butane, chlorines, anhydrous ammonia, as well as
other pressure gasses, all of which are under internal pressure.

The designer must design, construct, and certify this specification
cargo tank in accordance with the ASME Code Section VIII, Division 1.
The tank may be of a seamless or welded construction. The design pres-
sure of this tank must not be less than the vapor pressure of the com-
modity being transported within the tank at 115°F. The maximum
allowable working pressure of any tank shall never be less than 100
psig nor more than 500 psig.

These tanks shall be painted white, aluminum, or another reflective
color when the tank is uninsulated on the upper two-thirds of area of
the tank. This is for the purpose of reflecting the heat of the sun.

The MC-331 specification requires that the vessel be postweld heat-
treated as prescribed in the ASME Code Section VIII, Division 1 in accor-
dance with Code Part UHT. If used in chlorine service the tank must be
100 percent radiographed and postweld heat-treated. If the tank will
transport anhydrous ammonia, postweld heat treatment must be per-
formed. Welded attachments to pads may be made after postweld heat
treatment. The postweld heat-treatment (PWHT) temperature shall be in
accordance with ASME Code Section VIII, Division 1, but cannot be less
than 1050°F at the skin temperature of the vessel during PWHT.
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In addition to postweld heat treatment, materials are required to be
impact-tested. Impact tests shall be made on a lot basis. A lot is defined
as 100 tons or less of the same heat-treatment processing material lot
having a thickness variation no greater than ±25 percent.

The minimum impact required for full specimens must be 20 ft . lb
in the longitudinal direction at –30°F, Charpy V-notch test and 15 ft .
lb in the transverse direction at –30°F, Charpy V-notch test. If the lot
does not pass these tests, then the manufacturer may still use the
material, provided this same test is applied to individual plates.

Welding procedures and welders shall be qualified in accordance with
the ASME Code Section IX. Welded joints shall be made without under-
cutting in the shell and head. If undercutting is inadvertently done,
such undercutting shall be repaired per Code Section VIII, Division 1.

In addition to the essential variables of Section IX, the following
shall be considered essential and documented on the welding procedure
specifications (WPS):

1. Number of passes (must not vary by more than 25 percent from the
WPS)

2. Thickness of plate materials (must not vary by more than 25 percent
from the WPS)

3. Heat input per weld pass (must not vary by more than 25 percent
from the WPS)

4. Manufacturer’s identification of welding rod and flux

Filler material must not contain more than 0.08 percent vanadium
when fabrication is complete.

Welding documents and qualifications shall be retained for a mini-
mum of five years by the tank manufacturer and repair concern and
shall be available for review when so requested by a representative of
the Department of Transportation and owner of the tank.

All longitudinal weld joints shall be placed so that they fall in the
upper half of the tank. Mismatch and alignments shall conform to
ASME Code Section VIII, Division 1.

If a tapered transition of adjoining base materials is not melted in
the final welding process of a joint, the final 0.050 in of base material
shall be removed by mechanical means. Substructures shall be prop-
erly fitted before attachment, and the welding sequence shall be
designed to minimize stresses due to the shrinkage of welds.

Each cargo tank must conform in all respects to the specification for
which it is certified. Under the new rules, all manufacturers and/or assem-
blers that perform welding on the barrel (tank wall) of a specification cargo
tank or its supports must obtain the ASME Code U symbol stamp.
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Those performing repairs to the tanks must hold and maintain the
National Board R stamp or ASME U stamp. They will be required to
document and demonstrate the implementation of an acceptable
ASME Section VIII, Division 1, quality control system as outlined in
Appendix 10 of the ASME Code (see Chap. 4).

It is very important to note at this time that not all specification
cargo tanks will be required to be ASME Code–stamped; however, the
manufacturer must possess a U stamp and repair concerns must pos-
sess R stamps. Additionally, ASME– and National Board–required
quality control programs must be maintained and followed. This state-
ment is the cause of the greatest confusion among manufacturers and
assemblers of specification cargo tanks. It is hopeful that the above
synopsis was helpful in determining these requirements.

Certification of Cargo Tanks (§178.340-10)

Certification is required for all specification cargo tanks which were
designed, constructed, and tested in accordance with the applicable
Department of Transportation specifications MC-306, MC-307, MC-
312, and MC-331. The following marking requirements apply to these
four popular specification tanks and give guidance for various configu-
rations of specification tanks.

1. When cargo tanks are divided into compartments (multipurpose
tanks), and each compartment meets and is constructed to a different
MC specification, there shall be one metal specification plate mounted
on the right-hand side, near the front of each compartment, detailing
the information shown in Fig. 11.2.

2. If a cargo tank is constructed, for example, to the MC-307 specifi-
cation, it may be physically altered to meet another MC specification or
downgraded to a nonspecification tank. If this is the case, the manu-
facturer’s Certificate of Compliance (Fig. 11.3) shall clearly indicate
such alterations. A Certificate of Compliance is issued by the manu-
facturer of the cargo tank. This certification attests to the fact that the
cargo tank has been designed, constructed, and tested in accordance
with and complies with the applicable federal regulation MC specifica-
tion. The manufacturer must submit the completed certified certificate
to the owner who shall retain it for the duration of the ownership plus
1 year. In addition, the specification plate shall indicate the required
specification number change. This includes downgrading to a nonspec-
ification tank.

3. There are instances when the manufacturer of an MC specifica-
tion tank produces a specification tank which is incomplete and
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requires further manufacturing operations (for example, the shell and
head or barrel manufacturer). The manufacturer sends the completed
barrel (shell and heads) to another vendor who attaches components,
parts, appurtenances, or accessories. The manufacturer of the barrel
may attach the specification plate to the shell or other supporting
structure on the right-hand side prior to shipping to other facilities.
The “Date of Certification———” (see Fig. 11.2) line required on the
stamping shall be left blank. The specification requirements which
were not complied with shall be indicated on the Certificate of
Compliance (Fig. 11.3). When the tank is complete and complies with
all of the required MC specifications, the company completing the com-
pliance shall stamp the certification plate with the date of certification
and complete the Certificate of Compliance.

Maintenance of Specification Cargo Tanks—
General Information (§180)

The new federal regulations made sweeping new changes regarding
the maintenance and inspections of MC specification cargo tanks. A
great part of a tank truck carrier’s maintenance effort must be directed
toward compliance with all of the relevant Department of Trans-

Figure 11.2 Multiple tank specification plate markings.



portation regulations. Maintenance personnel must know enough
about the current federal regulations to understand what tasks they
must perform and when they must perform them. Additionally, carri-
ers and repair concerns must have the latest copies of the Hazardous
Materials Transportation Regulation and referencing documents avail-
able at their facility.

These federal regulations are available at the following address:

Approvals Branch

Office of Hazardous Materials Transportation

Department of Transportation

Washington, D.C. 20590-0001

Attention: DHM-32, Research and Special Programs Administration

Maintaining and reading these documents keep the persons respon-
sible for implementing the new rules knowledgeable, will assist them
when discussing maintenance requirements with their own companies,
and will enable them to communicate accurately with outside repair
concerns regarding compliance.

