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Table 300.4 Status of Appendices in B31.3
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Appendix

Status

A
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Allowable Stresses and Quality Factors for Metallic Piping and

Bolting Matenrials

Stress Tables and Allowable Pressure Tables for Nonmetals
Physical Properties of Piping Materials
Flexibility and Stress Intensification Factors

Reference Standards
Precautionary Considerations

Safeguarding

Sample Calculations for Branch Reinforcement

Nomenclature

Allowable Stresses for High Pressure Piping
Aluminum Alloy Pipe Flanges

Guide to Classifying Fluid Services
Application of ASME B31.3 Internationally

Quality System Program

Piping System Stress Analysis Examples

Allowable Variations in Elevated Temperature Service
Metallic Bellows Expansion |oints

Preparation of Technical Inquiries

Requirements

Requirements
Requirements (1)
Requirements (1)

Requirements
Guidance (2)
Guidance (2)
Guidance

Information
Requirements (3)
Specification (4)
Guidance (2)
Guidance (2)

Guidance (2)
Guidance (2)
Guidance (2)
Requirements
Requirements (5)

NOTES:

(1) Contains default requirements, to be used unless more directly applicable data are available.
(2) Contains no requirements but Code user is responsible for considering applicable items.

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

(4) Contains pressure-temperature ratings, materials, dimensions, and markings of forged aluminum
alloy flanges.

(5) Contains administrative requirements.
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Designer with the Code

= Design complies with Code v Owner's I nspector
® Assure that the Code

requirements for inspection,
examination and testing are
met (TIE)
1 i l ® Full access to all piping
work
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PROJECT AND
ENGINEERING DIVISION | MOC No:

Date:
MOC
PETRONAS REQUEST FORM
PART 1: INITIATION OF CHANGE

Title
Initiator

Position
Supervisor

Position

Date initiated

Brief description of change (What?)

Reasons of need for change (Why?)

PART 2: DEFINE (MOC Initiator to fill up)




PROJECT AND

ENGINEERING DIVISION | MOC No:
MOC Date:
PETRONAS REQUEST FORM
PROJECT STAGE

[]

FEL 2

FEL 3

- L []

Detailed
Design

Fabrication/
Construction

Installation

L1 O []

HUC Drilling Decommissioning

TYPES OF CHANGE

I:I ENGINEERING

I:I Equipment/Hardware

I:IApproved Design

. DEVIATION FROM:

Chemical/Hazardous material

I:I ORGANISATION

I:I Others, Please Specify:

. Permanent I:I Temporary
I:I Emergency . Urgent

Duration:

Priority:

. PTS

Other Adopted Code and Standard

I:I PROCEDURAL

I:I Contract Requirement
I:ICSP/FSP

Approved Plans/
Procedures

For temporary change, estimate completion date: I:I

I:I Normal

PART 3: RISK ASSESSMENT (MOC Initiator to fill up after been reviewed and discussed with PMT)

After Change After Change
CBrggree without with Description of Change Impact
g Mitigation Mitigation
HSE MEDIUM MEDIUM MEDIUM
Quality LOW LOW LOW
Schedule MEDIUM LOW LOW

*see risk matrix

Mitigation Plan (E.g.: Risk assessment tool):

PART 4: MOC PLAN (MOC Initiator to fill up after been reviewed and discussed)




PETRONAS

PROJECT AND
ENGINEERING DIVISION

MOC

REQUEST FORM

MOC No:

Date:

List of MOC actions:

NIL

Attached MOC Plan:

Cost Associated with Change

Value

I:I YES
I:I YES

NIL

.NO
e

PART 5: TECHNICAL APPROVAL (MOC Initiator to fill up and seek approval from respective AA through MOC Coordinator)

Approval of proposed change

POSITION

INITIATOR

2 (IMMEDIATE
SUPERVISOR (to
define)

REVIEW |APPROVE

3 |HSE TECHNICAL
AUTHORITY

TECHNICAL
AUTHORITY (specify
discipline)

5 |Mocc

Project Head

7 |PROJECT MANAGER/
CSR
(low to moderate)

8 |GM (High & very high
risk and deviation from
PTS/CSP/FSP)

DESIGNATION

NAME

SIGNATURE

DATE

Note: Check budget & follow Governance Process should the change incur additional cost.




PROJECT AND
ENGINEERING DIVISION | MOC No:

MOC Date:

PETRONAS

REQUEST FORM

PART 6: IMPLEMENT CHANGE (MOC Coordinator to fill up)

Actual implementation start date: I:l Actual completion date: I:l

Review and update documents to accommodate the change :

Document Title Date Updated

PART 7: CLOSE OUT (MOC Coordinator to fill up)

Lessons learned

1.

2

3.

4
Capture Lessons Learned in Project Lesson Learnt (PLL) I:I YES I:I NO
CHANGE DOCUMENTATION
Change registered into MOC Register I:I YES I:I NO

Verification of Completion and Documentation

Name: Signature:

Date:
( MOC Coordinator)
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ASME B31.3 Process Piping Design

S optional External piplag ean be buillt

to B3L1 or BIL3 Check
S tha rudes of vour jurisdiction

Tubes

Internal

Crossovers Boiler Proper Vessels
Hear exchangers

r— Alr-coolers
5__ Internal piping
; Nogzles
Healrs Packaged Equipment
Legend

Cher Equipment

Piping within the scope of B31.3
Pipitng outside the scope of B33

Other B31's

B31.1 - Power Piping (Boiler) B31.2 - Fuel Gas Piping
B31.4 — Pipeline Systems for Liguids B31.5 — Refrigeration Piping
B31.8 - Pipeline Systems for Gases B31.9 - Building Services
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ASME B31.3 FLUID SERVICE WORKSHOP
For the fluid services described, what B31.3 fluid service
definition is most nearly applicable?

B31.3
Fluid Service Fluid
Service

Steam condensate piping NPS % - 8. Downstream
of an atmospheric flash tank, so maximum
temperature is 212°F (100°C). Maximum pressure
is 90 psig (B bar).

Dry chlorine liquid, NPS % - 4. Chlorine rail car to
vaporizer. Relief pressure is 710 psig (49 bar) and
temperatures range from -29°F to 140°F (-34°C to
80°C). Some studies indicate that there may be
some human fatalities resulting from a 30-min
exposure to 50 ppm and higher concentrations.

96% sulfuric acid, NPS % - 4. Type 318 stainless
steel is required for line velocities greater than 3
ft/sec (1 m/sec), otherwise carbon steel is
acceptable. Fluoropolymer lined steel is
acceptable. Temperature is ambient, maximum
pressure is 120 psig (8 bar).

Gasoline, NPS 5 - 8. Temperature is ambient,
max. pressure is 60 psig (4 bar).

650 psig (45 bar) steam superheated to 735°F
(390°C), NPS % - 18. Relief pressure is 725 psig
(50 bar).

Therminol 66 heat transfer oil, NPS 32 - 6. Max.
temperature is 560°F (285°C), max. pressure is
120 psig (8 bar).

Styrene monomer, NPS % - 12. Ambient
temperature, max. pressure is 105 psig (7 bar).
Flammable. Polymerizes when left stagnant at
ambient temperature for long periods of time.
Lime/water slurry, NPS % to 4. Ambient
temperature, maximum pressure is 140 psig (9.5
bar).
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Assumed Metal Temperature  Component

05% of fluid temperature Components having a wall thick-
ness comparable to pipe, such
as valves, pipe, lapped ends,
and welding fittings

90% of fluid temperature Flanges (except lap joint),
including those that are on
fittings and valves

85% of fluid temperature Lap joint flanges

80% of fluid temperature Bolting
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APPENDIX F
PRECAUTIONARY CONSIDERATIONS

F300 GENERAL

This Appendix provides guidance in the form of pre-
cautionary considerations relating to particular fluid
services and piping applications. These are not Code
requirements but should be taken into account as appli-
cable in the engineering design. Further information on
these subjects can be found in the literature.

F301 DESIGN CONDITIONS

Selection of pressures, temperatures, forces, and other
conditions that may apply to the design of piping can
be influenced by unusual requirements that should be
considered when applicable. These include but are not
limited to the following.

F301.4 Ambient Effects

Where fluids can be trapped (e.g., in double seated
valves) and subjected to heating and consequent expan-
sion, means of pressure relief should be considered to
avoid excessive pressure buildup.

F301.5 Dynamic Effects

geysering: an effect that can oocur in piping handling
fluids at or near their beiling temperatures under condi-
Hons when rapid evolution of vapor within the piping
causes rapid expulsion of liquid. In such cases, a pres-
sure surge can be generated that may be destructive to
the piping,. (Geysering usually is associated with vertical
pipelines but may occur in inclined lines under certain
conditions.)

F301.7 Thermal Expansion and Contraction Effects

bowing during cooldomm: an effect that can occur, usually
in horizontal piping, on introduction of a fluid at or near
its boiling temperature and at a flow rate that allows
stratified two-phase flow, causing large circumferential
temperature gradients and possibly unacceptable
stresses at anchors, suppornts, guides, and within pipe
walls. (Two-phase flow can also generate excessive pres-
sure oscillations and surges that may damage the

piping.)
F301.10 Cyclic Effects

F301.10.1 Pressure Cycling. The rules in
pard. K348 may be considered where fatigue due to
pressure cycling is a concermn.

F301.10.2 Thermal Fatigue at Mixing Points.
Consideration should be given to the potential for ther-
mal fatigue on surfaces exposed to the fluid when
mixing fluids of different temperatures (e.g., cold drop-
lets impinging on the pipe wall of a hot gas stream).

F301.11 Condensation Effects

Where there is a possibility of condensation occurring
inside gaseous fuid piping, means should be considerad
to provide drainage from low areas to aveid damage
from water hammer or corrosion

F304 PRESSURE DESIGN

F304.7 Pressure Design of Other Metallic
Com ponents

F304.7.4 Expansion Joints. The following are spe-
cific considerations to be evaluated by the designer
when specifving expansion joint requirements, in addi-
tion to the guidelines given in EIMA Standards:

{a) susceptibility to stress corrosion cracking of the
materials of construction, considering specific alloy con-
tent, method of manufacture, and final heat treated
condition.

(b} consideration of not only the properties of the
flowing medium but also the environment external to
the expansicn jeint and the possibility of condensation
or ice formation due to the operation of the bellows at
a reduced temperature,

() consideration of specifying a minimum bellows
or ply thickness. The designer is cautioned that requiring
excessive bellows thickness may reduce the fatigue life
of the expansion joint and increase end reactions.

{d} accessibility of the expansion joint for mainte-
nance and inspection.

ie) need for leak tightness criteria for mechanical seals
on slip type joints.

ifl specification of installation procedures and ship-
ping or preset bars so that the expansion joint will not
be extended, compressed, or offset to compensate for
improper alipnment of piping, other than the intentional
offset specified by the piping designer.

(g! need to request data from the expansion joint man-
ufacturer, including

(1) effective thrust area
(2} lateral, axial, and rotational stiffness (spring
constant)
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Acceptance Criterion
Pressure | Sustained | Displacement
ASME B31.3 Load Requirements Design Load Load
301.4.1 Cooling: Effects on Pressure. The cooling of a gas or
vapor in a piping system may reduce the pressure sufficiently to
create an internal vacuum. In such a case, the piping shall be
capable of withstanding the external pressure at the lower
temperature, or provision shall be made to break the vacuum.
301.4.2 Fluid Expansion Effects. Provision shall be made in
the design either to withstand or to relieve increased pressure
caused by the heating of static fluid in a piping component. See
also para. 322.6.3(b)(2).
301.4.3 Atmospheric Icing. Where the design minimum
temperature of a piping system is below 0°C
(32°F), the possibility of moisture condensation and buildup of
ice shall be considered and provisions made in the design to
avoid resultant malfunctions. This applies to surfaces of moving
parts of shutoff valves, control valves, pressure relief devices
including discharge piping, and other components.
301.4.4 Low Ambient Temperature. Consideration shall be
given to low ambient temperature conditions for displacement
| stress analysis.
1.301.5.1 Impact. Impact forces caused by external or internal
conditions (including changes in flow rate, hydraulic shock,
liquid or solid slugging, flashing, and geysering) shall be taken
into account in the desian of piping.
301.5.2 Wind. The effect of wind loading shall be taken into
account in the design of exposed piping. The method of
analysis may be as described in ASCE 7, Minimum Design
Loads for Buildings and Other Structures.
301.5.3 Earthquake. The effect of earthquake loading shall be
taken into account in the design of piping. The method of
analysis may be as described in ASCE 7. )
301.5.4 Vibration. Piping shall be designed, arranged, and
supported so as to eliminate excessive and harmful effects of
vibration which may arise from such sources as impact,
pressure pulsation, turbulent flow vortices, resonance in
. compressors, and wind. R
301.5.5 Discharge Reactions. Piping shall be designed,
arranged, and supported so as to withstand reaction forces due
| to let-down or discharge of fluids.
301.6.1 Live Loads. These loads include the weight of the
medium transported or the medium used for test. Snow and ice
loads due fo both environmental and operating conditions shall
be considered. {
301.6.2 Dead Loads. These loads consist of the weight of
piping components, insulation, and other superimposed
permanent loads supported by the piping. "
301.7.1 Thermal Loads Due to Restraints. These loads
consist of thrusts and moments which arise when free thermal
expansion and contraction of the piping are prevented by
_resfraints or anchors.




Acceptance Criterion

ASME B31.3 Load Requirements

Pressure
Design

Sustained
Load

Displacement
Load

301.7.2 Loads Due to Temperature Gradients. These loads
arise from stresses in pipe walls resulting from large rapid
temperature changes or from unequal temperature distribution
as may result from a high heat flux through a comparatively
thick pipe or stratified two phase flow causing bowing of the
line.

301.7.3 Loads Due to Differences in Expansion
Characteristics. These loads result from differences in thermal
expansion where materials with different thermal expansion
coefficients are combined, as in bimetallic, lined, jacketed, or
metallic-nonmetallic piping.

301.8 Effects of Support, Anchor, and Terminal
Movements. These movements may result from the flexibility
and/or thermal expansion of equipment, supports, or anchors;
and from settlement, tidal movements, or wind sway.

301.9 Reduced Ductility Effects. The harmful effects of
reduced ductility shall be taken into account in the design of
piping. The effects may, for example, result from welding, heat
treatment, forming, bending, or low operating temperatures,
including the chilling effect of sudden loss of pressure on highly
volatile fluids. Low ambient temperatures expected during
operation shall be considered.

