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Countries accepting ASME Code

Countries accepting ASME Code Construction and Requirement
Boilers and Pressure Vessels

Albania*
Algeria
Argentina
Australia
Austria”™
Bahamas
Bahrain
Bangladesh
Barbados
Belarus *
Belgium =
Bermuda
Belivia
Boshia and Herzegovina ™
Brazil
Burma {(Myanmar) *
Canada
Chile
China*
Colombia
Costa Rica
Croatia ™
Cuba
Cyprus
Danmark ”*
Djibouti
Dominican Republic

Ecuador
T Subjectto approval of
lozal authority

- Egypt
*Estonia

Ethiopia
*Finland
Fiji
*France
Gambia
= Georgia
* Germany
Ghana
* Greece
*Hong konhg
*Hungary
*lceland
*India
Indonesia
*Irag
*Ilreland
Israel
* Italy
Ivory Coast
Jamaica
*Japan
Jordan
Kazakhstan
*Kenya
Korea
Kuwait

Countries

Source: Technical help to Exporters,

Latvia

British Standard Inst. (June 2009

Lebanon
Libya

Lithuania *

Luxembourg®

Ml awvi
Malaysia
Malta *
Mauritius *
Mexico
Moldowa *
Morocco

Mozambique

Nethetands *

New Zealand

Nicaragua =
Nigeria ™
Norway

Oman*
Pakistan
Paraguay *
Peru
Philippines
Poland *
Portugal
Puerto Rico™
Quatar*®
Romania
SaintLucia ™

Saudi Arabia

* Serbia
Singapore
South Africa
* Spain
SH Lanka
Sudan
Swaziland
* Sweden
* SwitzeHand
Syra
Tamvah
Tanzania
Thailand
The Russian Federation
Trnnidad and Tobago
* Tunisia
= Turkey
* United Arab Emirates
United Kingdom
“Uganda
Uruguay
USA
Venezuela
Yemen
Yugoslavia
Zambia
Zimbabwe
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SECTIONS
Rules for Construction of Power Boilers

I

11

11

Vil

VI1II

XI1

Materials

Part A — Ferrous Material Specifications

Part B — Nonferrous Material Specifications

Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
Part D — Properties (Customary)

Part D — Properties (Metric)

Rules for Construction of Nuclear Facility Components

Subsection NCA — General Requirements for Division 1 and Division 2
Appendices

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

— Subsection NG — Core Support Structures

— Subsection NH — Class 1 Components in Elevated Temperature Service’
Division 2 — Code for Concrete Containments

Division 3 — Containments for Transportation and Storage of Spent Nuclear Fuel and High Level Radioactive

Material and Waste
Division 5 — High Temperature Reactors

Rules for Construction of Heating Boilers

Nondestructive Examination

Recommended Rules for the Care and Operation of Heatng Boilers

Recommended Guidelines for the Care of Power Boilers

Rules for Construction of Pressure Vessels

Division 1
Division 2 — Alternative Rules
Division 3 — Alternative Rules for Construction of High Pressure Vessels

Welding, Brazing, and Fusing Qualifications

Rules for Inservice Inspection of Nuclear Power Plant Components

Rules for Construction and Continued Service of Transport Tanks
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®» B31.1 Power Piping
®» B31.3 Process Piping

®» B31.4 Transportation Systems for Liquids and
Slurries

®» B31.5 Refrigeration Piping

®» B31.8 Gas Transmission and Distribution Piping
Systems

=» B13.9 Building Services Piping
®» B31.11 Slurry Transportation Piping Systems
= B31.12 Hydrogen Piping and Pipelines
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Standard for the Seismic Design & Retrofit of
Above-Ground Piping Systems

Manual for Determining the Remaining
Strength of Corroded Pipelines

Standard Test Method for Determining Stress

Intensification Factor (i-Factor) for Metallic
Piping Component

Pipeline Personnel Qualification
Standard Toughness Requirement for Piping
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ASME Code Scope

Construction Codes Sections Adress:

Manufacturer‘s Authorization
Materials,

Design,

Fabrication,

Examination,

Inspection,

Testing,

Certification,

d Assembly, Installation

J Pressure Relief.