Figure 11.3 Manufacturer’s Certificate of Compliance (typical).
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The new federal regulations are intended to give interested persons
guidance and general information regarding such areas as hazardous
materials program procedures, general registration information, direc-
tion in filing forms and reports with the DOT, placarding and marking
requirements.

The impact of these new regulations on carrier maintenance is sig-
nificant and can be classified into four areas.

1. The number of maintenance actions per tank have increased from
one to possibly six. For example, a cargo tank which previously had
a two-year external visual inspection cycle and was scheduled for
shop work every two years may now require internal visual inspec-
tion, lining inspection, leakage tests, pressure tests, and thickness
tests. This, of course, is subject to the service lading and particular
tank specification. This same cargo tank could possibly be subject to
as many as eight maintenance actions in a two-year period.

2. Depending on your present activities, a significant increase in tech-
nical capabilities will be required. The work force will be required to
learn new and advanced technical nondestructive examination
methods. In addition, greater expense will be incurred in the pur-
chase of more sophisticated equipment. Examples which are perti-
nent to people and equipment are:
a. Sonic leak detection
b. Ultrasonic thickness measurement
c. Pressure gaging of gages
d. Certification of personnel and equipment
e. Bench testing of valves and gages
f. Magnetic particle testing
g. Dye penetrant testing
h. Quality control systems and procedures and safety specifications
i. Record maintenance
j. Safety equipment for personnel
k. Verifying safety of tank linings and tank interiors

3. A new effort in the training and introduction of personnel will be
required. Planning will be necessary to implement the new five-year
upgrading program. This planning will essentially be the time
required to complete the pressure tests of all specification cargo
tanks and to perform the retrofit on selected manways. Planning,
introduction, and documented training of personnel involves deter-
mining, scheduling, and managing a program both at management
and shop levels to ensure that all procedures, both regulatory and
safety, as well as the record-keeping requirements will be met for all
maintenance services.

4. The most significant issue will be that all carriers must register
their facilities with the Department of Transportation if they plan
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to conduct any of the periodic tests, inspections, and examinations
specified in §180.407. Registration of repair concerns, test and
inspection facilities, and registered inspectors will be covered later.

Glossary of Terms

The new federal regulations now contain a vast number of new terms.
To avoid possible misunderstandings of the vocabulary, the following
terms are explained to help clarify the new requirements to the aver-
age user of 49 CFR:

1. Authorized Inspector means an Inspector who is currently commis-
sioned by the National Board of Boiler and Pressure Vessel
Inspectors and employed as an Inspector by an Authorized Inspection
Agency.

2. Authorized Inspection Agency means:
a. a jurisdiction which has adopted and administers one or more

sections of the ASME Boiler and Pressure Vessel Code as a legal
requirement and has a representative serving as a member of
the ASME Conference Committee; or

b. an insurance company which has been licensed or registered by
the appropriate authority of a state of the United States or a
province of Canada to underwrite boiler and pressure vessel
insurance in such a state or province.

3. Cargo tank means a bulk packaging which:
a. is a tank intended primarily for the carriage of liquids or gases

and includes appurtenances, reinforcements, fittings, and clo-
sures (for tanks, see 49 CFR §173.345-1(c), §178.337-1, or
§178.338-1, as applicable);

b. is permanently attached to or forms a part of a motor vehicle, or
is not permanently attached to a motor vehicle but which, by
reason of its size, construction, or attachment to a motor vehicle
is loaded or unloaded without being removed from the motor
vehicle; and

c. is not fabricated under a specification for cylinders, portable
tanks, tank cars, or multiunit tank car tanks.

4. Design certifying engineer means a person registered with the
Department of Transportation in accordance with §107.502(f) who
has the knowledge and ability to perform stress analysis of pressure
vessels, may otherwise determine if a cargo tank design and con-
struction meet the applicable DOT specification, and has an engi-
neering degree and one year of work experience in structural or
mechanical design [see §107.502(f)]. Persons registered as profes-
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sional engineers by the appropriate authority of a state of the
United States or a province of Canada who have the requisite expe-
rience may be registered under this program.

5. Manufacturer means any person who certifies that packaging com-
plies with a UN or DOT standard, including a person who applies or
directs another to apply a DOT specification marking or a UN mark
to a packaging.

6. Registered Inspector means a person registered with the Depart-
ment of Transportation in accordance with §107.502(f) of the federal
regulations who has the knowledge and ability to determine if a
cargo tank conforms with the applicable DOT specification and has,
at a minimum, any of the following combinations of education [see
§107.502(f)] and work experience in cargo tank design, construction,
inspection, or repair:
a. an engineering degree and one year of work experience,
b. an associate degree in engineering and two years of work expe-

rience, or
c. a high school diploma (or General Equivalency Diploma) and

three years of work experience.

Qualification and Maintenance of Specification
Cargo Tanks (§180 to §180.417)

The new regulations have added an array of continuing proficiency
qualification criteria, certification and training of personnel, qualifica-
tion and certification of repair firms, and qualification and testing of
cargo tanks to meet the requirements of the new specification.

The following is a breakdown by subpart and paragraph explaining
what the new regulations mean.

Purpose, applicability, and general
requirements (§180.1 to §180.3)

These first three paragraphs of the federal regulation are basic infor-
mation statements detailing the requirements and the effect on the
maintenance, reconditioning, repair, inspection, and testing of MC
specification cargo tanks. They detail the fact that persons who per-
form functions which affect the maintenance, reconditioning, repair,
inspection, and testing of MC specification cargo tanks must be quali-
fied to do so in accordance with the regulations. These paragraphs state
that it is in violation to imply in any way that a specification cargo tank
is in compliance with the federal regulation when in fact the party
making such claims is not registered with the Department of
Transportation and unqualified to make the claim.



Definitions (§180.403)

In addition to the definitions contained elsewhere in this chapter, the
following definitions apply:

1. Modification means any change to the original design and construc-
tion of a cargo tank or a cargo tank motor vehicle which affects its
structural integrity or lading retention capability. Excluded from
this category are the following:
a. a change to motor vehicle equipment such as lights, truck or

tractor power train components, steering and brake systems,
and suspension parts, and changes to appurtenances, such as
fender attachments, lighting brackets, ladder brackets; and

b. replacement of components such as valves, vents, and fittings
with a component of a similar design and of the same size.

2. Owner means the person who owns a cargo tank motor vehicle used
for the transportation of hazardous materials, or that person’s
authorized agent.

3. Rebarreling means replacing more than 50 percent of the combined
shell and head material of a cargo tank.

4. Repair means any welding on a cargo tank wall done to return a
cargo tank or a cargo tank motor vehicle to its original design and
construction specification, or to a condition prescribed for a later
equivalent specification in effect at the time of repair. Excluded
from this category are the following:
a. a change to motor vehicle equipment such as lights, truck or

tractor power train components, steering and brake systems,
and suspension parts, and changes to appurtenances, such as
fender attachments, lighting brackets, ladder brackets,

b. replacement of components such as valves, vents, and fittings
with a component of a similar design and of the same size, and

c. replacement of an appurtenance by welding to a mounting pad.
5. Stretching means any change in length, width, or diameter of the

cargo tank, or any change to a cargo tank motor vehicle’s undercar-
riage that may affect the cargo tank’s structural integrity.