301.10 Cyclic Effects. Fatigue due to pressure cycling, thermal
cycling, and other cyclic loadings shall be considered in the
design of piping.

301.11 Air Condensation Effects. At operating temperatures
below -191°C (-312°F) in ambient air, condensation and
oxygen enrichment occur. These shall be considered in
selecting materials, including insulation, and adequate shielding
and/or disposal shall be provided.
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Problem 1: Ambient temperature styrene )
monomer is pumped from a holding tank to a

reactor. The normal discharge pressure is 390
psi (27 bar), and the pressure switch shuts off Pressure switch shuts off
the positive displacement pump when the pump at 630 psi (43 bar)

pressure reaches 630 psi (43 bar). The matenal
of construction for the line is carbon steel. The
piping is capable of 740 psi (51.1 bar).

= What should the design pressure be?
< What should the design temperature be?
= What should the relief valve setting be?

\ 4

Problem 2: If the line in problem 1 is steam
cleaned with 50 psi (3.5 bar) steam superheated
to 735°F (390°C)

= What should the design pressure be?

o What should the design temperature be?

= What should the relief valve setting be?

Problem 3: Styrene monomer at ambient
temperature on outdoor pipe rack. The maximum
operating pressure is 95 psig. The piping is 4”'
capable of 275 psi (19.6 bar). -
= What should the design pressure be? l
=  What should the design temperature be?
o What should the relief valve setting be?
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Table 3256.1 Component Standards

Standard or 5pecification [resignation

Bolting
Square znd Hex Bolts and Screws (nch Series) © . L. o L ASMEEBISZT
Square and Hex Muts (nch Seriesl. .. .. . . L ASMEEBIS:. 2
Metallic Fittings, Valves, and Flanges
Gray lron Pipe Flanees and Faneed Fttingz . .. .. .. o o AEME BIG.I
Mallegble Iron Threaded FItings .. .. . L . . L e AEME BIE.S
Gray Iron Threaded Fitings . AEME BIG &
Pipe Flanees and FAanged Fittings . .. .. . AEME BIG.S
Factnr',lMadEWrnughtSteelE‘-uttweldlngFttlngs.............................................. AEME BIE.Q
Face-to-Face &nd End To-End Dimenszions of Vahes . o0 L o 0 L AESME BIE IO
Forged Fitings, SocketWelding &nd Threaded . AMEMEBIETT
Ferrous Pipe Plugs, Bushings, &nd Locknuts 'l.l'-'rth PIpE Threads e AEMEEBIE TG
Cast Bronze Threzded Fittings, Class 125 and 250 [ote (I0] . .. .. .. .o o o e ASMEEBIEIS
Cast Copper Alley Solder Joint Pressure Fittings .. .. .. AEMEBIE TR
‘Wrought Copper &nd Copper Alley Solder Joint Pressure Fttlngs e AESMEEBIE 22
Cast Copper Alley Pipe Flanges &nd Flanged Fittings: Classes 150, 343, Eﬂﬂ _';l{lﬂ IS{I{I and 25{1\'-] AU BESME BIE. 26
Cast Copper Alley Attings for Flared Copper Tubes .. . L o BEME BIE. 26
Walves Flanged, Threaded, &nd Welding End. L AEME BIE. 56
IIIrrFu:EFIangE:EIEssEﬂﬂEﬂﬂ?ﬂﬂISﬂﬂandISﬂﬂ ASMEBIE. 56
Mallegble Iron Thregded Fipe Unions, Class 1540, 2540, and B{I{I P BEME BIE 3R
Cuctile Iron Pipe Aanees &nd Flanged Fittings, Class 50 and 2040, .. .. oo o o o e BEME BIE. G2
Large Digmeter Steel Flanges, WNPS 26 Through MPS B0 .. .. . L o AESMEBIG. ¥
Steel Line Blanks .. .. .. BEME BIE. GB
Brazing |oints for Copper and I:l:-|:-|:-|ar.liilll:rg,I F'ressure Frl'tlngs e e AESME BIE. SO
Binprocessing Equipment [Mote (2] .. .. . . L A5SWE EPE
Fipeline Valves [Mote (31]. . . AP ED
Faneed Steel Pressure REIlEf"Jalves R APISEE
Eheck"JaIvesFlangEdLquaferandButtweldlng APl SoG
Metzal Plug Valves Flanged, Threeded, and Welding Ends R e APlCOQ
Brolted Bonnet Steel Gate Wahres for Petroleum znd Waturel Gas Industrles e e AP E040
Steel Gate, Globe, &nd Check Vehes for Sizes DM 1049 &nd Smaller for the Petruleum and Ni"tural Enas Industnes. A AP 602
Cormsion-Resistant, Bolted Bonnet Gate Valves  Flenged znd Bott-Welding End=s .. .. 00 . o0 0o oL APIEDS
Metal Ball Valves-Faneed, Threaded, and Welding End .. .. .. .. . e AP EDE
Butterfly Wahes: Double-flanged, Lue and Wafertype . .. o o AP EOD
Cuctile-lron &nd Gray-lron Fittings, 5 Inch Thrl:-ugh G Inch (% mm Thrl:-ugh 1204 mmJ for Water and Other

Liquids . .. ... . BWWA CITO
Flanged Cuctile- Irl:un Plpe wrth Ductlle Irl:un or Enra',l Irl:un Threaded Flanges R B CITG
Steel Pipe Aanges for Watenvorks Service, Sizes @ inch Through Igd inch (I{l{l mm Thrnugh 3 E{I{I mmJ A PR, C2OF
Limensions for Febricated Steel Water Pipe FIfings. . .. .. o .. .. L. . e B C2O8
Metal-Seated Gate Wahres for'Water Supply Semvice . . . L L L L BUANA TS50
RubberSeated Bubterfly MaElwes . o e B Coag
Stendard Finishes for Contact Feces of Pipe Flanges and Connecting-End Flanges of Walves &nd Fittings . . .. .. .. .. M55 5P-&
Spot Facing for Bronze, Iron &nd Steel Fanges. M55 P9
Standard Marking Sy stems for Walwes, Fittings, FAanges, and Llnll:-ns . e M55 SP-25
Class 1540 (P 200 Coresion Resistznt Gate, Globe, Angle &nd Check ‘Jahres Wlth Flanged and Butt WEld En-:ls e M55 SPgZ
Wrought Stainless Steel BEutt-welding Fittings Including Reference to Tther Corrosion Resistant Materizls [Mote (6] . . M55 SPgs
Steel Pipeline Flanges . e M55 5P
Bypass &nd Drzin Connections . .. .. e M55 SPG5
Class I 549UW Corrosion Resistant Flanges and East Flanged Fttlng: e M55 P51
High Prezzure Chemical Industry Aanges &nd Threaded Stubs for Uze lmth Lens Enashtets P M55 SPBS
Era\_.'Irl:-nEnate‘rfahres.FIangEdandThreadedEnds............................................. M55 SP-F0
Gray lron Swing Check W hres, FAlaneed and Threaded Ends. . .. .. . oL o o o o o M55 P71
Ball Wahres With Flznged or Butbwelding Ends for General Senvice . oL oo oL M55 SPFE
Specifications for High Test Wrought Butbwelding FIttings . .. .. .. .. . o e M55 SP-F5
Gray Iron Plug Valves, FAeneed and Threaded Ends .. .. .. L o M55 P73
Socket-Welding Reducer Insers. .. .. mMas SPF3
Bronze Gate, Globe, Angle &and Check "Jalves M55 SR80



Table 326.1 Component Standards (Cont'd)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges {Cont'd)

Stainless Steel, Bonnetless, Flanged, Knife Gate Vabres L. L L L o L L mss SP-21
Class 300G Steel Pipe Unions, Socket-Welding and Threaded & . o .. o oL 0o s s s s aas M33 SP-33
Gray Iron Globe and sngle Valves, Flanged and Threaded Ends . . .. .. .. Lo o e MSS SP-25
Diaphragtn Type VIS L L L L e e e e e e e e M3S SP-28
Swage(d) Mipples and BU PIUES . . L L L L oL e M3 SP-25
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends. . . ... ... .. MSS SP-37
Instrurnent Valves for Code Applications . . . . L .. . o o e MSS SP-10G5
Cast Copper Alloy Flanges and Panged Fittings Class 125, 150G, and 300 . .. . . ...ttt e e e MSS SP-106
Factary-Made Wraught Belled End Socket Welding Fittings [Mate (5)] .. .. ... . e MSS SP11%
Refrigeration Tube Fittings — General Specifications . . . ... .. . o SAE 1513
Hydeaulic Tube Fittiigs. L L o . o L e e et e et e e e e e e e e e SAE 514
Hydraulic Flanged Tubre, Fipe, and Hose Connections, Four-Bolt Split Flanged Type . .. . ..o oo SAE J518

Matallic Pipe and Tubes [Note (6)]

Welded and Searnless Wrought Steel Pipe. o . L. L o L L o e ASME B36.10M
Stainless Steel PIpe . . L. o o e e e e e e e e e e e e e e ASME B36.15M
Flanged Ductile-lron Fipe with Ductiledron or Gray-lron Threaded Flanges . ... ... .. e AnAa C115
Thickness Design of Ductile-lron FiRe . . L L o o e e e e e e A C150
Ductile-lron Pipe, Centrifugally Cast, for Water . . . .. L o L e e e e A €151
Steel Water Pipe & inches {156 mm) and Larger. o . . . . o et e e e e e e Aina C200
Miscellaneous

Unified Inch Screw Threads (UM and UNE Thread FOMml . .. . o o o e e e e e e e e e e e e e e e e e i ASME B1.1
Fipe Threads, General Purpose (INCH) . . . L L L o e e e ASME B1.20.1
Deyseal Pipe Threads (INch) L . L L L. o e e e ASME B1.20.3
Hose Coupling Screw Threads (Inch) . L. . L. . L e e e ASME B1.20.7
Metallic Gaskets for Pipe Panges — Ring: Joint, Spiral Wound, and Jacketed . . ... . . i ASME B16.20
Monmetallic Flat Gaslets for Fipe FIaNges . . . o .. . o e e e e e e ASME B16.21
Buttwelding Ends . . o . . e e e e e e e e e ASME B16.25
Surface Texture {(Surface Roughness, Waviness, a0d Lav) . .. . . ..o ASME B4é.1
Themnowells [ ote (7). L e e e e e e e ASME FTC 19,3 T/
Specification for Threading, Gaging and Thread Inspection of Casing, Tubing, and Line Fipe Threads . ... ... .. ... AFl B
Rubber Gasket Joints for Ductile-dron Pressure Pipe and Fittings. . . . .. .. . o o AWmAa C111
Grooved and Shouldered Joints [Note (B)] . . o oL .t o e e e e e e AWMANA CEGE
Flexible Metal Hose [Motes {90 and (L] . . . . ot e e e e e e e BS 6501, Part 1
Fipe Hangers and Supports — Materials, Design, and Manufacture . ... . ... . o MSS SP-5R
Standard for Fite Hose COnDections . . . . o . . . e e e e e e e e e MFFA 1563
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Stress

Strength of Materials

St = Tensile Strength

Sy = Yield Strength

E = Elastic Modulus = Stress/Strain

.

>

Typical Carbon Steel Strain

Stress

Strength of Materials

St = Tensile Strength

\ Sy = Yield Strength

— Proportional Limit

0.2% offset

.

>

Typical Stainless Steel Strain
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ASME B31.3-2014

Table A-1  Basic Allowable Stresses in Tension for tetals (Cont'd)
Nurmbers in Parantheses Refer to Notes for Appendix & Tables; Specifications bre ASTHM Unless Othernize [ndicated
Zperified
ﬂ Classy Min, | Mt g
Ty peyf UM Canditiony 2 Temp., Strength, kei Temp,
Material Spec, Mo, Grade Ma, Temper  Size, in. | F-Na, (5} Hotes 2F (6} |Tensile Yield to 100 200 200
/ AN
Carbon Steal
Fipes and Tubes (2}
A2B5 Gr A Alza 1 [BhI(57]) B a5 14 ]EI
4285 Gr. 4 AEF2 Aas 1001 700 1 (571058 (E7] B a5 24 150 147 142
Butt weld AFI 5L 425 1 (Bal(77] e 4s 25 150 150 147
Smls & ERW AFlSL Azs 1 [S75H (F7] E as 25 150 150 147
Al17a [c31 200 1 (571053 6 4F 26 157 157 153
Tope F ASz A B2 50 1 (=a) I 48 30 1D 180 140
Alzz 4 1 [(8h) A a8 I 160 160 160
ASBF If11500 1 (571 (53] 6 48 I 160 160 160
A53 A lin2504 1 (571 (53] E a8 I 160 160 160
Alne A LT 1 (57 E 48 30 160 180 140
Al35 A 1 (571 (53] E a8 I 160 160 160
Azeg  FRA 2501 1 57 E a8 I OlED 1ED 16D
AFISL A 1 (575877 E 48 w160 160 160
8285 Gr. B Alza L. [2h)(s7] E 5o 27 167 1é5 159
4285 Gr. B AETZ ASD ez 200 (571 (58] (57] E 50 2F 167 165 159
4285 Gr. C Alza L. 1 [Bb](57] L 55 i 183 183 177
As2a |l [tn2 104 1 (57 5% i 183 183 177
Azzz 1 [tz oog 1 5759 Sl 55 I 182 1832 177
A3za 1 linzong 1 (571053 Sx 5% ;183 183 177
4285 Gr. C ALl CASS ltp2 80 1 59 (&7] LT I 182 1832 177
4285 Gr. C AET2Z ASS lie2an1 1 (571 (58] (57] L 55 i 183 183 177
4516 GE 55 AE72 (55 031 so 1 [570E7 C 55 3 183 183 177
AS1E GE ED AEF1  CCED 21 1 (5710671 [ 32200 195 189
A515 GF &0 AET1 CBEDR 2 a0 1 57 (&7] E el 2 w0 135 129
4515 Gr. &0 AEF2  BED o2 401 1 [570E7 E &D 32 0 185 1%
A51E GE &0 AT Cen (2 100 1 57 (&7] C el 2 w0 135 129
Alz3 B e300 1 (2h A ED 35 0 200 200
Al35 B oz 018 1 (57058 E &0 35 200 20.0 200
As2a | In2 104 1 (57 6 B0 35 0.0 20.0 20.0
As3 B [GEY 1 (57105 B &0 35 200 20.0 20.0
Alte B e 1 [57] [ 35 0.0 20.0 300 |
A2z 6 [CERE 1 [57] Sk &0 35 0.0 20.0 20.0
A3z 6 [GEY 1 (57] 53 B0 35 00 200 200
AzE% FPE LR 1 (57 2 &0 35 00 200 200
Az81  ¥35 1 ... A gD 35 200 20.0 20.0
AFISL B 1 [EAEHEFF] E &0 35 200 200 200