Not adressed:
Inservice Inspection, Repairs, Alterations
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ASME B 31.3 Contents

Chapter | Scope and Definitions
[ Design
Conditions and criteria
Pressure design of piping components
~luid Service Requirements
—lexibility and Support Systems

1 Materials

IV Standards for Piping Components
V Fabrication, Assembly, Erection

VI Examination, Inspection and Testing

VIl Nonmetallic Piping

VIl  Piping for Category M Fluid Service
X High Pressure Piping

X High Purity Piping

Appendices




TABLE 300.4
STATUS OF APPENDICES IN B31.3

Appendix Title Status
A Stress Tables for Metallic Piping and Bolting Materials Requirements
B Stress Tables and Allowable Pressure Tables for Nonmetals Requirements
C Physical Properties of Piping Materials Requirements (1)
D Flexibility and Stress Intensification Factors Requirements (1)
E Reference Standards Requirements
F Precautionary Considerations Guidance (2)
G Safeguarding Guidance (2)
H Sample Calculations for Branch Reinforcement Guidance
J Nomenclature Information
K Aliowable Stress for High Pressure Piping Requirements (3)
L Aluminum Alloy Pipe Flanges Specification (5)
M Guide to Classifying Fluid Services Guidance (2)
Q Quality System Program Guidance (2)
Vv Allowable Variations in Elevated Temperature Service Guidance (2)
X Metallic Bellows Expansion Joints Requirements
Z Preparation of Technical Inquiries Requirements (4)
NOTES:
(1) Contains default requirements, to be used unless more directly applicable data are available.

(2)
(3)
(4)
(5)

Contains no requirements but Code user is responsible for considering applicable items.

Contains requirements applicable only when use of Chapter IX is specified.

Contains administrative requirements.
Contains pressure-temperature ratings, materials, dimensions, and markings of forged aluminum alloy

flanges.




olod Jolw 3,l05tw! ] 43 Construction célw 2519
S bl cua dle i ‘6)&051 (83 5
Cowl ... 9 )lS O‘,{b GS),M 9 ‘)L.C:.é MLO}, cgjﬁu)a’i.é



abaYo olod .l B yludl sl & ke B31.3 3,l0itiw! U

Sbd Ak Wi (Jw b 500 punndd jdii 3,llw] gl

9 3y Cuns jl Cilon Sl (g clme T pSTas 2k
Nl 0w & sk wilgy ol 5l 0y

st SB yiid g Jlw 33 sne Juol 93 5 B313 ,lwibiw! O
! ylgian] i &lg)



3yl Bux
300 GENERAL STATEMENTS

(c) Intent of the Code
(1) 1t is the intent of this Code to set forth engi-

neering requirements deemed necessary for

safe design

and construction of piping installations.

(2) This Code is

not intended to apply to

the opera-

tion, examination, inspection, testing, maintenance, or
repair of piping that has been placed in service. The

provisions of this Code may optionally be applied for
those purposes, although other considerations may also

be necessary.
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ASME B 31.3 300.1 Scope

SCOPE: piping for all fluids within the property lines of facilities
for chemicals and petroleum Main aspect: Product

transportation

EXcept: « pon toxic fluids at 0 ... 15 psig and -20°F ... 366°F
 boiler external piping
 boiler proper, pressure vessels
e piping according to B 31.4, B 31.8, B 31.11
e plumbing
o fire protection systems
Definitions: 3002




3011 7k claids

The Designer is the person(s) in charge of the engineering design of a piping
system and shall be experienced in the use of this Code.

The qualifications and experience required of the Designer will depend on the
complexity and criticality of the system and the nature of the individual's
experience. The owner's approval is required if the individual does not meet at
least one of the following criteria.

(a) Completion of an engineering degree, requiring 4 or more years of full-time
study, plus a minimum of 5 years experience in the design of related
pressure piping.

(b) Professional Engineering registration, recognized by the local jurisdiction,
and experience in the design of related pressure piping.

(c) Completion of an engineering associates degree, requiring at least 2 years
of full-time study, plus a minimum of 10 years experience in the design of
related pressure piping.