Qualification of cargo tanks (§180.405)

This paragraph details how a cargo tank qualifies for use in the trans-
portation of hazardous materials. Table 11.1 lists the various specifica-
tion cargo tanks which were authorized for construction and for the
transportation of hazardous materials. For a cargo tank made to a spec-
ification listed in the first column, such a tank may be used provided
that it is marked and certified before the date in the second column.
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As seen in the table, after September 1, 1993, the MC-306, MC-307,
and MC-312 specifications will no longer be authorized for construc-
tion; however, they will be permitted to be used in transporting haz-
ardous materials after that date provided they were marked or
certified on or before that date. After that date a new designation num-
bering system along with more stringent manufacturing and design
requirements will be employed. These new specifications are called
DOT-406, DOT-407, and DOT-412 and will replace MC-306, MC-307,
and MC-312, as discussed earlier in this chapter.

Upgrading existing specification MC-306,
MC-307, and MC-312 cargo tanks
[§180.405(c) to (g)]

The upgrading of specification cargo tanks is referenced indirectly in
§180.405(c) to (f). For example, an MC-306 tank may be upgraded to a
DOT-406 tank. In order to upgrade from an MC-306 to a DOT-406 tank
one must consider the new pressure relief systems, pressure relief
valve settings, venting capacities, internal self-closing stop valves on
loading–unloading outlets and rated flow capacity certification tests, a
hydrostatic retesting, and numerous other items. There are specific
requirements when performing the upgrade. As a note of caution, the
Code of Federal Regulations should be consulted due to ongoing revi-
sions in this area.

Persons certifying cargo tanks for upgrading to the new DOT-400
series, inspection to verify that existing specification cargo tanks meet
the new requirements, and periodic tests and inspections must be des-
ignated by their employer as either Registered Inspectors or Design
Certifying Engineers provided that they meet the minimum require-
ments for such assigned activities.

For example, manways on current MC-306, MC-307, and MC-312
specification cargo tanks for tanks certified after December 30, 1990,
and the new DOT-406, DOT-407 and DOT-412 specification cargo
tanks must now be equipped with manhole assemblies for tank capac-
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TABLE 11.1 Effective Dates for Completing Construction

Specification Date

MC-300 Sept. 2, 1967

MC-301 June 12, 1961

MC-302, MC-303, MC-304, MC-305, 
MC-310, MC-311 Sept. 2, 1967

MC-330 May 15, 1967

MC-306, MC-307, MC-312 Sept. 1, 1993



ities greater than 400 gallons. These manholes must be at least 15 in
in diameter and be capable of withstanding a pressure test of at least
36 psig. The manhole covers must be permanently marked by the man-
ufacturer with stamping or other means such as a nameplate. The
owner or user who purchases the manhole cover must ensure that a
certification statement is received, indicating that the cover complies
with the regulations (see §178.345-5).

These typical manways (see Fig. 11.4) must meet the above-noted cri-
teria or they cannot be used in hazardous materials transportation.
Each owner of five or more specification cargo tanks which were certi-
fied prior to December 30, 1990 or which are not equipped with these
new manways must have the cargo tank inspected by a Registered
Inspector to verify that manways meet the current specification. If it is
determined that the cargo tank manways do not meet these specifica-
tions, they must be retrofitted and equipped with current allowable
manways. Owners must retrofit 20 percent of their fleets each year
beginning in 1991 until all affected manhole closures have been
retrofitted and certified. If an owner has fewer than five cargo tanks
requiring retrofitting, he or she has until August 31, 1995 to complete
the retrofit for compliance.

Hydrostatic retesting is also required and is explained later in this
chapter.
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Figure 11.4 Typical manway for MC-306 cargo tanks. (Courtesy of National Tank 
Truck Carriers, Inc.)
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Requirements for tests and inspections of
specification cargo tanks (§180.407)

Introduction. This is the “meat” of the new regulations. These regula-
tions contain different and additional specific tests and inspection
requirements which previously were left open to interpretation and
local jurisdictional opinion. The old requirements listed certain visual
inspections as well as special inspections on pressure gas tanks which
should be performed.

Under the new rules all specification cargo tanks shall be inspected to
some degree. Regulations specific to these inspections are listed below:

1. All specification cargo tanks shall not be subjected to pressures
greater than their design pressure or maximum allowable working
pressure established by the designer.

2. When tests and/or inspections required by §180 of the 49 CFR doc-
ument have become due, the owner or carrier may not be allowed to fill
the tank truck or ship product until the required tests and/or inspec-
tions have been completed.

3. Persons who perform, inspect, or witness these tests and/or
inspections must meet the minimum qualification requirements for the
tests and/or inspections they perform. Minimum requirements for
Registered Inspectors are discussed later in this chapter.

4. If the specification cargo tank successfully passes the required
tests and/or inspections, the tank truck shall be marked as described in
§180.415 (see the section on test and inspection markings, §180.415 in
this chapter).

5. If the specification fails to pass the required tests and/or inspec-
tions required, the tank truck must be repaired and retested. If a weld
repair, modification, stretching, or rebarreling is required to the tank
shell, it shall be performed by a Department of Transportation
approved and registered facility. There are only two qualified and reg-
istered types of facilities where weld repair, modification, stretching, or
rebarreling may be performed: (1) a National Board of Boiler and
Pressure Vessel R stamp facility or (2) a facility which holds an ASME
Code symbol U stamp. If the repairs are not completed, the specifica-
tion tank shall be removed from service and the specification plate
removed, obliterated, or covered in a secure manner.

The new requirements state that regardless of the time frame or fre-
quency in which tests or inspections take place, additional retests
and/or reinspections are mandatory prior to use if the specification
tank shows signs of bad dents, corroded areas, leakage, or any other
condition which might render it unsafe in transporting hazardous
materials. Additionally, if a tank has been involved in an accident and



damaged to such an extent that may render it unsafe to transport prod-
uct, has been out of service for a period of more than one year, has been
modified from the original design, or is determined to be unsafe by the
Department of Transportation, such tanks shall be retested and/or
reinspected for compliance to the requirements. It is important to
remember that for tanks out of hazardous material transportation ser-
vice for one year or more, a pressure test shall be applied. 

Compliance dates for periodic tests and inspections have been
upgraded and are clearly defined in the latest regulations. Table 11.2
indicates these compliance dates and defines which specification tanks
require various inspections, tests, and retests.