ASME B31.3-2014

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
Wumbers in Farentheses Refer fo Notes for Appendic & Tables; Speciications Are ASTH Unless Gthernise [ndicated

Basic Allowable Stress, | lsi, at Metal Temperature, F [Note (1}]

Tirpeaf
a0 S0 60 ¢S50 FOO FS0 | BOO | 8BS0 900 950 1,000 1,050 1,100 Grade spar, Mo,

Carban Steel
Fipes and Tubes (2}

127 130 123 11.% 115 187 2 7@ 5.2 S S S L L Alzd
127 1:0 123 11.% 115 187 @1 7@ B a.0 2.5 1& 1.0 Aas AeF2
laz ... A25 AFl 5L
laz ... A25 AFl 5L
1483 lal 122 12.8 124 187 @2 7@ 5.2 4.0 2.5 1& 1o S Al17e
lel ... A As3
le.d  lel 153 14 125 107 2 7@ S L . S L . Asg7
led  le 1532 l4e 125 187 @1 7@ B a.0 2.5 1& 1.0 A Asz
le. 160 153 146 125 107 22 78 52 Q.0 2.5 l1e 1.0 a AlDE
le.d 1lel 153 146 125 187 &2 Ta 3.2 a.0 2.5 lg 1o A, A135
le.d  lel 153 14 125 107 2 7@ 3.2 a.0 2.5 l& 1o FFA Azed
led 1l 153 14 125 187 2 7@ 2.2 4.0 2.5 1& 1o A APl 5L
154 14y 138 133 125 107 22 78 5.2 L L o L S Al34
15.4 147 13.8 13.3 125 107 *2 Fg 5.9 4.0 2.5 l1& 1o Asp A2
171 13 153 148 143 122 108 87 2.2 S S S L L Alzd
171 1lez 152 148  1a3z 132 108 87 5.2 4.0 2.5 S L Il As524
171 1lez 152 148 1az 132 108 87 B a.0 2.5 1& 1.0 1 Azzz
171 183 153 148 143 130 108 87 2.2 4.0 2.5 l1& 1o 1 A334
171 183 153 148 143 130 108 87 3.2 a.0 2.5 lg 1o CAsSS ATl
171 13 153 1482 143 130 108 87 3.2 a.0 2.5 l& 1o ASS A2
171 13 153 148  1az 1308 108 87 2.2 4.0 2.5 1& 1o 55 A2
182 174  leda 158 153 13.% 114 87 52 Q.0 2.5 S L CCel ATl
182 174 1led 158 153 13.% 114 &F 2.2 4.0 2.5 l1& 1o CE&l Aefl
182 174 l1lgd 158 153 13% 114 &BF 3.2 a.0 2.5 l& 1o Bed A2
182 174 1lea 158 153  12% 114 &F 2.2 4.0 2.5 1& 1o Cel A2
E A138
122 120 173 173 167 133 114 &7 3.2 a.0 2.5 C L B A135
123 130 173 173 167 133 114 &7 3.2 a.0 2.5 S L | As2a
122 10 173 173z 167 123 114 87 5.3 4.0 2.5 1.6 1.0 E A5z
123 130 173 173 167 138 114 87 52 0.0 2.5 1.6 1.0 E Al0E
123 120 173 173 167 133 114 &7 3.2 a.0 2.5 le 1o & Az3z
123 130 173 173 167 133 114 &7 3.2 a.0 2.5 l& 1o & Azza
123 1zo 173 173 167 123 114 &7 2.2 4.0 2.5 1& 1o FFE Azed
1% 120 173 172 1&7 12% 114 &7 5.2 4.0 2.5 1& 1o W25 AzB1

122 130 173 173 167 133 114 &7 5.2 Q.0 2.5 1& 1.0 E APl 5L
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Table 302.3.3C Increased Casting
Quality Factors, £,

Supplementary Examination Factor,

in Accordance With Note(s) E.
(1) 0.85
(Z)(@) ar (Z)(k) 0.85
(3@ ar (3)(k) 0.95
(1) and (Z)(a) or (2(k) 0.90
(1) and (3)@) or (3)(k) 1.00
(@) or (Z)(B) and (3)(@) ar (3)(k) 1.00

(Y+Y,Y.f) Weld Joint Quality Factor, (Ej) Lio> 5,0 coasS o o
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Table 302 3.4 Longitudinal Weld Joint Quality Factor, £;

He.

Type of Joint

Type of
Seam

Examiraticn

Facter,
£

£l

Furnace butt weld,
cos hitin uens weld

T

Straight

A= required by
listed =pecification

8D
[Hite [11]

Electric resistmnce
weld

S

Straight or
zpiral
[helical =eam)]

A= required by
lizted =pecification

.58
[Mite [11]

Electric fusienweld

[a] Single butt weld

[with orwitheot filler
metall

THES

Straight or
spiral
[helical =eam)]

A= required by
lizted specification
or thiz Code

Additicnally =pet
radiceraphed in
accerdance with
para. H1.5.1

Additicnally 180%
radicegraphed in
acco rdance with
para. 34,51 and
Table 341 3.2

D50

0.5

1.0

[b] Deuble butt weld

[with crwithouot filler
metall

CED

Straight or spiral
[helical zeam)]
|escept as
promided in 4
beliw]

A= required by
listed =pecification
o thiz Code

Additicnally =pet
radicaraphed in
acce rdance with
para. 3 1.5.1

Additicnally 1%
radiceraphed in
acce rdance with
para. 3451 and
Table 34133

5

050

1.0

Specific specification

APIEL

Submerged arcweld [50W)

Gas metal arcweld [GMAW]

Lombined GMWAW, S0W

LD

Straight with
BhE ot
EEams

Spiral (helical zeam)

A= required by
=pecification

Additienally 180%
radiceraphed in
acce rdance with
para. 3451 and
Table 34133

.55

1.0

H OTE:
11 tis

net permitted to increas e the joint quality factor by additional examination for jeint 1 or &
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Table 302.3.5 Weld Joint Strength Reduction Factor, W

Steel Group

Component Temperature, T, °C (°F)

427 454 482

510

538

566 593 621 649 677 704 732 760 788  Ble

(800) (850) (900) (950) (1,000) (1,050) (1,100) (1,150) (1,200) (1,250) (1,300) (1,350) (1,400) (1,450) (1,500)

Criio

[Motes {1]-{3)]
CSEF (M + T)

[Motes {3)-{5)]
CSEF

[Motes {3) and {4)]

{Subcritical FWHT)

Autogenous welds in aus- ...

tenitic stainless grade
3z, and WOB8xx and
Moeex nickel alloys

[Mate {&1]

Austenitic stainless grade
Fxx and NOBAxx nickel
alloys [Motes {7) and
{21

Other materials [Mate {5)]

1

0.85 0.81 (.86

1

1

0.3

0.82

0.85

0.5

077 073 068 064

0,91 086 082 077

0.5 0.5 0.5 0.5

0,81 086 QB2 0F7 073 Q6B 0.4 058 055 0.5
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v d+ 2c
T D+d+ 2
Table 304.1.1 Values of Coefficient Y for f < D/6 (14
Temperature, *C (*F)
482 (900) 510 523 z66 59% 621 49 677 (1,250
Material and Below 5oy 10000 1,050} 1,100 [1,1500 [1,200) and Abowe
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.s 0.7 07 0.7
Mickel alloys 0.4 0.4 0.4 0.4 0.4 0.4 0 0.y
UM% Mos. MOBE1T,
NOZE00, NOZE10,
and NOZE25
Gray iron 0.0
Other ductile metals 0.4 0.4 0.& 0.& 0.4 0.4 0.4 0.4

P B0 HLiS wlul o Aol Cwols awlxo

bl g)lis olb b (Caws oS Al eyl 4o axdl o — P/SE<0.385 |, 5 ) t<D/6 .l

Wl oo cavsy 5 sldgne 8

I =

PD

2(SEW + PY)

P(d + 2¢)

P= 2[SEW - P(1 - V)]

(3a)

(3b)
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Tahle 2,17 Basic mill tolerances

ASTH material
standard Acceptable dismeter tadesances” Avespahle thiekness toleranees”
A 53 =NFS i +1fk i, (04 mm) Lieed s 1504 mm)y
=TS 1A %
Al =NP5Y = NPS 1% +1/%ed i (04 mm) — 16 i (004 ey
Adl2 =NPE % < NPE 4 132 k. (0,79 ) 1732 . (07 mam)y _125%
83 5%
ATH SNPR4 < NPR R B, (139 mm) | — 132 e 4079 s
A SNPS8 = NP5 18| +300m. (238 mm) | — A2 in 1079 mmy
=NPS |8 = NPS 26 +Hi i (3% mmi — 132w AT mmy
=NP5 16 < NPS 34 4501 in 0T mm | — 132 in 079 mmy |
“NPS 34 £ NPS a8 VATt n (370 mm) 132 I 10079 man)
Al Clrcumference + 085 of speclied diamsler Accepiable okerance of plme siondard
EYET) 1% of nominal 125%
AFSH HOLS 0T i, (3 i)
Aai Wl < OULHS b (4 B i) thickness 02105 | 0018 in. (a6 mm
Wall <O IHA i (4 B i) hickness £0.20%
sl . % i 3 mmy, 0
LB i, 104 g — 132 it (08 s
= NP 1= 4 +1132 . 105 s —1{3T s (05 e} s
AR =NPS4 <& +1/16 im. (1.6 mm) —1/32 im. (0K mm) o
= NPS 6 < I8 +132 in. 124 mm) — 132 s 105 mm)
= BPS 1R +4 i (5.2 mm) T =173 e 08 mmy
ASET See ARTH ASET_ Table 4
1% grewer than the speified minsmum
Al . wall ihickness
Ferv bews than the specified minimum wall
thickness
w7 S50 of speeified dameer T in, (0.3 mm] k= thas the specified
thickness
ABT2, AGD =055 of specified dismeter
ABLE =NPS 1% LA n, (1125 i) +12% for wall thickness
SHPS TG S NP B 00 . 05 <0188 in. (4.8 mm}
=NPS 8 = NPS I8 LA n. (LTS mm)
SNPS 20 Z NFS 23 | L0080 in, (| mm) I D0 e (08 ) for wall
NFET0 VTR C— Thicksess =0.158 in, (48 i
AL See ASTH ARLY. Table |

“Toleraws on O srkos oberis: pocifiod.
foderaase o mereral wall ibickass e whereis speciied.
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(3l B
: ) PIPING MATERIALS GS PVV 112
CLASS
ToTAaL Material: Carbon steel Rating: 150 Lbs RF B 0 1
Exploration & Production
Service: Hydrocarbons (gas or liquids) (non corrosive) Corrosion Date: 10/03
Pressure drains, Non corrosive flare gas allowance: 1.27 mm .
Fuel gas, Fuel oil, Diesel oil, Nitrogen Rev.. 02
Oily water sewers, Cooling water (non corrosive) Pressure / Temperature limits
Non corrosive process water Pressure (bars) 19.6 19.6 17.6 13.2
(14) Methanol, Glycol Temperature (°C) “29 37 +100 + 220
| Diameter [%[%]|1]1%[2[3]4]6]8[10][12]14] 16 [18[20] 24 [26] | 46
o™ " -
= | Schedule 80 40 20 10 20 | LArgersies according
ﬁ Ends PE | BE
e Mat.Spec. API 5 L Gr B seamless APISL rGa:jig;risr\;}i_ 100%




Design limits

Temperature ("C)
-29 0 50 75 100 125 180

Pressure (Bar ga)
DMo158-1200 186 196 192 184 17.7 167 154

Notes

- Design limits acc. to ASME B16.5 flange rating mat. grp 1.1

- Forbending of pipe see DEFP 31.38.01.31-Gen.

- For basis of design see DEP 531.3801.10-Gen.

- Use of coated bolt sets should be considered when exposed to manne environments .

- For hydrotest vent & draing reference is made to standard drawing 5.35.1594

- The useof red. bore ball valves is considered most economical. Use full bore ball valves only when necessary for
process/operating requirements

- Piston type check valves (DM 15-40) for hodzontal mounting only

- The use of tiple eccentic butterfly walves and dual plate check valves is considered most economical.
Use gate valves and swing check valves only where fouling and abrasion are negatively affecting their
functonality

Table of schedules

DN|Schedule
15|160
20(160

s @2 L5 039 o lp A B8 meS (8 owpn o2 LTy T ST Culs Slisle Y WSS

a5 polie ASME B16.5 (sla lis-Los 4 azgi b gyl 1) Jljie £55 5 555 s |, aly) calies

/D &y 4 g, sl dolome Jgayd ams (EXCEL 10) 08 oo aseioe cilizes (glales sl 1, jlome
b oo i = P/(SWE+PY)

Vb Losl dlone 31 iy el dnslome L Lidflos cilizes Lyl gy YU sy o, Cooms aond
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CLAaSS: Qa2
tl AT ER AL : ASTM A2 TPI16 2358 TPI16 CLA
DESIGH PRESSURE: bar 1474 1479 14473 1364 1265 121 11645
hiPa 14.70 1478 1443 1354 1266 12.1 1145
DESIGH TBWYPERATURE: i Bl o 50 T4 100 125 150
F -4 3z 112 167 212 267 a0z
SPECIFIED TENSILE: P51 Foooo
hiF = 452 76
SPECIFIED YIELD: P51 30000
P2 206490
ALLOWABLE STRES S AT 38°C P3l 20000
Wifa 13743
ALLOW. STRESS AT DES COND 5: PEl 20000 20000 20000 20000 20000 20000 20000
hiPa 137.93 13782 137493 137492 13782 13783 137 .82
E: 1
CORROSION ALLOWMANCE: 1] mim
¥ 04
LI 1
CHECE IF P/SE 15 LESS OR EQUALTO 0385 YES
15t LESS OREQUALTO OD& T TES
tlax hrydro static test after constuction bar 22185
ty00=PJ20 5B+ PY )= 003144 0044 0.05021 nnarza 004427 nn4zas 004054
te0 0 s = 005144
grey cells mean OMto be gwoided
DM | OD (e | tmed | MA (g |t min g acaclull tmgmmp [P gen | Miltest pressurd
% mm {rrirep
15 2.3 110 1.10 12.5 1.28 277 408
20 2687 1.37 1.37 125 1.67 287 405
25 334 172 1.72 125 1.96 338 405
40 43.3 248 248 125 2.84 168 405
a0 60,3 310 310 12.5 354 5.54 a0s
a0 839 447 48T 125 527 TR2 ans
100 114.3 588 5,88 125 6.72 256 205
140 168.3 965 365 125 9.89 14.27 120
200 91 11.26 11.26 125 12.87 18,26 120
240 273 14.04 14.04 125 16.05 1826 100
300 3239 16.65 16.65 12.5 198.03 21.44 100
3an 3456 18.24 18.28 125 20.89 2383 100
400 406. 4 20,89 20.89 125 23.88 26.19 100
440 57 23.449 23.49 1245 26.85 29,36 100
A00 a08 26.12 26.12 12.5 29.85 32.54 100
GO0 A0 .36 .36 125 35.84 3884 100
Ta0 762 3817 3917 12.5 4477 45,00 451mim
a0 914 45949 46.99 125 53.70
1050 1067 54,949 a4.85 125 B2.69
1200 12149 A2 BT G267 125 71.62
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Design of Pipes for Internal Pressure
(Question)

Choose correct pipe schedule for a piping with the following design

conditions:

Design Pressure = 50 Bar (g) = 725 psig

Design Temperature = 500 degrees F

M. 0. C. = 5" ND pipes, A 106 gr. B (Seamless)
Corrosion Allowance = 3.0 mm

Assume standard mill tolerance.