(d) 15 years experience in the design of related pressure piping. Experience in
the design of related pressure piping is satisfied by piping design experience
that includes design calculations for pressure, sustained and occasional
loads, and piping flexibility.
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FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

305 PIPE

Pipe includes components designated as “tube” or
“tubing” in the material specification, when intended
for pressure service.

305.1 General

Listed pipe may be used in Normal Fluid Service
except as stated in paras. 305.2.1 and 305.2.2. Unlisted
pipe may be used only as provided in para. 302.2.3.

305.2 Specific Requirements

305.2.1 Pipe for Category D Fluid Service. The fol-
lowing carbon steel pipe may be used only for
Category D Fluid Service:

API 5L, Furnace Butt-Welded

ASTM A53, Type F

ASTM A134 made from other than ASTM A285
plate

305.2.2 Pipe Requiring Safeguarding. When used
for other than Category D Fluid Service, the following
carbon steel pipe shall be safeguarded:

ASTM A134 made from ASTM AZ285 plate
ASTM A139
305.2.3 Pipe for Severe Cyclic Conditions
(a) Exceptas limited in subparas. (b) through (d), only
the following pipe may be used under severe cyclic
conditions:

) XKW 4\3&3;

(1) pipe listed in Table A-1A, where E. > 0.90,” or
(2) pipe listed in Table A-1B, where E; = 0.907
(b) For API 5L pipe, only the following materials may
be used:
Grade A or B, seamless
Grade A or B, SAW, str. seam, E; = 0.95
Grade X42, seamless
Grade X46, seamless
Grade X52, seamless
Grade X56, seamless
Grade X60, seamless

(c) For copper pipe, only ASTM B42 may be used.

(d) For copper alloy pipe, only ASTM B466 may be
used.

(e) For aluminum alloy pipe, only ASTM B210 and
B241, both in tempers O and H112, may be used.

305.2.4 Elevated Temperature Fluid Service. In
Elevated Temperature Fluid Service, all longitudinal or
spiral (helical seam) welds in P-No. 4 or P-No. 5 materi-
als shall be examined by 100% radiography or 100%
ultrasonic examination. Acceptance criteria are as stated
in para. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service, unless otherwise specified.
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A302.1 General

The designer shall be satisfied as to the adequacy
nonmetallic material and its manufacture, considering
at least the following:

(a) tensile, compressive, flexural, and shear strength,
and modulus of elasticity, at design temperature (long
termm and short term)

(b) creep rate at design conditions

(c) design stress and its basis

(d) ductility and plasticity

(e) impact and thermal shock properties

(f) temperature limits

(g) transition temperature — melting and
vaporization

(h1) porosity and permeability

(1) testing methods

(7) methods of making joints and their efficiency

(k) possibility of deterioration in service
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B 31.3FIG. M300 GUIDE TO CLASSIFYING FLUID SERVICES

Col. 1

Fluid Service to

Col. 2

High Pressure Fluid Servica

be classified

Review the criteria in

A

designated by owner? See
paras. 300(e} and K300{a).

Yas
Y
Is the fluid

Yas

Col. 3. Do the condi-

tions for Category M
Fluid Service apply?
See para. K300.1.4.

Yes

Y

toxic?

No
\

Design and construct
per Chapter IX rules
for High Prassure
Fluid Service.

The Code makes no
provision for this Fluid Ser-
vice; see para. K300.1.4.

A

Can occurrence of severe
cyclic conditions’ be

Fig. M300 Guide to Classifying Fluid Services

Col.3 Col. 4 Col.5
No _ Is the fluid No | Isthe fluid flammable? No « | Canexposure to tha fluid,
”~ toxic? See definition in para. %) caused by leakage, be
1 300.2. damaging to human tissues,
Yes as defined in para. 300.2?
Yas
Can a single exposure, caused by
leakage, to a very small quantity Y Yes Y
of the fluid, produce serious No = i No
irreversible harm as defined under £ Y
Category M Fluid Servica? -
{See fluid servica, para. 300.2.) Y No Is the dasign gag_e pres§ure 1,035 kPa
- (150 psi) or less, with design temperature
Yos not greater than 186°C (366°F) inclusive?
Y *Yes
Considering experience, service Y Yes Is the fluid temperature, caused by anything
conditions, and lecation involved, e other than atmaospheric conditions, less than -29°C {-20'F)?
will design per Base Code or Yes -
Chapter VIl sufficiently protect 5 No
persconnel from axposure to very Y Y

small quantities of the fluid in
the environment?