External visual inspection and testing [§180.407(d)]. When an external
visual inspection is a requirement and there is an external covering
such as insulation on the external surfaces of the tank, an internal
visual inspection shall be performed. This does not include pressure
gas specification cargo tanks of specification MC-330 or MC-331 vari-
ety. Upon completion of the internal inspection, a hydrostatic or pneu-
matic test must also be performed when the following conditions occur:
(a) when visual inspection is precluded by both internal coating and
external insulation, and (b) when inspection is precluded by external
insulation and the cargo tank is not equipped with a manhole or inspec-
tion opening.

External visual inspection and testing requirements are much more
detailed, documented, and planned than in earlier versions of the fed-
eral regulations. These new regulations mandate strict external visual
inspection and testing requirements and are listed here as follows:

1. External surfaces of cargo tank heads and shells, piping, valves,
and gaskets are required to be inspected for violations of safety con-
cerned with corroded or abraded areas, dents, distortions, defects in
welds, and leakage.

2. Emergency devices and valves including self-closing stop valves,
excess flow valves, and remote closure devices all must be free from cor-
rosion, distortion, erosion, and any external damage that will prevent
safe operation of such safety devices.

3. Missing nuts, bolts, and fusible links or elements must be
replaced as well as loose bolts tightened.

4. The markings on the specification plates attached to the cargo
tank shall be inspected to ensure that they are legible.

5. The major appurtenances and exterior structural attachments of
the specification cargo tank such as suspension system attachments,
connecting structures, and those elements of the “fifth wheel” (upper
coupler) assembly must be inspected for signs of corrosion which might
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prevent safe operation of the tanker. The upper coupler “fifth wheel”
assembly need not be removed for this inspection. For specification
tankers transporting corrosive materials which are corrosive to the
tank, the upper coupler must be inspected at least once in a two-year
period. The upper coupler shall be removed for this external inspection.
This inspection shall be a detailed inspection for corrosion, abraded
areas, dents, distortions, and defects in welds.

6. Reclosing pressure relief valves shall be externally inspected for
corrosion. If the valve is attached to a cargo tank in corrosive service,
the valve shall be removed and inspected. When the valve has been
removed it shall be placed in a test jig and tested to ensure that it opens
at the required pressure and reseats to a leaktight condition at 90 per-
cent of the set-to-discharge pressure or the pressure prescribed for the
applicable specification cargo tank.

7. Thickness testing using an ultrasonic thickness measuring device
of the external tank wall and heads is required when corroded or
abraded areas are noted during external visual inspection. These thick-
ness tests shall be performed using written procedures which establish
acceptance requirements for the inspection.

8. For specification cargo tanks where the rear head fully opens, gas-
kets must be visually inspected for cracks, splits, or cuts which exceed
a depth of 1⁄2 in or which cause leakage. These gaskets shall be replaced
if required.

9. External inspections shall be recorded and documented on forms
from the inspecting company and shall include the name and registra-
tion number of the company and/or Registered Inspector who complet-
ed the inspections.

Internal visual inspections [§180.407(e)]. When a specification cargo tank
is not equipped with a manhole opening or other means with which to
perform the internal tests and inspections required by the regulation,
a hydrostatic or pneumatic test shall be applied. The visual internal
inspection shall include as a minimum all of the following.

1. Internal areas of cargo tank heads and shells, piping, valves, and
gaskets are required to be inspected for violations of safety concerned
with corroded or abraded areas, dents, distortions, defects in welds,
and leakage. Additionally, internal tank liners shall be inspected when
the tank is lined.

2. Thickness testing (using an ultrasonic thickness measuring
device) of the internal tank wall and heads is required when corroded
or abraded areas are noted during internal visual inspection. These
thickness tests shall be performed using written procedures which



establish acceptance requirements for the inspection. Degraded or
defective areas of the tank liner must be removed or the tank repaired
prior to placing it back into service.

3. Internal visual inspections shall be recorded and documented on
forms from the inspecting company and shall include the name and
registration number of the company and/or Registered Inspector who
completed the inspections.

Lining inspection [§180.407(f)]. For specification cargo tanks which are
lined to prevent corrosion or deterioration of the tank shell, heads, and
appurtenances of the tank materials, such linings shall be inspected
and verified at least once each year. This inspection shall include the
following.

1. For specification tanks lined with rubber, a high-frequency spark
tester capable of producing sufficient voltage shall be used to test the
liner for holes.

2. For linings made from materials other than rubber, the required
tests to determine tightness and to find leaks shall be as defined in the
lining manufacturer’s or lining installer’s materials.

3. Degraded or defective lining material shall be removed and cor-
roded areas below the tank wall or head shall be ultrasonically tested
for thickness. After acceptable cleaning and repairs, the lining shall be
replaced with new lining.

4. Lining inspections shall be recorded and documented on forms of
the inspecting company and shall include the name and registration
number of the company and/or registered inspector who completed the
inspections.

Pressure tests [§180.407(g)]. All components of a specification cargo tank
shall be pressure-tested in accordance with 49 CFR §180.417(b).
During the pressure test the Registered Inspector must perform an
external inspection to verify the tightness and leaktight integrity of the
cargo tank. As part of the test an internal inspection shall be made
prior to the filling of the test medium and application of the required
pressure. Internal visual inspection is not required for specification
tanks not equipped with manways or inspection openings.

All reclosing relief valves must be removed from the cargo tank for
inspection and testing. After testing, if found acceptable, they shall be
replaced on the tank. If found defective, they shall be replaced with
new valves.

The hydrostatic or pneumatic test requirements for each specifica-
tion cargo differs with the applicable specification to which it conforms.
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Each owner of specification cargo tanks for specification designation
numbers MC-300, MC-301, MC-302, MC-303, MC-304, MC-305, MC-
306, MC-307, MC-310, MC-311, or MC-312, must pressure-test at least
20 percent of their fleet each year beginning September 1, 1991 when
the owner has more than five tankers in his fleet. The owner with less
than five cargo tanks has until August 31, 1995 to complete the pres-
sure retest. When the cargo tank is of a multitank design, each cham-
ber must be tested with the adjacent cargo tank empty and at
atmospheric pressure. Pressure relief devices must be attached during
the test.

Hydrostatic test method [§180.407(g)(viii)]. The entire cargo tank, includ-
ing domes, must be completely filled with water. There must be a
method of venting air during filling located at the highest point of the
tank. Water or other liquids having similar viscosity shall be utilized
for the test medium. The temperature of the test medium shall not
exceed 100°F.

The tank shall have test gages attached directly to the tank. The
dial indication range of these gages shall neither be less than 11⁄2 nor
more than 4 times the test pressure. The tank and all closures shall
hold pressure for at least 10 minutes during which time it shall be
inspected for leakage, bulging, or other defects. Tests and test pres-
sures shall be inspected by a Registered Inspector or Authorized
Inspector as applicable.

Pneumatic test method [§180.407(g)(ix)]. Pneumatic testing should be
performed with caution and involves a greater risk to life and property
than does hydrostatic testing. Pneumatic testing is not recommended;
however if necessary, testing shall be performed as follows.