1 dy) Cwolns 390 10 (g puian WIS

3wt 5o SCh 404 STD slo cwles NPS<=10" slojple -
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1.5 x stress values from table A-1 -
0.9 Xyield strength from ASME SEC.II -
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For design of piping systems under external pressure, first start to calculate the
pipe wall thickness under internal pressure. Second start to make a check for that
thickness if the pipe subjected to external pressure.

Note: if the pipe is not subjected to internal pressure, you can assume a pipe wall
thickness and proceed the external pressure calculation to see how much the pipe
will resist the imposed external load, may be you need to increase the pipe wall
thickness.

The pressure piping code ASME B31 guide us to use the ASME BPVC, Section VIII,
Div. 1, UG-28 for checking the assumed/calculated thickness of pipe wall.

Quoted

UG-28 Thickness of Shells and Tubes Under External Pressure

Where, A = Factor determined from Fig. G of Subpart 3 of Section Il, Part D.
B = Factor determined from the applicable material chart, psi.

Do = OD of cylindrical shell course or tube, in.

E = Modulus of elasticity of material at design temp., psi

L = Total length, in. (see Fig. UG-28.1).



P = External design pressure, psi.

Pa = Calculated value of max. allowable external working pressure for the
assumed value of t, psi.

Ro = Outside radius of spherical shell, in.
t = Min. required thickness of cylindrical shell or tube or spherical shell, in.
ts = Nominal thickness of cylindrical shell or tube, in.

(c) Cylindrical Shells and Tubes :

(1) Cylinders having Do / t 2 10)

Step 1. Assume a value for t and determine the value of L/ Do and Do /t.

Step 2. Enter Fig. G at the value of L/ Do .

e For values of L/ Do > 50, enter the chart at a value of L/ Do = 50,

e For values of L/ Do < 0.05, enter the chart at a value of L/ Do = 0.05.

Step 3. Using the value of L/ Do, move horizontally to the line for value of Do /t.
From this point of intersection, move vertically downward to determine factor A.

Step 4. Using A, enter the applicable material chart, move vertically to an
intersection with the material/temp. line for the design temp. (see UG-20).

e If A falls to the right of the end of the curve, assume an intersection with the
horizontal projection of the upper end of the curve.

e For A falling to the left of the end of the curve, see Step 7.

Step 5. From intersection obtained in Step 4, move horizontally to the right and
read the value of B.

Step 6. Calculate the max. allowable external working pressure, Pa=4 B/
[3(Do/t)] .

Step 7. For values of A falling to the left of curve, Pa = 2AE / [3(Do/t)] .



Step 8. Compare the calculated Pa with P. Increase t until Pa > P.

(2) Cylinders havingDo /t<10:

Step 1. Using the same procedure as given in UG-28(c)(1), obtain the value of B.

e For values of Do /t < 4, the value of A can be calculated using the following
formula:A=1.1/(Do/t)2

e For values of A > 0.10, use a value of 0.10.

Step 2. Using the value of B, calculate a value Pal using the following formula :
Pal=[2.167/(Do/t) - 0.0833] B

Step 3. Calculate a value of Pa2 using the following formula : Pa2 = [2S/(Do / t)][1
- 1/(Do/t)]

where, S = Lesser of 2 times the max. allowable stress in tension at design metal
temp., from the applicable table referenced in UG-23, or 0.9 times yield strength
of the material at design temp. Values of yield strength are obtained from the
applicable external pressure chart as follows :

(a) For a given temp. curve, determine the B value that corresponds to the right
hand side termination point of the curve.

(b) The yield strength is twice the B value obtained in (a) above.

Step 4. The smaller of Pal or Pa2 shall be used for the max. allowable external
working pressure Pa.

Compare Pa with P, and change t until Pa > P.
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Design of Pipes for External Pressure
(Question)

Determine whether pipe with data given below is satisfactory for external

pressure,
1. Pipe size : NP5 20 sch 60s
2. MOC: A 312 TP 304
3. Length : 25 metres
4, Design Temperature: 400°F
5. External Pressure: 200 psi
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Fig. 304.2.1 Nomenclature for Pipe Bends
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Extrados

Q5L e Juate Ayl (tM) JBlas culis 5l sl o8 Ay o3 sl Lol o Blos> cwlks



b (Sis 45 digh o b ool UK alg) 5l o5 b 0y Al b Lawgs wlss e gl (gl o3 (YYY,)) ) S
Ol ) o ) Wl (oo USB L ) o3 wnlf cBs g (S 5 Jlow g ieelie Sl g5
(0,5 oolazwl JU yie Slastive doudl i (6,5 o3 95 <> PFIES-24 3 -l o Laal

ol ] law 4 Col ool mudgi |y o o3 008 5,8 5 (5,63 0,50 ,0 S Ll YYY,Y GLSLL
L 95

ol el o ed sl oS To¥ GLELL ioman 5 oot Cand slasluibiol olalyy csloe b sl
b g ool alg) o3 slodge,s ook 5l a5l b g 0ymoli YoV GLSLL 10 o Slelyll ciaslis & 50
XYAEY GLSLL bl 28,8 L o

ol

L (S Oygo 4oyl 0,8 aexle dunl oo 4l VoFYY GISTL @ b ol glis olhb o0 0
Gy sl pllas) Wigd o il 4S5 wis

WSS W b




(S ylo




Step1: Select the Pipe Material

Step2:

Pipe Qutside Diameter, (mm) =D

Internal Design Pressure.(Kgfcm?) = P

Design Temperature, (C°) = T®

Step 3:

Allowable Stress, (Kgicm?), = 5
ASME B 31.3 @ Design Temperature. (TABLE A-1)

Step 4: Select

Joint Efficiency factor=E __(TABLE A-14)
ASME B 31,3 _(TABLE-1A)

Step §: Select

Corrosion Allowance, (mm)=c

Step 6: Formula @ ASME B 31.3

SEWIT - ¢ T-c
2 L(T — ¢} + 0,643 tanf,1(T - ¢)

p_\n-

) (42)

Pra

_ SEW(T-c)f Ri-m ) @)

5 l}tl - 057

P = Internal Design Pressure, (Kg/cm?)
6 = Angle of miter cut
r2 = Mean Radius of pipe, mm (D-T)/2
R1 = Effective radius of miter bend, mm
T = Available thickness, (mm) (after deducting Mill Tol. & Corrosion Allowance)

Step 7: Compare values of Pm1 & Pm2

Min (Pm1, Pm2) = Pm

Step 8: Compare values of Pm & P

If (Pm = P) So Pipe Thickness (T) is OK.
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(14) Fig. 304.3.3 Branch Connection Nomenclature
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T —_—
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rein ‘1 f Naminal thickness T,
zone r““ Mill tolerance ’ T b
AN I NN =

Reinforcement Branch pipe ' Branch pige 3 3 Reinforeement .'l
! or nozzle ‘ or nozzle ) o areas
| 3
Lg [ i S
Thickness, messured ; O JE Limits of
1y Multiply this area by " h

or minimum per purchase (2 - sin ) to get ] AN - reinforcement =
specification ) \ i zone @
pec T required area \ TR I =
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t \ IS B
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GENERAL NOTE: This Figure illustrates the nomenclature of para. 304.3.3. It does not indicate complete welding details or a preferred method
of construction, For typical weld details, see Fig. 328.5.40 and Fig. 328.5.4F,

. . Dy —2(T) — )
Effective length removed from run pipe = d, = T

Required reinforcement area = A; = tpd.(2 — Sinf)

dy
Greater[d, = (T, — C) + (T, — C) +?,
Excess area available in header = A, = (2d, —d)(Tp—t, — C)

Length of branch = L4 = Greater[2.5(Ty —C) or 2.5(T, — C) + T,|

dy]

2L4(Tp — ¢ — C)

Excess area available in branch = 45 = Sing

i Dp i Db
Other excess area available = Ay =—————xT,
Sinf3
Total available area = Ay = Ay + A3 + Ay

If Ay < Ay then reinforcement pad is needed

. As Dy
Pad Diameter = D, = T_, + Sing

whereT, = T, x 0.875
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Table 304.4.1 BPY Code References for Closures

Concave to Convex to
Type of Closure Pressure Pressure
Ellipsoidal UG-32(d) UG-33{d]
Totisphetical UG-22{e) UG-22{el
Hetnizphetical G224 UG-33{c)
Conical {no transition UG-32{g) UG-33(0
to knuclde)
Taticonical UG-32{n) UG-33{0
Flat {pressure on UG-34
either side)

GEMERALMOTE:  Paragraph numbers are from the BFY Code, Section
W, Division 1.
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Fig. 304.5.3 Blanks

3P
ty = dg f—16SEW+C (15)

where

¢ = sum of allowances defined in para. 304.1.1

d; = inside diameter of gasket for raised or flat face
flanges, or the gasket pitch diameter for ring
joint and fully retained gasketed tlanges

L = same as defined in para. 304.1.1

P = design gage pressure

5 = same as defined in para. 304.1.1

W = same as defined in para. 304.1.1
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#Case_Study_6:
2o pll | 5 Blank 1L : I

Design of Permanent Blank
(Question)

Design a seamless permanent blank for following conditions,
Design Pressure = 400 psig

Blank Material Safe Stress = 18,500 psig

Corrosion Allowance = 2.0 mm

Gasket Internal Diameter = 6.7" {170 mm)

Type of Flanges = SORF
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Sample Report:
2" Tri-Clamp Flange Connection

Prepared by: Michael Rodgers, P.Eng
Date: Saturday, August 07, 2010

Project: KEY-026

Key Design Engineering is a Canadian engineering firm located in Waterloo, Ontanio,
that specializes in ASME Code calculations and Canadian Registration Mumber (CRN)

submissions:
= ASME Code Calculations per .ﬁSHE ViIl-1 & ASME B31.3 for Pressure \Vessels,

Fittings, & Piping systems as applicable

* Canadian Registration Number |CRN]_ preparafion of documentation for
submission of pressure vessels, filiings, or pressure piping for registration in one
Jurisdiction or Canada-wide.

# Finite Element Analysis (FEA) of Pressure Vessels and Fittings in accordance
with ASME VIII-2, in compliance with Jurisdictional requirements.

Eey Design Engineering
55 Morthfield Dr. E, Suite 194 Sample Report.

Waterloo, ONNZE3TS  For information omly.

b ifwww keydesizrens com/
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Table 2.25 Expansion joint selection guide

Displacement Bellows Slip joint
Axial Yes ' Yes
Lateral Yes ’ No
Angular rotation Yes , No
Torsion Yes Yes




#Case_Study_7:
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PIPING MATERIAL SPECIFICATION WORKSHOP
Develop a piping material specification for styrene monomer.
Condition 1: psi (bar) at °F {(°C)

Condition 2: at
Pipe wall thicknesses are as determined from calculations on page 32.

O 0 O

Pressure Class

Item NPS Range | Sch/Rating | Description
Pipe Ya

Nipples | % -1'%

Fittings

}/‘

Flanges | % -1%

Gaskets | %4 -12

Bolting | % -12




. Ph: 520-265-3657
DESICN Fax: 888-241-3035

E N Gl N E ERl NG mailto:info@keydesigneng.com

Sample Report:

¥2" Tri-Clamp Flange Connection

Prepared by: Michael Rodgers, P.Eng
Date: Saturday, August 07, 2010

Project: KEY-026

Key Design Engineering is a Canadian engineering firm located in Waterloo, Ontario,
that specializes in ASME Code calculations and Canadian Registration Number (CRN)
submissions:

o ASME Code Calculations per ASME VIlI-1 & ASME B31.3 for Pressure Vessels,
Fittings, & Piping systems as applicable.

e Canadian Registration Number (CRN): preparation of documentation for
submission of pressure vessels, fittings, or pressure piping for registration in one
Jurisdiction or Canada-wide.

o Finite Element Analysis (FEA) of Pressure Vessels and Fittings in accordance
with ASME VIII-2, in compliance with Jurisdictional requirements.

Key Design Engineering
55 Northfield Dr. E, Suite 194 _ Sanpl e Report.
Waterloo, ONN2K3T6  For | nfornmati on only.

http://www.keydesigneng.com/
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Executive Summary

Introduction:
This Tri-clamp connection is designed to comply with ASME B31.3-2008.
It is an unlisted component because of its shape and must be qualified per
304.7.2, using Finite Element Analysis per ASME VIII-2, Part 5.

Method:

Model:

The valve model has been cut using planes of symmetry to facilitate an
analysis using FEA. The software used is Simulation 2010 (formerly
known as CosmosWorks), by Dassault Systemes.

Rules:

The Code of construction is ASME B31.3-2008. The results have been
interpreted per the rules of ASME VIII-2, Part 5, as permitted by the Code
of Construction. The material properties are converted to B31.3 allowable
stresses from IID Table U & Y values, as permitted by para 323.1.2.