No

Y

prevented by design?
Sea para. M300{e).

Yes

f

Category M Fluid Service, subject
to the owner’'s designation.
See para. 300{d)(4).

Base Code (Chaps. I-VI) applies to
metallic piping:; Chapter VII
applies to nonmetallic and

nenmetallic-lined piping. Chapter X

applies to High-Purity Fluid Service.

Base Code (Chaps. I-VI) applies to
metallic piping; Chapter VII
applies to nonmetallic and

nonmetallic-lined piping. Chapter X
applies to High-Purity Fluid Servica.

X

Design and construct per Code
rules for Normal Fluid Service and
High-Purity Fluid Service, subject

ta tha nuunnars Ancinnatinn

to the owner’s designation.
See paras. 300(d}(7) and U300(c}.

No | Category D Fluid Service

Y

A

Y

designated by the owner?

Yes

Y

Design and construct per Chapter VI

If occurrence of severe cyclic conditions’ cannot be prevented

GENERAL NOTES:

rules for Category M Fluid Service and
Chapter X for High-Purity Fluid Service,
subject to the owner’s designation.

See paras. 300{(dN{7} and U300{c).

by design, then
(a) for metallic piping, special requirements must be met.
(b) for nonmetallic and nonmetallic-lined piping, the Code makes

no provision for such service. See para. A200(e).

Piping elements limited
to Category D Fluid
Service may be used.
See para. 300{d)(5).

(a) See paras. 300(b)(1), 300(d)(4) and (5), and 300(e) for decisions the owner must make. Other decisions are the designer’'s responsibility; see para. 300(b)(2).
(b) The term “fluid service™ is defined in para. 300.2.

NOTE:

(1) Severe cyclic conditions are defined in para. 300.2. Requirements are found in Chapter Il, Parts 3 and 4, and in paras. 323.4.2 and 241.4.3.




ASME B31.3 02 PIpINg g o b Sl

ol B (g Al wlwl 93w PIPING 3 )lustiw! p]

Jw U
D &y Juwd
(VU Jad) gole Juw U
AN I)M g5 Jlww U
(¥+Y.¥.0 Jous) Elevated Temperature Fluid Service U
(Y+ Jad ) High Purity Fluid Service 4
SWwa U
(K300 iz) (4 b ) Wl Jd oS g s D
Sever Cyclic Conditions wglse s, b cow oS dg) o U
(YoV.Y.0 u0)
o2l 72 U3y Culghme 15k g Sl bo 5,5 suge 4y Jlow 98 S5l S ghonne

S Jaad bl ity g pobejl il alhb gla ol g dlge £o5 ¢ il
VWL ) LRI KT Vv



Fluid Service

fluid service: a general term concerning the application
of a piping system, considering the combination of fluid
properties, operating conditions, and other factors that
establish the basis for design of the piping system. See
Appendix M.

(a) Category D Fluid Service; a fluid service in which
all of the following apply:

(1) the fluid handled is nonflammable, nontoxic,
and not damaging to human tissues as defined in
para. 300.2

(2) the design gage pressure does not exceed
1035 kPa (150 psi)

(3) the design temperature is not greater than 186°C
(366°F)

(4) the fluid temperature caused by anything other
than atmospheric conditions is not less than -29°C
(-20°F)

(b) Category M Fluid Service:| a fluid service in which
both of the following apply:

(1) the fluid is so highly toxic that a single exposure
to a very small quantity of the fluid, caused by leakage,
can produce serious irreversible harm to persons on
breathing or bodily contact, even when prompt restor-
ative measures are taken

(2) after consideration of piping design, experience,
service conditions, and location, the owner determines
that the requirements for Normal Fluid Service do not
sufficiently provide the leak tightness required to protect
personnel from exposure
(c) Elevated Temperature Fluid Service: a fluid service
in which the piping metal temperature is sustained
equal to or greater than T, as defined in Table 302.3.5,
General Note (b).