1. The test medium must be either compressed air or an inert gas.
2. After the tank is filled with air or gas the pressure shall be

applied, gradually increasing the pressure to one-half the test pres-
sure. Upon reaching this predetermined level the pressure shall then
be increased in steps of approximately one-tenth the test pressure until
the required test pressure is reached.

3. The test pressure must be held for a minimum of five minutes
after which the test pressure shall be reduced to the maximum allow-
able working pressure stamped on the specification plate or ASME
Code data plate.

4. It is at this pressure that the entire shell and tank surface shall
be inspected using a method such as a soap and water solution which
would show evidence of leakage. The entire surface of all welded joints
must be thoroughly inspected with the solution.
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In the event that a cargo tank is insulated and a pneumatic test is
performed, the insulation need not be removed. This is permissible only
if the test pressure cannot be reached or the vacuum integrity could not
be maintained in the insulated space.

If specification cargo tanks used in transporting flammable gases,
oxygen, or refrigerated liquids are opened for any reason, internal
cleanliness must be verified prior to closure. The inspector shall verify
that foreign debris is removed from the tank and the tank shall be
wiped clean.

Generally, specification cargo tanks which transport pressure gases
and which have manholes such as those that conform to the MC-330
and MC-331 specifications are required to be nondestructively exam-
ined prior to the pneumatic test. This test shall include the wet fluo-
rescent magnetic particle method immediately prior to the pneumatic
test. The procedures for performing such tests shall be in accordance
with the ASME Code Section V, Nondestructive Examination, and the
Compressed Gas Association’s Technical Bulletin TB-2.

Upon completion of all pneumatic and magnetic particle tests, a
report shall be filled out and certified by the Registered Inspector. This
report shall include the results of the magnetic particle test, a state-
ment as to the nature and severity of the defects found, location of such
defects, such as in the weld, heat–affected zone, and head to shell seam,
and so forth.

Acceptance criteria [§180.407(g)(ix)(6)]. Acceptance criteria is not clearly
defined in the new regulations and is left primarily to the reasonable
discretion of the testing and inspection concern certifying the required
inspection or test. Such acceptance is based on the following criteria.

1. Cargo tanks that leak during the pressure tests shall be repaired by
welding, utilizing a repair concern which holds the National Board
R or ASME U stamp and Certificate of Authorization. Any leakage
in any amount is unacceptable.

2. Any cargo tanks which fail to retain test pressure or pneumatic test
pressure shall be investigated to ensure that no leaks are present.
In the event that leakage is discovered, repairs to the cargo tank
shall be performed by a National Board R or ASME U stamp and
Certificate of Authorization holder.

3. If during visual internal or external inspection deterioration such as
corrosion, pitting, and erosion of the shell, heads, and other appur-
tenances carrying lading is found, methods for determining the min-
imum design metal thickness shall be employed. Such methods
most frequently used are ultrasonic thickness testing devices. The
ultrasonic thickness test procedure and acceptance criteria for such
thickness readings are as follows.
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a. The thickness of shells and heads of all unlined cargo tanks
which transport materials that are corrosive to the tank must be
measured at least once every two years. If the tank measures
less than the sum of the minimum design metal thickness plus
one-fifth of the original thickness, such cargo tanks shall be
tested at least once a year.

b. Ultrasonic measuring equipment shall be sensitive and capable
of accurately measuring thicknesses to within ±0.002 of an inch.

c. Personnel performing ultrasonic thickness testing shall be
trained in the use of such equipment per the manufacturer’s
instruction using written procedures for the use, calibration,
and handling of ultrasonic test equipment.

d. Thickness testing shall be performed as a minimum, on areas of
the tank head and shells in addition to those areas around any
piping used or those parts containing lading.

e. Ultrasonic thickness readings shall be taken in areas of high
stress concentrations which are caused by bending moments of
the tank and those areas near openings such as nozzle openings,
inspection openings and manways, shell reinforcements, and
areas around appurtenance attachments.

Additionally the upper coupler (fifth wheel) assembly attach-
ments, areas near suspension systems attachments, connecting
structures, and areas which by the very nature of the design of the
specification tank are known to be thin areas in the shell and liquid
level lines must be tested.

If the thickness tests indicate that the minimum design metal
thickness is below that established by the specification as
stamped on the specification plate and/or ASME Code Data plate
for the maximum lading density, the cargo tank may still be used
provided the cargo tank transports lading of a lower density. The
specification plate shall be restamped or changed to indicate the
new service limits and a Design Certifying Engineer (see the sec-
tion titled Glossary of Terms in this chapter) certifies that the
design and thickness are acceptable for a lower density lading.
The engineer shall issue a new manufacturers Certificate of
Compliance. If this “recertification” is not performed as outlined,
the cargo tank may not be returned to hazardous materials ser-
vice. The tank’s specification plate shall be removed, obliterated,
or covered in a secure manner.

Upon completion of all thickness testing, the Registered Inspector
shall complete a report and must record the results of the test and
certify the report with the required DOT registration number.

4. For cargo tanks which appear to have bulged due to evidence of
weakness or the application of excessive pressure which may have

DOT Requirements for Cargo Tanks 263



been applied to the shell of the tank during filling, pressure testing,
or other tests, the tank dimensions shall be taken and verified
against the original cargo tank drawing dimensions to verify that
the tank continues to meet the requirements of the original design.

Leak testing [§180.407(h)]. As of September 1, 1991, federal regulation
required separate pressure and leakage tests to be performed on all
specification cargo tanks except MC-338 cargo tanks. Pressure tests do
not satisfy the leak test requirement. The Department of Transportation
states that the pressure test evaluates the tank’s structural integrity,
and the leakage test evaluates the tightness of the vehicle.

All specification cargo tanks are required to be leak-tested except as
noted above. The leak test shall include the shell, heads, piping, and all
valves and accessories which contain lading. The leak test pressure
shall not be less than 80 percent of the tank design pressure or maxi-
mum allowable working pressure (MAWP), whichever is marked on the
certification or specification plates. There are further exceptions which
apply to pressure gas cargo tanks. The Environmental Protection
Agency’s Method 27, 40 CFR Part 60, Appendix A is an acceptable
alternative test.

Minimum Qualifications for Inspectors and
Testers (§180.409)

The new regulations state that any persons who perform or witness the
inspections and tests mandated in the federal regulations must be reg-
istered with the Department of Transportation. Any organization that
seeks to certify, inspect, and/or witness tests or inspections to specifi-
cation cargo tanks which meet the requirements of the regulations
shall apply in writing to the DOT. This application shall be in the form
of a letter such as in Fig. 11.5. The letter shall contain enough infor-
mation to indicate that the inspector is familiar with the DOT specifi-
cation cargo tanks and is trained in the methods of testing and
inspection.

Upon acceptance of the application for certification to DOT, a letter
will be sent to the cargo tank owner, repair concern, or carrier stating
the functions which may be performed based on the original registra-
tion statement. This letter of acceptance from DOT is valid for three
years from the date of issue of the original registration statement.
Renewal is accomplished by submission of an updated registration
statement. In the event that there is a change made in the company or
change in the scope of work which is different than that of the original
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Figure 11.5 Sample registration statement [§107.503 and §180.407(b)].



registration statement, a revised statement must be submitted to the
DOT in writing indicating the new information.