Scope:

Only the ferrule is included in the current discussion. The Clamp and bolt
must be included in the analysis to properly model the joint’s behaviour,
but are not included in the discussion of the results, since they already
have their own CRN number.

Results & Conclusions:

Reaction force:

The reaction force at the boundary balances the force resulting from the
system pressure, demonstrating that the loads have been properly
applied. The reaction force is acceptable

Displacement:

The displacement plot shows a peak relative displacement of less than
0.0017, which does not compromise the seal. The sliding contact between
the flange and the clamp has been properly applied, as shown by the
difference in colour bands. Displacement is acceptable.

Stress:
e General: The highest general stress of 8,859 PSl is less than the Pm
limit of 11,666 PSI. General stress is acceptable.

Key Design Engineering
55 Northfield Dr. E, Suite 194 _ Sanpl e Report.
Waterloo, ONN2K3T6  For | nfornmati on only.

http://www.keydesigneng.com/
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e Local: The highest local stress of 14,434 PSl is found on the inside
surface of the ferrule and it is acceptable because it is less than the
limit for PI+Pb of 17,500 PSI.

e Linearization: The PI+Pb through the nozzle neck is 11,821 PSI, which
is less than the 1.5*S limit of 17,500 PSI. Stress is acceptable.

Conclusion:

This component has acceptable stresses per ASME VIII-2 for the design
condition of 1,200 psig internal pressure at 400F. The requirements of
ASME B31.3 are satisfied.

Key Design Engineering
55 Northfield Dr. E, Suite 194 _ Sanpl e Report.
Waterloo, ONN2K3T6  For | nfornmati on only.
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Code of Construction: ASME B31.3-2008
Design Conditions: 1,200 PSI @ 400°F

Basic Material Allowable Stresses

Description, Material Basic Notes
P/N Allowable
stress
(KSI)
RT | 400F
Body A479 316L 16.7 | 11.66 Converted to B31.3
allowable stresses from 11D
Table U & Y data.
Key Design Engineering

55 Northfield Dr. E, Suite 194

Sanpl e Report.

Waterloo, ONN2K3T6  For | nfornmati on only.
http://www.keydesigneng.com/
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Material Allowable Strength calculation, ASME B31.3, ver.3.5
Ref: ASME B31.3-2008, 302.3.2

Material type: for Austenitic stainless steels & nickel alloys having similar
stress-strain behavior only.

Material: ASTM A479-316L
Temperature: 400F
Data: ASME IID Table U & Y

Room Temperature (RT)
Yield = 25,000psi, Minimum vyield strength
Tensile = 70,000psi, Minimum tensile strength

Elevated Temperature

Yield = 17,500psi, Minimum vyield strength
Tensile = 62,200psi, Minimum tensile strength
Calculating stress limits: Refer to ASME B31.3, 302.3.2(d)
Room Temperature
From Yield Strength = 2/3*(Yield RT) = 16666.7psi
From Tensile Strength = 1/3*Tensile = 23333.3psi

[ t6.667ps

S (lowest value)

Elevated Temperature

From Yield Strength = 90% of Yield = 15750.0psi
From RT Yield = 2/3*(Yield RT) = 11666.7psi
From Tensile Strength = 1/3*Tensile = 20733.3psi

S (lowest value) = 11,667|psi

Restrictions on use, per 302.3.2(e)

For material used in flanged joints and other components in
which slight deformation can cause leakage or malfunction,
additional factors are imposed. Instead, either 75% of the
stress value in Table A-1 or two-thirds of the yield strength at
temperature listed in the BPV Code, Section I, Part D, Table
Y-1 should be used.

Key Design Engineering
55 Northfield Dr. E, Suite 194 _ Sanpl e Report.
Waterloo, ONN2K3T6  For | nfornmati on only.
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Allowable Stress Limits for FEA, per ASME VIII-2, ver.2.3
Ref: ASME VIII-2, 2007, Part 5

Design conditions: 400F

Material: A479 316L

Data: ASME B31.3
S= 11,667|psi, Minimum material allowable stress at temperature
k= 1.0)stress intensity factor, per Table AD-150.1

Calculating stress limits:
Refer to ASME VIII-2, 2007, Fig. 5.15
Primary Stress

P (General Membrane) = k*S = 11,667|PSI
P_(Local Membrane) = 1.5*k*S = 17,500PSI
P_+ P,(Membrane + Bending) = 1.5*k*S = 17,500|PSI

Secondary Stress
Q(Secondary Membrane+ Bending)=Sps
where Sps = 3*k*S or 2*Yield, as limited by 5.5.6.1(d)

35,001PSI

Peak
F( Increment added to stress concentration) = (must use fatigue curves, per
Appendix 5)
Key Design Engineering
55 Northfield Dr. E, Suite 194 Sanpl e Report.

Waterloo, ONN2K3T6  For | nfornmati on only.
http://www.keydesigneng.com/
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FEA Model Setup:

|~

End View Side view

Dimensions: The figure above shows the model used in the Finite Element
Analysis. It has been cut along two planes of symmetry, so that only 4 of the
complete model is actually run. The ferrule size is a nominal 2" OD, with 0.0625”
thick wall. The bolt size used is ¥2-20 UNC with a UNR=0.1894". The bolting
material is A 320 B8 CI.2 for the sake of this sample report, but the clamp itself is
excluded from the discussions herein since it already bears its own CRN number.

Key Design Engineering
55 Northfield Dr. E, Suite 194 Sanmpl e Report.

Waterloo, ONN2K3T6  For | nfornmati on only.
http://www.keydesigneng.com/
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Model Boundary Conditions:

Symmetry
restraint on
faces in the cut

plane

Vertical
restraint at line

Restraints: The figure above shows the restraints that were used on the model.
A symmetry constraint has been applied to the faces in the two cut-planes. A
vertical restraint has been applied where shown.

Sliding contact
has been set
between clamp
and ferrule
mating face.

Sliding Surface: A sliding surface condition was applied at the touching surfaces
of the clamp with the ferrule’s flange.

Key Design Engineering
55 Northfield Dr. E, Suite 194 Sanmpl e Report.

Waterloo, ONN2K3T6  For | nfornmati on only.
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Application of Loads:

System Pressure: As shown above, a system pressure of 1,200 PSI was
applied to all applicable internal faces. A pressure-equivalent force was applied
to the end of the tube, as shown.

Bolting Preload: As shown
in the figure to the left, the
bolt was preloaded by
application of a negative
temperature differential to
the shaft only. The actual
preload is a factor of the
assembly stiffness and
contact condition between
the clamp and the flanges.
The calculated preload force
in the bolt is 319 Ibf, and
thus the preload stress is
11,251 PSI. The bolting
connector feature could
have been used if the clamp
had been oriented in a
different direction. The
sliding contact introduces a
non-linear effect that is best
covered by a solid bolt.

Key Design Engineering
55 Northfield Dr. E, Suite 194 Sanmpl e Report.
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Mesh:

VAN

o AN

e AVAY,
RO

P P Pl % 1 5 i o P Pl

Y I Y |

DA AT R

The figures above show the mesh sizes used. The Mesh characteristics are:
e Mesh type: Solid - Tetrahedron
e Mesh Quality: High quality, with mid-side nodes, greater than 2" order
integration.
e Mesh size:
Global mesh size is 0.06”, as shown.
Mesh refinement is 0.02777, in the ferrule and the bolt

The mesh sizes have been selected so as to keep the error to less than 5% in all
the critical areas.

Key Design Engineering
55 Northfield Dr. E, Suite 194 _ Sanpl e Report.
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Reaction Forces:

Selection A
o | |
zl - [Engish (1ps) =]

Fr: (324 i

Fy: [0.000124 lbf
FZ  |-1.742-005 Ibf
FRes: [32 4 i

| Face<1>@clamp_750-2-1
| Face<z»@clamp_750-2-1
| Face<3>@clamp 750-2-1
llFace <4 >@clamp 750-2-1

Fx:  [-165 b Fx: 107 Ibi
| P =211 i F. | 3.67e-005 bt
FZ: [-0.000123 bt FZ: |-3.87e-005 Ibf

Update FRes: | 165 lbf FRes: [107 lof

o |-274 bt
© (114 bt
-0.000152 Ibf
274 It

| #|

. Reaction Force (lbl

Component fSeleckion | Entire Modsl
Sum X -257.68 -257.68
- | 5um ¥ " :
Sum Z; -0.00033585  -0.00026519
* |Resultant: 2577 469,72

«| |

.Reactiun Moment (Ibf-in}

[ .Display Options

> |

™ Display resulant forces

Reaction force: The figure above shows the reaction force for the entire model.
The projected area for pressure application on the end is 0.205sq.in, and the
expected reaction force is 246 Ibf. The model’s actual reaction load in the axial
direction is 257 Ibf, because of an additional effect incorporated by the preloaded
bolt. Overall, the difference is 4.2%, which is acceptable because of the effect
caused by the temperature-induced preloaded bolt.
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Results and discussion:

Error Plot:

Errar
a0
. 46
L 42
.38
_ 33
L 29
L 25
L 21
17
13

0s

oo

Overall Error Plot: The figure above shows that the error is <5% in all critical
general areas of the Tri-Clamp ferrule. Areas with error over 5% are directly at
the discontinuity and no more than one element away from it. Error plot is
acceptable.
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.
Displacement:

hodel name: KEY-026 Triclamp
Stucly name: Study 4-600 psi-2

Plot type: Static displacement Displacement!
Global value: 0to 0.000950951 in

URES (jn)
9.510e-004
. £.717e-004
. 7.0252-004

. 7132e-004

. 6.3402-004

| 5.547e-004

| 4.7552-004

| 3.9628-004

. 3.1702-004

| 23772004

1.5685e-004

I 78258005
3.837e-032

Overall Displacement: The figures above and below show the overall relative
displacement as viewed from the inside and end, respectively. The peak relative
displacement is 0.00095” as shown at the top of the clamp. The displacement in
the flange is 0.00023”. Color band differences between the flanges and clamp
show that the sliding contact was properly applied. Displacement is Acceptable.

Model name: KEY-026 Triclamp

Study name: Study 4-600 psi-2

Pl type: Static displacement Displacement!
Deformation scale: 100

Global value: 0o 0.000350351 in URES (i)

9.510s-004
l 5.717e-004
L 789258004

. 7.132e-004

. B.340s-004

. 5.547e-004

| 4 755e-004

| 3.962e-004

. 3.170e-004

. 2377e-004

1.585e-004

I 7 425e-005
3.937e-032
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Displacement, cont’d:

Model name: KEY-026 Triclamp
Study Stucly 4-600 pzi-2

isplacement Displacement1

URES (in)
23518004
2159004

. 18672004

. 1775004

. 15638004

1 351 004

. 1.199e-004
. 1.008e-004

. 81562005

6.237e-005
4.318e-005
2 388e-005
&4 793e-008

URES (in)
2 351e-004

l 2.159e-004

. 1.867e-004

. 1.775e-004

- 1 .583e-004

1.391e-004

1.199e-004

. 1.005e-004

. 8.156e-005

£ .237e-005

4.318e-003

2.388e-003

4 7935e-006
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The resultant ferrule displacement is
displayed in the figures to the left.
The display has been capped at
2.351E-4 in, so that the colour
bands could be differentiated. The
clamp has been hidden both for
clarity and because it is excluded
from this analysis as it is already
CRN approved.

Upper Figure: The top flange
shows rotation about the blue
centre, while the lower flange shows
rotation about the lower edge.

Lower Figure: The pattern noticed
above is consistent with the lower
figure, which shows a view from the
back of the flange. The blue band,
indicating resultant “zero”
displacement travels from the centre
of the upper flange down to the
bottom edge of the lower part of the
flange.

This movement is consistent with
the overall clamp deformation.
Because of the bolted upper
connection, the clamp’s rotation is
observed relative to the solid section
at the bottom, as seen on the
previous page.
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General Stress:

Intensity (psi)
116660
106935

L TN
. 87495
| TS

_ B305.2

| 58330

Nodle 46220 (-4 97,8.75,-0.34 mm Node 46364 (15,6 4.75,-0.34 mm

=53326 psi =81605 psi | 4g60.8
Hodle #4343 (-16.4,4.57,1.34 mm 38887
=33594 psi [

_ 29165

1944.3

I9?22
oo

Inside General stress: The stress display has been capped off at the Primary
Membrane allowable stress of 11,666 PSI. The highest general stress on the
inside face is shown above to be 8,859 PSI, which is acceptable because it is
less than the Pm limit noted above. Inside General Stress is acceptable

Irtensity (psil
1166680
10693 3

LTy
. 87485
]

6805.2

Node 50879 (-17.35.34,-0.356 mm [

= 50401 psi | 58330
Node 36335 (-16.3,6.11.76 mm
=E1734 psi | 43608

Node 36892 (-11.4,4.73,4.23 mm | 33387
= 26554 psi

. 29165

1944 .3

I9722
oo

Outside General Stress: The figure above shows the Outside General Stress,
with the display capped at the Pm limit. The highest general Primary stress is
8,040 PSI, as shown above. It is acceptable because it is less than Pm=11,666
PSI. General Outside Stress is Acceptable.
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Local Stress:

Intensity (psi)
17500.0
. 16041.7
L 145833

S 131250

- MEB6E.7

10208.3
Mode 44133 (-16.2 416,228 mm .
=14434.0 psi arsn.n
L T2 T
_ 58333

43750
29167
14353
0.0

Inside Local stress: The stress display has been capped off at the Local
Membrane+ Bending (PI+Pb) allowable stress of 17,500 PSI. The highest Local
Stress on the inside face is shown above to be 14,434 PSI, which is acceptable
because it is less than the PI+Pb limit noted above. Inside Local Stress is
acceptable

Irtensity (psi)
175000

. 160417

= 13447 3 pai L 145833

Moce 92412 (-17.7,5.26,-3.96 mm

- 131250

- TMEBEE.T

102083

&750.0

LTy

. 5B333

43750

29167

14583

on

Outside Local Stress: The figure above shows the Outside LocalStress, with
the display capped at the PI+Pb limit. The highest stress is 13,447 PSI, as shown
above. It is acceptable because it is less than PlI+Pb=17,500 PSI. Outside Local
Stress is Acceptable.
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Stress Linearization:

von Mises (psi)
12,5005

l 11,4627
L 104248

. BIET2

_ B3484

FOirC1), |17 7,5.54,0 mm

TIME
. 62738
. 52361

. 41983
31605
21227
10549

472

Linearization: For the cross-sectional area shown above, the membrane stress
is 7,694 PSI, which is acceptable because it is less than the allowable Pm stress

of 11,666 PSI. The highest PI+Pb (Local Membrane + Bending) stress is 11,821
PSI, which is less than the 1.5*kS limit of 17,500 PSI. Stress is acceptable.