(d) High Pressure Fluid Service:|a fluid service for
which the owner specifies the use of |Chapter IX|for
piping design and construction; see also para. K300.

(e) High Purity Fluid Service:| a fluid service that
requires alternative methods of fabrication, inspection,
examination, and testing not covered elsewhere in the
Code, with the intent to produce a controlled level of
cleanness. The term thus applies to piping systems
defined for other purposes as high purity, ultra high
purity, hygienic, or aseptic.

(f) Normal Fluid Service:|a fluid service pertaining to
most piping covered by this Code, i.e., not subject to
the rules for Category D, Category M, Elevated
Temperature, High Pressure, or High Purity Fluid
Service.




Fluid Service

severe cyclic conditions: conditions applying to specific
piping components or joints in which Sy computed in
accordance with para. 319.4.4 exceeds 0.854 (as defined
in para. 302.3.5), and the equivalent number of cycles
(N in para. 302.3.5) exceeds 7000; or other conditions
that the designer determines will produce an equivalent
effect.



ASME B 31.3 Fluid Services

Appendix M:

Category D fluid service:

Nontoxic, non flammable , not dangerous , designated by owner — design pressure
f <150psig.

Normal fluid service

}

Category M fluid service:

Toxic fluids, even at single exposure of small guantities, non protected personal,

designated by owner

High pressure fluid service:
over Class 2500, designated by owner alternative rules in chapter X

Severe Cyclic Conditions:
Piping over 7000 Cycles and significant displacement stress
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ASME B 31.3 chapter |
Responsibilities (§ 300)

Owner: Overall responsibilities for Code compliance and
establishment of (supplementary) requirements cover
Jurisdictional requirements

Designer: Responsible for compliance of engineering design
with Code / additional requirements Qualification as
per 301.1

Manufacturer: Responsibility for material, components
workmanship according to design and code

Owner's Inspector: Ensure that inspection, examination, and

testing requirements are met.
Qualification as per 340.4




B 31.3 Chapter Il: Design

Design Criteria (302)

Piping Components with Specific Ratings (Table 326.1)
Pressure according to the rating at the operating
temperature or according to the provisions of B 31.3

Without Specific Rating:
Considered as seamless pipe corresponding to the
schedule or class

Variations above the ratings or Appendix A Stress Values

allowed by: (302.2.4)
33% for no more than 10 hr at any one time, and no more

than 100 hr/yr.
20% for no more than 50 hr at any one time, and no more

than 500 hr/yr
Subject to the Owner*s approval.




B 31.3 Chapter Il Design

301.2 Design Pressure: Most servere conditions expected in service
301.3 Design Temperature
301.4 Ambient Influences to be considered:
-cooling effects on pressure (vacuum(
-fluid expansion effects
-atmospheric icing
-low ambient temp
301.5 Dynamic Effects: - Impact - external or internal
-wind
-earth quake
-vibration
301.6 Weight Effects: Live, dead, test and cleaning fluid loads
(incl. snow & ice)
301.7 Thermal Expansion and Contraction Effects
301.10 Cyclic Effects
301.11 Air Compensating Effects




B 31.3 Pressure Design of Components

304.1 Straight Pipe
Internal Pressure
External Pressure (Section VII1-1 UG-28ff)
304.2 Curved Segments of Pipe
304.3 Branch Connections Reinforcement Calculation
304.4 Closures
304.5 Flanges and Blanks
304.6 Reducers (Reference Stds)
304.7 Other Components listed Table 326.1

Nonlisted - Calcs or proof test UG-101
Expansion Joints - App. X
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304.1.2 Straight Pipe Under Internal Pressure

(a) For t <D /6, the internal pressure design thickness
for straight pipe shall be not less than that calculated
in accordance with either eq. (3a) or eq. (3b)

PD
= 2(SEW + PY) 2)
o P(d + 2c) (3b)

2[SEW — P(1 — Y)]

(b) For t = D/6 or for P/SE > 0.385, calculation of
pressure design thickness for straight pipe requires spe-
cial consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.