Personnel performing ultrasonic thickness testing, pressure tests
which include hydrostatic and pneumatic tests, or leak testing must be
trained in conducting the test or inspection method. Training shall be
documented. Personnel designated as Registered Inspectors by the
company must have letters designating them as Registered Inspectors
on file along with documentation indicating that they meet the mini-
mum requirements set forth in the standard.

If the owner elects not to perform the periodic tests and inspections
him or herself or has no Registered Inspectors, the owner may use an
employee of another company to perform or witness the tests and
inspections of the regulation, provided the owner verifies that the
inspector is trained and experienced in the use of the equipment to be
used, retains a copy of the designation for the inspector as well as other
qualifications, and submits a registration statement to the Department
of Transportation stating and certifying that the inspector meets the
minimum requirements of the Hazardous Materials Regulation. This
special case also applies to the owner who wishes to use an employee to
perform pressure tests without designation as a Registered Inspector.

Acceptable Results of Tests and Inspections
(§180.411)

As stated earlier in this chapter, acceptance criteria for tests, inspec-
tions, and damage to tanks is ambiguous and not straightforward. This
section, §180.411, contains the additional acceptance criteria stipu-
lated by the new regulations. The following additional acceptance cri-
teria resulting from the tests and inspections is stated:

Corroded or abraded areas

1. Corroded or abraded areas which encroach on the minimum thick-
ness of the tank or other lading carrying items are cause for rejection
and must be repaired.

2. The maximum allowable depth of dents that are in a weld or are
dented at the weld is 1⁄2 in. Dents greater than this are required to be
brought into compliance.

3. For dents in all other locations the maximum allowable depth of
dents is 1⁄10 the greatest dimension of the dent. In no case shall the
depth be greater than 1 in.

4. For cuts, digs, or gouges, the thickness remaining below such
defects shall not be less than the minimum design material thickness
of the cargo tank.
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Weld or structural defects. Weld defects such as pinholes, cracks, incom-
plete penetration, or lack of fusion and structural defects are unac-
ceptable regardless of size and must be repaired by a qualified repair
concern, either the holder of a National Board R stamp or an ASME
Code U stamp and Certificate of Authorization, and which is registered
with the Department of Transportation. The tank shall be taken out of
hazardous materials transportation until repairs can be made.

Leakage. Any leakage during either testing or operation shall be
grounds for removing the cargo tank from service.

Relief valves. Defective pressure relief valves shall be removed from
service and repaired or replaced.

Pressure tests. Specification cargo tanks which fail to meet the accep-
tance criteria found in the individual specification shall be repaired as
stated above.

Repair, Modification, Stretching, or Rebarreling
of a Cargo Tank (§180.413)

These terms are mentioned throughout the regulations. It is important
to clarify several side issues which are a cause of some confusion. The
terms listed here are commonly misunderstood due to the ambiguous
nature of such repair conditions on the cargo tank.

Stretching, as concerns the text of §180.413, is not considered a mod-
ification. Rebarreling is not considered a repair. The federal rules state
that any repair, modification, stretching, or rebarreling of specification
cargo tanks shall be performed by a holder of an ASME Code U or
National Board R stamp who has registered with the Department of
Transportation and has been certified to perform such repairs. This
requirement became mandatory beginning July 1, 1992.

Repair and modifications

1. When DOT-406, DOT-407, and DOT-412 specification cargo tanks
are repaired or modified, the repair or modification shall be performed
in accordance with the specification requirements in effect at the time
of initial manufacture or at the time of repair.

2. MC-300 series cargo tanks must be repaired or modified in accor-
dance with the specification of manufacture or may be upgraded to the
DOT-400 series in effect at the time of repair or modification.

3. The exception to item 2 above is the MC-304 and MC-307 specifica-
tion cargo tanks, which shall be repaired or modified in accordance with
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the specification of manufacture or may be upgraded to the DOT-407
series in effect at the time of repair or modification. Additionally the MC-
310 and MC-312 specification cargo tanks must be repaired or modified
in accordance with the specification of manufacture or may be upgraded
to the DOT-412 series in effect at the time of repair or modification.

4. The MC-338 cargo tank must be repaired or modified in accor-
dance with the original specification of manufacture or in accordance
with the specification in effect at the time of repair or modification.

5. Pressure gas tanks such as the MC-330 or MC-331 must be
repaired in accordance with the National Board Inspection Code and
the referenced parts and subsections of the ASME Code Section VIII,
Division 1.

6. Records shall be maintained by the owner at the principal place of
business. Such records shall include the repair or modification reports
and shall be maintained during the time the tank is in service and for
one year after that date. The motor carrier shall receive copies of the
repair reports in the event the carrier is not the owner, in case the
motor carrier is requested by an enforcement authority for evidence of
the qualification of such repairs.

Stretching and rebarreling if needed shall be performed using all
new materials and equipment affected by the stretching or rebarreling.
The structural integrity of the tank shall be certified upon completion
of such work by a Design Certifying Engineer registered with the
Department of Transportation.

Test and Inspection Markings (§180.415)

All specification cargo tanks which have undergone the tests and
inspections stated in this manual must be marked as shown in Fig.
11.6. The markings shall be in English with the test date (month first
followed by the year), followed by the test or type of inspection per-
formed. The letters and numbers shall be a minimum height of 1.250
in. The marking shall be placed on the tank shell near the specification
plate or anywhere on the front head of the tank. In the event that mul-
tiple tests are performed at the same time on a cargo tank constructed
under multiple specifications, one set of test markings may be placed
on the tank. If the tests are performed at different times, separate
markings shall be placed near the front of each compartment of the
cargo tank. Figure 11.7 demonstrates unacceptable markings.

Reporting and Record Retention
Requirements (§180.417)

The new regulations have mandated new and additional requirements
for the retention of records and the reporting of certain functions. The
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owner shall keep copies of all ASME Code Manufacturer’s Data
Reports. Additionally, the Certificate of Compliance from the original
tank manufacturer shall be retained. These documents shall be
retained for as long as the owner maintains ownership of the cargo
tank plus one year after transfer of the tank to a new party.

If the owner does not have these certification documents or they have
been stolen or lost or become illegible, the owner must perform or have
performed appropriate tests and inspections under the direction and
supervision of a Registered Inspector to determine that the cargo tank
conforms to the applicable specification. Upon satisfactory completion
of the required tests and inspections, the owner along with the
Registered Inspector must certify that the cargo tank meets the specifi-
cation and complete a Certificate of Compliance. Retention of this cer-
tification is as listed in previous sections of this manual.
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Figure 11.6 Acceptable correct markings of cargo tanks upon completion of all required
tests and inspections [§180.415(b)].

Figure 11.7 Unacceptable markings.