Quantity, Units: psi [Mormal % [Mormal ¥ [Mormal 2 |Shear 5 |Shear %2 [Shear ¥2 [ von Mises

Membrane Stress 1228.7 1054.2 81436 -1837.2 a5.262 -56.143 94,1
Bending {Point 1) 3139.2 2266.7 1494.5 -1364 55,793 -18.837 67237
Membrane Stress + Bending (Point 1) 3679 3F0.8 9W3I54 -3201.2 111.05 -76.95 g311.1
Bending {Point 23 -8139.2  -Z260.7  -1494.8 1364 -55.793 15.837 67237
Membrane Stress + Bending (Point 23 -6910.5  -1212.5 66438 -473.14  -0.5302 -39.306 11521

Please note that Stress Linearization is not required for this level of stress, but it
has been included here for demonstration purposes only. The SCL (Stress
Classification Line) has been taken a small distance away from the structural
discontinuity, at location of highest stress on the back of the flange hub.
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Minimum Retirement Thickness for Pipe

[Y] Pipe NS Minimum Retirement Thickness
(Y] 15 (' in) 1.65 mm (0.065 in.)
(Y120 (" in) 1.78 mm (0.070 in.)
[Y)25(1 in) 1.8S mm (0073 in.)
(Y] 40 (1 in.) 2.00 mm (0.079 in.)
(Y] 50 2in.) 2.30 mm (0.091 in.)
(Y180 (3in.) 280 mm (0.110in.)
(Y] 100 (4 in.) 3.30 mm (0.130 in.)
(Y12 150 (6in.) 380 mm (0.150 in.)

Hlad sl eS L3l led) WK L Vacuum cos o)l 8l oS Sul lpeiinn gl iV &S5
. Al s agf bucking 5l s .5 ol

Jlsms 05 5L Lo IS (o 1S50) PMIS 1o sy oIS 55 451 aSiy) 3,50 )0 oolgs 31 o5y 4S5
S 9y gl HlSoleny (Sl (g0 45 Wlo Lo OIS Sy 50 Slen B Vogons lals 3)157 pdny caitils
3 405 (U sl MESC S 555 atien Jl e (slasS & amgi b 5 05 claseie L l5

A5 e ol Lo, Soles

——
Ty 300
T
AerENonc  REQUEST Fom PG CLASS FoR
TTT T 1T T [TTT I
- 1 P I P P
Py
——
P
Py
—m—
prep——r e = e LITTT T 1171
Py = =
PRpS— I I et CeP v M e s W
o = = I
— ] sy I
i . : por P
P = = S

g_)jl.a.».n LgLQJLH.u WY O LQ-:-'-'? 8‘5.»‘ 9 ;i».».ul.' ‘_gLe‘.».u}a.olS )| oolaw! ‘_g‘).; KLY s_)Lo‘J.” Ew 4..“.1.'> U”‘

oS a5 esl 4 azg LB31.3 05 G atus (59, BUsS o)y Ea 5l B e S0y pules

- oy Al cosls ]



(Appendix G): SAFEGUARDING: =Ll

g by Hleduz gyl 0500 5o oleblis 5l oledlie § A Gy Cbilis pagan 3,90 0 WS G gy
losaly 9 (YL Hlein g Cad oS Dbl s3> Cangn pl bl Al ax g des o &) i

REI

s 43 Il lo] s aile, JBlas a0 gl ol obablre wloladl (Safeguarding) cbla>
251 05 e b Sinly s Jlainl g 55 e 5T 05 e Gl Jilr a b 5 Sl

ol YU o)lge g ans oo idig 1) Al oo 38 peul pean SO Bl (Gl j0 ST (60 )lge ST AS Vg
cakdlos gl oy YL (gl asl wsins BIS ceesl Blod 5las Sleldl aS cans S

1) Al (o0 55l 0 st 5 Dl pleser Slibliz 390 )0 a5 oledls

Ot 5 ablT g ke digs e bz a5 (T ez S oSl G dbold) (anlyd (285 s o )
3905 Offshore slagS ;o 0,90 (ol atdl a5 Lasl atsls b ,> SUhs slal> o logase Ol

d;w)?uswi &‘»k—&\-&?&_&){) us‘é uLwBC;)‘é).s 0y aLg)Lb‘ °‘)L§|)'~’ &_MLUO LgLQ)MB)Jdu.QJ—Y

(s (5955 S50 b 53,5 035 7,05 4 L8 50 )6l by 9 590 YU (ol s aisle) ay Sl e
1) Ad o ewdige g b 0 Cblax> 0590 j0 4T ollle

Olpss 9 )l sle Sei dT;’;&iéLom Sl s a;{—i)é)o Slageed b Gyl Gle (e jlai o -)
ol gles

Valve Bonnet ,s slubli> a00 b Kol piss Sl lopan! 5l Olipas 5 Jiw pp cblo> -Y

g oo oy HAZOP s HAZID clids o YU o)lg0 51 (g0l olaswst aisS

B aetlys Sglite sldlw Gupsyes o LiiseelS glsil 5l snlinul (gl oS Sl oy s s aslsl 4o

(305): o



g oolitnd N (6,5K58" 10 atily (oo 00 Cancd (sl o sl b Billaa (sla g
gl o oolitwl D (5,655 o Lais ls Furnace butt Welda s Jols alg) slaSl 51 (golos-

sy o bl Slasgad 58,5 a5 5 b caindh g ool D (65555 5 Laib o aly) (sloSooms] ) (sl
g,y L, o b Jlw g ple jo

(severe Cyclic YL IS ulys jo asly 0 305.2.3 BISIL ,0 oads sakin slo aly lads-

Qg solazwlConditions)

(306) : oz
Pl el
.o.sb Reduced Tee f 5| xS>o5 L Equal Tee Lol b3 ple po oledl plo Sew TEE! ol dr

Threadolet, Sockolet, Weldolet, Nipolet, s,ls0 Joli a5 5.5 oleiil slisssls: LOlet -

...2Elbolet, Flangolet,
.34 o Concentric, Eccentric g4 0 Joli Reducer: ,ug0,-
g oo el MISS-SP-95 & jlailiw! s:las :Swage Nipple -

Long radius cul ,Sew 4,090 sla gl aiil oo a>,045 190 L ol; Jols a5 Elbow: g5
. asb short Radius R=1 D LR=1.5D

Cap & Plug -

Coupling & Union Xl sS ¢ yguig-

Cross -

D Ngd el £ 4w 4 LAp-joint stub end o oes
Wigd oo atle 6,804 L Fabricated Lap -)

gl oo atle Ayl olesl llaia (Flaring) o SoliS lawgs -Flared Lap -¥



WDigd oo a3l 7,99 O ,90 4 :FOrged Lap -Y
3L o ASME B16.9 L Lap joint s bl
«Carbon & Alloy Steel

-

90° Elbow (Long) 180°Elbow (Long) Reducer (Concentric) Reducer (Concentric]

Reducer [Eccentric)

w

90°Elbow (Short) 180° Elbow (Short) Reducer [Eccentric)

45° Elbow (Long) Tee (Straight) Tee (Reducing)

. Stainless Steel

————— |
90° Elbow (Long]) Reducer (Concentric] Tee (Straight)
90° Elbow (Short) Reducer (Eccentric) Tee (Reducing)
~

[

457 Elbow (Long]) Lap Joint Stub End

Cap




«Socket Welding Fittings
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Fig. 328.5.4D Acceptable Details for Branch Attachment Welds

(1) (2) (3)

(4) (5)
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Figure 2A: Proper and Improperly Welded Integrally Reinforced
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Properly Welded Fitting

Impre rly Wel Fitting
* B31.3 piping code requires a

* Machine area of fitting not full penetration groove weld

[ Complete —

fully welded as indicated by / . 10 the outer ad;
y i WL ige of the
solid red lines. [ Penetalien | "~ Manufacturer's weld bovel

* Partially penetrated groove and smoothly contoured
weld )

+ Fillet weld with thickness {, ——
used in lieu of full penetration
groove weld
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Design Of Piping Systems _LS ;| a5 cuwa Pipe to Pipe Clesil sl Jusss slagy glgl 55 Ko
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(b) Reinforcing Saddle

(d) As (), with Shoulder-
pads Added

‘ {s) Honvashow ond Guset
Type Reintorcement

i (g) Balanced Triform 6f () Walding Tes

Fie. 3.11 Types of reinforcement for branch connections.
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BRANCH CONNECTIONS .

[ Branch
i Unrei Reinf d Fabricated Connection
Tee Fabricated Tee _Tee Fitting
1

| Stress
| Intensification
l Factor [NPS 8 23 4.9 25 2.2

| (DN 200) STD

__WT header]

Effsctive Radiographic

| examination Viguar Visual Visual Visual
| methods
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:Sweepolet
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Sweepolet®

Vesselet

THE VESSELET IS A CONTOURED
INTEGRALLY REINFORCED
INSERT BRANCH CONNECTION

Butt-weld Welds

for ease directly into

of NDT or header or vessel
inservice for total integral
inspection type construction
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132 DETAIL "G”
ASME B16.25 Fig.2 (o)

TAG NO. RATING MATERIAL PIPING CLASS SIZE SCH. T oD D Al A2 A3 A4 A 8 Rx L Q'TY
SP-16302
SP-16303 CL150 [ A350-LF2 CL.1 11492A 600 X 250 | S/20-S/100 | 18.26 273 236.4 14.9 724.9 100 100 739.8 | 788.6 50 92 |[3Nos
SP-16304

Pipet

99 Mos g Cowd 35,0 5l L3 Kol Sl 4o a5 Branch outlet with flange L Pipet s

0,05 (5] L] dgi 4 5Ls g el MalS IS 993 b oo (297 A po B9 e

OLD METHOD NEW METHOD
Branch Connection- WFI® Flanged Pipet®
Pipe-Weld Neck Flange
Wg ﬁ\ NS
‘ J
Three Single h 1 A
Welds _ HIE Wel{ \ 1
A\ 9
N \Ai
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4l Fes1 - 82 (2014)

TABLE 1 Branch Connectlon Matrlx for Carbon Steel Piping
LEGEND (see Fig. 1)

1 = Tee or lateral (butt weld)

2 = Tee or lateral (socket weld or threaded)

3 = Welded outlet (butt weld end)

4 = Welded outlet (socket weld or threaded end)
5 = Fabricated joint (cut-in branch)

BRANCH SIZE (NPS), .
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Fig, 328.5.5 Tpical Fabricated Laps

[a} k] lel Ld)

GEMERAL MOTE:  Laps shall be machined Mrant and back] ar trued after welding. Flate fanges in aomdance with para, 314840.5 ar lap jaint
Tanges in acmrdance with S5ME BL6.5 may be woed. Weks map be madhined 0 @divs, a5 in sketeh (g], if neessan ta makeh A5ME BLE.5
lap jaint anges.
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(1) ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings

{2y ASME B16.5, Pipe Flanges and Flanged Fittings

(3) ASMEB16.24, Cast Copper Alloy Pipe Flanges and Flanged
Fittings: Classes 150, 300, 600, 900, 1500, and 2500

{4) ASME B16.36, Orifice Flanges, Classes 300, 600, 900,
1500, and 2500

(3 ASME B16.42, Ductile Tron Pipe Flanges and Flanged
Fittings, Classes 150 and 300

(&) ASME Blo47, Large Diameter Steel Flanges, NPS 26
Through NPS 60

{7y ASME B16.48, Steel Line Blanks

(&) AWWA C115, Flanged Ductile-Tron With Ductile-Tron or
Gray-Iron Threaded Flanges

(@) AWWA C207, Steel Pipe Flanges for Water Works
Service, Sizes 4 Inch Through 144 Inch (100 mm Through
3,600 mm)

{10} MSS SP-44, Steel Pipe Line Flanges
(11) MSS SP-51, Clags 150LW Corrosion-Resistant Cast

Flanges and Flanged Fittings

{12y MSS SP-65, High-Pressure Chemical Industry Flanges

and Threaded Stubs for Use With Lens Gaskets

ASME oS llae il oo |, s boo Jailios] o 5 48 _olgnils o o L] gl b o 45 ghaslan
oolazwl sl o0 3047.2 GIS1,L jo oS Slelil (Sl pae & gm0 g Wil >LSEC.VIIIDIV.I
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Welding Neck Flange WN

Long Welding Neck Flange LWN

Slip on Flange SO

Lap Joint Flange LJ

Screwed Flange SCR

Expander Flange EXP FLG

Reducing Flange (screwed or slip-on)
Socket weld Flange SW

Blind Flange

Orifice Flange

- includes jack screws and flange taps



ilee ASME B46.1  ulusl s sl 5 7,55 45 o2 Flange Facing ¢l

Flat Face FF
Raised Face RF
2 mm for 150# and 300# flanges
7 mm for 400# to 2500# flanges
These facings are generally serrated
Male and Female M&F
Tongue and Groove T&G
Ring Type Joint

FLAT FACE RAISED FACE LAPJOINT RINGJOINT  MALE AND FEMALE TONGUE AND GROOVE



STANDARD FINISH
STANDARD FINISHES for Face of Flange (ANSI B16.5)

STOCK FINISH
DN-NPS 12
16 b

j_'} o [

'\ SPIRAL SERRATED OR e
" PHONOGRAPHIC

.-.‘?0-" I

3, CONCENTRIC SERRATED

(4> SMOOTH FINISH
! vv
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Table 308.2.1 Permissible Sizes/Rating Classes
for Slip-On Flanges Used as Lapped Flanges

Maximum Flange Size

Rating Class DN NPS
150 300 12
300 200 8

55 g0 518 iy 9590 gan i ;5 SW, SCR (glozids 5550 40

).!)Jiwd:Lhow‘oMWgwa)s&)odJwaydstgu)ow

F308 FLANGES AND GASKETS
F308.2 Specific Flanges

Slip-On Flanges. The need for venting the space
between the welds in double-welded slip-on flanges
should be considered for fluid services (including vac-
uum) that require leak testing of the inner fillet weld,
or when fluid handled can diffuse into the enclosed
space, resulting in possible failure.