1 LS Cod o (S dg) 43 5,lus Cwolbus dwwlbw
Wall thickness (t)

PD

[ = e
2(SE + Py)

For t > D/6, or for P/SE > 0.385, calculations of pressure design thickness for
straight pipe requires special consideration of factors such as theory of failure,

effects of fatigue, and thermal stress. t,=t+c

t,, = Minimum required thickness t = Pressure design thickness

¢ = Sum of allowances P = Internal design gage pressure
D = Qutside diameter of pipe Y = Coefficient from Table 304.1.1
SE = Stress value incl. Quality factor from Table A



Table 302.3.4

Longitudinal Weld Joint Quality Factor, E;

Type of Factor,
No. Type of jJoint Seam Examination &,
1 Furnace butt weld, Straight As required by 0.60
continuous weld é% listed specification [Note (1))
2 Electric resistance Straight or As required by 0.85
weld A spiral listed specification [Note (1))
(helical seam)
3 Electric fusion weld
(a) Single butt weld Straight or As required by 0.80
spiral listed specification
(helical seam) or this Code
(with or without filler Additionally spot 0.90
metal) radiographed in
accordance with
para. 341.5.1
Additionally 100% 1.00
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2
(b) Double butt weld Straight or spiral As required by 0.85
(helical seam) listed specification
[except as or this Code
provided Iin 4
below]
(with or without filler Additionally spot 0.90
metal) radiographed In
accordance with
para. 341.5.1
Additionally 100% 1.00
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2
4 Specific specification
APl S5L Submerged arc weld (SAW) Straight with As required by 0.95
one or two specification
Gas metal arc weld (GMAW) seams
Additionally 100% 1.00
Combined GMAW, SAW Spiral (helical seam) radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2
NOTE:
(1) It is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.
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304.2Curved and Mitered Segments of Pipe

Fig. 304.2.1 Nomenclature for Pipe Bends Fig. 304.2.3 Nomenclature for Miter Bends

4(R,/D) - 1

I'=3®,/D =2 ©

(inside bend radius)

MBI 9 e (3
| 2[(SEW/I) + PY]

(outside bend radius)




304.3 Branch Connections

Fig. 304.3.3 Branch Connection Nomenclature

Limits of

0 —
o
| Nominal thickness T‘ ?b

of construction, léor typical weld details, see Fig. 328.5.4D and Fig. 328.5.4F

. t
reinforcement
zone !"‘ Mill tolerance ‘7
T $
Reinforcement ) Branch pipe Branch pipe - \ Reinforcement
! adaia 85 or nozzle / or nozzle \ \ areas
\ N \‘\ S ‘\\'\\
L A \ ' VAVAN A
Thickness, measured ? - 5§ { TN 3 i
> ‘ Multiply this area by AN
or minimum per purchase 4 . Bl ok FH VAN T W
specification it m 'x i .\ N 3 g RN e ‘\ <l| z0ne
Tr l 1III .' i 3 required area \ iy
il i '| ; o n‘lul.\ ;“u\| ‘“.
t / A g 2 4 ; A, y
_I ! hL f / / | Y / ‘/////// //
0 Wi + 77
I “ - -J { L
[~ . | ]
Mill tolerance / L { J i
A o d '
Nominal Run pipe Yy F ! 7 " A Run pipe J
Dh thickness d? e d2 -
L\p
|
B - = t Pipe _ = _% \‘ - - - - -

GENERAL NOTE: This Figure illustrates the nomenclature of para, 304.3.3. It does not indicate complete welding details or a preferred method

Limits of
reinforcement
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Fig. 319.4.4A Moments in Bends
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Block Flow Diagram ( BFD) au&s
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Site Design Conditions
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Process Flow Diagram (PFD) 4.
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Process Flow Diagram (PFD) 4.
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Piping & Instrument Diagram 4«
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Piping Stress Analysis Specifications
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Emergency Shutdown Logic Diagram (ESD)
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Piping Material specification (PMS)
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Piping Plan or Piping Layout
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