For DOT specification cargo tanks manufactured before September
1, 1993 either of the following applies:

1. If the specification cargo tank is ASME Code–stamped, and the
owner does not have the manufacturer’s certificate and data report as
required by the specification, the owner may contact the National
Board for a copy of the manufacturer’s data report if the cargo tank was
registered with the National Board.

2. The information contained on the cargo tank’s identification and
ASME Code plates can be copied. Additionally, both the owner and the
Registered Inspector must certify that the cargo tank fully conforms
with the specification. The owner must retain such documents, as spec-
ified in this section.

How to comply. Compliance is twofold. First, the owner may subcon-
tract all cargo tanks to qualified concerns registered with the
Department of Transportation to perform the periodic tests and inspec-
tions, and second, just simply comply.

The first is simple. You must find a concern that has registered its
facility to perform the periodic tests, inspections, and examinations
specified in the Code of Federal Regulations §180.407. Registration
with the Department of Transportation is a simple procedure. §107.501
and §107.502 of the regulations states that “any person who manufac-
tures, assembles, inspects and tests, certifies, or repairs Department of
Transportation specification cargo tanks . . . must be registered with
the Research and Special Projects Administration (RSPA) of the
United States Department of Transportation.” A person may only per-
form those periodic tests, inspections, repairs, and examinations that
are filed with the DOT in the registration statement. Figure 11.5
shows a typical registration statement.

In addition to the registration of the company with the Department
of Transportation, those persons employed by the company who will
perform the periodic tests, inspections, and examinations must be
qualified and certified as to their experience and qualifications specifi-
cally in regard to procedures, equipment, knowledge of cargo tanks,
and inspection procedures. The employer must submit certification to
the DOT that the employee or tester is qualified in accordance with
§180.409(b). The carrier must designate certain personnel to perform
the periodic tests, inspections, and examinations and maintain and
keep these designations on file.
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12
ISO 9000

Quality Assurance
Requirements

As we move into the next century, the terms quality assurance, quality
management, and total quality control are becoming the new buzz
words. Actually they are more than buzz words; they are reality for
many American companies as well as foreign ones. The concept of total
quality control (TQC) has been widely practiced in Japan for over a
decade and is a way of life for Korean companies as well.

With the collapse of the Berlin Wall, the unification of Germany, the
European Common Market, the dismantling of the Communist party,
and Asian communities beginning to band together, one international
quality assurance standard for all nations seems to be most practical.
This chapter will discuss the latest requirements for these interna-
tional standards.

Introduction to ISO 9000 Standards

The International Organization for Standardization (ISO) is a world-
wide federation of national standards bodies (ISO member bodies) that
is headquartered in Geneva, Switzerland. The American National
Standards Institute (ANSI) is the representative organization for the
United States within the International Organization for Standard-
ization federation. The purpose of the International Organization for
Standardization is to develop internationally recognized standards to
facilitate commerce worldwide and to enhance product safety.

The work of preparing international standards is normally carried
out through ISO technical committees. Each member body or country
interested in a subject for which a technical committee has been estab-
lished has the right to be represented on the committee.
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In 1979, Technical Committee 176, Quality Assurance, was formed
and in 1985 the ISO 9000 Series of Standards was circulated in draft
form to the member bodies for approval. In 1987, following approval by
a majority of the member bodies, the ISO 9000 Series of Standards
became an international standard recognized worldwide.

Since the United States is a member of the International Organi-
zation for Standardization, the ISO 9000 series was concurrently
adopted as an ANSI standard, the Q90 Series of Standards. ISO 9000
series standards and the ANSI Q90 series are identical in content. The
ISO 9000–Q90 series consists of five standards:

ISO Series ANSI–ASQC*

ISO 9000 Q90
ISO 9001 Q91 
ISO 9002 Q92
ISO 9003 Q93
ISO 9004 Q94

*ASOC = The American Society for 
Quality Control.

The first document is ISO 9000, which is essentially an overview and
guide for the series. This standard is entitled “Quality Management
and Quality Assurance Standards—Guidelines for Selection and Use.”
This document lists the reference standards applicable to the other
standards, definitions useful for the establishment of an ISO quality
assurance system, and characteristics of quality systems and gives
generic quality assurance and control requirements regarding quality
management, quality assurance, and quality control.

The next three documents (9001, 9002, 9003) provide three levels of
generic quality system requirements that must be addressed within an
ISO 9000 quality assurance program. The most stringent, ISO 9001, enti-
tled “Quality Systems—Model for Quality Assurance in Design/
Development; Production, Installation, and Servicing,” establishes a
model or guide for the manufacturer of pressure vessels to use in estab-
lishing a quality assurance program for design and/or development of
their product. This ISO 9001 program includes 20 different quality
points. Table 12.1 lists the 20 attributes and compares the requirements
of ISO 9001 quality assurance requirements with those of ASME Code
Section III, Nuclear Quality Assurance, requirements. There are close
similarities. Note that the nuclear quality assurance program does not
list statistical process control (SPC) nor does it address service (after ser-
vice). Generally speaking, a holder of an ASME Code Section III Code
symbol stamp already has many facets of an ISO 9001 program in place.
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Many pressure vessel manufacturers in the United States are under
the impression that if they perform any design functions for pressure
vessels, then they must obtain ISO 9001 certification. This is not the
case. If a pressure vessel manufacturer is manufacturing vessels under
known, existing nationally recognized standards such as TEMA or
ASME, where the design formula and function are known and
accepted, that manufacturer may certify under the ISO 9002 model. If
the owner is designing vessels or entire systems where no known stan-
dards exist, ISO 9001 is appropriate.

The ISO 9002 model is for an organization in which design is not a
significant function in its operation; however, some design does take
place. The ISO 9002 is entitled “Quality Systems—Model for Quality
Assurance in Production and Installation.” Note that design, develop-
ment, and servicing have been deleted. This model has only 18
attributes which must be described in the quality assurance program.
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TABLE 12.1 Comparison of Quality Assurance Requirements between ISO 9001
and ASME NQA-1

ISO 9001 NQA-1 (Nuclear Quality Assurance) 
Quality System Requirements II basic requirements

4.1 Management responsibility 1.0 Organization (1S-1)
4.2 Quality system 2.0 Quality assurance program (2S-1, 2S-2, 2S-3)
4.3 Contract review Not addressed as a unique item

4.4 Design control 3.0, 5.0 Design control
4.5 Document control 5.0, 6.0 Document control

(Instructions, procedures, and drawings,
3S-1, 6S-1)

4.6 Purchasing 4.0, 7.0 Procurement document control,
4.7 Purchaser-supplied product Control of purchased items and services 

(4S-1, 7S-1)

4.8 Product identification and 8.0 Identification and control of items
traceability

4.9 Process control 9.0 Control of processes (9S-1)
4.10 Inspection and testing 10.0, 11.0 Inspection, Test control (11S-1)
4.11 Inspection, measuring, and 12.0 Control of measuring and test equipment

test equipment
4.12 Inspection and test status 14.0 Inspection, test, and operating status

4.13 Control of nonconforming 15.0 Control of nonconforming items (15S-1)
product

4.14 Corrective action 16.0 Corrective action
4.15 Handling, storage, packaging, 13.0 Handling, storage, and shipping (13S-1)

and delivery
4.16 Quality records 17.0 Quality assurance records (17S-1)
4.17 Internal quality audits 18.0 Audits (18S-1)
4.18 Training 2.0, 17.0 Suppl. 2S-1, 2S-2
4.19 Servicing Not addressed as a unique item
4.20 Statistical techniques Not addressed as a unique item



The ISO 9003 is a model for an organization primarily concerned
with final inspection or testing of a product. This standard is entitled
“Quality Systems—Model for Quality Assurance in Final Inspection
and Test.” This is the lowest level of an ISO 9000 quality assurance sys-
tem with only 12 attributes. Very few companies hold or will hold an
ISO 9003 certification.