F308.4 Gaskets

fa) Gasket materials not subject to cold flow should
be considered for use with raised face flanges for fluid
services atelevated pressures with temperatures signifi-
cantly above or below ambient.

b} Use of full face gaskets with flat faced flanges
should be considered when using gasket materials sub-
ject to cold flow for low pressure and vacuum services
at moderate temperatures. When such gasket materials
are used in other fluid services, the use of tongue-and-
groove or other gasket-confining flange facings should
be considered.

() The effect of flange facing finish should be consid-
ered in gasket material selection.
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Low Yield Strength Bolting 309.2.1
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Carbon Steel Bolting 309.2.2
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Fiping material Bolt materid Mut material Allowable design Diamaer
[& ST M [ASTM temperaure range range
design=ation] design=ation] [irczh]
Carbonsteel Al19387 A194-2H 40 To 410 °C ads4
Louw allay steel (-40 °F Ta 770 °F)
Stainless steel
Cruplex stainles s steel
Super duplex stainless
steal
Mon-ferrous metal
Mon-metal
Carbansteal ™ A19387M 2194 -2HM -45°%C To 400 °C Eds4
Super duplex stainless (-85 °F To ¥S0°F)
steal
Carbon seel LT Az2017 A194-4 101 *C To 4ao®c Wad=2
Stainlesz steel A3204L43 A194 -4 (-150°F To 750 °F) »2¥Ed=4
Cruplex stainles s steel
Super duplex: stainless
steeal
MHon-ferraus metal
Carbonstesl LT
Stainless steel A320-L7M ¥ 1947 73 To 343t wedsd
ginless ztee - -
[-100°F Ta E49 °F) :
Duplex stainles s steel
Lov allay steel 2193816 A194 -4 -29°C To 525 °C e=d=4
(-20°F To 377 °F)
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10 10 (-20 °F To 1020 °F)
Stainless steel 2453560 A4535-660 -29°%C To 265 °C Eds3 e
clazs C claz= C (-20 °F To 1050 °F)
Al19388 A194-5 -200°C ToS38°C WeEd=11:
class 2 (-330°F To 1000 °F)
Stainless steel LT L1938 A194-5 -200°C To300°C ads1
clazs 2 (-330°F To 570 °F )
A193 882 A194 -5 (-330°F To 570 °F ) 2l MEd=3
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F309 BOLTING

F309.1 General

The use of conirolled bolting procedures should be considered in high, low, and cycling
temperature services, and under conditions involving vibration or fatigue, to reduce

{a) the potential for joint leakage due to differential thermal exp

(%) the possibility of stress relaxation and loss of bolt tension

Hydraulic Bolt ;l cail o ST s Ll i a SYlw 5 YU Xy, 0 b o G @lp B34S
CYlasl jo oYU 0Kl g ey Gl iiS 0gd o del 4 s e oolatulitensioning
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.l Hydraulic Bolt tensioning eslacwl ! 1o 0,90 0 slesal, 5 Jgox

Service ASME Rating Bolt Diameter
Classes {in)

All All =2

All = 1500 =1

Hydrogen =g00 =1%

Critical applications (to be agreed hetween All =1

the Contractor and the Principal). @
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Fig. 328.5.2B Typical Details for Double-Welded Slip-On and Socket Welding Flange Attachment Welds

4 1 i . . 4 1
s
/ "‘1 *min, - Xmin. " “'1 *min
s *min. Xmin. *min.
— - - - 1.5 mm (Vs in)

- approx. gap
The lesser of T or & mm {Vy in.} batare welding
{1} Front and Back Welds (2} Face and Back Welds {3) Socket Welding Flange

X = the lesser of 1.4T or the thickness of the hub

Fig. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Gther Than Flanges

Toe= NOMinal pipe wall thickn ess

£, (min.y = 1.08 T, or the thickness
of the socket wall,
whichever is smaller

Approximately 1.5 mm W—,S in.gap
r before welding

«—1— Socketwallthickness

(Fillet Weld): as¢5 sloiog>
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F312 FLANGED JOINTS

F312.1 General

Three distinct elements of a flanged joint must act
together to provide a leak-free joint — the flanges, the
gasket, and the bolting. Factors that affect performance
include the following:

fa) Selection and Design

(1) consideration of service conditions (including
external loads, bending moments, and application of
thermal insulation)

(2) flange rating, type, material, facing, and facing
finish (see para. F308.2)

(3) gasket type, material, thickness, and design (see
para. F308.4)

(4) bolt material, strength (cold and at tempera-
ture), and specifications for tightening of bolts (see
para. F309.1)

(5) design for access to the joint

(b) Installation

(1) condition of flange mating surfaces

(2} joint alignment and gasket placement before
boltup

(3) implementation of specified bolting procedures
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Table 314.2.1 Minimum Thickness of
External Threaded Components

Notch- Size Range Min. Wall

Fluid Sensitive & Thickness

Service Material DN NPS [Note {2)]
Motrnal Yes [Mote {3)] <= 4G =1 Sch. 20
5G sch. 4G

2
65-15G  2%-6 Sch. 4G

Morrnal Mo [Mote (4] <50 <2 Sch. 4063
65-15G  2%-6  Sch. 403

Category D Either = 306G <12 In accordance
with pata.
304.1.1

GENERAL WOTE:  Usethe greater of para. 304.1.1 or thickness shown

it this Table.

MOTES:

{11 For sizes = DI 50 {MPS 2), the joint shall be safeguarded {see
Appendix G) for a Auid service that is Ratnmable, taxic, or dam-
aging to human tissue.

{21 Worinal wall thicknesses is listed for Sch. 4G and 80 in
ASME B36.10M and for Sch. 4G5 in ASME B36.15M,

{3) For example, catbaon steel,

{4) For exarnple, austenitic stainless steel,
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Table 1-1 LOADING/FAILURE MODE CORRELATION

Load Type Failure Method of
Mode Analysis
Static Sustained Primary — Compare to S,
pressure® gross rupture  from Table A-1 of
the B31.3 Code
Water Occasional  Primary — Add to S;, com-
hammer gross rupture  pare to 1.33 S,
Liquid Occasional  Primary — Add to S;, com-
slugging gross rupture  pare to 1.33 S,
Steam Occasional  Primary — Add to S;, com-
hammer gross rupture  pare to 1.33 S,
Safety valve ~ Occasional Primary — Add to Sy, com-
blow gross rupture  pare to 1.33 S,
Weight Sustained Primary — Compare to S,
forces** gross rupture  from Table A-1 of
the B31.3 Code
Thermal Cyclic Secondary —  Compare Sg to S,
expansion fatigue crack
Thermal Cyclic Secondary —  Compare Sg to S,
transients fatigue crack
Thermal Cyclic Secondary —  Compare S; to S
gradients fatigue crack
Thermal Cyclic Secondary —  Compare Sg to S,
bowing fatigue crack
Wind Occasional  Primary — Add to S, com-
gross rupture  pare to 1.33 S,
Earthquake Occasional  Primary — Add to S;, com-
(inertial gross rupture  pare to 1.33 S,
forces)
Earthquake Cyclic Secondary —  Compare Sg to S,
(anchor fatigue crack
displacements)
Vibration®** Cyclic Secondary —  Compare Sg to 8,

fatigue crack
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Actual Rupture Strength —\

x’(\ R — Rupture Strength —f

U — Ultimate Strength N\

%

Stress, o

Y — Yield Point
E — Elastic Limit

P — Proportional Limit

0 Strain, &
S s w5z oole >l 5o il so yleiS b S o3gaze odims lis P 4y O abais i ¢
aslis cols 9o olgie 4 P akadi .aiS o Cons Sea el 51 MalS g s oo lis 355 5l Seudly

Jb e ;500 g LB 1 piaas (59, 5l ,L A5 S g 0 a pl 5l SYL — wil o SVl o> B alais
i salyi b s g S

oili8l ey ol abasde LB Jeb o5l Ol jo &S Gl adats — aib o0 b adads oaime Hlis Y aladi
23 oo 2y ok o bl

gjl-?‘-‘ ﬁlS?Lu.u‘ PRS- UL""‘" U alai; ®

CenSls 3> oaipd Lis R alads ®

gl A5 (559%

el 333 Lg.;LLuayLGao)lso)i.l.o.cyc\.lyd”ﬁc\.?db&d&lyl


https://fa.wikipedia.org/w/index.php?title=%D8%A7%D8%B3%D8%AA%D8%AD%DA%A9%D8%A7%D9%85_%D9%86%D9%87%D8%A7%DB%8C%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A7%D8%B3%D8%AA%D8%AD%DA%A9%D8%A7%D9%85_%D9%86%D9%87%D8%A7%DB%8C%DB%8C&action=edit&redlink=1
http://www.epcskills.com/wp-content/uploads/2015/08/stress-strain-diagram.jpg

S, = Longitudinal stress and the sum of three
component parts (see Equation 1-1).

S. = Circumferential stress

S, = Radial stress

S; = Shear stress

Figure 1-1. Stress-free-body diagram.
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S = + 2.0 =
2Z A
where S, = Shear stress
T = Torque, lb-in.
F, = Resultant shear force

A = Cross-sectional area of pipe
Z Section modulus of pipe
T/2Z, tortional stress

n
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Sg = Sb + Sp + Sdl
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s, = A/OML? + (ML
Z

where S, Bending stress

I, = In-plane stress intensification factor
I, = Out-of-plane stress
intensification factor
M, = In-plane moment, Ib-in.
M, = Out-of-plane moment, lb-in.
Z = Section modulus of pipe, in.?

1090 oo dmle p Jge 8 @b 31 all (59 9 oo 3l L0U Wl (oo &S euite (Jobo 35

F
Sq = Af
where A = Metal pipe cross-sectional area, in.?
F, = Direct force, Ib
5 Jgep Gub 5l 5 e 5lad 5l A6 Job cletss
el
4t
where P = Internal pressure
D = Outside diameter of pipe

(see Chapter 10)
t = Pipe wall thickness
(see Chapter 10)
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St = (ISl + Sp)* + (25 (23a)

o _ UM+ (Mo)*
b — 7

(23b)

it adeie s 6l 351 oS G 5 25 0 Vb Jgad sleans] &5

I; = sustained in-plane moment index. In the
absence of more applicable data, I; is taken as
the greater of 0.75i; or 1.00.

I, = sustained out-plane moment index. In the
absence of more applicable data, I, is taken as
the greater of 0.75i, or 1.00.

M; = in-plane moment due to sustained loads, e.g.,
pressure and weight

M, = out-plane moment due to sustained loads, e.g.,
pressure and weight

Z = sustained section modulus. Z in egs. (23b) and

(23c) is described in para. 319.4.4 but is com-
puted in this paragraph using nominal pipe
dimensions less allowances; see para. 320.1.
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IM,
S, = % (23¢)

sustained torsional moment index. In the
absence of more applicable data, I, is taken
as 1.00.

torsional moment due to sustained loads, e.g.,
pressure and weight

Y JolS Sledlbl pae & jgo 40 oo 4t ladd usl jo a5 ail oo 10 gli aline YU oo 8 0 It Sloeisgs

Dy axd )5 lai o
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S0 = LE (23d)

cross-sectional area of the pipe, considering
nominal pipe dimensions less allowances; see
para. 320.1

longitudinal force due to sustained loads, e.g.,
pressure and weight

sustained longitudinal force index. In the
absence of more applicable data, I, is taken
as 1.00.
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Fig. 302.3.5 Stress Range Factor, f
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----- Ferrous materials, specified minimum tensile strength =517 MPa (75 ksi),
and at design metal temperatures =371°C (700°F)
= All other materials
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Calc.

Load Design Stress
Case Cycles, N; Range, S; Si/SE Nequiv
1 1,000 30,000 1 1,000
2 7,000 10,000 0.33 27
3 20,000 6,000 0.20 ]

Sl sl a5 ol LelS ol wl> IS Lol sl oo SI/SE=1 cos a5 Jgl load case sl

A5l o NEZ1000 o (0,00 1,8 Ll ol 58 it JL Voo o) ol Veve o]



Veoo ol sledSonw slass .o )10 1, Si/S€=0.33 =i 10000 psi is 4 4>55 b 90 l0ad case !,

Neq=27 545 -~ load case iy Jole ol al> sl Jlais Jgo,8 4 azg5 Lol o
Neq=6 s 10ad case sl & 9o oo s

s s iaS 1 a8 a5 e Lol e (5] 0)90) JolS ol s IS

.Q)LXJ. S/“ S e S & ‘5‘)-? S‘u . .

055 il oo (K S5 & sy 45 TL e (ol 05 4T oS jslalen g

BT 8,90 y0 08 E dalol i SE o s pes Sl (555 0,00 40 oS Olel o ads> 4o
2 5Ll RS 2 O g s o2 O 290 ) )
S 0l end Slasl g s



JU e ipgm Juad

el 50 35 0590 GMhasl I goluws louzxo 5 odlu cw ywd gl oS Olol Pl w31 JuB
Al (o0 000 b gl gty

Tensile strength _i.is cwglio b oS ol

Iy oole (oS Canglia 09 (oo 3l gopo gl p Wgr e p ] A1y 9 058 o 00ls sole SO plSoxinl

Lol w‘)s‘ “5'5)‘)9- uL\.Lo..C 4.1.\.'.»94 Q@g‘ ts“lf 9 ‘6)15"’)'“’ ‘Lg)lf Lg)L,.ﬂ l.» u‘ﬁ-’ =

Yield strength .. s

‘5,.»4*.@‘.@ uL_mL?LA )AS‘ REV- LSA)BJJ Q9> )‘ ‘) e ﬁ).ej.u.u oole el 6)La )AS‘\A} p.A.Lqu wsLﬂA
ool 4y 18 S, plSoinl (o288 Cunglie p3lie 05yl males Cuoglio polie Gulaly Lloxs Lo

L 055 (oo bgye 0y 5 5 4z 5 Sl Slles S 3T B

2o el il 5 Jesl 05 Sledb e sl 25 G155 A Jloged Vi prealie (ol azgie e ol
Sle b

Strength of Materials

Stress

St = Tensile Strength

Sy = Yield Strength

E = Elastic Modulus = Stress/Strain

Typical Carbon Steel Strain




Strength of Materials

Stress

8t = Tensile Strength

Sy = Yield Strength
Proportional Limit

0.2% offset

Typical Stainless Steel Strain
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Brittle failure:

Ductile deformation:




Brittle failure: ?