It is important that a company must select the model, ISO 9001, ISO
9002, or ISO 9003, that is most appropriate for the product or service
they are providing. It would not make sense for a company only
engaged in final testing of products such as a weld testing laboratory to
seek certification for ISO 9001 if very few of the quality functions
required by an ISO 9001 quality system are performed by the company.

The last and final ISO 9000 standard, ISO 9004, is a guide to quality
management planning and implementation for a producer of products
or services. It attempts to specify what types of controls and informa-
tion should be provided to meet the various requirements of the partic-
ular model the company has selected. Some manufacturers may find
ISO 9004 an excellent guide for the preparation of checklists for audit-
ing ISO 9001, ISO 9002, and ISO 9003 quality assurance programs.

Assessment of the Quality Assurance
Program

As a part of establishing an ISO 9000 type quality assurance (QA) pro-
gram, the company must pass a conformity assessment by a recognized
third-party agency. This is where things get complicated. This is the
area which causes the most confusion within the industry.

In the United States, compliance with ISO 9000 is nonmandatory.
Consequently, there is currently no governmental or local jurisdic-
tional requirements for conformance. Current market forces, primarily
foreign, are dictating the need for establishing an ISO 9000 type qual-
ity assurance program. The American Society for Quality Control has
formed a subsidiary corporation called the Registrar Accreditation
Board (RAB) to accredit companies that will then register suppliers
under the appropriate Q90–ISO 9000 series standard. An accredited
company could then perform the conformity assessment and, if accept-
able, issue a Certification of Compliance.

Worldwide, the situation is decidedly different. Increasingly, nations
around the globe are adopting the ISO 9000 Series of Standards as the
acceptable model for a QA program and some have made conformity to
ISO 9000 a condition for doing business. Most prominent among these
foreign markets is the European Community. As a member of the
International Organization for Standardization, the European Com-
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munity also adopted the ISO 9000 series as a Community standard in
1987. In the European Community (EC) it is known as the EN 29000
Series of Standards. Once again, EN 29000, ISO 9000, and Q90 are
identical.

In 1957 the European Economic Community was established by the
Treaty of Rome. Its objective was to create a union of European nations
with common economic ideas and goals. Although noble in thought, in
practice it met with only limited success due to the insistence by the
member countries of retaining national standards and economic laws.
In 1979, however, the European Court of Justice ruled that one mem-
ber state could not block the import of a product sold in another mem-
ber state except for health or safety reasons. This established the
principal of mutual recognition of national regulations and industrial
standards. As a result, the necessity for developing standards and
directives to this end became apparent. Thus, the requirement in the
European community revolves around product conformance. The
European Economic Community has technical committees working to
develop industry-specific directives. These industry specific directives
describe the requirements that must be met for a particular type of
product as well as how the company may prove conformance to such
industry specific requirements. As part of the framework for this, the
company must have a quality assurance program that meets one of the
models of the ISO 9000 series discussed above.

Conformance is accomplished in accordance with options provided
for the type of product. A Large Pressure Vessel Directive is in the final
stages of approval and draft copies have been distributed to interested
parties. In Annex II (see Table 12.2) of the Large Pressure Vessel
Directive is a list of the classifications and the required ISO 9000 qual-
ity assurance modules to be used by manufacturers of different classes
of pressure vessels. For example, in the case of large pressure vessels,
the specific directive offers several choices for manufacturers to demon-
strate conformance and gives information to assist manufacturers in
the proper selection of the ISO 9000 model for establishing the quality
assurance program (see Table 12.2). For class A vessels, manufactur-
ers may wish to be assessed by a combination of modules B and F or
modules B and D or module H plus design examination. Table 12.3
details the global chart used to assist manufacturers in selecting the
correct quality assurance program for their products and companies. It
is important to note that pressure vessel manufacturers must know
their clients and products when establishing their quality systems. By
choosing modules B and F, manufacturers submit prototypes of their
finished products to a Notified Body for type examination and statisti-
cal verification. By choosing modules B and D, they undergo a quality
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assurance program assessment by a Notified Body with respect to the
requirements of ISO 9002 and also type testing by the Notified Body
(see Table 12.3). By choosing module H plus design examination, man-
ufacturers are assessed by a Notified Body with respect to the require-
ments of ISO 9001, plus the design documents for the vessel are
checked for adequacy.
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TABLE 12.2 Classification Table for Vessels for Gases, Liquefied Gases,
and Liquids Above Atmospheric Pressure Boiling Point
P � pressure; V � volume



Notified Bodies and the CE Mark

Only companies that are certified as third-party accreditation bodies
and that are registered firms within their respective countries and
within the EC may audit, certify, and register firms for application of
the CE mark. On the national level, each European country has its own
standardization organization. Regardless of which option, either prod-
uct verification or complete ISO 9000 certification, manufacturers
choose, successful assessment by a Notified Body will result in manu-
facturers being registered with that Notified Body and will allow them
to place the CE mark on their products. This mark is the European
Economic Community symbol for compliance to the directive of that
particular product. Each member state establishes recognized Notified
Bodies. Mutual recognition of each members’ Notified Body is manda-
tory. It is important to realize that Notified Bodies can only exist
within a member state of the European Community. It is also impor-
tant to verify when selecting a Notified Body that it is a recognized
agency for the type of product being manufactured. Not all Notified
Bodies are qualified to certify pressure vessels. There is currently no
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provision for mutual recognition of Notified Bodies outside of the EC.
Consequently, assessment by an agency outside the European
Community will not guarantee that a Certificate of Compliance will be
recognized by a member state. Once again, this is still market-driven.
If a customer within the European Community will accept a pressure
vessel built to the ASME Code, there is no requirement that manufac-
turers meet the requirements of the European directive. Compliance to
the directive would, however, guarantee universal acceptance of the
product throughout the EC.

As a direct result of the EC 1992 initiative, and the increasing accep-
tance of ISO 9000 as an internationally recognized model for a quality
assurance system, the ASME has indicated a need to evaluate ISO
9000 criteria with the possibility of bringing ASME’s quality control
requirements closer to those of ISO 9000.
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