= Toughness

n

Strain

Ductile failure: ¢

[0

n

Toughness
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Stress Corrosion Cracking -

Loss of Metal -

Metallurgical and Environment Degradation -

323.5 Deterioration of Materials in Service

Selection of material to resist deterioration in service
is not within the scope of this Code. See para. 300(c)(6).
Recommendations based on experience are presented
for guidance in Appendix F, para. F323.
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(a) Exposure to fire and melting point of materials.

(b) Brittle fracture or failure.

(c) Ability of thermal insulation to protect piping when exposed to a fire.

(d) Crevice corrosion.

(e) Electrolytic effects.

() Compatibility of lubricants or sealants used on threads.

(g) Compatibility of packing, seals, and O-rings.

(h) Compatibility of materials such as: cements, solvent, solders, & brazing materials with the fluid
service.

(i) Chilling effect of sudden loss of pressure.

(i) Possibility of pipe suppont failure from exposure to low or high temperatures.

(k) Compatibility of materials, including sealants, gaskets, lubricants, and insulation, used in strong

oxidizer fluid service (e.g., oxygen or fluorine)..
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(14) Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified
Min.

Class/ Min. Min.
Type/ UNS Condition/ Temp., Strength, ksl Temp.

Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300

Carbon Steel
Pipes and Tubes (2)
A285 Gr. A A136 ... 1 (8b)(57) B 45 24 150 147 142
A285 Gr. A A672 A4S K01700 ... 1 (57)(59)(67) B 45 24 150 147 142
Butt weld API 5L A25 1 (8a)(77) =20 45 25 15.0 150 147
Smls & ERW API 5L A25 1 (5767 B 45 25 150 15.0 147
A179 ... K01200 ... 1 (57)(59) -20 47 26 157 157 153
Type F AS3 A K02504 ... 1 (sa) 20 48 30 16.0 16.0 16.0
A139 A 1 (8b) A 48 30 16.0 16.0 16.0
AS87 ... K11500 1 (57)(59) -20 48 30 160 16.0 16.0
AS3 A K02504 1 (57)(59) B 48 30 16.0 16.0 16.0
A106 A K02501 1 (57 B 48 30 16.0 16.0 16.0
A135 A 1 (57)(59) B 48 30 16.0 16.0 16.0
A369 FPA K02501 1 (57 B 48 30 16.0 16.0 16.0
APISL A 1 (57697 B 48 30 16.0 16.0 16.0
A285 Gr. B A134 1 (8b)(57) B 50 27 167 165 159
A285 Gr. B A672  AS0 K02200 1 (57)(59)(67) B 50 27 167 165 159
A285 Gr. C A134 1 (8b)(57) A 55 30 183 183 17.7
A524 I K02104 1 57) -20 55 30 183 183 177
|A333 1 K03008 1 57)(59] -50 | 55 30 183 183 17.7
334 1 K03008 1 57)(59) =50 55 30 183 183 17.7
A285 Gr. C A671 (AS5  K02801 1 (59)(67) A 55 30 183 183 177
A285 Gr. C A672  ASS K02801 1 (57)(59)(67) A 55 30 183 183 177
A516 Gr. 55 A672 (55 K01800 1 (57)(67) C 55 30 183 183 177
A516 Gr. 60 A671 (C60  K02100 1 (57)(67) C 60 32 200 195 189
A515 Gr. 60 A671 (B60  K02401 1 (57)(67) B 60 32 200 195 189
A515 Gr. 60 A672  B60 K02401 1 (57)(67) B 60 32 200 19.5 189
A516 Gr. 60 A672 €60 K02100 1 (57)(67) C 60 32 200 19.5 189
A139 B K03003 1 (8b) A 60 35 20.0 20.0 20.0
A135 B K03018 ... 1 (57)(59) B 60 35 20.0 20.0 20.0
AS24 | K02104 1 (57 -20 60 35 200 20.0 20.0
AS3 B K03005 1 57)(59) B 60 35 20.0 20.0 20.0
[ri0s B K03006 1 57 B | 60 35 200 200 200
333 6 03006 3 57 =50 60 35 20.0 20.0 20.0
A334 6 K03006 1 (57) -50 60 35 20.0 20.0 20.0
A369 FPB K03006 1 (57 =20 60 35 200 200 20.0
A381 Y35 1 ... A 60 35 200 20.0 20.0
APISL B 1 (57(9(77) B 60 35 20.0 200 20.0
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(14)

Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
Theze Toughress Test Requiremnents Are in Addition £o Tests Required by the material Specfication

Type of Material

Lolumr A
Design Minimum Temperatiure at 1 Aboee Min. Temp. in Table A-1 o1
Fig. 323.2.28

Lelumn B
Decigr Minimum Temperature Belowr
Mik. Temp. in Tabk A-1
o Fig. 333.2. 700

1 Gray iren

A1 W additional requirements

B-1 Wi additicn al requirements

Z Malleable and ductile
iren; carben steelin
accordan ce with Hote (1)

A2 Mo additicnal requirements

B-2 Materials designated in Box I shall
not be used.

{a) Bace Metal

{b] Weld Metal ard Heat Affected
Zoare {HAZ) [Hote {Z]]

3 DOther carbon steels, low

A3 (a) Ho additional

A3 (b) Weld metal depesits shall be

B-3 Bacept as provided in Hetes (3)

and intermediate alloy requirements impact tested in accordan ce with and (5], heat treat base metal in
zteels, high alloy ferritic para. 3333 if design min. temp. accordan ce with applicable A5TM
zteels, duples stainless < =Ie - HCF), eacept as proe- specification listed in para. 333.3.%;
zteels wided in Motes (3) and (5], and then impact test base metal, weld
eacept as follows: for materials deposits, and HAZ in accerdance
listed for Curves £ and D of with para. 3333 |zee Hote [3)).
Fig. 3&3.2. 58, where correspend ‘When materials are used at design
ing welding consumables are quali- min. temp. belew the assigned curve
fied by impact testing at the as permitted by Hetes (3] and (3] of
" design minimum temperture or Fig. &% .5.58, weld deposits and
.z lewner in accerdance with the appli- H&Z2 shall be impact tested |see
% cable AWS = pecification, additicnal Hote (3)].
§ testing is not required.
E & Austenitic stainless A-g [a) I A-ii (b)) 'Wield metal deposits shallbe | B-f Baze metal and weld metal depos-
steels 1) carbon content by anabsis impact tested in accordan ce with itz shall be impact tested in accor
= {00%; or para. 333 if design min. temp. dance with para. 3i3.3. See Hotes
(%) material is net in selution < =25 - HPF except as pre- (21, (3, and [8).
heat treated condition; wided in para. 3i3. 53 andin
then, impact test in accer- Metes (3) and (€1
dance with para. 323.3 far
design min. temp. < —E50
[~ 20%F) eacept as provided
in Hotes (31 and (6]
5 Austenitic ductile iren, A5 (4] He additicnal A (b)) ‘Welding is net permitted E-5 Base metal shall be impact tested
ASTM ASTL requirements in accordance with pam. 3333 Do
not use < —15650 [~ 320°F). Welding
iz not permitted.
£ Aluminum, copper, At (3] Me additienal A% (b] Mo additienal requirements B-& Designer shall be as=sured by suit-
niclel, and their alleys; requirem ents unlezs filler metal compesition is able tests |see Hote [4)] that baze
un alleyed titanium wutside the range for base metal metal, weld deposits, and HAZ are
cempesition; then test in accor =uitable at the design min. temp.
dance with item B-&
3
% 7 &n unlisted material shall conform te a published specification. ‘Where compesition, heat treatment, and proeduct form are comparable to those of
= a listed material, reguirements for the cerrespending listed material shall be met. Other unlisted materials shall be qualified a= required in the
% applicable section of column B.
=
Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)
NOTES:

(1) Carbon steels conforming to the following are subject to the limitations in Box B-2: plates in accordance with ASTM A36, A283, and
A570; pipe in accordance with ASTM A134 when made from these plates; structural shapes in accordance with ASTM A992; and pipe

in accordance with ASTM A53 Type F and API 5L Gr. A25 butt weld.

@

—

all requirements of para. 323.2.2, and need not be repeated for production welds.

@3

=

stress ratio defined in Fig. 323.2.2B does not exceed 0.3.
(4) Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), and/or other
tests, conducted at or below design minimum temperature. See also para. 323.3.4.

s

—

Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy

Impact testing is not required if the design minimum temperature is below —29°C (—20°F) but at or above —104°C (—155°F) and the

Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm
(0.098 in.). Under these conditions, and where the stress ratio defined in Fig. 323.2.2B exceeds 0.3, the design minimum temperature

shall not be less than the lower of —48°C (-55°F) or the minimum temperature for the material in Table A-1.

(6

=

(0.098 in.).

Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm
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(2) X Grades of API 5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.
(3) The following materials may be used in accordance with Curve D if normalized:

(a) ASTM A516 plate, all grades

(b) ASTM A671 pipe made from A516 plate, all grades

(c) ASTM A672 pipe made from A516 plate, all grades



Fig. 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Table A-1 for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)

Nominal Thickness T, in. [Note [6]]
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MNominal Thickness T, mm [Note (6]]
NOTES:
(1) Any carbon steel material may be used to a minimum temperature of =29%C (=20%) for Category D Fluid Service.

Design Minimum Temparature, *F

(2) X Grades of APl 5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.

(3) The following materials may be used in accordance with Curve D if normalized:
{a) ASTM A516 plate, all grades

{b) ASTM A&71 pipe made from A516 plate, all grades
{c) ASTM A&72 pipe made from AS16& plate, all grades
(4) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design
minimum temperature below =2%C (=20°F), except as provided in Table 323.2.2, A-3(h).

(5) Impact testing in aceordance with para. 323.3 is required for any design minimum temperature below -48°C (-55°F), except as
permitted by Note (3) in Table 323.2.2.

(&) For blind Ranges and blanks, T shall be Y, of the flange thickness.



{15 Table 322224 Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel

Materials (See Fig. 323.2.2A for Curves and Applicable Notes}

Lowest Exemption Temperature

Hominal _
Thickness, T Curve A Curve B Curve C
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Design Minimum Temperature, degrees C

30 4
25 ]

20 3

30
35
40
45

50 3

Carbon Steel Material Selection for DEP piping classes (ref ASME B31.3 - Fig. 323.2.2A Curve B)

Morninal Thickness, T, mm

5 10 15 20 25 30 35 0 45 50 55 60 &5 70
e =
—’-M'-"..
[Norimpact tested steel] —
i
//—mpa cttested steal for "cuve B” |

| Impact tested s
matenal + ASTh

teel for "curve B

A3S0LF2 [-QQ]I

20 4

25

Impact tested steel

A 194 Gr. 2HM
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Fig. 323.2.2B Reduction in Lowest Exemption Temperature Withoot Impact Testing
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b)

Charpy V Notch Geometry

Notch root radius of 0.25 mm

a) Charpy Impact test showing specimen arrangement
on the anvil before being hit by a pendulum

b} Charpy V notch geometry showing 0.26 mm notch
root radius, 2 mm, depth and 45° notch radius

_ Figure 2: Charpy impact test, a) test method and b) notch dimensions.
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Table 323.3.4 Charpy Impact Test
Temperature Reduction

Actual
Material Thickness
[See Para. 323.3.4(b)] Temperature
or Charpy Impact Reduction
Specimen Width Below Design
Along the Notch Minimum

[Nate (1)] Temperature
mm in. oL “F
10 (full size 0.394 0 [i]

standard bar)

9 0.354 o i
2 0.315 o i
7.5 (34 size bar) 0.295 2.8 5
7 0.276 A4 8
6.67 (3 size bar) 0.262 5.6 10
& 0.236 83 15
5 (% size ban) 0.197 111 0
& 0.157 16.7 30
3.33 (% size bar) 0.131 19.4 5
3 0.118 22.2 &0
2.5 (%, size bar) 0.098 27.8 50

GEMERAL NOTE: These temperature reduction criteria do not apply
when Table 323.3.5 specifies lateral expansion for minimum required

values.
NOTE:

(1) Straight line interpolation for intermediate values it permitted.
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]

Fully Deoxidized Other Than Fully
Specified Minimum No. of Specimens L M
Tensile Strength [Note (1)] Joules ft-1bf Joules ft-1bf
(@) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Minimum for 1 specimen 14 10 10 7
Over 448 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 517 but not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15

Lateral Expansion

656 MPa and over [Note (3)] Minimum for 3 specimens 0.38 mm (0.015 in.)
(b) Steels in P-Nos. 6, 7, and 8 Minimum for 3 specimens 0.38 mm (0.015 in.)
NOTES:

(1) See para. 323.3.5(d) for permissible retests.

(2) Energy values in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio of the
actual specimen width to that of a full-size specimen, 10 mm (0.394 in.).

(3) For bolting of this strength level in nominal sizes M 52 (2 in.) and under, the impact requirements of ASTM A320 may be applied. For
bolting over M 52, requirements of this Table shall apply.

(FYYLE) Ll e 5o Ll g slo3Li 0550 j0 05T L3Il 51 (6l 40Dl

a) Ductile Iron

- Generally limited to temperature range of -20°F to 650°F (-29°C to 343°C) and
B16.42bratings

- Welding is not permitted.

b) Other Cast Irons

- Shall not be used under severe cyclic conditions

- May be used for other services if safeguarded for heat thermal and mechanical
shock...

- Shall not be used in Above ground flammable service above 149°C or above
2760 KPa.

Gray Iron
- May not be used in flammable service above 150 psi (1035 kPa)
- May not be used in other services above 400 psi (2760 kPa)

Malleable Iron
- Shall not be used outside -29°C to 343°C



High Silicon Iron
- Shall not be used in flammable service
Aluminum Castings:

- The designer is responsible for establishing design stresses and ratings if thermal
cutting is used.

Lead, Tin & their Alloys
- Shall not be used with flammable fluids

#Case_study_8:

Impact Testing Requirements
(Question)

A plant piping system is constructed using de-oxidised pipes A106 gr B,
19 mm thk (3/4” thk). Minimum design temperature is: -25°C (-13°F).
Answer the following questions:

1. Is impact testing required (service is not category D)?

2. How many test specimen will you use to carry out the impact test?

3. Total 3 pipe lots were tested by conducting 3 impact tests. What is
your decision on acceptance if absorbed energy was as follows:

Lot 1: 16 ft b, 10 ft Ib, 14 ft Ib
Lot 2: 18ftlb, 12ftlb, 11 ft Ib
Lot 3: 16ftlb, 18 ftIb, 9 ftIb

4. If pipe material is changed to A 671 Grade 1(CD70), will the impact
test be required?
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